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Foreword 

The construction sector is one of the main economic drivers and a key source of employment in 
the European Union. The recent international crisis hit this sector with special virulence and had an 
enormous impact in terms of direct and indirect job losses in countries such as Spain, but also in other 
European Union countries to a lesser extent. 

Moreover, an area of concern for the sector and society at large is the existence of an energy-
inefficient building stock together with a lack of expert training on environmental issues in construction 
sector related occupations. 

Having made a combined analysis of the environmental and work-related training perspective, the 
European strategy to combat climate change poses an opportunity for the sector, due to the high 
potential of housing rehabilitation and the introduction of new efficient building techniques to create 
new jobs. 

This reality highlights the importance of having specialized professionals capable of addressing the 
technical and professional needs which "sustainable construction" could entail. To this end, many 
employees in this sector will need to update their knowledge and, therefore, continuing education is an 
essential requirement. 

Aware of this need, the San Valero Foundation, together with a group of experienced European 
partners, designed the project called "Efficiency Jobs" for "Energy efficiency in buildings and key 
employment skills". 

This Project has managed to transfer to the lifelong learning domain the outcomes of two 
international innovation projects developed in the framework of the "LIFE+", "Intelligent Energy for 
Europe", "LIFE+ DOMOTIC" and "IEE MINUS 3%" European projects, whose applications, techniques and 
methodologies have shown a high pedagogical added value. 

The "Efficiency Jobs" project has taken advantage of this added value to bring a practical 
approach to open training and design certain materials and pedagogical methods which are ideal for 
reinforcing the vocational competences of workers in this sector. They foster employability in key 
professional sectors within the context of the new European standards on "energy certification in 
buildings". 

The excellent results obtained and the training contents validated in different languages and EU 
countries will now be put at the disposal of companies, professionals, workers and unemployed people 
in five languages, since the added value provided by this publication will reinforce job creation by 
combining the benefits associated to improving the environment. 

The great impact of this project both at national and international scale would not have been 
possible without a multi-stakeholder partnership with proven technical and professional competence in 
the fields of international innovation, efficiency and environmental issues. It had the support of more 
than 70 companies which have so far adhered to the initiative, with 200 students who took part in the 
training actions and, finally, the backing of people and professionals who participated in the actions and 
showed firm commitment and dedication and ultimately contributed generously to improving our 
society and our environment.  

 

To all of the above, many thanks. 

César Romero Tierno 

General Director of the San Valero Group  
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The project, in the framework of the EU “Lifelong Learning Programme” 

"Eficiency Jobs" is an EU-cofinanced project of the “Lifelong Learning 

Programme"(1), managed in Spain by the “Spanish Service for the 
Internationalisation of Education"

(2).  

It is a “Multilateral Project for Transfer of Innovation” pertaining to the “Leonardo da Vinci” sub-
programme. It is promoted and coordinated by San Valero Foundation (Spain), and it has been carried 
out between October 2013 and September 2015. It has a transnational nature based on the 
participation of: ENVIRONMENT PARK SPA (Italy), ECOVERSUM (Austria), STENG (Slovenia) and Europa 
Innovación y Desarrollo, SL (Spain). 

Objectives: 

General objectives: 

To reinforce key skills for employment in traditional professional profiles related to the 
construction sector, under the provisions of new Directive 2010/31/EU on “Energy Efficiency in 
buildings”, in which unemployment in Spain and in other EU countries has been having a considerable 
impact. 

Specific objectives: 

- Based on the projects that are transferred, to compile material with high pedagogical value for 
different professional profiles of the target sector, and didactic contents in agreement with the 
requirements and competences of the new community legislative framework on “Energy 
efficiency in buildings". 

- To reinforce the theory training process by means of access to a practicum module, through an 
interactive virtual laboratory that will allow students to get to know and interact with 
applications, techniques and efficiency devices already implemented in buildings. 

- To realise the international innovation transfer process towards different professionals profiles 
of the target sector, by means of training actions in online and on-campus modalities, and a 
multi-sector and multi-stakeholder dissemination strategy that will bring “key stakeholders” to 
the project in order to generate employment in the construction sector. 

  

                                                           
(1)

  In the period 2007-2013, the lifelong learning programme (Lifelong learning), was the main European financing 

mechanism in the field of education and training, from childhood to mature age. It was replaced for the 2014-2020 period 
by the ERASMUS+ programme. 

(2)
 SEPIE: Autonomous organisation, dependent upon the Ministry of Education, Culture and Sport, which acts as National 

Agency for the management, dissemination, promotion and impact studies of the new Erasmus+ programme in the field of 
education and training (2014-2020), and of the Lifelong Learning Programme (Spanish acronym PAP: OAPEE) 2007-2013, as 
well as other European educational programmes and initiatives. 

http://eacea.ec.europa.eu/llp/index_en.php
http://eacea.ec.europa.eu/erasmus-plus_en
http://www.sepie.es/presentacion.html
http://www.pap.sepie.es/oapee/inicio.html
http://www.sepie.es/presentacion.ht


 

 

  

 

 

[Energy Efficiency in Buildings] [ 3 ] 

Actions: 

To reach its objectives, the project has been divided into different work packages: 

WP1…: Organisational and management aspects. 

WP2…: Preparation of a “Pedagogical handbook” to reinforce new key professional employment 
skills in the construction sector, in 5 languages (es/en/de/it/sl). 

WP3…: Integration of “DEMO Resources” into the Online training platform, to reinforce the 
theoretical knowledge acquired in terms of lighting, insulation, HVAC, etc.  

WP4…: Development of “´Training 
Actions” in on-campus and online 
modalities, promoted from the 4 
EU participating countries. 

WP5…: Creation of a “Bank of 
memberships” for the 
international valorisation of 
results. This bank is open to the 
participation of “key stakeholders” 
to generate employment in the 
construction sector: authorities, 
employment agencies, companies, professionals, entities and organisations related to 
this sector. 

WP6…: Application of a “Quality control and continuous assessment of the project”, to 
guarantee the quality of processes and results. 

WP7…: Dissemination of the project at an international scale among key stakeholders for 
employability in the construction sector and associated professionals. 

Transferred projects 

The project transfers the results of two international innovation projects developed within the 
framework of the European programme, "LIFE+" and "Intelligent Energy for Europe", "LIFE+ DOMOTIC" 
and "IEE MINUS 3%" respectively, whose applications, techniques and methodologies have a high 
pedagogical value and bring a practical approach for reinforcing vocational competences, within the 
context of the new European standards on “energy certification in buildings”. 

  

http://ec.europa.eu/environment/life/funding/lifeplus.htm
http://ec.europa.eu/energy/intelligent/
http://www.lifedomotic.eu/
http://www.minus3.org/
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“LIFE+ DOMOTIC” Project: 

With the financial support of the European Union’s “LIFE+ 
Programme”, a financial instrument geared towards promoting the 
development of innovative projects within the development framework 
of the community’s environmental policy ; LIFE+ DOMOTIC 
(Demonstration Of Models for Optimisation of Technologies for 
Intelligent Construction), managed to demonstrate and quantify the 
potential of CO2 emission reductions derived from applying domotics, 
immotics and energy management technologies for buildings (BMS: Building Management Systems) in 
buildings with a high level of occupancy and energy consumption. 

Energy efficiency methods, techniques and technologies were modelled and applied within the 
project framework, in three “public use” buildings with high “energy demand” and “intensity of use”: 
Vocational Training Centre, private University and Institutional interpretative centre (3). 

As a whole, the demonstrative actions developed showed an average energy efficiency 
improvement potential of 42.48% per year and an emissions reduction of 680 t CO2/year; with 
maximums of more than 72% saving in some of the modelled intervention areas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In June 2015, the San Valero Foundation 
received the “Environment Award of Aragon” for 
this Project, granted by the Government of 
Aragon, for its contribution to the improvement of 
“Energy Efficiency in buildings” to favour 
“Combating Climate Change”. 

  

                                                           
(3)

  The final publication, which includes the characterisation of the defined models, is available for downloading on the project 

website: [ es ] [ en ] [ de ]. 

http://www.lifedomotic.eu/images/stories/FinalResults/FinalPublication_es.pdf
http://www.lifedomotic.eu/images/stories/FinalResults/FinalPublication_en.pdf
http://www.lifedomotic.eu/images/stories/FinalResults/FinalPublication_de.pdf
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“IEE Minus 3%” Project 

With the financial support of the EU “Intelligent Energy for Europe 
Programme" (IEE) (2003-2013), a financial instrument that has now been 
replaced with the “EU Horizon 2020 programme”, which continues to 
support investments in terms of energy efficiency in buildings, industry, 
heating, cooling, SMEs and other energy-related products and services, it 
managed to promote the implementation of European Directive 2006/32/EC on “Energy end-use 
efficiency and energy services” in 6 cities in the same number of EU countries (Dublin, Derry, Malacky, 

Maribor, Teruel and Graz) (4). 

During its development, "Minus 3%" 
managed to get the participating cities to 
embark on the path to reduce the final energy 
consumption in their municipalities by 3% each 
year, in order to finally reduce it by 30% in 2020, 
through the following activities: 

- Establishing “energy action teams” at 
municipal level. 

- Analysing the starting situation and 
preparing a “baseline” of energy consumptions. 

- Developing an Energy Efficiency Action Plan for each municipality. 

- Defining a methodology to monitor and assess the energy savings. 

- Promoting energy services 
by analysing the Market 
conditions.  

- Implementing energy saving 
measures in participating 
countries. 

- Compiling experiences and 
“brilliant examples” 
collected in the 
implementation phase. 

- Fostering and strengthening 
the “energy awareness” of 
all stakeholders involved in 
the energy management of 
cities. 

 

 

  

                                                           
(4)

  The "How to" Guide to improve Energy Efficiency in the European municipalities is currently available for download on the 

Project website: [ es ] [ en ] [ de ] [ sl ] [ sk ]. 

http://www.minus3.org/dokumenti/D7_1_EID_How_to_guide_Digital_Version_3_2_ES.pdf
http://www.minus3.org/dokumenti/minus3_how_to_guide.pdf
http://www.minus3.org/dokumenti/D7_1_Graz_How_to_guide_V4_DE.pdf
http://www.minus3.org/dokumenti/how_to_guide_slo.pdf
http://www.minus3.org/dokumenti/D7_1_ECB_How_to_Guide_SK.pdf
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Methodology and pedagogical framework 

Methodology 

The “Efficiency Jobs” project considers two training modalities: Online and on-campus. The 
intensity of each one of the modalities within the project action has been defined in each of the 
participating countries, depending on the characteristics of each one of the stakeholders. 

Both in online and on-campus methodology, a combination of theory and practice has been 
applied to design the classes and the materials. 

The contents have been adapted to the students’ environment, mainly in terms of aspects such as 
legislation or construction techniques in each of the participating countries, to make the learning 
process more attractive and useful for the students due to the affinity of the contents with their 
context. 

Firstly, there is a series of contents that are common to all the courses whose aim is to 
homogeneous knowledge. Then, the students focus on a speciality depending on their interests or 
professional experience. 

During the preparation of the didactic materials, an attempt has always been made to use a 
simple and easy-to-understand language, not forgetting the rigour required when dealing with a 
technical topic. The didactic resources and means made available for the students have been carefully 
selected, such as the usability of the online platform, which is very intuitive. 

With respect to tutoring, the tutors exist as counsellors who solve doubts related to the 
methodology or the contents. The students, depending on their capacity and personal needs, organise 
their own learning. Thus, with this self-learning methodology students can reconcile their training with 
other types of activity, such as work or family. 

Students play the leading role within this training context, and they are responsible for their own 
learning. To this end, they are supported by tutors, when required, who will guide them through this 
process. 

The training has a significant international dimension and, in this sense, the individual 
environment of each participating country (Spain, Austria, Italy and Slovenia) has had to be 
contemplated, not only from the technical viewpoint, but also from the training and professional reality 
of the project target audience. Differences have been found in terms of how the energy efficiency is 
implemented in each country, as well as in the building models and professional development in the 
construction sector. These aspects have been taken into account, attempting to unify criteria to favour 
the homogeneity and progressive nature of the content, from a more general knowledge through to 
more specific knowledge. 

Different aspects related to the so-called “professional qualification in the Energy and Water 
area” and the “professional training in the field of energy efficiency” have also been analysed, so as to 
guarantee suitability and content adaptation to other training developments which obtained recognition 
by the competent Public Administrations in the field of education. 

Main objectives 

The main goals of training are: 

1. To reinforce key employment skills for employment in traditional professional profiles related to 
the construction sector, under the provisions of new Directive 2010/31/EU on the “Energy 
efficiency of buildings”. 
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2 To train professionals who are able to revise energetic consumption of a building and launch 
measures to improve the energy efficiency, with the resulting positive impact both economically 
and environmentally.  

3. To study main contents as the energy sources, production and consumption. Also students should 
appreciate the economic and environmental benefits resulting from the energy efficiency. All 
within the European framework and focused on the building sector.  

4. To know the corresponding legislation at European level and specially, at the national level in the 
building sector and to analyze the impacts of such legislation in the construction sector.  

5. To analyze deeply the Technical Building Code and the Regulations on Building Heating 
Installations to study the basic conditions and requirements to apply them.  

6. To find out about efficient, up and running building projects and recognize the practical energy 
efficiency applications and amount of energy saving achieved. And to know several successful 
cases of study. 

7. To know and recognize the implications of a certified energy management system, an energy 
certification or an energy efficiency label as key and useful tools in the development of energy 
efficiency. 

8. To acquire further knowledge and skills related not only to their specialty field but also to aspects 
of professions that are closely interrelated to their own, in a context of an integrated training 
course on energy efficiency 

9. To take an overall view of the need of energy efficiency in the building sector, knowing the 
implications in order to achieve a more ecofriendly life style in accordance with current needs of 
comfort and wellbeing of the population.  

Target audience 

Since the project aims to benefit the employability and professional advancement of those 
working in the target sector, the training is aimed primarily at: 

- THE UNEMPLOYED linked to traditional professions related to the construction sector 
(electricians, plumbers, bricklayers and masons, HVAC installers, etc.). 

- CURRENTLY SELF-EMPLOYED AND SALARIED WORKERS of the construction sector and related 
occupations. 

The main professional areas and profiles of those for whom the training is intended are:  

Building envelope and related elements 

- Bricklayers and masons 
- Insulation installers 
- Carpenters (wood, aluminium, PVC…) 
- Painters, decorators, etc. 

Technical installations 

- Electricians (including installers of photovoltaic solar and building automation systems) 
- Heating installations  

o Heating plant installers: boilers, biomass, geothermal, solar thermal… 
o HVAC installers 
o Plumbers, sanitary hot water installers, etc. 
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Recommended duration 

The recommended duration of each online course is 60 hours, while the classroom training is up 
to ±20 hours. 

Training structure 

Training is divided into several modules to perform learning more open and flexible. In that way, 
students can enroll in the course based on their goals, studying common modules and those specific 
modules according to their professional areas and profiles. In addition, a practicum module called 
Virtual Laboratory has been included to improve the professional skills of students and multiply the 
development of professional competences. The virtual laboratory displays different didactic resources 
as videos, web sites or links to guides, studies or articles. 

The Modules are:  

Module 1 Towards lower energy consumption and greater energy efficiency. 

Module 2 Regulatory framework. How and by whom is energy efficiency regulated? 

Module 3 Conditions and requirements for energy saving in buildings. 

Module 4 Learning to build energy-efficiently. 

Module 5 Legal requirements of energy efficiency in the professional construction sector, for 
the application of energy efficiency measures in the fields of: 

5.1 Building envelope (Bricklaying, masonry and insulation) 
5.2 Electricity 
5-3 HVAC and ACS 
5.4 Heating plant installers 
5.5 Construction related fields (carpentry, painting and others) 

Module 6 Energy efficiency measures in the same key fields as in the previous Module. 

Module 7 Energy certification and energy management systems. 

Module 8 Virtual Lab 

- Building envelope and related occupations 
- Technical installations  

Taking into account the individual modules, their combination produces the following courses:  

Energy efficiency in buildings 

Course 
Modules 

M1 M2 M3 M4 M5 M6 M7 M8 

Building envelope 
Bricklaying, masonry and 

insulation 

        

5.1 6.1 

  

Building envelope and 
related occupations 

Electricity 5.2 6.2 

Technical installations 
Plumbing and HVAC and 

SHW installations 
5.3 6.3 

Thermal plant installers 5.4 6.4 

Other construction related 
fields 

5.5 6.5 
Building envelope and 

related occupations 
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Related skills and abilities 

Students can improve those skills and abilities that are directly related to the learning matter and 
connected with each developed professional contexts. But also those attitudes directly attached with 
any learning process. 

Professional context 

- To develop a professional career engaged in companies, public or private, related to the 
construction sector and within the field of energy efficiency 

- To acquire the knowledge and professional to improve the employability of the participants 

- To manage acquired knowledge and demonstrate understanding through self-assessment tools 
and posing doubt 

- To implement the acquired contents (theoretical and practical) to analyze or to report proposals 
concerning the improvements of energy efficiency in buildings  

- To appreciate the energy efficiency as an opportunity for employment, self-employment or to 
diversify the company scope.  

Social and personal context of the student  

- Motivation and adequate follow-up to the course 

- Self-confidence for the completion of training 

- Responsible behaviour with teaching materials  

- Appropriate use of the communication means  

- Appreciate that energy efficiency can contribute to sustainable development 

- Respect for responsible consumption and environment 

Teaching resources 

The learning means available for students are:  

- E-learning Platform 

- Didactic Units 

- Other didactic resources selected by the tutor 

- Self-assessment questionnaires 

- Course evaluation questionnaire 

- Communications means 

- Virtual laboratory  

The classroom equipment is:  

- Classroom furnitures and didactic materials: the board, audiovisual equipment, computer, 
projector and the Internet, etc. 
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Evaluation 

Evaluation process is a key stage of the learning process. In general, evaluation process is focused 
on knowing in which extent students have acquired the theoretical-practical contents and achieved the 
learning objectives. Also a course 
evaluation is included to know the 
students opinions and suggestions. 
Both evaluations seem adequate 
according the social and professional 
environment of the courses.  

The first evaluation is aimed at 
students. It is a web-based 
questionnaire to do at the end of each 
module. The questionnaire is a test of 
10 multiple-choice questions. Then it 
is a self-evaluation test, which 
enhances the idea of self-learning 
process. The questionnaire should 
reflect the specific objectives and 
evaluation criteria. We will use the evaluation results to verify the professional competences and skills 
acquired by students.  

The second type is a 
questionnaire to assess the training 
process: organization, general 
information, enrollment, didactic 
materials, available resources, course 
length, etc. The questionnaire 
included mainly closed-questions and 
one or two opened-questions.  

Both evaluations are based on 
the commitment of the partners for 
quality training. 

Evaluation criteria: Student  

We will evaluate the results of the learning and the level of the competence achieved by the 
participants, according the following evaluation criteria:  

1. Student implements the acquired contents (theoretical and practical) to analyze the energy 

consumption of a building and report proposals concerning the improvements of energy 

efficiency in buildings, with positive impact on economic and environmental aspect.  

2. Student knows main contents as the energy sources, the production and consumption. Also 

student appreciates the economic and environmental benefits resulting from the energy 

efficiency. All within the European framework and focused on the building sector.  

3. Student knows the corresponding legislation at European level and specially, at the national 

level in the building sector and to analyze the impacts of such legislation. 

4. Student analyzes deeply the Technical Building Code and the Regulations on Building 

Heating Installations in order to study the basic conditions and requirements to apply them.  
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5. Student finds out about efficient building projects and recognizes the practical energy 
efficiency applications and amount of energy saving achieved. Also student knows several 
successful cases of study.  

6. Student knows and recognizes the implications of a certified energy management system, 
an energy certification or an energy efficiency label as key and useful tools in the 
development of energy efficiency. 

7. Student acquires further knowledge and skills related not only to their specialty field but 
also to aspects of professions that are closely interrelated to their own, in a context of an 
integrated training course on energy efficiency 

8. Students take an overall view of the need of energy efficiency in the building sector, 
knowing the implications in order to achieve a more ecofriendly life style in accordance 
with current needs of comfort and wellbeing of the population.  

9. Student studies constantly and progressively and uses the available learning materials 

10. Student is interested in participating in forums and maintains a two-way communication 
with the tutor 

Evaluation criteria of the learning process 

To ensure the quality of the training process, the following aspects are evaluated: 

- Information received at the start of the course. 

- The tutor’s role explaining the planning, monitoring of students, resolution of doubts 
clearly and in due time. 

- Contents: understandable and updated. 

- The level of use of supplementary materials placed on the platform. 

- Management and coordination. 

- Methodology: effective and appropriate. 

- Expectations and achieved objectives. 

- The employability or the new work tasks to carry out. 

Conclusions 

The main conclusions are:  

- The proposed training presents a modular structure, which allows an open and flexible 
training due to the number and variety of the offered training courses. 

- The theoretical and practical contents allow participants to study common matters and to 
unify a main knowledge in energy efficiency issues. Moreover students can select some 
specialization modules at their convenience. 

- Due the European dimension of the Project, certain contents have been adapted to the 
professional and social environment of each country. 

- The methodology is based on self-learning process, harmonizing theoretical contents and 
practicum thought Virtual Laboratory. 
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- The methodology has two versions: online and on-campus teaching sessions. Online course 
takes 60 hours and classroom course is up to 20 hours.  

- The evaluation process has two parts: 1) a questionnaire to know the results of the learning 
and the level of the competence achieved by the participants and 2) a questionnaire to 
assess the quality of the training process. 

- Certification: To incentivise participation, encourage students and to acknowledge their 
effort, at the end of the training – in any of its modalities -, the project provides students 
with a certificate certifying the training received or seminar they have participated in. 
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Reference Professional Qualifications and Certificates of Professional 
Competence in Spain 

In agreement with the project target sector, the aim of the training designed is for students to: 

- Discover that “vocational training” is a key element that favours the employability potential 
and professional promotion. 

- Increase their self-esteem and encourage them to carry out more important official 
professional studies. 

- Return to the habit and interest in study, as they realise that by making work and study 
compatible, they can overcome the educational challenges they set for themselves. 

- Identify the professional vocation that adapts best to their profile or that benefits their 
promotion and employment interests the most, within their specific national and labour 
market context. 

In Spain, the training designed within the project framework prepares students to study and 
aspire to obtain one of the following professional qualifications, within the non-university training field: 

- VOCATIONAL TRAINING: Higher technical expert in “Energy efficiency, solar and thermal 
energy" (Order EDU/394/2010: 2000 hours) 

- CERTIFICATE OF PROFESSIONAL COMPETENCE: in “Energy efficiency in buildings" (920 
hours). 

This certificate of the “Energy and water” professional family, specifically geared towards 
the professional area of “Energy efficiency” is governed in the following regulation: 

- Royal Decree 1698/2007, of 14 December, which complements the National 
Catalogue of Professional qualifications, by establishing three professional 
qualifications corresponding to the professional family of energy and water 
(ENA358_3). 

- Royal Decree 643/2011, of 9 May, which establishes four certificates of professional 
competence of the Energy and Water professional family, which are included within 
the National Repertory of certificates of professional competence (ENAC0108). 

Noteworthy, therefore, is the fact the “competence units”, “training units” and related 
“work positions and occupations” of this “Certificate of professional competence”, 
coincide, in their majority, with the modules of the different courses designed within the 
framework of the "Efficiency Jobs" project. 

  

https://www.boe.es/diario_boe/txt.php?id=BOE-A-2008-116
https://www.boe.es/diario_boe/txt.php?id=BOE-A-2008-116
https://www.boe.es/diario_boe/txt.php?id=BOE-A-2008-116
https://www.boe.es/diario_boe/txt.php?id=BOE-A-2008-116
https://www.boe.es/diario_boe/txt.php?id=BOE-A-2011-9928
https://www.boe.es/diario_boe/txt.php?id=BOE-A-2011-9928
https://www.boe.es/diario_boe/txt.php?id=BOE-A-2011-9928
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Project results and lessons learnt  

Participation level in the given courses  

Country 

Online courses by Countries 
Classroom 

(6 Seminars) 
Participants 

TOTAL 
Envelope Electricity HVAC & SHW 

Heating 

plants 

Other 

fields 

Courses 

TOTAL 

Online 

Participants 
Participants 

ES 7 5 9 5 9 35 17 29 46 

IT 11 5 6  4 26 15 12 27 

SL 2 3 1   6 6 62 68 

AT 1 1  1  3 2 38 40 

Other 2 3 1 2  8 6  6 

TOTAL 23 17 17 8 13 78 46 141 187 

 

Participation level in the “Bank of Adhered Entities” to the project 

 

Participant Entities 

ES 48 

IT 11 

SL 8 

AT 9 

Other 1 

Entities…: 77 
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Lessons learnt 

The teaching tools and materials validated by the project within the common reference framework 
of the new European directive that regulates “energy efficiency in the construction sector”, have been 
prepared with a transnational nature, following multidisciplinary technical complementarity criteria. 
This has been done to serve the maximum number possible of professional groups associated with this 
sector (bricklayers, electricians, fitters, etc.), regardless of their employability situation (unemployed, 
self-employed and active workers) and professional qualifications level at starting point (qualified 
technicians and personnel with little or no qualifications). 

The training actions carried out within the project framework to test and validate these training 
materials have enabled us to draw the following lessons, among others, which are considered of 
possible interest for the design of future “European training curricula": 

Content modularity vs. Learning flexibility 

- As this training is aimed at professionals who already have employment, they must be able to make it 
compatible with their family and professional responsibilities, so the flexibility provided by the 
modularity of the contents favours study and allows participants to adapt it to their needs. 

- In this sense, and although the training models tested does not establish a deadline to finish the 
studies, it is advisable for participants to establish their own time limit and to make an effort to study 
all the modules within the time established with no solution of continuity, to gain confidence, 
internalise their knowledge in the shortest possible time and even to extend their specialisation field 
by studying the “non-common” modules of the other courses on offer. 

- The modularity of the contents and the versatility of the platform permits the organisation to 
programme learning sequentially, module by module, or randomly, allowing participants to organise 
the order in which they study all the modules of the selected course according to their interests. 

Importance of tutoring:  

- In agreement with the training target audience associated with traditional professions from the 
construction sector, the effective and qualified tutoring of the “students”, both from the technical 
and pedagogical viewpoint, is a key factor to guarantee the termination and use of the studies by: 

- Unemployed: due to the tendency of this group to feed back attitudes of discouragement and lack 
of motivation that are typical of workers in this situation, and which, based on their experience, 
they tend to consider structural 

- Self-employed and active workers: due to the need detected in this group to give priority to 
developing their activity based on training, in a context of a limited and precarious and 
competitive labour market. 

"Professional "Inter-qualification" (feedback):  

- Especially in the “on-campus modality”, but also in the “online modality”, enabling participation 
forums that will favour an exchange of ideas, the feedback generated by the simultaneous 
participation of qualified technicians, workers and unemployed with lower qualifications, favours: 

- In “qualified technicians”: their active participation, providing support to the less qualified 
workers, who in turn feed back their motivation to refresh and extend their own knowledge. 
However and to avoid a lack of motivation, contents in agreement with the qualifications of this 
group must also be offered. 

- In “unemployed and workers with lower qualifications”: motivation to increase their 
complementary multidisciplinary and specific qualifications, to improve their employability and 
professional promotion potentials. 
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European regulatory framework of reference 

- Including the “community regulatory framework of reference” as a “common module” in the training 
curricula tested, has generated an important added value, which, due to its utility, has been highly 
appreciated by the participating professionals. 

- Along the same line and in a labour market context where, as a result of the “crisis in the sector”, 
“geographical mobility” is a more and more common phenomenon; the “European perspective” 
based on the transnational nature of the designed training, has been just as highly appreciated by all 
participants in the training actions and by the adhered entities who have expressed their support to 
the project. 

Transnational contrast: 

- The prior “transnational contrast” of the training contents tested has permitted showing the 
different ways of applying similar techniques, methods and technologies, in countries with different 
geographical, social-economic and cultural contexts. This aspect has been very positively assessed by 
participants and recognised as being very beneficial to increase their employability and professional 
promotion potential, within a European labour market context. 

- Along the lines of that indicated in the above paragraph and, despite the existing differences in terms 
of pathways, curricular content and qualifications, each country needs to adapt certain aspects of a 
“common material” to its own reality; a common base of “agreed contents based on a transnational 
nature”, permits the teachers of the different participating countries to extract and contrast the 
existing differences, in order to benefit the transfer. 

Environmental benefit: 

- It is important to highlight that it is just as important in this type of training to know how to calculate, 
analyse and assess the “cost/benefit” ratios in economic terms as in terms of the “environmental 
benefit” derived from improving energy efficiency. 

 This improvement can and must be analysed from the viewpoint of the optimal use of “scarce 
resources” (e.g., water) and from the viewpoint of the reduction of the volume of greenhouse gases 
emissions (GGE) to the atmosphere, derived from less energy consumption, whose economic 
component can also be calculated based on the current price of the CO2 emissions rights in the 
"carbon market". 

 These aspects have been taken into account within the project framework, to encourage participants 
to change their mindset in favour of “combating climate change”. 

 

 

http://www.sendeco2.com/es/
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"Bank of memberships" for the international valorization of the project 

In the framework of the international valorization of the project and so as to foster the 
employability potential in the building sector, based on the strengthening of key competencies in 
professional profiles related to this sector. 

The Project wishes to thanks the following "Member Entities" for their support: 

Id. Organization Country Logo 

1 

ACMA Consultancy on Sustainable 
Management 

Spain 

 

http://www.acmasostenible.es/ 

2 
ACUSTICO - Spandre srl 

Italy 

 

http://www.acustico.com 

3 

ADESOS 

Spain 

 

http://adesos.org/ 

4 

ADRA – Association for the 
Development of the Rioja Alta region 

Spain 

 

http://www.adriojaalta.org/ 

5 

AEICE – Efficient Building 

Spain 

 

http://www.aeice.org/ 

6 

Álvarez & Asociados Estudio 
Arquitectura 

Spain 

 

http://www.jfinteriorismo.es/index.ph
p/perfilcolaboradores 

7 
Animacija d.o.o. 

Slovenia 

 

http://www.animacija.si 

8 
APControl – Domotics and Immotics 

Spain 

 

http://www.apcontrol.es/ 

9 
Arquedomo Estudio – Energy Efficiency 

Spain 

 

http://www.arquedomo.com/ 

  

http://www.acmasostenible.es/
http://www.acustico.com/
http://adesos.org/
http://www.adriojaalta.org/
http://www.aeice.org/
http://www.jfinteriorismo.es/index.php/perfilcolaboradores
http://www.jfinteriorismo.es/index.php/perfilcolaboradores
http://www.animacija.si/
http://www.apcontrol.es/
http://www.arquedomo.com/
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Id. Organization Country Logo 

10 

Ase Ingenieros 

Spain 

 

http://www.aseingenieros.com/ 

11 
City Council of Logroño 

Spain 

 

http://www.logrono.es/ 

12 

City Council of Valladolid 

Spain 

 

http://www.valladolid.es/ 

13 

City Council of Zaragoza 

Spain 

 

http://www.zaragoza.es/ciudad/medio
ambiente/ 

14 

be-eco for sustainable construction 

Italy 

 

http://www.be-eco.it/ 

15 

Bioma Consultores, SL 

Spain 

 

http://www.biomaconsultores.com/ 

16 

BIOSAR – Energy Consultants 

Spain 

 

http://www.biosar.es/ 

17 

Sermantero Winery 

Spain 

 

http://www.bodegasarmentero.com/ 

18 

BYTPOETS GmbH 

Austria 

 

http://www.bytepoets.com/ 

 

http://www.aseingenieros.com/
http://www.logrono.es/
http://www.valladolid.es/
http://www.zaragoza.es/ciudad/medioambiente/
http://www.zaragoza.es/ciudad/medioambiente/
http://www.be-eco.it/
http://www.biomaconsultores.com/
http://www.biosar.es/
http://www.bodegasarmentero.com/
http://www.bytepoets.com/
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Id. Organization Country Logo 

19 

CALENAE Qualification and Energy 
Saving in Buildings  

Spain 

 

http://www.calenae.es/ 

20 
Capetti Elettronica 

Italy 

 

http://www.capetti.it 

21 

Casa Service 

Italy 

 

http://www.empresite.it/CASA-
SERVICE-DI-LAZZARINI-SANDRO.html 

22 

Cenitsolar 

Spain 

 

http://www.cenitsolar.com/ 

23 

Official Association of Industrial 
Technical Engineers of La Rioja 

Spain 

 

http://www.coitir.org/ 

24 
CPA Salduie 

Spain 

 

http://www.cpaformacion.com/ 

25 
CUSTOMER EXPERTS Consulting GmbH 

Austria 
 

http://customer-experts.com/ 

26 

DEXMA Energy Management 

Spain 

 

http://www.dexmatech.com/ 

27 
ECO World Styria 

Austria 

 

http://www.eco.at/ 

28 
ECOTELIA 

Spain 

 

http://www.ecotelia.es/ 

 

http://www.calenae.es/
http://www.capetti.it/
http://www.empresite.it/CASA-SERVICE-DI-LAZZARINI-SANDRO.html
http://www.empresite.it/CASA-SERVICE-DI-LAZZARINI-SANDRO.html
http://www.cenitsolar.com/
http://www.coitir.org/
http://www.cpaformacion.com/
http://customer-experts.com/
http://www.dexmatech.com/
http://www.eco.at/
http://www.ecotelia.es/
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Id. Organization Country Logo 

29 
Edil Fotia 

Italy 

 

http://www.edilfotia.it 

30 

EMADE, S.L. 

Spain 

 

http://www.escuelama.com 

31 
EMESA IT Solutions 

Spain 

 

http://www.emesa.com/ 

32 
Emmegi srl 

Italy 
 

http://www.emmegiservizi.com 

33 

ENACE – National Entity of Auditors 
and Energy Certificate Authorities  

Spain 

 

http://www.enace.es/ 

34 

Energie Center lipizzanerheimat 

Austria 

 

http://www.energie-center.at/ 

35 

energie:bewusst Kärtnen 

Austria 

 

http://www.energiebewusst.at/ 

36 

ESCI International Business 

Spain 

 

http://unescochair.esci.es/ 

37 

Felipe Romero Salvachúa – 
Architectural firm 

Spain 

 

http://www.iccl.es/ 

38 
Fundación CIDAUT 

Spain 

 

http://www.cidaut.es/ 

 

http://www.edilfotia.it/
http://www.escuelama.com/
http://www.emesa.com/
http://www.emmegiservizi.com/
http://www.enace.es/
http://www.energie-center.at/
http://www.energiebewusst.at/
http://unescochair.esci.es/
http://www.iccl.es/
http://www.cidaut.es/
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Id. Organization Country Logo 

39 

Patrimonio Natural Foundation 
(Government of Castilla y León) 

Spain 

 

http://www.patrimonionatural.org/ 

40 
FUNDOSVA 

Dominican 
Republic 

 

http://www.fundosva.com/ 

41 
GAMA gradnje, Matjaž Glaser s.p. 

Slovenia 

 

http://www.gamagradnje.si/ 

42 

Gerhard Moritz - Büro für 
Energieeffizienz 

Austria 

 

http://www.gerhardmoritz.com/ 

43 

Goriška Lokalna Energetska Agencija, 
Nova Gorica 

Slovenia 

 

http://www.golea.si/intro 

44 

Grazer Energieagentur 

Austria 

 

http://www.grazer-ea.at/ 

45 

I.E.S. Inventor Cosme García 

Spain 

 

http://iescosmegarcia.larioja.edu.es/ 

46 

IFOR-NET Innovation and Training in 
New Technologies  

Spain 

 

http://www.ifor-net.com/ 

47 
Impacta Comunicación 

Spain 

 

http://www.impactacomunicacion.com 

48 

Aragonese Water Institute – 
Government of Aragon 

Spain 

 

http://www.aragon.es/Departamentos
OrganismosPublicos/Organismos/Instit
utoAragonesAgua 

 

  

http://www.patrimonionatural.org/
http://www.fundosva.com/
http://www.gamagradnje.si/
http://www.gerhardmoritz.com/
http://www.golea.si/intro
http://www.grazer-ea.at/
http://iescosmegarcia.larioja.edu.es/
http://www.ifor-net.com/
http://www.impactacomunicacion.com/
http://www.aragon.es/DepartamentosOrganismosPublicos/Organismos/InstitutoAragonesAgua
http://www.aragon.es/DepartamentosOrganismosPublicos/Organismos/InstitutoAragonesAgua
http://www.aragon.es/DepartamentosOrganismosPublicos/Organismos/InstitutoAragonesAgua
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Id. Organization Country Logo 

49 

Instituto de la Construcción de Castilla 
y León 

Spain 

 

http://www.iccl.es/ 

50 
JAB ARAGÓN DAM SL 

Spain 

 
 

http://www.grupojab.es 

51 

KNX 

Spain 

 

http://www.knx.org/knx-es/ 

52 
List Unternehmensberatung 

Austria 

 

http://www.ecoversum.at/ 

53 
LUXMATE – Lighting Control 

Spain 

 

http://www.luxmate.es/ 

54 
Midori srl 

Italy 

 

http://wwwmidorisrl.eu 

55 
Neodelis 

Italy 

 

http://www.neodelis.fr/it 

56 

OPENDOMO Services – Advanced 
Energy Management 

Spain 

 

http://www.opendomo.es/ 

57 

OTC – Engineering and Architecture 
Professionals 

Spain 

 

http://www.incicor.com/ 

58 

PIRENER Instrumentation and 
Measuring Equipments 

Spain 

 

http://www.equiposmedida.com/ 

59 
Proenergy 

Austria 

 

http://www.proenergy.at/ 

 

http://www.iccl.es/
http://www.grupojab.es/
http://www.knx.org/knx-es/
http://www.ecoversum.at/
http://www.luxmate.es/
http://wwwmidorisrl.eu/
http://www.neodelis.fr/it
http://www.opendomo.es/
http://www.incicor.com/
http://www.equiposmedida.com/
http://www.proenergy.at/
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Id. Organization Country Logo 

60 

PROLUS Engineering Services 

Spain 

 

http://www.prolus.es/ 

61 

REHABITEF 

Spain 

 

http://www.rehabilitacioneficiente.co
m 

62 

REPRISE Printing Consultancy 

Spain 

 

http://www.reprise.es/ 

63 

Sarotto srl 

Italy 

 

http://www.sarotto.it 

64 
SEAS Estudios abiertos (Open Studies) 

Spain 

 

http://www.seas.es/ 

65 
SIEMENS - Building technologies 

Spain 

 

http://www.siemens.com/answers/es/
es/ 

66 

Smart 

Italy 

 

http://www.smart2t.it 

67 

Sphera – Information Technologies 

Spain 

 

http://www.sphera-ti.com/ 

68 
Termoservicio 

Spain 

 

http://www.termoservicio.com/ 

 

  

http://www.prolus.es/
http://www.rehabilitacioneficiente.com/
http://www.rehabilitacioneficiente.com/
http://www.reprise.es/
http://www.sarotto.it/
http://www.seas.es/
http://www.siemens.com/answers/es/es/
http://www.siemens.com/answers/es/es/
http://www.smart2t.it/
http://www.sphera-ti.com/
http://www.termoservicio.com/


 

 

  

 

 

[ Energy  Efficiency in Buildings ] [ 24 ] 

Id. Organization Country Logo 

69 

U.K. Projektivni biro, projektiranje, 
Uroš Krajnc s.p. 

Slovenia 

 

https://www.facebook.com/U.K.Projek
tivniBiro?fref=nf 

70 

University of La Rioja 

Spain 

 

http://www.unirioja.es/ 

71 
University of Valladolid 

Spain 

 

http://www.uva.es/ 

72 
San Jorge University 

Spain 

 

http://www.usj.es/ 

73 

Xaluxi 

Italy 

 

http://www.xaluxi.com 

74 

Mednarodni Inštitut za energetsko 
bioniko 

Slovenia 

 

http://www.energy-bionics.com/ 

75 

Lokalna energetska agentura Spodnje 
Podravje 

Slovenia 

 

http://www.lea-ptuj.si/index.html 

76 

Lokalna energetska agencija Dolenjska 
- Posavje - Bela krajina 

Slovenia 

 

http://www.lea-d.si/Home.aspx 

77 

NADZOR IN PROJEKTIRANJE, Aleš 
Kolarič s.p. 

Slovenia 

 

http://www.bizi.si/ALES-KOLARIC-S-
P/maticno-podjetje/ 

 

 

https://www.facebook.com/U.K.ProjektivniBiro?fref=nf
https://www.facebook.com/U.K.ProjektivniBiro?fref=nf
http://www.unirioja.es/
http://www.uva.es/
http://www.usj.es/
http://www.xaluxi.com/
http://www.energy-bionics.com/
http://www.lea-ptuj.si/index.html
http://www.lea-d.si/Home.aspx
http://www.bizi.si/ALES-KOLARIC-S-P/maticno-podjetje/
http://www.bizi.si/ALES-KOLARIC-S-P/maticno-podjetje/
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Reference links: 

"Efficiency Jobs" Project http://www.efficiencyjobs.eu/ 

Project Partnership 

San Valero Foundation 

(Coordinator-Spain) 
http://ww.sanvalero.es/ 

ENVIRONMENT PARK SPA 

(Partner-Italy) 
http://www.envipark.com/ 

ECOVERSUM-netzwerk für nachhaltiges wirtschaften 

(Partner-Austria) 
http://www.ecoversum.at/ 

STENG-nacionalni center za čistejšo proizvodnjo d.o.o. 

(Partner-Slovenia) 
http://www.steng-nccp.si/en 

Europa Innovación y Desarrollo, SL 

(Partner-Spain) 
http://www.eid.com.es/ 

European bodies and National entities 

European Commission http://ec.europa.eu/index_es.htm 

Directorate General for Education and Culture EU 
http://ec.europa.eu/dgs/education_culture/index

_en.htm 

Spanish Service for the Internationalization of 

Education (SEPIE) 
http://www.sepie.es/presentacion.html 

European Educational Programmes Autonomous 

Agency (OAPEE) 
http://www.pap.sepie.es/oapee/inicio.html 

European Union Programmes 

Lifelong Learning Programme http://eacea.ec.europa.eu/llp/index_en.php 

Leonardo da Vinci Programme-TOI 
http://www.oapee.es/oapee/inicio/pap/leonardo-

da-vinci/proyectos-multilaterales-de-toi.html 

ERASMUS+ Programme http://eacea.ec.europa.eu/erasmus-plus_en 

European Union Horizon 2020 Programme  http://ec.europa.eu/easme/en/energy 

European Union LIFE+ Programme 
http://ec.europa.eu/environment/life/funding/life

plus.htm 

Intelligent Energy Europe Programme (IEE) http://ec.europa.eu/energy/intelligent/ 

  

http://www.efficiencyjobs.eu/
http://ww.sanvalero.es/
http://www.envipark.com/
http://www.ecoversum.at/
http://www.steng-nccp.si/en
http://www.eid.com.es/
http://ec.europa.eu/index_es.htm
http://ec.europa.eu/dgs/education_culture/index_en.htm
http://ec.europa.eu/dgs/education_culture/index_en.htm
http://www.sepie.es/presentacion.html
http://www.pap.sepie.es/oapee/inicio.html
http://eacea.ec.europa.eu/llp/index_en.php
http://www.oapee.es/oapee/inicio/pap/leonardo-da-vinci/proyectos-multilaterales-de-toi.html
http://www.oapee.es/oapee/inicio/pap/leonardo-da-vinci/proyectos-multilaterales-de-toi.html
http://eacea.ec.europa.eu/erasmus-plus_en
http://ec.europa.eu/easme/en/energy
http://ec.europa.eu/environment/life/funding/lifeplus.htm
http://ec.europa.eu/environment/life/funding/lifeplus.htm
http://ec.europa.eu/energy/intelligent/
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European Directives and Reference standards 

Directive 2010/31/EU 

"Energy Performance of Buildings" 

http://eur-lex.europa.eu/legal-
content/ES/TXT/?uri=URISERV:en0021 

Directive 2006/32/EC 

"Energy end-use efficiency and energy services" 

http://eur-lex.europa.eu/legal-

content/ES/TXT/?uri=CELEX:32006L0032 

Royal Decree 1698/2007 approving the reference 

qualification ENA358_3 

https://www.boe.es/diario_boe/txt.php?id=BOE-

A-2008-116 

Royal Decree 643/2011 defining the certificate of 

professional competence ENAC0108 

https://www.boe.es/diario_boe/txt.php?id=BOE-

A-2011-9928 

Projects and documentation about transferred projects  

"LIFE+ DOMOTIC" Project http://www.lifedomotic.eu/ 

Final publication DOMOTIC [ es ] 
http://www.lifedomotic.eu/images/stories/FinalR

esults/FinalPublication_es.pdf 

Final publication DOMOTIC [ en ]: 
http://www.lifedomotic.eu/images/stories/FinalR

esults/FinalPublication_en.pdf 

Final publication DOMOTIC [ de ]: 
http://www.lifedomotic.eu/images/stories/FinalR

esults/FinalPublication_de.pdf 

"IEE Minus 3%" Project http://www.minus3.org/ 

How-to Guide IEE Minus 3% [ es ] 
http://www.minus3.org/dokumenti/D7_1_EID_Ho

w_to_guide_Digital_Version_3_2_ES.pdf 

How-to Guide IEE Minus 3% [ en ] 
http://www.minus3.org/dokumenti/minus3_how_

to_guide.pdf 

How-to Guide IEE Minus 3% [ de ] 
http://www.minus3.org/dokumenti/D7_1_Graz_H

ow_to_guide_V4_DE.pdf 

How-to Guide IEE Minus 3% [ sl ]: 
http://www.minus3.org/dokumenti/how_to_guid

e_slo.pdf 

How-to Guide IEE Minus 3% [ sk ]: 
http://www.minus3.org/dokumenti/D7_1_ECB_Ho

w_to_Guide_SK.pdf 

Other interesting links 

Reference to updated price of carbon dioxide 

emission allowances (CO2) 
http://www.sendeco2.com/es/ 

 

 

http://eur-lex.europa.eu/legal-content/ES/TXT/?uri=URISERV:en0021
http://eur-lex.europa.eu/legal-content/ES/TXT/?uri=URISERV:en0021
http://eur-lex.europa.eu/legal-content/ES/TXT/?uri=CELEX:32006L0032
http://eur-lex.europa.eu/legal-content/ES/TXT/?uri=CELEX:32006L0032
https://www.boe.es/diario_boe/txt.php?id=BOE-A-2008-116
https://www.boe.es/diario_boe/txt.php?id=BOE-A-2008-116
https://www.boe.es/diario_boe/txt.php?id=BOE-A-2011-9928
https://www.boe.es/diario_boe/txt.php?id=BOE-A-2011-9928
http://www.lifedomotic.eu/
http://www.lifedomotic.eu/images/stories/FinalResults/FinalPublication_es.pdf
http://www.lifedomotic.eu/images/stories/FinalResults/FinalPublication_es.pdf
http://www.lifedomotic.eu/images/stories/FinalResults/FinalPublication_en.pdf
http://www.lifedomotic.eu/images/stories/FinalResults/FinalPublication_en.pdf
http://www.lifedomotic.eu/images/stories/FinalResults/FinalPublication_de.pdf
http://www.lifedomotic.eu/images/stories/FinalResults/FinalPublication_de.pdf
http://www.minus3.org/
http://www.minus3.org/dokumenti/D7_1_EID_How_to_guide_Digital_Version_3_2_ES.pdf
http://www.minus3.org/dokumenti/D7_1_EID_How_to_guide_Digital_Version_3_2_ES.pdf
http://www.minus3.org/dokumenti/minus3_how_to_guide.pdf
http://www.minus3.org/dokumenti/minus3_how_to_guide.pdf
http://www.minus3.org/dokumenti/D7_1_Graz_How_to_guide_V4_DE.pdf
http://www.minus3.org/dokumenti/D7_1_Graz_How_to_guide_V4_DE.pdf
http://www.minus3.org/dokumenti/how_to_guide_slo.pdf
http://www.minus3.org/dokumenti/how_to_guide_slo.pdf
http://www.minus3.org/dokumenti/D7_1_ECB_How_to_Guide_SK.pdf
http://www.minus3.org/dokumenti/D7_1_ECB_How_to_Guide_SK.pdf
http://www.sendeco2.com/es/
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References to the "Virtual Lab - Practicum" 

We recommend visiting "Module 8 of the Online Courses", which includes the following references to 
videos, links and examples of good and bad practices, to strengthen the theoretical contents developed 
so far; as a complement to other references that might have been added by transnational partners. 

Country Course Name Brief description Link 

AT 
Envelope and 

related 
occupations 

Design of 
solarium-like or 
conservatory-
style rooms 

4-minute video on the 
design of solarium-like 
or conservatory-style 
rooms as a technique 

for heating and lighting 
structures  

https://www.youtube.com/watch
?feature=player_embedded&v=v

o2vbXrd8mo 

AT 
Envelope and 

related 
occupations 

An energy-
efficient building  

3-minute video on low-
consumption homes 
thanks to the use of 

passive design 
measures. 

https://www.youtube.com/watch
?feature=player_embedded&v=h

1bGrxECHio 

ES 
Envelope and 

related 
occupations 

Insulation  
Several videos on 
insulation types 

http://crewcuttv.com/search?sea
rchText=insulation&submit=Go# 

ES 
Envelope and 

related 
occupations 

Facade 
insulation: FCV 

Company 

The video shows a type 
of facade characterized 

by a significant noise 
reduction and new 
energy advantages. 

https://www.youtube.com/watch
?v=xsj5ly1YYCI 

ES 
Envelope and 

related 
occupations 

Enclosures 
How to improve the 

enclosure in an existing 
dwelling 

http://crewcuttv.com/episode?e
pisodeId=253&searchBy=episode 

ES 
Envelope and 

related 
occupations 

Thermal building 
envelope 

2nd Conference on 
Zero-Energy Buildings: 
Paper by Luis Pozo on 

thermal-acoustic 
insulation with 

rockwool 

https://www.youtube.com/watch
?v=3-6MwVQYt1k 

ES 
Envelope and 

related 
occupations 

Thermal building 
envelope 

Currently, the 
Technical Building Code 

requires compulsory 
thermal insulation in 

new buildings. 
However, the video 

shows the need for an 
appropriate thermal 

insulation in buildings, 
even in old 

constructions, so as to 
improve the energy 
performance of our 

cities. 

https://www.youtube.com/watch
?v=Q1PNi471mG8 

https://www.youtube.com/watch?feature=player_embedded&v=vo2vbXrd8mo
https://www.youtube.com/watch?feature=player_embedded&v=vo2vbXrd8mo
https://www.youtube.com/watch?feature=player_embedded&v=vo2vbXrd8mo
https://www.youtube.com/watch?feature=player_embedded&v=h1bGrxECHio
https://www.youtube.com/watch?feature=player_embedded&v=h1bGrxECHio
https://www.youtube.com/watch?feature=player_embedded&v=h1bGrxECHio
http://crewcuttv.com/search?searchText=insulation&submit=Go
http://crewcuttv.com/search?searchText=insulation&submit=Go
https://www.youtube.com/watch?v=xsj5ly1YYCI
https://www.youtube.com/watch?v=xsj5ly1YYCI
http://crewcuttv.com/episode?episodeId=253&searchBy=episode
http://crewcuttv.com/episode?episodeId=253&searchBy=episode
https://www.youtube.com/watch?v=3-6MwVQYt1k
https://www.youtube.com/watch?v=3-6MwVQYt1k
https://www.youtube.com/watch?v=Q1PNi471mG8
https://www.youtube.com/watch?v=Q1PNi471mG8
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Country Course Name Brief description Link 

ES 
Envelope and 

related 
occupations 

Thermal 
envelope and 

solar protection 
systems for 

buildings 

Heating and air 
conditioning consume 
a great deal of energy. 

Therefore, an 
appropriate thermal 

insulation (doors, 
windows, glass, etc.) is 
a sensible investment 

not only to save money 
but also to save energy 
and be environmentally 

friendly. 

https://www.youtube.com/watch
?v=aBT3ecw9vBU 

ES 
Envelope and 

related 
occupations 

Thermal 
envelope: 

façade 
rehabilitation 

Five basic ideas on 
thermal façade 
rehabilitation. 

http://educacionenergeticavallalb
aida.blogspot.com.es/search/labe
l/eficiencia%20energ%C3%A9tica

%20edificios 

ES 
Envelope and 

related 
occupations 

Manufacturing 
of efficient 

glazings 

How to produce a un 
efficient glazing. 

http://www.youtube.com/watch
?v=Nxm1-c32_aI 

ES 
Envelope and 

related 
occupations 

Introduction to 
insulation: 
advantages 

Introduction to the 
advantages of 

insulation  

http://www.idae.es/index.php/re
lcategoria.3696/mod.videos/me

m.listado 

ES 
Envelope and 

related 
occupations 

Insulation 
maintenance 

Doctor Teresa Weston 
speaks about how to 

keep an efficient 
insulation 

http://www.dupont.com/product
s-and-services/construction-
materials/building-envelope-
systems/videos/r-value-of-

insulation.html 

ES 
Envelope and 

related 
occupations 

Wall made with 
clay bricks: 

Energy efficiency 
and insulation 

This video shows the 
heat transfer cycle in a 

wall made with clay 
brickwork. The house is 
energy efficient, since 
it reaches comfortable 
temperatures without 
heating and without 

mechanic refrigeration. 

https://www.youtube.com/watch
?v=_quztRguw0U 

ES 
Envelope and 

related 
occupations 

Outer painting: 
demonstration 

of its energy 
performance  

Video about a paint 
brand that promotes 
energy efficiency of 

walls. 

http://www.youtube.com/watch
?v=zmMFU8GM9Ug 

ES 
Envelope and 

related 
occupations 

What is an 
efficient glazing 

and how to 
make it 

Demonstration of how 
a glazing works in 
terms of efficient use 
of energy. 

http://www.youtube.com/watch
?v=yO7frJBlFV0 

ES 
Envelope and 

related 
occupations 

Coatings and 
paints: Energy 

savings 

Painting and coating 
products to reduce 

greenhouse gas 
emissions. 

http://www.youtube.com/watch
?v=VWaYd2sdIyw 

https://www.youtube.com/watch?v=aBT3ecw9vBU
https://www.youtube.com/watch?v=aBT3ecw9vBU
http://educacionenergeticavallalbaida.blogspot.com.es/search/label/eficiencia%20energ%C3%A9tica%20edificios
http://educacionenergeticavallalbaida.blogspot.com.es/search/label/eficiencia%20energ%C3%A9tica%20edificios
http://educacionenergeticavallalbaida.blogspot.com.es/search/label/eficiencia%20energ%C3%A9tica%20edificios
http://educacionenergeticavallalbaida.blogspot.com.es/search/label/eficiencia%20energ%C3%A9tica%20edificios
http://www.youtube.com/watch?v=Nxm1-c32_aI
http://www.youtube.com/watch?v=Nxm1-c32_aI
http://www.idae.es/index.php/relcategoria.3696/mod.videos/mem.listado
http://www.idae.es/index.php/relcategoria.3696/mod.videos/mem.listado
http://www.idae.es/index.php/relcategoria.3696/mod.videos/mem.listado
http://www.dupont.com/products-and-services/construction-materials/building-envelope-systems/videos/r-value-of-insulation.html
http://www.dupont.com/products-and-services/construction-materials/building-envelope-systems/videos/r-value-of-insulation.html
http://www.dupont.com/products-and-services/construction-materials/building-envelope-systems/videos/r-value-of-insulation.html
http://www.dupont.com/products-and-services/construction-materials/building-envelope-systems/videos/r-value-of-insulation.html
http://www.dupont.com/products-and-services/construction-materials/building-envelope-systems/videos/r-value-of-insulation.html
https://www.youtube.com/watch?v=_quztRguw0U
https://www.youtube.com/watch?v=_quztRguw0U
http://www.youtube.com/watch?v=zmMFU8GM9Ug
http://www.youtube.com/watch?v=zmMFU8GM9Ug
http://www.youtube.com/watch?v=yO7frJBlFV0
http://www.youtube.com/watch?v=yO7frJBlFV0
http://www.youtube.com/watch?v=VWaYd2sdIyw
http://www.youtube.com/watch?v=VWaYd2sdIyw
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Country Course Name Brief description Link 

ES 
Envelope and 

related 
occupations 

Insulation 
system: Confort 

Block 

Confort Block is an 
insulation system 

which improves the 
efficiency of dwellings 

and is furthermore 
extremely long-lasting. 

https://www.youtube.com/watch
?v=G11OUgsI_UY 

ES 
Envelope and 

related 
occupations 

Windows 
replacement 

A video on window 
replacement so as to 
improve insulation. 

http://crewcuttv.com/episode?e
pisodeId=45&searchBy=episode 

ES 
Envelope and 

related 
occupations 

"Window film" 
Technology 

This video, produced by 
EWFA, explains how 

"Window film" 
technology contributes 
to reaching the energy 
performance goals for 
new buildings and also 

for existing ones. 

http://www.youtube.com/watch
?v=4EZps46gK24 

ES 
Envelope and 

related 
occupations 

Thermographies 
applied to 

energy 
efficiency of 

buildings  

A video on infrarred 
thermography and its 
applications: the FLIR 

chamber 

https://www.youtube.com/watch
?v=VWbGofMc7sk 

ES 
Envelope and 

related 
occupations 

Thermographies 
applied to 

energy 
efficiency of 

buildings  

Presentation of the 
FLIR system applied to 
the study of the energy 

performance of 
buildings. 

https://www.youtube.com/watch
?v=4uhz1rIaMj0 

ES 
Envelope and 

related 
occupations 

A new ecologic 
insulation 

system  

Sustainable insulation 
made with renewable, 
recyclable and organic 

materials. 

http://www.certainteed.com/vid
eolibrary/videoplayer.aspx?Keep
This=true&TB_iframe=true&Vide
oID=32&height=700&width=975 

IT 
Envelope and 

related 
occupations 

Acoustic 
insulation: inner 

wall 

Making an acoustic 
insulation: inner wall 

http://www.rockwool.it/prodotti
+e+soluzioni/fai+da+te/contropar

eti+acustiche 

IT 
Envelope and 

related 
occupations 

Penthouse 
insulation 

Installation of a mineral 
rockwool insulation 

system in penthouses 

http://www.rockwool.it/prodotti
+e+soluzioni/fai+da+te/sottotetti

+abitabili 

IT 
Envelope and 

related 
occupations 

Penthouse 
insulation: non-
liveable spaces 

Installation of a mineral 
rockwool insulation 

system 

http://www.rockwool.it/prodotti
+e+soluzioni/fai+da+te/sottotetti

+non+abitabili 

IT 
Envelope and 

related 
occupations 

Insulation from 
the inside 

Making an insulation 
from the inside. 

http://www.rockwool.it/prodotti
+e+soluzioni/fai+da+te/isolament

o+dall'interno 

IT 
Envelope and 

related 
occupations 

Insulation from 
the inside 

How to build an 
insulating layer from 

the inside 

http://www.rockwool.it/prodotti
+e+soluzioni/fai+da+te/isolament

o+dall'interno 

IT 
Envelope and 

related 
occupations 

Highly efficient 
wood buildings  

How to build a wood 
facade with insulation: 

natural paint 

https://www.youtube.com/watch
?v=GpRFLWxb5TY 

https://www.youtube.com/watch?v=G11OUgsI_UY
https://www.youtube.com/watch?v=G11OUgsI_UY
http://crewcuttv.com/episode?episodeId=45&searchBy=episode
http://crewcuttv.com/episode?episodeId=45&searchBy=episode
http://www.youtube.com/watch?v=4EZps46gK24
http://www.youtube.com/watch?v=4EZps46gK24
https://www.youtube.com/watch?v=VWbGofMc7sk
https://www.youtube.com/watch?v=VWbGofMc7sk
https://www.youtube.com/watch?v=4uhz1rIaMj0
https://www.youtube.com/watch?v=4uhz1rIaMj0
http://www.certainteed.com/videolibrary/videoplayer.aspx?KeepThis=true&TB_iframe=true&VideoID=32&height=700&width=975
http://www.certainteed.com/videolibrary/videoplayer.aspx?KeepThis=true&TB_iframe=true&VideoID=32&height=700&width=975
http://www.certainteed.com/videolibrary/videoplayer.aspx?KeepThis=true&TB_iframe=true&VideoID=32&height=700&width=975
http://www.certainteed.com/videolibrary/videoplayer.aspx?KeepThis=true&TB_iframe=true&VideoID=32&height=700&width=975
http://www.rockwool.it/prodotti+e+soluzioni/fai+da+te/contropareti+acustiche
http://www.rockwool.it/prodotti+e+soluzioni/fai+da+te/contropareti+acustiche
http://www.rockwool.it/prodotti+e+soluzioni/fai+da+te/contropareti+acustiche
http://www.rockwool.it/prodotti+e+soluzioni/fai+da+te/sottotetti+abitabili
http://www.rockwool.it/prodotti+e+soluzioni/fai+da+te/sottotetti+abitabili
http://www.rockwool.it/prodotti+e+soluzioni/fai+da+te/sottotetti+abitabili
http://www.rockwool.it/prodotti+e+soluzioni/fai+da+te/sottotetti+non+abitabili
http://www.rockwool.it/prodotti+e+soluzioni/fai+da+te/sottotetti+non+abitabili
http://www.rockwool.it/prodotti+e+soluzioni/fai+da+te/sottotetti+non+abitabili
http://www.rockwool.it/prodotti+e+soluzioni/fai+da+te/isolamento+dall'interno
http://www.rockwool.it/prodotti+e+soluzioni/fai+da+te/isolamento+dall'interno
http://www.rockwool.it/prodotti+e+soluzioni/fai+da+te/isolamento+dall'interno
http://www.rockwool.it/prodotti+e+soluzioni/fai+da+te/isolamento+dall'interno
http://www.rockwool.it/prodotti+e+soluzioni/fai+da+te/isolamento+dall'interno
http://www.rockwool.it/prodotti+e+soluzioni/fai+da+te/isolamento+dall'interno
https://www.youtube.com/watch?v=GpRFLWxb5TY
https://www.youtube.com/watch?v=GpRFLWxb5TY
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Country Course Name Brief description Link 

IT 
Envelope and 

related 
occupations 

Building 
envelope 

How to build a ceiling 
insulation 

http://www.rockwool.it/prodotti
+e+soluzioni/fai+da+te/primo+sol

aio 

IT 
Envelope and 

related 
occupations 

Green roofs and 
facades  

Illustration of 
innovative solutions for 

green roofs and 
facades. 

https://www.youtube.com/watch
?v=rF3g2tZscTo 

IT 
Envelope and 

related 
occupations 

Installation of an 
Isotec insulating 

panel 

Instructions for 
installing an insulating 
panel made of fabric. 

http://www.youtube.com/watch
?v=EQaJacyrad8 

IT 
Envelope and 

related 
occupations 

Installation of 
roof windows 

Phases for a correct 
installation of windows 

on roofs  

https://www.youtube.com/watch
?v=iylaI8UkOIg 

IT 
Envelope and 

related 
occupations 

Installation of 
frameworks for 
roof windows. 

Phases for a correct 
installation of blinds. 

https://www.youtube.com/watch
?v=Oa82N6CaEpg 

IT 
Envelope and 

related 
occupations 

Energy 
rehabilitation of 

buildings  

Correct installation of 
an insulation system. 

https://www.youtube.com/watch
?v=H2ZGLLRceA8 

IT 
Envelope and 

related 
occupations 

Frames for 
windows 

Correct installation of a 
window frame 

https://www.youtube.com/watch
?v=1ZOAurB5ijw 

IT 
Envelope and 

related 
occupations 

Frames for 
windows 

Description of various 
components of 

windows. 

https://www.youtube.com/watch
?v=exIEoVB2qeo 

IT 
Envelope and 

related 
occupations 

Frames for 
windows 

Window assembly 
https://www.youtube.com/watch

?v=NCMOlWXB4WM 

IT 
Envelope and 

related 
occupations 

Energy 
rehabilitation of 

buildings 

Energy recovery from 
the envelope: coating 

installation  

https://www.youtube.com/watch
?v=nu7O-GqjMeE 

IT 
Envelope and 

related 
occupations 

Insulation 
system 

Correct installation of 
an insulation system 

https://www.youtube.com/watch
?v=OlDj2nCPgmM 

IT 
Envelope and 

related 
occupations 

Insulation 
system 

Correct installation of 
an insulation system. 

http://www.cortexa.it/it/il-
sistema-a-cappotto/cosa-

e/video.html 

IT 
Envelope and 

related 
occupations 

Insulation 
system 

Installation of an 
insulation system: 
mineral rockwool 

http://www.rockwool.it/prodotti
+e+soluzioni/approfondimenti+te

cnici/cappotto 

IT 
Envelope and 

related 
occupations 

Insulation 
system: mineral 

rockwool 

Installation of an 
insulation system: 
technical details 

http://www.rockwool.it/prodotti
+e+soluzioni/approfondimenti+te

cnici/cappotto/dettagli+tecnici 

IT 
Envelope and 

related 
occupations 

Building systems 

Techniques for 
manufacturing an 

innovative wooden 
floor. 

https://www.youtube.com/watch
?v=4fQeQHL5iNI 

http://www.rockwool.it/prodotti+e+soluzioni/fai+da+te/primo+solaio
http://www.rockwool.it/prodotti+e+soluzioni/fai+da+te/primo+solaio
http://www.rockwool.it/prodotti+e+soluzioni/fai+da+te/primo+solaio
https://www.youtube.com/watch?v=rF3g2tZscTo
https://www.youtube.com/watch?v=rF3g2tZscTo
http://www.youtube.com/watch?v=EQaJacyrad8
http://www.youtube.com/watch?v=EQaJacyrad8
https://www.youtube.com/watch?v=iylaI8UkOIg
https://www.youtube.com/watch?v=iylaI8UkOIg
https://www.youtube.com/watch?v=Oa82N6CaEpg
https://www.youtube.com/watch?v=Oa82N6CaEpg
https://www.youtube.com/watch?v=H2ZGLLRceA8
https://www.youtube.com/watch?v=H2ZGLLRceA8
https://www.youtube.com/watch?v=1ZOAurB5ijw
https://www.youtube.com/watch?v=1ZOAurB5ijw
https://www.youtube.com/watch?v=exIEoVB2qeo
https://www.youtube.com/watch?v=exIEoVB2qeo
https://www.youtube.com/watch?v=NCMOlWXB4WM
https://www.youtube.com/watch?v=NCMOlWXB4WM
https://www.youtube.com/watch?v=nu7O-GqjMeE
https://www.youtube.com/watch?v=nu7O-GqjMeE
https://www.youtube.com/watch?v=OlDj2nCPgmM
https://www.youtube.com/watch?v=OlDj2nCPgmM
http://www.cortexa.it/it/il-sistema-a-cappotto/cosa-e/video.html
http://www.cortexa.it/it/il-sistema-a-cappotto/cosa-e/video.html
http://www.cortexa.it/it/il-sistema-a-cappotto/cosa-e/video.html
http://www.rockwool.it/prodotti+e+soluzioni/approfondimenti+tecnici/cappotto
http://www.rockwool.it/prodotti+e+soluzioni/approfondimenti+tecnici/cappotto
http://www.rockwool.it/prodotti+e+soluzioni/approfondimenti+tecnici/cappotto
http://www.rockwool.it/prodotti+e+soluzioni/approfondimenti+tecnici/cappotto/dettagli+tecnici
http://www.rockwool.it/prodotti+e+soluzioni/approfondimenti+tecnici/cappotto/dettagli+tecnici
http://www.rockwool.it/prodotti+e+soluzioni/approfondimenti+tecnici/cappotto/dettagli+tecnici
https://www.youtube.com/watch?v=4fQeQHL5iNI
https://www.youtube.com/watch?v=4fQeQHL5iNI
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Country Course Name Brief description Link 

IT 
Envelope and 

related 
occupations 

Building systems 

Making a prototype of 
a passive building in 

the context of a 
training course. 

https://www.youtube.com/watch
?v=u7ip9ZRCO6o#t=33 

IT 
Envelope and 

related 
occupations 

Window 
replacement 

Fitting replacement 
https://www.youtube.com/watch

?v=nxMTsYeIuX4 

IT 
Envelope and 

related 
occupations 

Insulation 
techniques 

Common mistakes 
when installing 

insulation systems  

https://www.youtube.com/watch
?v=kWoHnUydNUc 

IT 
Envelope and 

related 
occupations 

Use of green 
facades 

Documentation on the 
economic, cultural and 

physical-chemical 
requirements for green 

facades. 

https://www.youtube.com/watch
?v=DRbbCWXRjGA 

SL 
Envelope and 

related 
occupations 

Polystyrene 
insulation 

Description of 
NEOPOR: Insulation 

system made of 
graphite-enhanced 

expanded polystyrene  

https://www.youtube.com/watch
?v=rVV9ucuaczA 

SL 
Envelope and 

related 
occupations 

Thermal 
insulation: 

facades 

Installation of a 
thermal insulation 
system in facades 

https://www.youtube.com/watch
?v=O_GqVNHk798 

SL 
Envelope and 

related 
occupations 

Thermal 
insulation: 

ceilings 

Applying thermal 
insulation in a 

suspended ceiling 

https://www.youtube.com/watch
?v=8CNTYjAVaSM 

SL 
Envelope and 

related 
occupations 

RAL insulation 
system 

Installation of windows 
through the RAL 

system 

https://www.youtube.com/watch
?v=cnImLgP8Ox0 

AT 
Technical 

installations 
Electricity 

Energy-saving 
light bulbs and 

LEDs 

3-minute video on the 
advantages of using 

LEDs 

https://www.youtube.com/watch
?feature=player_embedded&v=rF

UxHIy0ctc 

AT 
Technical 

installations 
Electricity 

Photovoltaic 
systems 

4-minute video on 
photovoltaic systems: 
modular functioning, 

locations and ideal 
tilting, power, etc. 

https://www.youtube.com/watch
?feature=player_embedded&v=d

UPJf0N91Ig 

ES 
Technical 

installations 
Electricity 

Analysis of 
energy 

consumption of 
buildings and 
improvement 

measures  

Tutorial of the CE3X 
programme to 

calculate energy 
consumption in 

buildings. 

https://www.youtube.com/watch
?v=m7z8pEynbeo 

https://www.youtube.com/watch?v=u7ip9ZRCO6o#t=33
https://www.youtube.com/watch?v=u7ip9ZRCO6o#t=33
https://www.youtube.com/watch?v=nxMTsYeIuX4
https://www.youtube.com/watch?v=nxMTsYeIuX4
https://www.youtube.com/watch?v=kWoHnUydNUc
https://www.youtube.com/watch?v=kWoHnUydNUc
https://www.youtube.com/watch?v=DRbbCWXRjGA
https://www.youtube.com/watch?v=DRbbCWXRjGA
https://www.youtube.com/watch?v=rVV9ucuaczA
https://www.youtube.com/watch?v=rVV9ucuaczA
https://www.youtube.com/watch?v=O_GqVNHk798
https://www.youtube.com/watch?v=O_GqVNHk798
https://www.youtube.com/watch?v=8CNTYjAVaSM
https://www.youtube.com/watch?v=8CNTYjAVaSM
https://www.youtube.com/watch?v=cnImLgP8Ox0
https://www.youtube.com/watch?v=cnImLgP8Ox0
https://www.youtube.com/watch?feature=player_embedded&v=rFUxHIy0ctc
https://www.youtube.com/watch?feature=player_embedded&v=rFUxHIy0ctc
https://www.youtube.com/watch?feature=player_embedded&v=rFUxHIy0ctc
https://www.youtube.com/watch?feature=player_embedded&v=dUPJf0N91Ig
https://www.youtube.com/watch?feature=player_embedded&v=dUPJf0N91Ig
https://www.youtube.com/watch?feature=player_embedded&v=dUPJf0N91Ig
https://www.youtube.com/watch?v=m7z8pEynbeo
https://www.youtube.com/watch?v=m7z8pEynbeo
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Country Course Name Brief description Link 

ES 
Technical 

installations 
Electricity 

Contribution of 
electric facilities 

to energy 
efficiency of 

buildings  

The purpose of this 
guide, published by 
I.D.A.E, is explaining 

how electric equipment 
contributes to 

improving the energy 
efficiency of 
installations. 

http://www.idae.es/uploads/doc
umentos/documentos_Guia_AFM
E_Eficiencia_Energetica_e46d7e0

e.pdf 

ES 
Technical 

installations 
Electricity 

Ten inventions 
to improve 

energy 
efficiency  

Some ideas to produce 
energy in an efficient 

way. 

http://www.repsol.com/es_es/en
ergia-inteligente/zona-

inteligente/inventos-para-ser-
mas-eficientes.aspx 

ES 
Technical 

installations 
Electricity 

Domotics and 
inmotics applied 

to energy 
performance  

Round table: 3rd 
Seminar on Building 

Construction 

https://www.youtube.com/watch
?v=DHTuN7V3NJ8 

ES 
Technical 

installations 
Electricity 

Guide on 
energy-saving 

light bulbs  

Guide on efficient light 
bulbs  

http://www.comunidadism.es/he
rramientas/guia-de-bombillas-de-

bajo-
consumo?utm_source=Comunida
d+ISM&utm_campaign=967d839

10e-
Newsletter_Comunidad_ISM_Sep
tiembre_1&utm_medium=email

&utm_term=0_a05b89d542-
967d83910e-312696925 

ES 
Technical 

installations 
Electricity 

Lighting and 
energy 

efficiency  
OSRAM Presentation  

https://www.youtube.com/watch
?v=bamz2WVUDzQ 

ES 
Technical 

installations 
Electricity 

Lighting and 
energy 

efficiency  

Research Project on 
energy efficiency: 

organic LEDs 

https://www.youtube.com/watch
?v=Mjt0v00aTHg 

ES 
Technical 

installations 
Electricity 

Public lighting 

Public-space lighting is 
one of the fields where 
technologic innovation 
allows actions in order 

to improve energy 
efficiency. 

http://www.idae.es/index.php/re
lcategoria.3698/mod.videos/me

m.listado 

ES 
Technical 

installations 
Electricity 

Lamps and light 
control 

Seminar about 
Efficiency and Energy 

Savings: Several 
examples on lamp 

changes in a concert 
hall. 

https://www.youtube.com/watch
?v=1v-Byf3lO6M 

SL 
Technical 

installations 
Electricity 

Solar panels 
Installation of solar 

panels  
https://www.youtube.com/watch

?v=iT_BaZfcdpg 

http://www.idae.es/uploads/documentos/documentos_Guia_AFME_Eficiencia_Energetica_e46d7e0e.pdf
http://www.idae.es/uploads/documentos/documentos_Guia_AFME_Eficiencia_Energetica_e46d7e0e.pdf
http://www.idae.es/uploads/documentos/documentos_Guia_AFME_Eficiencia_Energetica_e46d7e0e.pdf
http://www.idae.es/uploads/documentos/documentos_Guia_AFME_Eficiencia_Energetica_e46d7e0e.pdf
http://www.repsol.com/es_es/energia-inteligente/zona-inteligente/inventos-para-ser-mas-eficientes.aspx
http://www.repsol.com/es_es/energia-inteligente/zona-inteligente/inventos-para-ser-mas-eficientes.aspx
http://www.repsol.com/es_es/energia-inteligente/zona-inteligente/inventos-para-ser-mas-eficientes.aspx
http://www.repsol.com/es_es/energia-inteligente/zona-inteligente/inventos-para-ser-mas-eficientes.aspx
https://www.youtube.com/watch?v=DHTuN7V3NJ8
https://www.youtube.com/watch?v=DHTuN7V3NJ8
http://www.comunidadism.es/herramientas/guia-de-bombillas-de-bajo-consumo?utm_source=Comunidad+ISM&utm_campaign=967d83910e-Newsletter_Comunidad_ISM_Septiembre_1&utm_medium=email&utm_term=0_a05b89d542-967d83910e-312696925
http://www.comunidadism.es/herramientas/guia-de-bombillas-de-bajo-consumo?utm_source=Comunidad+ISM&utm_campaign=967d83910e-Newsletter_Comunidad_ISM_Septiembre_1&utm_medium=email&utm_term=0_a05b89d542-967d83910e-312696925
http://www.comunidadism.es/herramientas/guia-de-bombillas-de-bajo-consumo?utm_source=Comunidad+ISM&utm_campaign=967d83910e-Newsletter_Comunidad_ISM_Septiembre_1&utm_medium=email&utm_term=0_a05b89d542-967d83910e-312696925
http://www.comunidadism.es/herramientas/guia-de-bombillas-de-bajo-consumo?utm_source=Comunidad+ISM&utm_campaign=967d83910e-Newsletter_Comunidad_ISM_Septiembre_1&utm_medium=email&utm_term=0_a05b89d542-967d83910e-312696925
http://www.comunidadism.es/herramientas/guia-de-bombillas-de-bajo-consumo?utm_source=Comunidad+ISM&utm_campaign=967d83910e-Newsletter_Comunidad_ISM_Septiembre_1&utm_medium=email&utm_term=0_a05b89d542-967d83910e-312696925
http://www.comunidadism.es/herramientas/guia-de-bombillas-de-bajo-consumo?utm_source=Comunidad+ISM&utm_campaign=967d83910e-Newsletter_Comunidad_ISM_Septiembre_1&utm_medium=email&utm_term=0_a05b89d542-967d83910e-312696925
http://www.comunidadism.es/herramientas/guia-de-bombillas-de-bajo-consumo?utm_source=Comunidad+ISM&utm_campaign=967d83910e-Newsletter_Comunidad_ISM_Septiembre_1&utm_medium=email&utm_term=0_a05b89d542-967d83910e-312696925
http://www.comunidadism.es/herramientas/guia-de-bombillas-de-bajo-consumo?utm_source=Comunidad+ISM&utm_campaign=967d83910e-Newsletter_Comunidad_ISM_Septiembre_1&utm_medium=email&utm_term=0_a05b89d542-967d83910e-312696925
http://www.comunidadism.es/herramientas/guia-de-bombillas-de-bajo-consumo?utm_source=Comunidad+ISM&utm_campaign=967d83910e-Newsletter_Comunidad_ISM_Septiembre_1&utm_medium=email&utm_term=0_a05b89d542-967d83910e-312696925
http://www.comunidadism.es/herramientas/guia-de-bombillas-de-bajo-consumo?utm_source=Comunidad+ISM&utm_campaign=967d83910e-Newsletter_Comunidad_ISM_Septiembre_1&utm_medium=email&utm_term=0_a05b89d542-967d83910e-312696925
https://www.youtube.com/watch?v=bamz2WVUDzQ
https://www.youtube.com/watch?v=bamz2WVUDzQ
https://www.youtube.com/watch?v=Mjt0v00aTHg
https://www.youtube.com/watch?v=Mjt0v00aTHg
http://www.idae.es/index.php/relcategoria.3698/mod.videos/mem.listado
http://www.idae.es/index.php/relcategoria.3698/mod.videos/mem.listado
http://www.idae.es/index.php/relcategoria.3698/mod.videos/mem.listado
https://www.youtube.com/watch?v=1v-Byf3lO6M
https://www.youtube.com/watch?v=1v-Byf3lO6M
https://www.youtube.com/watch?v=iT_BaZfcdpg
https://www.youtube.com/watch?v=iT_BaZfcdpg
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Country Course Name Brief description Link 

AT 
Thermal 

plants HVAC & 
ACS 

Optimization of 
heating systems  

4-minute video on the 
optimization of heating 
systems: maintenance, 

dimensions, water 
recirculation and 

insulation. 

https://www.youtube.com/watch
?feature=player_embedded&v=Z

uf9HO00q-o  

AT 
Thermal 

plants HVAC & 
ACS 

Biomass plant: 
heat and power 

combined 
generation 

10-minute video on the 
Graz Energy Agency 
(Austria) about heat 

and power combined 
generation based on 

biomass. 

https://www.youtube.com/watch
?v=xeTEWd7lo5k 

AT 
Thermal 

plants HVAC & 
ACS 

Heat production 
with biomass 

4-minute video on 
different boilers and 
stones using wood. 

https://www.youtube.com/watch
?feature=player_embedded&v=

Mp_KzLJtOeU  

AT 
Thermal 

plants HVAC & 
ACS 

Solar thermal 
systems 

3-minute video on solar 
thermal systems: 

description, assembly, 
tilting, etc. 

https://www.youtube.com/watch
?feature=player_embedded&v=a

NtDqPwcEGg  

ES 
Thermal 

plants HVAC & 
ACS 

Geothermal 
energy in 
building 

refurbishments 
in Germany. 

Geothermal energy in 
building 

refurbishments in 
Germany. 

https://www.youtube.com/watch
?v=Hh4P9zgBh2I 

ES 
Thermal 

plants HVAC & 
ACS 

FOROFICON 
2013-FEVAL- 

Biomass-based 
thermal 

installations 

Transformation of a 
boiler room so as to 

use biomass in energy 
services: Energy sale 

contracts. 

https://www.youtube.com/watch
?v=NaQsP6IbMBk 

ES 
Thermal 

plants HVAC & 
ACS 

HVAC & ACS 
installations 

Brief explanatory video 
on how to integrate 
heating and cooling, 

sanitary hot water and 
solar energy. 

https://www.youtube.com/watch
?v=hXroWI9O2zQ 

IT 
Thermal 

plants HVAC & 
ACS 

Low-enthalpy 
heat pump 

SAMSUNG ECO: heat-
pump based heating 

system  

http://www.youtube.com/watch
?v=nw9OosT7hWk  

IT 
Thermal 

plants HVAC & 
ACS 

Geothermal 
heat pump 

 
Didactic demonstration 

of a geothermal heat 
pump 

http://www.youtube.com/watch
?v=cgBKU5w4YEo  

IT 
Thermal 

plants HVAC & 
ACS 

Heat pumps 

Videoguide with 
explanations about 

different types of heat 
pumps  

http://www.robur.it/area_tecnic
a/videoguide 

IT 
Thermal 

plants HVAC & 
ACS 

Heat pumps: low 
enthalpy and 
geothermal 

source 

Installation of a 
domestic heat pump  

http://www.youtube.com/watch
?v=UeVJS_SK2fg 

https://www.youtube.com/watch?feature=player_embedded&v=Zuf9HO00q-o
https://www.youtube.com/watch?feature=player_embedded&v=Zuf9HO00q-o
https://www.youtube.com/watch?feature=player_embedded&v=Zuf9HO00q-o
https://www.youtube.com/watch?v=xeTEWd7lo5k
https://www.youtube.com/watch?v=xeTEWd7lo5k
https://www.youtube.com/watch?feature=player_embedded&v=Mp_KzLJtOeU
https://www.youtube.com/watch?feature=player_embedded&v=Mp_KzLJtOeU
https://www.youtube.com/watch?feature=player_embedded&v=Mp_KzLJtOeU
https://www.youtube.com/watch?feature=player_embedded&v=aNtDqPwcEGg
https://www.youtube.com/watch?feature=player_embedded&v=aNtDqPwcEGg
https://www.youtube.com/watch?feature=player_embedded&v=aNtDqPwcEGg
https://www.youtube.com/watch?v=Hh4P9zgBh2I
https://www.youtube.com/watch?v=Hh4P9zgBh2I
https://www.youtube.com/watch?v=NaQsP6IbMBk
https://www.youtube.com/watch?v=NaQsP6IbMBk
https://www.youtube.com/watch?v=hXroWI9O2zQ
https://www.youtube.com/watch?v=hXroWI9O2zQ
http://www.youtube.com/watch?v=nw9OosT7hWk
http://www.youtube.com/watch?v=nw9OosT7hWk
http://www.youtube.com/watch?v=cgBKU5w4YEo
http://www.youtube.com/watch?v=cgBKU5w4YEo
http://www.robur.it/area_tecnica/videoguide
http://www.robur.it/area_tecnica/videoguide
http://www.youtube.com/watch?v=UeVJS_SK2fg
http://www.youtube.com/watch?v=UeVJS_SK2fg
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Country Course Name Brief description Link 

IT 
Thermal 

plants HVAC & 
ACS 

Heat pumps: low 
enthalpy and 
geothermal 

sources 

Installation procedures 
for heat pumps. 

http://www.youtube.com/watch
?v=yqo8KVZtoEo  

IT 
Thermal 

plants HVAC & 
ACS 

HVAC 
installations 

Installation of a highly 
efficient HVAC system 
adapted to dwellings, 
offices and building 

construction. 

http://www.youtube.com/watch
?v=csDUeIWoAbw  

IT 
Thermal 

plants HVAC & 
ACS 

Thermal 
installations 
with a high 

energy 
efficiency 

Simplified guide for 
installing a highly 

efficient thermal plant  

http://www.youtube.com/watch
?v=otvCL72zQ8M 

IT 
Thermal 

plants HVAC & 
ACS 

Radiant floor 
heating 

Assembling of radiant 
floors 

https://www.youtube.com/watch
?v=wu-WFmNX3Eg 

IT 
Thermal 

plants HVAC & 
ACS 

Solar thermal 
plant 

Installation of a solar 
thermal plant: tank 

https://www.youtube.com/watch
?v=xRbz6iAnA14 

IT 
Thermal 

plants HVAC & 
ACS 

Biomass plants 
Practical 

recommendations for 
installing a pellet stove. 

http://www.youtube.com/watch
?v=LOAo0ajWhik  

IT 
Thermal 

plants HVAC & 
ACS 

Biomass plants 
Maintenance and 

cleaning of a pellet 
stove 

http://www.youtube.com/watch
?v=vGKG5jr4dzg  

IT 
Thermal 

plants HVAC & 
ACS 

Thermal plants 
with a high 

energy 
efficiency 

Installation of a 
condensing boiler 

http://www.youtube.com/watch
?v=GN888YuJbZU 

IT 
Thermal 

plants HVAC & 
ACS 

Solar thermal 
plants 

Correct location of 
solar panels  

http://www.youtube.com/watch
?v=kabYb9QrQHU  

IT 
Thermal 

plants HVAC & 
ACS 

Solar thermal 
plants 

Installation of 
connections and 
fittings in a solar 

thermal plant 

https://www.youtube.com/watch
?v=JyRxDOWd-ss  

IT 
Thermal 

plants HVAC & 
ACS 

Solar thermal 
plants 

Installation of 
collectors in a solar 

thermal plant. 

https://www.youtube.com/watch
?v=LMVm2aop9mY  

IT 
Thermal 

plants HVAC & 
ACS 

Solar thermal 
plants 

Installation of 
collectors in a solar 

thermal plant. 

https://www.youtube.com/watch
?v=MX8sTu16GPI 

IT 
Thermal 

plants HVAC & 
ACS 

Low-enthalpy 
geothermal 

system 

Technical 
documentation 

http://www.robur.it/documenti-
prodotto/  

http://www.youtube.com/watch?v=yqo8KVZtoEo
http://www.youtube.com/watch?v=yqo8KVZtoEo
http://www.youtube.com/watch?v=csDUeIWoAbw
http://www.youtube.com/watch?v=csDUeIWoAbw
http://www.youtube.com/watch?v=otvCL72zQ8M
http://www.youtube.com/watch?v=otvCL72zQ8M
https://www.youtube.com/watch?v=wu-WFmNX3Eg
https://www.youtube.com/watch?v=wu-WFmNX3Eg
https://www.youtube.com/watch?v=xRbz6iAnA14
https://www.youtube.com/watch?v=xRbz6iAnA14
http://www.youtube.com/watch?v=LOAo0ajWhik
http://www.youtube.com/watch?v=LOAo0ajWhik
http://www.youtube.com/watch?v=vGKG5jr4dzg
http://www.youtube.com/watch?v=vGKG5jr4dzg
http://www.youtube.com/watch?v=GN888YuJbZU
http://www.youtube.com/watch?v=GN888YuJbZU
http://www.youtube.com/watch?v=kabYb9QrQHU
http://www.youtube.com/watch?v=kabYb9QrQHU
https://www.youtube.com/watch?v=JyRxDOWd-ss
https://www.youtube.com/watch?v=JyRxDOWd-ss
https://www.youtube.com/watch?v=LMVm2aop9mY
https://www.youtube.com/watch?v=LMVm2aop9mY
https://www.youtube.com/watch?v=MX8sTu16GPI
https://www.youtube.com/watch?v=MX8sTu16GPI
http://www.robur.it/documenti-prodotto/
http://www.robur.it/documenti-prodotto/
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Country Course Name Brief description Link 

IT 
Thermal 

plants HVAC & 
ACS 

HVAC system: 
heating and air 

conditioning  

HVAC system: self-
regulated system with 

heat recovery for 
domestic use. 

http://www.youtube.com/watch
?v=1cmB4eDLUQs (IRSAP) 

IT 
Thermal 

plants HVAC & 
ACS 

HVAC system: 
heating and air 

conditioning 

Maintenance of highly 
efficient HVAC systems 
adapted to dwellings, 
offices and building 

construction. 

http://www.youtube.com/watch
?v=2Q34Y_kd3v8&list=PL_LZyo9E

PzEsaEVlK1-
AwkCGRHaOo3B28&index=2 

IT 
Thermal 

plants HVAC & 
ACS 

HVAC systems 
Description of 

detachable double-flow 
HVAC systems  

http://www.youtube.com/watch
?v=OUsbZ_r2Psw&index=3&list=

PL_LZyo9EPzEsaEVlK1-
AwkCGRHaOo3B28 

IT 
Thermal 

plants HVAC & 
ACS 

Radiant floor 
heating 

Introduction to the 
installation of a radiant 

floor heating system 

http://www.youtube.com/watch
?v=2saY9CK72XQ  

SL 
Thermal 

plants HVAC & 
ACS 

Heat pumps 
Operational principles 

of heat pumps 
https://www.youtube.com/watch

?v=WUrgYZ5tSOs 

SL 
Thermal 

plants HVAC & 
ACS 

New heating 
system: pellets 
and woodchips 

New KWB heating 
system based on 

pellets and woodchips 

https://www.youtube.com/watch
?v=WMrH-TaRlCo 

 

  

http://www.youtube.com/watch?v=1cmB4eDLUQs
http://www.youtube.com/watch?v=1cmB4eDLUQs
http://www.youtube.com/watch?v=2Q34Y_kd3v8&list=PL_LZyo9EPzEsaEVlK1-AwkCGRHaOo3B28&index=2
http://www.youtube.com/watch?v=2Q34Y_kd3v8&list=PL_LZyo9EPzEsaEVlK1-AwkCGRHaOo3B28&index=2
http://www.youtube.com/watch?v=2Q34Y_kd3v8&list=PL_LZyo9EPzEsaEVlK1-AwkCGRHaOo3B28&index=2
http://www.youtube.com/watch?v=2Q34Y_kd3v8&list=PL_LZyo9EPzEsaEVlK1-AwkCGRHaOo3B28&index=2
http://www.youtube.com/watch?v=OUsbZ_r2Psw&index=3&list=PL_LZyo9EPzEsaEVlK1-AwkCGRHaOo3B28
http://www.youtube.com/watch?v=OUsbZ_r2Psw&index=3&list=PL_LZyo9EPzEsaEVlK1-AwkCGRHaOo3B28
http://www.youtube.com/watch?v=OUsbZ_r2Psw&index=3&list=PL_LZyo9EPzEsaEVlK1-AwkCGRHaOo3B28
http://www.youtube.com/watch?v=OUsbZ_r2Psw&index=3&list=PL_LZyo9EPzEsaEVlK1-AwkCGRHaOo3B28
http://www.youtube.com/watch?v=2saY9CK72XQ
http://www.youtube.com/watch?v=2saY9CK72XQ
https://www.youtube.com/watch?v=WUrgYZ5tSOs
https://www.youtube.com/watch?v=WUrgYZ5tSOs
https://www.youtube.com/watch?v=WMrH-TaRlCo
https://www.youtube.com/watch?v=WMrH-TaRlCo
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Pedagogical handbook 

For the benefit of international transference and in order to foster the employability potential in 
the construction sector, here are some training contents that have been produced in the framework of 
the "Efficiency Jobs" Project. 

Pedagogical handbook for the Reinforcement of Key 
Professional Skills for Employment in Construction Sector 

Related Occupations  

Energy efficiency in buildings (Structure and link to the contents) 

Courses 
Modules 

Assessment tests 
M1 M2 M3 M4 M5 M6 M7 

Building envelope 
Bricklaying, masonry and 

insulation 

        

5.1 6.1 

  

M1 M2 M3 

Electricity 5.2 6.2 M4 M5.1 M5.2 

Plumbing and HVAC and SHW 
installations 

5.3 6.3 M5.3 M5.4 M5.5 

Thermal plant installers 5.4 6.4 M6.1 M6.2 M6.3 

Other construction related 
fields 

5.5 6.5 M6.4 M6.5 M7 

 

Module 1 Towards lower energy consumption and greater energy efficiency. 

Module 2 Regulatory framework. How and by whom is energy efficiency regulated? 

Module 3 Conditions and requirements for energy saving in buildings. 

Module 4 Learning to build energy-efficiently. 

Module 5 Legal requirements of energy efficiency in the professional construction sector, for 
the application of energy efficiency measures in the fields of: 

5.1 Building envelope (Bricklaying, masonry and insulation) 
5.2 Electricity 
5-3 HVAC and ACS 
5.4 Heating plant installers 
5.5 Construction related fields (carpentry, painting and others) 

Module 6 Energy efficiency measures in the same key fields as in the previous Module. 

Module 7 Energy certification and energy management systems. 

Assessment tests... 
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 Aims 

 To correctly differentiate between the concepts primary energy, energy 

transformation and secondary energy. 

 To interpret figures and numerical data on energy consumption in different 

contexts. 

 To understand the magnitude of energy consumption in today’s society. 

 To differentiate between renewable and non-renewable energy sources. 

 To understand the concept of energy efficiency.  

 To understand the possibilities of energy efficiency in the building sector.  

 To relate energy consumption to its economic, environmental and social 

consequences. 

 
 
 
 
 
 



 

Open learning 

  

4 

 Introduction 

In this first Module, entitled Towards lower energy consumption and greater energy 

efficiency, we make a first approximation to the concepts of energy and energy 

efficiency applied to individual and overall consumption by society on the planet as a 

whole.  

Present day energy consumption by society, our dependence on fossil fuels, 

together with forecasts predicting the depletion of these resources in a not too 

distant future, and the steady increase of energy prices, are problems of such a 

scale that we are now talking about an “energy crisis”, one which we are working to 

mitigate in all its manifestations.  

In the first lesson, on energy consumption and saving, we will be looking at the 

concepts of primary energy and secondary energy, noting the differences 

between them and the way secondary energy, such as electricity, is obtained from 

various energy sources that, depending on their nature, may be renewable or non-

renewable energy sources. Renewable energy sources are of great importance to 

the future of energy, since they are energy sources whose environmental impact is 

minimized and whose utilization does not entail the depletion of the resources used.  

Next, in the second lesson, we will provide data on energy consumption at a 

worldwide level on the one hand, and in developed countries, which account for a 

large proportion of worldwide consumption, on the other. From this data we will 

understand the great impact caused by the present day energy consumption of a 

minority of countries, and the urgent need to reduce and control it. Much of this 

consumption is attributable to the residential sector, which means that private 

consumers must bear much of the blame.  

Then, in lesson 1.3., we will be looking at the concept of energy efficiency as the 

solution to the energy crisis. This term refers to the minimization and optimization of 

energy usage, including all phases of consumption, from the conception of any 

energy consuming device to awareness raising regarding its reasonable use by end 

users.  

Finally, in the last lesson of this module, we will be looking at the broad spectrum of 

environmental, economic and social impacts that arise from energy inefficiency. 

There are a great many impacts associated with the squandering of energy, some of 

them with unpredictable and interrelated consequences, producing effects on a 

larger scale than the sum of each one taken individually.  
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1.1. Introduction: energy consumption and 
saving  

Energy is what drives the Universe 

In this lesson we will be studying the importance of energy in our daily life and our 

current dependence on electrical energy for the performance of most of our tasks. We 

will quantify the consumption of energy and also look into the importance of saving it. 

1.1.1. Dependence on electrical energy 

Since time immemorial human societies have used natural resources to obtain the 

energy we need to perform our daily tasks. The first example of the utilization of 

external energies was the use of fire by our ancestors, who used it for a number of 

different tasks, such as cooking and heating, in the early stages of its employment, until 

it was later used to manufacture other materials and modify the natural environment. In 

our times, 800,000 years after the discovery of fire, we use large amounts of natural 

resources to meet a major demand for energy. 

Although it is true that we use different kinds of energy to perform our tasks, there is a 

clear predominance of one type of energy in particular, the one which we use to power 

most of our devices and systems that require energy: electrical energy or electricity.  

It may therefore be said that our present society is highly dependent on electrical 

energy. Electrical energy, or electricity, is an energy that we obtain by transforming a 

primary energy, which we can obtain from various energy sources. That is to say, we 

do not obtain electricity directly from the environment; we need a source of energy to 

obtain it from. These sources of primary energy may be of a very wide range of types, 

which may be broken down into two major groups: renewable energies and non-

renewable energies.  
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Figure 1. Diagram of energy usage  

 

1.1.2. Renewable and non-renewable energies  

As we can see in the diagram, there are a great variety of energy sources from which 

we can obtain electricity (primary energies), but in many cases they involve the 

consumption of non-renewable natural resources, such as coal, oil, natural gas or 

nuclear energy, which uses radioactive minerals. These resources will eventually run 

out since their formation time is far longer than their usage time. These sources are 

called non-renewable energies.  

Other sources of primary energy are what we call renewable energies, such as solar 

energy, wind energy, hydraulic energy, geothermal or biomass energy. These 

resources are used to generate electricity without their consumption leading to their 

depletion or, in the case of biomass, ensuring that their rate of consumption does not 

exceed that of their regeneration. These energies are therefore considered to be 

renewable sources and will not run out.  
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Non-renewable energies 

Fossil fuels 

The main energy sources used today 

come from fossil fuels: coal, oil and natural 

gas. They originate from the remains of 

living creatures buried millions of years 

ago that gave rise to substances with a 

high energy content. They are used in 

transport, the production of electricity, and 

the heating of buildings.  

 

Nuclear fuels 

Nuclear or atomic energy is obtained from 

atomic reactions. The most common of these 

is nuclear fission, on which nuclear reactors 

are based. The chemical elements most 

commonly used as nuclear “fuels” are uranium 

and plutonium.  

 

Renewable energies 

Wind energy 

Used since time immemorial, the wind is today the 

renewable energy source most commonly used to 

generate electricity. The development of wind turbines, 

which are the devices that convert the kinetic energy of 

the wind into electricity, has brought about a revolution in 

the harvesting of a clean and inexhaustible energy source.  
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Hydraulic energy 

The use of the water currents as an energy 

source has been known to humanity for 

centuries; we need only think of water mills. 

Later hydroelectric power plants appeared, 

linked to large reservoirs or rivers, from which 

electrical energy could be generated by 

harnessing the power of the water.  

 

Solar energy 

This is the energy obtained by harnessing the 

solar radiation that reaches our planet Earth. 

Solar energy is currently used to produce 

electrical energy or as a heating system. By 

using photovoltaic panels, the energy of the 

Sun can be converted into electricity.  

 

Other renewable energies 

There are other renewable energy sources that are 

less well-known than the above mentioned ones but 

that have many advantages. Geothermal energy is 

obtained by exploiting the inner heat of the Earth. 

Biomass is the energy obtained from organic matter, 

which can be used as fuel. Biomass requires an 

appropriate management before it can be considered 

as renewable energy since its unbridled consumption 

could lead to its depletion.  

 

In the following graph we can see worldwide energy consumption, broken down by 

source; i.e. the primary energy source employed:  
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World consumption of primary energy (2010) 

 

Figure 2. Source: Energy Information Administration (EIA) International 

Energy Outlook 2013. 

As we can see, the three most commonly used energy sources in the world are fossil 

fuels: coal, oil and natural gas. These are the most primitive energy sources and they 

present a number of very well-known problems today. These include the fact that they 

will run out in a relatively short period of time, leading to higher extraction costs and, 

therefore, high prices for the consumer, and the pollution and environmental issues 

arising from their combustion.  

Renewable energy sources are still a very little used resource at a global level, 

although their importance has increased appreciably in recent years and forecasts 

point to a much faster growth in their use in the immediate future. Renewable energy 

sources are expected to account for 15% of worldwide supply by 2040 (according to 

Energy Information Administration). The following graph sets out this data, from 1990 

to a projected 2040:  
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Worldwide energy consumption by type of fuel (1990-2040) 

 

Figure 3. Source: EIA, International Energy Outlook, 2013  

Thus we see that we are strongly dependent on fossil fuels, which are limited and 

expensive resources that, in many cases, are not locally available, having to be 

imported from other countries. This in turn leads to high costs and, sometimes, 

intergovernmental conflicts. By way of example, Spain imports over 80% of its primary 

energy requirements, which results in a high economic, environmental and social cost.  

The energy consumed in a country or territory can be broken down according to the 

use it is put to. There are three major sectors of consumption: residential consumption, 

industrial consumption and transport. In the following diagram we can see, by way of 

example, the estimated distribution of energy consumption in Spain. Of every 100 

tonnes of oil equivalent (toe) we can see that approximately a third is accounted for by 

each of the three sectors mentioned and, within these, the use of the energy is 

distributed unequally according to different activities.  
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Figure 4. Diagram of energy consumption in Spain. Source: Fundación Alternativas Document 

114/2007) 

As we can see, the residential sector accounts for a large part of the energy 

consumption of the country as a whole; 14% of the total.  

Given the current situation regarding global consumption and our society’s lifestyle 

habits, together with the economic, social and environmental cost of those habits, there 

is a clear need for a paradigm shift in terms of energy consumption, based on three 

fundamental pillars: 

1. Energy and resource saving  

2. Independence of fossil fuels 

3. Promotion of renewable energy sources 

  

To find out more… 

There are a number of agencies that offer statistical information on global energy 

consumption. The following links will take you to further information: 

- U.S. Energy Information Administration. www.eia.gov 

- International Energy Agency http://www.iea.org/ 

Industry: 29 Transport: 38 Residential and services: 33 

Residential: 14 

Services: 8 

Agriculture: 3 

Non-energy uses: 8 

Air: 5 

Road: 30.4 

Sea: 1.5 

Rail: 1.1 
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1.1.3. Energy saving  

The saving of resources and, in particular, of energy is a concern that arises from the 

very use of energy by humankind, as an issue inherent to its exploitation. But 

awareness of energy saving as we know it today did not exist until the second half of  

the 20th century, when problems related to energy resources started to become 

apparent, such as the depletion of fossil fuels, pollution, the cost of the raw materials 

required for the production of energy and, later, climate change.  

Since then, energy saving has been a growing focus of interest in all sectors, starting 

from the first years of life and extending through our formal and informal education as 

an essential part of our upbringing. So much so that many public and private entities 

dedicate major resources to educational programmes to promote and raise awareness 

of energy saving.  
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Spurred by this growing concern, EC legislation on energy consumption and saving 

started to be developed; this will be looked at more closely in the following modules of 

this course. In summary, the aim is, step by step, to meet a number of energy saving 

and fossil fuel independence targets. To do this we need to work on all fronts involving 

energy consumption, among which the building and the construction sector plays an 

essential role.  

 

  

Available resources… 

The Practical Guide to Energy of the Institute for Energy 

Diversification and Saving (IDAE) is a very useful tool for 

implementing energy saving in home. It can be downloaded free 

of charge from the following link:  

http://dl.idae.es/Publicaciones/11046%20Guia%20Practica%20E

nergia%203%20Ed.rev%20y%20actualizada%20A2011.pdf 
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1.2. Energy consumption and building in 
Europe 

1.2.1. Energy context of Europe 

World energy consumption is not distributed evenly. A minority of the world’s 

population, mainly clustered in westernized countries, consume most of the world’s 

energy resources. In the following graph we can see this unequal distribution of energy 

consumption:  

World consumption of electricity by regions. 2011 

 

Figure 5. Source: International Energy Agency 

As we can see, electricity consumption accounted for by the European Union 

(countries belonging to the Organization for Economic Cooperation and Development - 

OECD) represents 16% of the world consumption, which is the third highest figure, only 

behind American countries belonging to the OECD and China.  
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Within the European Union, total energy consumption is 3,357 TWh (terawatt hours) a 

year. We can see below how this consumption is broken down among the different 

countries, and how the countries that consume most energy are Germany, France and 

United Kingdom:  

Electricity consumption in the European Union (2011) 

 

Figure 6. Source: International Energy Agency 
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In terms of population, bearing in mind that the European Union has 555 million 

inhabitants, we can deduce that each European citizen consumes 6.05 kWh a year. If 

we compare this individual figure with the global average we can observe the following:  

Electricity consumption per inhabitant. 2011 

 

Figure 7. Source: International Energy Agency  

Thus, European Union citizens not only account for much of the world’s energy 

consumption, but we also consume more resources on an individual basis than the 

average inhabitant of the world.  

The electrical energy consumed comes from different sources, the most important of 

which are oil and natural gas. Energy from renewable sources accounts for only 6.6% 

of the total, a very small percentage.  
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Primary energy consumption in the European Union. 2011 

 

Figure 8. Source: EUROSTAT 

We may now ask ourselves what we use this energy for. There are four major energy 

consumption sectors: industry, transport, residential and services. Of these sectors, the 

most important is transport, although the percentages corresponding to each sector are 

fairly evenly distributed.  

Energy breakdown in the European Union. 2011 

 

Figure 9. Source: EUROSTAT. 
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As we saw in the previous lesson, dependence on imported energy is very high in the 

countries of the European Union. On average, 53.3% of the energy used is imported; in 

other words, the energy source used does not come from the country using it. This is 

mainly due to the preponderance of fossil fuels, a resource that is not available in most 

European countries.  

More specifically, we can see below the energy dependence of each of the countries 

making up the European Union:  

Energy dependence in the European Union (2012) 

 

Figure 10. Source: EUROSTAT. 
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As the graph shows, just one country, Denmark, has a negative energy dependence; in 

other words, it not only does not import energy resources from abroad, but it produces 

enough energy to be self-sufficient and even export the surplus. All the other European 

Union countries are to varying degrees dependent on energy sources from abroad. In 

the case of Spain, this dependence is as high as 73.3%.  

 

 

 

 

 

  

To find out more… 

At a European level there are also several agencies providing statistical data on 

energy consumption. The following links may be of interest: 

- European Commission - EUROSTAT. http://epp.eurostat.ec.Europe.eu/ 

- National Energy Commission. www.cne.es 
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1.2.2. Energy and building 

As we have already seen, the residential and services sector accounts for a large 

amount of the energy consumed in Europe; 41% of the total to be precise. In this 

sector, the lion’s share of consumption is accounted for by buildings, either homes or 

public buildings or those accommodating services. For this reason it is important to 

make a major effort to reduce consumption in the building sector, an effort which is 

reflected in the establishment of standards and regulations governing current 

environmental requirements. The ultimate goal is to consider energy saving in buildings 

from their very conception, in order to optimize energy consumption within sustainable 

limits. Energy saving in buildings is based on four fundamental pillars: 

1. Designing buildings as efficiently as possible. This means that building design 

should consider eco-efficiency aspects, such as the orientation and characteristics 

of the envelope. As we will see later, the design of buildings, especially in respect 

of the envelope (roof, facade and windows), is strategically vital to energy saving.  

2. Enabling and encouraging the use of renewable energy sources. The use of 

renewable energies on a small scale (self-sufficient installations in buildings, such 

as solar panels, geothermal installations, etc.) can mean a major saving. 

3. Promoting the use of innovative and efficient equipment and materials. 

Increasingly more research is going into the production of new, more efficient 

materials. This includes better insulating materials for doors and windows, more 

efficient, low energy consumption domestic appliances, etc.  

4. Raising citizens’ energy awareness. However many material resources may be 

dedicated to improving the energy efficiency of a building or device, if the user fails 

to use them properly, it will not lead to any effective energy saving. For this reason, 

in any energy efficiency programme, it is of the utmost importance to raise the 

awareness of citizens.   
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1.3. What is energy efficiency? 

1.3.1. Energy measurements 

Before we go on to study energy efficiency, we need to know how energy is most 

commonly measured. 

In a physical context, in the International System of Units, energy is measured in joules 

(J). A joule is the amount of energy required to apply a force of one newton (1N) over a 

distance of one metre. It is a very small measurement of energy which is why, in 

practice, it is not used to express energy data associated with consumption.  

We will encounter a multitude of energy measuring units, depending on the context in 

which we find ourselves and the amounts that we wish to express. Set out below is a 

brief summary of the most commonly used measurements, with some practical 

examples of their use: 

 toe. Tonnes of oil equivalent. This measurement refers to the amount of energy 

released by burning one tonne of crude oil. It tends to be used to refer to relatively 

large amounts of energy consumed over a prolonged time, such as the annual 

consumption in a town or city.  

 Wh. Watt-hour. This is the energy measurement most used in practice to refer to 

the consumption of household devices and domestic appliances, together with their 

multiples in the decimal system of units: kilowatt per hour (KWh), megawatt per 

hour (MWh), etc. It is actually a unit of power (watt, W), applied over a time, so it 

refers to the power needed to keep a device working during one hour.  

Kilowatt-hour (kWh) is the measurement used for billing household electricity 

consumption. 1KWh = 1,000 Wh. In the case of domestic appliances, for example, 

consumption tends to be expressed in kWh/year.  

Megawatt-hour (MWh) is used to express larger scale consumptions, such as that 

of large industrial installations. 1MWh=1,000 kWh=1,000,000 Wh. 

1.3.2. Energy efficiency 

Energy efficiency is a very broad term that refers to the reduction in energy 

consumption, without sacrificing well-being, and to an optimal use of resources while 

making the protection of the environment a priority.  



 

Open learning 

  

22 

The purpose of energy efficiency is to achieve an energy consumption that is 

compatible with sustainable development. In other words, a consumption that will 

enable the needs of present generations to be met without compromising the 

development of future generations.  

Energy efficiency is a concept that applies to all objects and devices that need energy 

to work, regardless of the type of energy they need. The lower their consumption and 

their environmental impact for any given function, the higher will be the energy 

efficiency of the device. For example, if we compare two fridges with the same capacity 

and the same power, working for the same time, and both perform equally well in terms 

of refrigeration, the most efficient one will be the one that consumes less energy.  

A lower energy consumption and a cleaner consumption, in other words, greater 

energy efficiency, delivers numerous advantages:  

- A direct saving due to the lower consumption of electricity or of the energy 

source used. 

- A reduction in emissions of CO2 and other greenhouse effect gases.  

- A lower volume of pollutants released into the atmosphere. 

- A better quality of air. 

- An easing of the global problems associated with energy consumption. 

- A better quality of life, especially in cities, where most energy consumption 

takes place.  

Various studies come up with interesting figures regarding what the implementation of 

an efficient energy efficiency system in the European Union might achieve. Below we 

list some of these figures: 

- The European Union could save at least 20% of its current energy 

consumption, totalling some 60,000 million euros/year, equivalent to the 

consumption made by Germany and Finland combined.  

- Part of the 60,000 million euros not spent on energy would be a net saving, 

giving rise to greater competitiveness and a better quality of life for European 

citizens.  

- A major economic investment would be needed to develop a high level of 

energy efficiency, but this would mean the creation of a million jobs between 

direct and indirect employment.  

- The average saving in a European household is estimated to be between 200 

and 1,000 euros a year, depending on the type and amount of energy used.  
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It is true that a commitment to energy efficiency carries with it a more or less sizable 

investment cost. This cost tends to be weighed against the savings of the newly 

implemented systems compared with the former devices or mechanisms. In this way 

we can estimate the “amortization period”; the time it takes to recover the money 

invested.  

However, investment in energy efficiency is a real cost, one which can be estimated 

and budgeted for when the investment is made. It is easy to know how much money 

energy efficient upgrades, building work, and installations are going to cost at any 

given time. However, it is impossible to estimate the real cost of energy inefficiency, 

since although we can calculate the saving achieved by energy efficiency in the 

present, we do not know what the price of energy and fuels will be in the future, so we 

are highly likely to underestimate the saving potential of energy efficiency. The less 

efficient an installation is, the more uncertainty surrounds the real cost it will 

accumulate throughout its useful life.  

As we have seen, in addition to the economic benefit, there are a number of other 

benefits of a different nature inherent to energy efficiency which we should take into 

serious and responsible consideration.  

An important part of energy efficiency is the awareness of energy users and 

consumers. It is therefore necessary to raise global awareness regarding the proper 

use of energy, to educate society so that they will acquire responsible consumption 

habits that optimize energy saving.  

Energy efficiency is an issue of such vital importance today that a raft of regulations 

has been developed on the subject, which we will be studying in greater detail in 

Module 2 of this course.  

Building is a key sector in energy saving and efficiency. It is estimated that in the region 

of 40% of the energy consumed in a locality can be attributed to buildings and the 

estimated percentage of energy saving potential of those buildings is over 20%.  

Energy efficiency applied to building is defined as the energy utilized, of the total 

available energy, to meet the demands of the building which, as a rule, include heating 

and air-conditioning, water heating, refrigeration, ventilation and lighting.  

The following image is a graphic representation of the energy expenditure in the 

different parts of a building: 
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As we can see, in order to optimize energy consumption in a building, we need to look 

at a number of different areas: 

 The envelope: the facade, the roof and the windows. It is estimated that half (50%) 

of the energy consumption of a building is related to its envelope.  

 The remaining 50% corresponds to the consumption inside the home: 

o Heating and air-conditioning: accounts for 42% of the internal energy 

consumption. 

o Sanitary hot water (SHW): is responsible for around 26%. 

o Domestic appliances and the kitchen: account for 23%.  

o Lighting: is responsible for the remaining 9% of all the energy consumed 

inside the home. 

On a practical level, in order to quantify the energy efficiency of a building an 

alphabetical code is assigned to each device, system or, as we will see later, building. 

We call this an “energy class” and each device, system or building is rated A, B, C, D, 

etc.). The highest efficiency class is ‘A’ and the efficiency is lower the further down the 

alphabet we go. This information, together with other characteristics, is contained in the 

energy efficiency label. 

 

 

ENVELOPE: 50% 

HVAC: 42% 

SANITARY HOT WATER: 26% 

DOMESTIC APPLIANCES & KITCHEN: 23% 

LIGHTING: 9% 
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With regard to construction and building, energy efficiency is based on three 

fundamental pillars, which will be studied in greater detail in the following modules: 

1. The Technical Building Code (CTE). 

2. Regulations on Thermal Installations in Buildings (RITE). 

3. Mandatory energy certification for buildings.  

As a final outcome of the development of energy efficiency in buildings an energy 

rating is awarded. This is a code indicating the “energy class” assigned to a certain 

home.  
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1.4. Social, economic and environmental 
impacts of energy inefficiency 

The economy, society and the environment are the three basic pillars on which 

sustainable development is founded. Thus, sustainable development should assure, for 

present and future generations: 

 Environmental protection. Environmental sustainability must assure the 

availability of resources for today’s generations, without sacrificing the resources 

available for the future. Although it is the best known factor, it is not the only factor 

in framing sustainable development. 

 Economic viability. Development must be economically viable if it is to ensure its 

continuity. Economic sustainability refers both to the macroeconomy (relative to a 

region or country or even the entire planet) and to the local economy, meeting the 

needs of large and small companies, and of every taxpayer, on an individual basis.  

 Social guarantee. The well-being of society must be ensured. This type of 

sustainability refers to social guarantees such as healthcare, education, equal 

opportunities, culture, basic services, community life, etc., always with an eye to 

looking after both present and future generations.  

At the point of equilibrium between these three aspects is where we find sustainable 

development, which is closely linked to energy consumption and, in consequence, 

with energy efficiency.  

 

Figure 11. Diagram showing sustainable development 

The exploitation of natural resources for energy purposes has consequences from the 

very outset. These consequences have developed from causing mostly local change, 

such as the deforestation of areas where timber has been felled, to acquiring a global 
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scope, giving rise to impacts such as climate change, air pollution and acid rain, which 

affect all the world’s population.  

Energy inefficiency today has impacts directly and negatively on sustainable 

development, affecting it on its three levels and thereby endangering every inhabitant 

of the planet. The three major blocks of impacts are: 

1. Environmental impacts. 

2. Social impacts  

3. Economic impacts 

These three major blocks of impacts are closely interrelated, although they may be 

studied separately for the sake of ease of understanding.  

 

 

  

To find out more… 

There are numerous studies and information on climate change, and much can 

be found of the Internet. The most important working group on this global issue is 

the Intergovernmental Panel on Climate Change (IPCC). Information regarding 

the work of this panel can be found at: www.ipcc.ch 
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1.4.1. Environmental impacts 

These are the most direct impacts; the ones that society in general most easily 

associates with energy consumption. The environmental sector is also the most 

seriously affected by excessive energy consumption, due to the products emitted by 

the structures and systems of energy exploitation. We can break them down thus: 

 Greenhouse gas emissions 

The greenhouse effect is a natural phenomenon. Part of the solar radiation that 

reaches Earth is trapped in the atmosphere and warms it, which is what makes life 

possible on the planet, keeping it at an average temperature of around 12 ºC. If this 

phenomenon were not to exist, the average temperature on Earth would be so cold that 

life as we know it would not be possible.  

The greenhouse effect occurs due to the presence of so-called “greenhouse gases” 

(GHG) in the atmosphere, the most important of which is CO2.  

The increase of CO2 in the atmosphere makes the quantity of heat trapped greater than 

normal, which in turn makes the average temperature the Earth rise; this is what is 

known as global warming. This phenomenon has implications at a global level which, 

taken as a whole, is known as climate change. Climate change is therefore a set of 

transformations affecting the Earth in its entirety. Among these consequences are 

rising sea levels due to the melting of the Poles, changes in rainfall patterns, more 

droughts, growing climate instability, changes to the ocean currents, and a great many 

more phenomena. The consequences of these changes are manifold and they affect 

the environment and society as a whole, in all its dimensions. Such are the changes 

that we talk about global change to refer to all the consequences arising from the 

global warming of the planet.  

 Air pollution 

The use of energy today is the greatest source of emissions of pollutants into the 

atmospheres. In the European Union it accounts for around 90% of SO2 (sulphur 

dioxide) emissions, nearly all nitrogen oxide (NOx) emissions, in the region of 50% of 

non-methane hydrocarbons (NMHCs) and 85% of the atmospheric particles. These 

pollutants have a series of consequences that impact on the environment and on 

society: 

 Acid rain: This is a phenomenon caused by sulphur and nitrogen oxides which 

accumulate in the atmosphere and fall to earth when mixed with water vapour. 

This causes rain with an acidic pH that affects all natural ecosystems, including 

harvests, and reduces agricultural productivity.  
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 Smog: Smog is a phenomenon arising from air pollution. Its name comes from 

the combination of the words “smoke” and “fog”. It is caused by the presence of 

polluting substances that are trapped in the lowest layers of the atmosphere 

due to high atmospheric pressures. It is a cause of various health problems, 

such as irritation of the eyes and respiratory problems.  

 Carcinogenic substances: the emission of carcinogenic substances has a direct 

impact on human health, affecting more vulnerable groups, such as children, 

the sick and the aged, more severely. There are many different types of 

pollutants produced by energy use, although the emission of two substances, 

tar and benzene, is perhaps the most harmful. 

 

 Other environmental impacts 

There are other negative impacts related in a more indirect manner to the production, 

transport and consumption of energy, which are also worth mentioning: 

 Water pollution. This may have different causes: 

 Discharges of oils and other oil-related products. These discharges may 

occur while fuels are being transported and they affect the environment and 

the local ecosystems. On many occasions, marine ecosystems are involved 

and all the associated flora and fauna are affected, from microorganisms to 

higher life forms. Also, these disasters have a major media impact, due to 

the high visibility of their effects, while the remedying of the consequences 

requires a huge economic investment.  

 Emission of heavy metals. Heavy metals are substances with a density of 

over 5g/cm3. Examples of heavy metals are lead, cadmium and mercury. 

They tend to be highly toxic and are very hard to eliminate from tissues. 

They also bioaccumulate; that is the further up the food chain an organism 

is the more the toxins will accumulate. Animals that feed on other 

contaminated animals accumulate in their tissues the heavy metals that 

their prey contained. Human beings occupy a high trophic level in the food 

chain and therefore accumulate some of the highest levels of toxins in their 

system.  

 Eutrophication. This is a type of contamination of aquatic ecosystems, 

especially those in stagnant waters. It occurs due to the excessive 

accumulation of polluting compounds that provide an extra supply of 

nutrients for organisms such as algae. The uncontrolled growth of these 

algae causes the surface of lakes or ponds to be covered. This in turn 

means that sunlight cannot penetrate sufficiently into the water, which 

prevents the photosynthesis of the plants that oxygenate the lake or pond, 

causing oxygen levels to fall and other life forms to disappear.  
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On a different scale, we can see the impacts arising from the infrastructures required to 

produce energy. These impacts vary depending on the type of infrastructure and 

include the degradation of natural ecosystems, the direct death of fauna caused by 

their impacting the infrastructures, deforestation, soil contamination, etc.  

1.4.2. Economic impacts 

Direct economic impacts also have a major effect on society as a whole, since they 

involve the loss of large sums of money, especially in recent years, when energy prices 

soared in a context of great energy dependence.  

We are all aware of the economic cost of squandering energy in all the activities that 

require its use: transport, heating, air-conditioning, sanitary hot water, domestic 

appliances and lighting. But perhaps we are not so aware of the indirect cost of energy 

inefficiency. For example: 

 Public spending on construction of energy exploitation installations. 

 Public spending on healthcare, due to an increase in pollutant-related diseases and 

ailments.  

 Public spending on asset recovery, in the event of disasters associated with climate 

change-related phenomena (floods, storms, etc.). 

 Public spending on sanctions for the breach of European Union regulations 

governing greenhouse gas emissions and other regulations related to the emission 

of harmful substances.  

 Public spending due to investment in new infrastructures aimed at mitigating the 

local effects of climate change, among others, water defences, infrastructures 

intended to protect the population, etc. 

 Losses caused to agriculture and livestock farming, activities whose productivity is 

reduced as a result of climate change. 
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1.4.3. Social impacts 

The social impacts of energy inefficiency are the least visible impacts for society, but 

they are nevertheless very important and arise from economic and environmental 

issues. Among these impacts are: 

 Rising mortality rates among human beings. Recent studies show that in the 

European Union around 400,000 premature deaths occur due to air pollution 

(according to the European Commission, data from 2010), rising to 7 million if we 

consider the worldwide figure (WHO, data from 2011). Many of these deaths will be 

related to excessive energy consumption.  

 Health problems caused by air pollution. Healthcare problems may be aggravated 

by the need to direct more public spending into this sector. 

 Lose of purchasing power in general due to having to dedicate more economic 

resources to “energy well-being”.  

 Impacts on food, arising from problems affecting natural resources and crops 

caused by global change. These problems also affect food prices and, in turn, 

household economies. 

 Uncertainty related to changes in the cost of energy inefficiency. As we explained 

before, it is frankly difficult to estimate with any degree of precision the future cost 

of energy inefficiency, due to varying energy costs. 

Therefore we can talk in general terms about a loss of quality of life, brought on by the 

various problems of a social nature that arise from energy inefficiency.  

 

 

As we can deduce, all the impacts of energy inefficiency are closely interrelated, with 

one affecting the other to the general detriment of daily life. The following diagram 

shows the different interrelationships between these impacts:  

  

An inconvenient truth 

The 2006 documentary An inconvenient truth, presented by Al 

Gore, looks at the effects of global warming on the planet and 

society. It won an Oscar Award for Best Documentary Feature and 

led to its author winning a Nobel Peace Prize in 2007. 
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Figure 12. Diagram showing the interrelations between energy inefficiency impacts. 
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 Summary 

 Society today is highly dependent on the consumption of electrical energy.  

 Electricity is an energy we obtain by transforming primary energy, which we 

can obtain from a number of different energy sources. 

 Primary energy sources may be renewable or non-renewable. 

 The most commonly used source of energy used worldwide are fossil fuels.  

 The residential sector accounts for a large part of energy consumption.  

 Energy saving has been a growing focus of interest, and there is a great deal of 

EC legislation governing energy consumption and saving.  

 A very significant part of the world’s energy is consumed in the European Union.  

 The vast majority of European countries are energy dependent on foreign 

resources. 

 The residential and services sectors account for a large part of the energy 

consumed in Europe; 41% of the total to be precise.  

 The energy efficiency in buildings means: designing buildings efficiently, using 

renewable energies, using innovative and efficient equipment and materials, and 

raising users’ awareness.  

 Different units are used to measure the consumption of energy.  

 Energy efficiency refers to reducing energy consumption, without sacrificing 

well-being, and to an optimal use of resources while making the protection of the 

environment a priority.  

 Energy inefficiency has important economic, social and environmental impacts, 

which are all interrelated and, in general, lead to a diminishment of the quality of 

life on Earth. 
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 Aims  

 To get to know the various regulations governing energy efficiency which have 

been developed in recent years.  

 To assess the key content of the most important European directives published 

in recent years in respect of energy efficiency in the context of building.  

 To interpret domestic legislation enacted via Royal Decrees on energy 

efficiency in buildings.  

 To be up to speed on the latest changes that have taken place in the scope of 

relevant regulations and any new developments introduced recently.  

 To address the most important repercussions arising from the application of 

domestic and EC regulations governing energy efficiency.  

 To consider the regulatory measures and the incentives included in the 

Energy Saving and Efficiency Action Plan 2011-2020. 
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 Introduction  

As was pointed out in the first Module, the percentage of energy attributed to the 

household and services sector in relation to all the energy consumed in Europe is 

over 40%.  

Within this sector, it is buildings that account for the greatest energy consumption, 

be it homes or public buildings, or buildings accommodating services.  

Given that this is a sector that has experienced an appreciable expansion in recent 

years, we can expect energy consumption to be growing even more as we speak.  

There is therefore a concern at a European Community level to regulate and 

promote energy efficiency in buildings. Several measures have been put in place, 

aimed at reducing energy consumption in the building and construction sector, and 

encouraging a greater use of energy from renewable sources, aimed at reducing the 

European Union’s energy dependence and lowering greenhouse gas emissions.  

For Spain as a whole the housing stock is estimated to be over 25 million homes, 

most of them (around 60%) predating 1980. So there is a significant majority of 

homes that were built when there were no regulations guaranteeing adequate levels 

of quality and energy efficiency.  

Modern thinking now calls for an integrated approach to the rehabilitation of 

buildings, which represents a necessary and timely contribution to the goal of 

energy efficiency, while also providing a clear opportunity for job creation in the 

construction and building sector, and for the development of industrial activity.  

We also need to take seriously into account certain requirements and guidelines for 

the design and construction of new buildings and homes, implementing all the 

measures needed to achieve the greatest possible energy efficiency from the very 

first stages of each project.  

In the light of the foregoing, various regulations and standards directly associated 

with the promotion of energy efficiency in building have been established so as to 

meet present day environmental commitments.  

Such is the importance now given to making a major effort to reduce energy 

consumption in the building sector that few today can be unaware of it. The ultimate 

aim is to ensure that energy saving in buildings is a concept considered from the 

very inception of their design, so that energy consumption can be optimized in those 

buildings from the outset.  
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The International Energy Agency (IEA), an international organization created by the 

Organization for Economic Cooperation and Development (OECD), has stated that 

energy efficiency must be one of the keys to reducing the energy intensity of the 

world economy by two thirds by 2050. And it was precisely the building sector that 

the agency cited as one of the key sectors in which energy consumption could be 

reduced the most.  

As we see in this Module, the European Union has been establishing a series of 

Directives whereby some common frameworks of measures aimed at promoting 

energy efficiency within the European Union have been established in order to 

ensure the achievement of the EU’s main efficiency targets in the coming years.  

As a result, the corresponding regulations and legislative packages to improve 

energy efficiency in building and promote urban rehabilitation, regeneration and 

renovation have also been approved at a national level. The idea is to not only 

improve the existing housing stock but also to facilitate job creation and the 

generation of economic activity in the sector.  

However, in parallel, it is necessary to stress, as we did earlier, that a significant part 

of energy efficiency depends on raising the awareness of energy users and 

consumers. This is why there is a need to promote global awareness of the proper 

use of energy, by educating society and fostering responsible energy consumption 

habits to optimize energy saving as a whole.  
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2.1. Energy regulations in buildings  

Efficiency and energy certification for building and construction are regulated by 

their corresponding standards. As in other cases and fields, energy efficiency is 

primarily regulated by the European Union.  

More specifically, energy efficiency is regulated by means of various European 

directives, both in general terms and in a more applied manner in the construction 

and building sector.  

 

However, we have to go back to the Kyoto Protocol, an international agreement on 

climate change aimed at reducing emissions of certain greenhouse gases, which 

came into force 2005 (although it was adopted in 1997).  

Thus, the promotion of energy efficiency forms a major part of the raft of policies 

and measures required to meet the provisions of the Kyoto Protocol, and it should 

be considered in all measures adopted to meet new commitments.  

This matter was already included in the European Directive 2002/91/EC, on the 

energy performance of buildings. This Directive, also known as the Energy 

efficiency in buildings directive, was the main regulation responsible for meeting 

European Union targets for energy consumption and efficiency, the reduction of 

greenhouse gas emissions, and the use of renewable energies in buildings.  

 

In Spain, the transposition of this Directive to national legislation introduced a 

number of new developments in the field of building and energy efficiency. Various 

Royal Decrees (legal standards or regulations) were approved: the Royal Decree on 

the Technical Building Code (CTE), the Royal Decree on Energy Certification of 

New Buildings (CEE) and the Royal Decree on Regulations on Thermal Installations 

in Buildings (RITE).  

What is a European Directive?  

European Directives are used to establish the aims or outcomes to be achieved 

by member states, allowing each state to choose the means to do so. For this 

European legislation to be effective, each country must adopt a national law that 

incorporates the aims of the Directive; this is known as “transposition to national 

law”.  
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As we will see later, at a domestic level Royal Decree 47/2007, of January 19, 

approving a Basic Procedure for the certification of the energy efficiency of newly 

constructed buildings, played an important role.  

Thus, this decree established the minimum energy efficiency requirements to be met 

by both new and existing buildings, their energy certification, and the regular energy 

efficiency inspections to be carried out. All these aspects will addressed in greater 

detail in Module 3.  

Later, in 2010, the above mentioned Directive was amended by Directive 

2010/31/EU, of May 19, 2010, on the energy performance of buildings. The 

publication of this new Directive obliged the changes made to the former directive to 

be transposed, once again, to the Spanish legal system.  

Thus, in 2013 Royal Decree 235/2013, of April 5, approving the Basic Procedure for 

the certification of the energy performance of buildings, came into force.  

In parallel to this legislation, which, as mentioned, covered both domestic and EC 

building activity, another regulation, of a more general nature, concerning energy 

end-use efficiency and energy services, has also been developed in recent years.  

Specifically, Directive 2006/32/EC, of April 5, 2006, on energy end-use efficiency 

and energy services was passed, the purpose of which was to promote the cost-

effective improvement of energy end-use efficiency in member states. The Directive 

set out the overall aims and the mechanisms, incentives and the general regulations 

to achieve them.  

This Directive was also amended with the publication of Directive 2012/27/EU, of 

the October 25, 2012, on energy efficiency. In this new Directive, in line with the 

previous one, society in general was “obliged” to change its behaviour as energy 

consumers.  

Thus, among its main aims were to help reduce energy consumption in the 

European Union by 20% by the year 2020, to promote renewable energies, and to 

raise energy efficiency in the transport, service and residential, and industrial 

sectors by eliminating non-technical barriers.  

As might be expected, and as occurred with the two previous ones, these two 

Directives on energy efficiency had their corresponding impact on national 

standards.  

In this respect, it is interesting to note at this point the development of economic aid 

in the form of funding facilities and specific grants via what were referred to as 

Energy Saving and Efficiency Action Plans.  
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Thus, first an Action Plan for the period 2008-2012 was drawn up, later to be 

replaced by the current Energy Saving and Efficiency Action Plan 2011-2020. This 

was produced by the Ministry of Industry, Tourism and Trade, in collaboration with 

the IDAE (Institute for Energy Diversification and Saving).  

Among other aspects, these Action Plans, co-managed with the autonomous 

communities, provide for the upgrading and renovation of buildings, installations and 

equipment to improve their energy efficiency. Also included were training and 

awareness-raising programmes and information campaigns aimed at the affected 

stakeholders.  

Lesson 3 of this Module deals in greater detail with the characteristics, aims and 

impacts of these Energy Saving and Efficiency Action Plans over the whole of 

Spain.  

By way of an introduction, the following diagram shows how the different levels of 

the regulatory system are arranged; from the “upper” level, corresponding to the 

European Union, to the “lower” level, corresponding to local authorities, such as City 

Councils.  

 

Figure 1. Hierarchical diagram showing legislative framework.  

We also outline the various regulations governing energy efficiency in 

buildings. These regulations and standards are commented on in greater detail in 

the following pages of this Module:  
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  Regulations governing energy efficiency in buildings 

 European Directive 

2002/91/EC, on the 

energy performance of 

buildings 

• Royal Decree 314/2006, of March 17, approving the Technical 

Building Code (CTE).  

• Royal Decree 47/2007, of January 19, approving the Basic 

Procedure for the energy certification of newly constructed 

buildings.  

• Royal Decree 1027/2007, of July 20, approving the 

Regulations on Thermal Installations in Buildings (RITE).  

 Directive 2010/31/EU, 

on the energy 

performance of 

buildings 

• Royal Decree 235/2013, approving the Basic Procedure for 

the certification of the energy performance of buildings.  

• Royal Decree 238/2013, amending certain articles and 

technical instructions of the RITE.  
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2.2. European directives  

As was mentioned in the previous Lesson, energy efficiency in construction and 

building has been regulated by the European Union through a number of Directives.  

Also, several Directives of a more general nature, albeit directly interrelated with one 

another, have been published on the use of energy and on energy efficiency in 

general.  

In the following summary table we list the most important Directives; the ones that 

have had most impact:  

 

Given their interest and importance, and taking into account the differences between 

each one and the various new developments that these Directives have been 

introducing, the most interesting aspects of each of them have been dealt with 

separately in the following pages.  

As we have already seen, all these regulations have been “transposed” to national 

law through a number Royal Decrees, which have, in recent years, opened up a 

new landscape in building and construction, with energy efficiency being one of the 

key aspects to be taken into account by professionals working in this field. In both 

the third Lesson of this Module and, in greater depth, in Module 3 “Conditions and 

requirements for energy saving in buildings”, we comment on and analyse the most 

interesting points.  

  

European Directives on energy efficiency in buildings  

 European Directive  2002/91/EC, on the energy performance of buildings  

 Directive  2010/31/EU, on the energy performance of buildings 

European Directives on energy efficiency  

 Directive  2006/32/EC, energy end-use efficiency and energy services 

 Directive  2012/27/EU on energy efficiency  
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2.2.1. Directive 2002/91/EC, on the energy performance of 
buildings  

Directive 2002/91/EC, of the European Parliament and of the Council, on the 

energy performance of buildings, was approved on December 16,  2002, with the 

purpose of promoting the energy efficiency of buildings in the European Union, 

taking into account the outdoor climatic conditions and local particularities, and 

indoor environmental requirements and profitability in cost-effectiveness terms.  

The idea was to limit energy consumption and, consequently, carbon dioxide 

emissions of the residential and services sector, a sector that consumes around 

40% of the energy of the entire European Union, as we stated in the introduction to 

the Module.  

A number of requirements were established in this Directive; we would highlight the 

following aspects:  

 The general framework for a methodology for calculating the integrated 

energy performance of buildings.  

 The application of minimum energy efficiency requirements for new buildings.  

 The application of minimum energy efficiency requirements for large existing 

buildings undergoing major upgrades.  

 The energy certification of buildings.  

 The regular inspection of boilers and systems of air-conditioning of buildings 

and the assessment of the state of heating installations having boilers over 15 

years old.  

With regard to the requirements of new buildings with a useful floor area of over 

1,000 m2, the Directive calls for the consideration of the technical, environmental 

and technical viability of alternative systems such as decentralized energy 

production systems based on renewable energies, cogeneration systems (combined 

production of heat and electricity), central or urban heating or refrigeration, and heat 

pumps, under certain conditions.  

The Directive called for the member states to adopt the necessary measures to 

ensure that when it is time to replace or improve the elements of a building making 

up the envelope of a building which impact on energy efficiency, a number of 

minimum energy efficiency requirements are established to achieve optimal levels of 

return on investment.  
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2.2.2. Directive 2010/31/EU, on the energy performance of 
buildings  

Directive 2010/31/EU, of May 19, 2010, on the energy performance of buildings, 

establishes new objectives for the period 2010-2020 in respect of minimum energy 

efficiency requirements, energy certification, and the regulation of inspections of a 

building’s heating installations.  

In general terms it may be said that this new Directive tightens up and complements 

some aspects already covered up Directive 2002/91/EC. On other points, however, 

it introduces a number of amendments and new developments to be considered. 

Among the latter are, for example, the methodology to be used for calculating the 

minimum energy efficiency requirements and the promotion of buildings with close 

to zero energy consumption.  

 Technical installations of buildings  

With regard to optimizing the energy consumption of the technical installations of  

buildings, it is necessary to establish some requirements in respect of general 

energy efficiency, together with the correct installation and dimensioning of those 

installations, and the appropriate control and adjustment of installations that are in 

existing buildings.  

These requirements need to be established for the technical installations of 

buildings that are new, replace existing ones, or improve them. The installations to 

which the requirements will be applicable will include the following at least: heating 

installations, hot water installations, air-conditioning installations, and major 

ventilation installations.  

 Buildings with close to zero energy consumption  

Under this new regulation introduced by the Directive, member states will ensure 

that all new buildings have close to zero energy consumption. The deadline for 

implementation is December 31, 2020.  

Additionally, as from December 31, 2018, any new buildings that are occupied and 

owned by public authorities must also be buildings with close to zero energy 

consumption.  

It should be noted that the Directive establishes the importance of the authorities 

providing appropriate financial and other kinds of instruments to foster the 

energy efficiency of buildings and the transition to buildings with close to zero 

energy consumption. Thus, member states will have to adopt a methodology to 

determine which instruments are the most appropriate.  
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2.2.3. Directive 2006/32/EC, on energy end-use efficiency 
and energy services  

On April 5, 2006, Directive 2006/32/EC, of the European Parliament and of the 

Council, on energy end-use efficiency and energy services was approved. The aim 

of this Directive was to promote the cost-effective and efficient end-use of 

energy:  

 By establishing the guideline objectives, incentives and general 

institutional, financial and legal legislation necessary to eliminate the 

barriers in the market the present shortcomings in the efficient use of energy.  

 By creating the right conditions for setting up and promoting an energy 

services market, energy saving programmes, and other energy efficiency 

measures aimed at end users.  

 General energy saving objectives 

The Directive also states that member states must set and meet an energy saving 

guideline target of 9% by 2016, under a National Action Plan for energy efficiency.  

Similarly, one or more or independent public sector authorities or agencies must be 

appointed to control and monitor the general legislation to achieve these targets.  

 Promotion of energy end-use efficiency and energy services  

It is established that energy distributors, distribution network management 

companies, and retail companies selling electricity, natural gas, fuel oil (for heating) 

and urban heating must:  

 Abstain from any activity that might prevent the provision of energy services, 

energy efficiency programmes, and any other energy efficiency measures in 

general.  

 Provide the necessary information on their end customers so as to be able to 

properly design and implement the energy efficiency programmes.  

 Offer and promote energy services to their end customers, offer and promote 

energy audits and/or energy efficiency improvement measures, and 

contribute to financial instruments in favour of energy efficiency.  
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2.2.4. Directive 2012/27/EU, on energy efficiency  

Directive 2012/27/EU, of the European Parliament and of the Council, of October 

25, 2012, on energy efficiency, amended a number Directives, among which was 

the previous Directive 2006/32/EC.  

Among the objectives established, this new Directive proposes a common frame of 

measures for the promotion of energy efficiency within the European Union in order 

to ensure the achievement of the primary objective of energy efficiency of a 20% 

saving by 2020.  

Each member state will set a national guideline energy efficiency target, based 

either on primary or final energy consumption, or on primary or final energy saving, 

or on energy intensity.  

With regard to the renovation of buildings, the Directive states that member states 

should establish a long-term strategy for setting up investment in the renewal of the 

stock of both public and private residential and commercial buildings.  

In this respect the Directive stresses the importance of public buildings leading by 

example. Thus, member states will, as from 2014, be obliged annually to renew 3% 

of the gross floor area of buildings with heating and/or refrigeration that are that are 

occupied and owned by the State Administration, if the useful floor area is over 500 

m2, and providing it is not an exempted type of building. 

After renovation, buildings must meet the established minimum energy performance 

requirements, as provided for in the aforementioned Directive 31/2010/EU, on the 

energy performance of buildings. Providing that it is viable, priority will always be 

given to buildings with the worst energy performance.  

In relation to this last point, each member state must:  

 Inventorize the buildings under their ownership subject to renovation  

 Design a strategy for the long-term renovation of the residential and 

commercial building stock.  

 Establish energy saving debenture systems, with requirements that may   

cover social purposes such as the reduction of energy poverty. 
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2.3. Regulation in Spain  

As stated in the first Lesson of the Module, the above mentioned European 

directives had repercussions on Spain’s regulatory standards with the introduction of 

a number of requirements and new developments to be considered in the field of 

construction and building.  

2.3.1. Transposition of Directives on the energy 
performance of buildings  

Two European directives were published on the energy efficiency of buildings: first 

European Directive 2002/91/EC, on the energy performance of buildings, was 

published, later to be amended by Directive 2010/31/EU, on the energy performance 

of buildings.  

Both Directives have been transposed into Spanish legislation through a number of 

Royal Decrees, whereby the requirements and standards to be adopted in relation 

to energy efficiency in building were established. 

Transposition and application of the Directive 2002/91/EC, on the energy 

performance of buildings  

The transposition of the Directive 2002/91/EC, of the European Parliament and of 

the Council, of December 16, 2002, on the energy performance of buildings, to the 

Spanish legal system with regard to minimum energy efficiency requirements, 

regular inspection of energy efficiency of the thermal installations and energy 

certification of buildings, was enacted by the following Royal Decrees:  

 

Below we take a closer look at each decree.  

• Royal Decree 314/2006, of March 17, approving the Technical Building Code 

(CTE).  

• Royal Decree 47/2007, of January 19, approving the Basic Procedure for the 

energy certification of newly constructed buildings.  

• Royal Decree 1027/2007, of July 20, approving the Regulations on Thermal 

Installations in Buildings (RITE).  
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 Royal Decree 314/2006, approving the Technical Building Code (CTE)  

The Royal Decree 314/2006, of March 17, approving the Technical Building Code 

(CTE), arose from the need to improve building quality and promote innovation and 

sustainability, through the Technical Building Code.  

 

This document is a regulatory instrument which establishes the basic quality 

requirements of buildings and their installations.  

Thus, the CTE establishes requirements for each of the basic headings of “structural 

safety”, “fire safety”, “safety in use”, “hygiene, health and environmental protection”, 

“protection against noise” and “energy saving and thermal insulation”, and provides 

procedures that enable compliance to be certified with sufficient technical 

guarantees.  

The Technical Building Code is divided into two parts, both of a regulatory nature. 

The first part contains the general provisions and the conditions buildings must fulfil 

to meet the requirements for their safety and habitability. The second part comprises 

the Basic Documents, the correct use of which ensures compliance with the basic 

requirements.  

With regard to energy efficiency, the requirements to be considered are specifically 

contained in Basic Document HE Energy Saving, the content of which is set out in 

greater detail, in Module 3.  

 Royal Decree 47/2007, approving the Basic Procedure for energy efficiency 

certification of newly constructed buildings  

Royal Decree 47/2007, of January 19, approving the Basic Procedure for the 

certification of energy efficiency of newly constructed buildings is based on the 

provisions of Directive 2002/91/EC, which establish the obligation to provide buyers 

or users of buildings with an energy efficiency certificate.  

Thus, the main objective of the Royal Decree is to establish the Basic Procedure 

that the methodology for calculating the energy efficiency rating should follow. The 

rating is the starting point for the certification process, in which we consider the 

factors that have most impact on the energy consumption of newly constructed 

buildings or those that are altered, upgraded or rehabilitated to a certain extent.  

Given the importance to the building sector of Royal Decree 314/2006, of March 

17, approving the Technical Building Code (CTE), this will be studied in detail in 

Module 3 of this course.  
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Similarly, the decree establishes the technical and administrative conditions for 

energy efficiency certifications for projects and completed buildings.  

A common label is approved throughout Spain which is to be called an energy 

efficiency label, in order to make it easier for consumers to interpret the energy 

efficiency certificate.  

As described in detail in Module 7 on energy certification, the Basic Procedure for 

the certification of the energy performance of buildings establishes the technical and 

administrative conditions energy efficiency certification of projects and completed 

buildings.  

 Royal Decree 1027/2007, approving the Regulations on Thermal 

Installations in Buildings  (RITE)  

Royal Decree 1027/2007, of 20 of July, approving the Regulations on Thermal 

Installations in Buildings (RITE), is the transposition of Directive 2002/91/EC.  

Royal Decree establishes the new Regulations on Thermal Installations in Buildings 

(RITE), which determine the conditions to be met by installations intended to meet 

the demand for thermal and hygienic well-being using heating, air-conditioning and 

sanitary hot water installations in order to achieve a rational use of energy.  

Among the energy efficiency requirements established in the Royal Decree, we 

would highlight the following: 

 Greater energy efficiency of heating and cooling generation equipment and 

equipment used for the movement and transport of fluids.  

 Better insulation in equipment and conduits of heat transfer fluids.  

 Better regulation and control in order to maintain the design conditions of air-

conditioned premises.  

 Use of available renewable energies, in particular solar energy and biomass.  

 Incorporation of energy recovery subsystems and the use of residual energies. 

 Mandatory consumption accounting systems in the case of collective 

installations. Gradual phase-out of the more polluting solid fuels.  

 Gradual phase-out of the less efficient generation equipment.  
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Transposition and application of Directive 2010/31/EU, on the energy 

performance of buildings  

Since, as mentioned earlier, Directive 2010/31/EU, of May 19, 2010, on the energy 

performance of buildings (a recast of the previous Directive 2002/91/EC) establishes 

new targets for the period 2010-2020 in respect of minimum energy efficiency 

requirements, energy certification, and the regular inspection of thermal installations 

of buildings, it is necessary to adapt and amend Spanish legislation too.  

 

 Royal Decree 235/2013, approving the Basic Procedure for the energy 

efficiency certification of buildings 

Royal Decree 235/2013 completes and repeals the previous Royal Decree 47/2007 

described above, thereby incorporating the new developments of Directive 

2010/31/EC and increasing its scope to all buildings, including existing ones.  

In this respect we should note the new developments concerning Buildings with 

close to zero energy consumption. It has been established that, as of December 31, 

2020, all new buildings built must be buildings with close to zero energy 

consumption (whose minimum requirements are set out in the CTE). And all those 

started as from December 31, 2018, and are to be occupied and are owned by the 

State, will also be buildings with close to zero energy consumption.  

 

 Royal Decree 238/2013, amending certain articles and technical 

instructions of the Regulations on Thermal Installations in Buildings   

The purpose of Royal Decree 238/2013, of April 5, amending certain articles and 

technical and instructions of the RITE, approved by Royal Decree 1027/2007, of 

July 20, has a dual effect.  

On the one hand, the amendments established in this Royal Decree incorporate the 

obligations relating to buildings’ thermal installations arising from Directive 

2010/31/EU into the Spanish legal system, and on the other hand the Royal Decree 

updates and adapts the Regulations on Thermal Installations in Buildings to the new 

requirements of energy saving and efficiency  

• Royal Decree 235/2013, approving the Basic Procedure for energy efficiency 

certification of buildings  

• Royal Decree 238/2013, amending certain articles and technical instructions of 

the RITE  



 

Open Learning 

  

20 

2.3.2. Energy Saving and Efficiency Action Plans  

Aside from the regulatory legislation described in the foregoing lines, and in 

response to Directive 2006/32/EC, on energy end-use efficiency and energy 

services, and to Directive 2012/27/EU, on energy efficiency, in recent years various 

Energy Saving and Efficiency Action Plans have been approved. The Directives 

establish that member states must take reasonable, practical and cost-effective 

measures in order to meet energy saving targets.  

To this end, in Spain economic aid in the form of funding facilities and specific 

grants has been offered, through Energy Saving and Efficiency Action Plans. To 

date a number of action plans have been drawn up: Action Plan 2005-2007, Action 

Plan 2008-2012 and, the current one, Action Plan 2011-2020.  

All these action plans have been approved and drawn up within the framework of 

the Energy Saving and Efficiency Strategy in Spain 2004-2012 (E4), approved in 

November  2003.  

 Energy Saving and Efficiency Strategy in Spain (E4) 2004-2012  

The Energy Saving and Efficiency Strategy in Spain (E4) 2004-2012, approved by 

the government on November 28, 2003, sets out a scenario for energy saving and 

the measures to be implemented in order to mitigate the energy intensity of our 

economy, while taking into consideration our international commitments in 

environmental matters.  

Various action plans were drawn up on the basis of this Strategy. Each plan was a 

document outlining the measures and instruments to be implemented in different 

periods (2005-2007 and 2008-2012), how they were to be funded, and the energy 

and environmental targets to be achieved in that period.  

More specifically, Action Plan 2008-2012 was the one that the Spanish state 

submitted to the European Commission as the first Energy Saving and Efficiency 

National Action Plan (NEEAP). Among the most important measures implemented in 

the Action Plan to intensify our country’s energy saving and efficiency in building, 

were: the limitation of the indoor temperature of non-residential climatized buildings 

and other public spaces; the financing of investment promoting energy saving 

through the Plan Renove for Tourism Infrastructures; and the obligation that all new 

buildings of the General State Administration should have a high energy rating.  
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Among the most important measures derived from these two action plans were the 

promotion of the market and the Energy Services Companies (ESE), and the 

proposed actions to ensure that the public sector would lead the way in energy 

efficiency via the Energy Efficiency in Buildings Activation Plan of the General State 

Administration and the Energy Services Contracting Plan (Plan 2000 ESE).  

 Energy Saving and Efficiency Action Plan 2011-2020  

The Energy Saving and Efficiency Action Plan 2011-2020, produced by the Ministry 

of Industry, Tourism and Trade, in collaboration with the IDAE (Institute for Energy 

Diversification and Saving), replaces the previous Energy Saving and Efficiency 

Action Plan 2008-2012.  

For the purposes of the Energy Saving and Efficiency Action Plan 2011-2020, the 

building and equipment sector is the sector that makes the greatest contribution 

to energy consumption. Among the most important contributors of the sector are 

thermal heating installation, air-conditioning, ventilation and production of sanitary 

hot water, indoor lighting installations, together with all the other usual equipment, 

depending on the activity sector concerned (domestic appliances, commercial and 

industrial cooling equipment, office automation, etc.).  

In this respect it should be noted that this sector’s final energy consumption in 2010 

amounted to 24,391 ktep, representing 26.1% of all domestic final energy 

consumption.  

Thus taking together buildings for residential purposes and for services, a number of 

energy saving measures have been established, focusing especially on buildings’ 

envelopes, their thermal installations, and energy efficiency in lighting:  

 M1. Energy rehabilitation of the thermal envelope of existing buildings  

 M2. Improvement of the energy efficiency of thermal installations in existing 

buildings  

 M3. Improvement of the energy efficiency of indoor lighting installations in 

existing buildings  

 M4. Construction of new buildings and integrated rehabilitation of existing ones 

with a high energy rating  

 M5. Construction or rehabilitation of buildings with close to zero energy 

consumption 

 M6. Improvement of the energy efficiency of commercial cooling installations  

 M7. Improvement of the energy efficiency of the stock of domestic appliances  
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In greater depth… 

The entire document of the Energy Saving and Efficiency 

Action Plan 2011-2020, produced by the IDAE (Institute for 

Energy Diversification and Saving), is available from the 

IDEA’s website, in the publications section: 

http://idae.electura.es/  
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2.4. Impacts on the construction sector  

This lesson studies the repercussions on the construction and building sector 

which the different regulations have had and have introduced in recent years. We 

pay special attention to the requirements established in current legislation. 

The first section evaluates the minimum legal requirements for energy efficiency in 

buildings while the second section describes the measures included in the 2011-

2020 Energy Saving and Efficiency Action Plan.   

Minimum energy efficiency requirements for buildings and periodic inspection 

of thermal installations 

In regard to the minimum energy efficiency requirements referred to in the 

different regulations studied in this module, it is essential to understand and apply all 

the requirements in the Technical Building Code (CTE), which will be studied in 

greater detail in Module 3: 

 Limitation of energy demand 

The first section of Basic Document HE Energy Saving, entitled HE1 Limitation of 

energy demand, states that: buildings will have an envelope that adequately limits 

the energy demand required to achieve thermal well-being, according to the climate 

of the location, the use of the building and summer and winter regimes.   

 Performance of thermal installations 

Another of the most notable repercussions on building is related to the performance 

established for the different existing types of thermal installations.  

The CTE states that buildings will have appropriate thermal installations designed to 

provide thermal well-being for their occupants, within basic requirement HE2. This 

requirement is developed in the current Regulations on Thermal Installations in 

Buildings (RITE) and its application will be defined in the building project.  

 Energy efficiency of lighting installations   

The energy efficiency of interior lighting installations is regulated in section HE3 of 

the CTE. This basic requirement establishes that buildings will have lighting 

installations which are appropriate to their users’ needs and are also energy 

efficient. 
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They will have a control system that makes it possible to adjust the lighting to the 

real occupation of the area and a regulation system which makes optimum use of 

natural light in areas that fulfil certain conditions.  

 Minimum solar contribution for sanitary hot water   

The contribution of solar energy in relation to energy consumption in buildings is 

another repercussion which energy efficiency regulations entail. Specifically, basic 

requirement HE4 of the CTE states that, in buildings with expected demand for 

sanitary hot water, part of the thermal energy needs from this demand will be 

covered by adding systems for harvesting, storing and using low temperature solar 

energy in line with the global solar radiation of their location and the building’s hot 

water demand.  

 Minimum photovoltaic contribution for electrical energy   

Similarly, the CTE establishes that there should be a photovoltaic energy 

contribution in certain buildings. Thus, basic requirement HE5 states that these 

buildings will have systems for harvesting and transforming solar energy into 

electricity through photovoltaic procedures, for their own use or for supplying to the 

grid.  

 Energy certification of buildings   

Independently of what is established in the CTE, the Energy certification of 

buildings has been duly regulated. To this end, taking into account the provisions of 

Royal Decree 47/2007 and, subsequently, of Royal Decree 235/2013, the Basic 

procedure for the certification of energy efficiency in buildings will be applied to 

newly constructed buildings and to the conversion, upgrading or rehabilitation of 

existing buildings.  

 

  

Given the interest of energy certification, in Module 7 “Energy certification and 

energy management systems” covers in a detailed manner such aspects as the 

steps required to obtain certification and how to obtain an energy rating.  
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Impacts and incentives of the Energy Efficiency Action Plans  

In the Energy Saving and Efficiency Action Plan 2011-2020, a number of energy 

saving measures are established for the building and equipment sector that are 

especially linked to the building’s envelope, thermal installations, and the energy 

efficiency of its lighting.  

It comprises 7 measures that impact, directly or indirectly, on the field of building 

and construction and which we therefore need to consider. Within measure are 

established the regulatory mechanisms, the economic incentives and the 

training required:  

 Measure 1. Energy rehabilitation of the thermal envelope of existing 

buildings  

This measure aims to promote energy rehabilitation of the thermal envelope of 

existing buildings, so that they meet or better the minimum requirements established 

by the Technical Building Code, by reducing energy consumption in heating and 

refrigeration.  

The energy-related actions considered in this measure are those that achieve a 

reduction in the energy demand related to heating and cooling of buildings through 

actions on their thermal envelope.  

 Measure 2. Improvement of the energy efficiency of thermal installations in 

existing buildings  

This measure aims to improve the energy efficiency of thermal installations in 

existing buildings that are being renovated so as to at least meet the minimum 

requirements established by current regulations, thereby reducing their energy 

consumption. 

The energy-related actions considered in this measure are those that achieve a 

reduction in conventional energy consumption in HVAC and sanitary hot water 

installations.  

 Measure 3. Improvement of the energy efficiency of indoor lighting 

installations in existing buildings  

This measure aims to improve the energy efficiency of indoor lighting installations in 

existing buildings that are being renovated so as to at least meet the minimum 

requirements established by the Technical Building Code, thereby reducing their 

energy consumption. The energy-related actions considered in this measure are 

those that achieve a reduction in conventional energy consumption in the indoor 

lighting of existing buildings or their installations.  
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 Measure 4. Construction of new buildings and integrated rehabilitation of 

existing ones with a high energy rating  

The energy-related actions considered in this measure will be those that enable the 

building to achieve a class A or B energy rating, by reducing their energy 

consumption while meeting the provisions of Royal Decree 47/2007 and the 

autonomous region legislation applicable to this field. The calculation of the energy 

rating is performed using the CALENER programme or any other programme 

officially recognized as an alternative.  

 Measure 5. Construction or rehabilitation of buildings with close to zero 

energy consumption 

In order to promote buildings with close to zero energy consumption, in the 

framework of Directive 2010/31/EU and as part of the Energy Saving and Efficiency 

Plan, there will be an annual national call for applicants by the IDEA for an aid 

facility for projects involving newly constructed buildings or existing ones being 

rehabilitated in Spain. These buildings may be privately or publicly owned and 

intended to be used as homes of for any other use, and that will be close to zero 

energy consumption.  

These buildings, in addition to meeting current regulations in this matter, must have 

an energy demand, primary energy consumption, and CO2 emissions all lower than 

whatever is established for each climate zone.  

 Measure 6. Improvement of the energy efficiency of commercial cooling 

installations  

This measure aims to promote the improvement of energy efficiency in existing 

commercial cooling installations or existing ones being renovated. Commercial 

cooling installations are considered to be those intended to conserve refrigerated or 

frozen foodstuffs placed inside within the prescribed temperatures.  

 Measure 7. Improvement of the energy efficiency of the stock of domestic 

appliances  

This measure aims to reduce energy consumption to by improving the energy 

efficiency of the stock of energy consuming domestic appliances or other domestic 

equipment. People will be encouraged to replace old appliances with others with a 

better class of energy efficiency of among those available on the market today. An 

economic incentive will encourage the buyer to make a purchase.  
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 Summary  

 The promotion of energy efficiency arises from the provisions of the Kyoto 

Protocol, which state that energy efficiency should be considered in all 

measures adopted to meet new commitments.  

 European Directive 2002/91/EC, on the energy performance of buildings, was 

the main regulation responsible for ensuring compliance with European Union 

targets in respect of energy consumption and efficiency in building.  

 Later, in 2010, this Directive was amended by Directive 2010/31/EU, on the 

energy performance of buildings. 

 At a national level, these Directives were transposed by various Royal Decrees: 

the Royal Decree on the Technical Building Code (CTE), the Royal Decree on 

the energy certification of new buildings (CEE), and the Royal Decree on the 

Regulations on Thermal Installations in Buildings (RITE).  

 The role of Royal Decree 47/2007, later amended by Royal Decree 235/2013, 

both concerning the certification of energy efficiency of newly constructed 

buildings, is particularly important.  

 European Union has also issued Directives in the field energy efficiency, such as 

Directive 2006/32/EC, on energy end-use efficiency and energy services, later 

amended by Directive 2012/27/EU.  

 In recent years in Spain, economic aid in the form of funding facilities and 

specific grants has been offered, via what are referred to as Energy Saving and 

Efficiency Action Plans. The current one is the Energy Saving and Efficiency 

Action Plan 2011-2020.  

 The main regulatory percussions on the construction sector are reflected in 

Technical Building Code (CTE) and in the procedure for the energy certification 

of buildings.  
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 Aims  

 To understand the conditions and requirements currently established in 

Spanish legislation with regard to energy efficiency in building.  

 To become familiar with the contents of the Technical Building Code (CTE) 

based on current legislation.  

 To study the structure of the CTE and understand the areas of building and 

construction which are subject to a set of basic conditions. 

 To identify the Basic Documents and know the contents of the Basic Document 

HE Energy Saving, included in the CTE.  

 To assess the contents and main implications of the Regulations on Thermal 

Installations in Buildings (RITE).   

 To become familiar with the energy efficiency and safety requirements for 

thermal installations in buildings, based on the RITE.   
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 Introduction  

Given the importance of the building sector in terms of global consumption, reducing 

energy consumption in building is one of the priorities in EC legislation in the 

European Union as a whole and in national legislation in Spain. 

As we studied in detail in Module 2, in recent years different regulations have been 

put in place, all of them directly linked to promoting energy efficiency in building with 

a view to meeting current environmental commitments.   

In this respect, the European Union has played a major role and has established a 

series of different Directives which set out and regulate the measures necessary to 

promote energy efficiency within the European Union. The purpose of this is to 

ensure that the main aim of energy efficiency is achieved in the coming years.  

First, European Directive 2002/91/EC on the energy performance of buildings was 

the most important regulation in the field of building as regards energy consumption 

and efficiency, the containment of greenhouse gas emissions and the use of 

renewable energies.       

Another regulation, Directive 2010/31/EU, came into force some years later. This 

directive addressed the energy performance of buildings and introduced a series of 

modifications and new energy efficiency targets for the construction and building 

sectors.     

Consequently, different regulations important to building and energy efficiency were 

drawn up in Spain. Among the most important new developments were three Royal 

Decrees: the Royal Decree on the Technical Building Code (CTE), the Royal Decree 

on Energy Certification for new buildings (CEE) and the Royal Decree on the 

Regulations on Thermal Installations in Buildings (RITE).  

In view of their importance and the conditions and requirements that these new 

regulations brought to the sector, this module gives a detailed analysis of both the 

Technical Building Code (CTE) and the Regulations on Thermal Installations in 

Buildings (RITE).    

The Technical Building Code (CTE) stems from Royal Decree 314/2006, of March 

17, which also approves it. As we will see later, it is a set of regulations to take into 

account when building in Spain.  
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Specifically, the CTE contains a series of basic quality requirements that buildings 

and their facilities must meet to satisfy the basic requirements of safety and 

habitability.  

To ensure compliance with these requirements, the CTE includes the so-called 

Basic Documents (BD) which set out the procedures to be followed and the 

technical regulations and examples of solutions that make it possible to determine 

whether the building meets the performance levels established. 

Given the direct relation with energy efficiency, we will be paying special attention to 

one particular Basic Document, “BD HE Energy Saving”. The object of this 

document is to establish rules and procedures that facilitate fulfilment of the basic 

requirement of energy saving. The contents of this document are evaluated in the 

second lesson of this module, where the different Sections of the document are 

presented.  

Almost at the same time the CTE was approved and, complementary to it, new 

Regulations on Thermal Installations in Buildings (RITE) were amended and 

approved. 

As its name indicates and as we will see in the third lesson of the module, the object 

of this regulation is to establish the energy efficiency and safety conditions that 

should govern thermal installations in buildings. The requirements focus on both 

design and sizing and on the execution, maintenance and use of this type of 

installation.   

In order to comply with it, the RITE establishes the so-called Technical Instructions, 

which address aspects such as design and sizing, assembly, maintenance and use 

and inspection. These technical instructions describe the characteristics and 

quantification of the technical requirements, in accordance with current technical 

development.   
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3.1. Technical Building Code 

The previous module, on the Regulatory framework, referred to some of the most 

interesting aspects of the Technical Building Code, based above all on what is set 

out in Royal Decree 314/2006, of March 17, which approves the Technical Building 

Code (CTE).  

 

Prior to this, these requirements were established in the development of Act 

38/1999, of November 5, on Building, commonly known in Spain by its acronym 

LOE. 

We will first list the fields for which the CTE establishes basic conditions, which are 

described in greater detail in the next lesson: 

 Structural safety 

 Safety in the case of fire  

 Safety of use and accessibility  

 Hygiene, health and protection of the environment 

 Protection against noise    

 Energy saving and thermal insulation  

Specifically, the next lesson gives a detailed account of the development and 

implications of the basic requirements in the area of Energy saving and thermal 

insulation, set out in the CTE’s Basic Document on Energy Saving.   

 

What is the Technical Building Code?  

The Technical Building Code (CTE) is the normative framework established in 

Spain which governs the basic quality requirements that buildings and their 

installations must meet to satisfy the basic requirements of safety and 

habitability.   
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3.1.1. How did the Technical Building Code arise?    

In Spain the building sector was previously regulated through the so-called Basic 

Building Regulations (NBE), which were passed in 1977 and were compulsory for 

sector players. The Technological Building Regulations were added to these, 

completing the regulatory framework. 

As mentioned earlier, after the development of the Building Act, passed in 1999, 

there was a patent need to update these regulations, which were regarded as 

obsolete and also unclear in some aspects. 

In this respect, the Technical Building Code fulfilled the basic building 

requirements set out in Building Act 38/1999, of November 5, with a view to 

“ensuring the safety of people, the welfare of society, the sustainability of building 

and the protection of the environment”.  

Moreover, the development of EC regulations on energy efficiency in building, 

especially Directive 2002/91/EC played a major role in the preparation of the CTE.  

Thus, based on Directive 2002/91/EC, of December 16, on the energy performance 

of buildings (described in Module 2), a set of conditions in relation to energy 

efficiency requirements for buildings was added to the Technical Building Code.   

As a result of all this, the CTE came into force, based on Royal Decree 314/2006, of 

March 17, which also approved it.   

 

There are essentially two objectives behind the Technical Building Code passed by 

Royal Decree 314/2006:  

 To improve the quality of building  

 To promote innovation and sustainability  

  

The CTE aims to meet society’s demand for an improvement in the quality of 

building, to enhance the protection of users, and to promote sustainable 

development.      
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3.1.2. Structure and contents of the CTE  

The Technical Building Code is divided into two parts, both of them regulatory. The 

first part contains the general provisions (scope of application, structure, 

classification of uses, etc.) and the conditions that buildings must fulfil to meet the 

requirements for their safety and habitability.  

The second part comprises the Basic Documents, the correct use of which ensures 

compliance with the basic requirements. These documents describe procedures, 

technical regulations and examples of solutions that make it possible to determine 

whether the building meets the performance levels established. 

 

As a complement for the application of the CTE, the so-called Recognized 

Documents were also created. These are external technical documents, 

independent of the CTE. Their use makes it easier to meet certain conditions and 

helps promote the quality of building. 

 

  

What are the Basic Documents? 

The Basic Documents included in the CTE are technical texts but they aim to 

give the conditions described in the first part of the CTE a more practical slant. 

Every document in the CTE includes the limits and quantification of the basic 

conditions and a list of procedures to help meet the requirements.      

 

What are the Recognized Documents? 

They are also technical texts, but with no regulatory power. The list of these 

documents is detailed in an updated list called the General Register of the 

Technical Building Code, drawn up periodically by the Ministry of Public Works.  
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3.1.3. Scope of application of the CTE  

Chapter 1, General provisions, of the CTE defines the code’s scope of application in 

detail. This section contains some of the most interesting aspects to be taken into 

account.   

 

In the terms established in the LOE, the Technical Building Code is applicable to 

public and private buildings whose projects need the corresponding licence or 

legally required authorization.    

The CTE is applicable to newly constructed buildings. However, as an exception, 

it excludes technically simple, one-storey structures of little size, which are neither 

temporarily nor permanently either residential or public, and do not affect people’s 

safety.     

The Technical Building Code is applicable to extension, conversion, upgrading or 

rehabilitation works which are performed in existing buildings, providing these works 

are compatible with the nature of the intervention and, where relevant, with the 

degree of protection these buildings might have.      

The possible incompatibility of applying the CTE must be justified in the project 

and, where relevant, must be compensated for with alternative measures that are 

technically and economically viable. The solutions that would be applied as an 

alternative must permit the highest degree of effective adaptation possible.    

  

 

  

The CTE applies to newly constructed buildings, extension, conversion, 

upgrading or rehabilitation work and to certain structures which are protected 

because of their environmental, historic or artistic interest.    
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3.1.4. Basic requirements of the CTE  

As mentioned earlier, in the first part of the CTE, one of the most important points is 

the contents of Chapter 3, Basic requirements. 

Through the basic requirements, the CTE develops the basic safety and habitability 

conditions established in the LOE, as building quality targets. The CTE also 

develops the basic requirement of functionality.   

The CTE establishes these basic requirements as qualitative “performances”, which 

buildings must comply with to achieve the quality society demands.  

 

These conditions must be fulfilled, as described in the corresponding Basic 

Documents included in the second part of the CTE.  As we will see later, the form 

and conditions of compliance are established by setting objective levels or 

minimum values of performance or other parameters.    

These minimum levels or values will be mandatory when the corresponding Basic 

Document expressly states them to be so.   

The Basic Documents also include non-exclusive procedures, the application of 

which requires basic requirements to be met in accordance with the current state of 

knowledge.  

  

What does the concept of performance mean? 

Performance is understood to be the entire set of qualitative or quantitative 

characteristics of the building which help to determine its ability to meet the 

different purposes for which it was designed. Or, in other words, the conditions 

that make a building fit for the use it was intended for, valued as the response of 

its many elements.         
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The table below gives all the basic requirements of the Technical Building Code, 

divided into six main groups:   

 

  

   Classification and types of basic requirements in the CTE  

 Basic requirements for 

structural safety (SE)  

• Resistance and stability 

• Fitness for service 

 Basic requirements for 

safety in the case of fire   

(SI)  

• Propagation indoors  

• Propagation outdoors 

• Evacuation of occupants 

• Fire protection facilities  

• Firefighter intervention  

• Structural resistance to fire  

 Basic requirements for 

safety of use and 

accessibility (SUA)  

• Safety against the risk of falls   

• Safety against the risk of impact or entrapment 

• Safety against the risk of  imprisonment   

• Safety against the risk caused by inadequate lighting    

• Safety against the risk caused by high occupancy  

• Safety against the risk of drowning    

• Safety against the risk caused by moving vehicles   

• Safety against the risk of lightning   

• Accessibility 

 Basic requirements for 

health and hygiene (HS) 

• Protection against damp 

• Waste collection  and disposal 

• Interior air quality 

• Water supply 

• Drainage  

 Basic requirements for protection against noise (HR)  

 Basic conditions for energy 

saving   (HE) 

 

• Limitation of energy demand 

• Performance of thermal installations   

• Energy efficiency in lighting installations   

• Minimum solar contribution for  sanitary hot water    

• Minimum photovoltaic contribution for electrical 

energy    
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 Basic energy saving requirements 

We study the Basic energy saving requirements separately and in greater detail as 

an introduction to the second lesson in this module. 

The CTE states that “energy saving” consists of “achieving rational use of the 

energy necessary for the utilization of buildings, reducing its consumption to 

sustainable limits and also ensuring that part of this consumption comes from 

renewable energy sources”.  

In order to achieve this objective, “buildings will be designed, built, used and 

maintained in such a way that they fulfil the basic conditions” for energy saving, 

which are listed and described in the CTE.  

In addition, it is interesting to note that Basic Document HE Energy Saving specifies 

the objective parameters and the procedures which, when complied with, ensure 

that the basic conditions are fulfilled and the minimum quality levels contemplated in 

the basic energy saving requirement are surpassed. 

There are five Basic requirements for energy saving:   

1. Basic requirement HE 1. Limitation of energy demand  

Buildings will have an envelope with characteristics that sufficiently limit the energy 

demand required to achieve thermal well-being according to the climate of the 

location, the use of the building and summer and winter regimes. Aspects such as 

their insulation and inertia characteristics, permeability to air and exposure to solar 

radiation will be taken into account, reducing the risk of the appearance of damp 

from surface and interstitial condensation which could damage their characteristics, 

and appropriately treating cold bridges to limit heat losses or gains and to prevent 

hygrothermal problems. 

2. Basic requirement HE 2. Performance of thermal installations  

Buildings will have suitable heating and air-conditioning installations to provide 

thermal well-being for their occupants. This is a requirement developed in the 

current Regulations on Thermal Installations in Buildings (RITE) and its application 

will be defined in the building project. 
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3. Basic requirement HE 3. Energy efficiency in lighting installations      

Buildings will have lighting installations which are appropriate to their users’ needs 

and are also energy efficient. They will have a control system that makes it possible 

to adjust the lighting to the real occupation of the area and a regulation system 

which makes optimum use of natural light in areas that fulfil certain conditions. 

4. Basic requirement HE 4. Minimum solar contribution for sanitary hot water   

In buildings established in the CTE with expected demand for sanitary hot water or 

heating for an indoor pool, part of the thermal energy needs from this demand will 

be covered by adding systems for harvesting, storing and using low temperature 

solar energy in line with the global solar radiation of their location and the building or 

pool’s hot water demand.  

The values stemming from this basic requirement will be considered as minimum, 

without prejudice to values that the competent administrations might establish and 

which contribute to sustainability, taking into account the particular characteristics of 

the location and territorial scope.  

5. Basic requirement HE 5. Minimum photovoltaic contribution for electrical 
energy    

The buildings established in the CTE will have systems for harvesting and 

transforming solar energy into electricity through photovoltaic procedures, for their 

own use or for supplying to the grid.  

Here again, the values stemming from this basic requirement will be considered as 

minimum, without prejudice to more restrictive values that the competent 

administrations might establish and which contribute to sustainability, taking into 

account the particular characteristics of the location and territorial scope. 

  

Regulations on Thermal Installations in Buildings (RITE)  

The RITE establishes the conditions to be fulfilled by installations aimed at 

meeting demand for thermal well-being and hygiene through heating, air-

conditioning and sanitary hot water facilities to achieve rational use of energy. 

Given its importance, we evaluate its contents and implications separately in 

Lesson 3 of this module.    

 

Would you like to know more about the Technical Building Code?  

The webpage http://www.codigotecnico.org/ describes interesting aspects of the 

Technical Building Code and includes links for downloading the different parts 

and chapters of the CTE.  
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3.2. Basic Document HE Energy Saving  

As mentioned above, the second part of the CTE contains the Basic Documents 

(BD). The correct use of these ensures fulfilment of the basic conditions, studied in 

the previous lesson.  

These documents describe the procedures, technical regulations and examples of 

solutions which make it possible to determine whether the building meets the 

performance levels established.  

Specifically, the Basic Documents contain:  

 The characteristics of the basic requirements and their quantification, by 

establishing minimum levels or values for the performance of buildings or parts 

of them 

 Procedures whose use demonstrates fulfilment of the basic requirements and 

which take the form of verification methods or solutions sanctioned by practice    

The object of Basic Document HE Energy Saving is to establish rules and 

procedures to meet the basic requirement of energy saving. This document is 

divided into different sections, which correspond to basic conditions HE1 to HE5, 

detailed in the previous lesson:  

 

  

Basic requirements for energy saving in the CTE:   

 Basic requirement HE 1. Limitation of energy demand  

 Basic requirement HE 2. Performance of thermal installations  

 Basic requirement HE 3. Energy efficiency of lighting installations   

 Basic requirement HE 4. Minimum solar contribution for sanitary hot water   

 Basic requirement HE 5. Minimum photovoltaic contribution for electrical 

energy    



 

Open Training  

  

16 

3.2.1. Structure and contents of BD HE Energy Saving  

The Basic Document HE Energy Saving, one of the six basic documents in the 

Technical Building Code, is divided into the sections below. Each section describes 

the basic requirements for the subject in question.  

 Section HE1. Limitation of energy demand  

 Section HE2. Performance of thermal installations  

 Section HE3. Energy efficiency in lighting installations   

 Section HE4. Minimum solar contribution for sanitary hot water    

 Section HE5. Minimum photovoltaic contribution for electrical energy  

Each of these sections is in turn divided into subsections. Although these 

subsections vary from one section to another, generally speaking the index of each 

section would be as follows: 

 

With regard to the criteria for application in existing buildings, the beginning of 

the basic document states that, in circumstances where the established levels 

cannot be reached, in certain cases solutions that permit the highest degree of 

adaptation possible may be adopted.    

These special cases include: buildings with recognized historic or architectural value 

when other solutions could have an adverse effect on their nature or appearance; or 

if intervention would imply substantial changes in other elements of the envelope 

which were not initially envisaged. 

  

General contents of the Sections of the Basic Document   

 Scope of application 

 Characteristics and quantification of the requirement 

 Verification and justification of fulfilment of the requirement  

 Data and procedures for calculation  

 Maintenance and conservation  
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  Section HE1. Limitation of energy demand  

 Scope of application 

This section is applicable to newly constructed buildings and to interventions in 

existing buildings. Interventions in existing buildings include; extensions (which 

increase the floor space or the volume built); refurbishment (any work in an existing 

building other than work solely for the maintenance of the building); and changes in 

use. 

 Characteristics of the requirement  

Energy demand in buildings is limited by the climate of their location and their 

expected use. 

In buildings for private residential use, the characteristics of the elements of the 

thermal envelope should be such that they prevent imbalances in the thermal 

quality of the different habitable spaces. Heat transfer between units for different 

uses and between units of use and the common areas of the building will also be 

limited. 

Risks stemming from processes that significantly reduce thermal performance or the 

useful life of the elements that comprise the thermal envelope, such as 

condensation, should be limited.    

 Calculation procedures 

As in the other sections, this section establishes the calculation procedures to be 

followed.  In this case, it states that the object of the calculation procedures is to 

determine the energy demand from heating and air-conditioning required to keep 

the building operational for a year (in accordance with what is defined in subsection 

4.2). The calculation procedures could use simulation through a heating model for 

the building or through equivalent simplified methods.  

The calculation procedure should be such that energy demand for heating and air-

conditioning can be obtained separately.  
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Section HE2. Performance of thermal installations  

As was mentioned earlier, basic requirement HE 2 is developed in the current 

Regulations on Thermal Installations in Buildings (RITE), which is described in detail 

in Lesson 3 of this module. 

Section HE3. Energy efficiency of lighting installations  

 Scope of application 

This section is applicable to interior lighting installations in: a) newly constructed 

buildings; b) interventions in existing buildings with a final total usable floor area of 

over 1000 m2, where over 25% of the lighted area is renovated; c) other 

interventions in existing buildings where part of the installation is renovated or 

extended, in which case the part of the installation renovated or extended will be 

adapted to comply with minimum energy efficiency values according to the activity;  

d) changes in the normal use of the building; e) changes in activity in one area of 

the building.  

 Characteristics of the requirements  

The energy efficiency of a lighting installation in an area is determined by the Energy 

Efficiency Value of the Installation (VEEI) (W/m2) for every 100 lux. This section 

establishes the minimum energy efficiency values in interior areas of a building, 

according to the core activity conducted; depending on the case, these values range 

between 3 and 10. 

This section also gives the maximum values which the power installed in lighting 

should not exceed, taking into account the power of lamps and ancillary equipment.   

Moreover, it also indicates the need for a control and regulation system in all the 

lighting installations in each area.  

 Maintenance and conservation 

In order to guarantee the maintenance of appropriate lighting parameters and the 

Energy Efficiency Value of the Installation (VEEI), the project will include a 

maintenance plan for lighting installations.   
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    Section HE4. Minimum solar contribution for sanitary hot water (ACS) 

 Scope of application 

This section is applicable to: a) newly constructed buildings or existing buildings 

where the whole building or the thermal installation is upgraded, or where there is a 

change in the building’s characteristic use, where there is sanitary hot water 

demand of over 50 l/d; b) extensions or interventions in existing buildings with initial 

demand for sanitary hot water of over 5,000 l/day, which would imply an increase of 

over 50% in initial demand; c) heating for new indoor pools, existing indoor pools 

where the heating installation is renovated or existing outdoor pools which become 

indoor pools. 

 Characteristics and quantification of the requirements 

This section establishes a minimum thermal solar energy contribution according to 

climate zone and the building’s demand for sanitary hot water or pool heating.  

 

In this way, annual minimum solar contribution values are established to cover 

sanitary hot water needs. These values range between 30% and 70%, depending 

on the different climate zones and the different levels of sanitary hot water demand 

(at a reference temperature of 60ºC).  

However, the document indicates that the minimum solar contribution for sanitary 

hot water and/or indoor pool heating can be partially or totally replaced through the 

installation of other renewable energies, cogeneration processes or residual energy 

sources from the installation of heat recovery units independent of the building’s 

own heating installation. 

 Maintenance  

A surveillance plan and a preventive maintenance plan will be required, without 

prejudice to other maintenance operations arising from different regulations, to 

guarantee functioning, increase reliability and prolong duration.   

  

  

The annual minimum solar contribution is the fraction between the annual 

values of solar energy contributed and demanded and the annual energy 

demand for sanitary hot water or indoor pool heating, obtained from monthly 

values. 
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   Section HE5. Minimum photovoltaic contribution for electrical energy  

 Scope of application 

This section is applicable to: a) a) newly constructed buildings and to buildings 

which are totally refurbished, or in buildings where there is a change in their 

normal use, for certain uses (indicated in the Basic Document) when the gross floor 

area is more than 5,000 m2; b) extensions of existing buildings when the extension 

corresponds to one of the uses established in the Basic Document and its gross 

floor area exceeds 5,000 m2. 

 Characteristics and quantification of the requirement   

This section establishes a minimum contribution for electrical energy obtained by 

systems for harvesting and transforming solar energy using photovoltaic 

procedures, based on the calculation of minimum nominal power (P), determined 

in the Basic Document.  

In every case, the minimum peak power of the generator will be at least equal to the 

nominal power of the inverter. The compulsory maximum nominal power to be 

installed will be 100 kW in every case.  

In any event, the minimum electrical power of the photovoltaic solar installation 

determined in the application of the basic requirement, which is described in this 

section, may be partially or totally replaced when the estimated electricity 

production that would correspond to minimum power is covered by using other 

renewable energy sources.    

 General requirements of the installation  

This section establishes the characteristics of the systems which will comprise the 

photovoltaic solar installation, connected to the grid. These systems will consist of: 

a) a photovoltaic generating system, composed of modules; b) an inverter (which 

transforms direct current into alternating current); c) a set of protections and safety, 

manoeuvre, measurement and ancillary elements. It specifies that the modules will 

be Class II and will have a minimum degree of protection of IP65.     

 Maintenance  

As indicated for the previous section, a surveillance plan and a preventive 

maintenance plan will be required. 
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3.3. Regulations on Thermal Installations 
in Buildings (RITE)  

As was mentioned in the previous lesson, one of the Basic requirements of the 

Technical Building Code stated that “buildings will have appropriate thermal 

installations aimed at providing their occupants’ thermal well-being”.  

This condition is developed in the current Regulations on Thermal Installations in 

Buildings. 

 

3.3.1. How did the current RITE arise?  

In Spain the first Regulations on Thermal Installations in Buildings (RITE) was 

passed in 1998, through Royal Decree 1751/1998, replacing the former Regulations 

on Heating, Air-conditioning and Sanitary Hot Water (passed by Royal Decree 

1618/1980).  

More recently, in 2007, considering the need to take account of Directive 

2002/91/EC on the energy performance of buildings and after the Technical Building 

Code had been passed by Royal Decree 314/2006, a new regulation to replace the 

existing one was deemed necessary.  

Consequently, the current Regulations on Thermal Installations in Buildings (RITE) 

were passed by Royal Decree 1027/2007, of July 20. This Royal Decree was drawn 

up by the Ministry of Industry, Tourism and Trade in conjunction with the former 

Ministry of Housing. 

In view of new EC provisions, specifically Directive 2010/31/EU, on the energy 

performance of buildings, amendments were made to the current Regulations on 

Thermal Installations. 

These amendments, made in 2013, are included in Royal Decree 238/2013, which 

modifies some articles and technical instructions of the Regulations on Thermal 

Installations in Buildings, passed by Royal Decree 1027/2007, of July 20. 

The Regulations on Thermal Installations in Buildings (RITE) establish the 

conditions to be fulfilled by installations aimed at meeting demand for thermal 

well-being and hygiene through heating, air-conditioning and sanitary hot water 

facilities to achieve rational use of energy.   



 

Open Training  

  

22 

3.3.2. Structure and contents of the RITE  

The object of the Regulations on Thermal Installations in Buildings is to establish 

the energy efficiency and safety conditions that thermal installations aimed at 

meeting people’s demand for well-being and hygiene should fulfil in buildings, during 

their design and sizing, execution, maintenance and use, and to determine the 

procedures that could be used to demonstrate their fulfilment.   

Like the CTE, the RITE is divided into two main parts: Part I. General provisions and 

Part II. Technical instructions.  

Part I. General provisions, among other aspects, describes the general provisions 

(Chapter I), the technical requirements (Chapter II), the administrative conditions, 

and the requirements for executing the installations, the start-up of the installation 

and the use and maintenance of the installation (Chapters III-VI).   

Lastly, as we explain in more detail below, the first part specifies certain aspects of 

interest in relation to installation and maintenance companies (Chapter VIII). 

Part II. Technical instructions contains the technical instructions (IT). Specifically, 

there are four instructions: IT 1.Design and sizing (well-being and hygiene 

requirement, energy efficiency requirement, safety requirement); IT 2. Assembly; IT 

3. Maintenance and use; IT 4. Inspection.   

As in the CTE’s Basic Documents, the Technical Instructions describe the 

characteristics and quantification of requirements, in accordance with current 

technical development.    

Equally, the requirements are quantified by establishing minimum levels or values, 

and procedures are expressed in the form of verification methods or solutions 

sanctioned by practice which can be used to demonstrate fulfilment of the 

conditions.  

With regard to the energy efficiency requirements established in the new Royal 

Decree 238/2013, which amends some articles and technical instructions in the 

Regulations on Thermal Installations in Buildings, of July 20, we would highlight the 

following:  

 Greater energy performance in heat and cold generating equipment and in 

equipment used for moving and transferring fluids. 

 Improved insulation of thermal fluid equipment and conduits.   

 Improved regulation and control to maintain the design conditions foreseen 

in air-conditioned premises.  
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 Utilization of available renewable energies, especially solar energy and 

biomass. 

 Addition of energy recovery subsystems and use of residual energies. 

 Compulsory systems for posting consumption in collective facilities. Gradual 

phase-out of more polluting solid fuels. 

 Gradual phase-out of less efficient generating equipment. 

3.3.3. Scope of application 

For the purpose of applying the RITE, thermal installations are regarded as fixed 

installations for heating, ventilation and air-conditioning (HVAC) and for producing 

sanitary hot water, aimed at meeting people’s demand for thermal well-being and 

hygiene. 

Moreover, the RITE will apply to thermal installations in newly constructed 

buildings and to thermal installations which are upgraded in existing buildings, but 

only in the refurbished part of the building, and to the maintenance, use and 

inspection of all thermal installations, with the limitations the RITE determines.     

In this respect, the upgrading of a thermal installation is understood to be any 

change that is made to it which involves an amendment to the project or to the 

technical specifications governing its execution and registration.     

Consequently, reforms are considered to be those included in any of the following 

cases: 

 Adding new heating, ventilation and air-conditioning systems or systems for 

producing sanitary hot water or the alteration of existing systems. 

 Replacing a heat or cold generating equipment with one that has different 

characteristics.  

 Increasing the number of heat or cold generating equipments. 

 Changing the type of energy used or adding renewable energies.  

 A change in the expected use of the building.  

 

 Inspections  

The RITE establishes that “thermal installations will be inspected to check 

compliance with the regulations”. There are two different types of inspection:  

 Initial inspections 
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The relevant authority of the Autonomous Community performs these initial 

inspections to check compliance with the RITE when the thermal installations 

have been completed and the documentation required for their start-up has 

been presented.  

The initial inspection of the thermal installations will be made on the basis of 

the well-being and hygiene, energy efficiency and safety conditions 

established in the RITE.   

 Periodic energy efficiency inspections 

In addition, periodic inspection of the thermal installations will be conducted 

throughout their useful life to check fulfilment of the RITE’s energy efficiency 

requirement. Specifically, IT 4 determines the installations that should be 

inspected periodically, and the contents and timing of these inspections. 

In this case, these inspections will be conducted by entities or agents 

qualified or certified by the Autonomous Community’s relevant authority and 

freely selected by the owner of the installation from those qualified to perform 

these functions.  

 Installation and maintenance companies 

Chapter VIII of the RITE refers to different interesting aspects in relation to 

installation and maintenance companies.  

Authorized installation companies assemble and repair thermal installations in the 

scope of the RITE.  To do this, apart from being authorized, they must be entered in 

the register of authorized installation companies, at the relevant authority of the 

Autonomous Community where their head offices are located. 

Authorized maintenance companies perform the maintenance and repair of 

thermal installations in the scope of the RITE. Equally, they must be authorized to 

do this and be entered in the register of authorized maintenance companies, at the 

relevant authority of their Autonomous Community.   

 Certification of requirements for conducting the professional activity 

To obtain authorization to conduct the professional activity of installer or maintainer, 

companies must meet a series of requirements, indicated in the RITE (Article 37), 

before the Autonomous Community; among other more general requirements, the 

company must have at least one worker with a professional licence for thermal 

installations in buildings. 
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 Professional licence for thermal installations in buildings   

What is this? This is a document whereby the Administration recognizes the 

holder’s capacity to carry out the installation and maintenance of thermal 

installations in buildings as an authorized installer or maintainer, and which qualifies 

them to exercise their profession within the scope of the RITE.   

However, this professional licence alone does not entitle the holder to perform this 

activity, which must be conducted from within an installation or maintenance 

company specializing in thermal installations.  

What are the necessary requirements? Among others, to have a theoretical and 

practical knowledge of thermal installations in buildings. The following qualifications 

are acceptable for this purpose: Technician in the Maintenance and Fitting of 

Building Installations and Processes (Higher) or Technician in the Assembly and 

Maintenance of Cooling, Air Conditioning, and Heating Equipment (Intermediate).  

The other alternative is to demonstrate work experience of at least three years at an 

installation or maintenance company as a technician or to have taken and passed a 

theoretical and practical course of basic knowledge and another course on specific 

knowledge of thermal installations in buildings, as specified in Article 42 of the RITE. 

3.3.4. Technical Instructions in the RITE   

As mentioned at the beginning of the lesson, Part II of the RITE consists of technical 

instructions (IT), which contain the characteristics and quantification of the technical 

requirements, in accordance with current technical development. 

It is worth remembering that the quantification of requirements is achieved by 

establishing minimum levels or values, and procedures are expressed in the form of 

verification methods or solutions sanctioned by practice which can be used to 

demonstrate fulfilment of the requirements.  

There are four main groups of instructions in the RITE in relation to: IT 1.Design and 

sizing; IT 2. Assembly; IT 3. Maintenance and use; IT 4. Inspection.   

Instructions are specified in each group, which is in turn divided into different 

sections. Thus, in IT 1. Design and sizing, instructions are given for the Well-being 

and hygiene, Energy efficiency and Safety requirements. In IT 2 Assembly, 

Generalities are given, along with aspects related to Tests, Adjustment and balance 

and Energy efficiency. 

IT 3. Maintenance and use gives instructions related to Maintenance and use of 

heating installations, safety instructions, handling and manoeuvring instructions and 

operation instructions. 
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Lastly, IT 4. Inspection gives Instructions for Periodic energy efficiency inspections 

and for the Timing of energy efficiency inspections.  

 

If you want to know more… 

Technical Guides for Energy Saving and Efficiency in HVAC   

With a view to increasing the energy efficiency of thermal 

installations in buildings, the IDAE (Institute for Energy 

Diversification and Saving) has produced a set of Technical 

Guides aimed at project designers, installers, maintenance 

staff, inspectors and users. They can be found on this link:      

http://www.idae.es/index.php/relcategoria.1030/id.430/relmenu.

347/mod.pags/mem.detalle  
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 Summary  

 The Technical Building Code (CTE) stems from Royal Decree 314/2006, of 

March 17, which also approves it   

 The Technical Building Code (CTE) is the normative framework established in 

Spain governing the basic quality requirements which buildings and their 

installations must meet to satisfy the basic requirements of safety and 

habitability   

 The Technical Building Code is divided into two parts: the first part contains 

general provisions and the conditions buildings must fulfil; the second part 

contains the Basic Documents  

 The Basic Documents guarantee compliance with the basic requirements and 

describe procedures, technical regulations and examples of solutions that make 

it possible to determine whether the building meets the performance levels 

established 

 The CTE is applicable to newly constructed buildings, any extension, 

conversion, upgrading or rehabilitation work, and to certain structures which are 

protected because of their environmental, historic or artistic interest    

 Basic Document HE Energy Saving is divided into the following sections on the 

basic requirements established: Limitation of energy demand, Performance of 

thermal installations, Energy efficiency of lighting installations, Minimum solar 

contribution for sanitary hot water and Minimum photovoltaic contribution for 

electrical energy  

 The Regulations on Thermal Installations in Buildings (RITE) establishes the 

energy efficiency and safety conditions that thermal installations aimed at 

meeting people’s demand for well-being and hygiene should fulfil through 

heating, air-conditioning and sanitary hot water to achieve rational use of energy    

 The RITE is also divided into two parts. The first part describes the general 

provisions and the technical requirements, while the second part contains the 

so-called Technical Instructions. These instructions address four aspects: 

Design and sizing; Assembly; Maintenance and use; and Inspection 
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 Aims 

 To learn the fundamentals of energy efficiency in the construction and building 

industries 

 To recognize the major components and processes energy efficiency must 

address in a building. 

 To identify the regulations on which energy efficiency is based in the building 

industry. 

 To recognize the major areas on which energy efficiency must focus in the 

construction and building industry. 

 To understand the “bioclimatic architecture” concept and its implications 

 To identify the pillars on which bioclimatic architecture is based. 

 To recognize how passive systems work. 

 To know the parameters on which bioclimatic architecture is based. 

 To differentiate between the renewable energy sources that may be applied in 

the building industry, and their applications and advantages. 

 To assess the importance of thermal insulation in new buildings and in existing 

buildings through energy rehabilitation.  

 To know the type of materials used for proper thermal insulation. 

 To understand the use of and correctly interpret the energy label on domestic 

appliances.  

 To find out about efficient, up and running building projects and recognize the 

practical energy efficiency applications and amount of energy saving achieved.  
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 Introduction 

Entitled Learning to build energy-efficiently, this Module 4 will deal with energy 

efficiency applied to the construction and building sectors.  

The more theoretical first lesson will approach aspects relating to the efficient use of 

energy in buildings and will lay stress on bioclimatic architecture or bioclimatic 

design and all the components they comprise. Bioclimatic architecture covers 

everything involved in energy efficiency from the first design phase of the building in 

question and includes such relevant aspects as the nature of the surroundings 

where the building will be located. All the parameters that this type of architecture 

addresses will be examined in order to develop much more efficient, sustainable 

and environmentally friendly constructions until it is possible, on occasions, to 

achieve zero consumption buildings. By this we mean buildings that do not depend 

on the outside for their energy needs but are self-sufficient thanks to their own 

energy producing mechanisms, of which the optimal harvesting of solar energy will 

always be a priority.  

The second, much more practical lesson, will examine a number of real examples 

involving the putting into practice of energy efficiency theories in actual projects or 

constructions, either completed or in the development stage. We will therefore be 

able to compare the actual effectiveness of energy efficiency in projects and designs 

in Spain and in other European countries.  

Once they have completed Module 4, students will have an overview of the energy 

efficiency requirements applied to the building industry and an awareness of all the 

implications of this new method of construction we need to adopt if we are to 

achieve a quality of life and livability that is more sustainable and more in keeping 

with present day needs, without compromising people’s comfort and well-being. 

Energy efficiency in the building industry is a field in constant development and it is 

to be expected that over time, and in the course of research in this field, further 

directives and improvements optimizing energy use in buildings will arise.  
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4.1. Efficient uses of energy in 
construction  

For the majority of the population, buying a home is today the most important 

investment of their lives. Paying for a house is usually planned with a 20 to 40 year 

payback period and involves taking on a major financial burden, significant planning 

and long term provision.  

In general, when buying a home, many different aspects are given priority such as 

age, location, size, comfort, availability of nearby services, etc. However, in many 

cases, the home’s energy consumption related factors are forgotten, although it is 

also true that these are aspects growing in interest, mainly due to the cost of home 

energy maintenance. 

Short-term profit has become a priority in the building sector, on the back of a 

growing demand in house buying in the recent past. A quick sale is what counts, 

while quality assurance and the long term-profitability of the home become 

secondary issues. Making buyers aware and informing them of the home’s energy 

characteristics have long been aspects notable by their absence in the real estate 

market.  

Due to an increasing concern regarding excessive energy consumption, rising 

energy prices, and the emergence of a broad raft of regulations, this situation is 

currently in the throes of a radical change, and in the near future the energy 

characteristics of homes will become a priority both for buyers and for designers and 

builders.  

Residential and service energy consumption in Spain is approximately 40% of the 

total while the energy saving potential in this sector is estimated at between 30 and 

40%. Work on energy efficiency in the building industry is particularly necessary in 

this field. Not only new buildings must be taken into consideration but also and 

most particularly due to the drop in new building construction, the energy 

rehabilitation of existing buildings. 

With respect to energy requirements, a building comprises several components to 

be taken into account as a unit of interconnected elements that should work in a 

coordinated fashion for one and the same purpose: to achieve efficient energy 

consumption. The components to be taken into consideration are: 

 

 The envelope: this is the “skin” of the building and is formed by the facade, the 

roof and the floor of the building. As far as energy consumption is concerned, 

this is the most important component, as we will see later in this module.  
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 The internal structure: This is the “skeleton” of the building, the overall elements 

supporting it and giving it stability.  

 Heating and cooling installations. 

 Lighting installations. 

 Water supply installations with special attention to sanitary hot water (ACS). 

All these elements are to be considered as a complex system that should work 

together to guarantee rational energy use and optimize the environment’s resources 

so minimizing outside dependency on energy. As we will be studying later, the 

environment where the building in question is located must be taken into account in 

order to properly develop each energy-related element.  

Current regulations in force establish three basic pillars on which energy efficiency 

in the building industry is based. These are the following.  

 The Technical Building Code (CTE) 

 Regulations on Thermal Installations in Buildings (RITE) 

 Mandatory Energy Certification for buildings.  

 

Taking all the foregoing into account, the conclusion to be drawn is that energy 

efficiency in the construction and building sectors is based on three basic points:  

 Intelligent design or “bioclimatic architecture” 

 The use of renewable energies 

 The use of innovating materials and equipment  

We will now examine each of these points separately.  
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4.1.1. Bioclimatic architecture 

Bioclimatic architecture is architecture which takes the interaction between the 

building and the environment into account in the design process. The aim is to take 

maximum advantage of external conditions to achieve a building that is as 

sustainable as possible.  

Bioclimatic architecture seeks designs that will minimize energy consumption by 

making use of all resources in the environment without sacrificing comfort and well-

being.  

It is estimated that with a good design, energy consumption can be reduced in a 

building by a minimum of 60%. In certain cases, “zero consumption” buildings may 

be achieved, i.e., 100% self-supplied buildings with no dependency on outside 

energy sources.  

The key to bioclimatic architecture lies in making use of passive systems, i.e., tools 

controlling variables inside the home such as temperature and humidity, through the 

design itself, taking external conditions into account. The building’s envelope, in this 

case, must act as an intelligent filter for temperature and humidity and for achieving 

a bright interior. Passive systems take the following factors into account: 

 Solar radiation. Apart from the amount of radiation, the different 

characteristics of winter and summer radiation must be considered.  

 Proper building insulation.  

 Thermal inertia. This property gives us the amount of heat that a material 

can store and the rate at which it can lose that heat. The greater the thermal 

inertia, the higher the resistance to a rise in temperature.  

 

 

 

To find out more … 

A great deal of information can be found on bioclimatic architecture in Spain and 

other countries. The following links will take you to pages of interest: 

@ www.alicantenergia.es/es/arquitectura-bioclimatica.html 

@ www.abioclimatica.blogspot.com.es/ 

@www.rtve.es/alacarta/videos/el-escarabajo-verde/escarabajo-verde-wwf-abre-

puerta-para-emplear-verde/1343685/ 
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Bioclimatic architecture takes various parameters into account, such as location, 

shape, and the use made of the building in order to achieve optimum conditions of 

energy use. Let us take a look at how each of these parameters should be 

considered: 

4.1.1.1. Location of the building  

Weather conditions of the area where the building will be located are key to a 

proper bioclimatic design. Computer applications and mathematical models are 

used in the design stage to establish the relationship between climate and 

architecture and so obtain a tool to be used in the design of the building. Two main 

types of variables must be considered.  

 Macroclimatic variables. The general climate characteristics of the region 

where the building will be sited. These are variables which determine the  

type of climate of the area, and are as follows: 

o Annual average, maximum and minimum winter and summer 

temperatures. 

o Pluviometry, i.e., rainfall patterns.  

o Humidity. 

o Direct and diffuse incident solar radiation  

o Prevailing wind direction and average speed. 

  

 Microclimatic variables. Particular conditions of the ground on which the 

building is located which change macroclimatic conditions. The most 

important are: 

o The slope of the ground 

o “Barriers” such as land elevations, rock walls, high facades, etc. 

which may affect lighting or winds incident on the building.  

o Nearby bodies of water which alleviate sharp changes in temperature 

and increase humidity.  

o Nearby stands of trees which also act as thermal buffers.  

All these variables have to be taken into account to determine the characteristics of 

a home. The Technical Building Code delimits 12 different climate areas in terms of 

parameters quantifying the severity of the winter and summer climate. 
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4.1.1.2. Orientation of the building.  

Orientation determines the amount of sunlight the building will receive throughout 

the day through its windows. Orientation should take advantage of solar radiation in 

winter and limit it in summer. The sun rises in the east and sets in the west but the 

slope of the rays incident on the earth varies during the different seasons in the 

year. In winter, the sun’s rays are more oblique and the sun moves from east to 

west, now closer to the south face. Meanwhile, in the summer, the sun’s rays are 

more perpendicularly incident. The following are the characteristics of the different 

orientations we can find: 

 North orientation. The sun is never directly incident. Light is homogeneous 

and weak throughout the whole day. This is the coldest orientation.  

 South orientation. During winter, rays are incident for many hours while in 

summer they are not directly incident on the facade but above it, due to the 

inclination.  

 East orientation. The sun’s rays are obliquely incident during the early 

morning (weak rays).  

 West orientation. Radiation is obliquely received but during the late evening, 

when the ambient temperature is now much higher than in the rest of the 

day. Overheating occurs, especially in summer.  

According to the foregoing, the best location for the main facade of a building would 

have a south orientation. Elements with voids, such as large windows, should face 

that direction. This will make the demand for heating less in winter because of the 

high degree of exposure to the sun. Due to the solar inclination, the room will not 

overheat in summer. On the other hand, elements of the building which do not 

require thermal stability, such as storerooms, garages, etc., should be housed facing 

north. These spaces are called “in-between spaces”. They are normally little used 

areas of the building and so do not require conditions of comfort and their energy 

demand is low. They also act as insulation between the inside and the outside.  

 

An actual example … 

In the “LUCIA Building” project of Valladolid University, based on a bioclimatic 

building, we can see the energy savings achieved by the correct orientation of 

this building compared with other reference buildings: www.edificio-

lucia.blogspot.com.es/p/5.html 
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Ideal location of the components of a home in the northern hemisphere 

4.1.1.3. Use of the building 

The use made of a building is also a parameter to be taken into account when using 

bioclimatic architecture. Energy requirements are not the same in a building for 

living in, for example, as in an office or service building. Heating, cooling and hot 

water systems are far more important in homes. Greater attention must be paid to 

the home’s insulation, ventilation and orientation.  

On the other hand, most energy in office and service buildings is consumed by 

ventilation, cooling and lighting. Special attention must therefore be paid to solar 

control and natural lighting. 

The following website contains advice regarding energy saving, energy resources 

and the measures that can be taken with a view to achieving more efficient 

consumption in offices. Among the resources shown there is a comprehensive 

consumption calculator which may prove extremely useful when drawing up an 

office energy saving plan: www.officinaseficientes.es/ 

4.1.1.4. Ventilation 

The ventilation system in any building is a major concern since it renews the air 

inside the building, contributes to its climate control and improves the conditions of 

comfort in its interior. Due to the better insulation of buildings, in bioclimatic 

architecture a good ventilation system is crucial.  
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Problems caused by faulty ventilation include the concentration of pollutants, bad 

odours, humidity and condensation causing the deterioration of materials inside and 

the poor climatization of the building, particularly the excessive loss of heat during 

winter due to infiltrations from outside leading to undesirable energy consumption. 

There are several ventilation systems in existence: 

 Natural ventilation: that which occurs spontaneously from air flow without any 

need for equipment to move the air. Apertures in buildings should be situated 

perpendicular to the prevailing winds to optimize this type of ventilation.  

 Mechanical ventilation: air is renewed by means of appliances equipped to 

this end such as fans, extractor hoods or air pumps. The use of heat 

recovery systems in mechanical ventilation systems is important for 

minimizing heat losses through ventilation.  

 Hybrid ventilation: an air renewal system combining the above two types of 

ventilation; natural and mechanical. 

The Technical Building Code stipulates that buildings must have hybrid or 

mechanical ventilation.  

Bedrooms and living rooms must be provided with admission apertures, i.e., devices 

allowing air to pass to the outside. Bathrooms, toilets and kitchens must have 

extraction apertures, i.e., mechanical devices that extract air from these rooms and 

expel it to the exterior. In addition, the use of mechanical ventilation systems is 

mandatory in kitchens. Ventilation must also take into account noise pollution and 

prevent noise being transmitted through ventilation conduits and mechanisms.  

Cross ventilation is the ideal type of ventilation in bioclimatic architecture. This is a 

natural ventilation system using prevailing winds at different times of the day to 

operate efficient ventilation. Ventilation apertures are positioned in opposite facades 

to allow the greatest possible amount of air to circulate.  

 

 

To find out more … 

In the “Study of natural ventilation in buildings and its effect on the degree of 

comfort of its occupants” an analysis is made of the effect of natural ventilation 

on the prototype of a bioclimatic building, the LOW3, of the Polytechnic University 

of Catalonia. 

This study is available at:  

www.upcommons.upc.edu/pfc/bitstream/2099.1/18512/1/PFM%20Rocio%20Hor

nero%20Perez.pdf),  
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Prototype, LOW3. Source: Living Lab LOW3, UPC. www.low3.upc.edu 

 

  



 

Learning to be energy efficient in the building industry  

  ENERGY EFFICIENCY IN THE CONSTRUCTION SECTOR  

13 

4.1.1.5. Natural lighting 

Adequate lighting is very important, particularly in office buildings. The use of natural 

lighting must therefore be optimized by correctly designing the building: large, 

properly situated windows, use of skylights or similar items, optimum glazing 

characteristics to allow the greatest amount of exterior light through, etc.  

In the same way, the different inclination of the sun according to the time of the year 

is to be worked on in order to take maximum advantage of direct sun rays in winter 

and avoid them in summer.  

There are multiple recourses for taking maximum advantage of natural lighting, from 

simple devices allowing sunlight through to complete reflection systems which take 

advantage of the sun’s rays to illuminate rooms not directly receiving natural light.  

 

 

In 2002, a Brazilian mechanic, Alfredo Moser, created a natural lighting system using just a 

plastic bottle, water and chlorine. Photograph: http://www.ecoosfera.com/ 

In bioclimatic architecture both the materials used for a building’s internal operation 

and renewable energies are taken into consideration. However, for a better 

To find out more … 

The following link provides further information on this subject and shows different 

up and running projects for taking advantage of natural lighting in wide range of 

area types: 

http://www.miliarium.com/ATECOS/Html/Soluciones/Fichas/Principios_de_diseno_biocli

matico_Iluminacion_natural.pdf 
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understanding of the different matters, we have decided to study these two concepts 

separately.  

 

 

Diagram of a “passive house”, based on a bioclimatic design. Diagram: Creative Commons. 
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4.1.2. Use of renewable energies  

Today, the most frequently used technology for electric power distribution in homes 

and offices is still based on an old approach, from a time when fossil fuels were a 

cheap resource and were thought to be inexhaustible. This is why the infrastructure 

for electricity distribution is expensive and its development is slow. Many 

conventional power plants using coal or oil for fuel currently suffer from low 

efficiency, i.e., their productivity is low compared with their consumption. From this 

productivity, already low, we have to subtract the energy consumption involved in 

the extraction, processing and transport of the resource, and the energy consumed 

in the distribution of the electricity. This whole chain of events leads to a major 

imbalance between final energy consumption and raw material consumption. For 

example, a radiator in a home producing 1kWh of heat in a room consumes 6kWh of 

raw fuel material. Another added problem involving even more wasted energy refers 

to the bad use of radiators the end user may make, such as leaving it on with the 

window open or covering it with material.  

The foregoing example is intended to illustrate the number of ways in which energy 

can be wasted, i.e., energy is lost and not used for its ultimate purpose from when 

the raw material is obtained until the end user uses electric power.  

Energy efficiency in buildings necessarily involves a system where energy is used to 

advantage and optimizes energy saving while being totally independent of the fossil 

fuel based energy source. Renewable energies are fundamental in this sense.  

Let us now see how renewable energies may be used in the building industry: 
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4.1.2.1. Solar energy 

This is the most important resource to be taken into account in the building industry. 

As we have seen, the energies most used to advantage in the building industry are 

sunlight and heat from the sun. Using solar energy by means of passive systems 

taking radiation, insulation and thermal inertia into account is a priority in bioclimatic 

architecture design.  

The following are active systems for using solar power to advantage: 

 Thermal solar panels. These are heat capturing devices formed by an 

absorption panel which heats a fluid (normally water). Their purpose is to 

provide hot water as required by the house or the building (heating, sanitary 

hot water, etc.). These devices are usually fitted into a building’s roof with the 

correct orientation so as to capture the greatest amount of solar radiation for 

the longest time possible.  

 Photovoltaic solar panels use solar radiation to generate electric power. In 

this case, batteries for storing the electric power generated must be installed 

to be used when required. Like thermal panels, photovoltaic panels are fitted 

in a building’s roof in the area most exposed to the sun.  

 

  

Solar water heating system (left). Installing photovoltaic solar panels (right). Diagram and 

photograph: Creative Commons 

To find out more: 

Further information on this type of energy can be found in the Centre for Solar 

Energy Studies www.censolar.es/ 
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4.1.2.2. Wind energy 

This involves using wind power to generate electricity through a wind turbine and a 

generator. Although this energy has great potential, its use in housing is complicated 

because of the complexity of the infrastructure required. Small wind turbines may be 

used, which are more useful in isolated areas far from towns. 

 

Domestic wind turbines. Photograph: www.energiadoblecero.com/ 
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4.1.2.3. Geothermal energy  

This is the energy provided by heat inside the earth. The ground’s temperature is 

constant at around 14ºC. In winter, heat is “stolen” from the earth and in summer, 

surplus heat from the building is returned through a system of pipes and a 

geothermal pump. This kind of energy can be used to much better advantage in 

certain areas with thermal upwelling where hot layers inside the earth are more 

accessible.  

Different methods for installing systems for geothermal energy use are available. 

They are normally based on pipe systems running under the floor of a house in 

different arrangements depending on requirements. The following link shows various 

examples: 

http://www.lacasasostenible.com/climatizacion-geotermica.html 

 

 

Geothermal installation in a house. Source: The Sustainable House 

www.lacasasostenible.com 
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4.1.2.4. Biomass  

Based on the most traditional type of use, biomass nowadays involves plant waste 

(pruning, fruit stones and skins, etc.) for fuel with an optimized efficiency due to 

special biomass boilers.  

Computer tools serving to regulate and adapt consumption and optimize energy 

saving are also considered to be active systems. Domotics or home automation 

systems providing precise climate control are also included in these systems. They 

enable different conditions to be maintained in the different rooms of a house and/or 

at different times, depending on the demand at the time.  

All these systems may be used in a combined fashion, giving rise to mixed energy 

use systems.  

 

  

Fuels used in biomass boilers. Pellets (left) made from capsules containing plant waste and 

rice husks (right) 

 

It should be pointed out that mechanisms based on solar, wind and thermal energy 

do not need any fuel that burns and so do not emit CO2 into the atmosphere. In the 

case of biomass, however, CO2 is emitted because a fuel is used. 
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4.1.3. Use of innovative materials and equipment  

4.1.3.1. Insulation  

As we studied in Modules 2 and 3, according to current regulations in force, new 

buildings must have an efficient insulation system that minimizes heat losses.  

Insulation problems today are posed by old buildings, especially those built before 

the 1990s. It is estimated that half the buildings in Spain are not thermally protected 

in an adequate manner. Poor insulation leads to a very considerable energy loss, 

apart from causing buildings to deteriorate. This will eventually lead to alteration 

work being required, involving a much higher cost than that of providing adequate 

insulation in the first place.  

The parts of buildings that require thermal insulation are the envelope (roof, facade 

and floor), the windows, the doors, and plumbing installations that are in contact with 

the outside, to prevent humidity. It is also advisable to insulate partition walls 

separating flats from one another in residential buildings.  

All materials act as insulators to a greater or lesser extent, since they offer 

resistance to the passage of heat. However, this resistance varies depending on the 

type of material in question and its thickness. 

In efficient construction, the use of what are called “thermal insulating materials” 

is mandatory. Such materials provide high resistance to the passage of heat.  

 

Thermal conductivity or heat 

transfer is the property of materials 

indicating their heat conducting 

capability. Insulating materials have 

very low thermal conductivity. The 

table on the right shows some of the 

most commonly used insulators 

together with their average thermal 

conductivity values (λ).  

 

Material 
Heat transfer coefficient 

(λ) 

Expanded polystyrene  0.025-0.045 

Extruded polystyrene 0.033-0.036 

Polyurethane 0.018-0.025 

Rockwool 0.05-0.031 
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Materials used as thermal insulators: 1- Expanded polystyrene. 2. Extruded polystyrene. 3- 

Polyurethane foam. 4. Rockwool 

When finishing off the proper insulation of a building it is vital to take particular care 

with glazing and carpentry. Energy losses through windows are greater than through 

an insulated wall. The most insulating glass possible must be used, together with 

double glazing systems with dual glass panes with an air chamber between them. 

There are different types of glass depending on where it is to be fitted, based on the 

amount of incident solar radiation.  

 

Energy saving using different double glazing systems (left. source: FENERCOM). Sample of 

a double glazed window (right, source: www.terra.org) 

 

1 2 

3 4 
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Carpentry work should incorporate thermal bridge break systems. Thermal bridges 

are areas in the envelope where the insulation thickness is least or where the 

greatest heat conduction occurs. The highest heat losses occur in these bridges. 

They are usually contact areas between different materials (for example, between 

the facade and framework of a window, roller blind boxes, etc.). Carpentry work 

should take this factor into account to prevent energy losses at edges and corners, 

and also to prevent condensation in winter by using thermal bridge break systems. 

  

Thermal bridges, heat loss areas in a building.  

Image: http://aceingenieros.com/ 

 

 

Window frames of different materials, incorporating thermal bridge break systems. Image: 

www.ekoteknia.com/ 
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To find out more …  

We recommend a visit to the following links to find out more about insulation and 

energy rehabilitation  

 PAREER programme: This is an aid programme drawn up by the Ministry of 

Industry, Energy and Tourism for energy rehabilitation in existing buildings 

forming part of the residential stock. Apart from the programme itself, much 

useful information about energy rehabilitation can be found in the website. 

www.idae.es/index.php/id.745/mod.pags/mem.detalle 

 The Institute for Energy Diversification and Saving – IDAE – has numerous 

guides and support documents on energy matters, including a guide on 

insulation in rehabilitation works that can be obtained at the following link:  

www.idae.es/index.php/mod.pags/mem.detalle/relcategoria.1030/id.226/relmenu.53 

www.idae.es/uploads/documentos/documentos_10501_Guia_practica_rehabilitacion_

edificios_aislamiento_5266ec2a.pdf 

 In 2012 the Gas Natural Fenosa Foundation published a guide entitled 

“Energy Efficiency in Building Rehabilitation”, which is a comprehensive study 

of the possible measures to be taken in rehabilitation works with a view to 

improving energy efficiency in buildings, based on a study of different 

variables in four very different climate areas in Spain. This guide is available at 

the following link: 

www.magrama.gob.es/es/cambio-

climatico/temas/EficienciaEnergeticaRehabilitacion_FGN_tcm7-293380.pdf 

 

Practical energy guide for building rehabilitation (interior) 
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4.1.3.2. Efficient lighting and domestic appliances  

Approximately 35% of all energy consumed in a home is accounted for by lighting 

and the use of domestic appliances. In general, the proportional spend on lighting is 

higher in office buildings and, of course, domestic appliance consumption is far less.  

Following an analysis of the different needs depending on the room to be lit, high 

performance, low consumption lights should always be chosen. Conventional 

incandescent bulbs started to be gradually withdrawn from the market in 2009 

because of their energy inefficiency.  

Energy saving achieved by reducing the consumption of electrical appliances and 

other electric apparatus may play a decisive role in a building’s energy efficiency.  

The concern for less consumption and greater energy efficiency gave rise to electric 

appliance energy labelling. In Spain, this is regulated by a number of Royal 

Decrees transposed from of European Directives.  

Of these, perhaps the most important is Royal Decree 1390/2011, regulating the 

indication of consumption of energy and other resources by energy-related products, 

by means of labelling and standardized information. As for European legislation, 

mention should be made of Directive 2010/30/EU, also regulating the indication of 

consumption of energy and other resources by energy-related products, by means 

of labelling and standardized information.  

The above mentioned Royal Decree regulates the information intended for the end 

user provided by labelling and standardized energy consumption information on the 

product. It applies to energy related products the use of which has a significant 

direct or indirect effect on energy consumption.  

Mandatory information must appear in a FICHE and on the aforementioned 

LABEL. This information will refer to electric energy consumption, the consumption 

of other forms of energy and, when appropriate, essential resources.  

The drawing below shows an example of these labels, which were modified in 2011. 

They show the Energy class (from A+++ to D, from most to least efficient) and the 

Annual energy consumption, among other mandatory details.  

Using electric appliances and other apparatus in the most efficient classes (A+++, 

A++, A+) may mean a notable saving in energy consumption which, naturally, 

involves a considerable financial saving. 
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Energy label of a class A+++ domestic appliance. Source: Adapted from IDAE 
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4.2. Efficient buildings. Actual projects 
developed  

Construction projects have currently been developed where energy eficiency has 

been taken to maximum, minimum and, in some cases, nil consumption i.e., “zero 

consumption” buildings which are completely self-sufficient with no dependency on 

outside sources.  

In this lesson, we will be looking at some examples of energy efficiency in the 

building industry in projects either developed or under current development.  

4.2.1. PSE-ARFRISOL 

The “Singular Strategic Project on Bioclimatic Architecture and Solar Cooling” has 

been developed by the Research Centre for Energy, Environment & Technology 

(CIEMAT) where bioclimatic architecture is used in five public office buildings in four 

locations with very different climate characteristics: Almería, Madrid, Soria and 

Asturias. The aim is for each building to use between just 10% and 20% of 

conventional energy.  

Many collaborators took part in their development and an exhaustive study was 

carried out on the climate conditions of each area and the characteristics of each 

building, based on the premises of bioclimatic architecture.  

The PSE-ARFRISOL project is based on three aspects of research, development 

and innovation:  

 The use of passive strategies in designing buildings. 

 The use of solar energy as the main energy source. 

 The use of biomass as a backup energy system. 

This project also addresses citizens’ awareness of energy saving. As a public target, 

it involves not only users of the buldings targeted by the project but also the rest of 

the end users and professional people involved in the building sector. The five 

buildings are currently in use and the goals of the project have been satisfactorly 

achieved.  

 

 

Find out about the project: 

All details on the PSE-ARFRISOL project can be found on its website: 

www.arfrisol.es.  
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Digital model of the C-DdI SP2-CIESOL-Almería building in the PSE-ARFRISOL project. 

Source: PSE-ARFRISOL 

 

 

Photograph of the C-DdI SP5-F Barredo buiding in Asturias. Source: PSE-ARFRISOL 
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4.2.2. Living Lab LOW3 

Living Lab LOW3 is an educational and research and innovation tool on bioclimatic 

architecture, energy efficiency and renewable energies. It is based on the analysis 

of prototypes and among its aims is the promotion and development of more 

sustainable and environmentally friendly lifestyle and consumption habits. It is run 

by the Catalonia Polytechnic University.  

 

 

Conceptual map of the Living Lab LOW3 project. Source: Living Lab LOW3 

 

Its prototype, called LOW3, is a zero consumption building, i.e., it does not depend 

on energy from outside. Its design is based on passive systems, optimizing solar 

radiation as its main energy source. The double envelope is the prototype’s main 

component and works like a greenhouse effect layer to reduce energy consumption. 

It uses natural ventilation and solar collectors and photovoltaic panels to supply the 

inside with electricity and sanitary hot water.  

  

Find out about the Project … 

All details of the Living Lab LOW3 project can be found on its website: 

www.low3.upc.edu/ 
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4.2.3. Solar Decathlon Europe (SDE) 

Solar Decathlon Europe is a biannual university competition in which the 

participating teams build and test the working of efficient, sustainable constructions 

based mainly on bioclimatic architecture. The aim is to build houses which consume 

the least amount of resources possible, mainly using solar energy as the driving 

element of such constructions. The final stage of the competition involves building 

these houses and an assessment made from tests these constructions have to 

pass. They are given a mark for each of such tests. The tests examine the 

architecture, engineering and construction, energy efficiency, the electrical energy 

balance, conditions of well-being, viability on the market, innovation and 

sustainability. The Project awarded the highest overall score is the winner.  

SDE took place in Madrid in 2012 in what is called the Solar Villa, an area prepared 

for the competition. A total of 20 teams from 13 countries constructed their projects 

which the general public could visit. Thus the SDE Project played an important role 

in raising people’s environmental awareness.  

SDE competitors work in teams, normally backed by Universities working constantly 

on research and development projects related to energy efficiency and construction. 

The competition is also a tool for sharing and exchanging innovative ideas and new 

technologies, either applied or under study, as well as drawbacks and possible 

improvements to techniques and technologies already being used.  

  

Find out about the project … 

All details of this interesting project can be found on its website 

www.sdeurope.org/ 

 

Proyectos Villa Solar, 2012, in Madrid. Source: Citywinks http://citywinks.es/ 
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The 2012 SDE winner was the CANOPEA® project of the French “Team Rhône-

Alpes” from the Universities of Grenoble, Lyon and Savoy. This team designed a 

prototype sustainable home which was an extract from a moduar building project. 

This project also took into consideration the specific location of these buildings, the 

Rhône-Alpes region. Urban growth here is limited by the physiognomy of the land 

(lakes, rivers and mountains) and so the team proposed a modular construction of 

single family homes with green areas, but with vertical growth.  

 

 

 

 

Scale model of the CANOPEA-NANOTOWERS project. Source: 

http://www.solardecathlon.fr/ 

 

 

 

 

  

Find out about the project … 

Visit the following website for further details on the CANOPEA-NANOTOWERS 

project:  

www.solardecathlon.fr/?page_id=353&lang=es 
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4.2.4. CENER building 

The National Renewable Energies Centre (CENER), working alongside CIEMAT, 

designed what is known as the “CENER Building” in Pamplona. This is a sustainable 

construction which has minimized its energy demand by using a bioclimatic design 

and a thermal solar energy and natural gas system in which thermal solar energy 

meets over 5% of the energy demand.  

The building has 250 m2 of roof mounted thermal solar collectors providing most of 

the energy required for heating and sanitary hot water. Heating in winter and cooling 

in summer are provided by an underfloor system. Finally, it also has 150 m2 of 

facade mounted photovoltaic panels providing a total peak power of 15 kW.  

 

 

Image showing how the CENER building works. Source: CENER 

Find out about the project … 

The following link provides information on the characteristics of the CENER 

Building: www.cener.com/documentacion/EdificioCENER_es.pdf. CENER’s 

website provides further information about this centre’s research work into 

renewable energies: www.cener.com 
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 Summary 

 Historically, attention to energy consumption has never been a priority in house 

buying.  

 Energy consumption in Spain, combined with the residential sector is 40% of 

the total and potential energy saving in this sector is estimated at between 30% 

and 40%.  

 Work on energy efficiency should be addressed from two standpoints: new 

buildings and the energy rehabilitation of existing buildings.  

 The major components of a building where energy efficiency is centred are: the 

envelope, the internal structure, climate control, lighting and sanitary hot 

water installations. 

 The three basic pillars on which energy efficiency is based in the building 

industry are: the Technical Building Code (CTE), Regulations on Thermal 

Installations in Buildings (RITE), and mandatory Energy Certification.  

 Energy efficiency in the building sector is based on three basic points: 

bioclimatic architecture (intelligent design), renewable energies, and the use 

of innovative materials and equipment. 

 Bioclimatic architecture is a type of architecture which takes into account a 

building’s interaction with its surroundings to take maximum advantage of 

external conditions so as to design the most efficient building. 

 Bioclimatic architecture is based on passive systems, which are tools for 

controlling variables such as temperature and humidity through the proper 

design of a building. 

 Bioclimatic architecture takes into account the orientation, location, shape and 

use made of a building. 

 The best orientation for the most important apertures in a facade is south 

facing.  

 According to the Technical Building Code, buildings must have hybrid or 

mechanical ventilation systems. 
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 Natural lighting must be optimized.  

 Solar energy is the most important energy source used in bioclimatic 

architecture. It is harvested through passive systems and, as a renewable 

energy, through thermal and photovoltaic panels.  

 Geothermal energy originates from the earth’s internal heat. It is renewable and 
used for residential heating and for heating water. 

 Biomass is based on the use of plant waste as fuel in biomass boilers.  

 Insulation is a fundamental part of energy efficiency. New buildings must be 

properly insulated. It is estimated that half the buildings in Spain are not properly 

insulated.  

 The use of thermal insulating materials is mandatory in efficient construction. 

Such materials provide high resistance to the passage of heat. 

 The energy label is a mandatory element in domestic appliances and includes 

information on energy consumption and other information of interest.  

 Projects and buildings no exist in which energy efficiency is a reality and a 

priority. Reductions in energy consumption from 60% down to “zero 

consumption" buildings have been achieved. The latter are totally independent 

for their energy needs.  
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 Aims  

 To understand the legal requirements established by current legislation with 

regard to masonry and insulation.  

 To learn the most important aspects of the Technical Building Code (CTE) in 

the field of thermal building envelopes.  

 To be able to apply these requirements referring to new buildings and to 

extension, modification, upgrade or rehabilitation works, based on the scope of 

application specified in the CTE.  

 To apply correctly the Basic Requirements set out in the CTE, establishing the 

qualitative “performance” that buildings must deliver in order to achieve the 

quality that society demands.  

 To be up to speed on the content of the various Basic Documents of the CTE, 

in which the Basic Requirements are detailed and explained.  

 To know the limitations included in the Basic Document HE Energy Saving of 

the CTE with implications for the building sector, to be taken into account by 

workers in the field of masonry and insulation  

 To know in which particular cases these requirements will have to be applied 

and, conversely, in which cases they will not be deemed necessary.  
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 Introduction  

Once we have obtained an overview of current regulations concerning energy 

efficiency (Module 2), and have assessed the most important demands of those 

regulations (Module 3), we then need to study in greater depth the legal 

requirements currently affecting each of the building sectors.  

In this respect, we should note that, for practical purposes, professional profiles in 

the building industry are broken down into five major groups or “sectors”:  

 Envelope of the building (masonry and insulation) 

 Construction related (carpentry, paintwork and others) 

 Electricity 

 Thermal installations  

 HVAC (Heating, Ventilation and Air Conditioning) and sanitary hot water 

(ACS)  

This Manual deals with the most interesting aspects relating to the envelope of the 

building and therefore, to the professional sectors of masonry and insulation. More 

specifically, the Manual includes two Modules, 5 and 6, on:  

 Module 5. Legal requirements of energy efficiency in the masonry and 

insulation sector.  

 Module 6. Energy efficiency measures in the envelope of the building 

(masonry and insulation sector).  

This Module, which deals separately with the legal requirements established for the 

masonry and insulation sector, pays special attention to the correct insulation of the 

thermal envelope of a building, which is where the intervention of the professionals 

of this sector of the construction and building industry can make their greatest 

contribution to energy efficiency, both in buildings of new construction and existing 

buildings.  

The legal requirements of nearly all aspects related to buildings and construction, 

including those of energy efficiency and savings, were established in the Technical 

Building Code (CTE).  
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As we saw in Modules 2 and 3, this set of rules, approved in 2006, established the 

regulatory framework of basic quality requirements for buildings and their 

installations.  

There are many requirements and demands on energy efficiency in the field of 

construction that specifically impact on the masonry sector, due to its importance 

to overall energy consumption.  

With regard to this last point, it is important to note that approximately half the 

energy consumption of a building is attributable to its thermal envelope; in other 

words, the “skin” of the building. For this reason, adequate thermal protection of this 

envelope is crucial to the achievement of a building’s overall energy efficiency.  

Thus, in this Module we analyse current legal requirements, paying special attention 

to the new developments incorporated into regulations, with particular reference to 

building insulation and improving the thermal envelope.  

Knowledge of the different requirements of the relevant regulations will also provide 

an excellent baseline from which professionals will be able to implement the most 

appropriate and necessary energy efficiency measures in each case.  

The various energy efficiency and saving measures available to the masonry sector 

related to the correct thermal insulation of the envelope are studied in detail in 

Module 6. 
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5.1. Energy efficiency in the professional 
masonry and insulation sector 

At both a domestic level and throughout Europe, the building sector is a major 

consumer of energy, as we have already seen in the previous Modules of this 

course.  

Therefore the control of construction-related energy consumption and the greater 

use of energy from renewable sources, together with energy saving and improved 

energy efficiency, constitute an important part of the measures required to meet the 

objectives and commitments regarding energy and climate change at a national and 

European Community level.  

In response to this situation, as we saw in detail in Module 2 on regulations, Royal 

Decree 314/2006 approved the Technical Building Code (CTE), which was to be 

the regulatory framework of the basic quality requirements for buildings and their 

installations, among which are energy saving requirements.  

This Royal Decree also transposed the energy efficiency requirements for 

buildings embodied in Directive 2002/91/EC of the European Parliament and of the 

Council, which establishes the obligation to review these requirements periodically 

and update them, so as to adapt them to the latest technical advances in the 

construction sector.  

Later, Directive 2010/31/EU on the energy performance of buildings, amended the 

aforementioned Directive 2002/91/EC, which made it necessary once again to 

transpose the changes to the previous directive into Spanish legislation. This new 

Directive makes it mandatory to set a number of minimum energy efficiency 

requirements for buildings or parts thereof so as to achieve optimum levels of 

performance.  

Among the aforementioned requirements and demands referring to energy 

efficiency in the field of construction, there are several that refer directly or indirectly 

to the masonry sector, due its importance to overall energy consumption.  

Thus, there are various requirements to be considered in their corresponding 

regulations, all of which will be studied and assessed in this Module.  
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5.1.1. The masonry and insulation sector in the field of 
construction  

Among the professional profiles in the field of construction related to energy 

consumption, special attention has been paid in the preparation of this Manual to the 

masonry and insulation sector.  

So in this block we will be taking an in-depth look at the characteristics of a 

building’s thermal envelope.  

It is estimated that 50% of the energy consumption of a building is due to heat 

losses through its envelope or, in other words, the skin of the building. This 

envelope is made up of the building’s roof, facade and closures. The incorrect 

insulation of these elements will lead to very significant energy losses. So much so 

that it is estimated that with proper insulation of its envelope, a building can 

consume in the region of 60% less energy.  

For this reason it is vital to put in place all possible energy efficiency and saving 

measures related to masonry and insulation, within the bounds of technical and 

economic viability, with a view to reducing the energy cost of buildings or homes.  

To be up to speed with and have a good knowledge of the various requirements 

established by the relevant regulations is considered to be the baseline from 

which professionals will be able to implement the various energy efficiency 

measures to be developed in detail in Module 6.   
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 Professional profiles related to masonry and insulation  

Within the professional sector associated with masonry and insulation there are 

many profiles that, in one way or another, conduct their professional activity in the 

field of building and construction.  

Among the most common professional profiles, to which the requirements set out 

in this Module refer directly or indirectly, are the following:  

 

However, the masonry and insulation related requirements to be taken into account 

in the building sector will also be of interest to other professionals, such as 

architects, engineers, quantity surveyors and technical architects and, in general, 

construction services companies.  

   

 Basic professional training certificate holder in refurbishment and 

maintenance of buildings 

 Masonry technician 

 Construction technician 

 Interior decoration and rehabilitation technician 

 Higher technician in building projects 

 Higher technician in civil works projects 
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5.1.2. Towards a more efficient model  

Nowadays nearly all of us are familiar with the idea of energy efficiency; in other 

words, the appropriate management and saving of energy in the various fields of 

activity.  

This concept, which we have already touched upon in Module 1 of the Manual, 

stems from the increasingly more apparent depletion of non-renewable energy 

sources, from the growing need to make economic savings, and from the ever 

increasing concern for the environment 

Every day we consume energy as we go about our regular activities. In spite of this 

we rarely stop to think about how we can manage and reduce our consumption of 

this vital resource.  

However, it falls to each of us to make efficient use of energy. As we all know, 

energy can be saved in all our daily activities, while there has been an ever 

increasing number of technological advances in this direction, the results of which 

we have been seeing for many years.  

It is precisely the field of construction, particularly of buildings and homes, which 

is responsible for the greatest energy consumption. It is therefore essential to 

achieve greater energy efficiency at this point in time.  

The design and the correct construction of the building, in which the masonry sector 

plays the most significant role, is the most important factor when it comes to 

optimizing the building’s energy efficiency. As we pointed out earlier, a building’s 

thermal envelope is responsible for most of the energy consumption, so the correct 

thermal insulation of the envelope is crucial to reducing consumption.  

Also, after the design, the construction of the envelope is the first step to consider in 

the building process and, consequently, the first point at which energy efficiency 

measures are applied. It is important to bear in mind that, since the measures 

applied in this phase impact on the very essence of the building, their effect will 

endure over time, making them all the more important.  

In this respect, it is true to say that today we have the technology necessary to 

achieve considerable energy saving. Consequently, this greater efficiency would 

also mean a reduction of CO2 emissions, which would be beneficial to both the 

environment and our health. And there is also the economic saving achieved by the 

implementation of these new technologies and the use of the right materials to be 

considered.  
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5.2. Current regulatory requirements  

Given the importance of this sector to overall consumption, the reduction of energy 

consumption in the field of building has been one of the priority objectives of 

regulatory efforts in the European Union as a whole and, consequently, in Spain 

also.  

As a result, the European Union, and subsequently the governments of its member 

states, have drafted a number of Directives, Laws, Regulations and Standards 

aimed at controlling the excessive consumption of our dwindling resources, and 

assessing and promoting the use of alternative energy sources and, in particular, 

renewable energy sources.  

Thus, in recent years various regulations related to the promotion of energy 

efficiency in building have been created with a view to meeting today’s 

environmental commitments.  

As we have already stated in other Modules, the European Union has played a vital 

role in this process, by framing and regulating the necessary measures to promote 

energy efficiency within Europe.  

European Directive 2002/91/EC, on the energy performance of buildings, was the 

most important set of standards in the field of building with regard to energy 

consumption and efficiency. Years later this Directive would be replaced by another 

Directive 2010/31/EU, on the energy performance of buildings, which introduced a 

number of modifications and new energy efficiency targets for the construction and 

building sectors.  

Thus, a series of standards and requirements to be considered in the fields of 

building and energy efficiency began to take shape and be implemented in Spain. 

The following regulations were among the most important: the Royal Decree on the 

Technical Building Code (CTE), the Royal Decree on Energy Certification for new 

buildings (CEE) and the Royal Decree on Regulations on Thermal Installations in 

Buildings (RITE).  

Of special importance is the Technical Building Code, which was approved by 

Royal Decree 314/2006, of March 17, approving the Technical Building Code (CTE).  
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Within the CTE, the content and requirements of one Basic Document in particular, 

DB HE Energy Saving, are of particular importance with regard to energy 

efficiency. The purpose of this Basic Document is to establish rules and procedures 

to address the basic requirement of energy saving, as we will see later on.  

5.2.1. Requirements of the Technical Building Code  

 

The CTE establishes a series of basic requirements covering a number of areas, 

specifically: 

 Structural safety 

 Safety in the event of fire 

 Safety in use and accessibility 

 Hygiene, health and preservation of the environment 

 Protection against noise 

 Energy saving and thermal insulation.  

As is to be expected given the content and objectives of this Manual, the 

implications of the basic requirements for the field of energy saving and thermal 

insulation, as set out in the CTE’s Basic Document of Energy Saving, are of 

particular interest to us.  

  

The CTE contains a number of basic quality requirements that buildings and 

their installations must meet in order to satisfy the basic requirements of safety 

and habitability. To ensure that these requirements are met, the CTE contains a 

number of what are known as Basic Documents (DB), which detail the 

procedures to follow, the technical rules, and examples of solutions.  

 

The Technical Building Code  

The Technical Building Code (CTE) is the regulatory framework established in 

Spain governing the basic quality requirements that buildings and their 

installations must meet in order to satisfy basic requirements of safety and 

habitability.  
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It should be remembered that in Module 3 of this Manual, entitled “Conditions and 

requirements for energy saving in buildings”, we have already dealt with the most 

interesting contents and aspects of the CTE. Therefore, in this Lesson we will be 

focusing on those requirements that affect the sector most closely linked to masonry 

and insulation.  

That said, it would be a good idea at this time to review some key points of the CTE, 

by way of an introduction. In terms of scope of application, the provisions of the 

CTE cover all newly constructed buildings and those being in expanded, modified, 

upgraded or rehabilitated.  

On the basis of the contents of the CTE, a number of Basic Requirements are 

established, which represent the performance of a qualitative nature that buildings 

should achieve to deliver the quality that society demands.  

To enable us to meet these requirements, the CTE has prepared a series of Basic 

Documents. Thus, Basic Document “DB-HE Energy Saving” specifies the objective 

parameters and procedures to be adopted in order to ensure that the basic 

requirements are met and that the minimum levels of quality required by energy 

saving standards are achieved.  

On the subject of energy saving the CTE sets out five Basic requirements, which are 

listed below:  

 Basic Requirement HE 1. Limitation of energy demand  

 Basic Requirement HE 2. Performance of thermal installations  

 Basic Requirement HE 3. Energy efficiency of lighting installations  

 Basic Requirement HE 4. Minimum solar contribution for sanitary hot water  

 Basic Requirement HE 5. Minimum photovoltaic contribution for electrical energy  

As we will see in the following section of this Lesson, the requirements to be met 

are set out in detail in the Basic Document of Energy Saving.  

 

  

If you want to know more… 

The website http://www.codigotecnico.org/ provides detailed information about 

points of interest of the Technical Building Code and includes links from which to 

download the various parts and chapters of the CTE.  
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5.2.2. Basic Document HE Energy Saving 

The Basic Document HE Energy Saving of the Technical Building Code is broken 

down into a number of sections, each dealing with the Basic Requirements related 

to energy saving.  

More specifically, the sections are: Section HE1. Limitation of energy demand; 

Section HE2. Performance of thermal installations; Section HE3. Energy efficiency 

of lighting installations; Section HE4. Minimum solar contribution for sanitary hot 

water; and Section HE5. Minimum photovoltaic contribution for electrical energy.  

Each of these sections is, in turn, divided into a number of subsections. While these 

subsections vary from one section to another, in general the table of contents for 

each section tends to be as follows:  

 Scope of application 

 Characterization and quantification of the requirement  

 Verification and evidence that the requirement has been met  

 Data and procedures used for calculations 

 Maintenance and conservation  

With regard to the masonry and insulation sector, the provisions of Section HE 1. 

Limitation of energy demand, is particularly relevant to this lesson. 

The section specifies a number of minimum energy efficiency requirements to be 

met in the building process.  

 

  

To be up to speed… 

The entire contents of this Basic Document are to be found, together with the 

latest amendments made, in Order FOM/1635/2013, of September 10, modifying 

Basic Document DB-HE “Energy Saving”, of the Technical Building Code, 

approved by Royal Decree 314/2006, of March 17. This can be accessed by 

clicking on this link.  
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5.2.3. Section HE1. Limitation of energy demand 

Section HE 1, of the Basic Document HE Energy Saving, refers to the limitation of 

energy demand in buildings in the following extract:  

“Buildings must have an envelope whose characteristics adequately limit the energy 

demand necessary to achieve thermal wellbeing depending on the local climate, the 

use of the building, and the summer and winter regime, and due to its characteristics 

of insulation and inertia, air permeability, and exposure to solar radiation, thereby 

reducing the risk of the appearance of damp from superficial and interstitial 

condensation which may prejudicially affect its characteristics, while treating thermal 

bridges appropriately, in order to limit heat losses or gains and prevent hygrothermal 

problems arising.” 

However it is first necessary for us to know in which cases the specified measures 

should be applied and implemented and, conversely, in which cases they are not 

mandatory.  

When will these requirements be applied?  

a) In buildings of new construction  

b) In interventions in existing buildings: 

o Extension: interventions in which the floor area or built volume is 

increased. 

o Upgrade: any work on an existing building other than that performed 

solely for the maintenance of the building. 

o Change of use. 

In which cases are they not applicable?  

Excluded from the scope of application are:  

a) Protected historic buildings, when so determined by the relevant historical-

artistic protection authority. 

b) Provisional constructions with a planned period of utilization of two years or 

less. 

c) Industrial, defence and agricultural buildings or parts of same, in the part 

dedicated to workshops and industrial, defence, and non-residential 

agricultural processes, 

d) Independent buildings with a usable floor area of less than 50 m2.  
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e) Buildings or parts thereof which, due to the nature of their use, are 

permanently open.  

f) Change of normal use of the building when this does not involve a change 

in its usage profile.  

 

Minimum requirements of energy efficiency in masonry and insulation  

Section HE 1 establishes the following basic requirements:  

1. The limitation of energy demand of the buildings. This requirement must take 

into account the climate zone of the locality in which the building is sited and 

the use that is planned to be made of it.  

2. In residential buildings, the thermal envelope should prevent imbalances in 

the thermal quality of the different habitable spaces. Heat transfer between 

units of different usage and between these units and the common areas of 

the building should also be limited. 

3. Also to be limited are condensation and risks due to processes that cause a 

significant loss in the thermal performance or useful life of the elements 

making up the thermal envelope. 

Therefore, a number of limitations are established, depending on the type and use 

of the building. The following table provides a summary of the building types that 

must meet each of the requirements set forth in DB HE1 of the Technical Building 

Code, depending on the type of building in question:  

Requirement 

New buildings or extensions 
Interventions in 

existing buildings 

Private 
residential use 

Other uses 
Private 

residential 
use 

Other 
uses 

Limitation of energy 
demand 

Yes Yes Yes Yes 

Limitation of imbalances Yes No Yes No 

Limitation of 
condensation 

Yes Yes Yes Yes 

Table 1. Requirements depending on the type of building. Source: CTE.  
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Limitation of energy demand 

For the limitation of energy demand, two aspects are addressed: heating energy 

demand and cooling energy demand. The calculations for the reduction of energy 

demand vary according to the type and usage of the building. In the case of new 

buildings or extensions, a number of limit values are set that may not be exceeded. 

These limit values depend on the climate zone of the locality in which the building in 

question is sited. For buildings intended for other uses, the reduction of the demand 

is set in accordance with the corresponding reference building.  

In buildings of new construction and extensions 

- Buildings of private residential use: 

Heating energy demand. A limit value “D cal lim” is established, calculated in the 

following manner: 

 

Where:  

D cal, lim: limit value of the heating energy demand expressed in kWh/year 

D cal, base: base value of the heating energy demand for each winter climate zone 

(see table 2) 

F cal, sup: floor area correction factor for heating energy demand (see table 2) 

S: useful floor area of the building’s habitable spaces, in m2. 

 

 Winter climate zone 

α A B C D E 

D cal, base 15 15 15 20 27 40 

F cal, sup 0 0 0 1000 2000 3000 

Table 2. Base value and floor area correction factor for heating energy demand. Source: 

CTE 

Cooling energy demand. A reference limit value “D ref lim” is established, which 

must meet the following conditions, based on the summer climate zone: 
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Summer climate zone 1 2 3 4 

D ref lim (kWh/m2 year) 15 15 15 20 

Table 3. Limit values of cooling energy demand. Source: 

CTE 

- Buildings of other uses:  

A percentage saving is established for the joint heating and cooling energy 

demand in respect of the reference building. This percentage must be equal to or 

greater than the figure shown in the following table:  

Summer climate zone 

Load from internal sources 

Low Medium High Very high 

1, 2  25% 25% 25% 10% 

3, 4  25% 20% 15% 0% 

Table 4. Minimum percentage of saving of joint energy demand in respect of the reference 

building. Source: CTE.  

 

For interventions in existing buildings: 

In respect of the limitation of energy demand for interventions in existing buildings, 

the CTE establishes the following: 

When the intervention results in modifications to the internal or external conditions of 

an element of the thermal envelope, causing an increase to the building’s energy 

demand, the characteristics of this element must meet the provisions of this Basic 

Document (DB HE 1 Energy Saving).  

In refurbishment works in which over 25% of the total surface area of the building’s 

thermal envelope is renewed, and in works aimed at changing the characteristic use 

of the building, the building’s combined energy demand may not exceed that of the 

reference building.  
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In refurbishment works not considered in the aforementioned case, the elements of 

the thermal envelope to be replaced, added or substantially modified must meet the 

limitations established in table 2.3. When work is done on several elements of the 

thermal envelope simultaneously, the thermal transmittance values of this table may 

be exceeded if the combined energy demand is equal to or less than the value 

obtained by applying the values of the table to each element affected.  

Limitation of imbalances 

The limitation of imbalances is a requirement for buildings of private residential 

use. This requirement obliges buildings to have a thermal envelope that prevents 

imbalances in thermal quality in the various habitable spaces. The transfer of heat 

between different units with the same use and between these units and the common 

areas of the building should also be avoided. To do this, a calculation is made of the 

air permeability of openings, and the thermal transmittance of openings and non-

transparent areas of walls, roofs and floors of the thermal envelope, excluding 

thermal bridges. The following limit values are established: 

Parameter 

Winter climate zone 

α A B C D E 

Thermal transmittance of walls and elements in 

contact with the ground 
1
  [W/m²·K] 

1.35 1.25 1.00 0.75 0.60 0.55 

Thermal transmittance of roofs and floors in contact 

with the air [W/m²·K] 
1.20 0.80 0.65 0.50 0.40 0.35 

Thermal transmittance of openings 
2
 (2) [W/m²·K] 5.70 5.70 4.20 3.10 2.70 2.50 

Air permeability of openings 
3
 [m3/h·m2] ≤ 50 ≤ 50 ≤ 50 ≤ 27 ≤ 27 ≤ 27 

Table 5. Maximum thermal transmittance and air permeability of the elements of the thermal 

envelope. Source: CTE 

Constructions designed to reduce energy demand, such as terraced housing, 

Trombe walls, greenhouses or similar, may exceed the above mentioned limits.  

For party wall facades and interior partitions other limit values of thermal 

transmittance (U) are established, which are shown in the following table: 

 

                                                
 
1
 For elements in contact with the ground, the indicated value is only required for the first metre of 

buried wall, or the first metre of the perimeter of floor bearing on the ground to a depth of 0.50m. 
2
 The combined performance of glass and frame is considered. This includes glass walls and skylights. 

3
 The permeability of the carpentry indicated is the measurement with an overpressure of 100Pa. 
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Parameter 

Winter climate zone 

α A B C D E 

U limit in interior partitions (horizontal and vertical) 

delimiting units of different usage, common areas 

and party walls. [W/m
2
·K] 

1.35 1.25 1.10 0.95 0.85 0.70 

U limit in horizontal interior partitions delimiting 

units with the same usage. [W/m
2
·K] 

1.90 1.80 1.55 1.35 1.20 1.00 

U limit in vertical interior partitions delimiting units 

with the same usage. [W/m
2
·K] 

1.40 1.40 1.20 1.20 1.20 1.00 

Table 6. Maximum thermal transmittance in interior partitions. Source: CTE. 

 

Limitation of condensation 

The limitation of condensation is a requirement applicable to both new buildings 

and existing ones, aimed at preventing interstitial condensation in the thermal 

envelope. It must be ensured that this condensation does not cause a significant 

loss of thermal performance and that there is no risk of degradation or loss of useful 

life of the envelope. As a limit value it is established that the maximum condensation 

accumulated in each period of the year may not exceed the amount of evaporation 

possible for the same period.  

  

To consult… 

It is important to consult the legal text of Section HE 1, in Basic Document HE 

Energy Saving, of the Technical Building Code, between pages 13 and 20. This 

document can be found via the following link: 

http://www.codigotecnico.org/cte/export/sites/default/web/galerias/archivos/documentosC

TE/DB_HE/DBHE-2013-11-08.pdf 
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 Summary  

 This Module, on the legal requirements governing the masonry and insulation 

sector, looks at the legal requirements affecting the thermal envelope of a 

building 

 The Technical Building Code (CTE) regulates nearly all aspects related to 

buildings and construction, including energy efficiency and saving.  

 The energy consumption of a building through its thermal envelope accounts 

for around 50% of all the energy consumed. By properly insulating the envelope 

we can save over 60% of the energy. 

 The proper insulation of thermal installations is necessary to improve energy 

saving, prevent condensation and deterioration, reduce nuisance due to noise, 

and improve the working of systems. 

 Within the CTE, the contents and requirements of the Basic Document called 

DB HE Energy Saving are of particular importance to the field of energy 

efficiency 

 For the masonry and insulation sector, the provisions of Section HE 1 are 

particularly interesting. They refer to the characteristics of the thermal envelope, 

focusing on three aspects: the limitation of energy demand in buildings, 

imbalances in the thermal quality of spaces, and condensation. 

 The heating energy demand and cooling may not exceed the limit values, 

which vary according the climate zone and the type and usage of the building. 

 The limitation of the imbalances is a requirement applicable to buildings of 

residential use. This limitation is established on the basis of the characteristics 

of the envelope. 

 The limitation of the condensation is a requirement applicable to all buildings 

that suffer from this problem. A limit value for condensation is established, a 

variable which may not be exceeded. 
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 Aims  

 To understand the legal requirements established by current legislation with 

regard to electricity. 

 To learn the most important aspects of the Technical Building Code (CTE) in 

the field of electricity  

 To be able to apply these requirements referring to new buildings and to 

extension, modification, upgrade or rehabilitation works, based on the scope of 

application specified in the CTE.  

 To apply correctly the Basic Requirements set out in the CTE, establishing the 

qualitative “performance” that buildings must deliver in order to achieve the 

quality that society demands.  

 To be up to speed on the content of the different Basic Documents of the CTE, 

in which the Basic Requirements are detailed and explained.  

 With regard to interior lighting, to analyse the minimum requirements of energy 

efficiency established in regulations and in the CTE. 

 To know in which particular cases these requirements will have to be applied 

and, conversely, in which cases they will not be deemed necessary.  

 To address the technical characterization of the requirements and know the 

parameters to be considered in the field of lighting, such as the VEEI (Energy 

Efficiency Value of the Installation).  

 To become familiar with the various types of control and regulation systems 

available to govern illumination and lighting, and energy efficiency.  

 To review the regulations governing the energy labelling of domestic 

appliances.  
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 Introduction  

Once we have obtained an overview of current regulations concerning energy 

efficiency (Module 2), and have assessed the most important demands of those 

regulations (Module 3), we then need to study in greater depth the legal 

requirements currently affecting each of the building sectors.  

In this respect, we should note that, for practical purposes, professional profiles in 

the building industry are broken down into five major groups or “sectors”:  

 Envelope of the building (masonry and insulation) 

 Construction related (carpentry, paintwork and others) 

 Electricity 

 Thermal installations  

 HVAC (Heating, Ventilation and Air Conditioning) and sanitary hot water 

(ACS)  

This Manual deals with most interesting aspects relating to the electricity “sector”. 

More specifically, the Manual includes two Modules, numbers 5 and 6, on:  

 Module 5. Legal requirements of energy efficiency in the sector of the 

electricity  

 Module 6. Energy efficiency measures in the electricity sector  

This Module, which deals separately with the legal requirements established for the 

electricity “sector”, pays special attention to two major aspects: illumination and 

lighting, and the energy consumption of the domestic appliances and other 

household devices.  

The legal requirements of nearly all aspects related to buildings and construction, 

including those of energy efficiency and savings, were established in the Technical 

Building Code (CTE).  

As we saw in Modules 2 and 3, this set of rules, approved in 2006, established the 

regulatory framework of basic quality requirements for buildings and their 

installations.  
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There are many requirements and demands on energy efficiency in the field of 

construction that specifically impact on the electricity sector, due to the importance 

of electricity to overall energy consumption.  

With regard to this last point, it is important to note that lighting and the consumption 

of domestic appliances and other devices may, on average, account for over a third 

of the total energy consumption of a home or building, as we will see later.  

Thus, in this Module we analyse current legal requirements, paying special attention 

to the new developments incorporated into regulations, with particular reference to 

these two aspects (lighting and consumption of domestic appliances), given their 

importance to the overall figure.  

Knowledge of the different requirements of the relevant regulations will also provide 

an excellent baseline from which professionals will be able to implement the most 

appropriate and necessary energy efficiency measures in each case.  

The various energy efficiency and saving measures available to the electricity sector 

related to lighting and the consumption of electrical appliances are studied in detail 

in Module 6.  
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5.1. Energy efficiency in the professional 
electricity sector  

At both a domestic level and throughout Europe, the building sector is a major 

consumer of energy, as we have already seen in the previous Modules of this 

course.  

Therefore the control of construction-related energy consumption and the greater 

use of energy from renewable sources, together with energy saving and improved 

energy efficiency, constitute an important part of the measures required to meet the 

objectives and commitments regarding energy and climate change at a national and 

European Community level.  

In response to this situation, as we saw in detail in Module 2 on regulations, Royal 

Decree 314/2006 approved the Technical Building Code (CTE), which was to be 

the regulatory framework of the basic quality requirements for buildings and their 

installations, among which are energy saving requirements.  

This Royal Decree also transposed the energy efficiency requirements for 

buildings embodied in Directive 2002/91/EC of the European Parliament and of the 

Council, which establishes the obligation to review those requirements periodically 

and update them, so as to adapt them to the latest technical advances in the 

construction sector.  

Later, Directive 2010/31/EU on the energy performance of buildings, amended the 

aforementioned Directive 2002/91/EC, which made it necessary once again to 

transpose the changes to the previous directive into Spanish legislation. This new 

Directive makes it mandatory to set a number of minimum energy efficiency 

requirements for buildings or parts thereof so as to achieve optimum levels of 

performance.  

Among the aforementioned requirements and demands referring to energy 

efficiency in the field of construction, there are several that refer directly or indirectly 

to the electricity sector, due to the importance of electricity to overall energy 

consumption.  

Thus, there are various requirements to be considered in their corresponding 

regulations, all of which will be studied and assessed in this Module.  
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5.1.1. The electricity sector in the field of construction  

In the preparation of this Manual, among the professional profiles associated with 

energy consumption in the field of construction, we have paid special attention to the 

electricity sector.  

Thus in this block we will assess in detail aspects related to:  

 

We need here to stress once again the importance of the energy consumed by 

buildings as a percentage of overall consumption. In this respect, lighting is 

estimated to account for 10% of all energy consumption, a considerable percentage.  

The consumption of electrical devices, especially domestic appliances in the 

kitchen, is even more noteworthy. It is estimated that nearly one fourth of the energy 

consumed inside a home may be accounted for by the use of such appliances.  

For this reason it is vital to put in place all possible energy efficiency and saving 

measures related to lighting and the consumption of electrical appliances, within the 

bounds of technical and economic viability, with a view to reducing the energy cost 

of buildings or homes.  

To be up to speed with and have a good knowledge of the various requirements 

established by the relevant regulations is considered to be the baseline from 

which professionals will be able to implement the various energy efficiency 

measures to be developed in detail in Module 6.  

  

 The energy consumption of lighting in buildings  

 The consumption of the various electrical devices that are usually found in 

a home  



 

Legal requirements of energy efficiency in the professional electricity sector  

  ENERGY EFFICIENCY IN THE CONSTRUCTION SECTOR  

9 

 Professional profiles associated with electricity  

Within the professional sector associated with electricity there are many profiles 

that, in one way or another, conduct their professional activity in the field of 

building and construction; for example technicians working on electrical and/or 

electrotechnical installations, and technicians working with electronic consumer 

equipment, or on the development of electronic products.  

These are professionals that have been trained in various electricity-related 

subjects, such as electronics, electrotechnics, indoor electrical installations, 

distribution installations, industrial automation, telecommunications infrastructure, 

home automation installations, solar PV installations, and electrical machines, to 

name but a few.  

Among the most common professional profiles, to which the requirements set out 

in this Module refer directly or indirectly, are the following:  

 

However, the electricity-related requirements to be taken into account in the building 

sector will also be of interest to other professionals, such as architects and 

engineers and energy service companies (ESE) in general.   

 Installation and maintenance electrician  

 Construction electrician 

 Maintenance electrician  

 Equipment and installation repair technician  

 Installer of telephony and telematics equipment  

 Domestic appliances repairer  

 Designer of special installations for homes and building  

 Designer of home or office automation installations.  

 Technician for the supervision, verification and control of electrotechnical 

equipment and installations  
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5.1.2. Towards a more efficient model  

Nowadays nearly all of us are familiar with the idea of energy efficiency; in other 

words, the appropriate management and saving of energy in the various fields of 

activity.  

This concept, which we have already touched upon in Module 1 of the Manual, 

stems from the increasingly more apparent depletion of non-renewable energy 

sources, from the growing need to make economic savings, and from the ever 

increasing concern for the environment.  

Every day we consume energy as we go about our regular activities. In spite of this 

we rarely stop to think about how we can manage and reduce our consumption of 

this vital resource.  

However, it falls to each of us to make efficient use of energy. As we all know, 

energy can be saved in all our daily activities, while there has been an ever 

increasing number of technological advances in this direction, the results of which 

we have been seeing for many years.  

It is precisely the field of construction, particularly of buildings and homes, which 

is responsible for the greatest energy consumption. It is therefore essential to 

achieve greater energy efficiency at this point in time.  

As mentioned earlier, electricity plays an important role in energy consumption. 

Energy spending due to, for example, the lighting of buildings and homes, or the 

consumption due to the electrical devices and domestic appliances in our homes, 

accounts for a very significant percentage of the total.  

In this respect, it is true to say that today we have the technology necessary to 

achieve considerable energy saving (as is the case with illumination and lighting). 

Consequently, this greater efficiency would also mean a reduction of CO2 

emissions, which would be beneficial to both the environment and our health. And 

there is also the economic saving achieved by the implementation of these new 

technologies to be considered.  

The best practices that each of us can put in place are as or more important than 

the various energy efficiency measures in existence today, and we need to bear this 

fact in mind in our daily lives.  
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5.2. Current regulatory requirements 

Given the importance of this sector to overall consumption, the reduction of energy 

consumption in the field of building has been one of the priority objectives of 

regulatory efforts in the European Union as a whole and, consequently, in Spain 

also.  

As a result, the European Union, and subsequently the governments of its member 

states, have drafted a number of Directives, Laws, Regulations and Standards 

aimed at controlling the excessive consumption of our dwindling resources, and 

assessing and promoting the use of alternative energy sources and, in particular, 

renewable energy sources.  

Thus, in recent years various regulations related to the promotion of energy 

efficiency in building have been created with a view to meeting today’s 

environmental commitments.  

In parallel, the various manufacturers of energy-consuming appliances, such as the 

aforementioned domestic appliances, have been developing systems aimed at 

reducing energy consumption while preserving the performance of their products.  

As we have already stated in other Modules, the European Union has played a vital 

role in this process, by framing and regulating the necessary measures to promote 

energy efficiency within Europe.  

European Directive 2002/91/EC, on the energy performance of buildings, was the 

most important set of standards in the field of building with regard to energy 

consumption and efficiency. Years later this Directive would be replaced by another 

Directive 2010/31/EU, on the energy performance of buildings, which introduced a 

number of modifications and new energy efficiency targets for the construction and 

building sectors.  

Thus, a series of standards and requirements to be considered in the fields of 

building and energy efficiency began to take shape and be implemented in Spain. 

The following regulations were among the most important: the Royal Decree on the 

Technical Building Code (CTE), the Royal Decree on Energy Certification for new 

buildings (CEE) and the Royal Decree on Regulations on Thermal Installations in 

Buildings (RITE).  

Of special importance is the Technical Building Code, which was approved by 

Royal Decree 314/2006, of March 17, approving the Technical Building Code (CTE).  
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Within the CTE, the content and requirements of one Basic Document in particular, 

DB HE Energy Saving, are of particular importance with regard to energy 

efficiency. The purpose of this Basic Document is to establish rules and procedures 

to address the basic requirement of energy saving, as we will see later on.  

Apart from the CTE, another important regulation governing the electricity sector is 

the Low Voltage Electrotechnical Regulation (REBT), approved by Royal Decree 

842/2002. In its technical requirements for low voltage electrical installations, this 

Regulation sets out what features are required to make such installations energy 

efficient.  

The purpose of this Regulation is to “establish the technical conditions and 

guarantees that electrical installations connected to a low voltage power supply 

must meet”, so as, among other things, “to contribute to the technical reliability and 

economic efficiency of installations”.  

In consideration of this requirement of a general nature to make electrical 

installations energy efficient, the REBT contains what are known as 

Complementary Technical Instructions (ITC), which set out and specify the technical 

conditions that electrical installations should meet with regard to both the selection 

and the installation of electrical equipment.  

Apart from these regulatory requirements (and others, which we will deal with in 

greater detail in this Lesson) aimed at achieving greater energy efficiency for all 

electrical installations, including lighting, there is also the need to meet criteria of 

quality, satisfaction and comfort, which is an aspect that needs to be taken into 

account at all times.  

  

The CTE contains a number of basic quality requirements that buildings and 

their installations must meet in order to satisfy the basic requirements of safety 

and habitability. To ensure that these requirements are met, the CTE contains a 

number of what are known as Basic Documents (DB), which detail the 

procedures to follow, the technical rules, and examples of solutions.  
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5.2.1. Requirements of the Technical Building Code  

 

The CTE establishes a series of basic requirements covering a number of areas, 

specifically: 

 Structural safety 

 Safety in the event of fire 

 Safety in use and accessibility 

 Hygiene, health and preservation of the environment 

 Protection against noise 

 Energy saving and thermal insulation.  

As is to be expected given the content and objectives of this Manual, the 

implications of the basic requirements for the field of energy saving and thermal 

insulation, as set out in the CTE’s Basic Document of Energy Saving, are of 

particular interest to us.  

It should be remembered that in Module 3 of this Manual, entitled “Conditions and 

requirements for energy saving in buildings”, we have already dealt with the most 

interesting contents and aspects of the CTE. Therefore, in this Lesson we will be 

focusing on those requirements that affect the sector most closely linked to 

electricity.  

That said, it would be a good idea at this time to review some key points of the CTE, 

by way of an introduction. In terms of scope of application, the provisions of the 

CTE cover all newly constructed buildings and those being in expanded, modified, 

upgraded or rehabilitated.  

On the basis of the contents of the CTE, a number of Basic Requirements are 

established, which represent the performance of a qualitative nature that buildings 

should achieve to deliver the quality that society demands.  

  

The Technical Building Code  

The Technical Building Code (CTE) is the regulatory framework established in 

Spain governing the basic quality standards that buildings and their 

installations must meet in order to satisfy the basic requirements of safety and 

habitability.  
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To enable us to meet these requirements, the CTE has prepared a series of Basic 

Documents. Thus, Basic Document “DB-HE Energy Saving” specifies the objective 

parameters and procedures to be adopted in order to ensure that the basic 

requirements are met and that the minimum levels of quality required by energy 

saving standards are achieved.  

On the subject of energy saving the CTE sets out five Basic requirements, which are 

listed below:  

 Basic Requirement HE 1. Limitation of energy demand  

 Basic Requirement HE 2. Performance of thermal installations  

 Basic Requirement HE 3. Energy efficiency of lighting installations  

 Basic Requirement HE 4. Minimum solar contribution for sanitary hot water  

 Basic Requirement HE 5. Minimum photovoltaic contribution for electrical energy  

For the electricity sector, the provisions of Basic Requirement HE 3. Energy 

efficiency of lighting installations are of particular interest.  

This Requirement states that “buildings shall be fitted with lighting installations that 

meet the needs of their users and are, at the same time, energy efficient, being 

equipped with a control system that enables lighting levels to be adjusted to the 

actual occupancy of each area, and a regulation system capable of optimizing the 

use of natural light in areas that meet certain conditions”.  

As we will see in the following section of this Lesson, the requirements to be met 

are specified in detail in the Basic Document of Energy Saving.  

 

 

 

  

To find out more…The website http://www.codigotecnico.org/ describes 

different points of interest of the Technical Building Code and includes links to 

download various parts and chapters of the CTE.  
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5.2.2. Section HE3. Energy efficiency of lighting 
installations  

As we mentioned earlier, the Basic Document HE Energy Saving of the Technical 

Building Code is broken down into a number of sections, each dealing with the 

Basic Requirements related to energy saving.  

More specifically, the sections are: Section HE1. Limitation of energy demand; 

Section HE2. Performance of thermal installations; Section HE3. Energy efficiency 

of lighting installations; Section HE4. Minimum solar contribution for sanitary hot 

water; and Section HE5. Minimum photovoltaic contribution for electrical energy.  

Each of these sections is, in turn, divided into a number of subsections. While these 

subsections vary from one section to another, in general the table of contents for 

each section tends to be as follows:  

 Scope of application 

 Characterization and quantification of the requirement  

 Verification and evidence that the requirement has been met  

 Data and procedures used for calculations  

 Maintenance and conservation  

Section HE3. Energy efficiency of lighting installations is the section that contains 

the specifications to consider and implement in the field of lighting in buildings.  

The section specifies a number of minimum energy efficiency requirements to be 

met in the process of installing lighting systems in buildings.  

 

 

 

 

To be up to speed… 

The entire contents of this Basic Document are to be found, together with the 

latest amendments made, in Order FOM/1635/2013, of September 10, modifying 

Basic Document DB-HE “Energy Saving”, of the Technical Building Code, 

approved by Royal Decree 314/2006, of March 17. This can be accessed by 

clicking on this link.  
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 Minimum requirements of energy efficiency in interior lighting  

Section HE-3 establishes as a basic requirement that buildings, whether new or 

being upgraded, are to be fitted with lighting installations that meet the needs of their 

users while being energy efficient.  

To this end, the energy efficiency of lighting systems may not exceed a limit value. 

Additionally, lighting systems must also have a control system that enables lighting 

levels to be adjusted to the actual occupancy of each area, and a regulation 

system capable of optimizing the use of natural light.  

However it is first necessary for us to know in which cases the specified measures 

should be applied and implemented and, conversely, in which cases they are not 

mandatory.  

When will these requirements be applied?  

For indoor lighting installations in:  

a. Newly constructed buildings. 

b. Interventions in existing buildings with a final total usable floor area in 

excess of 1,000 m2, in which over 25% of the illuminated floor area is 

being renewed. 

c. Other interventions in existing buildings in which part of the installation 

is being renewed or upgraded, in which case the part of the installation 

that has been renewed or upgraded must meet the energy efficiency 

thresholds for the activity in question.  

d. Change to the characteristic use of the building.  

e. Change of activity in one area of the building.  

In which cases are they not applicable?  

Excluded from the scope of application are:  

a. Provisional constructions with a planned period of utilization of two 

years or less.  

b. Industrial, defence and agricultural buildings or parts of same.  

c. Independent buildings with a usable floor area of less than 50 m2  

d. Interiors of homes  

e. Protected historic buildings, when so determined by the relevant 

authority.  

 



 

Legal requirements of energy efficiency in the professional electricity sector  

  ENERGY EFFICIENCY IN THE CONSTRUCTION SECTOR  

17 

Characterization of the requirements  

The energy efficiency of a lighting installation of an area will be determined by the 

Energy Efficiency Value of the Installation (VEEI) (W/m2) for each 100 lux, using 

the following formula:  

 

where:  

P is the power of the lamp plus any ancillary equipment [W] 

S is the illuminated surface area [m2] 

Em, is the average maintained horizontal illuminance [lux]  

The energy efficiency limit values in the indoor enclosures of a building are set out 

in the following table (Table 2.1 of Section HE-3), depending on the use and/or main 

type of activity carried out in each zone. These values range from 2.5 to 10, 

depending on the type of zone.  

Differentiated activity zones  VEEI limit 

Administrative in general  3.0 

Transport station platforms  3.0 

Exhibition halls  3.0 

Diagnosis rooms 3.5 

Classrooms and laboratories  3.5 

Hospital rooms 4.0 

Interior enclosures not described in this list  4.0 

Common areas  4.0 

Store rooms, archives, technical rooms and kitchens  4.0 

Car parks  4.0 

Sports facilities  4.0 

Transport stations  5.0 

Supermarkets, hypermarkets and department stores  5.0 

Libraries, museums and art galleries  5.0 

Common areas in non-residential buildings  6.0 

Shopping malls (excluding shops) 6.0 

Hotel and HORECA 8.0 

Places of worship in general  8.0 

Assembly rooms, auditoria and multipurpose rooms, entertainment halls, 
meeting rooms and conference rooms 

8.0 

Shops and small traders  8.0 

Hotel rooms, hostel rooms, etc. 10.0 

Room with illumination levels of over 600 lux  2.5 

   Table 1. Source: Technical Building Code  
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The section also provides the maximum values for the installed lighting power, 

taking into account the power of lamps and ancillary equipment, which will vary 

according to the use made of the building. As we can see, these values set out in 

the following table (Table 2.2. of Section HE-3), range between 5 and 25 W/m2:  

Building use 
Maximum 

installed power 
[W/m2] 

Administrative  12 

Car park 5 

Commercial  15 

Education  15 

Hospital  15 

HORECA  18 

Auditoria, theatres, cinemas  15 

Public residential  12 

Other  10 

Buildings with illumination levels of over 600 lux 25 

    Table 2. Source: Technical Building Code  

 

Control and regulation systems 

The code also specifies that lighting installations must be fitted with a control and 

regulation system for each zone, with the following conditions:  

a) All areas will have at least one manual on-off switching system. On-off 

switching systems at an electrical panel are not acceptable as the only control 

system. Each zone will have a timed switching system, centrally controlled at 

each electrical panel. Infrequently used zones only will have an on-off 

switching system controlled by presence detectors and timers, or a system of 

timed switches.  

b) Natural light harvesting systems will be installed, using light sensors to 

regulate proportionally and automatically, according to the contribution of 

natural light, the level of lighting of luminaires less than 6 metres into a room, 

of the first two parallel rows of luminaires located at a distance of less than 5 

metres from a window, and of all luminaires located under a skylight. To 

achieve this, certain conditions must be met. These are specified in the 

following pages.  
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c) Exempt from meeting requirement b) are the following zones of Table 1 of the 

Module: common areas in residential buildings; hospital rooms; rooms of 

hotels and hostels, etc.; shops and small traders. 

 

Conditions to be met by natural light harvesting systems 

When certain conditions are met, natural light harvesting systems will be installed. 

This is a type of lighting energy efficiency measure which is regulated by the CTE. 

The characteristics and types of these systems are described in greater detail in the 

following Module, corresponding to measures.  

Specifically, these conditions are:  

1) In all zones that have glass enclosures facing the outside, when they meet the 

following conditions simultaneously:  

  

Figure 1. Source: Technical Building Code  

 That angle θ is greater than 65º (θ•>65º), where θ is the angle from the midpoint 

of the glazed area to the highest point of the obstacle building, measured in 

degrees.  

 That the formula T(Aw/A)>0.11 is met, where: 

T is the coefficient of light transmission of the glass of the windows of the 

room expressed as a ratio to one 

Aw is the glazed area of the windows of the zone [m2] 

A is the total area of the facades of the zone with windows to the outside or 

to the interior courtyard or to the atrium [m2] 
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2) In all zones that have glass enclosures giving onto courtyards or atria, when they 

meet the following conditions simultaneously:  

 In the case of open courtyards when their width (ai) is greater than 2 times the 

distance (hi), where hi is the distance between the floor of the storey on which 

the zone in question is situated and the roof of the building.  

 

  Figure 2. Source: Technical Building Code  

 In the case of courtyards covered by glass when their width (ai) is greater than 

2/Tc times the distance (hi), where hi is the distance between the storey on 

which the zone in question is situated and the roof of the building, and Tc is the 

coefficient of light transmission of the glass enclosing the courtyard, expressed 

as a percentage.  

 

  Figure 3. Source: Technical Building Code  
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 That the formula T (Aw/A)>0.11 is met  

 

Where:  

T is the coefficient of light transmission of the glass of the windows of the room 

expressed as a ratio to one.  

Aw is the glazed area of the windows of the zone [m2]  

A is the total area of interior surfaces of the room (floor + ceiling + wall + 

windows) [m2]  

Verification and evidence of fulfilment of the requirement  

A verification procedure needs to be carried out in order to check the following 

aspects:  

 Calculation of the Energy Efficiency Value of the Installation (VEEI) in each 

zone, checking that they do not exceed the value limits specified in the Table 1. 

 Calculation of the installed lighting power in the building in lighting at an overall 

level global, checking that they do not exceed the value limits specified in the 

Table 2. 

 Check the existence of a control system and, when appropriate, a regulation 

system to optimize the harvesting of natural light.  

 Verification of the existence of a maintenance programme.  

By way of evidencing fulfilment of the requirement, the code calls for the project 

documents to include certain information. In relation to the building:  

 Total installed lighting power in the building of lamps plus ancillary equipment 

(PTOT)  

 Total illuminated surface of the building (STOT)  

 Total installed lighting power in the building of lamps plus ancillary equipment 

by unit of illuminated surface (PTOT/STOT)  

And, for each zone, another series of more specific data, set out below:  

 The (K) factor of the room used in the calculation  

 The number of points considered in the project  

 The planned maintenance factor (Fm)  



 

Open learning 

22 

 The average maintained horizontal illuminance (Em) obtained  

 The unified glare rating (UGR) attained  

 The colour rendering index (Ra) of the selected lamps  

 The energy efficiency value of the installation (VEEI) resulting from the 

calculation  

 The power of lamps plus ancillary equipment 

 The efficiency of the lamps used in terms of lum/W  

The corresponding control and regulation system for each zone must also be 

justified in the design brief.  

Calculation  

Preliminary data 

To determine the calculation and the lighting technology solutions to apply to indoor 

lighting installations, parameters such as the following must be taken into account 

a) The use of the zone to be illuminated  

b) The type of visual task to be performed  

c) The lightning needs of the room and of its user  

d) The K factor of the room or dimensions of the space (length, width and usable 

height)  

e) The reflectance of the walls, ceiling and floor of the room  

f) The characteristics and type of the ceiling  

g) The conditions of natural light  

h) The type of finishing and décor  

i) The furniture to be installed  

 

The parameters defining the lighting quality and comfort should also be included in 

the design brief. For the purpose of meeting the requirements of this section, the 

values established in standards UNE EN 12464-1 and UNE EN 12193 are 

considered to be acceptable. 
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Calculation method  

In Section HE3 of the CTE the calculation method to be used, which is to be set out 

in the design brief, must be sufficient to meet the requirements of this section and 

must use, as a minimum, as baseline data and parameters the aforementioned 

preliminary data, and any data derived from materials adopted in the proposed 

solutions, such as lamps, ancillary equipment and luminaires.  

As a minimum the following results for each zone will be obtained: 

a) Energy efficiency value of the installation VEEI 

b) Average maintained horizontal illuminance (Em) in the work plane 

c) Unified glare rate (UGR) for the observer  

Also included are the values for the colour rendering index (Ra) and the installed 

powers of lamps plus ancillary equipment used in the calculation. 

The following results will be obtained for the complete building as a minimum: a) 

Value of total installed power in lamps and ancillary equipment by unit of illuminated 

surface area.  

The calculation method will be formulated either manually or using computer 

software, which must be capable of making the required calculations to obtain as a 

minimum the aforementioned results. These software programs may be established 

as Recognized Documents if need be.  

Maintenance and conservation 

In order to ensure the maintenance of the appropriate lighting parameters and the 

Energy Efficiency Value of the Installation (VEEI) over time, a lighting installation 

maintenance plan should be included in the project.  

Among other actions, the maintenance plan will cover lamp replacement operations 

according to replacement schedules, and luminaire cleaning by an appropriate 

method and the cleaning of the illuminated areas, both according to a pre-

established timetable. This maintenance plan must also cover the regulation and 

control systems used in the different areas.  
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5.2.3. Regulation of the energy labelling of domestic 
appliances  

As mentioned earlier, within the scope of energy efficiency in buildings, energy 

saving derived from the consumption of domestic appliances and other electrical 

appliances may play a decisive role.  

As already stated in Module 4 of this Manual, in response to the concern for 

reducing consumption and increasing energy efficiency, energy labelling of 

domestic appliances was introduced.  

With regard to regulation, it should be noted that in Spain this is regulated by a 

series of Royal Decrees, which stem from the transposition of their corresponding 

European Directives.  

Of these, perhaps the most important is Royal Decree 1390/2011, regulating the 

indication of consumption of energy and other resources by energy-related products, 

by means of labelling and standardized information. As for European legislation, 

mention should be made of Directive 2010/30/EU, also regulating the indication of 

consumption of energy and other resources by energy-related products, by means 

of labelling and standardized information.  

The above mentioned Royal Decree regulates the information intended for the end 

user provided by labelling and standardized energy consumption information on the 

product. It applies to energy related products the use of which has a significant 

direct or indirect effect on energy consumption.  

Mandatory information must appear in a FICHE and on the aforementioned 

LABEL. This information will refer to electric energy consumption, the consumption 

of other forms of energy and, when appropriate, essential resources.  

 

Using electric appliances and other apparatus in the most efficient classes (A+++, 

A++, A+) may mean a notable saving in energy consumption which, naturally, 

involves a considerable financial saving.  

  

Some new labels  

The new labels, modified in 2011, contain information concerning the Energy 

class (from A+++ to D, from more to less efficient) and Annual energy 

consumption, among other mandatory data, which we saw in Module 4.  
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 Summary  

 In this Module we see how the legal requirements governing the electricity 

sector deal mainly with two major areas: illumination and lighting, and the energy 

consumption of domestic appliances and other household devices.  

 The Technical Building Code (CTE) regulates nearly all aspects related to 

buildings and construction, including energy efficiency and saving. 

 Lighting and the consumption of domestic appliances and other devices 

may, on average, account for over a third of the total energy consumption of a 

home or building. 

 Within the CTE, the contents and requirements of the Basic Document called 

DB HE Energy Saving are of particular importance to the field of energy 

efficiency. 

 With regard to the electricity sector, the provisions set out in the Low Voltage 

Electrotechnical Regulations (REBT), approved by Royal Decree 842/2002, are 

of particular interest.  

 Section HE3. Energy efficiency of the lighting installations of the CTE sets out 

the specifications to be implemented in the field of lighting in buildings.  

 In this Section it is established as a basic requirement that buildings, whether 

new or being upgraded, have lighting installations that meet the needs of their 

users while at the same time being energy efficient.  

 The regulation indicates that the energy efficiency of the lighting system may not 

exceed a threshold and must also have a control system, and regulation 

system capable of optimizing the use of natural light. 

 The energy efficiency of a lighting installation will be determined by the Energy 

Efficiency Value of the Installation (VEEI). 
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 These energy efficiency values may be exceeded up to a certain limit in interior 

enclosures of a building (as set out in Table 2.1 of Section HE-3), depending on 

the use and/or main type of activity carried out in each area.  

 Neither can the installed power for lighting, lamps and ancillary equipment 

exceed certain maximum values. These values will be different depending on 

the use made of the building  

 For each area, lighting installations will be equipped with control and 

regulation system with the following conditions.  

 All areas will have at least one manual on-off switching system. On-off 

switching systems at an electrical panel are not acceptable as the only control 

system. Systems for making use of natural light should also be installed.  

 Royal Decree 1390/2011, on the indication by labelling and standard product 

information of the consumption of energy and other resources by energy-related 

products, upgrades energy labelling and standardized product information. 

 Since 2011, a series of new energy efficiency labels for domestic appliances 

have been in force, modifying the previous energy classes (A+++, A++, A+, A, B, 

C, D)  
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 Aims  

 To understand the legal requirements established by current legislation with 

regard to plumbing and SHW (Sanitary hot water) and HVAC (air-conditioning) 

installations.  

 To learn the most important aspects covered by the Technical Building Code 

(CTE) in the scope of plumbing and SHW and HVAC installations.  

 To be able to apply these requirements, on the basis of the scope of 

application specified in the CTE, which includes both new buildings and 

extension, modification, upgrade and rehabilitation work on existing buildings.  

 To apply correctly the Basic Requirements set out in the CTE, establishing the 

qualitative “performance” that buildings must deliver in order to achieve the 

quality that society demands.  

 To be up to speed on the content of the different Basic Documents of the CTE, 

in which the Basic Requirements are detailed and explained.  

 With regard to heating, SHW and air-conditioning installations, study the 

minimum energy efficiency requirements established in current regulations 

(CTE and RITE)  

 To know in which particular cases these requirements will have to be applied 

and, conversely, in which cases they will not be deemed necessary. 

 To address the technical characterization of the requirements and know the 

parameters to be considered in the scope of heating, SHW and air-conditioning 

installations.  

 To become familiar with the various types of efficiency measures that have been 

established in the scope of heating, SHW and air-conditioning installations.  
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 Introduction  

Now we have obtained an overview of current regulations concerning energy 

efficiency (Module 2) and have assessed the most important demands of those 

regulations (Module 3), we then need to study in greater depth the legal 

requirements currently affecting each of the building sectors.  

In this respect, we should note that, for practical purposes, professional profiles in 

the building industry are broken down into five major groups or “sectors”:  

 Envelope of the building (masonry and insulation) 

 Construction related (carpentry, paintwork and others) 

 Electricity 

 Thermal installations  

 HVAC (Heating, Ventilation and Air Conditioning) and sanitary hot water 

(ACS)  

This Manual deals with most interesting aspects relating to plumbing, SHW, HVAC 

and related solar thermal installations. More specifically, the Manual includes two 

Modules, numbers 5 and 6, on:  

 Module 5. Legal requirements of energy efficiency in the plumbing sector and 

SHW and HVAC installations 

 Module 6. Energy efficiency measures in the plumbing sector and SHW and 

HVAC installations  

Specifically, this Module deals with the legal requirements established for the 

plumbing and SHW and HVAC installations “sector”, focusing mainly on aspects 

associated with heating and air-conditioning installations, but also covering related 

solar thermal energy issues.  

The legal requirements of nearly all aspects related to buildings and construction, 

including those of energy efficiency and savings, were established in the Technical 

Building Code (CTE).  
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As we saw in Modules 2 and 3, this set of rules, approved in 2006, established the 

regulatory framework of basic quality requirements for buildings and their 

installations.  

 

There are many requirements and demands on energy efficiency in the field of 

construction that specifically impact on the scope of heating and air-conditioning 

installations, and sanitary hot water systems, due to their importance to overall 

energy consumption 

As we will be seeing later, in relation to this last point it should be noted that HVAC 

and SHW installations are estimated to account for as much as two thirds of the 

total energy consumption inside a home or building, a very significant percentage.  

Thus, in this Module we analyse current legal requirements, paying special attention 

to the new developments incorporated into regulations, with particular reference to 

these aspects (heating and air-conditioning installations and SHW systems), given 

their importance to the overall consumption figure. 

Knowledge of the different requirements of the relevant regulations will also provide 

an excellent baseline from which professionals will be able to implement the most 

appropriate and necessary energy efficiency measures in each case.  

The various energy efficiency and saving measures available to the “sector” of 

plumbing and SHW and HVAC installations are studied in detail in Module 6.  

 

 





 

 Legal requirements of energy efficiency in the plumbing sector and SHW and HVAC installations  

  ENERGY EFFICIENCY IN THE CONSTRUCTION SECTOR 

7 

5.1. Energy efficiency in the professional 
plumbing sector and SHW and HVAC 
installations  

As we have already seen in previous Modules of this course, the building sector 

today, at both a national and Europe-wide level, is a major energy consumer.  

Therefore the control of construction-related energy consumption and the greater 

use of energy from renewable sources, together with energy saving and improved 

energy efficiency, constitute an important part of the measures required to meet the 

objectives and commitments regarding energy and climate change at a national and 

European Community level.  

In response to this situation, as we saw in detail in Module 2 on regulations, Royal 

Decree 314/2006 approved the Technical Building Code (CTE), which was to be 

the regulatory framework of the basic quality requirements for buildings and their 

installations, among which are energy saving requirements.  

This Royal Decree also transposed the energy efficiency requirements for 

buildings embodied in Directive 2002/91/EC of the European Parliament and of the 

Council, which establishes the obligation to review these requirements periodically 

and update them, so as to adapt them to the latest technical advances in the 

construction sector.  

Later, Directive 2010/31/EU on the energy performance of buildings, amended the 

aforementioned Directive 2002/91/EC, which made it necessary once again to 

transpose the changes to the previous directive into Spanish legislation. This new 

Directive makes it mandatory to set a number of minimum energy efficiency 

requirements for buildings or parts thereof so as to achieve optimum levels of 

performance.  

Among the aforementioned requirements and demands referring to energy 

efficiency in the field of construction, there are several that refer directly or indirectly 

to plumbing, and HVAC sector, due its importance to overall energy consumption. 

Thus, there are various requirements to be considered in their corresponding 

regulations, all of which will be studied and assessed in this Module.  
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5.1.1. The plumbing sector and SHW and HVAC 
installations in the field of construction  

Among the professional profiles in the field of construction related to energy 

consumption, special attention has been paid in the preparation of this Manual to the 

thermal installations, sanitary hot water and air-conditioning “sector”.  

So in this block we will be taking an in-depth look at aspects linked to:  

 

These are all aspects of vital importance to the overall energy consumption inside 

buildings. Sanitary hot water installations may account for over a quarter of the 

total energy consumption inside a home, a very significant percentage.  

Even more striking is the figure accounted for by heating and air-conditioning. It is 

estimated that over 40% of the energy consumed inside buildings is related to 

heating and air-conditioning, making this the aspect that accounts for most energy 

consumption in a building.  

For this reason it is vital to put in place all possible energy efficiency and saving 

measures related to SHW installations and air-conditioning and heating installations, 

within the bounds of technical and economic viability, with a view to reducing the 

energy cost of buildings and homes. 

Thus, to have a good knowledge of the various requirements established by the 

relevant regulations is considered to be the baseline from which professionals will 

be able to implement the various energy efficiency measures to be developed in 

detail in Module 6.  

  

 The energy efficiency of thermal installations 

 Efficiency in Sanitary Hot Water installations (SHW)  

 The efficiency of HVAC (Heating, Ventilation and Air Conditioning) systems 
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 Professional profiles related to SHW and HVAC installations  

In this professional sector related to sanitary hot water and HVAC installations in 

the scope of the building and construction, there are many profiles that in one way 

or another carry out their professional activity in this field.  

Among these we would highlight installers of SHW and HVAC systems and the 

various plumbing-related profiles. These are professionals that have been trained in 

various skills related to the fitting and maintenance of thermal and fluid installations, 

heating and air-conditioning systems, thermal solar installations and SHW systems 

in the broad sector of building and civil works.  

Among the most common professional profiles to which the requirements covered 

in this Module refer to either directly or indirectly, the following are mentioned:  

 

However, the requirements to be taken into account in the building sector related to 

these types of installations will also be of interest to other professionals, such as 

architects and engineers, and energy service companies (ESE) in general.  

  

 Heating systems installer  

 Sanitary hot water systems installer  

 Air-conditioning systems installer  

 Heating installations technician  

 Technician for the fitting and maintenance cooling, air-conditioning and 

heat conduction installations  

 Technician for the maintenance of thermal and fluid installations  

 Plumbing  

 Assistant plumbing and air-conditioning technician  

 Maintenance technician for heating, SHW and air-conditioning systems  
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5.1.2. Towards a more efficient model  

Nowadays nearly all of us are familiar with the idea of energy efficiency; in other 

words, the appropriate management of energy and energy saving in the various 

fields of activity.  

This concept, which we have already touched upon in Module 1 of the Manual, 

stems from the increasingly more apparent depletion of non-renewable energy 

sources, from the growing need to make economic savings, and from the ever 

increasing concern for the environment.  

Every day we consume energy as we go about our regular activities. In spite of this 

we rarely stop to think about how we can manage and reduce our consumption of 

this vital resource.  

However, it falls to each of us to make efficient use of energy. As we all know, 

energy can be saved in all our daily activities, while there has been an ever 

increasing number of technological advances in this direction, the results of which 

we have been seeing for many years.  

It is precisely the field of construction, particularly of buildings and homes, which 

is responsible for the greatest energy consumption. It is therefore essential to 

achieve greater energy efficiency at this point in time.  

As mentioned previously, without a doubt SHW and HVAC installations play a very 

important role in respect of energy consumption within the sector.  

To be precise it is estimated that the energy consumption attributable to this type of 

installations (especially HVAC and SHW) amounts to two thirds of all the energy 

consumed inside buildings, a very high percentage.  

Therefore it is vital to mitigate the consumption related to these installations to the 

greatest possible extent. The technology required to achieve a considerable energy 

saving is already available, as is the case of the consideration of the use of 

renewable energies (such as solar thermal energy) in HVAC and SHW. Renewable 

sources lead to greater efficiency and a significant reduction in CO2 emissions, 

which would, of course, be beneficial to both the environment and our health. And 

we also need to consider the economic saving achieved by the implementation of 

these new technologies and the use of the right materials.  
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5.2. Current regulatory requirements  

Given the importance of this sector to overall consumption, the reduction of energy 

consumption in the field of building has been one of the priority objectives of 

regulatory efforts in the European Union as a whole and, consequently, in Spain 

also.  

This gave rise to European Directive 2002/91/EC, on the energy performance of 

buildings, the most important regulation in the scope of building affecting energy 

consumption and efficiency. Some years later this Directive would be replaced by 

another one, Directive 2010/31/EU, on the energy performance of the buildings, 

which introduced a series of amendments and new energy efficiency targets in the 

construction and building sector.  

Thus, a series of standards and requirements to be considered in the fields of 

building and energy efficiency began to take shape and be implemented in Spain. 

The following regulations were among the most important: the Royal Decree on the 

Technical Building Code (CTE), the Royal Decree on Energy Certification for new 

buildings (CEE) and the Royal Decree on Regulations on Thermal Installations in 

Buildings (RITE).  

Of special importance is the Technical Building Code, which was approved by 

Royal Decree 314/2006, of March 17, approving the Technical Building Code (CTE), 

and the Regulations on Thermal Installations in Buildings, approved by Royal 

Decree 1027/2007, of July 20.  

The CTE contains a number of basic quality requirements that buildings and their 

installations must meet in order to satisfy the basic requirements of safety and 

habitability. To ensure that these requirements are met, the CTE contains a number 

of what are known as Basic Documents (DB), which detail the procedures to follow, 

the technical rules, and examples of solutions. 

Meanwhile, the RITE sets out the conditions that installations designed to meet the 

demand for thermal wellbeing and hygiene through heating, air-conditioning and 

sanitary hot water installations so as to achieve a rational use of energy.  
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5.2.1. Requirements of the Technical Building Code  

 

The CTE establishes a series of basic requirements covering a number of areas. 

For the purposes of this Manual the basic requirements covering the scope of 

Energy saving and thermal insulation, established in the Basic Document on Energy 

Saving, is particularly interesting.  

To enable us to meet these requirements, the CTE has prepared a series of Basic 

Documents. Thus, Basic Document “DB-HE Energy Saving” specifies the objective 

parameters and procedures to be adopted in order to ensure that the basic 

requirements are met and that the minimum levels of quality required by energy 

saving standards are achieved.  

On the subject of energy saving the CTE sets out five Basic requirements, which are 

listed below:  

 Basic Requirement HE 1. Limitation of energy demand  

 Basic Requirement HE 2. Performance of thermal installations  

 Basic Requirement HE 3. Energy efficiency of lighting installations  

 Basic Requirement HE 4. Minimum solar contribution for sanitary hot water  

 Basic Requirement HE 5. Minimum photovoltaic contribution for electrical energy  

With regard to plumbing, SHW and HVAC installations, the aspects covered in 

Basic Requirement HE2. Performance of thermal installations and HE4. Minimum 

solar contribution of sanitary hot water, are of particular interest, as we will see in 

the following pages of this Module.  

  

The Technical Building Code  

The Technical Building Code (CTE) is the regulatory framework established in 

Spain governing the basic quality requirements that buildings and their 

installations must meet in order to satisfy basic requirements of safety and 

habitability.  

If you want to know more… 

The website http://www.codigotecnico.org/ provides detailed information about 

points of interest of the Technical Building Code and includes links from which to 

download the various parts and chapters of the CTE.  

 



 

 Legal requirements of energy efficiency in the plumbing sector and SHW and HVAC installations  

  ENERGY EFFICIENCY IN THE CONSTRUCTION SECTOR 

13 

5.2.2. Regulatory requirements for thermal installations in 
buildings  

 

This Regulation is divided into two parts: Part I General provisions and Part II 

Technical Instructions. Part I sets out the general provisions and the technical 

requirements, while Part II includes the Technical Instructions (IT) relating to: Design 

and Dimensioning (Requirement of wellbeing and hygiene, Energy efficiency 

requirement, Requirement of safety), Assembly, Maintenance and Use, and 

Inspection.  

Among the energy efficiency requirements established in the Royal Decree are 

the following: 

 Higher energy performance in heat and cold generation equipment, and 

equipment used for the movement and transport of fluids  

 Better insulation of pipes carrying thermal fluids and associated equipment 

 Better regulation and control for maintaining the design conditions in places 

equipped with HVAC systems   

 Use of available renewable energies, especially solar energy and biomass  

 Integration of energy recovery subsystems and residual energy recovery 

 Mandatory metering systems to monitor consumption in the case of collective 

installations. Gradual phase-out of the most polluting solid fuels.  

  

The Regulations on Thermal Installations in Buildings (RITE) establish the 

conditions to be met by installations designed to meet the demand for thermal 

wellbeing and hygiene through heating, air-conditioning and sanitary hot 

water systems, in order to achieve a rational use of energy.  

Want to know more? At the following link to IDAE’s website you can find the 

latest developments and most recent updates of the RITE: 

http://www.idae.es/index.php/mod.pags/mem.detalle/relcategoria.1030/id.27/relm

enu.53 
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5.3. Energy efficiency of thermal 
installations  

As we have seen, in Basic Requirement HE2, Performance of thermal installations, 

of the Technical Building Code states that “buildings will be fitted with appropriate 

thermal installations designed to assure their occupants thermal wellbeing”.  

To this end, the current Regulations on Thermal Installations in Buildings (RITE) 

were developed. They were enacted by Royal Decree 238/2013, of April 5, 

modifying certain articles and Technical Instructions of the Regulations on Thermal 

Installations in Buildings (approved by Royal Decree 1027/2007, of July 20).  

The RITE is today the basic regulatory instrument regulating the energy efficiency 

and safety requirements that the thermal installations in buildings must meet to 

satisfy users’ demand for wellbeing and hygiene.  

What are considered to be thermal installations in the RITE?  

Before we look at the requirements established in the RITE, it is essential to first be 

aware of what installations the RITE refers to. Specifically, this Regulation considers 

as thermal installations all fixed HVAC installations (heating, cooling and 

ventilation) and sanitary hot water installations intended to meet users’ thermal 

wellbeing and hygiene demands.  

Scope of application. When are these requirements applied?  

The provisions of RITE apply to thermal installations in newly constructed 

buildings and thermal installations being upgraded or refurbished in existing 

buildings, but only to the part being upgraded or refurbished.  

In this respect, the term ‘upgrade or refurbishment of a thermal installation’ is taken 

to mean “any change made to it that represents a modification of the design or 

technical specifications under which it was originally fitted and registered”.  

However, for the purposes of the application of the RITE, the substitution or 

replacement a heat or cold generator with another of similar characteristics, is also 

considered to be an upgrade or refurbishment, even though it does not represent a 

modification of the design or technical specifications.  
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 Technical Instructions on energy efficiency requirements 

The RITE establishes a number of energy efficiency requirements to be taken into 

account and implemented in thermal installations. These are solutions aimed at 

limiting the energy consumption of the thermal installation, based on compliance 

with certain limit values and solutions specified in the RITE.  

More specifically, energy efficiency requirements are established in respect of the 

following types of installations:  

 Energy efficiency requirement as to heat and cold generation 

 Energy efficiency requirement as to networks of heat or cold carrying pipes 

and conduits 

 Energy efficiency requirement as to the control of thermal installations  

 Requirement as to the metering of consumptions  

 Requirement as to energy recovery  

 Requirement as to the use of renewable energies  

 Requirement as to limiting the use of conventional energy  

However the RITE leaves the door open to adopting alternative solutions based 

on the direct limitation of the energy consumption of the designed thermal 

installation. These solutions can be adopted provided that it can be demonstrated 

that the thermal installation so designed meets the technical requirements of the 

RITE.  

 

 

  

For further information… 

On the website of the IDAE (Institute for Energy Diversification and Saving), in 

the section Energy Saving and Efficiency > Sustainable City > Building, various 

RITE documents can be accessed, and there are links to the latest rules and 

standards that update or amend the RITE.  
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Supporting documentation  

The RITE also specifies that all heating installation projects must include an 

estimate of the monthly and annual energy consumption expressed in terms of 

primary energy and carbon dioxide emissions. This estimate is to be made using a 

proven best practice; the method adopted must be described and the sources of 

conventional, renewable and waste energy used identified.  

The design or technical specifications must include a list of the energy consuming 

equipments and their power. And the HVAC and sanitary hot water systems chosen 

must be justified from the point of view of energy efficiency.  

 

5.3.1. Requirements relating to heat generators 

With regard to heat generators in a building or home, the RITE considers the 

following aspects to be taken into account, among others. These can be consulted 

in full in point 1.2.4.1 of the Regulation.  

The design must indicate the boiler’s energy performance, in particular the 

performance at rated power and with a partial load of 30% and the average 

temperature of the boiler water (taking into account the provisions of Royal Decree 

275/1995).  

The installation of certain types of boilers is prohibited as from certain dates. 

Among the prohibited boiler types are atmospheric boilers (as from 2010) and 

boilers with a one star energy performance rating (as from 2010 or, if they have two 

stars, as from 2012).  

 

Want to know more? 

In the Technical Instructions of the RITE, specifically in subsection IT 1.2.4. 

Characterization and quantification of energy efficiency requirements, the 

requirements and conditions established for the different types of thermal 

installations are described in depth.  
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5.3.2. Requirements relating to the thermal insulation of 
networks of pipes  

With regard to thermal installations, the RITE expressly provides that pipes and 

accessories, together with associated equipment, devices and tanks, must be fitted 

with thermal insulation in certain cases.  

Among these cases requiring insulation are pipes containing fluids at a temperature 

lower than the ambient temperature of the place through which they are running, or 

at a temperature higher than 40°C when they are installed in unheated locations 

(including corridors, galleries, riser shafts, car parks, technical and boiler rooms, 

suspended ceilings and technical floors).  

When the pipes or equipment are installed on the outside of the building, the final 

finish of the insulation must provide sufficient protection against the weather. Any 

joints made must be waterproof against rain. With regard to the thermal insulation of 

networks of pipes, the regulation states that any conduits and accessories of 

supply air networks must be sufficiently well thermally insulated to ensure that heat 

loss is no greater than 4% of the energy they are carrying and that no condensation 

is allowed to form.  

5.3.3. Requirements relating to heating and air-
conditioning installations  

With regard to heating and air-conditioning installations, a number of 

requirements must be taken into account. Firstly, the regulation stipulates that all 

thermal installations must be fitted with the automatic control systems to ensure 

that the desired design conditions can be maintained in the places in which they are 

installed, by adjusting energy consumption to variations in the thermal load.  

Thermo-hygrometric conditions must also be controlled. The regulation states that 

centralized or individual heating and air-conditioning systems must be designed so 

as to provide control over the indoor environment from a thermo-hygrometric point of 

view. On energy recovery (covered in point 1.2.4.5), the regulation states that air-

conditioning systems must have a free cooling system using air and, in some 

cases, a system to recovery energy from exhaust air.  

With regard to centralized sanitary hot water installations the minimum control 

equipment that a system must have is specified. Among other aspects, these 

installations must be fitted with a storage temperature control system, pipe network 

water temperature control system, and a system for carrying out thermal shock 

cleaning treatments.  
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5.3.4. Technical Guides of the IDAE. Saving and efficiency 
in heating and air-conditioning  

With a view to increasing the energy efficiency of thermal installations in buildings, 

the IDAE has produced a number of Technical Guides aimed at designers, 

installers, maintainers, inspectors and users of such systems.  

 

Given their importance, we list below some of the Technical Guides to be 

consulted by certain professionals. All are available in a digital format (pdf):  

 Technical Guide on maintenance of thermal installations  

 Technical Guide on centralized sanitary hot water  

 Practical Guide on centralized heating installations and sanitary hot water 

(SHW) in buildings used for homes  

 Technical Guide on energy saving and recovery in air-conditioning 

installations 

 Technical Guide on air-conditioning by water installations 

 Technical Guide on design and calculation of the thermal insulation of pipes, 

devices and equipment  

 Technical Guide on water towers  

 Technical Guide on metering consumptions  

 

Technical Guides on Energy Efficiency and Saving in Heating and Air-

Conditioning 

The Technical Guides of the IDAE (Institute for Energy 

Diversification and Saving), aimed at professionals related to 

the installation and maintenance of this type of installations, are 

available on IDAE’s website, at the following link: 

http://www.idae.es/index.php/relcategoria.1030/id.430/relmenu.

347/mod.pags/mem.detalle  
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5.4. Energy efficiency of SHW 
installations: solar energy 
contribution 

As we saw in Lesson 2 of this Module, the section entitled Requirements of the 

Technical Building Code of the Technical Building Code (CTE) establishes a number 

of requirements, several of which are related to energy efficiency.  

With regard to SHW installations, the provisions of Basic Requirement HE 4, 

Minimum solar contribution for sanitary hot water, should be highlighted. This 

point of the CTE states that “in buildings covered by the requirement with an 

expected demand for sanitary hot water (or for the heating of an indoor swimming 

pool), part of the thermal energy requirements arising from that demand must be 

met by the use of low temperature systems that harvest, store and use solar 

energy, appropriate to the global solar radiation of its location and to the hot water 

demand of the building and/or of the swimming pool”.  

The Code also states that the values established in this basic requirement are to be 

considered as minimum; i.e. without prejudice to any other values that may be 

established by the relevant authorities with a view to promoting sustainability, based 

on characteristics specific to its geographic location.  

 

By way of a brief introduction to the harvesting and usage of solar energy, the 

normal procedure is to capture the solar energy using thermal collectors to heat a 

fluid with a number of different applications, among which is sanitary hot water 

(SHW), but also water for industrial processes, for heating swimming pools, and for 

ambient heating.  

To be up to speed… 

The entire contents of this Basic Document are to be found, together with the 

latest amendments made, in Order FOM/1635/2013, of September 10, modifying 

Basic Document DB-HE “Energy Saving”, of the Technical Building Code, 

approved by Royal Decree 314/2006, of March 17. This can be accessed by 

clicking on this link.  
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5.4.1. Section HE 4. Minimum solar contribution for 
sanitary hot water  

Firstly we need to be clear on the scope of application of the conditions and 

requirements set out in Section HE4 of the CTE. These requirements, relating to the 

contribution of solar energy harvesting systems to sanitary hot water systems, are 

applicable to:  

 Newly constructed buildings or existing buildings in which there is a total 

refurbishment of the building itself or the thermal installation therein, or in 

which there is a change of characteristic use of the building, where the  

sanitary hot water (SHW) demand is higher than 50 l/d.  

 Extensions or interventions not covered in the previous point in existing 

buildings with an original SHW demand of more than 5,000 l/day, when the 

intervention will mean an increase of over 50% of the original demand.  

 Heating of new indoor swimming pools, existing indoor swimming pools for 

which the heating installation is being renewed, or existing open-air swimming 

pools that are being converted into indoor pools.  

 Characterization and quantification of requirements  

As a technical requirement to be considered, a minimum contribution of solar 

thermal energy is established depending on the building’s climate zone and its 

demand for SHW and/or swimming pool heating.  

It should be noted that for cases of extensions of and interventions in existing 

buildings (mentioned in point 2 of the previous paragraph), the minimum solar 

contribution only applies to the increase of SHW demand over the original demand.  

What solar energy contribution must SHW have?  

By minimum annual solar contribution is meant the result between the annual values 

of contributed solar energy required and the annual energy demand for SHW (or 

indoor swimming pool heating), obtained on the basis of monthly values.  

The table on the following page shows the minimum annual solar contribution 

required to cover SHW needs (in percentages) for each climate zone and 

depending on the different levels of SHW demand (as a reference temperature of 

60ºC).  
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Minimum annual solar contribution for SHW (%) 

Total demand of SHW of 
the building (l/d) 

Climate zone
1
 

I II III IV V 

50-5,000 30 30 40 50 60 

5,000-10,000 30 40 50 60 70 

>10,000 30 50 60 70 70 

  Table 1. Source: Technical Building Code.  

However, the CTE provides that the minimum solar contribution for SHW may be 

replaced partially or fully by an alternative installation using another renewable 

energy, cogeneration process, or waste energy source by the installation of heat 

recovery systems separate from the building’s own thermal installation.  

In order to effect this replacement, it will be necessary to provide due justification of 

a number of aspects. Among others, that CO2 emissions and primary, non-

renewable energy consumption resulting from the alternative installation, together 

with all auxiliary systems required to meet SHW demand fully, will be equal to or 

less than those resulting from the corresponding solar thermal installation and the 

reference system, as a supporting auxiliary system for the compared demand.  

 

Also, in certain cases, the use of alternative installations will have to be considered, 

for example, if the building’s location means it has insufficient access to sunlight, or 

when urban planning regulations make it impossible for newly constructed buildings 

or existing ones being rehabilitated to have the necessary solar collector surface 

area.  

 

                                                
 
1
 The five climate zones are defined in point 4.2 of Section HE4 of the CTE. Table 4.4 shows 

the limits of homogeneous zones, each zone having been defined on the basis of the annual 
daily global solar radiation on a horizontal surface (H).  

How are solar thermal installations defined in the CTE?  

Solar installations are defined in the CTE as a set of components designed to 

capture incident solar radiation, convert it directly into useful thermal energy by 

heating a liquid and transporting the captured thermal energy to the heat 

exchange or storage system, transfer this energy from the collector circuit to the 

consumption circuit and store the thermal energy in an efficient manner so that it 

can be used later directly at the points of consumption.  
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 Technical characteristics established  

Protection against overheating  

As to the dimensioning of the installation, Section HE4 of the CTE states that this 

should be such that the energy produced by the installation does not exceed the 

energy demand in any one month of the year by 110%, nor in any three consecutive 

months by 100%. For the purpose of these thresholds, no account is taken of 

periods of time in which the energy demand falls 50% below the average 

corresponding to the rest of the year, when protective measures should be taken.  

If in any month of the year the solar contribution exceeds 100% of the energy 

demand, certain protective measures should be taken, such as one of those listed 

below:  

 The installation should be provided with the means to dissipate those 

surpluses (either through specific equipments, preferably passive, or through 

the nocturnal circulation of the primary circuit). 

 To partially cover the array of collectors. In this way, the solar thermal 

collector is isolated from the heat produced by solar radiation and, in turn, 

evacuates any residual thermal surpluses through the primary circuit fluid.  

 To partially empty the array of collectors. In this way overheating is 

prevented, but since this involves the loss of part of the primary circuit fluid, 

this must be replaced by a fluid of similar characteristics. This task should be 

covered by the system’s maintenance contract.  

 Divert the surplus energy to other existing applications.  

If there were to be any possibility of the working fluid evaporating under stagnation 

conditions, the expansion tank should be of a size enabling it to hold the working 

fluid of the entire array of collectors.  

Broadly speaking, it is provided that all installations must be equipped with a 

manual or automatic filling system which allows the circuit to be filled and kept 

pressurized. In this respect, the regulation strongly advises the adoption of an 

automatic filling system together with a top-up tank or similar device.  

Losses due to orientation, inclination and shade  

In Section HE4 of the CTE, solar energy losses are defined as a percentage of the 

solar radiation incident on a south-facing collector surface, at the optimum 

inclination or tilt, and without shadows.  



 

 Legal requirements of energy efficiency in the plumbing sector and SHW and HVAC installations  

  ENERGY EFFICIENCY IN THE CONSTRUCTION SECTOR 

23 

It is established that the orientation and the inclination of the generating system, 

and any shadows that may fall on it, will be such that losses will be less than the 

limits established by the CTE (see Table 2.3 of Section HE4).  

Basically it states that three conditions must be met in all cases; losses due to 

orientation, losses due to inclination, and losses due to shade. Total losses should 

be lower than the stipulated limits (Table 2.3) in respect of the energy values 

obtained assuming optimal orientation and inclination and without any shade 

whatsoever.  

 

Measurement systems for supplied energy  

Once these solar installations (or one of the alternative installations replacing them, 

of over 14 Kw) have been started up, they will be subject to periodic energy 

efficiency inspections, for the purpose of verifying compliance with the energy 

management programme. Thus, these installations must be equipped with a 

metering system for measuring the energy supplied.  

The design of this system for metering and monitoring energy will be such that the 

user of the installation will be able to make a direct, visual and unequivocal check 

that the installation is working and producing correctly.  

In the case of homes, the energy produced by the installation may be checked 

against design output either in a centralized manner or by each particular user 

individually.  

  

Optimal orientation and inclination  

For the purposes of the CTE, the optimal orientation is considered to be south-

facing, while the optimal inclination will depend on the period the thermal 

installation is expected to be used. Thus, if there is a constant demand all year 

round, the inclination will be equal to the geographic latitude. If the preferential 

demand is in the winter, inclination will be equal to the geographic latitude + 10 º. 

If the preferential demand is in the summer, inclination will be equal to the 

geographic latitude – 10 º.  
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Solar storage systems and connection of an auxiliary generation system  

The dimensions and characteristics of the solar storage system are also specified. 

According to the CTE, this system must be dimensioned according to the energy it 

contributes throughout the day and not just on the basis of the power of the 

generator (solar collectors2). Thus storage must meet the requirements of demand 

since this is not simultaneous with generation.  

In the specific case of the application of solar thermal installations for sanitary hot 

water systems, it is specified that the total surface area of the collectors2 will have 

a value meeting the following condition:  

50 < V/A < 180 

where, 

A, sum of the surface areas of the collectors [m²]  

V, volume of solar storage [litres]  

It should be noted that connecting an auxiliary generation system to the solar 

storage tank is not permitted. In fact, the CTE stipulates that in the case of solar 

installation units that are factory fitted with a pre-installation for an auxiliary electrical 

system, this option must be permanently disabled by means of an irreversible seal 

or some other means.  

 How is compliance with CTE requirements demonstrated?  

Among the aspects to be specified in the design documentation are the climate 

zone according to the annual average daily global solar radiation of the site, the 

minimum solar contribution required, and the annual sanitary hot water demand.  

If the demand is met by a solar thermal installation it will also be necessary to 

indicate other aspects such as the characteristics and dimensioning of the planned 

installation, the annual solar contribution, and a surveillance and maintenance plan 

for the installation.  

  

                                                
 
2
 Solar collectors are the devices designed to absorb solar radiation and transmit the 

thermal energy so produced to a working fluid circulating inside them.  
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 Summary 

 In this Module the legal requirements established for the plumbing sector and 

thermal (including SHW) and air-conditioning installations are detailed and 

referenced.  

 HVAC and SHW systems together may account for around two thirds of the total 

energy consumption inside a home or building, a very significant percentage.  

 The legal requirements of nearly all aspects related to buildings and 

construction, including those of energy efficiency and saving, are set out in the 

Technical Building Code (CTE). 

 Similarly, the Regulations on Thermal Installations in Buildings (RITE) 

specify the conditions of heating, air-conditioning and sanitary hot water 

installations required to achieve a rational use of energy.  

 The RITE also establishes certain requirements relating to heat generators, 

among which are some that prohibit the installation of certain types of boilers.  

 With regard to thermal installations, the RITE provides that pipes and 

accessories, together with associated equipment, devices and tanks, must be 

fitted with thermal insulation. 

 For HVAC installations this regulation also sets out a number of requirements 

to be taken into account, one of which being that all thermal installations must be 

fitted with automatic control systems. 

 Section HE4 of the CTE calls for a minimum solar contribution for sanitary hot 

water in certain buildings. In this way part of the building’s energy requirements 

will be met by the implementation of solar energy harvesting, storage and usage 

systems.  

 The minimum annual solar contribution required to meet SHW needs (expressed 

in percentages) will vary according to the climate zone in which the building is 

located and its SHW demand, ranging between 30% and 70%.  
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 Aims  

 To understand the legal requirements established by current legislation with 

regard to thermal plant installations.  

 To learn the most important aspects covered by the Technical Building Code 

(CTE) in the scope of thermal plant installations.  

 To be able to apply these requirements, on the basis of the scope of 

application specified in the CTE, which includes both new buildings and 

extension, modification, upgrade and rehabilitation work on existing buildings.  

 To apply correctly the Basic Requirements set out in the CTE, establishing the 

qualitative “performance” that buildings must deliver in order to achieve the 

quality that society demands.  

 To be up to speed on the content of the different Basic Documents of the CTE, 

in which the Basic Requirements are detailed and explained.  

 With regard to thermal plant installations, study the minimum energy efficiency 

requirements established in current regulations (CTE and RITE).  

 To know in which particular cases these requirements will have to be applied 

and, conversely, in which cases they will not be deemed necessary.  

 To address the technical characterization of the requirements and know the 

parameters to be considered in the scope of thermal plant installations.  

 To become familiar with the various types of efficiency measures that have been 

established in the scope of thermal plant installations.  
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 Introduction  

Now we have obtained an overview of current regulations concerning energy 

efficiency (Module 2) and have assessed the most important demands of those 

regulations (Module 3), we then need to study in greater depth the legal 

requirements currently affecting each of the building sectors.  

In this respect, we should note that, for practical purposes, professional profiles in 

the building industry are broken down into five major groups or “sectors”:  

 Envelope of the building (masonry and insulation) 

 Construction related (carpentry, paintwork and others) 

 Electricity 

 Thermal installations  

 HVAC (Heating, Ventilation and Air-conditioning) and sanitary hot water 

(ACS)  

More specifically, the Manual includes two Modules, numbers 5 and 6, on:  

 Module 5. Legal requirements of energy efficiency in the thermal plant 

installations sector.  

 Module 6. Energy efficiency measures in the thermal plant installations sector.  

Specifically, this Module deals with the legal requirements established for the 

thermal plant installations “sector”, focusing mainly on aspects associated with 

installations that harvest biomass, geothermal and solar thermal energy.  

The legal requirements of nearly all aspects related to buildings and construction, 

including those of energy efficiency and savings, were established in the Technical 

Building Code (CTE).  

The Regulations on Thermal Installations in Buildings (RITE) also play a very 

important role with regard to the establishment of relevant technical requirements 

and characteristics, especially in the scope of thermal installations.  
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As we saw in Modules 2 and 3, these two regulations established the regulatory 

framework of basic quality requirements for buildings and their installations.  

There are many requirements and demands on energy efficiency in the field of 

construction that specifically impact on the scope of thermal plant installations, 

due to their importance to overall energy consumption.  

As we will be seeing later, the use of renewable energy sources, among which we 

would stress the importance of solar thermal and biomass in particular, and the 

use of geothermal boiler systems, provide us today with a unique opportunity to 

reduce the significant energy consumption accounted for by thermal installations.  

In relation to this last point, thermal installations (among which are normally 

included HVAC and of SHW systems) are estimated to account for as much as two 

thirds of the total energy consumption inside a home or building, a very 

significant percentage. 

Thus, in this Module we analyse current legal requirements, paying special attention 

to the new developments incorporated into regulations, with particular reference to 

these aspects (thermal plant installations and use of renewable energies), given 

their importance to the overall consumption figure 

Knowledge of the different requirements of the relevant regulations will also provide 

an excellent baseline from which professionals will be able to implement the most 

appropriate and necessary energy efficiency measures in each case.  

The various energy efficiency and saving measures available to the “sector” of 

thermal plant installations are studied in detail in Module 6.  
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5.1. Energy efficiency in the professional 
thermal plant installation sector  

As we have already seen in previous Modules of this course, the building sector 

today, at both a national and Europe-wide level, is a major energy consumer.  

Therefore the control of construction-related energy consumption and the greater 

use of energy from renewable sources, together with energy saving and improved 

energy efficiency, constitute an important part of the measures required to meet the 

objectives and commitments regarding energy and climate change at a national and 

European Community level.  

In response to this situation, as we saw in detail in Module 2 on regulations, Royal 

Decree 314/2006 approved the Technical Building Code (CTE), which was to be 

the regulatory framework of the basic quality requirements for buildings and their 

installations, among which are energy saving requirements.  

This Royal Decree also transposed the energy efficiency requirements for 

buildings embodied in Directive 2002/91/EC of the European Parliament and of the 

Council, which establishes the obligation to review these requirements periodically 

and update them, so as to adapt them to the latest technical advances in the 

construction sector.  

Later, Directive 2010/31/EU on the energy performance of buildings, amended the 

aforementioned Directive 2002/91/EC, which made it necessary once again to 

transpose the changes to the previous directive into Spanish legislation. This new 

Directive makes it mandatory to set a number of minimum energy efficiency 

requirements for buildings or parts thereof so as to achieve optimum levels of 

performance.  

Among the aforementioned requirements and demands referring to energy 

efficiency in the field of construction, there are several that refer directly or indirectly 

to thermal installations, due their importance to overall energy consumption. Thus, 

there are various requirements to be considered in their corresponding regulations, 

all of which will be studied and assessed in this Module.  
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5.1.1. The thermal plant installations sector in the field of 
construction  

Among the professional profiles in the field of construction related to energy 

consumption, special attention has been paid in the preparation of this Manual to the 

thermal installations “sector” and the use of renewable energies.  

So in this block we will be taking an in-depth look at aspects linked to:  

 

Thermal installations, to which are regulatorily linked harvesting systems of 

renewable energies (solar thermal, biomass, geothermal), have a significant impact 

on the overall energy consumption inside buildings. For example, on average 

sanitary hot water installations account for over a quarter of the total energy 

consumption inside a home.  

The same applies to HVAC energy consumption, for both heating and cooling. It is 

estimated that over 40% of the energy consumed inside buildings is related to 

heating and air-conditioning, making this the aspect that accounts for most energy 

consumption in a building.  

For this reason it is vital to put in place all possible energy efficiency and saving 

measures related to thermal installations using renewable energies, within the 

bounds of technical and economic viability, with a view to reducing the energy cost 

of buildings and homes 

Thus, to have a good knowledge of the various requirements established by the 

relevant regulations is considered to be the baseline from which professionals will 

be able to implement the various energy efficiency measures to be developed in 

detail in Module 6.  

  

 The harvesting of solar thermal energy in buildings  

 Thermal biomass installations in buildings 
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 Professional profiles related to thermal installations  

In this professional sector related to thermal plant installations in the scope of 

building and construction, there are many profiles that in one way or another carry 

out their professional activity in this field.  

Among these we would highlight installers of thermal systems using renewable 

energies (such as solar thermal or biomass, among others) and installers of heating, 

SHW and air-conditioning in general, among many other profiles.  

These are professionals that have been trained in various skills related to the 

harvesting of renewable energies (such as solar thermal installations for the 

production of sanitary hot water), the fitting and maintenance of thermal and fluid 

installations, heating and air-conditioning systems, in the broad sector of building 

and civil works.  

Among the most common professional profiles to which the requirements covered 

in this Module refer to either directly or indirectly, the following are mentioned:  

 

However, the requirements to be taken into account in the building sector related to 

these types of installations will also be of interest to other professionals, such as 

architects and engineers, and energy service companies (ESE) in general.  

  

 Solar thermal energy installer 

 Biomass boiler installer 

 Heat production installations technician 

 Thermal and fluid installations maintenance technician  

 Heating systems installer  

 Sanitary hot water system installer  

 HVAC system installer  

 Heating, ACS and air-conditioning systems maintenance technician 
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5.1.2. Towards a more efficient model  

Nowadays nearly all of us are familiar with the idea of energy efficiency; in other 

words, the appropriate management of energy and energy saving in the various 

fields of activity.  

This concept, which we have already touched upon in Module 1 of the Manual, 

stems from the increasingly more apparent depletion of non-renewable energy 

sources, from the growing need to make economic savings, and from the ever 

increasing concern for the environment.  

Every day we consume energy as we go about our regular activities. In spite of this 

we rarely stop to think about how we can manage and reduce our consumption of 

this vital resource.  

However, it falls to each of us to make efficient use of energy. As we all know, 

energy can be saved in all our daily activities, while there has been an ever 

increasing number of technological advances in this direction, the results of which 

we have been seeing for many years.  

It is precisely the field of construction, particularly of buildings and homes, which 

is responsible for the greatest energy consumption. It is therefore essential to 

achieve greater energy efficiency at this point in time.  

As mentioned previously, without a doubt thermal plant installations play a very 

important role in respect of energy consumption within the sector.  

To be precise it is estimated that the energy consumption attributable to this type of 

installations amounts to two thirds of all the energy consumed inside buildings, a 

very high percentage.  

Therefore it is vital to mitigate the consumption related to these installations to the 

greatest possible extent. The technology required to achieve a considerable energy 

saving is already available, as is the case of the consideration of the use of 

renewable energies (such as solar thermal energy) in HVAC and SHW.  

The harvesting of these renewable sources, lead to greater efficiency and a 

significant reduction in CO2 emissions, which would, of course, be beneficial to both 

the environment and our health. And we also need to consider the economic saving 

achieved by the implementation of these new technologies and the use of the right 

materials.  
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5.2. Current regulatory requirements  

Given the importance of this sector to overall consumption, the reduction of energy 

consumption in the field of building has been one of the priority objectives of 

regulatory efforts in the European Union as a whole and, consequently, in Spain 

also.  

This gave rise to European Directive 2002/91/EC, on the Energy Performance of 

Buildings, the most important regulation in the scope of building affecting energy 

consumption and efficiency. Some years later this Directive would be replaced by 

another one, Directive 2010/31/EU, on the energy efficiency of the buildings, which 

introduced a series of amendments and new energy efficiency targets in the 

construction and building sector.  

Thus, a series of standards and requirements to be considered in the fields of 

building and energy efficiency began to take shape and be implemented in Spain. 

The following regulations were among the most important: the Royal Decree on the 

Technical Building Code (CTE), the Royal Decree on Energy Certification for new 

buildings (CEE) and the Royal Decree on Regulations on Thermal Installations in 

Buildings (RITE).  

Of special importance is the Technical Building Code, which was approved by 

Royal Decree 314/2006, of March 17, approving the Technical Building Code (CTE), 

and the Regulations on Thermal Installations in Buildings, approved by Royal 

Decree 1027/2007, of July 20.  

The CTE contains a number of basic quality requirements that buildings and their 

installations must meet in order to satisfy the basic requirements of safety and 

habitability. To ensure that these requirements are met, the CTE contains a number 

of what are known as Basic Documents (DB), which detail the procedures to follow, 

the technical rules, and examples of solution.  

Meanwhile, the RITE sets out the conditions that installations designed to meet the 

demand for thermal wellbeing and hygiene through heating, air-conditioning and 

sanitary hot water installations so as to achieve a rational use of energy.  
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5.2.1. Requirements of the Technical Building Code  

 

The CTE establishes a series of basic requirements covering a number of areas. 

For the purposes of this Manual the basic requirements covering the scope of 

Energy saving and thermal insulation, established in the Basic Document on Energy 

Saving, is particularly interesting.  

To enable us to meet these requirements, the CTE has prepared a series of Basic 

Documents. Thus, Basic Document “DB-HE Energy Saving” specifies the objective 

parameters and procedures to be adopted in order to ensure that the basic 

requirements are met and that the minimum levels of quality required by energy 

saving standards are achieved.  

On the subject of energy saving the CTE sets out five Basic requirements, which are 

listed below:  

 Basic Requirement HE 1. Limitation of energy demand  

 Basic Requirement HE 2. Performance of thermal installations  

 Basic Requirement HE 3. Energy efficiency of lighting installations  

 Basic Requirement HE 4. Minimum solar contribution for sanitary hot water  

 Basic Requirement HE 5. Minimum photovoltaic contribution for electrical energy  

With regard to the thermal plant installations, the aspects covered in Basic 

Requirement HE2. Performance of thermal installations and HE4. Minimum solar 

contribution of sanitary hot water, are of particular interest, as we will see in the 

following pages of this Module.  

  

The Technical Building Code  

The Technical Building Code (CTE) is the regulatory framework established in 

Spain governing the basic quality requirements that buildings and their 

installations must meet in order to satisfy basic requirements of safety and 

habitability.  

 

If you want to know more… 

The website http://www.codigotecnico.org/ provides detailed information about 

points of interest of the Technical Building Code and includes links from which to 

download the various parts and chapters of the CTE.  
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5.2.2. Requirements of the Regulations on Thermal 
Installations in Buildings  

 

This Regulation is divided into two parts: Part I General provisions and Part II 

Technical Instructions. Part I sets out the general provisions and the technical 

requirements, while Part II includes the Technical Instructions (IT) relating to: Design 

and Dimensioning (Requirement of wellbeing and hygiene, Energy efficiency 

requirement, Requirement of safety), Assembly, Maintenance and Use, and 

Inspection.  

The RITE provides that “thermal installations must be designed and calculated, 

executed, maintained and used in such a way that they should result in a reduction 

in the consumption of conventional energy of thermal installations and, as a result, 

in the emission of greenhouse gases and other atmospheric pollutants, by using 

energy efficient systems and systems allowing energy recovery and the use of 

renewable energies and of residual energies”, thereby meeting certain 

requirements.  

Among the energy efficiency requirements established in the Royal Decree and 

directly linked to thermal installations and the use of renewable energy sources are 

the following:  

 Higher energy performance in heat and cold generation equipment, and 

equipment used for the movement and transport of fluids  

 Better insulation of pipes carrying thermal fluids and associated equipment  

 Use of available renewable energies, especially solar energy and biomass.  

 Integration of energy recovery subsystems and residual energy recovery  

The Regulations on Thermal Installations in Buildings (RITE) establish the 

conditions to be met by installations designed to meet the demand for thermal 

wellbeing and hygiene through heating, air-conditioning and sanitary hot 

water systems, in order to achieve a rational use of energy.  
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5.3. Energy efficiency of thermal 
installations  

As we have seen, in Basic Requirement HE2, Performance of thermal installations, 

of the Technical Building Code states that “buildings will be fitted with appropriate 

thermal installations designed to assure their occupants thermal wellbeing”.  

To this end, the current Regulations on Thermal Installations in Buildings (RITE) 

were developed. They were enacted by Royal Decree 238/2013, of April 5, 

modifying certain articles and Technical Instructions of the Regulations on Thermal 

Installations in Buildings (approved by Royal Decree 1027/2007, of July 20).  

The RITE is today the basic regulatory instrument regulating the energy efficiency 

and safety requirements that thermal installations in buildings must meet to 

satisfy users’ demand for wellbeing and hygiene.  

What are considered to be thermal installations in the RITE?  

Before we look at the requirements established in the RITE, it is essential to first be 

aware of what installations the RITE refers to. Specifically, this Regulation considers 

as thermal installations all fixed HVAC installations (heating, cooling and 

ventilation) and sanitary hot water installations intended to meet users’ thermal 

wellbeing and hygiene demands.  

Scope of application. When are these requirements applied?  

The provisions of RITE apply to thermal installations in newly constructed 

buildings and thermal installations being upgraded or refurbished in existing 

buildings, but only to the part being upgraded or refurbished.  

In this respect, the term ‘upgrade or refurbishment of a thermal installation’ is taken 

to mean “any change made to it that represents a modification of the design or 

technical specifications under which it was originally fitted and registered”.  

However, for the purposes of the application of the RITE, the substitution or 

replacement a heat or cold generator with another of similar characteristics, is also 

considered to be an upgrade or refurbishment, even though it does not represent a 

modification of the design or technical specifications.  
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 Technical Instructions on energy efficiency requirements 

The RITE establishes a number of energy efficiency requirements to be taken into 

account and implemented in thermal installations. These are solutions aimed at 

limiting the energy consumption of the thermal installation, based on compliance 

with certain limit values and solutions specified in the RITE.  

More specifically, energy efficiency requirements are established in respect of the 

following types of installations:  

 Energy efficiency requirement as to heat and cold generation 

 Energy efficiency requirement as to networks of heat- or cold-carrying pipes 

and conduits 

 Energy efficiency requirement as to the control of thermal installations  

 Requirement as to the metering of consumptions  

 Requirement as to energy recovery  

 Requirement as to the use of renewable energies  

 Requirement as to limiting the use of conventional energy  

However the RITE leaves the door open to adopting alternative solutions based 

on the direct limitation of the energy consumption of the designed thermal 

installation. These solutions can be adopted provided that it can be demonstrated 

that the thermal installation so designed meets the technical requirements of the 

RITE.  

 

 

  

For further information… 

On the website of the IDAE (Institute for Energy Diversification and Saving), in 

the section Energy Saving and Efficiency > Sustainable City > Building, various 

RITE documents can be accessed, and there are links to the latest rules and 

standards that update or amend the RITE.  
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Supporting documentation  

The RITE also specifies that all thermal installation projects must include an 

estimate of the monthly and annual energy consumption expressed in terms of 

primary energy and carbon dioxide emissions. This estimate is to be made using a 

proven best practice; the method adopted must be described and the sources of 

conventional, renewable and waste energy used identified.  

The design or technical specifications must include a list of the energy consuming 

equipments and their power. And the HVAC and sanitary hot water systems chosen 

must be justified from the point of view of energy efficiency.  

 

Below we list a series of requirements set out in the RITE in reference to the various 

types of thermal installations, specifically:  

 Harvesting of renewable energies  

 Requirements relating to heat generators  

 Requirements relating to air-conditioning installations  

5.3.1. Harvesting of renewable energies  

One of the key aspects regulated by the RITE is the harvesting of renewable 

energies, which is covered in IT 1.2.4.6, specifically. This point deals with the solar 

contribution in the scope of thermal installations.  

Firstly, with regard to sanitary hot water systems, the RITE specifies the “in new 

buildings or buildings to be refurbished with an expected demand for sanitary hot 

water, part of the thermal energy requirements arising from that demand must be 

met by the use of low temperature systems that harvest, store and use solar 

energy, appropriate to the global solar radiation of its location and to the hot water 

demand of the building”.  

  

Want to know more? 

In the Technical Instructions of the RITE, specifically in subsection IT 1.2.4. 

Characterization and quantification of energy efficiency requirements, the 

requirements and conditions established for the different types of thermal 

installations are described in depth.  
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It specifies that this measure also applies to the heating of indoor swimming pools. 

Thus it states that “for indoor swimming pools part of the water heating energy 

needs will be covered by the inclusion of systems that harvest, store and use solar 

energy”.  

There must also be a minimum solar contribution for heating open-air swimming 

pools; in this case the RITE specifies that for heating the water of open-air pools, 

“renewable energy sources can be used, such as solar or waste energy. 

Conventional energy may not be used to heat open-air swimming pools”.  

Finally, as a requirement related to the use of renewable energy sources, RITE 

specifies that, in respect of HVAC systems for open air spaces, this “can only be 

done by using renewable or waste energies. Conventional area may not be used to 

heat or cool these spaces”.  

5.3.2. Requirements related to heat generators  

With regard to heat generators in a building or home, the RITE considers the 

following aspects to be taken into account, among others. These can be consulted 

in full in point 1.2.4.1 of the Regulation.  

The design must indicate the boiler’s energy performance, in particular the 

performance at rated power and with a partial load of 30% and the average 

temperature of the boiler water (taking into account the provisions of Royal Decree 

275/1995).  

With regard to the particular case of biomass-fuelled boilers, the RITE specifies that 

the minimum instantaneous performance required for these types of installations is 

75% at full load.  

When biomass is the fuel, the design must indicate the efficiency and the average 

water temperature of the boiler-burner or boiler-combustion system combination at 

the maximum power demanded by the heating system and, when applicable, by the 

sanitary hot water production system.  

The installation of certain types of boilers is prohibited as from certain dates. 

Among the prohibited boiler types are atmospheric boilers (as from 2010) and 

boilers with a one star energy performance rating (as from 2010 or, if they have two 

stars, as from 2012).  
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5.3.3. Requirements relating to heating and air-
conditioning installations  

With regard to heating and air-conditioning installations, a number of 

requirements must be taken into account. Firstly, the regulation stipulates that all 

thermal installations must be fitted with the automatic control systems to ensure 

that the desired design conditions can be maintained in the places in which they are 

installed, by adjusting energy consumption to variations in the thermal load.  

Thermo-hygrometric conditions must also be controlled. The regulation states that 

centralized or individual heating and air-conditioning systems must be designed so 

as to provide control over the indoor environment from a thermo-hygrometric point of 

view. On energy recovery (covered in point 1.2.4.5), the regulation states that air-

conditioning systems must have a free cooling system using air and, in some 

cases, a system to recovery energy from exhaust air.  

With regard to centralized sanitary hot water installations the minimum control 

equipment that a system must have is specified. Among other aspects, these 

installations must be fitted with a storage temperature control system, pipe network 

water temperature control system, and a system for carrying out thermal shock 

cleaning treatments.  

With regard to heating and air-conditioning installations the RITE also specifies that 

uninhabited premises must not be heated or air-conditioned, unless renewable 

energy or waste energy sources are used.  

 

  



 

 Legal requirements of energy efficiency in the thermal plant installations sector  

  ENERGY EFFICIENCY IN THE CONSTRUCTION SECTOR 

19 

5.3.4. Technical Guides of the IDAE. Saving and efficiency 
in heating and air-conditioning  

With a view to increasing the energy efficiency of thermal installations in buildings, 

the IDAE has produced a number of Technical Guides aimed at designers, 

installers, maintainers, inspectors and users of such systems.  

  

Given their importance, we list below some of these guides and manuals to be 

consulted by certain professionals. All are available in a digital format (pdf):  

 Renewable energy manuals (4). Solar thermal energy  

 Technical Guide on installation of thermal biomass in buildings 

 Technical Guide on the design of closed circuit geothermal heat exchange 

systems 

 Technical Guide on maintenance of thermal installation  

 Technical Guide on centralized sanitary hot water  

 Technical Guide on centralized heating and sanitary hot water (SHW) 

installations in buildings used for homes  

 Technical Guide on energy saving and recovery in air-conditioning 

installations  

 Technical Guide on air-conditioning installations using water  

 

Technical Guides on Energy Efficiency and Saving  

The Technical Guides of the IDAE (Institute for Energy 

Diversification and Saving), aimed at professionals related to 

the installation and maintenance of various types of 

installations, are available from their website (www.idae.es).  
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5.4. Contribution of solar thermal energy 
to energy efficiency  

As we saw in Lesson 2 of this Module, the section entitled Requirements of the 

Technical Building Code of the Technical Building Code (CTE) establishes a number 

of requirements, several of which are related to energy efficiency.  

Firstly, this is a good moment to remember that the objective of the Basic 

Requirement “Energy Saving” of the CTE consists of achieving a rational use of the 

energy required for the use of buildings, reducing energy consumption to 

sustainable limits and ensuring that a part this consumption is of renewable energy 

sources.  

The CTE specifies the use of the solar thermal energy in particular. Thus in terms 

of SHW installations, in Basic Requirement HE 4. Minimum solar contribution for 

sanitary hot water, specifies that, “in buildings covered by the requirement with an 

expected demand for sanitary hot water (or for the heating of an indoor swimming 

pool), part of the thermal energy requirements arising from that demand must be 

met by the use of low temperature systems that harvest, store and use solar 

energy, appropriate to the global solar radiation of its location and to the hot water 

demand of the building and/or of the swimming pool”.  

The Code also states that the values established in this basic requirement are to be 

considered as minimum; i.e. without prejudice to any other values that may be 

established by the relevant authorities with a view to promoting sustainability, based 

on characteristics specific to its geographic location.  

 

By way of a brief introduction to the harvesting and usage of solar energy, the 

normal procedure is to capture the solar energy using thermal collectors to heat a 

fluid with a number of different applications, among which is sanitary hot water 

(SHW), but also water for industrial processes, for heating swimming pools, and for 

ambient heating.  

To be up to speed… 

The entire contents of this Basic Document are to be found, together with the 

latest amendments made, in Order FOM/1635/2013, of September 10, modifying 

Basic Document DB-HE “Energy Saving”, of the Technical Building Code, 

approved by Royal Decree 314/2006, of March 17. This can be accessed by 

clicking on this link.  
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5.4.1. Section HE 4. Minimum solar contribution for 
sanitary hot water  

Firstly we need to be clear on the scope of application of the conditions and 

requirements set out in Section HE4 of the CTE. These requirements, relating to the 

contribution of solar energy harvesting systems to sanitary hot water systems, are 

applicable to:  

 Newly constructed buildings or existing buildings in which there is a total 

refurbishment of the building itself or the thermal installation therein, or in 

which there is a change of characteristic use of the building, where the  

sanitary hot water (SHW) demand is higher than 50 l/d.  

 Extensions or interventions not covered in the previous point in existing 

buildings with an original SHW demand of more than 5,000 l/day, when the 

intervention will mean an increase of over 50% of the original demand.  

 Heating of new indoor swimming pools, existing indoor swimming pools for 

which the heating installation is being renewed, or existing open-air swimming 

pools that are being converted into indoor pools.  

 Characterization and quantification of requirements  

As a technical requirement to be considered, a minimum contribution of solar 

thermal energy is established depending on the building’s climate zone and its 

demand for SHW and/or swimming pool heating.  

It should be noted that for cases of extensions of and interventions in existing 

buildings (mentioned in point 2 of the previous paragraph), the minimum solar 

contribution only applies to the increase of SHW demand over the original demand.  

 

  

How are solar thermal installations defined in the CTE?  

Solar installations are defined in the CTE as a set of components designed to 

capture incident solar radiation, convert it directly into useful thermal energy by 

heating a liquid and transporting the captured thermal energy to the heat 

exchange or storage system, transfer this energy from the collector circuit to the 

consumption circuit and store the thermal energy in an efficient manner so that it 

can be used later directly at the points of consumption.  
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What solar energy contribution must SHW have?  

By minimum annual solar contribution is meant the result between the annual values 

of contributed solar energy required and the annual energy demand for SHW (or 

indoor swimming pool heating), obtained on the basis of monthly values. The table 

on the following page shows the minimum annual solar contribution required to 

cover SHW needs (in percentages) for each climate zone and depending on the 

different levels of SHW demand (as a reference temperature of 60ºC).  

Minimum annual solar contribution for SHW (%) 

Total demand of SHW of 
the building (l/d) 

Climate zone
1
 

I II III IV V 

50-5,000 30 30 40 50 60 

5,000-10,000 30 40 50 60 70 

>10,000 30 50 60 70 70 

Table 1. Source: Technical Building Code.  

Partial or total substitution using renewable energies  

However, the CTE provides that the minimum solar contribution for SHW may be 

replaced partially or fully by an alternative installation using another renewable 

energy, cogeneration process, or waste energy source by the installation of heat 

recovery systems separate from the building’s own thermal installation.  

In order to effect this replacement, it will be necessary to provide due justification of 

a number of aspects. Among others, that CO2 emissions and primary, non-

renewable energy consumption resulting from the alternative installation, together 

with all auxiliary systems required to meet SHW demand fully, will be equal to or 

less than those resulting from the corresponding solar thermal installation and the 

reference system, as a supporting auxiliary system for the compared demand.  

Also, in certain cases, the use of alternative installations will have to be considered, 

for example, if the building’s location means it has insufficient access to sunlight, or 

when urban planning regulations make it impossible for newly constructed buildings 

or existing ones being rehabilitated to have the necessary solar collector surface 

area.  

  

                                                
 
1
 The five climate zones are defined in point 4.2 of Section HE4 of the CTE. Table 4.4 shows 

the limits of homogeneous zones, each zone having been defined on the basis of the annual 
daily global solar radiation on a horizontal surface (H).  
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 Technical characteristics established  

 

Protection against overheating  

As to the dimensioning of the installation, Section HE4 of the CTE states that this 

should be such that the energy produced by the installation does not exceed the 

energy demand in any one month of the year by 110%, nor in any three consecutive 

months by 100%. For the purpose of these thresholds, no account is taken of 

periods of time in which the energy demand falls 50% below the average 

corresponding to the rest of the year, when protective measures should be taken.  

If in any month of the year the solar contribution exceeds 100% of the energy 

demand, certain protective measures should be taken. These measures include 

providing the installation with a way to dissipate those surpluses (either through 

specific equipments, preferably passive, or through the nocturnal circulation of the 

primary circuit).  

If there were to be any possibility of the working fluid evaporating under stagnation 

conditions, the expansion tank should be of a size enabling it to hold the working 

fluid of the entire array of collectors.  

Broadly speaking, it is provided that all installations must be equipped with a 

manual or automatic filling system which allows the circuit to be filled and kept 

pressurized. In this respect, the regulation strongly advises the adoption of an 

automatic filling system together with a top-up tank or similar device.  

Losses due to orientation, inclination and shade  

In Section HE4 of the CTE, solar energy losses are defined as a percentage of the 

solar radiation incident on a south-facing collector surface, at the optimum 

inclination or tilt, and without shadows.  

It is established that the orientation and the inclination of the generating system, 

and any shadows that may fall on it, will be such that losses will be less than the 

limits established by the CTE (see Table 2.3 of Section HE4).  

In the following pages it will be interesting to reflect on a number of 

characteristics and aspects of a technical nature, specified in Section HE4 of 

the CTE, by way of taking a more in-depth look at the way solar thermal energy 

harvesting systems should be installed in the scope of the building sector.  
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Basically it states that three conditions must be met in all cases; losses due to 

orientation, losses due to inclination, and losses due to shade. Total losses should 

be lower than the stipulated limits (Table 2.3) in respect of the energy values 

obtained assuming optimal orientation and inclination and without any shade 

whatsoever.  

 

Measurement systems for supplied energy  

Once these solar installations (or one of the alternative installations replacing them, 

of over 14 Kw) have been started up, they will be subject to periodic energy 

efficiency inspections, for the purpose of verifying compliance with the energy 

management programme. Thus, these installations must be equipped with a 

metering system for measuring the energy supplied.  

The design of this system for metering and monitoring energy will be such that the 

user of the installation will be able to make a direct, visual and unequivocal check 

that the installation is working and producing correctly.  

In the case of homes, the energy produced by the installation may be checked 

against design output either in a centralized manner or by each particular user 

individually.  

  

Optimal orientation and inclination  

For the purposes of the CTE, the optimal orientation is considered to be south-

facing, while the optimal inclination will depend on the period the thermal 

installation is expected to be used. Thus, if there is a constant demand all year 

round, the inclination will be equal to the geographic latitude. If the preferential 

demand is in the winter, inclination will be equal to the geographic latitude + 10 º. 

If the preferential demand is in the summer, inclination will be equal to the 

geographic latitude – 10 º.  
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Solar storage systems and connection of an auxiliary generation system  

The dimensions and characteristics of the solar storage system are also specified. 

According to the CTE, this system must be dimensioned according to the energy it 

contributes throughout the day and not just on the basis of the power of the 

generator (solar collectors2). Thus storage must meet the requirements of demand 

since this is not simultaneous with generation.  

In the specific case of the application of solar thermal installations for sanitary hot 

water systems, it is specified that the total surface area of the collectors2 will have 

a value meeting the following condition:  

50 < V/A < 180 

where, 

A, sum of the surface areas of the collectors [m²]  

V, volume of solar storage [litres]  

It should be noted that connecting an auxiliary generation system to the solar 

storage tank is not permitted. In fact, the CTE stipulates that in the case of solar 

installation units that are factory fitted with a pre-installation for an auxiliary electrical 

system, this option must be permanently disabled by means of an irreversible seal 

or some other means.  

 How is compliance with CTE requirements demonstrated?  

Among the aspects to be specified in the design documentation are the climate 

zone according to the annual average daily global solar radiation of the site, the 

minimum solar contribution required, and the annual sanitary hot water demand.  

If the demand is met by a solar thermal installation it will also be necessary to 

indicate other aspects such as the characteristics and dimensioning of the planned 

installation, the annual solar contribution, and a surveillance and maintenance plan 

for the installation.  

  

                                                
 
2
 Solar collectors are the devices designed to absorb solar radiation and transmit the 

thermal energy so produced to a working fluid circulating inside them.  
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 Summary  

 In this Module the legal requirements established for the thermal plant 

installations (including SHW) and harvesting of renewable energies sectors 

are detailed and referenced. 

 Of all thermal installations, HVAC and SHW systems together may account for 

around two thirds of the total energy consumption inside a home or building, a 

very significant percentage.  

 The legal requirements of nearly all aspects related to buildings and 

construction, including those of energy efficiency and saving, are set out in the 

Technical Building Code (CTE).  

 Similarly, the Regulations on Thermal Installations in Buildings (RITE) 

specify the conditions of heating, air-conditioning and sanitary hot water 

installations required to achieve a rational use of energy.  

 The RITE includes the harvesting of renewable energies in this type of 

installations, paying special attention to the contribution of solar thermal energy 

in certain scopes (SHW, swimming pools, HVAC, etc.)  

 The RITE also specifies certain requirements concerning heat generators and 

the use of biomass. In particular, all heat generators of these characteristics 

must deliver a minimum instantaneous performance of 75% at full load.  

 On the subject of heating and air-conditioning installations, this regulation 

sets forth a number of requirements to take into account, including requirements 

relating to automatic control. It also specifies that uninhabited premises must not 

be heated or air-conditioned, unless renewable energy or waste energy 

sources are used.  

 Section HE4 of the CTE calls for a minimum solar contribution for sanitary hot 

water in certain buildings. In this way part of the building’s energy requirements 

will be met by the implementation of solar energy harvesting, storage and usage 

systems.  

 The minimum annual solar contribution required to meet SHW needs (expressed 

in percentages) will vary according to the climate zone in which the building is 

located and its SHW demand, ranging between 30% and 70%  
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 Aims  

 To understand the legal requirements established by current legislation with 

regard to carpentry and other construction-related sectors.  

 To learn the most important aspects of the Technical Building Code (CTE) in 

the field of carpentry and other construction-related sectors 

 To be able to apply these requirements referring to new buildings and to 

extension, modification, upgrade or rehabilitation works, based on the scope of 

application specified in the CTE.  

 To apply correctly the Basic Requirements set out in the CTE, establishing the 

qualitative “performance” that buildings must deliver in order to achieve the 

quality that society demands.  

 To be up to speed on the content of the various Basic Documents of the CTE, 

in which the Basic Requirements are detailed and explained.  

 To know the limitations included in the Basic Document HE Energy Saving of 

the CTE with implications for the building sector, to be taken into account by 

workers in the field of.  

 To know in which particular cases these requirements will have to be applied 

and, conversely, in which cases they will not be deemed necessary.  
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 Introduction  

Once we have obtained an overview of current regulations concerning energy 

efficiency (Module 2), and have assessed the most important demands of those 

regulations (Module 3), we then need to study in greater depth the legal 

requirements currently affecting each of the building sectors.  

In this respect, we should note that, for practical purposes, professional profiles in 

the building industry are broken down into five major groups or “sectors”:  

 Envelope of the building (masonry and insulation) 

 Construction related (carpentry, paintwork and others) 

 Electricity 

 Thermal installations  

 HVAC (Heating, Ventilation and Air Conditioning) and sanitary hot water (ACS)  

This Manual deals with the most interesting aspects relating to the envelope of the 

building and therefore, to the sector of carpentry, and other construction-related 

sectors. More specifically, the Manual includes two Modules, 5 and 6, on:  

 Module 5. Legal requirements of energy efficiency in the carpentry and other 

construction-related sectors.  

 Module 6. Energy efficiency measures in the envelope of the building 

carpentry and other construction-related sectors.  

This Module, which deals separately with the legal requirements established for the 

carpentry and other construction-related sectors, pays special attention to 

closures related to carpentry, especially the outside windows of buildings that have 

a very significant influence on the proper insulation of the thermal envelope.  

Other related sectors are considered to have a less important impact on the Energy 

Performance of Buildings so they are dealt with more succinctly, by means of 

recommendations and brief observations.  

The legal requirements of nearly all aspects related to buildings and construction, 

including those of energy efficiency and savings, were established in the Technical 

Building Code (CTE).  
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As we saw in Modules 2 and 3, this set of rules, approved in 2006, established the 

regulatory framework of basic quality requirements for buildings and their 

installations.  

Some of these requirements and conditions relating to energy efficiency in the 

scope of construction have a special relevance to the carpentry sector, due to the 

regulation of the insulation of buildings which concerns architectural features such 

as windows and doors.  

More specifically, the carpentry sector is affected especially by the measures aimed 

at achieving proper insulation through installations that are within the scope of this 

sector, such as doors and windows, especially the latter as fundamental 

components of the thermal envelope of a building.  

It is important to note that approximately half the energy consumption of a building is 

attributable to its thermal envelope, in other words, the “skin” of the building, in 

which a major part, variable depending on the characteristics of the building, is 

accounted for by energy losses through its openings1. Closures therefore play an 

important role in energy efficiency.  

Thus, in this Module we analyse current legal requirements, paying special attention 

to the new developments incorporated into regulations, with particular reference to 

building insulation and openings, and even more particularly, the windows of 

buildings, as a fundamental part of the thermal envelope. 

Knowledge of the different requirements of the relevant regulations will also provide 

an excellent baseline from which professionals will be able to implement the most 

appropriate and necessary energy efficiency measures in each case.  

The various energy efficiency and saving measures available to the carpentry 

sector are studied in detail in Module 6. And although there are no specific 

requirements with a direct effect on other related sectors, such as paintwork, a 

number of recommendations can be made to optimize the energy efficiency of 

buildings as a whole, taking into account some of the measures in these sectors.  

                                                
 
1 Opening: any transparent or semi-transparent element of the building’s envelope, 
including windows, roof windows and skylights, and glass doors with a semi-transparent 
surface area of over 50%. 
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5.1. Energy efficiency in the professional 
carpentry sector 

At both a domestic level and throughout Europe, the building sector is a major 

consumer of energy, as we have already seen in the previous Modules of this 

course.  

Therefore the control of construction-related energy consumption and the greater 

use of energy from renewable sources, together with energy saving and improved 

energy efficiency, constitute an important part of the measures required to meet the 

objectives and commitments regarding energy and climate change at a national and 

European Community level.  

In response to this situation, as we saw in detail in Module 2 on regulations, Royal 

Decree 314/2006 approved the Technical Building Code (CTE), which was to be 

the regulatory framework of the basic quality requirements for buildings and their 

installations, among which are energy saving requirements.  

This Royal Decree also transposed the energy performance requirements for 

buildings embodied in Directive 2002/91/EC of the European Parliament and of the 

Council, which establishes the obligation to review these requirements periodically 

and update them, so as to adapt them to the latest technical advances in the 

construction sector.  

Later, Directive 2010/31/EU on the energy performance of buildings, amended the 

aforementioned Directive 2002/91/EC, which made it necessary once again to 

transpose the changes to the previous directive into Spanish legislation. This new 

Directive makes it mandatory to set a number of minimum energy efficiency 

requirements for buildings or parts thereof so as to achieve optimum levels of 

performance.  

Among the aforementioned requirements and demands referring to energy 

efficiency in the field of construction, there are several that refer directly or indirectly 

to the carpentry sector, due its importance to overall energy consumption.  

Thus, there are various requirements to be considered in their corresponding 

regulations, all of which will be studied and assessed in this Module.  
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5.1.1. The carpentry sector in the field of construction  

Among the professional profiles in the field of construction related to energy 

consumption, special attention has been paid in the preparation of this Manual to the 

carpentry sector.  

So in this block we will be taking an in-depth look at the characteristics of closures 

of openings.  

It is estimated that 50% of the energy consumption of a building is due to heat 

losses through its envelope or, in other words, the skin of the building. This 

envelope is made up of the building’s roof, facade and closures. The incorrect 

insulation of these elements will lead to very significant energy losses. So much so 

that it is estimated that with proper insulation of its envelope, a building can 

consume in the region of 60% less energy.  

Specifically, the carpentry sector has a major role to play in the proper insulation of 

buildings with regard to closures of architectural openings; in other words, doors, 

roof windows, skylights and, especially, windows. For this reason it is vital to put in 

place all possible energy efficiency and saving measures related to carpentry, 

within the bounds of technical and economic viability, with a view to reducing the 

energy cost of buildings or homes.  

To be up to speed with and have a good knowledge of the various requirements 

established by the relevant regulations is considered to be the baseline from 

which professionals will be able to implement the various energy efficiency 

measures to be developed in detail in Module 6.  
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 Professional profiles related to carpentry 

Within the professional sector associated with carpentry there are many profiles 

that, in one way or another, conduct their professional activity in the field of 

building and construction.  

Among the most common professional profiles, to which the requirements set out 

in this Module refer directly or indirectly, are the following:  

 

However, the carpentry related requirements to be taken into account in the building 

sector will also be of interest to other professionals, such as architects, engineers, 

quantity surveyors and technical architects and, in general, construction services 

companies.  

   

 Basic professional training certificate holder in refurbishment and 

maintenance of buildings  

 Basic professional training certificate holder in carpentry and furnishings 

 Construction technician 

 Interior decoration and rehabilitation technician 

 Technician in carpentry and furnishings 

 Technician in installations and furnishings 

 Higher technician in building projects 

 Higher technician in civil works projects 

 Higher technician in design and furnishings 
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5.1.2. Towards a more efficient model 

Nowadays nearly all of us are familiar with the idea of energy efficiency; in other 

words, the appropriate management and saving of energy in the various fields of 

activity.  

This concept, which we have already touched upon in Module 1 of the Manual, 

stems from the increasingly more apparent depletion of non-renewable energy 

sources, from the growing need to make economic savings, and from the ever 

increasing concern for the environment 

Every day we consume energy as we go about our regular activities. In spite of this 

we rarely stop to think about how we can manage and reduce our consumption of 

this vital resource.  

However, it falls to each of us to make efficient use of energy. As we all know, 

energy can be saved in all our daily activities, while there has been an ever 

increasing number of technological advances in this direction, the results of which 

we have been seeing for many years.  

It is precisely the field of construction, particularly of buildings and homes, which 

is responsible for the greatest energy consumption. It is therefore essential to 

achieve greater energy efficiency at this point in time.  

The design and the correct construction of the building is the most important factor 

when it comes to optimizing the building’s energy efficiency. As we pointed out 

earlier, a building’s thermal envelope is responsible for most of the energy 

consumption, so the correct thermal insulation of the envelope is crucial to reducing 

consumption. Also, after the design, the construction of the envelope is the first step 

to consider in the building process and, consequently, the first point at which energy 

efficiency measures are applied. It is important to bear in mind that, since the 

measures applied in this phase impact on the very essence of the building, their 

effect will endure over time, making them all the more important.  

In this respect, it is true to say that today we have the technology necessary to 

achieve considerable energy saving. Consequently, this greater efficiency would 

also mean a reduction of CO2 emissions, which would be beneficial to both the 

environment and our health. And there is also the economic saving achieved by the 

implementation of these new technologies and the use of the right materials to be 

considered.  

We should also consider the best practices that each of us can implement in order 

to increase the effectiveness of the measures undertaken.    
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5.2. Current regulatory requirements  

Given the importance of this sector to overall consumption, the reduction of energy 

consumption in the field of building has been one of the priority objectives of 

regulatory efforts in the European Union as a whole and, consequently, in Spain 

also.  

As a result, the European Union, and subsequently the governments of its member 

states, have drafted a number of Directives, Laws, Regulations and Standards 

aimed at controlling the excessive consumption of our dwindling resources, and 

assessing and promoting the use of alternative energy sources and, in particular, 

renewable energy sources.  

Thus, in recent years various regulations related to the promotion of energy 

efficiency in building have been created with a view to meeting today’s 

environmental commitments.  

As we have already stated in other Modules, the European Union has played a vital 

role in this process, by framing and regulating the necessary measures to promote 

energy efficiency within Europe.  

European Directive 2002/91/EC, on the energy performance of buildings, was the 

most important set of standards in the field of building with regard to energy 

consumption and efficiency. Years later this Directive would be replaced by another 

Directive 2010/31/EU, on the energy performance of buildings, which introduced a 

number of modifications and new energy efficiency targets for the construction and 

building sectors.  

Thus, a series of standards and requirements to be considered in the fields of 

building and energy efficiency began to take shape and be implemented in Spain. 

The following regulations were among the most important: the Royal Decree on the 

Technical Building Code (CTE), the Royal Decree on Energy Certification for new 

buildings (CEE) and the Royal Decree on Regulations on Thermal Installations in 

Buildings (RITE).  

Of special importance is the Technical Building Code, which was approved by 

Royal Decree 314/2006, of March 17, approving the Technical Building Code (CTE).  
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Within the CTE, the content and requirements of one Basic Document in particular, 

DB HE Energy Saving, are of particular importance with regard to energy 

efficiency. The purpose of this Basic Document is to establish rules and procedures 

to address the basic requirement of energy saving, as we will see later on.  

5.2.1. Requirements of the Technical Building Code  

 

The CTE establishes a series of basic requirements covering a number of areas, 

specifically: 

 Structural safety 

 Safety in the event of fire 

 Safety in use and accessibility 

 Hygiene, health and preservation of the environment 

 Protection against noise 

 Energy saving and thermal insulation.  

As is to be expected given the content and objectives of this Manual, the 

implications of the basic requirements for the field of energy saving and thermal 

insulation, as set out in the CTE’s Basic Document of Energy Saving, are of 

particular interest to us.  

  

The CTE contains a number of basic quality requirements that buildings and 

their installations must meet in order to satisfy the basic requirements of safety 

and habitability. To ensure that these requirements are met, the CTE contains a 

number of what are known as Basic Documents (DB), which detail the 

procedures to follow, the technical rules, and examples of solutions.  

 

The Technical Building Code  

The Technical Building Code (CTE) is the regulatory framework established in 

Spain governing the basic quality requirements that buildings and their 

installations must meet in order to satisfy basic requirements of safety and 

habitability.  
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It should be remembered that in Module 3 of this Manual, entitled “Conditions and 

requirements for energy saving in buildings”, we have already dealt with the most 

interesting contents and aspects of the CTE. Therefore, in this Lesson we will be 

focusing on those requirements that affect the sector most closely linked to 

carpentry.  

That said, it would be a good idea at this time to review some key points of the CTE, 

by way of an introduction. In terms of scope of application, the provisions of the 

CTE cover all newly constructed buildings and those being in expanded, modified, 

upgraded or rehabilitated.  

On the basis of the contents of the CTE, a number of Basic Requirements are 

established, which represent the performance of a qualitative nature that buildings 

should achieve to deliver the quality that society demands.  

To enable us to meet these requirements, the CTE has prepared a series of Basic 

Documents. Thus, Basic Document “DB-HE Energy Saving” specifies the objective 

parameters and procedures to be adopted in order to ensure that the basic 

requirements are met and that the minimum levels of quality required by energy 

saving standards are achieved.  

On the subject of energy saving the CTE sets out five Basic requirements, which are 

listed below:  

 Basic Requirement HE 1. Limitation of energy demand  

 Basic Requirement HE 2. Performance of thermal installations  

 Basic Requirement HE 3. Energy efficiency of lighting installations  

 Basic Requirement HE 4. Minimum solar contribution for sanitary hot water  

 Basic Requirement HE 5. Minimum photovoltaic contribution for electrical energy  

As we will see in the following section of this Lesson, the requirements to be met 

are set out in detail in the Basic Document of Energy Saving.  

 

  

If you want to know more… 

The website http://www.codigotecnico.org/ provides detailed information about 

points of interest of the Technical Building Code and includes links from which to 

download the various parts and chapters of the CTE.  
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5.2.2. Basic Document HE Energy Saving 

The Basic Document HE Energy Saving of the Technical Building Code is broken 

down into a number of sections, each dealing with the Basic Requirements related 

to energy saving.  

More specifically, the sections are: Section HE1. Limitation of energy demand; 

Section HE2. Performance of thermal installations; Section HE3. Energy efficiency 

of lighting installations; Section HE4. Minimum solar contribution for sanitary hot 

water; and Section HE5. Minimum photovoltaic contribution for electrical energy.  

Each of these sections is, in turn, divided into a number of subsections. While these 

subsections vary from one section to another, in general the table of contents for 

each section tends to be as follows:  

 Scope of application 

 Characterization and quantification of the requirement  

 Verification and evidence that the requirement has been met  

 Data and procedures used for calculations 

 Maintenance and conservation  

With regard to the carpentry sector, the provisions of Section HE 1. Limitation of 

energy demand, is particularly relevant to this lesson. 

The section specifies a number of minimum energy efficiency requirements to be 

met in the building process.  

 

  

To be up to speed… 

The entire contents of this Basic Document are to be found, together with the 

latest amendments made, in Order FOM/1635/2013, of September 10, modifying 

Basic Document DB-HE “Energy Saving”, of the Technical Building Code, 

approved by Royal Decree 314/2006, of March 17. This can be accessed by 

clicking on this link.  
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5.2.3. Section HE1. Limitation of energy demand 

Section HE 1, of the Basic Document HE Energy Saving, refers to the limitation of 

energy demand in buildings in the following extract:  

“Buildings must have an envelope whose characteristics adequately limit the energy 

demand necessary to achieve thermal wellbeing depending on the local climate, the 

use of the building, and the summer and winter regime, and due to its characteristics 

of insulation and inertia, air permeability, and exposure to solar radiation, thereby 

reducing the risk of the appearance of damp from superficial and interstitial 

condensation which may prejudicially affect its characteristics, while treating thermal 

bridges appropriately, in order to limit heat losses or gains and prevent hygrothermal 

problems arising.” 

However it is first necessary for us to know in which cases the specified measures 

should be applied and implemented and, conversely, in which cases they are not 

mandatory.  

When will these requirements be applied?  

a) In buildings of new construction  

b) In interventions in existing buildings: 

o Extension: interventions in which the floor area or built volume is 

increased. 

o Upgrade: any work on an existing building other than that performed 

solely for the maintenance of the building. 

Change of use. 

In which cases are they not applicable?  

Excluded from the scope of application are:  

a) Protected historic buildings, when so determined by the relevant historical-

artistic protection authority. 

b) Provisional constructions with a planned period of utilization of two years or 

less. 

c) Industrial, defence and agricultural buildings or parts of same, in the part 

dedicated to workshops and industrial, defence, and non-residential 

agricultural processes, 

d) Independent buildings with a usable floor area of less than 50 m2.  
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e) Buildings or parts thereof which, due to the nature of their use, are 

permanently open.  

f) Change of normal use of the building when this does not involve a change 

in its usage profile.  

 

Minimum requirements of energy efficiency in carpentry  

Section HE 1 establishes the following basic requirements:  

1. The limitation of energy demand of the buildings. This requirement must take 

into account the climate zone of the locality in which the building is sited and 

the use that is planned to be made of it.  

2. In residential buildings, the thermal envelope should prevent imbalances in 

the thermal quality of the different habitable spaces. Heat transfer between 

units of different usage and between these units and the common areas of 

the building should also be limited. 

3. Also to be limited are condensation and risks due to processes that cause a 

significant loss in the thermal performance or useful life of the elements 

making up the thermal envelope. 

Therefore, a number of limitations are established, depending on the type and use 

of the building. The following table provides a summary of the building types that 

must meet each of the requirements set forth in DB HE1 of the Technical Building 

Code, depending on the type of building in question:  

Requirement 

New buildings or extensions 
Interventions in 

existing buildings 

Private 
residential use 

Other uses 
Private 

residential 
use 

Other 
uses 

Limitation of energy 
demand 

Yes Yes Yes Yes 

Limitation of imbalances Yes No Yes No 

Limitation of 
condensation 

Yes Yes Yes Yes 

Table 1. Requirements depending on the type of building. Source: CTE.  
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Limitation of energy demand 

For the limitation of energy demand, two aspects are addressed: heating energy 

demand and cooling energy demand. The calculations for the reduction of energy 

demand vary according to the type and usage of the building. In the case of new 

buildings or extensions, a number of limit values are set that may not be exceeded. 

These limit values depend on the climate zone of the locality in which the building in 

question is sited. For buildings intended for other uses, the reduction of the demand 

is set in accordance with the corresponding reference building.  

In buildings of new construction and extensions 

- Buildings of private residential use: 

Heating energy demand. A limit value “D cal lim” is established, calculated in the 

following manner: 

 

Where:  

D cal, lim: limit value of the heating energy demand expressed in kWh/year 

D cal, base: base value of the heating energy demand for each winter climate zone 

(see table 2) 

F cal, sup: floor area correction factor for heating energy demand (see table 2) 

S: useful floor area of the building’s habitable spaces, in m2. 

 

 Winter climate zone 

α A B C D E 

D cal, 

base 

15 15 15 20 27 40 

F cal, 

sup 

0 0 0 1000 2000 3000 

Table 2. Base value and floor area correction factor for heating energy demand. Source: 

CTE 
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Cooling energy demand. A reference limit value “D ref lim” is established, which 

must meet the following conditions, based on the summer climate zone: 

 

Summer climate zone 1 2 3 4 

D ref lim (kWh/m2 year) 15 15 15 20 

Table 3. Limit values of cooling energy demand. Source: CTE 

- Buildings of other uses:  

A percentage saving is established for the joint heating and cooling energy 

demand in respect of the reference building. This percentage must be equal to or 

greater than the figure shown in the following table:  

Summer climate zone 

Load from internal sources 

Low  Low  

1, 2  25% 1, 2  25% 1, 2  

3, 4  25% 3, 4  25% 3, 4  

Table 4. Minimum percentage of saving of joint energy demand in respect of the reference 

building. Source: CTE.  

For interventions in existing buildings: 

In respect of the limitation of energy demand for interventions in existing buildings, 

the CTE establishes the following: 

When the intervention results in modifications to the internal or external conditions of 

an element of the thermal envelope, causing an increase to the building’s energy 

demand, the characteristics of this element must meet the provisions of this Basic 

Document (DB HE 1 Energy Saving).  

In refurbishment works in which over 25% of the total surface area of the building’s 

thermal envelope is renewed, and in works aimed at changing the characteristic use 

of the building, the building’s combined energy demand may not exceed that of the 

reference building.  
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In refurbishment works not considered in the aforementioned case, the elements of 

the thermal envelope to be replaced, added or substantially modified must meet the 

limitations established in table 2.3. When work is done on several elements of the 

thermal envelope simultaneously, the thermal transmittance values of this table may 

be exceeded if the combined energy demand is equal to or less than the value 

obtained by applying the values of the table to each element affected.  

Limitation of imbalances 

The limitation of imbalances is a requirement for buildings of private residential 

use. This requirement obliges buildings to have a thermal envelope that prevents 

imbalances in thermal quality in the various habitable spaces. The transfer of heat 

between different units with the same use and between these units and the common 

areas of the building should also be avoided. To do this, a calculation is made of the 

air permeability of openings, and the thermal transmittance of openings and non-

transparent areas of walls, roofs and floors of the thermal envelope, excluding 

thermal bridges. The following limit values are established: 

Parameter 

Winter climate zone 

α 
A B C D E 

Thermal transmittance of walls and elements in 

contact with the ground 
2
  [W/m²·K] 

1.35 1.25 1.00 0.75 0.60 0.55 

Thermal transmittance of roofs and floors in 

contact with the air [W/m²·K] 
1.20 0.80 0.65 0.50 0.40 0.35 

Thermal transmittance of openings 
3
 (2) [W/m²·K] 5.70 5.70 4.20 3.10 2.70 2.50 

Air permeability of openings 
4
 [m3/h·m2] ≤ 50 ≤ 50 ≤ 50 ≤ 27 ≤ 27 ≤ 27 

Table 5. Maximum thermal transmittance and air permeability of the elements of the thermal 

envelope. Source: CTE 

Constructions designed to reduce energy demand, such as terraced housing, 

Trombe walls, greenhouses or similar, may exceed the above mentioned limits.  

For party wall facades and interior partitions other limit values of thermal 

transmittance (U) are established, which are shown in the following table:  

                                                
 
2
 For elements in contact with the ground, the indicated value is only required for the first metre of 

buried wall, or the first metre of the perimeter of floor bearing on the ground to a depth of 0.50m. 
3
 The combined performance of glass and frame is considered. This includes glass walls and skylights. 

4
 The permeability of the carpentry indicated is the measurement with an overpressure of 100Pa. 
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Parameter 

Winter climate zone 

α A B C D E 

U limit in interior partitions (horizontal and 

vertical) delimiting units of different usage, 

common areas and party walls. [W/m
2
·K] 

1.35 1.25 1.10 0.95 0.85 0.70 

U limit in horizontal interior partitions delimiting 

units with the same usage. [W/m
2
·K] 

1.90 1.80 1.55 1.35 1.20 1.00 

U limit in vertical interior partitions delimiting 

units with the same usage. [W/m
2
·K] 

1.40 1.40 1.20 1.20 1.20 1.00 

Table 6. Maximum thermal transmittance in interior partitions. Source: CTE. 

 

Limitation of condensation 

The limitation of condensation is a requirement applicable to both new buildings 

and existing ones, aimed at preventing interstitial condensation in the thermal 

envelope. It must be ensured that this condensation does not cause a significant 

loss of thermal performance and that there is no risk of degradation or loss of useful 

life of the envelope. As a limit value it is established that the maximum condensation 

accumulated in each period of the year may not exceed the amount of evaporation 

possible for the same period.  

 

  

To consult… 

It is important to consult the legal text of Section HE 1, in Basic Document HE 

Energy Saving, of the Technical Building Code, between pages 13 and 20. This 

document can be found at this link: 
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5.2.4. Properties of openings 

Openings are considered to be one of the weakest elements in a building in terms of 

insulation. The thermal characteristics of openings are determined by the materials 

used to manage them and the state of repair of those materials. As provided for in 

section 5 of DB HE 1 of the CTE on the Procedure for calculating demand, it is 

necessary to determine the thermal transmittance, the surface area and the solar 

heat gain coefficient of the glass used in closures.  

According to the CTE, the thermal transmittance of a window (UH) is calculated 

using the following formula, which takes into account the partial transmittance 

values of the different elements involved: 

 

where: 

- FM: the fraction of the opening occupied by the profile (frame) 

- UH,V: transmittance of the semi-transparent part (window, glass) 

- UH,M: transmittance of the profile (frame, skylight, etc.) 

To calculate the solar heat gain coefficient of the opening (F) both the frame and 

the glazing are considered, with the latter being far more important. The solar heat 

gain coefficient is calculated as follows: 

 

where: 

- FM: the fraction of the opening occupied by the profile (frame) 

- g⊥ : the solar heat gain coefficient of the glass 

- Um: thermal transmittance of the frame 

- Α: absorptivity of the frame (a function of the colour).  

Shading elements (overhangs, blinds, awnings, etc.) may also be considered, for 

which we need to calculate the modified solar heat gain coefficient, as follows: 

 

where, Fs is the shade shading factor of the opening.  
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5.3. Energy efficiency in other 
construction-related sectors  

 Glazing  

The glazing sector plays an important role in the construction of glazed closures. 

The professionals working in this sector must meet the specifications of the 

Technical Building Code regarding characteristics of the glass used in windows and 

other elements, the legal requirements of which we studied in this lesson.  

 Paintwork  

Although the Technical Building Code, the reference document in terms of 

regulatory requirements governing the construction of buildings, has nothing specific 

to say about the energy efficiency regulation of this sector for buildings, there are 

some best practices that can be considered as recommendations with a view to, on 

the one hand optimize energy saving in buildings and, on the other, to work towards 

more sustainable construction, above and beyond the scope of energy efficiency. In 

the following Module, on applicable measures, some of these recommendations will 

be mentioned.  

 Decoration  

Similarly, the decoration sector, including the furnishing of homes and business 

premises, has a direct or indirect impact on energy consumption in the building itself 

and at a local and global level. For this reason, although the CTE publishes no 

requirements or guidelines that affect this sector, by applying some best practices to 

the furnishing and decoration of buildings we can help optimize a building’s energy 

efficiency. In Module 6, on applicable measures, some of these recommendations 

will be covered.  

 

Figure 1. Manufacture of furniture using pallets. Source: La Bioguia.  
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 Summary  

 This Module looks at the main features of the legal requirements governing 

energy efficiency affecting the carpentry sector, especially with regard to the 

insulation of openings in the thermal envelope  

 The Technical Building Code (CTE) regulates nearly all aspects related to 

buildings and construction, including energy efficiency and saving.  

 The energy consumption of a building through its thermal envelope accounts 

for around 50% of all the energy consumed. By properly insulating the envelope 

we can save over 60% of the energy. The proper treatment of the openings in 

the envelope plays an important role in this insulation 

 Within the CTE, the contents and requirements of the Basic Document called 

DB HE Energy Saving are of particular importance to the field of energy 

efficiency. 

 For the carpentry sector, the provisions of Section HE 1. Limitation of energy 

demand are of particular importance.  

 Section HE 1 refers to the characteristics of the thermal envelope, focusing on 

three aspects: the limitation of energy demand in buildings, imbalances in the 

thermal quality of spaces, and condensation.  

 The heating energy demand and cooling may not exceed the limit values, 

which vary according the climate zone and the type and usage of the building. 

 The limitation of the imbalances is a requirement applicable to buildings of 

residential use. This limitation is established on the basis of the characteristics 

of the envelope. 

 The limitation of the condensation is a requirement applicable to all buildings 

that suffer from this problem. A limit value for condensation is established, a 

variable which may not be exceeded.  

 For other related sectors there are a number of interesting recommendations but 

no legal requirements of a mandatory nature apply to the sector. 
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 Aims  

 To know the most important energy efficiency measures that can be 

implemented in the masonry sector, in relation to the thermal insulation of 

buildings. 

 To understand the concept of “thermal insulation” and the characteristics of the 

main thermal insulation materials used in efficient building. 

 To relate the requirements of the Technical Building Code to the energy 

efficiency measures to be implemented in both newly constructed buildings 

and existing buildings. 

 To find out about the different possibilities of thermal rehabilitation in buildings, 

addressing two elements of its envelope: the facade and the roof. 

 To differentiate between the characteristics and recommendations related to the 

thermal insulation of the envelope applied externally and internally. 

 To know the techniques and materials used most frequently in the thermal 

rehabilitation of the facade and roof of the buildings, and their advantages and 

limitations. 

 To learn how to look for published information on the thermal insulation of 

buildings. 

 To obtain information about any relevant assistance schemes and subsidies 

there may be applicable to energy efficiency and insulation, through the various 

plans and programmes (Energy Saving and Efficiency Action Plan and PAREER 

Programme). 
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 Introduction  

The need to implement various energy efficiency measures in the field of building 

in general, and related to the masonry and insulation sector in particular, has in 

many cases ceased to be just another option but has become an imperative, 

imposed by regulation. 

In the previous Module we looked at the regulatory requirements applicable in this 

respect. In particular, we saw the importance of the role of the Technical Building 

Code (CTE), which established various guidelines to consider in matters of energy 

efficiency and saving in the building sector.  

We therefore consider it essential to first gain an awareness of these regulatory 

requirements so as to be able to implement the measures that are necessary and 

appropriate to each case.  

In Module 5, on the legal requirements of energy efficiency in masonry and 

insulation, we looked at how energy demand reduction (in heating and cooling) 

should be addressed according to the Technical Building Code, the document on 

which building requirements are based. To address this requirement in a practical 

manner, various technical measures need to be implemented. These measures will 

be the subject of scrutiny in this Module.  

Energy demand reduction means reducing heating and cooling demand. The 

energy demand of a building depends, as is to be expected, on its location, so it is 

conditioned by the climate zone in which it is situated.  

As we saw in Module 5, according to the CTE, a building’s heating or cooling 

demand must be reduced to meet an established set of values, which vary 

according to the type of building and the climate zone in which it is located.  

To reduce energy demand, buildings need to be properly insulated, focusing on 

three main areas: the facade, the roof and architectural openings. For the purpose 

of this Module we will be studying the insulation of a building’s facade and roof. We 

will start by looking at the thermal insulation materials used in energy efficient 

building, studying their useful insulating properties and characteristics before 

examining various insulation solutions for facades and roofs.  
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6.1. Thermal insulation materials 

Thermal insulation materials are products that exhibit a high resistance to the 

passage of heat through them. This quality is measured in terms of thermal 

conductivity, which is the capacity of materials to conduct heat, therefore insulation 

materials have a very low thermal conductivity. In Table 1 we can see the 

average coefficients of thermal conductivity of the insulation materials that we will be 

studying in this course, taken from the Technical Building Code (CTE). It should be 

noted that insulating capacity does not depend solely on this coefficient, but also on 

the thickness of the material used.  

 

 

 

 

 

 

Table 1. Source: CTE WEB http://cte-web.iccl.es/  

 

Below we take a look at the insulation materials that are most commonly used in 

the construction sector to insulate the envelope of a building.  

  

Material 
Coefficient of thermal conductivity (λ)  

[W/m·K] 

Expanded polystyrene (EPS) 0.039-0.029 

Extruded polystyrene 0.039-0.029 

Mineral wool 0.05-0.031 

Polyurethane foam 0.024-0.04 

Building materials in the CTE: 

Using the following link you can consult the Technical Building Code’s Catalogue 

of Building Materials: 

http://www.codigotecnico.org/web/galerias/archivos/CAT-EC-

v06.3_marzo_10.pdf 
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Expanded polystyrene (EPS) 

EPS is a rigid plastic material derived from polystyrene with an air-filled, closed cell 

structure. It is used in construction and also, very frequently, in freight packaging (to 

protect contents against impact) and in food packaging (food trays). It has a very low 

thermal conductivity and does not rot, go mouldy or decompose. It is very light and 

is resistant to damp. In the construction sector it is used to insulate all kinds of 

structures: facades, roofs, floors, etc. It can take a number of different forms, 

depending on the use it is to be put to. In the construction sector, for use as thermal 

insulation, it is normally used in flat boards.  

 

Figure 1. EPS boards and detail of EPS. Photos: www.mwmaterialsworld.com 

Extruded polystyrene (XPS) 

This is a derivative of polystyrene, also rigid in structure, which is the result of 

extruding polystyrene, which means that the original material (in this case, the 

polystyrene) is compressed through an extruder to give it its definitive rigid form. 

The polystyrene is extruded in the presence of foaming gas, which varies depending 

on the type of XPS. Its characteristics are very similar to those of EPS but the key 

difference is the extrusion process, which gives it a closed cell structure, making 

XPS the only thermal insulation to retain its properties when wet.  

 

Figure 2. XPS board. Photo: www.proctorgroup.com/ 
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Sprayed polyurethane foam (PUR) 

PUR is a foam insulation which is the result of a chemical reaction of two liquid 

components at ambient temperature, isocyanate and polyol, which release heat on 

contact. This heat is used to trigger an expanding agent, giving rise to a final product 

which is a rigid, voluminous, 90% closed cell material; polyurethane foam.  

It is used in industry and in building as thermal and acoustic insulation and as a 

waterproofing agent. It is applied by spraying the two components using specially 

designed devices, which is why it is known as “sprayed polyurethane foam”.  

  

Figure 3. Application and detail of sprayed polyurethane foam.  

Source: www.poliuretanoproyectadoalicante.com (left);  

 www.construccion-y-reformas.vilssa.com (right) 

 

Mineral wool (MW) 

Mineral wools are products made up of filaments of stone materials that are 

interwoven to form a felt. It is a very light material which provides effective protection 

against heat, noise and fire. This natural product, transformed by a manufacturing 

process, is therefore used as a thermal and acoustic insulator. Its thermal 

conductivity is between 0.05 and 0.031 W/m·K.  

 

Figure 4. Various mineral wool products. Photo: www.ratsa.com 
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6.2. Insulation of facades  

The proper insulation of building facades can achieve savings of between 5% and 

the 16% of the total energy consumption of the building and, if we consider only 

HVAC systems, energy consumption may be up to 24% less.  

The insulation of facades has the greatest impact on the heating energy demand 

of buildings, so it is especially recommendable in cold geographic areas, prioritizing 

the north face of buildings, which is the face that receives least solar radiation. 

Conversely, in hot geographic areas, it is recommended to insulate the south, east 

and west faces in order to reduce cooling demand.  

The energy rehabilitation of facades in old buildings tends to be undertaken when 

refurbishment is required for other reasons, such as the deterioration of the facade 

or because the building needs a facelift. In the case of new buildings, however, the 

implementation of energy insulation measures is already mandatory, in accordance 

with the current regulations that we have been studying in this course.  

When the time comes to refurbish the facades of an old building, there are a number 

of different methods to choose from, depending on the characteristics of the building 

and the objectives to be achieved. Normally, when a facade is refurbished it is 

because either it needs repairing or for aesthetic reasons, but not for reasons of 

energy efficiency. But refurbishments for other reasons are a good opportunity for 

installing the required thermal insulation.  

Thermal insulation can be applied in many ways: 

 Thermal insulation applied externally 

 Thermal insulation applied internally 

 Thermal insulation by cavity injection 

We go on to study the different procedures available for installing thermal insulation, 

following the recommendations of the National Association of Insulating Material 

Manufacturers (ANDIMA).  

 

If you want to know more: 

ANDIMAT is the National Association of Insulating 

Material Manufacturers. Visit their website to find 

interesting information about insulating materials and 

installations: www.andimat.es  
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6.2.1. Rehabilitation of facades using thermal insulation 
applied externally (ETICS systems) 

This type of rehabilitation involves working on the outside of building, with the 

following pros and cons: 

 Minimum interference for the occupants of the building. 

 The useful floor area of the home or the building is not reduced. 

 Thermal bridges are easily corrected, since “cold walls” are avoided because the 

insulation materials are installed on the outside surfaces. 

 The formation of condensation, damp and mould is prevented. 

 Use is made of the thermal inertia of the supporting structure (wall, beams, etc.). 

 External insulation is the better option for permanently occupied buildings (for 

example, first homes, offices, etc.). 

 This type of rehabilitation affects the entire building, so in the case of blocks of 

homes, the homeowners association will need to reach an agreement.  

 This type of rehabilitation may not be possible in the case of protected or listed 

buildings, the facade of which cannot be altered.  

 

When the decision is taken to embark on the thermal rehabilitation of the facade 

from the outside, there are various insulation mechanisms using different materials 

to consider, as we will see in the following points: 

 
 
 

For further knowledge: 

On IDAE’s website you can find a practical guide on “External Thermal Insulation 

Systems (ETICS) for the Rehabilitation of the Thermal Envelope of Buildings”. It 

can be downloaded from the following link: 

http://www.idae.es/uploads/documentos/documentos_12300_Guia_ETICS_A2012_acces

iblesedan_df06746b.pdf 
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6.2.1.1. External thermal insulation using expanded 
polystyrene  

This type of insulation is recommendable when rehabilitating the facade from the 

outside in the case of reinforcement to prevent falling masonry and for facelifts. The 

cost of these rehabilitations are high, but the extra cost of including insulation 

measures is low. Special attention needs to be paid to where the facade meets the 

roof, balconies and openings (windows and doors) and irregular areas of the facade.  

 

Figure 5. Diagram of ETICS. Source: FENERCOM 

The insulation material in this case, expanded polystyrene (EPS), must meet the 

following minimum specifications: 

Specification  Test standard Minimum level 

Tolerance in length UNE-EN-822 L2 

Tolerance in width UNE-EN-822 W2 

Tolerance in thickness UNE-EN-823 T2 

Rectangularity UNE-EN-824 S2 

Flatness UNE-EN-825 P4 

Dimensional stability under normal conditions UNE-EN-1603 DS(N)2 

Stability under specified conditions 48 h. 23ºC 90%HR UNE-EN-1604 < 1% 

Flexural strength UNE-EN-12089 BS50 

Reaction to fire UNE-EN-13501-1 E 

Tensile strength perpendicular to faces UNE-EN-1607 TR100 

Table 2. Minimum specifications for EPS external insulation. Source: FENERCOM 
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6.2.1.2. Ventilated facade using mineral wool  

In this system, mineral wool, also called “glass wool” or “rock wool”, is used as the 

insulation material. The rock wool is positioned on the outside of the wall, fixed to 

the  facade, and is covered by an outer skin which is separated from the mineral 

wool by an air cavity, thereby ventilating the facade. This system can be used on 

any type of facade.  

 

Figure 6. Diagrams of mineral wool installation in different types of facade. Source: 

FENERCOM 

 

The rock wool is a semi-rigid material which is supplied in boards or rolls.  

  

Figure 7. Installation of rock wool in a wall. Source: www.construible.es 
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6.2.1.3. External cladding using extruded polystyrene  

This is an external insulation system in which the insulation material, extruded 

polystyrene board (XPS), is placed directly onto the wall which is then given a 

coating of mortar as a final finish.  

It is recommended to use skinless XPS products to provide a good surface for the 

outer coating to adhere to. It is possible to find complete, pre-assembled insulation 

solutions on the market.  

  

Figure 8. Installation of insulation using XPS (left). Source: FENERCOM.  

XPS boards (right). Source: www.archiexpo.es 

 

6.2.1.4. External insulation using sprayed polyurethane 
foam (PUR) 

Sprayed polyurethane foam (PUR) tends to be used on party walls, both in newly 

constructed buildings and when, for example, the next door building is demolished 

and the party wall is left exposed to the elements. Sometimes these demolition jobs 

reveal a party wall in very poor condition and, of course, with no thermal insulation. 

To correct these deficiencies, polyurethane foam is an agent that has good 

insulating and sealing properties while providing quality waterproofing and 

consistency.  

Polyurethane foam is liable to degrade due to the ultraviolet rays of the sun. To 

prevent this from happening the foam is protected by paint or a polyurethane 

elastomer sprayed at 1,000 kg/m3. It is also advisable to protect the first 3.5 metres 

from the bottom with brickwork or rendering to prevent deterioration.  
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Figure 9. PUR covering and protection on a party wall. 

Source: FENERCOM 

 

This method can also be used on normal facades when access to the inner part of 

the wall is not easy and changing the look of the facade would be an added bonus. 

Firstly, the façade, which must have some sort of ventilation system, should be 

cleaned. Then, after fitting the metal framework, the foam is sprayed and the final 

coating applied.  

 
  



 

Open learning 

14 

6.2.2. Rehabilitation of facades using internal thermal 
insulation 

The rehabilitation of facades from the inside is a solution that is recommended when 

other refurbishment is being undertaken inside the home and when the loss of 

usable space in the home resulting from this work is offset by the advantages 

gained from improved insulation. In these cases it is especially important to pay 

attention to thermal bridges and doors and windows). Internal insulation has the 

following pros and cons: 

 The level of thermal insulation of the wall is increased.  

 It allows uneven or out-of-plumb walls and other defects to be corrected.  

 It is not necessary to encroach on public rights-of-way to do the work. 

 Partial installations can be carried out, affecting just one or several rooms, 

without needing to involve the entire facade. Therefore in apartment buildings it 

will not be necessary to obtain consent from the homeowners association.  

 This insulation can be applied to any type of facade and sometimes it is the only 

solution possible. In listed buildings whose legal protection does not allow the 

facade to be altered, the only way insulation can be installed is from the inside. 

This would be the case, for example, of buildings forming part of the country’s 

historical-artistic heritage.  

 It increases the risk of condensation forming, since the insulation layer is on the 

inside of the wall. Special attention must be paid to thermal bridges.  

This type of insulation is especially recommended for buildings that are not 

permanently occupied, such as weekend homes. This is because internal insulation 

helps homes reach a comfortable temperature rapidly and efficiently, especially in 

the case of heating, although it will also lose heat faster. With external insulation the 

house will take longer to heat and longer to lose heat.  

Let us now take a look at the solutions that can be adopted for internal thermal 

insulation. Once again, for existing buildings the best thing is to make use of another 

refurbishment project during which to install the insulation.  
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6.2.2.1. Internal thermal insulation using expanded 
polystyrene  

In this solution, the EPS insulating panels are fitted to the inner face of the facade 

and the coating is applied on top. The coating may be a layer of plasterboard or 

plasterwork.  

In this system, the most critical point is the fixing of the insulating panels. The walls 

on which they are to be fixed must be free from any problems of damp or 

condensation to prevent the adhesive from coming unstuck. If such problems exist, 

the most advisable course of action is to remedy them first and, if this is not 

possible, to use mechanical clamping systems instead of adhesive. It is necessary 

to avoid interstitial condensation and special attention needs to be paid to thermal 

bridges, especially in windows, columns, and roller blind boxes, to improve thermal 

performance and prevent condensation.  

 

 Figure 10. Diagram of internal thermal insulation. Source: FENERCOM 

EPS used as insulation must meet current regulations and comply with the 

specifications listed in the table below: 

Specification  Test standard Minimum level 

Tolerance in length UNE-EN-822 L1 

Tolerance in width UNE-EN-822 W1 

Tolerance in thickness UNE-EN-823 T1 

Rectangularity UNE-EN-824 S1 

Flatness UNE-EN-825 P3 

Dimensional stability under normal conditions UNE-EN-1603 DS(N)5 

Stability under specified conditions 48 h. 23ºC 90%HR UNE-EN-1604 < 1% 

Flexural strength UNE-EN-12089 BS50 

Water vapour transmission UNE-EN-12086 MU 30-70 

Table 3. Minimum specifications for EPS internal insulation. Source: FENERCOM 



 

Open learning 

16 

6.2.2.2. Insulation using mineral wool and plasterboard 

This insulation system consists of the installation of laminated plasterboard on metal 

profiles with a filling of mineral wool in the cavity. Mineral wool is best applied in 

semi-rigid panels. It can be applied to any kind of wall and is advisable when we 

wish to improve both the thermal and acoustic insulation of a wall.  

This inner lining system is a minor job. It is quick and easy to install, and it is a “dry 

job”; in other words, no time is lost waiting for materials to dry. It also eliminates any 

surface thermal bridges there are on the facade, but not linear, junction-type thermal 

such as slab faces, intersections of masonry walls, etc. One drawback is that it 

reduces usable interior space by about 6 cm.  

  

Figure 11. Diagram of installation  

Source: www.certificadosenergeticosmalaga.es 
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6.2.2.3. Internal insulation using extruded polystyrene 
board 

For this type of insulation, XPS boards are fitted to the inside of the wall and later 

covered with a layer of either plasterboard or wet plaster.  

In general, skinless XPS boards are used to provide a good surface for the outer 

coating to adhere to, with straight joints, measuring 600 mm x 1250 or 2500 mm in 

length (depending on the method used in the final finish). But the installation of XPS 

boards varies according to the material used for the coating, so it is important to 

bear this in mind before you start, so as to purchase the product that best suits the 

characteristics of the installation.  

The XPS boards are fixed to the wall using various methods (adhesives or 

mechanical clamping systems) and afterwards the coating is added, which will vary 

according to the materials used.  

  

Figure 12. Diagram of internal insulation using XPS (left). Source: FERNERCOM.  

Photo of the installation (right). Source: http://building.dow.com 
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6.2.2.4. Internal insulation using sprayed polyurethane 
foam  

This type of insulation is based on the insulating properties of polyurethane foam. 

The insulation material is sprayed on by qualified operatives.  

It is recommended to do this type of rehabilitation work when another refurbishment 

job is to be undertaken in the home and it is a good opportunity to work on the inside 

of the facade. The loss of usable space should be taken into account. The insulation 

material is sprayed polyurethane foam, with a minimum density of 35kg/m3 and a 

minimum layer thickness of 30 mm.  

In addition to thermal insulation, this treatment also imparts air tightness and helps 

resolve thermal bridges.  

 

Figure 13. Installation of PUR on the inside of a facade.  

Source: www.poliuretanoproyectadogranada.com 
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6.2.2.5. Thermal insulation using cavity-injected 
polyurethane foam  

The injection of polyurethane foam is the right solution when working on the outside 

of the building is ruled out and we do not want to lose usable space inside the home. 

Polyurethane foam insulation also provides rigidity to the facade. In order to 

consider this technique we need to see how much space is available in the wall 

cavity and how accessible it is, and whether we can comply with certain safety 

requirements. For this reason the use of PUR injection is quite restricted; it cannot 

be used in every case and requires a viability study prior to proceeding. It is, 

therefore, a last resort solution, when all other methods have been ruled out.  

The insulation material used is injected low density polyurethane foam (initially 12 

kg/m3 but can reach 18 kg/m3 once applied), with a minimum thickness of 40 mm.  

The technique used consists of injections of the insulation material through drill 

holes interspaced at a maximum distance of 50 cm and not along the same line. The 

cavity should be filled from bottom to top, starting with the lowest drill holes.  

   

Figure 14. Diagram of the installation and application of the injection of PUR 

Source: www.aislaconpoliuretano.com 
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6.3. Roof insulation 

Due to their high exposure to external agents, roofs are the most sensitive of a 

building’s structural elements and the ones which suffer from the greatest degree of 

wear and tear and, as a result, they are the subject of most rehabilitation work. As 

was the case of facades, it is not usual to refurbish a roof in good condition just to 

improve its thermal insulation, but it is feasible and economical to take advantage of 

the repair of a roof to install thermal insulation.  

Once again, it should be noted that for newly constructed buildings the criteria of the 

Technical Building Code include the relevant insulation, so in this chapter we will be 

concentrating on the rehabilitation of existing buildings.  

Two major groups of techniques for installing roof insulation are described: external 

insulation and external insulation.  

6.3.1. Rehabilitation of roofs with external thermal 
insulation 

This refurbishment requires working on top of the roof. The roof is normally worked 

on from the top when it shows signs of wear and tear such as leaks or roofing 

materials in bad condition. External rooftop insulation has the following pros and 

cons: 

 The users of the building are left largely undisturbed. 

 The top floor retains its original ceiling height. 

 The slab of the flat roof is relatively warm as it is protected by insulation, and so 

any zone in which there is a break in the insulation will not cause condensation 

to form, because the hot to cold (exterior to interior) gradient will be maintained. 

 Use can be made of all the thermal inertia of the roof; i.e. the calorific capacity of 

the building materials that lie beneath the insulation.  

 It is recommended to externally insulate the roofs of buildings that are 

permanently occupied, since it prevents the rapid loss of heat.  

 External refurbishment affects the building as a whole, so in the case of 

apartment buildings it will be necessary to obtain consent from the homeowners 

association.  
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Inverted roofs are a type of flat roof in which the insulation is placed on top of the 

weatherproofing layer. They are typical of hot, dry climates. These roofs exhibit 

some particularities, depending on their use: 

 In the case of a non-trafficable roofs they tend to be finished with gravel, 

leaving trafficable pathways for maintenance purposes.  

 Trafficable roofs tend to be finished with stony materials on upstands so the 

roof is ventilated.  

 Another type of roof are green roofs, which are fitted with a drainage system.  

Considering all the above mentioned variables, we will now take a look at the 

different types of external roof insulation solutions there are. 
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6.3.1.1. Insulation using expanded polystyrene for 
inverted roofs 

This type of insulation is recommended when the roof is being refurbished due to 

damp and leaks.  

For inverted roofs (in which the insulation is placed over the waterproofing level) the 

insulation material used is known as “hydrophobic expanded polystyrene” (EPS-h). 

It is a material with low water absorption which also provides the roof with 

mechanical protection. It can be used for both trafficable and non-trafficable roofs.  

To comply with the CTE, EPS-h must meet a number of minimum specifications, 

which are set out in the table below: 

 

Specification  Test standard Minimum level 

Tolerance in length UNE-EN-822 L1 

Tolerance in width UNE-EN-822 W1 

Tolerance in thickness UNE-EN-823 T1 

Rectangularity UNE-EN-824 S1 

Flatness UNE-EN-825 P3 

Dimensional stability under normal conditions UNE-EN-1603 DS(N)2 

Stability under specified conditions 48 h. 23ºC 90%HR UNE-EN-1604 < 1% 

Flexural strength UNE-EN-12089 BS250 

Reaction to fire UNE-EN-13501-1 E 

Deformation under load and temperature UNE-EN-1605 DLT(2)5 

Compression stress (10% deformation) UNE-EN-826 CS(10)200 

Long-term water absorption by immersion UNE-EN-12087 WL(T)2 

Long-term water absorption by diffusion UNE-EN-12088 WD(V)5 

Compression creep EN 1606 CC(2/1,5/25)50 

Table 4. Minimum specifications for EPS used in the external insulation of inverted roofs. 

Source: FERNERCOM 

 

Before embarking on a refurbishment of this nature, the condition of the 

waterproofing layer, the structure’s capacity to bear the weight of the insulation 

system, and the existing drainage systems should all be taken into consideration, 

since it may be advisable to make improvements at the same time the insulation is 

being installed.  
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6.3.1.2. External insulation of flat roofs using 
polyurethane foam (PUR)  

This type of insulation is based on sprayed polyurethane foam, followed by a layer 

of polyurethane elastomer to protect the foam from damage due to solar UV 

radiation.  

The minimum thickness of the layer of PUR should be 30 mm, with a density of 45 

kg/m3. The layer of elastomer may vary in thickness (1.5 – 3 mm) and should have a 

density of 1000 kg/m3, with colouring.  

 

 

Figure 15. Insulation with PUR. Source: www.impermeabilizaciongranada.es 
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6.3.1.3. Insulation of flat inverted roofs using extruded 
polystyrene 

In this type of insulation XPS boards are used, placed in a number of different ways 

according to the use made of the roof.  

For non-trafficable flat roofs the XPS boards are placed on top of the waterproofing, 

without any means of fastening at all, and are immediately weighted down with 

gravel to a thickness of some 5 cm and a ballast mass of 80 kg/m2. The use of 

geotextile protection between the gravel and the XPS boards is recommended to 

prevent biological growth on the waterproofing membrane.  

For trafficable flat roofs the process for laying the XPS is the same, but instead of 

gravel, spacers will be placed on the XPS boards and on top, pads on which is laid a 

pavement made of hydraulic tiles. Another option is to add a layer of roof tiles 

cemented in place with mortar.  

 

             

Figure 16. Diagram of installation for non-trafficable (left) and trafficable (right) roofs. 

Source: FENERCOM 
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6.3.1.4. Insulation of pitched roofs using expanded 
polystyrene 

This type of insulation requires the tiles to be removed, so it is recommended to 

install it in the course of other refurbishment work that requires the removal of the 

tiles.  

The treatment consists of the fitting of EPS boards attached to a structure to be 

placed on top of the roof. It is necessary to fit a vapour barrier to prevent interstitial 

condensation. The EPS must at least meet the following specifications: 

Specification  Test standard Minimum level 

Tolerance in length UNE-EN-822 L1 

Tolerance in width UNE-EN-822 W1 

Tolerance in thickness UNE-EN-823 T1 

Rectangularity UNE-EN-824 S1 

Flatness UNE-EN-825 P3 

Dimensional stability under normal conditions UNE-EN-1603 DS(N)5 

Stability under specified conditions 48 h. 23ºC 90%HR UNE-EN-1604 < 1% 

Flexural strength UNE-EN-12089 BS200 

Reaction to fire UNE-EN-13501-1 E 

Compression stress (10% deformation) UNE-EN-826 CS(10)150 

Table 4. Minimum specifications for external EPS on pitched roofs. Source: FERNERCOM 

 

Figure 17. Installation using EPS boards on a pitched roof.  

Source: FENERCOM 
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6.3.1.5. Insulation using extruded polystyrene fitted 
under roof tiles 

This system is recommended for cases where the underside of the roof is not 

accessible or when the roof is being repaired for other reasons, allowing the thermal 

insulation to be installed under the tiles. It is therefore necessary to remove the tiles 

and fabricate a structure to support the XPS boards. The new roof is fitted on top of 

the insulation.  

In this system, the XPS boards, which must be grooved, are fitted onto the 

supporting structure with the grooves parallel to the ridge by mechanical clamps, 

appropriate adhesives, or self-adhesive asphalt membranes. It is recommended to 

use skinless XPS boards measuring 600 mm x 1250 or 2000 mm. 

 

  

Figure 18. Diagram of the installation (left) Source: http://www.texsa.com/  

Photo of the installation (right). Source: www.building.dow.com  
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6.3.1.6. Insulation of pitched roofs using polyurethane 
foam on tiles or slates 

The sprayed polyurethane foam is applied directly on top of the original tiled roof. It 

is then covered with coloured protective elastomer.  

The peculiarity of this system lies in the fact that the insulation material is applied 

directly on top of the roof tile or slate. In this method the polyurethane foam is 

sprayed on the original tiles, following the specific instructions for each type of 

support, and afterwards a polyurethane elastomer is applied to provide protection 

against the UV rays of the sun and to waterproof it.   

This is a simple, economical and effective solution, since no previous treatment is 

required nor are any special auxiliary resources needed. It also provides the roof 

with rigidity, air tightness, and waterproofing, by eliminating the joints.  

The materials used are polyurethane foam with a minimum density of 45 kg/m3, 

applied in a layer with a minimum thickness of 30 mm. The protector is a coloured 

polyurethane elastomer, applied at a density of 1000 kg/m3 in a layer of variable 

thickness (1.5 – 3 mm).  

 

  

 Figure 19. Application of the solution. Source: FENERCOM 
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6.3.1.7. Insulation of pitched roofs using sprayed 
polyurethane foam under roof tiles 

In this system, sprayed polyurethane foam is applied to the underside of the roof, so 

accessibility to this part of the roof is an essential requirement for this type of 

insulation. A good time for installing such a system is when you are going to replace 

the roof. 

The material used is polyurethane foam, with a minimum density of 35 kg/m3, 

applied in a layer with a minimum thickness of 40 mm. As the foam is not exposed 

to the sun’s rays, in this case it is not necessary to apply a protective elastomer.  

As well as thermal insulation, this solution provides the roof with rigidity and air 

tightness, but it should be noted that it cannot be considered as a solution for 

waterproofing the roof.  

 

Figure 20. Diagram of the installation. Source: FENERCOM 

 

 

Figure 21. Installation of PUR under roof tiles. Source: FENERCOM 
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6.3.1.8. Insulation using sprayed polyurethane foam on 
pitched fibre-cement roofs 

For fibre-cement roofs needing rehabilitation, sprayed polyurethane foam is 

recommended, so as to strengthen the fragile material and to improve the thermal 

insulation and waterproofing, while also preventing the dispersion of harmful 

asbestos particles.  

The materials to be used are sprayed polyurethane foam, with a minimum density of 

45 kg/m3, applied in a layer with a minimum thickness of 30 mm, and a coloured 

polyurethane elastomer, applied at a density of 1000 kg/m3 in a layer of a variable 

thickness (1.5 – 3 mm), which will protect the PUR from degradation due to solar UV 

rays and improve the roof’s watertightness.  

Before the insulation is applied, the fibre-cement roof must be cleaned with chemical 

products and brushed and/or hosed down with water under pressure until it is in 

perfect condition.  

As the work is performed from the inside there is practically no interference with 

daily life inside the building.  

To ensure the waterproofing of the system, it is recommended to integrate the 

guttering into the insulation, as shown in the following figure: 

 

 

Figure 22. Diagram of the application of the solution, with gutters integrated. Source: 

FENERCOM 
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We include here the case of sheet metal roofs, which can also be thermally 

insulated using polyurethane foam. In these cases, attention must be paid to the 

state of the metal (dirt, rust, etc.) and its adhesive qualities. If the state of the roof is 

poor it will be necessary to carry out cleaning and maintenance work prior to 

applying the insulation. Next, an adhesion test should be performed to ensure that 

the polyurethane foam can adhere properly. If the metal surface does not provide 

enough adhesion, an adhesive primer must be applied before the insulating layer. 

Finally, the foam must be sprayed taking care to cover the valleys correctly, either 

by filling them in with insulation or by covering them beforehand with some other 

material.  

 

Figure 23. Diagram of the solution in sheet metal, including valleys. Source: FENERCOM 
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6.3.2. Rehabilitation of roofs using internal thermal 
insulation 

The rehabilitation of roofs from the inside of the building exhibits different 

characteristics than when the work is performed from the outside:  

 The need to remove the outer roofing materials is avoided.  

 It is possible to carry out an aesthetic refurbishment of the inside of the roof, with 

the possibility of including new elements, such as lighting systems.  

 If plasterboard is used, the work is “dry”, fast, and does not require the building 

to be vacated.  

 It is especially recommended when it is not necessary to carry out waterproofing 

work or modifications to the outside.  

 It is advisable to insulate the roofs of buildings not permanently occupied from 

the inside since they can be heated more rapidly.  

 Internal insulation work can be limited to a single home, without affecting the 

entire building.  

 If for legal reasons it is not possible to alter the roof, working from the inside is 

the only possible solution.  

We will now look at the different types of solutions available for insulating roofs from 

the inside: 
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6.3.2.1. Internal insulation using mineral wool and 
plasterboard cladding 

This installation consists of a plasterboard cladding which provides the roof with 

thermal and acoustic insulation. The mineral wool is installed between the slab of 

the roof and the plasterboard, which is attached to the slab itself by means of plastic 

“umbrella” type mechanical systems. It must have a minimum thickness of 10 cm to 

aid assembly and the levelling of the anchor systems.  

The mineral wool comes in the form of rigid or semi-rigid boards, or in the form of 

blankets when applied to a free-standing support or suspended ceiling.  

 
Figure 24. Diagram of the installation. Source: FENERCOM 

 

6.3.2.2. Insulation using extruded polystyrene finished 
with plasterboard or wet plaster  

In this technique, a lining of XPS insulation is applied to the inside of the wall. It is 

then coated with wet plaster or plasterboard to give the final finish.  

In general, skinless XPS boards are used to provide a good surface for the outer 

coating to adhere to, with straight joints, measuring 600 mm x 1250 or 2500 mm in 

length (depending on the method used in the final finish). But the installation of XPS 

boards varies according to the material used for the coating, so it is important to 

bear this in mind before you start, so as to purchase the product that best suits the 

characteristics of the installation.  

The XPS boards are fixed to the wall using various methods (adhesives or 

mechanical clamping systems) and then the coating is added, which will vary 

according to the materials used.  
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Figure 25. XPS boards installed in the roof from the inside.  
Source: www.bricolaje.facilisimo.com 

  

For more in-depth information: 

IDAE, in collaboration with ANDIMAT, has published a series of guides with 

practical insulation solutions for the various insulating materials we have looked 

at. These guides are available free of charge to consult or download from the 

“publications” section of IDAE’s website, or by following the links provided below: 

 Insulation solutions using flexible foam:  

www.idae.electura.es/publicacion/80/soluciones_aislamiento_espumas_flexibles 

 Insulation solutions using mineral wool:  

www.idae.electura.es/publicacion/76/soluciones_aislamiento_lana_mineral 

 Insulation solutions using EPS:  

www.idae.electura.es/publicacion/77/soluciones_aislamiento_poliestireno_expandido_eps 

 Insulation solutions using XPS:  

www.idae.electura.es/publicacion/78/soluciones_aislamiento_poliestireno_extruido_xps 

 Insulation solutions using polyurethane:  

www.idae.electura.es/publicacion/79/soluciones_aislamiento_poliuretano 
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6.4. Assistance schemes and subsidies  

In the last Lesson of this Module we address the relevant assistance schemes and 

subsidies in place today, having detailed the regulatory requirements affecting 

energy efficiency (Module 5) and the most important measures to implement 

(Module 6). In this point we look at the subsidies related to masonry and insulation.  

In this Lesson, we look in particular at the contents of two different plans, defined at 

a state level although in some cases they have been enacted at a regional level:  

 Energy Saving and Efficiency Action Plan 

 PAREER Programme 

 

These are plans developed jointly by the 

Ministry of Industry, Energy and Tourism and 

the Institute for Energy Diversification and 

Saving (IDAE).  

Their purpose is to promote integrated activities to encourage improved energy 

efficiency and the use of renewable energies, in the scope of the building and 

residential sectors.  

In this way, the specifications of the Directive 2012/27/EU, on energy efficiency, 

were to be met. The content and implications of this Directive are covered in Module 

2 of this Manual.  

 

  

Given the magnitude of the investment required in building energy efficiency, it is 

vital that there are direct economic assistance schemes in order to promote 

and encourage the implementation of the various measures proposed. 
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6.4.1. Energy Saving and Efficiency Action Plan  

 

The Energy Saving and Efficiency Action Plan 2011-2020, produced by the 

Ministry of Industry, Tourism and Trade, in collaboration with the IDAE (Institute for 

Energy Diversification and Saving) and still in force today, includes in its Chapter 9 a 

number of measures aimed at the Building and equipment sector.  

It should be noted that this action plan identifies the building and equipment sector 

as the one which has the most impact on the energy consumption of buildings.  

Among these energy saving measures in the sector, in this Lesson we focus on 

the following:  

 Measure 1. Energy rehabilitation of the thermal envelope of existing 

buildings 

The purpose of this measure is to reduce the energy demand of existing buildings 

by upgrading their thermal envelope, either in their entirety or partially, according to 

the criteria set forth by the CTE.  

The energy-related actions included in this measure will be those that achieve a 

reduction in the energy demand for the building’s heating and cooling systems 

through   thermal envelope related actions.  

With regard to economic incentives, the Plan specifies that assistance 

mechanisms may be based on direct capital subsidies, or interest rate discounts on 

loans arranged to undertake the investment, or any other mechanism that meets the 

purpose of the measure.  

Thus, aid activities affecting a large number of buildings, such as the rehabilitation of 

districts, will be considered to be priority activities, as will those carried out through 

“Renove Plans” aimed at specific actions to encourage individual citizens to renew 

doors, windows and shutters, roofs, and facades.  

  

Through Energy Saving and Efficiency Action Plans, specific financing and 

assistance facilities have been developed in Spain. These plans, in turn, have 

been establishing the various measures required to meet the energy saving 

targets set.  
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 Measure 4. Construction of new buildings and total rehabilitation of 

existing buildings with high energy ratings 

The purpose of this measure is to reduce energy consumption by promoting newly 

constructed buildings or rehabilitation of existing buildings, with a high energy rating.  

The energy-related actions included in this measure will be those that enable a 

building to obtain a class A or B energy rating by reducing its energy consumption. 

With regard to economic incentives, the Plan specifies that assistance 

mechanisms may be based on direct capital subsidies, or interest rate discounts on 

loans arranged to undertake the investment, or any other mechanism that meets the 

purpose of the measure.  

 Measure 5. Construction or rehabilitation of close to zero energy 

consumption buildings 

The aim of this measure is to promote the construction of new buildings or the 

rehabilitation of existing ones, to produce close to zero energy consumption 

buildings.  

In order to promote buildings with a close to zero energy consumption in the 

framework of Directive 2010/31/EU, there is an annual national call for applications 

for a financial assistance scheme to fund projects for such buildings, sponsored by 

the IDAE as part of the Energy Saving and Efficiency Plan (PAEE).  

 

 

For further information… 

The complete Energy Saving and Efficiency Plan 

(PAEE), together with various supporting documents 

and updates, is available from IDAE’s website, 

accessible via the following link: 

http://www.idae.es/index.php/id.663/mod.pags/mem.de

talle 
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6.4.2. PAREER Programme  

The IDAE (Institute for Energy Diversification and Saving) has recently developed 

the PAREER Programme, or the Aid Programme for the Energy Rehabilitation of 

Existing Buildings in the residential sector.  

The purpose of this Programme is to encourage integrated actions promoting 

improvement in energy efficiency and the use of renewable energy in the existing 

residential sector building stock. To this end, a specific programme of grants and 

funding worth 125 million euros has been launched. 

The actions must fit one or more of the following typologies: 

 Improvement of the energy efficiency of the thermal envelope  

 Improvement of the energy efficiency of heating and lighting installations  

 Replacement of conventional energy by biomass in thermal installations  

 Replacement of conventional energy by geothermal energy in thermal 

installations  

It is specified that activities covered by the assistance must improve the overall 

energy rating of the building by at least one letter measured on the scale of carbon 

dioxide emissions (kg CO2/m2 year), with respect to the building’s initial energy 

rating. This improvement in its energy rating may be obtained by performing one 

activity typology or a combination of several. 

This programme is aimed at:  

 Natural and legal persons who own buildings for residential use (use as hotel 

or home)  

 Communities of owners or groups of communities of owners of residential 

buildings used as homes 

 Owners of single household homes or single owners of residential buildings 

used as homes 

 Energy service companies (ESE)  

 

The deadline for submitting applications is October 30, 2015. Applications must be 

made on the form available on IDAE’s website.  
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For further information… 

All the information about the PAREER Programme is 

available from IDAE’s website, from this link.  

For more detailed information, interested readers can 

contact the Citizen Information Service on Energy 

Efficiency and Renewable Energies (SICER) at this 

email address ciudadano@idae.es or by calling 

91.314.66.73. 

Source: IDAE 
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 Summary  

 Today, the implementation of a number of energy efficiency measures in the 

field of building in general, and related to the masonry sector in particular has 

become an imperative, imposed by regulation. 

 In order to meet the legal requirements of the CTE on energy demand limitation 

of buildings, buildings must be properly insulated, taking into account three 

fundamental elements: the facade, the roof and the architectural openings.  

 In the masonry sector we will be addressing the insulation of buildings’ facades 

and roofs. 

 The CTE specifies that energy efficient construction requires the use of 

thermally insulating materials. These materials are characterized by having 

very low thermal conductivity. 

 The thermal insulation materials most commonly used in masonry are expanded 

polystyrene, extruded polystyrene, sprayed polyurethane foam, and mineral 

wool.  

 In newly constructed buildings, thermal insulation is a regulatory requirement, so 

it must be included in the project design. 

 In existing buildings it is advisable to include thermal rehabilitation in upgrade 

work for other reasons.  

 The thermal insulation of facades and roofs can be applied from the outside or 

from the inside. Outer insulation is recommended for permanently occupied 

buildings, while interior insulation is recommended for buildings not permanently 

occupied.  

 For the thermal rehabilitation of facades and roof there are various materials and 

methods available, depending on the characteristics of the elements to be 

refurbished, the aims pursued, and the type of work to be carried out. 

 In recent years, various assistance schemes and subsidies to promote energy 

efficiency have been developed on the back of regulatory requirements.  
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 Among the plans and programmes with a national or regional scope in Spain, 

the most important are: the Energy Efficiency and Saving Action Plan and the 

PAREER Programme.  
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 Aims  

 To know the most important energy efficiency measures that can be 

implemented in the electricity sector.  

 To analyse existing energy efficiency systems for lighting installations; devices 

that have been developed under current regulations and their requirements.  

 To gain an overview of existing control and regulation systems, based on the 

definitions of the Technical Building Code.  

 To know how these devices work, especially those designed to provide 

automatic control over the on-off switching of lighting installations depending on 

whether or not there are people in the area.  

 To assess which systems, such as timers, are best suited to a building’s 

infrequently used zones (such as corridors, stairways, car parks or rest rooms). 

 To know in which cases natural light harvesting systems should be installed, 

based on the regulatory requirements of the Technical Building Code.  

 To consider the need to implement daylight responsive control systems for 

artificial lighting, a type of system that acts automatically depending on the 

amount of natural light available.  

 To review the different systems and types of efficient lighting, light bulbs and 

luminaires.  

 To know the main advantages and drawbacks that these low consumption 

light bulbs, such as fluorescent bulbs, LEDs, or improved incandescent light 

bulbs, may have compared to traditional light bulbs. 

 To find out about the assistance schemes and subsidies currently available to 

promote energy efficiency and electricity though the various plans and 

programmes (Energy Efficiency and Saving Action Plan, PAREER Programme, 

Renove Plan for domestic appliances).  
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 Introduction  

The need to implement various energy efficiency measures in the field of building 

in general and related to the electricity sector in particular has, in many cases, 

ceased to be just another option but has become an imperative, imposed by 

regulation.  

In the previous Module we saw the regulatory requirements applicable in this 

respect. In particular, we saw the importance of the role of the Technical Building 

Code (CTE), which established various guidelines to consider in matters of 

efficiency and energy saving in the building sector.  

We therefore consider it essential to first gain an awareness of these regulatory 

requirements so as to be able to implement the measures that are necessary and 

appropriate to each case.  

As we have seen, in the electricity sector it is lighting and the consumption of 

domestic appliances and other electrical devices that have the most impact on 

energy consumption. In fact, it is estimated that over one third of the energy 

consumed in homes and buildings is directly accounted for by those two aspects.  

In many buildings, whether homes or, in particular, offices, lighting is one of the 

most important aspects, since it is one of the most important sources of energy 

consumption.  

Thus, from the very design phase of the building, a number of factors need to be 

considered, such as the siting and size of windows, the position of possible skylights 

or other elements that let in natural light, and the characteristics of the glass to be 

used, must all be studied very closely to ensure that the greatest amount of light 

enters the building, minimizing the need for artificial light.  

Meanwhile, lighting control systems also play an important role, by regulating 

artificial lighting according to the amount of natural light entering a building. 

Together they make for an important saving in energy and ensure optimal comfort.  
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6.1. Energy saving measures in 
illumination and lighting  

Nowadays there are a great many different energy efficiency systems available for 

lighting installations. In many cases these are systems and devices that have been 

developed under current regulations and their requirements. In fact, some of them 

will be mandatory provisions of the Technical Building Code.  

As can be expected, these energy saving systems enable considerable economic 

savings to be made in the operation and maintenance of lighting installations.  

In general terms, the use of presence detection or timer switch systems in 

combination with efficient luminaires (fluorescent) is recommended, as we will see 

later. The former systems are intended for zones with higher traffic levels, where the 

aesthetic aspect is also important (such as entrances and stairways); the latter, 

however, are to be installed in zones such as car parks or store rooms.  

With regard to light sources, solutions using LED (light emitting diodes) technology 

are becoming increasingly more popular. As we will see in the following Lessons of 

this Module, LEDs are solid state light sources that deliver a significant improvement 

in terms of the energy efficiency and useful life of lighting products.  

For practical purposes the different types of saving measures in illumination and 

lighting have been grouped into the following major categories, which are described 

in detail in the following pages:  

 

 

 

 

 

  

 Lighting control and regulation systems  

 Natural light harvesting systems  

 A more efficient lighting: types of bulbs and luminaires  
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Before describing the various saving measures in illumination and lighting, we 

should make a few comments of a general nature. It should be remembered that 

light is considered to be a human necessity and therefore fundamental to our well-

being and health. With regard to this aspect, it should be noted that lighting in a 

building must meet three objectives, which are set out below:  

 

As is common knowledge, the design characteristics of lighting systems and their 

technical performance are complex. And, as mentioned earlier, it is vital that we 

consider and meet the various regulations and standards governing these lighting 

systems.  

In any building, lighting installations must be equipped with systems that provide a 

comfortable visual environment that meets the needs of the tasks and activities that 

are carried out therein. By applying the appropriate quality criteria to the design, 

installation and maintenance of these systems, we can achieve lighting with the 

required level of comfort, while ensuring the maximum energy efficiency, which in 

turn will make for lower operating costs.  

 

  

 Meet the recommendations of visual quality and comfort  

 Create pleasant and comfortable ambiences for the users of the 

installations  

 Rationalize energy usage with installations of the greatest possible energy 

efficiency  
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6.1.1. Lighting control and regulation systems  

 

As stated in the previous Module, in Section HE3 of the CTE it is specified that 

“lighting installations will have a control and regulation system for each zone”, with 

certain conditions.  

Specifically, it says that all zones will have at least:  

 A manual on-off switching system. On-off switching systems at an electrical 

panel are not acceptable as the only control system. 

 A timed switching system, centrally controlled at each electrical panel. 

 Infrequently used zones only will have an on-off switching system controlled by 

presence detectors and timers, or a timer switch system.  

Of these four control systems, we will be studying presence detection systems in 

greater detail in this Lesson, due to their relative importance. 

 What is a control and regulation system?  

Firstly we need to know what a control and regulation system is. Based on the 

definitions provided by the Technical Building Code, it is a “set of devices, wiring 

and components designed to control automatically or manually the on-off 

switching, or the luminous flux, of a lighting installation”.  

Based on this definition, the CTE identifies four basic types:  

a) Regulation and control on demand from the user, by manual switches, buttons, 

potentiometers (dimmers), or remote control. 

b) Regulation of artificial lighting depending on the contribution of natural light 

through windows, glass walls, or skylights. 

c) Control of on-off switching depending on human presence in the zone.  

d) Regulation and control by centralized management system.  

  

Control and regulation systems, the use of which is specified in the Technical 

Building Code, are increasingly more common. They consist of a set of devices 

designed to control the on-off switching or the luminous flux of a lighting 

installation.  
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 Presence detection system 

 

In general terms, based on CTE specifications, there are considered to be 4 main 

types of detection:  

 Infrared  

 Acoustic ultrasound  

 Microwaves  

 Hybrid of the above 

How do they work?  

Presence detectors, also called motion detectors (since they actually detect and 

are activated by movement), are connected on the one hand to the mains, and on 

the other hand to the device we wish to control, which in this case is the lighting 

system,  

As a rule, as we have said, these detectors detect human presence or motion by 

means of infrared rays (by interrupting the beam projected). Many of the devices on 

the market today allow for various levels of regulation, which is really interesting:  

Regulation of the distance. The range at which the presence of people can be 

detected can be regulated, preventing movement from intervening in the process in 

zones that, for whatever reason, are not relevant.  

Regulation of the time. The time the lighting is going to be on once movement has 

been detected and the devices activated can also be regulated and controlled.  

 

  

This is a “set of devices, wiring and components designed to control 

automatically the on-off switching of a lighting installation depending on whether 

or not there are people present in the zone”, according to the definition 

provided by the Technical Building Code.  

It has been calculated that the saving derived from the use of these devices may 

be as high as 90%. By using these devices, which are become increasingly more 

common (especially in common areas according to the CTE), energy use is 

optimized and used more efficiently.  
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There are many different types of systems on the market, with various features and 

at different prices. The following photos show some of the types on sale:  

   

 Examples of presence detectors for lighting. Source: www.servilight.com  

 

 Timer system  

 

According to the specifications of the Technical Building Code, infrequently used 

zones (such as corridors, stairways, car parks and restrooms) must be fitted either 

with a presence detection system (see previous point) or a timer switch system.  

As in the case of the previously described system, timer switches are today a simple 

but effective solution for optimizing the lighting in buildings and offices, based on the 

use of standalone electronic components providing simple automatic systems.  

How do they work?  

As is to be expected, there are several different types of timers systems. Among the 

most common are:  

 A system whereby a device is placed between a light switch and the lighting 

device. The timers turn the light off automatically once a pre-set time has 

elapsed.  

 A system whereby a socket outlet is connected to a timer (mechanically like a 

toggle switch) and is activated for a pre-set time only after the timer button is 

pushed.  

  

The CTE defines these as a “set of devices, wiring and components designed to 

control automatically the switching off of a lighting installation after a pre-set 

time”.  
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These systems are therefore particularly useful in transit or infrequently used areas, 

where they can prevent lights being left on accidentally, as would otherwise 

often happen. The saving achieved is therefore considerable, even with a low 

consumption lighting system.  

 

6.1.2. Natural light harvesting systems  

According to the provisions of the Technical Building Code, and as we mentioned in 

the previous Lesson, one of the most important energy efficiency improvement 

measures and systems in the field of lighting is natural light or daylight 

harvesting.  

Installation of such systems is called for in certain cases, as set out in Module 5 of 

this course, on Requirements. These systems use light sensors to regulate 

proportionally and automatically the lighting level of luminaires according to the 

contribution of natural light.  

Broadly speaking, there are two main types of natural light harvesting systems:  

 All or nothing regulation  

The lights go on or off below or above a pre-set lighting level.  

 Gradual regulation  

The lighting is adjusted gradually depending on the contribution of natural light until 

a pre-set lighting level is reached.  

These systems we have described are especially useful in combination with the use 

of efficient lighting by means of high performance luminaires (as mentioned 

previously), fitted with low consumption devices and high luminous efficacy lamps 

(lumens per watt). All of which will enable us, on the one hand, to have good levels 

of comfort and, on the other, to achieve a high level of energy efficiency.  

 Aims  

Among the aims pursued with the installation of daylight responsive control 

systems for artificial lighting, three in particular stand out: energy saving, economy 

of costs and user comfort.  

It is estimated that the saving achieved by fitting timers could be in the range of 

50% over the consumption prior to their fitting. It is therefore an optimal system 

for rationalizing electricity use and for optimizing energy costs.  



 

Energy efficiency measures in the professional electricity sector 

  ENERGY EFFICIENCY IN THE CONSTRUCTION SECTOR  

11 

Energy saving  

Although to a certain extent “unpredictable”, natural light is free and it is renewable. 

As is to be expected, its use or harvesting results in a significant saving in energy. 

This saving, throughout the building as a whole, is due to a combination of direct 

energy savings in artificial lighting. On the one hand, a considerable reduction in flux 

when there is sufficient natural light available, and on the other hand, a reduction in 

the initial lighting levels in new lighting installations, which are always “over-

dimensioned”.  

We also achieve a reduction in the cooling load (if the building is equipped with a 

cooling and air-conditioning system) due to less heat being produced as a result of 

the lower energy consumption of the components of the lighting installation.  

Economy of costs  

Although investing in a more efficient lighting installation –as is the case of natural 

light harvesting systems- can represent a considerable disbursement, medium-term 

amortization is common in all cases. And there are other arguments to consider as 

well, such as flexibility, comfort and quality.  

These installations also deliver a direct reduction in peak-time electricity 

consumption. Daylight responsive control systems can result in a considerably lower 

peak demand, something that makes for a significant economic saving.  

Comfort of occupants  

Finally, another purpose of these systems is the comfort and convenience of the 

user of any building or home. In this respect we should stress that lighting control 

systems can enhance users’ comfort, balancing illuminance ratios in rooms. Lighting 

control systems can come with additional features, such as automatic or remote 

control.  

 Control strategies  

The control systems governing natural light (and its harvesting) described here may 

be of various types. They may be manual (a simple switch or a remote control) or 

automatic (a detection system or a timer).  

Similarly, they may operate on different parameters of the lighting installation, such 

as: lighting level (illuminance), light distribution (directional control) and spectral 

distribution (colour).  

Control systems that govern the light level are the most common. Automatic 

lighting control may be based on one or more control criteria:  
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 Contribution of natural light. The electric light is controlled by the amount of 

natural light available.  

 Absence of people. In which the light goes off automatically in unoccupied halls 

or rooms.  

 Time. The light switches on and off at pre-set times.  

To enter into further detail, control of the light level can be achieved either by 

infinite regulation of the flux, stepped regulation, or a simple on-off system. 

Depending on the position of the detector, luminous flux regulation systems may be 

divided into two categories:  

1. “Open loop” control systems. Predetermined control systems that measure the 

amount of natural light (the illuminance on the roof or facade) or the brightness of 

natural light (the illuminance of solar or vision screening devices through the 

window). Depending on the level of brightness, they control the artificial lighting.  

2. “Closed loop” control systems. Systems with feedback, that measure the total 

level of brightness in various places around the room or space (the sum of natural 

light plus artificial light) and regulate the artificial lighting on the basis of this sum.  
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 Control systems for daylight responsive artificial lighting  

As explained previously, these are systems that control artificial lighting 

automatically depending on the amount of natural light available in the area in 

question.  

These systems are capable of maintaining the lighting level at a level chosen by the 

user, without their intervention and preferably without their conscious awareness. 

They should also enable lighting installation to work while the rooms or areas are 

occupied and not stay on during the whole day regardless of whether or not the 

building is occupied.  

 

Installation of luminaires with integrated detectors  

Among the various natural light responsive systems available, the installation of 

luminaires with factory-fitted detectors is one of the simplest and most advisable 

options.  

These installations, which do not differ much from installations of conventional 

luminaires, do not require any additional control wiring, unlike other solutions. It is, 

therefore, a good system for replacements and renovations. Once the luminaire has 

been put in place, the only task left to perform is to measure the illuminance on the 

working surface under each luminaire by night and by day to check that the 

illuminance is at the desired level.  

If the units come with installation adjustments pre-set by the manufacturer, it should 

be borne in mind that these adjustments are based on average reflection factors in a 

typical office room. Once the system has been installed it may be necessary to 

make some adjustments. This can be checked by measuring light levels at different 

locations to see that the required performance is delivered.  

Installation of building-based systems 

Other systems are far more complex. This is the case of building-based systems, 

in which the natural light detector controlling the electric lighting may located outside 

or inside the rooms whose lighting it controls.   



 

Open learning 

14 

The following diagram of a regulation system shows a complex arrangement for 

controlling a lighting system that depends on the contribution of natural light. It also 

regulates the lighting level of the interior, using internal light sensors capable of 

maintaining the pre-established level, regardless of the contribution of natural light:  

 

 Figure 1. Diagram of a regulation system. Source: IDAE  

 

 

 

  

Do you want to know more? 

Technical Guide to Natural Light Harvesting 

This Technical Guide, produced by the Spanish Lighting 

Commission (CEI) and the Institute for Energy Diversification 

and Saving (IDAE), describes various natural light harvesting 

systems and methods.  

Available from the IDAE website at www.idae.es, in the 

Publications section.  
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6.1.3. More efficient lighting: types of light bulbs and 
luminaires  

Along with lighting control and regulation systems and natural light harvesting 

systems, the energy efficiency of the light bulbs is another key to achieving a 

significant  energy saving.  

In this respect, in 2009 the European Union enacted specific legislation calling for 

the gradual replacement of traditional light bulbs and other inefficient lamps with low 

consumption lighting systems.  

To this end, Directive 2009/125/EC, of October 21, 2009, established a framework 

for the setting of ecodesign requirements for energy-related products. This Directive 

establishes a series of minimum requirements to be met by products before they 

can bear the EC mark needed for them to be marketed in the EU. This regulation 

widened the scope of application to energy-related products. The requirements 

applicable to each group of products are set out in specific regulations.  

With these new energy efficiency requirements, by 2020 these light bulbs are 

expected to produce a yearly saving of 40,000 million kilowatt/hour, the equivalent of 

the electricity consumption of 11 million European households during the same 

period. This fact will, in turn, have a very positive impact on the environment, since it 

would avoid emitting 15 million metric tons of CO2 a year.  

Nevertheless, because of the interests of consumer organizations and 

manufacturers, it is calculated that it will take a number of years to withdraw the less 

efficient light bulbs to pave the way for consumers and the sector to gradually 

accept this change.  

 

 

 

 Advantages and drawbacks 

Modern, low consumption light bulbs have many advantages over traditional light 

bulbs. As well as the aforementioned economic saving, the use of low consumption 

fluorescent bulbs by households or companies has a positive impact on climate.  

Due to the lower electricity consumption of alternative light bulbs, a household 

can, on average, save up to 15% on its electricity bill. In economic terms this 

would mean a net saving of between 25 and 50 euros a year, depending on the 

size of the household and the type and number of bulbs used.  
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However, it has to be said that these new light bulbs are more expensive than the 

old incandescent ones. But the price difference is offset by the fact that they only 

consume a quarter or a fifth of the amount of electricity and last between 6 and 10 

times longer.  

It is estimated that, in the long term, we can save some 60 euros for each low 

consumption fluorescent bulb we use. It should also be noted that prices have come 

down significantly in recent years.  

 Types of light bulbs  

LED light bulbs  

Light bulbs using light emitting diodes (known as LEDs) are another low 

consumption option that offers many advantages. Among other aspects, they are 

just as efficient as other light bulbs (such as compact fluorescent bulbs) but they do 

not contain mercury and last much longer.  

Improved incandescent light bulbs  

With an appearance very similar to that of traditional light bulbs, these so-called 

“improved incandescent light bulbs” provide the same quantity and quality of light 

from the moment they are switched on.  

Without a doubt their use has facilitated -and is facilitating now- the transition 

process; consumers can continue to use incandescent light bulbs, although of a type 

improved by the use of halogen technology.  

Generally speaking, the legislation prohibiting the use of inefficient light bulbs has 

actually widened the range of lighting products available to consumers.  

 

The graph on the following page shows the different energy efficiency of each 

type of bulb considered (conventional and improved incandescent, fluorescent 

and LEDs). We can see there are significant differences in terms of energy 

consumption between each type.  
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       Figure 1. Source: European Commission 

(http://ec.europa.eu/energy/lumen/overview/whatchanges/index_en.htm) .  

  

If you want to know more … Low consumption lighting  

This website informs consumers and professionals about the wide range 
of low consumption lamps there are today, the gradual withdrawal of 
high consumption light bulbs, and current European regulations.  

http://ec.europa.eu/energy/lumen/index_es.htm 
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6.2. Energy saving measures in the 
consumption of domestic appliances 
and other devices  

When dealing with energy saving related to domestic appliances and other electrical 

devices commonly found in homes and buildings for residential use, mention must 

be made of an especially interesting subject; the energy labelling of domestic 

appliances.  

Thanks to the simple energy label, introduced in Spain since the mid-90s, it is 

easier to know the approximate energy efficiency of the most common domestic 

appliances and devices found in households.  

A number of domestic appliances -fridges and freezers, washing machines, 

dishwashers, driers, washer-driers, electric ovens and air-conditioning units- already 

use a system of energy labelling.  

Among other parameters, the energy label indicates the energy consumption 

(kWh) under standardized conditions per year or per cycle, the noise level when in 

operation and, in the case of washing machines and dishwashers, water saving and 

washing and drying efficiency.  

There are 7 levels of efficiency established, identified by a code of colours and 

letters, running from green for the most efficient equipment to red for the least  

efficient.  

A few years ago this scale, which traditionally went from letter A to letter G, was 

changed. Today the “more efficient classes” (A) have grown while the inferior 

classes have disappeared.  

The following table shows the various classes that exist, ordered in terms of their 

energy efficiency:  

Energy efficiency class Rating 

A+++ More efficient 

A++  

A+  

A  

B  

C  

D Less efficient 

Source: IDAE.  
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6.2.1. Energy labelling of domestic appliances  

As was stated previously, in the scope of energy efficiency in building, the 

consumption of domestic appliances and other electrical devices plays a decisive 

role in terms of energy saving.  

In previous Modules we saw how energy labelling for domestic appliances was 

developed. In Spain, energy labelling is regulated by a series of Royal Decrees 

arising from the transposition of their corresponding European Directives.  

Royal Decree1390/2011, regulating the indication of consumption of energy and 

other resources by energy-related products, by means of labelling and standardized 

information, stands out amongst this legislation.  

The above mentioned Royal Decree regulates the information intended for the end 

user provided by labelling and standardized energy consumption information on the 

product. It applies to energy related products whose use has a significant direct or 

indirect effect on energy consumption.  

So today every domestic appliance must display mandatory information, in particular 

on its energy efficiency label. Among other things, this label provides information 

about electricity consumption, information about the consumption of other forms of 

energy, and information, when applicable, about essential resources.  

The figure on the left of these lines shows an 

example of these labels, which were modified in 

2011, as we discovered in Module 4.  

Among the most important information is the 

energy class (which ranges from A+++ to D, in 

descending order of efficiency), and the annual 

energy consumption, as well as other mandatory 

data.  

Thus, as an energy efficiency measure, the use of 

domestic appliances and other devices with the 

most efficient ratings (A+++, A++) will lead to a 

significant saving in energy consumption, which in 

turn represents a very considerable economic 

saving.  
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6.3. Assistance and subsidies  

Now we have studied the regulatory energy efficiency requirements (Module 5) and 

the main measures to be implemented (Module 6), the last lesson of this Module 

looks at the energy efficiency related assistance schemes and subsidies available to 

users,  

In this section we study subsidies linked to the field of electricity, with special 

emphasis on assistance schemes related to lighting and the energy consumption of 

domestic appliances and other electrical devices.  

We have looked in particular at the contents of three different plans, defined at a 

state level although in some cases they have been enacted at a regional level:  

 Energy Saving and Efficiency Action Plan 

 PAREER Programme 

 Renove Plan for domestic appliances  

These are plans developed jointly by the 

Ministry of Industry, Energy and Tourism and 

the Institute for Energy Diversification and 

Saving (IDAE).  

Their purpose is to promote integrated 

activities to encourage improved energy efficiency and the use of renewable 

energies, in the scope of the building and residential sectors.  

In this way, the specifications of the Directive 2012/27/EU, on energy efficiency, 

were to be met. The content and implications of this Directive are covered in Module 

2 of this Manual.  

 

  

Given the magnitude of the investment required in building energy efficiency, it is 

vital that there are direct economic assistance schemes in order to promote 

and encourage the implementation of the various measures proposed.  
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6.3.1. Energy Efficiency and Saving Action Plan  

 

The current Energy Efficiency and Saving Action Plan 2011-2020, produced by 

the Ministry of Industry, Energy and Tourism, in collaboration with IDAE (Institute for 

Energy Diversification and Saving), includes, in its Chapter 9, a series of measures 

aimed at the Building and equipment sector.  

In this respect it should be noted that in the Action Plan it states that this sector, the 

building and equipment sector, is the one which has the greatest impact on the 

energy consumption of buildings.  

Among these energy saving measures in the sector, in this Lesson we will 

highlight two; the two related to energy efficiency in lighting and in the stock of 

domestic appliances:  

 Measure 3. Improved energy efficiency of interior lighting installations in 

existing buildings  

This measure aims to improve the energy efficiency of existing interior lighting 

installations in existing buildings that are renewed, so that they comply, at least,  

with and improve the minimum requirements set out in the Technical Building Code,  

reducing their energy consumption.  

The energy-related activities included in this measure will be those that achieve a 

reduction in conventional energy consumption for the interior lighting of existing 

buildings or their installations:  

 Luminaires, lamps and equipment: replacement of the equipment by higher 

performance luminaires, higher efficiency lamps, and electronic dimming 

ballasts.  

 Local or remote lighting and lighting level control systems: including presence 

activated control systems and lighting level control depending on natural light 

levels.  

 Change of lighting system: relocation of light points using the above 

mentioned technologies, so as to reduce annual electricity consumption 

compared with the previous lighting system.  

Through Energy Saving and Efficiency Action Plans, specific financing and 

assistance facilities have been developed in Spain. These plans, in turn, have 

been establishing the various measures required to meet the energy saving 

targets set.  
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 Implementation of monitoring systems enabling us to know at all times the 

conditions of comfort and the suitability of measures taken.  

With regard to economic incentives, the Plan specifies that assistance 

mechanisms may be based on direct capital subsidies, or interest rate discounts on 

loans arranged to undertake the investment, or any other mechanism that meets the 

purpose of the measure.  

Thus, aid activities affecting a large number of buildings, such as the rehabilitation of 

districts, will be considered to be priority activities, as will those carried out through 

“Renove Plans” aimed at specific actions to encourage the installation of high 

energy efficient devices and systems (such as, lighting in office buildings, residential 

communities, etc.).  

Apart from the aid activities aimed at the professional lighting sector, we will also 

look here at campaigns for the domestic sector similar to those carried out for the 

promotion of low consumption or LED technology lamps.  

 Measure 7. Improved energy efficiency of the stock of domestic 

appliances  

This measure is aimed at reducing energy consumption by improving the energy 

efficiency of the stock of domestic appliances and of other energy consuming 

equipment.  

More specifically, the purpose of the measure is to renew the stock of domestic 

appliances (once they have reached the end of their useful life) by encouraging their 

users to replace old appliances with ones of a better energy efficiency class. Users 

will be encouraged to take the decision to replace their old appliances with 

economic incentives.  

These economic incentives will be provided through Renove Plans, as we will see 

in point 1.3.3 of this Lesson. Among the domestic appliances eligible to form part of 

the Renove Plans, those whose energy consumption is a greater percentage of the 

overall domestic consumption will be prioritized.  

Assistance mechanisms may be based on direct capital subsidies through Renove 

Plans for domestic appliances or some other target appliance. The subsidy acts as 

an economic incentive to encourage the user to take the decision to buy a more 

energy efficient appliance.  
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6.3.2. PAREER Programme  

The IDAE (Institute for Energy Diversification and Saving) has recently developed 

the PAREER Programme, or the Aid Programme for the Energy Rehabilitation of 

Existing Buildings in the residential sector.  

The purpose of this Programme is to encourage integrated actions promoting 

improvement in energy efficiency and the use of renewable energy in the existing 

residential sector building stock. To this end, a specific programme of grants and 

funding worth 125 million euros has been launched. 

The actions must fit one or more of the following typologies: 

 Improvement of the energy efficiency of the thermal envelope  

 Improvement of the energy efficiency of heating and lighting installations  

 Replacement of conventional energy by biomass in thermal installations  

 Replacement of conventional energy by geothermal energy in thermal 

installations  

It is specified that activities covered by the assistance must improve the overall 

energy rating of the building by at least one letter measured on the scale of carbon 

dioxide emissions (kg CO2/m2 year), with respect to the building’s initial energy 

rating. This improvement in its energy rating may be obtained by performing one 

activity typology or a combination of several. 

This programme is aimed at:  

 Natural and legal persons who own buildings for residential use (use as hotel 

or home)  

 Communities of owners or groups of communities of owners of residential 

buildings used as homes 

 Owners of single household homes or single owners of residential buildings 

used as homes 

 Energy service companies (ESE)  

 

With regard to electricity sector related actions, such as those referring to lighting, 

assistance for improving the energy efficiency of heating and lighting installations 

will be available in the form of a repayable loan.  
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The deadline for submitting applications is October 30, 2015. Applications must be 

made on the form available on IDAE’s website.  

 

 

  

  

For further information… 

All the information about the PAREER Programme is 

available from IDAE’s website, from this link.  

For more detailed information, interested readers can 

contact the Citizen Information Service on Energy 

Efficiency and Renewable Energies (SICER) at this 

email address ciudadano@idae.es or by calling 

91.314.66.73.  

Source: IDAE 
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6.3.3. Renove Plan for household appliances  

The so-called Renove Plans aimed at improving the domestic appliances of 

households are special subsidy programmes, proposed by the Ministry of Industry, 

Energy and Tourism and the IDAE (Institute for Energy Diversification and Saving).  

There are a number of Renove Plans aimed at improving energy efficiency in the 

building sector by replacing household appliances. These are:  

 Renove Plan for Domestic Appliances  

 Renove Plan for Boilers  

 Renove Plan for Air-Conditioning  

 Renove Plan for domestic appliances  

As indicated previously in this Module, the energy consumption accounted for by 

domestic appliances and other electrical devices represents a very significant 

percentage of overall consumption.  

In order to promote energy efficiency in the building sector, Renove Plans have 

been set up by each Autonomous Community with a view to offering an economic 

incentive to accelerate the replacement of old domestic appliances by other more 

efficient ones, with a Class A energy label.  

The various Renove Plans, promoted by Autonomous Communities, offer subsidies 

of between €50 and €125 to encourage the replacement of domestic appliances, 

such as refrigerators, freezers and fridge-freezers, washing machines, ovens, 

dishwashers and all kinds of electric cookers, with the condition that a new 

appliance with an energy rating of at least "A" is purchased.  

 

As mentioned earlier, the Autonomous Communities were responsible for putting 

these Renove Plans in place, which logically only apply to the corresponding region.  

Why replace old domestic appliances?  

Despite the investment it represents, installing an appliance of an efficient 

energy class (A+++ or A++) may result in a considerable saving in terms of 

energy consumption and therefore in economic terms. It is estimated that the 

difference in consumption and expenditure between the most efficient domestic 

appliances and the least efficient (Class D) may be as much as 50%.  
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These plans are aimed at communities of owners, private individuals, and 

companies, with a view to improving energy efficiency, renovating obsolete 

infrastructures, and combating climate change.  

It should be noted that many of these plans, all at a regional level, started in 2011, 

and that the funds earmarked for them are now exhausted.  

 

 
  

Renove Plan in place in 2014  

Now, in 2014, the only Renove Plan in place is the one 

in Castilla-La Mancha. The procedures and 

requirements to apply for the subsidy are explained in 

following link.  

The aim is to encourage people to replace their low 

energy efficient domestic appliances with others with 

a higher energy efficiency by subsidizing their 

acquisition. In this way, energy efficiency and saving 

in homes can be improved while the consumption of 

electricity is reduced.  

Source: JCCM 
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 Summary  

 Today, the implementation of a number of energy efficiency measures in the 

field of building in general, and related to the electricity sector in particular has 

become an imperative, imposed by regulation.  

 In the electricity sector, lighting and the consumption of domestic appliances 

and other electrical devices are the most important factors in energy 

consumption.  

 A wide range of saving measures can be applied to illumination and lighting. 

In many cases these are systems and devices that have been developed under 

current regulations and their requirements.  

 Control and regulation systems, the use of which is specified in the Technical 

Building Code, are increasingly more common. They consist of a set of devices 

designed to control the on-off switching, or the luminous flux, of a lighting 

installation.  

 Among the most important of these systems are presence detection systems, 

designed to control automatically the on-off switching of lighting installations 

according to whether or not there are people in the zone. 

 Timer systems, designed to control automatically the switching off of a lighting 

installation after a pre-set time, are also very common.  

 According to the provisions of the Technical Building Code, these two systems 

will be installed in infrequently used zones (corridors, stairways, car parks or rest 

rooms).  

 The CTE also specifies the use of natural light harvesting systems. Among 

the most important of these systems are daylight responsive control systems 

for artificial lighting.  

 Meanwhile, the use of energy efficient light bulbs is also one of the key 

measures to achieve a considerable energy saving.  

 Entre the various types of light bulbs efficient, are low consumption fluorescent 

bulbs, light bulbs with light emitting diodes (LED) and improved incandescent 

light bulbs. 
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 In all cases they provide the same or a greater amount of light, with better 

quality and, most importantly, a much lower energy consumption, which in turn 

makes for a significant economic saving.  

 In recent years, various assistance schemes and subsidies related to energy 

efficiency have been developed on the back of the latest regulatory 

requirements.  

 In the field of electricity, a number of assistance schemes have been developed, 

especially in the particular field of lighting and the energy consumption of 

domestic appliances and other electrical devices.  

 Among the plans and programmes with a national or regional scope in Spain, 

the most important are: the Energy Efficiency and Saving Action Plan, the 

PAREER Programme, and the Renove Plan for domestic appliances.  
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 Aims  

 To find out about the most important energy efficiency measures that can be 

implemented in the plumbing sector, and in sanitary hot water (Spanish 

acronym, ACS; referred to here by its English acronym, SHW) and air-

conditioning sector. 

 To link the application of these efficiency measures in sanitary hot water, air-

conditioning and heating installations with the requirements specified in current 

regulations.  

 To analyse efficiency measures for sanitary hot water installations, especially, 

those related to the minimum solar energy contribution in these systems. To 

differentiate between the various types of solar energy systems, such as 

distributed storage and central heat storage. 

 To evaluate the efficacy and suitability of each type of free cooling systems (by 

air, by water or by refrigerant migration) and of other systems, such as 

evaporative cooling, among the various efficiency measures for air-

conditioning installations that exist.  

 To be up to speed with new developments in respect of the high energy 

efficiency air-conditioning equipment and control systems there are on the 

market, perhaps the most important of which are multisplit air-conditioning 

systems. 

 To learn how to differentiate between the various types of high performance 

boilers, such as low temperature boilers and condensing boilers 

 To find out about the use and requirements of pipes and other hot or cold water 

conducting installations in the scope of thermal insulation, as specified in the 

relevant regulation (RITE or Regulations on Thermal Installations in 

Buildings).  

 To determine the required insulation thickness, based on the diameter of the 

pipe, the temperature of the fluid being transported (hot or cold). and the location 

of the conduits (indoor or outdoor), as specified in the RITE  
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 To find out about the assistance schemes and subsidies currently available to 

promote matters of energy efficiency and electricity through the various plans 

and programmes (Energy Saving and Efficiency Action Plan, PAREER 

Programme, Renove Plan).  
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 Introduction  

The need to implement various energy efficiency measures in the field of building 

in general and related to plumbing and air-conditioning installations in particular 

has, in many cases, ceased to be just another option but has become an imperative, 

imposed by regulation.  

These energy efficiency and saving measures are the result of a better knowledge 

of the most important elements and technological advances made in the field. These 

have enabled us to optimize energy consumption by making better use of available 

resources.  

In the previous Module we looked at the regulatory requirements applicable in this 

respect. In particular, we saw the importance of the role of the Technical Building 

Code (CTE), which established various guidelines to consider in matters of 

efficiency and energy saving in the building sector.  

We therefore consider it essential to first gain an awareness of these regulatory 

requirements so as to be able to implement the measures that are necessary and 

appropriate to each case.  

In the scope of plumbing and HVAC it is air-conditioning and sanitary hot water 

installations that have the biggest impact on energy consumption. In fact, it is 

estimated that over two thirds of the energy consumed buildings is accounted for 

by these aspects. 

Therefore, if we are to reduce energy consumption derived from these sources, we 

will need to put in place a number of measures of a specific nature for each type 

of installation:  

 

 

 Efficiency measures in sanitary hot water installations  

 Efficiency measures in air-conditioning installations  

 Efficiency measures in heating systems  

 Efficiency measures in pipe insulation  
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6.1. Efficiency measures for sanitary hot 
water installations  

Sanitary hot water (SHW) production installations are reckoned to amount to a 

significant percentage of the total energy consumption of a building.  

Broadly speaking, by way of an introduction, it is interesting to note that there are 

two main types of sanitary hot water systems; instantaneous and storage.  

In instantaneous systems, the boiler water heats the domestic water at the same 

time it is required. Conversely, in storage tank systems the water is kept hot until it 

is used, so that at times of peak demand the building uses stored water. Therefore, 

less power is required and the system functions in a more homogeneous manner.  

Normally, SHW production installations form part of a building’s heating system. In 

this way the heat produced in the boiler room is shared by all the building’s heating 

services and the boilers are connected to the collectors from where all the different 

heating services and the primary circuit of the SHW branch off.  

Domestic water is taken from the installation for the building’s water supply to the 

room with an exclusive branch for this use. Due to the fact that the water from 

boilers is not fit for human consumption, there must always be heat exchangers in 

which the heat from the boilers (primary) is transferred to the SHW (secondary). The 

two circuits must be kept separate.  

Given the aforementioned high impact of sanitary hot water installations on the 

energy consumption of buildings, regulations set out a number of measures aimed 

at achieving a greater energy efficiency in this type of installations.  

Among these measures are those provided for in the Technical Building Code 

(CTE), as we describe in detail in Module 5 of this Manual. In particular, Section 

HE4 of the Basic Document “Energy Saving” of the CTE specifies a minimum solar 

energy contribution to sanitary hot water systems.  
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6.1.1. Solar thermal installations and sanitary hot water 
systems  

Since the entry into force of the Technical Building Code in 2007 (as we looked at in 

depth in Module 2), all newly constructed buildings with a consumption of SHW 

must be equipped with water heating installations using solar thermal energy. 

These solar energy systems must be integrated with the building’s heating 

installations (with few, justified exceptions).  

Thus, solar energy will provide a percentage of SHW consumption. If the solar 

contribution is not sufficient, the traditional thermal installation will heat the water 

until it is.  

As we saw in the previous Module, the minimum solar fraction established by the 

CTE depends on where the building is situated and the daily consumption of SHW, 

and ranges between 30% and 70%. As is logical, in localities with more incident 

solar radiation and for buildings higher consumption the contribution will be greater.  

The solar installation will send water to the traditional installation whose temperature 

may range from that of the water from the mains system, at times when there is no 

solar contribution, to temperatures even higher than those necessary for 

consumption.  

In centralized installations the integration of solar installations is relatively simple, 

the only difference being that, instead of the SHW production system receiving 

water from the mains system, it will be supplied by water coming from the solar 

installation.  

 

 

 

How are solar thermal installations defined in the CTE?  

Solar installations are defined in the CTE as a set of components designed to 

capture incident solar radiation, convert it directly into useful thermal energy by 

heating a liquid and transporting the captured thermal energy to the heat 

exchange or storage system, transfer this energy from the collector circuit to the 

consumption circuit and store the thermal energy in an efficient manner so as to 

be able to use it later directly at the points of consumption.  
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The CTE describes in detail the various types of systems used in solar thermal 

installations for hot water; they are listed below:  

 Capture system, made up of fluid heating solar collectors, responsible for 

converting incident solar radiation into thermal energy so that it heats the 

working fluid circulating through them.  

 Storage system made up of one or more tanks that store the hot water until it 

is needed.  

 Hydraulic circuit made up of pipes, pumps, valves, etc., responsible for 

carrying the hot fluid to the storage system. 

 Heat exchange system, responsible for transferring the thermal energy 

captured by the collector circuit, or primary circuit, to the hot water to be 

consumed.  

 Regulation and control system, responsible for, on the one hand, ensuring 

the proper functioning of the equipment to provide the maximum solar thermal 

energy possible and, on the other, acting as a protection against the action of a 

number of different factors (overheating, risk of frozen pipes, etc.). 

 Auxiliary conventional energy equipment which is used for meeting the 

demand that cannot be met directly by solar energy, thereby ensuring the 

continuity of the supply of hot water at times when there is little solar radiation 

or a higher than expected demand.  

 Sanitary hot water installations in multi-home buildings  

We go on to study some of the solar heating installation systems most commonly 

used in multi-home buildings. It should be noted that there are many possible 

configurations when designing a low temperature solar thermal energy system to 

provide SHW.  

For each configuration or type of system described we will be pointing out its main 

advantages and drawbacks. A diagram is provided as a visual aid:  

 Distributed storage  

 Central heat storage with independent heat exchangers  

 Central heat storage, independent auxiliary system  
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 Distributed heat storage  

This is a system in which a storage tank is installed in each home, of a variable size 

depending on the dimensions of the home. The fluid circulating through the storage 

tanks is associated with the fluid circulating through the collector array; the 

distribution circuit water is not domestic water, since the transfer of energy happens 

inside each storage tank.  

In this configuration it is also very important that the distribution circuit is correctly 

balanced so as to distribute the energy obtained in the collector array in an equitable 

manner. There are several different way of controlling the pumps. 

It should be noted that with this configuration a considerable space is taken up in 

each home; however, it is not necessary to reserve communal areas for the tanks. 

In the case of distributed storage, the independence of the users is greater, since 

each has their own solar storage tank.  

Therefore, to sum up, we can say that their main advantages are: total 

independence in the consumption of gas and water; no billing or additional 

management of communal energy consumption; no space taken up in communal 

areas of the building, with the exception of the roof.  

And, among the biggest drawbacks to take into account, we would mention the 

following: high cost of both distribution and storage; high heat losses due to an 

increase in the total storage surface area; complex system for regulating the heating 

system; need for a large space in each home to house the storage tanks; and, as a 

rule, tricky maintenance. The following diagram shows a distributed storage system:  
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 Central heat storage with independent heat exchangers  

We present two central heat storage systems, the first (shown above) with 

independent heat exchangers. In this system each home needs to have sufficient 

exchange power between the tertiary circuit and the hot domestic water circuit.  

Among aspects to be taken into account are the dimensioning of the heat 

exchangers, a fundamental point. These should have enough power to meet the 

highest hot water consumption needs that can be expected, and harvest the 

maximum amount of power from the solar system.  

The distribution circuit is a closed circuit. In this circuit, the stored solar energy 

circulates through the primary of each of the individual heat exchangers. This 

explains the importance of the hydraulic balancing of the tertiary circuit, so that each 

heat exchanger receives the right flow.  

Among the most favourable aspects of this type of system, are: independence 

between the consumption of gas and water; low storage heat losses; the storage 

tank can act like a nocturnal cooling system; and no large space is required for 

installing the exchange and control equipment.  

Conversely, the main drawbacks are, among others: greater cost, due to the need 

for an exchange and control system for each home; tricky maintenance; complex 

system for setting up the heating system; and greater losses in total performance 

since new exchange stages are added between generation and consumption.  

Below we show a diagram of a layout of this type of SHW system:  
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 Central heat storage, independent auxiliary system  

This is another type of central heat storage SHW system. Here, storage can be 

carried out in one or more tanks, connected in parallel or preferably in series (to aid 

tank stratification).  

In this case, the tank is fed with cold water from the mains, in other words, domestic 

water, and finally the water solar pre-heated water is distributed to each system 

auxiliary system located in the home. Each home must be fitted with a solar hot 

water meter and a mains cold water meter.  

The distribution circuit is fitted with a low power pump because its job is to ensure a 

minimum recirculation flow which enables water to be consumed in the home at 

similar temperature to that of the tank, and so, in the case of small consumptions, 

prevent thermal losses in the pipes from causing the water to arrive at a lower than 

desired temperature.  

The recirculation pump of in the tertiary circuit will operate continuously except for a 

scheduled night-time shutdown, if deemed appropriate.  

Among the main advantages are: small losses of storage heat; compact and single 

solar installation, optimizing the collector surface area; it does not require space in 

each of the homes, either for installing storage tanks or for heat exchangers.  

Conversely, among its drawbacks are: an SHW meter is necessary for each home; 

communal areas are needed for the installation of the solar storage tank; and the 

installation needs to be designed so as to be able to use thermal shocks for flushing 

out installations used seasonally.  

As in the case of the two previous systems, we present a diagram explaining how 

these installations work:  
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6.1.2. Equipment control and regulation systems 

Separately from, but at the same time in a complementary manner to, solar 

installations linked to SHW systems imposed by current regulations covering the 

building sector (CTE), there are other energy saving and efficiency measures in this 

field to be considered.  

The most important of these measures is without a doubt those affecting the 

systems controlling and regulating the equipment so as to achieve a higher level 

of energy saving. For example:  

 Equipment control and regulation systems and/or installations that save 

energy. This is the case, for example, of regulation systems that respond to 

changes to the outside temperature, or the presence and needs of their users.  

 Remote management supply systems for sanitary hot water for buildings that 

enable the consumption of sanitary hot water and energy to be controlled, and 

the maximum instantaneous flow and the maximum volume of use to be limited. 

They can even cut off the supply by home and/or by room.  

 Consumption reduction measures. For example, the installation of taps for 

the control and management of sanitary hot water at the point of consumption, 

that enable the temperature and flow of water to be optimally and rapidly 

adjusted, and that can be either controlled directly by the user or by remote 

systems. Aspects such as instantaneous consumption, the outlet temperature 

and the maximum volume of consumption may also be managed and 

controlled.  

 Measures necessary for implementing energy consumption metering and 

remote management systems.  

 

 

  

Want to know more?  

Technical Guide to central sanitary hot water 

This Technical Guide, produced by the Institute for Energy 
Diversification and Saving (IDAE), describes sanitary hot 
water systems and installations.  

It is available from IDEA’s website, www.idae.es, in the 

section on “Energy Saving and Efficiency”.  
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6.2. Efficiency measures for air-
conditioning installations  

Air-conditioning installations play an important role in maintaining the comfort of 

users’ private, social or professional life. Given their widespread use and their 

characteristics, air-conditioning systems are responsible for a significant 

percentage of overall energy consumption, accounting for up to 40% of the total 

energy consumption inside a building.  

For this reason, as we saw in detail in Module 5 on regulatory requirements, various 

requirements and measures to be implemented have been established, such as 

those set out in the Regulations on Thermal Installations in Buildings (RITE).  

Firstly, we need to realize that there are a number of factors that affect air-

conditioning, among which are energy demand, generation and regulation. For each 

of these factors, measures may be established with a view to achieving greater 

energy efficiency.  

With regard to energy demand, among the actions aimed at reducing energy 

consumption that we need to carry out is the preliminary calculation of the demand, 

the design and utilization of the different installations and enclosures, and 

improvements to the building’s envelope.  

Here what we know as passive systems in the home (design measures) come into 

play, with factors such as the orientation of the home and the facades, maximum 

solar harvesting, protection from prevailing winds, and shade control systems. In 

general terms, these systems may deliver a saving of as much as 10% on energy 

consumption.  

However, the bulk of the measures are focused on energy generation. There are 

many different measures, and they are related to, among other factors, the design of 

generating systems; boilers, heat pumps, free-cooling, heat recovery, absorption 

and the use of renewable energies (such as solar thermal and the cogeneration 

systems, which we will be looking at in greater detail in a dedicated Manual).  

In the following pages of this Lesson we will be looking in greater detail at some of 

them, especially those covered by regulations such as the RITE. Special attention 

will be paid to cooling systems, both free-cooling and evaporative.  
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6.2.1. Free cooling systems  

In the Technical Instructions of the RITE, in the section on Requirements of energy 

efficiency and in particular in point IT 1.2.4.5, certain requirements on free cooling 

systems using outside air are set out.  

Among other things, it is stated that all air-conditioning systems (of the “all air” type), 

with a thermal output of > 70 kW), must have a free cooling system using outside 

air.  

In “mixed water-air” type air-conditioning systems, however, the free cooling is 

obtained from water coming from cooling towers, preferably closed circuit systems.  

In other words, new regulations governing energy efficiency (in this case, the RITE) 

require the installation of ventilation systems and also specify that energy from these 

systems should be used. There are three main types of free cooling with air 

systems:  

 Free cooling systems by air  

Free cooling by outside air systems can deliver significant energy savings. Broadly 

speaking, they are systems that use air from the outside, normally only filtered, 

instead of recirculating return air, due to their having a number characteristics that 

make them more energy efficient.  

It should be noted that, apart from this energy and economic saving, the use of cold 

air from the outside to dissipate internal loads (by increasing the flow of outside air), 

also improves the quality of indoor air.  

As already mentioned, in order to be able to use free cooling by air it is necessary 

for the climate control systems to be air based. Similarly, the air-conditioning units 

must be fitted with appropriate damper, ventilator and control systems so as to be 

able to control the installation properly.  

Nevertheless, use of free cooling systems is recommended and is highly effective in 

areas with a certain temperature range. It is not, however, useful in places with high 

average temperatures, as is the case of a number of areas in the south and west of 

Spain.  
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 Free cooling systems by water  

Another type of cooling systems is by water. If the temperature of the outside air is 

lower than the temperature of the water to be cooled, it is possible to cool the fluid to 

be refrigerated with the outside air which is colder.  

These are also free-cooling systems, but with an additional coil. Their application 

also requires cold climates (as we saw previously) and intensive applications with a 

major cooling demand, even with low outdoor temperatures. For this reason there 

are few installations of this type in Spain to date.  

As a rule they consist of compact devices with two coils, one air-water and the other 

air-refrigerant. Depending on the conditions, the equipment decides whether it 

should work as a fan heater or a chiller or both things at once.  

It is considered to be a simple and useful technology, since it requires no 

modification of the installation. The cooling plant already has the two outside coils in 

parallel and they can be controlled to decide when to work in free-cooling, free-

cooling plus chiller, or chiller only mode.  

 Free cooling systems by refrigerant migration  

This is another type of free-cooling system. The use of free cooling by refrigerant 

migration in air-water equipments (or free-cooling by direct expansion) consists of a 

technical solution that, by means of a special thermodynamic process, cools water 

by making use of the low outdoor temperatures as free energy 

To do this it only uses the device’s heat exchangers (condenser and evaporator) 

without requiring the compressors to function. Therefore, these systems meet the 

provisions of the RITE (on Free cooling by outside air), since they make use of free 

ambient energy by transferring it to the air-conditioning process in the form of chilled 

water.  

Thus the complete process of cooling by natural migration of refrigerant, making use 

of low outdoor temperatures as a natural source of energy, is based on a complex 

refrigeration cycle.  

6.2.2. Evaporative cooling systems 

Another major group of cooling systems are those that involve an evaporative 

process. As a rule, these are systems that combine conventional equipment with 



 

 Energy efficiency measures in the plumbing, sanitary hot water and HVAC sector  

  ENERGY EFFICIENCY IN THE CONSTRUCTION SECTOR  

17 

evaporative technologies, which significantly reduce the installation’s energy 

consumption.  

Among other technologies we should mention evaporative cooling, evaporative 

condensing, evaporative pre-cooling of condensation air, direct and indirect 

evaporative cooling prior to the exhaust heat recovery system, etc.  

Within the scope of air-conditioning installations, a number of equipments use 

this type of technology. Among these are systems used for the air-conditioning of 

buildings, where the main aim is to reduce or eliminate the energy demand of the 

thermal conditioning of buildings. Here they include chillers, evaporative recovery 

systems, and exhaust air humidifiers. Equipment cooling systems, such as cooling 

towers and evaporative condensers, also use evaporative cooling systems.  

From a technical point of view, evaporative cooling is a process of heat transfer. 

The unsaturated air cools, providing sensible heat that will turn into latent heat 

causing the water to evaporate. Evaporative cooling may be achieved by using 

direct or indirect systems, or by using a multistage combination of both (mixed 

systems).  

In a direct system with 

recirculation, the water 

evaporates directly in the 

make-up air. The air loses 

sensible heat to the water, 

evaporating it. Its temperature 

drops and humidity increases. 

Then the amount of heat 

exchanged from the air equals 

the amount of heat absorbed 

by the evaporation of the water.  

Conversely, in indirect evaporative cooling, the evaporation of the water occurs in a 

secondary air current, which exchanges sensible heat with the primary air current 

(supply air) through a heat exchanger. 

  

Source: IDAE 
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6.2.3. High energy efficiency equipment and control 
systems  

In the scope of efficiency measures in air-conditioning installations, as in other 

scopes, the installation of high energy efficiency heat and cold production 

installations, chosen on the basis of their better energy efficiency for both individual 

and centralized installations, is becoming increasingly more common.  

Today state-of-the-art air-conditioning units are multifunctional; as a rule they are 

not just used to cool during the summer until a pleasant temperature is reached, but 

they are also used to heat, ventilate and dehumidify buildings.  

 Multisplit air-conditioning systems  

The air-conditioning systems known as multisplit, which are especially useful in 

large buildings (office blocks, educational establishments or healthcare facilities), 

are based on VRF (Variable Refrigerant Flow) technology. This is a technology that 

uses an air/air heat pump that does not only use air as a heat source but also as a 

way of distributing that heat.  

Among the advantages of these systems is the fact that the installation of air-air 

heat pumps is not complicated and installation costs for these systems are within 

reasonable bounds for users.  

These systems consist of an exterior unit containing a compressor and one or more 

interior units. The exterior unit tends to be installed on the roof is either electricity or 

gas engine powered, while the indoor units take in the air from the room, filter it and 

cool it. The two devices are interconnected by pipes.  

These are air-conditioning systems that can be both dual purpose, i.e. they can be 

used in combination with a classic heating system, and single purpose, serving only 

to either heat or cool.  

One of the characteristics of these systems is their excellent performance at partial 

loads and their great efficiency in heating and cooling applications. The use of high 

efficiency fans and motors, together with heat recovery systems, can result in a very 

significant reduction in energy consumption, while improving the comfort and 

hygiene of the building.  
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 Control and regulation systems 

Air-conditioning installations are also fitted with various types of control and 

regulation systems, as we mention in the previous Lesson (for sanitary hot water 

systems), some of which we will describe below.  

Among the simplest control systems are the manual ones. This is the case of 

thermostatic valves, installed in radiator areas, which can achieve a saving of 

between 6% and 8%. They also enable different temperatures to be defined in each 

room and so achieve a thermal balance. Also included in these manual systems are 

thermostatically controlled systems; i.e. on-off (all or nothing) systems controlled by 

thermostat.  

Circuit zoning is another way to achieve thermal balance. This requires 

independent usage zones to be set up, depending on their load, timetable and 

dissipations. Zoning may be implemented as a complement to existing regulation 

systems and may result in a saving as high as 50%.  

Finally, it should be noted that, on the basis of the demand from the different rooms 

of the building, the management system will need to control the cold or heat 

production plants, as the case may be, and the distribution circuits.  

The use of this type of regulation systems can lead to an energy saving of between 

20% and the 40%. It is also a control system that works by heating curve and time 

schedule.  

 

 

  

Want to know more? IDAE Technical Guides 

“Energy saving and recovery in air-conditioning 
systems”  

This Technical Guide, produced by the Institute for Energy 

Diversification and Saving (IDAE), describes various 

energy saving systems in the scope of air-conditioning. It is 

available from IDEA’s website, www.idae.es, in the section 

on “Energy Saving and Efficiency”. 
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6.3. Efficiency measures for heating 
systems  

Heating systems, often considered to be elements responsible for the “climatization” 

of buildings, are an aspect that accounts for a significant energy consumption in the 

field of construction.  

Among the measures aimed at reducing energy consumption, in this Lesson we will 

focus on studying the different types of boilers on the market, and the 

characteristics of each type, from a viewpoint of energy efficiency.  

However, by way of an introduction, it should be noted that there is now sufficiently 

modern technology available to achieve truly outstanding percentages of saving. In 

many cases today, heating systems are no longer considered as standalone 

installations, but rather as integrated and inter-adjusted systems.  

Other aspects, among the most important of which is building insulation, also 

contribute in some way to energy efficiency. Building insulation helps ensure that the 

heat generated by heating systems stays where it is needed, inside the building.  

Broadly speaking, an overall classification of the different systems and types of 

heating used today would be as follows:  

 Heating and cooling. Active thermal production systems (boilers, passive 

thermal production systems (sunlight, free-cooling), high energy efficiency 

systems, making use of renewable energies, etc.  

 Decentralized systems. Individual systems producing and distributing energy 

independently, in a single, which do not take into account thermal inertia. 

Broadly speaking these are the least efficient type of system but the most 

commonly used.  

 Centralized systems. These are integrated systems that make use of 

significantly more efficient equipment delivering higher performance, with 

centralized regulation, larger storage tanks, fewer losses, and a system 

preventing multiple starts and stops. The saving of these systems over 

decentralized ones may be as high as 20%.  
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6.3.1. Types of heating boilers  

In this Lesson we have chosen three of the major types of boilers in common use, 

making a comparison between them to see which are the most energy efficient: 

traditional or standard boilers, low temperature boilers, or condensing boilers.  

In the following table we can see a summary of the main characteristics of these 

chosen types of boilers:  

Comparison of energy saving and efficiency of different types of boilers 

Type of boiler 
Operating 

temperature 
(ºC) 

Power range 
(%) 

Efficiency (%) Saving (%) 

Standard 60-80 50-100 75-80 % --- 

Low temperature 35-80 30-100 91-96 % 15 % 

Condensing 35-80 30-100 105-109 % 20 % 

  Table 1. Comparison of types of boilers.  

With regard to standard or traditional boilers not studied in depth in this Module, 

we will take a very brief look here at some general characteristics. As we can see in 

the table, their performance in general is considerably lower than that of the other 

two types.  

They can be fitted with various types of burners for different types of fuel, they have 

high return temperatures to prevent condensation, they can work at low 

temperatures in secondary mode, and they have a steep “aging curve”.  

 Low temperature boilers 

This type of boilers, as their name indicates, work at lower temperatures than 

normal. To do so they contain a number of special components.  

 

 

More specifically, in the regulation they are defined as boilers capable of working 

continuously with a water supply temperature of between 35 ºC and 40 ºC and 

which under certain conditions may produce condensation.  
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To enable these boilers to work with return water at such low temperatures without 

acidic condensation being produced inside them, the use of components especially 

developed for this purpose is essential. To this end, many manufacturers use 

multiple wall exchange surfaces, with air chambers to regulate the transfer of heat to 

the heating water.  

Single wall heating surfaces mean that the temperature difference between the 

boiler water and the surface on the side of the combustion gases is small. 

Therefore, if the temperature of the water drops below the dew point, the water 

vapour contained in the combustion gases may condense.  

However, multiple wall heating surfaces enable a resistance to heat transfer to be 

generated. By optimizing the design, this resistance can be controlled in such a way 

that even with low temperature boiler water, the temperature on the combustion gas 

side is kept above the dew point of the water vapour, thereby preventing it dropping 

below this point.  

This type of boiler, unlike standard boilers, enables the operating temperature to be 

adjusted according to the heat demand; i.e. according to the real needs. Conversely, 

conventional boilers have a constant operating temperature all the year round, 

regardless of the outdoor temperature and the demand of the installation. The 

average boiler temperature is 80 ºC.  

As we have seen, all this means that the use of low temperature boilers rather than 

standard boilers can achieve a significant energy saving, estimated to be 15% or 

more, depending on the manufacturers and models of boilers used.  

 Condensing boilers 

This type of boilers –also called gas condensing boilers- also work at lower than 

normal temperatures. In this case, they work by making use of the combustion 

gases.  

 

As we said in the previous point, the use of low temperature boilers allows us to 

reduce energy consumption by approximately 15%, by adapting the operating 

temperature to the real needs of the building.  

But these systems still waste a certain amount of heat through the water vapour 

produced by the combustion process and discharged outside via the flue without 

making use of the latent heat they contain.  

Its definition in the regulation is “a boiler designed to permanently condense a 

large part of the water vapour contained in combustion gases”.  
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However, it is not easy to recover this latent heat. To do so it is necessary for the 

boiler to have exchange surfaces resistant to the acidic condensation produced 

inside the boiler, so these surfaces must be manufacture from high alloy stainless 

steel.  

It is therefore essential for the exchange surfaces of this type of boiler to be 

especially resistant to this method of operating. For this purpose, titanium stabilized 

stainless steel provides the highest level of operational reliability, enabling 

significant energy savings to be made throughout the over 25 years of useful life of 

these boilers.  

In conclusion, the high performance and the great energy efficiency of these boilers 

is due to the recovery of a significant amount of additional heat from condensation. 

This use of condensation enables these boilers to achieve greater seasonal 

performance and makes them a major exponent of energy saving and efficiency.  

6.3.2. District heating systems  

New installations of district heating and cooling systems that service several 

buildings, and the upgrading and extension of the existing ones, including 

generation equipment, the laying of pipes to transport heat carrying fluids, their 

regulation and control systems, and the civil works directly attributable to the 

implementation of the above. 

 

Want to know more? IDAE Technical Guides 

This Technical Guide, produced by the Institute for Energy 

Diversification and Saving (IDAE), sets out a number of 

recommendations regarding centralized or district heating 

installations. It is available from IDEA’s website, www.idae.es, 

in the section on “Energy Saving and Efficiency”.  
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6.4. Efficiency measures for pipe 
insulation  

Finally, and in a manner directly related to the plumbing sector, among the energy 

efficiency measures being studied, we look at thermal insulation solutions for 

installations in buildings, paying special attention to pipes and other types of 

conduits.  

Among other aspects, it should be noted that the thermal insulation of installations 

for conducting hot or cold water (for example, pipes, conduits, tanks and 

accessories), prevents:  

 

Additionally, its use in air-conditioning ducts also affords installations energy and 

noise related benefits.  

As is to be expected, proper thermal insulation can achieve a significant 

improvement to the efficiency of an installation. This is due to the fact that, with good 

thermal insulation, equipment works with fluids at temperatures close to the design 

values, which produces a saving in energy consumption and in some cases a 

reduction in the size of the equipment.  

As a general rule it would be true to say that in practically all homes with hot water 

pipes, these pipes are not properly thermally insulated. In many cases in fact, not 

only is there a loss of energy, but water is wasted too. We have all experienced it; all 

too often we leave the tap running wastefully until the water reaches the right 

temperature.  

Similarly, most historic buildings do not have adequate thermal insulation in their 

installations. In these buildings and in many others of a certain age, carrying out a 

rehabilitation project using materials as simple as flexible foam, for example, can be 

a simple, fast and effective solution.  

 

 Energy losses during the transport or storage of hot water  

 Condensation in cold water pipes  

 And delays the risk of frozen pipes  
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6.4.1. Measures and requirements specified in the RITE  

The importance of the energy saving that can be achieved with the insulation of 

pipes is such that it is regulated and included in the Regulations on Thermal 

Installations in Buildings (RITE), as we have already seen in Module 5 of this 

Manual.  

Specifically, its Technical Instruction 1.2.4.2, Networks of pipes and conduits, 

specifies that all pipes and accessories, together with equipment, devices and tanks 

of thermal installations, must be fitted with thermal insulation when they contain 

fluids with, either a temperature lower than the ambient temperature of wherever 

they are located, or a temperature of over 40°C when they are installed in unheated 

locations. 

It also stipulates that all thermal installations through which fluids not subject to a 

change of state circulate (generally speaking the heat carrying fluid is water) the 

overall thermal losses of the pipes as a whole may not exceed 4% of the maximum 

energy they are carrying.  

The insulation thickness will vary depending on the diameter of the pipe, as set out 

in the RITE (see tables 1.2.4.2.1 through 1.2.4.2.4.). The maximum conductivity of 

the insulating material is 0.040 W/(m·K). In the case of pipes and conduits carrying 

hot fluids (inside a building), these are the minimum insulation thicknesses:  

Minimum thicknesses of pipe insulation (mm) 

External diameter (mm) 
Maximum temperature of the fluid (°C) 

40...60 > 60...100 > 100...180 

D ≤ 35 25 25 30 

35 < D ≤ 60 30 30 40 

60 < D ≤ 90 30 30 40 

90 < D ≤ 140 30 40 50 

140 < D 35 40 50 

Table 2. Minimum thicknesses of insulation. Source: RITE.  

As we can see, these thicknesses specified by the regulation (RITE), range from 25 

mm in the case of the smallest diameter pipes and 50 mm in the case of the largest 

diameter pipes carrying fluids at a high temperature (over 100 ºC).  
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6.5. Assistance schemes and subsidies  

In the last Lesson of this Module we address the relevant assistance schemes and 

subsidies in place today, having detailed the regulatory requirements affecting 

energy efficiency (Module 5) and the most important measures to implement 

(Module 6).  

In this section we look at subsidies linked to the field of plumbing and climate 

control installations (HVAC) and SHW installations, with particular emphasis on 

assistance schemes related to the energy consumption of air-conditioning and 

heating installations.  

In this Lesson, we look in particular at the contents of three different plans, defined 

at a state level although in some cases they have been enacted at a regional level:  

 Action plan Energy Saving and Efficiency 

 PAREER Programme  

 Renove Plan  

These are plans developed jointly by the 

Ministry of Industry, Energy and Tourism and 

the Institute for Energy Diversification and 

Saving (IDAE).  

Their purpose is to promote integrated activities to encourage improved energy 

efficiency and the use of renewable energies, in the scope of the building and 

residential sectors.  

In this way, the specifications of the Directive 2012/27/EU, on energy efficiency, 

were to be met. The content and implications of this Directive are covered in Module 

2 of this Manual.  

 

Given the magnitude of the investment required in building energy efficiency, it is 

vital that there are direct economic assistance schemes in order to promote 

and encourage the implementation of the various measures proposed.  
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6.5.1. Energy Saving and Efficiency Action Plan  

 

The Energy Saving and Efficiency Action Plan 2011-2020, produced by the 

Ministry of Industry, Tourism and Trade, in collaboration with the IDAE (Institute for 

Energy Diversification and Saving) and still in force today, includes in its Chapter 9 a 

number of measures aimed at the Building and equipment sector.  

It should be noted that this action plan identifies the building and equipment sector 

as the one which has the most impact on the energy consumption of buildings.  

Among these energy saving measures in the sector, in this Lesson we focus on 

those related to the energy efficiency in heating, air-conditioning and SHW 

installations, paying special attention to:  

 Measure 2. Improved energy efficiency of the heating installations of 

existing buildings  

The purpose of this measure is to reduce the energy consumption of the heating, 

air-conditioning and sanitary hot water installations of existing buildings.  

To this end we consider the improvement of the energy efficiency of the heating 

installations of existing buildings being renovated in order to meet the minimum 

requirements established by current regulations (evaluated in Module 5), thereby 

reducing their energy consumption.  

More specifically, the energy-related actions considered within this measure will be 

those that achieve an annual reduction in conventional energy consumption by 

means of actions affecting heating, air-conditioning and sanitary hot water 

installations that can be supported by documentary evidence. These actions must 

also meet the requirements established by the Regulations on Thermal Installations 

in Buildings (RITE) and other current relevant regulations.  

The following is an indicative and not exhaustive list of actions: 

 Replacement of heat and cold production equipment with other, high energy 

efficient systems, chosen on the basis of their better energy performance, 

whether individual or centralized installations.  

Through Energy Saving and Efficiency Action Plans, specific financing and 

assistance facilities have been developed in Spain. These plans, in turn, have 

been establishing the various measures required to meet the energy saving 

targets set.  
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 Replacement of equipment used to transport heat carrying fluids with other, 

high energy efficient systems (including the improved thermal insulation of the 

networks of pipes and devices that reduce losses in the transport of thermal 

fluids).   

 Free cooling systems using outside air and exhaust heat recovery system 

 Systems that combine conventional equipment with evaporative technologies 

that reduce the energy consumption of the installation: evaporative cooling, 

evaporative condensing, evaporative pre-cooling of condensation air, direct 

and indirect direct and indirect evaporative cooling prior to the exhaust heat 

recovery system, etc.  

 Control and regulation equipment for energy saving systems and/or 

installations; for example, systems that respond to outside temperature 

variations, the presence or needs of users…  

 Integration of thermal subsystems in a home automation system enabling 

communication between the various systems so that they can interact 

between one another and be controlled locally or remotely.  

 Installation of new district heating and cooling installations or systems 

providing service to a number of buildings, and the upgrading or extension of 

existing systems (including generation equipment, the laying of pipes to 

transport heat carrying fluids, their regulation and control systems, and the 

civil works directly attributable to the implementation of the above).  

With regard to economic incentives, the Plan specifies that assistance 

mechanisms may be based on direct capital subsidies, or interest rate discounts on 

loans arranged to undertake the investment, or any other mechanism that meets the 

purpose of the measure.  

Thus, aid activities affecting a large number of buildings, such as the rehabilitation of 

districts, will be considered to be priority activities, as will those carried out through 

“Renove Plans” aimed at encouraging specific actions by private citizens involving 

the replacement of devices and systems with more energy efficient ones.  
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6.5.2. PAREER Programme  

The IDAE (Institute for Energy Diversification and Saving) has recently developed 

the PAREER Programme, or the Aid Programme for the Energy Rehabilitation of 

Existing Buildings in the residential sector.  

The purpose of this Programme is to encourage integrated actions promoting 

improvement in energy efficiency and the use of renewable energy in the existing 

residential sector building stock. To this end, a specific programme of grants and 

funding worth 125 million euros has been launched. 

The actions must fit one or more of the following typologies: 

 Improvement of the energy efficiency of the thermal envelope  

 Improvement of the energy efficiency of heating and lighting installations  

 Replacement of conventional energy by biomass in heating installations  

 Replacement of conventional energy by geothermal energy in heating 

installations  

It is specified that activities covered by the assistance must improve the overall 

energy rating of the building by at least one letter measured on the scale of carbon 

dioxide emissions (kg CO2/m2 year), with respect to the building’s initial energy 

rating. This improvement in its energy rating may be obtained by performing one 

activity typology or a combination of several. 

This programme is aimed at:  

 Natural and legal persons who own buildings for residential use (use as hotel 

or home)  

 Communities of owners or groups of communities of owners of residential 

buildings used as homes 

 Owners of single household homes or single owners of residential buildings 

used as homes 

 Energy service companies (ESE)  
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With regard to HVAC and SHW related actions such as those covered earlier in 

Measure 2 of the Action Plan, assistance for improving the energy efficiency of 

thermal installations will be available in the form of a repayable loan. 

The deadline for submitting applications is October 30, 2015. Applications must be 

made on the form available on IDAE’s website.  

 

 

  

  

For further information… 

All the information about the PAREER Programme is 

available from IDAE’s website, from this link.  

For more detailed information, interested readers can 

contact the Citizen Information Service on Energy 

Efficiency and Renewable Energies (SICER) at this 

email address ciudadano@idae.es or by calling 

91.314.66.73.  

Source: IDAE 
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6.5.3. Renove Plan for installations  

The so-called Renove Plans, aimed at improving the domestic equipment of 

households, are special subsidy programmes, proposed by the Ministry of Industry, 

Energy and Tourism and the IDAE (Institute for Energy Diversification and Saving).  

There are a number of Renove Plans aimed at improving energy efficiency in the 

building sector by replacing domestic equipment. These are:  

 Renove Plan for domestic appliances  

 Renove Plan for boilers  

 Renove Plan for air-conditioning 

 Renove Plan for boilers  

As indicated previously in this Module, the energy consumption accounted for by 

heating installations, and in particular boilers, represents a very significant 

percentage of overall consumption  

In order to promote energy efficiency in the building sector, Renove Plans have 

been set up by each Autonomous Community with a view to offering an economic 

incentive to accelerate the replacement of old boiler by other more efficient ones 

The Renove Plans for Boilers aim to encourage the replacement of heating 

installations burning coal, LPG or gasoil with condensing boilers fuelled by LPG or 

natural gas, provided that they belong to individual domestic installations, or 

installations of multi-home buildings, companies or those belonging to the tertiary 

sector (with a nominal thermal output of 70 kW or less).  

As a rule, Renove Plans for boilers offer subsidies in the region of €200 for the 
replacement of a boiler meeting the requirements. 

Certain Autonomous Communities have put in place Renove Plans for boiler 

rooms, aimed at encouraging heating installation upgrade involving the fitting of 

natural gas-fired boilers. These boilers must always be of the condensing type.  

 Renove Plan for air-conditioning 

This consists of subsidies to encourage users to replace used domestic air-

conditioning equipment with more energy efficient equipment, with a class A or 

better energy label.  
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As a rule, a series of requirements are established in each Autonomous Community, 

and the subsidies are only applicable within each region. The air-conditioning 

equipment eligible to be replaced must be installed in individual homes, 

communities of homeowners, companies, buildings belonging to the tertiary sector, 

or companies included in the industrial sector.  

These devices must have a nominal thermal output in cooling mode no greater than 

12 kW and, as mentioned, must be class A or better in cooling or cooling/heating 

mode.  

 

 

 
  

Renove Plans in each Autonomous Community  

Although today, in 2014, there are no Renove Plan aid 

schemes in place for boilers or air-conditioning units, 

such aid schemes have existed in a number of regions.  

Among these are: Andalusia, Aragon, Asturias, Balearics, 

Cantabria, Castilla-La Mancha, Castilla y León, Catalonia, 

Community of Madrid, Community of Valencia, 

Extremadura, Galicia, La Rioja, Navarre and the Basque 

Country.  

Source: CAM  
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 Summary  

 Today, the implementation of a number of energy efficiency measures in the 

field of building in general, and related to the air-conditioning and sanitary hot 

water installations sector in particular, has become an imperative, imposed by 

regulation.  

 Air-conditioning and heating (HVAC) and sanitary hot water installations 

inside  buildings are aspects which have a major impact on energy consumption  

 There are a great many different efficiency measures related to sanitary hot 

water installations, air-conditioning and heating systems, and other aspects in 

the field of plumbing. In many cases these are systems that have been 

developed under current regulations and their requirements. 

 Among the most important efficiency measures related to sanitary hot water 

installations are those published by the CTE specifying the minimum solar 

energy contribution to these systems  

 There are several different types of sanitary hot water installations in multi-

home buildings, with solar energy contribution, such as distributed storage and 

central heat storage systems. Equipment control and regulation systems are 

also essential to energy saving  

 Among the efficiency measures applied to air-conditioning installations, we 

should make special mention of the various types of free cooling systems (by air, 

by water or by refrigerant migration). There are also other systems, such as 

evaporative cooling systems.  

 There are currently a great deal of high energy efficiency air-conditioning 

equipment and control systems on the market, such as multisplit air-

conditioning systems  

 Meanwhile, efficiency measures applied to heating systems are focusing to a 

greater extent on high performance boilers, which can achieve significant 

energy saving.  
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 Among these high performance boilers are low temperature boilers which use 

multiple wall exchange surfaces, with air chambers to regulate the transfer of 

heat to the heating water; and condensing boilers, which deliver high 

performance by recovering heat from condensation.  

 District heating systems also play a very important role in energy saving and 

efficiency  

 Other efficiency measures related to the thermal insulation of pipes and other 

installations for conducting hot or cold water (conduits, tanks and accessories) 

are also considered. They reduce the energy losses in the transport and storage 

of hot water, prevent condensation, and reduce the risk of frozen pipes.  

 In the regulation (RITE) the insulation thickness is specified, which will vary 

according to the diameter of the pipe. The maximum conductivity of the 

insulation material is also specified, at 0.040 W/(m·K). 

 For pipes and conduits carrying hot fluids (inside buildings), the minimum 

insulation thicknesses will range between 25 mm in the case of pipes of 

smaller and 50 mm in the case of larger diameter pipes carrying fluids at high 

temperatures. 

 Among the plans and programmes with a national or regional scope in Spain, 

the most important are: the Energy Efficiency and Saving Action Plan, the 

PAREER Programme, and the Renove Plans (for boilers, air-conditioning units, 

etc.)  
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 Aims  

 To learn about the most important energy efficiency measures that can be 

implemented in the thermal plant installations sector, especially those linked to 

the use of renewable energies.  

 To link the application of these efficiency measures to thermal plant 

installations (related to air-conditioning and heating systems) with the 

requirements specified in current regulations and standards.  

 To learn the advantages of using systems based on the harvesting of biomass, 

and to obtain an overview of the different types of biomass boilers and the use 

of biomass in air-conditioning systems  

 To assess the applications of solar energy the harvesting in the scope of 

thermal installations, especially in heating systems and sanitary hot water 

installations (Spanish acronym, ACS; referred to here by its English acronym, 

SHW).  

 To study the measures involving the minimum contribution of solar energy, 

especially in SHW installations. To differentiate between the different types of 

solar energy systems; i.e. distributed storage and centralized storage.  

 To study the possibility of developing and implementing combined systems, and 

of jointly harvesting two sources of renewable energy (biomass and solar 

thermal energy) in the scope of thermal installations.  

 To find out what geothermal energy based systems consist of. To differentiate 

between the different types of geothermal energy harvesting and know how a 

geothermal heat pump (or ground source heat pump) works and its principal 

advantages and applications. 

 To find out about the assistance schemes and subsidies currently available to 

promote matters of energy efficiency and electricity through the various plans 

and programmes (Energy Saving and Efficiency Action Plan and PAREER 

Programme).  
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 Introduction  

The need to implement different measures of energy efficiency, in the scope of 

building in general and related to thermal installations in particular, has, in many 

cases, ceased to be just another option but has become an imperative, imposed by 

regulation.  

These energy efficiency and saving measures are the result of a better knowledge 

of the most important elements and technological advances made in the field. These 

have enabled us to optimize energy consumption by making better use of available 

resources.  

In the previous Module we saw the regulatory requirements applicable in this 

respect. In particular, we saw the importance of the role of the Technical Building 

Code (CTE), which establishes various guidelines to consider in matters of 

efficiency and energy saving in the building sector. We also highlighted the 

importance of the Regulations on Thermal Installations in Buildings (RITE), with a 

series of specifications to implement.  

We therefore consider it essential to first gain an awareness of these regulatory 

requirements so as to be able to implement the measures necessary and 

appropriate to each case.  

In the field of plumbing and HVAC, air-conditioning and sanitary hot water 

installations have the biggest impact on energy consumption. In fact, it is estimated 

that over two thirds of the energy consumed buildings is accounted for by these 

factors.  

Therefore, if we are to reduce energy consumption derived from these sources, we 

need to put in place a number of measures of a specific nature for each type of 

installation. In this Module we will be looking at systems for harvesting solar 

thermal, biomass and geothermal energy:  

 Thermal biomass installations 

 Solar thermal energy installations  

 Biomass and solar energy combined systems  

 Geothermal heat pump systems  
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6.1. Thermal biomass installations  

Within the scope of thermal plant installations, the use of systems based on the 

harvesting of biomass is perhaps one of the most widespread today.  

Under the various regulatory requirements in force today it is necessary to meet the 

demand for energy as efficiently as possible with the least possible impact on the 

environment. This means that each building needs to be equipped with the most 

appropriate installation that will enable it to meet energy demand in the cleanest way 

possible.  

The use of biomass boilers may be a perfect way to meet a building’s energy 

demand, by using fuels of a biological origin (such as firewood, chips, agro-industrial 

waste such as olive stones, nut shells, vine prunings, etc.).  

Thus, in this Lesson of the Module we provide comprehensive, practical and 

interesting information, aimed in particular at professionals of the sector, such as 

authorized installers and maintenance technicians. Also included are a number of 

conditions and recommendations that serve as a best practices guide to heating and 

sanitary hot water installations fuelled by biomass.  

With regard to regulations, described in detail in module 5, we should stress that the 

application of these installations is limited to the scope of installations covered by 

the new Regulations on Thermal Installations in Buildings (RITE), both for newly 

constructed buildings and for upgrades carried out in existing buildings.  

In the following pages we look at the different types of installations available for 

buildings and homes with semi-automatic and automatic biomass systems. All of 

them use a high level of technology to deliver good energy efficiency, providing a 

level of comfort similar to that obtained from conventional systems based on fossil 

fuels.  

  
  Figure 1. Different examples of biomass. Source: IDAE.  
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 Some advantages of biomass installations  

There are many different advantages afforded by systems based on biomass heat 

generation, for isolated homes and for residential buildings or any type of non-

residential building.  

Among the main reasons for using biomass systems (for heating or sanitary hot 

water, for example) are:  

 Environmental. Installations that use biomass in its different forms (pellets, 

chips, crushed olive stones, etc.) as fuel are considered to be environmentally 

friendly as they release a low amount of pollutants into the atmosphere and do 

not contribute to the greenhouse effect due to having a neutral CO2 balance. 

 Simplicity. Both the operation and the maintenance of these systems is 

considered to be simple as they are automatic systems controlled electronically.  

 Convenience. Similarly, for boilers using advanced technologies, the cleaning 

of the equipment is fully automatic and ashes have to be removed infrequently.  

 Economical. As a rule, these systems have a lower cost than others burning 

different fuels and their price tends to remain stable since it is unaffected by 

external fluctuations. However, it must be said that the initial cost of the 

investment in the equipment is normally higher than for boilers burning 

conventional fuels.  

 High performance. Biomass boilers are hard-wearing, have a long useful life 

and, most importantly, deliver good energy performance, attaining between 

75% and 90% efficiency, depending on the equipment.  

 Legislation. From a regulatory point of view, the solid biofuels referred to in this 

document are recognized and treated separately in the RITE, which has a 

significant impact on the market growth of biomass installations.  

It should be noted that thermal installations for the production of heat and sanitary 

hot water are the systems that most commonly use biomass, although this source 

of renewable energy can also be used for the production of electricity.  

The most commonly used heat generating installations using biomass are:  
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That is to say, biomass may be used to fuel a very wide range of installations 

covering various “levels”. Biomass can be used to heat from a single room to 

several entire buildings.  

As already mentioned, biomass boilers can provide buildings with heating or with 

heating and sanitary hot water, and their reliability is comparable to conventional 

gas or gasoil systems.  

The development of the biomass market means that there are now a great variety of 

solid biofuels available that can be used in buildings HVAC systems. Among the 

types of commercially available biomass fuels used regularly for heating 

systems are:  

 Pellets, produced industrially  

 Wood chips, from primary and secondary transformation plants in the lumber 

industry or from forestry operations (pruning, thinning, woody energy crops, etc.). 

 Agro-industrial waste, such as olive stones, nut shells, almond shells, pineapple 

peel, etc. 

 Firewood, which can be produced by the users themselves or bought on the 

market  

 

  

 Low power boilers for single family homes or small constructions  

 Boilers designed for a block or building of homes, acting as centralized 

heating installations  

 Stoves (pellet or wood burning) that heat a single room and also often 

serve as decorative elements  

 District heating that heats several buildings or installations or groups of 

homes  



 

Open learning 

8 

6.1.1. Types of biomass boilers  

Boiler rooms, also called machine rooms, are rooms with boilers or auxiliary 

equipment in which the sum of all the outputs is greater than 70 kW. Thus, rooms 

housing heat generators with a rated thermal power of 70 kW or less are not 

considered to be boiler rooms, nor are modular heating or air-conditioning units of 

any power output that are factory assembled to be installed on outside walls or on 

roofs.  

We go on to provide a general classification all the types of biomass boiler currently 

available, based on type of fuel burned and type of technology used.  

Types of biomass boiler by fuel used  

 Pellet-fuelled boilers  

These types of boilers tend to be low power (up to 40 kW) and highly efficient. They 

are noticeably compact due to the stability of the fuel they burn. Among their main 

advantages are their low cost, small size, and high performance. In some cases 

they can use other biofuels with similar characteristics, provided that the 

manufacturer guarantees their use.  

 Biomass boilers  

These boilers vary in output (between 25 kW and several hundred kW). They do not 

allow the use of various fuels simultaneously, although the fuel can be changed if 

the emptying of the silo, the new load, and the reprogramming of the boiler is 

scheduled sufficiently far in advance. They require modifications to their feed screw 

and grate.  

 Mixed or multi-fuel boilers  

Unlike the previously mentioned ones, these boilers allow users to switch between 

different types of fuel rapidly and efficiently, for example between pellets and chips. 

They tend to be built for medium (around 200 kW) or high power outputs.  

 

Types of biomass boiler by technology employed  

 Conventional boilers adapted for biomass  
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This is one of the most economical options, but also, as we will see, one of the least 

efficient. These boilers tend to be old coal-fired boilers adapted to be able to use 

biomass, or gasoil boilers fitted with a biomass burner.  

They are usually cheaper than other types, but their efficiency is poor, at around 75-

85%. They tend to be semi-automatic since, as they are not designed specifically for 

biomass, they are not equipped with special maintenance and cleaning systems.  

 Standard biomass boilers  

Unlike adapted boilers, these boilers, known as “standard”, are purpose designed 

for a specific biofuel (pellets, chips, firewood...). They achieve high levels of 

performance (up to 92%) although it may be possible to use an alternative fuel at 

the cost of lower efficiency. They are generally automatic boilers since they are 

equipped with automatic fuel feed, heat exchanger cleaning, and ash extraction 

systems.  

 Mixed boilers  

As their name suggests, this type of boilers enable two types of fuel to be used, 

making it possible to switch from one to another as economic or supply conditions 

warrant. They require a fuel storage and feed system for each fuel, so the initial cost 

of the investment is higher than for other technologies. Their efficiency is as high as 

that of standard boilers, in the region of 92%, and they are fully automatic boilers.  

 Pellet-fired condensing boilers 

These are small boilers, designed to use pellets only. They recover the latent heat 

from the condensation contained in the fuel by gradually dropping the temperature 

of the gases until the water vapour in the heat exchanger condenses. Using this 

technology, the saving in pellets is 15% in respect of standard combustion, which 

makes these boilers highly efficient, with an efficiency of up to 103% on the basis of 

lower calorific value.  

 

 

 

The following table provides a summary comparison of the four main types of 

biomass boilers, based on the technology employed. 
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Types of biomass boiler by technology employed 

Technology Properties Type of boilers Comments 

Conventional 
boilers adapted 

for biomass 

Lower efficiency 
(up to 85%). 

Semi-automatic 

Gasoil boilers 
with a biomass 

burner 

The output is reduced by 
adaptation to biomass use. 
Boiler cleaning is not fully 

automatic 

Adapted boilers 
with fixed or 
cascaded 

burner 

The output is reduced by 
adaptation to biomass use. 
Boiler cleaning is not fully 

automatic 

Standard 

biomass 

boilers 

High efficiency 

(up to 92%). 

Automatic 

Understoker 
biomass boilers 

Domestic boilers that can only 
consume standard pellets. 

Compact equipments. 

Suitable for fuels with low ash 
content (pellets, chips, some 

agro-industrial biofuels) 

Biomass boilers 
with moving 

grate 

Suitable for biofuels with high 
humidity and ash content. 

Used for outputs over 100 kW 

Mixed boilers 
High efficiency 
(up to 92%). 
Automatic 

All 

Allow the optional use of two 
fuels depending on the needs 
of each situation. They require 

storage and a boiler feed 
system for each fuel 

Condensing 
boilers 

Maximum 
efficiency (up to 
103% in respect 

of LCV). 
Automatic 

Understoker 
biomass boilers 

Suitable only for the use of 
pellets. Low output (< 70 kW) 

 Table 1. Source: IDAE.   
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 Choosing the boiler  

According to the provisions and specifications of the RITE, biomass boilers used for 

the production of heat must have a minimum instantaneous efficiency of at least 

75%. Generally speaking, practically all the biomass boilers currently available on 

the market comfortably exceed this 75% efficiency threshold according to the 

manufacturers’ specifications.  

Apart from efficiency, a requirement established by current regulations governing 

thermal installations, there are other factors to take into account when choosing this 

type of systems:  

 The type and the quality of fuel with which the boiler is to be fed, to know the 

technologies (types of boilers) available for that type of biomass.  

 It is preferable for boilers to have a high level of automation, thereby reducing 

maintenance work to a minimum (which also tend to be more efficient, albeit 

more expensive).  

 Availability of modulating systems that make continuous adjustments to the 

power output in order to meet the demand at any moment. Also worth 

considering is the inclusion of remote control systems so the person in charge 

of maintenance can set the parameters of the boiler.  

 The availability of a distributor and of an authorized installation company 

is fundamental, preferably with certification from the boiler manufacturing 

company demonstrating that they have completed a relevant training course.  

 The cost of the system and the public assistance available.  

  

The atmospheric boilers and the RITE  

Nearly all biomass boilers are atmospheric (in other words, the combustion 

chamber is at ambient pressure). As we saw in Module 5, the RITE prohibited the 

installation of atmospheric boilers as from January 2010. However, in a recent 

error correction that prohibition was amended; it now applies solely to individual 

atmospheric gas boilers of less than 70 kW and biomass boilers are exempted 

from the prohibition. 
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6.1.2. Use of biomass in air-conditioning systems  

The term air-conditioning can refer to the production of heat as well as cold. As we 

saw in the previous point of this Module, the production of heat from biomass can be 

achieved by the use of automatic and semiautomatic boilers. This is not the case of 

systems for the production of cold, in which it is also necessary to include absorption 

cycles.  

The production of cold using an absorption cycle needs a source of thermal 

energy. In the case of systems fuelled by biomass this source is the hot water 

generated by the biomass boiler which replaces the work that would be done by 

generators in other systems fuelled by gasoil, gas, electricity, or solar thermal 

energy.  

Below we show a simplified diagram of the absorption cycle:  

 

 Figure 2. Diagram of absorption cycle. Source: IDAE.  

 

Want to know more?  

Technical Guide to thermal biomass installations in 
buildings  

This Technical Guide, produced by the Institute for Energy 

Diversification and Saving (IDAE), describes the various types 

of thermal biomass systems and installations.  

It is available from IDAE’s website, www.idae.es, in the 

Publications section.  
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6.2. Solar thermal energy installations  

In the scope of renewable energy harvesting in the building sector, solar thermal 

energy is without a doubt one of the most commonly used systems. 

In general terms, one of its greatest advantages is its simplicity of operation. 

Basically, it consists of harvesting solar radiation, absorbing its heat, and then 

transferring this energy to the system or installation that needs it.  

With a high level of efficiency, in the region of 75%, among the best known and 

most common solar thermal energy applications are heating systems (achieving 

savings of up to 35%), sanitary hot water installations (SHW) (with savings, in this 

case, of between 30% and 100%) and air-conditioning and cooling installations.  

As we will be seeing later, the production of sanitary hot water (SHW) is the most 

common application of all; one which in many cases is imposed by regulations. It is 

also the application that is best suited to the characteristics of solar energy, since 

the temperatures to be achieved are not high (45ºC to 60ºC) and SHW is used all 

year round.  

Also interesting is its application to the heating of swimming pools; in this case, the 

temperature to be achieved (between 24ºC and 26ºC) falls within the range which is 

best suited to the efficient working of the collector system. In the case of indoor 

pools, it is in operation all year round, just like SHW systems, and its use is also 

provided for by the Technical Building Code (CTE). 

With regard to heating, the use of the solar thermal energy is especially suited to 

low temperature heating solutions, such as underfloor heating systems or low 

temperature radiators with typical supply temperatures of between 40ºC and 55ºC.  

This gives these solutions the same advantages as for the heating of swimming 

pools.  

It should be noted, however, that the use of heating supported by solar thermal 

energy suffers from marked seasonality (as would also occur in the case of open-air 

pools), so its annual use is very low, covering only the winter months.  
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6.2.1. Solar thermal energy for heating production  

As we have seen in various parts of this Manual, heating systems account for a 

significant percentage of the total energy consumption in a building or home.  

It is therefore essential to implement energy efficiency measures, such as the 

harvesting of solar thermal energy, in this sector. Such measures achieve a 

significant energy and economic saving, not to mention considerable environmental 

benefits as a result of replacing fossil or non-renewable fuels with clean alternative 

energy sources.  

Among the most interesting advantages that the use of this technology offers us is 

that thermal installations based on the harvesting of solar thermal energy are 

compatible with the use of SHW. This can be achieved by simply adding control 

systems that meet heating needs once SHW requirements are covered.  

As we mentioned earlier, this type of energy can be used optimally as a system for 

pre-heating water to not very high temperatures (some 50-60ºC) in conventional 

heating systems (by radiators, that reach temperatures of 80ºC) or in independent 

underfloor heating systems.  

With regard to the latter, often the best way to obtain good heating using solar 

collectors is by combining them with an underfloor heating system. These work at 

a much lower temperature than conventional radiators (between 30ºC and 40ºC), an 

ideal range at which solar collectors can work at high efficiency.  

Recently there has been a gradual increase in the use of evacuated tube collectors 

which can achieve higher temperatures (around 70ºC), suitable as a support to 

conventional heating or for the production of air-conditioning by absorption units. 

However, they are very expensive in comparison with other systems.  

 

For further information… 

ASIT, the Solar Thermal Industry Association, has published a 

comprehensive and extensive Technical Guide setting out a 

great many technical aspects to consider when installing a 

solar thermal energy harvesting system in the building sector.  
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6.2.2. Solar thermal installations and SHW systems  

 

Since the entry into force of the Technical Building Code in 2007 (as we looked at in 

depth in Module 2), all newly constructed buildings with a consumption of SHW 

must be equipped with water heating installations using solar thermal energy. 

These solar energy systems must be integrated with the building’s heating 

installations (with few, justified exceptions).  

Thus, and especially since that date, solar energy will provide a percentage of SHW 

consumption in an increasing number of buildings and homes. If the solar 

contribution is not sufficient, the traditional thermal installation will heat the water 

until it is.  

This percentage or “minimum solar fraction” is specified by the CTE and depends on 

where the building is situated and the daily consumption of SHW, and ranges 

between 30% and 70%. As is logical, in localities with more incident solar radiation 

and for buildings higher consumption the contribution will be greater.  

The solar installation will send water to the traditional installation whose temperature 

may range from that of the water from the mains system, at times when there is no 

solar contribution, to temperatures even higher than those necessary for 

consumption.  

In centralized installations the integration of solar installations is relatively simple, 

the only difference being that, instead of the SHW production system receiving 

water from the mains system, it will be supplied by water coming from the solar 

installation.  

At this point perhaps we should clarify that the CTE defines solar as a set of 

components designed to capture incident solar radiation, convert it directly into 

useful thermal energy by heating a liquid and transporting the captured thermal 

energy to the heat exchange or storage system, transfer this energy from the 

collector circuit to the consumption circuit and store the thermal energy in an 

efficient manner so as to be able to use it later directly at the points of consumption.  

The CTE describes in detail the various types of systems used in solar thermal 

installations for hot water; they are listed below:  

Among the various applications related to the harvesting of solar thermal energy, 

its use to heat water in sanitary hot water installations is the most important.  
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 Capture system, made up of fluid heating solar collectors, responsible for 

converting incident solar radiation into thermal energy so that it heats the 

working fluid circulating through them.  

 Storage system made up of one or more tanks that store the hot water until it 

is needed.  

 Hydraulic circuit made up of pipes, pumps, valves, etc., responsible for 

carrying the hot fluid to the storage system. 

 Heat exchange system, responsible for transferring the thermal energy 

captured by the collector circuit, or primary circuit, to the hot water to be 

consumed.  

 Regulation and control system, responsible for, on the one hand, ensuring 

the proper functioning of the equipment to provide the maximum solar thermal 

energy possible and, on the other, acting as a protection against the action of a 

number of different factors (overheating, risk of frozen pipes, etc.). 

 Auxiliary conventional energy equipment which is used for meeting the 

demand that cannot be met directly by solar energy, thereby ensuring the 

continuity of the supply of hot water at times when there is little solar radiation 

or a higher than expected demand.  

 SHW installations in multi-home buildings  

 We go on to study some of the solar heating installation systems most 

commonly used in multi-home buildings. It should be noted that there are 

many possible configurations when designing a low temperature solar 

thermal energy system to provide SHW.  

 For each configuration or type of system described we will be pointing out its 

main advantages and drawbacks. A diagram is provided as a visual aid:  

 Distributed storage 

 Central heat storage with independent heat exchangers 

 Central heat storage, independent auxiliary system 
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 Distributed storage  

This is a system in which a storage tank is installed in each home, of a variable size 

depending on the dimensions of the home. The fluid circulating through the storage 

tanks is associated with the fluid circulating through the collector array; the 

distribution circuit water is not domestic water, since the transfer of energy happens 

inside each storage tank.  

In this configuration it is also very important that the distribution circuit is correctly 

balanced so as to distribute the energy obtained in the collector array in an equitable 

manner. There are several different way of controlling the pumps. 

It should be noted that with this configuration a considerable space is taken up in 

each home; however, it is not necessary to reserve communal areas for the tanks. 

In the case of distributed storage, the independence of the users is greater, since 

each has their own solar storage tank.  

Therefore, to sum up, we can say that their main advantages are: total 

independence in the consumption of gas and water; no billing or additional 

management of communal energy consumption; no space taken up in communal 

areas of the building, with the exception of the roof.  

And, among the biggest drawbacks to take into account, we would mention the 

following: high cost of both distribution and storage; high heat losses due to an 

increase in the total storage surface area; complex system for regulating the heating 

system; need for a large space in each home to house the storage tanks; and, as a 

rule, tricky maintenance. The following diagram shows a distributed storage system:  

 

Figure 3. Source: FENERCOM  
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 Central heat storage with independent heat exchangers  

We present two central heat storage systems, the first (shown above) with 

independent heat exchangers. In this system each home needs to have sufficient 

exchange power between the tertiary circuit and the hot domestic water circuit.  

Among aspects to be taken into account are the dimensioning of the heat 

exchangers, a fundamental point. These should have enough power to meet the 

highest hot water consumption needs that can be expected, and harvest the 

maximum amount of power from the solar system.  

The distribution circuit is a closed circuit. In this circuit, the stored solar energy 

circulates through the primary of each of the individual heat exchangers. This 

explains the importance of the hydraulic balancing of the tertiary circuit, so that each 

heat exchanger receives the right flow.  

Among the most favourable aspects of this type of system, are independence 

between the consumption of gas and water, low storage heat losses, the storage 

tank can act like a nocturnal cooling system, and no large space is required for 

installing the exchange and control equipment.  

Conversely, the main drawbacks are, among others, greater cost, due to the need 

for an exchange and control system for each home, tricky maintenance, complex 

system for setting up the heating system, and greater losses in total performance 

because new exchange stages need to be added between generation and 

consumption.  

Below we show a diagram of a layout of this type of SHW system:  

 

Figure 4. Source: FENERCOM  
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 Central heat storage, independent auxiliary system  

This is another type of central heat storage SHW system. Here, storage can be 

carried out in one or more tanks, connected in parallel or preferably in series (to aid 

tank stratification).  

In this case, the tank is fed with cold water from the mains, in other words, domestic 

water, and finally the water solar pre-heated water is distributed to each system 

auxiliary system located in the home. Each home must be fitted with a solar hot 

water meter and a mains cold water meter.  

The distribution circuit is fitted with a low power pump because its job is to ensure a 

minimum recirculation flow which enables water to be consumed in the home at 

similar temperature to that of the tank, and so, in the case of small consumptions, 

prevent thermal losses in the pipes from causing the water to arrive at a lower than 

desired temperature.  

The recirculation pump of in the tertiary circuit will operate continuously except for a 

scheduled night-time shutdown, if deemed appropriate.  

Among the main advantages are: small losses of storage heat; compact and single 

solar installation, optimizing the collector surface area; it does not require space in 

each of the homes, either for installing storage tanks or for heat exchangers.  

Conversely, among its drawbacks are: an SHW meter is necessary for each home; 

communal areas are needed for the installation of the solar storage tank; and the 

installation needs to be designed so as to be able to use thermal shocks for flushing 

out installations used seasonally.  

As in the case of the two previous systems, we present a diagram explaining how 

these installations work:  

 

 Figure 5. Source: FENERCOM  
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6.3. Combined systems of biomass and 
solar energy  

Another interesting option within the scope of harvesting renewable energies in the 

building sector is the use, in a combined manner, of the two sources studied in 

previous Lessons; biomass and solar thermal energy.  

Firstly, it should be noted that this option, having a biomass boiler with a solar 

thermal energy system, can meet the heating and sanitary hot water needs of an 

installation.  

However, as we have seen before, solar energy is not constant, some it is 

sometimes necessary to have a supporting auxiliary system.  

Once again, there are many advantages to be gained from the use of both systems, 

especially in combination. Among other things it should be noted that the 

replacement of conventional boilers (using fossil fuels) with biomass boilers as a 

supporting system reduces the emission of polluting gases.  

In addition to the aforementioned ecological advantages (meeting thermal demand 

using only renewable energies), this solution reduces the cost of the air-conditioning 

and SHW of a single-family home.  

For example, when these systems are combined it is common for the solar 

installation to meet the entire energy demand in the summer months (with a lower 

thermal energy consumption) when the biomass installation is shut down. This 

obviously reduces maintenance costs, emissions, and energy losses.  

In the case of absorption based cooling systems, biomass can also be used in the 

hotter summer months. In the winter, the biomass system is sued to provide the 

energy that cannot be supplied by the sun.  

Among the various applications we saw in the previous Lesson, solar energy 

installations can be used for sanitary hot water (SHW) systems and for heating, as 

well as for other uses, such as heating swimming pool water and absorption cycle 

air conditioning systems.  

  



 

 Energy efficiency measures in the thermal plant installations sector 

  ENERGY EFFICIENCY IN THE CONSTRUCTION SECTOR 

21 

At this point it interesting to look at the requirements that these mixed applications 

need to meet in Spain:  

 

Taking into account these considerations, it will be necessary to install a storage 

tank for each system (one for the biomass system and one for the solar energy 

system). The installation of a buffer tank is always advisable, but it should be left to 

the criterion of the designer and the recommendation of the manufacturer. Its 

capacity should be in the region of 20-30 l/kW.  

The following diagram shows a typical mixed system layout:  

 

    Figure 6. Mixed biomass-solar system for heating. Source: IDAE  

 Consume prioritarily energy solar avoiding losses due to storage.  

 Ensure the correct balance between solar energy and the auxiliary energy 
(biomass). 

 It is advisable not to use the same storage tank for the auxiliary energy 
(biomass) as is used for solar energy. 

 Sanitary hot water must never be mixed with heating water.  
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6.3.1. Types of combined systems 

Among the different types of connection possibilities there are for solar and biomass 

systems, the following are three of the most common:  

 

 Heating without sanitary hot water production 

This system, which does not include SHW, works by heating the return heating 

water with the solar energy system, before storing it in the storage tank of the solar 

energy system.  

If the return water temperature is too high a three-way valve bypasses this storage 

tank. Once pre-heated, the water is sent to a buffer tank where it will be reheated by 

the biomass boiler. This tank helps to balance the energy demand and acts as a 

buffer between the biomass boiler and the solar energy system.  

 Heating with decentralized sanitary hot water production 

Broadly speaking, this system is similar to the previous one; the difference lies in 

how the thermal energy is distributed around the building. Heat exchangers are 

used to distribute the heating and generate sanitary hot water to the individual SHW 

systems. These heat exchangers may be installed in parallel or in series with the 

radiators. The parallel layout ensures proper energy distribution and appropriate 

SHW temperatures. It is best suited to systems in which the temperature of the 

heating network does not have to be very high (for example, underfloor heating).  

The in series connection of radiators and heat exchanger optimizes energy 

consumption by reducing the return water temperature to a minimum, which means 

fewer losses in the distribution network and a greater efficiency of the solar energy 

system (since the water arrives at a lower temperature).  

This system is considered to be the best suited to heating systems with radiators 

that require temperatures higher than those of the distribution water. Individual SHW 

systems may or may not include a hot water storage tank (with or without an 

auxiliary energy system: electrical resistance, gas heater, etc.). The use of storage 

tanks is recommended for individual systems so as to balance thermal demand, 

thereby improving the performance of the solar energy system and prevent 

significant load variations in the biomass boiler.  

 Heating  without SHW production  

 Heating with decentralized SHW production  

 Heating with centralized SHW production  
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 Heating with centralized sanitary hot water production  

As we pointed out earlier, sanitary hot water must not be mixed with heating water. 

Therefore, in this system the heating return water is not stored in the solar energy 

system storage tank since this will contain sanitary hot water. So to prevent sanitary 

hot water from mixing with the water from the heating circuit in the solar storage 

tank, the latter is fitted with a heat exchanger inside. The return heating water 

passes through the heat exchanger becoming pre-heated in the process and is then 

stored in the buffer tank. The sanitary hot water passes from the solar storage tank 

to the buffer tank where it will be heated by a heat exchanger to prevent it from 

mixing with heating water inside. The following diagram shows how this installation 

works for an indirect thermal solar energy system:  

 

 Figure 7. Source: IDAE  

Heating and SHW distribution is performed independently. It is advisable to have 

individual storage tanks for sanitary hot water or a centralized SHW storage tank 

connected to the biomass boiler.  

What needs to be taken into account in the design of a combined thermal 

energy and biomass system?  

Among the points to take into account when choosing a combined thermal and 

biomass energy system we would highlight the following:  

Design. It is important to consider the inclusion of a solar thermal system in the first 

phase of the project design so as to integrate it correctly. It is better to install the 

solar collectors in the roof, so as to reduce the visual impact and installation costs. If 

possible the collectors should form a continuous array, uninterrupted by chimneys or 

other elements, to reduce costs.  
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Hydraulic connection of the collectors. The collectors must be connected 

according to the main flow. A good design will result in higher collector 

temperatures, lower losses, less energy required for pumping, a shorter pipe run, 

and a better storage temperature.  

Return temperature. The colder the return water running through a solar energy 

system is, the more efficient it will be. Also the lower the service temperature is, the 

greater will be the efficiency and the least use will be required of the biomass boiler. 

This is why it is preferable to install low temperature heating systems (for example, 

underfloor heating). 

Heat storage management. A single storage tank must be used for the solar 

thermal energy system (which will be complemented by another tank belonging to 

the auxiliary system). The use of more than one storage tank in the solar energy 

system involves a greater cost. The storage tank should be well insulated and as 

close as possible to solar collector array.  

Inclination (tilt) of the collectors. The inclination of the solar collectors should be 

between 35 and 45 degrees for Spain, depending on the geographic area and the 

principal usage. Orientation should be south-facing. These conditions may have a 

certain margin for variation when circumstances warrant.  

Dimensioning of the solar energy system. It is necessary to make a detailed 

estimate of the heat demand. To prevent the installation from suffering from serious 

performance losses and overheating in the summer, the installation should not be 

over-dimensioned, even though this may mean a greater solar energy coverage. 

The solar energy system should be designed to contribute no more than 110% of 

the energy required in any month. To prevent overheating in the months in late 

spring, summer, and early autumn, the installation can be put to other uses such as 

swimming pool heating, air-conditioning, etc.  
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6.4. Geothermal heat pump systems  

 

Despite their enormous potential, for a number of reasons that we will be analysing 

now, geothermal energy is perhaps one of the least used sources of renewable 

energy in Spain.  

Geothermal energy is defined as obtained by harvesting the heat from the Earth’s 

interior. It is fundamental to differentiate between the different types of geothermal 

harvesting there are, based on temperature ranges:  

High temperature geothermal energy. Linked to active areas of the Earth’s crust. 

Temperatures range from 150ºC to 400°C, and steam is produced on the surface 

which, with the aid of a turbine, can produce electricity.  

Medium temperature geothermal energy. Linked to aquifers in which the water flows 

at higher temperatures (between 70ºC and 150°C). Therefore the transformation of 

steam into electricity is less efficient. Nevertheless, among its applications is its use 

in district thermal systems for heating and cooling (using absorption chillers).  

Low temperature geothermal energy. Much more usable than the above mentioned 

energy type due to its greater availability, the fluids involved are at temperatures of 

between 50ºC and 70ºC and require the use of heat pumps. Since this energy does 

not require the ground to be anything out of the ordinary, it can be harvested for a 

great many thermal applications.  

Due to their usefulness and high efficiency, this Lesson focuses especially on 

systems based on geothermal heat pumps, which can be used in many kinds of 

buildings with a wide range of advantages.  

  

Geothermal heat pumps are another energy efficiency measure enabling the 

energy consumption of a building to be reduced. Broadly speaking they are 

based on the ground temperature remaining constant all the year round; during 

the winter the heat is ‘stolen’ from the ground while in the summer the surplus 

heat in the building is given back to the ground.  
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6.4.1. Operation of geothermal heat pumps  

To put it simply, geothermal heat pumps are heat pumps that transfer heat to or 

from the application (in this case, a building) to the ground. This system calls for a 

lower primary energy demand from the compressor (electrical or gas), since in most 

cases the temperature conditions of the ground tend to be more favourable than 

those of the air.  

This greater efficiency is based on exploiting a simple principle of thermodynamics 

in the sustainable and efficient energy management of the ground as a heat source. 

However, this sustainable and efficient management of ground source energy 

involves a greater degree of difficulty than in the case of air, since the ground has 

more complex and less well known thermal characteristics.  

Any HVAC professional venturing into the field of geothermal heat pumps for the 

first time will find him or herself in uncharted territory. First of all there are the civil 

works involved (drilling and excavating trenches), and then there is the geological 

knowhow required, to name just two aspects. This means that any project requires 

the oversight of a specialist throughout the development stages to ensure a 

successful implementation.  

For these reasons, among others, geothermal heat pump have only recently begun 

to be installed in Spain. However, in places like the USA or northern Europe, this 

technology is already widely implemented.  

With regard to the operation of these installations, it should be noted that there are 

several different heat exchange systems use in geothermal heat pump installations. 

Among these the main difference is between open circuit systems and closed 

circuit systems. In the former the water is captured from a source (such as an 

aquifer, lake, etc.), heat is exchanged, and the water is returned to its source. In the 

latter system (closed circuit), the heat exchange takes place with the ground using a 

heat carrying fluid in a pipe (although a mass of water may replace the ground as 

the heat source).  

In summary, a heat pump can be defined as machine that transfers heat from a cold 

reservoir to a hot reservoir, using a relatively small amount of work. Thus, among 

other advantages over other systems, heat pumps are able to harvest the energy in 

the environment (cold reservoir), both in the air and in the water or the ground, and 

can heat interior rooms (hot reservoir) (heating) with a relatively small contribution 

of electrical energy.  
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Similarly, as shown in the diagram below, when the transfer of heat is in the reverse 

direction, in other words, from the place that needs cooling to the atmosphere where 

the temperature is higher, the heat pump works in cooling mode.  

Como as shown in the following figure, the geothermal heat pump extracts thermal 

energy from the ground in winter and carries it indoors, while in summer it extracts 

the heat from indoors and returns it to the subsoil:  

 

   Figure 8. Source: IDAE  

Geothermal heat pumps present a number of advantages. First of all, they use a 

renewable energy source and can achieve a considerable energy saving (between 

40-60% of the primary energy used in HVAC, depending on the system it is 

compared to). They are also architecturally unobtrusive, easy to maintain, and 

virtually noise free.  

Generally speaking we are talking about systems based on well-known 

technologies, so their implementation will be to a great extent based on components 

already available in the market.  

Finally, another of the great advantages of geothermal heat pumps is their capacity 

to integrate with other renewable energy sources in a complementary manner. They 

may therefore help their development, as is the case with solar thermal panels.  
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6.4.2. Execution of the installation  

 

As we have already seen, an installation based on a geothermal heat pump (or 

ground source heat pump) involves certain operations, such as the excavation of 

trenches, which require the oversight of a specialist throughout the development of 

the project.  

These stages, from the initial design stage through the work control stage until later 

maintenance stages may, as a rule, be uncharted territory for installers of other 

HVAC systems. We list below the most important aspects of each stage. 

 Drilling  

One of the first steps consists of drilling. When executing vertical heat exchangers 

(see Figure 8) a number of aspects that will facilitate on-site installation and 

minimize interactions with other jobs should be taken into account.  

Before any machinery arrives on site, certain factors will need to be determined, 

such as accesses, staking out, space for stockpiling material, ancillary civil works 

(site track, sludge pit, etc.), water and energy sources, proper management of the 

sludge, detritus and water extracted from the drill holes.  

The drill holes must be staked out, indicating the following data: location of the drill 

holes (ground plan), section and depth, aquifers expected to be encountered during 

the drilling process in order to plan the drilling system properly, and type of backfill.  

 Excavation and refilling of trench  

Apart from drilling, the execution of a ground source heat pump requires the 

excavation of trenches for the installation of connection branches and a header for 

the vertical collectors, horizontal heat exchanger and slinky heat exchanger, 

depending on the type of system to be installed.  

 Pressure tests and flushing of the heat exchanger  

Once the pressure probes (both vertical and horizontal) have been lowered into the 

drill holes and before refilling the holes, the relevant pressure tests must be carried 

out.  

The installation of geothermal heat pumps involves several phases, among 

which are the drilling, excavation and refilling of trenches, pressure testing and 

flushing of the heat exchanger, and the setting up of the collectors. 
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The system must also be properly flushed using water under pressure at a minimum 

speed of 0.6 m/s from any point in the installation. The flush flow rate depends on 

the configuration and diameter of the horizontal collectors and can be determined 

using a simple hydraulic calculation.  

 Mounting of collectors  

With regard to the mounting of the collectors, the most common configurations for 

horizontal collectors and slinky heat exchangers are: 

 Horizontal collectors 

Linear configuration. In this configuration, the flow and return collectors are placed 

along a single straight line between the drilling holes and the machine room. This is 

the most useful configuration when there are a large number of wells, due to the 

ease of drilling the holes in line. If regulating valves are not going to be installed, in 

this type of configuration it is advisable to configure the return collector in reverse 

return mode.  

Radial configuration. This configuration is suitable for a medium number of drill 

holes in which we wish to have a single inspection chamber common to all drill 

holes. The inspection chamber with its corresponding valve gear is installed in the 

centre of the layout from which will branch, in a radial fashion, the flow and return 

collectors to the machine room.  

Pipes to machine room. In the case of works for individual homes (perhaps the most 

common) where the number of drill holes tends to be under 6 and they tend to be 

located very close to the machine room, one of the recommended solutions is to 

hang the main collectors on the wall, passing the geothermal probes through the 

wall directly into the machine room using ducts.  

 Slinky heat exchangers  

Slinky heat exchangers can be configured in different ways, depending on whether 

they are overlapping or separate coils. The recommended configurations are:  

Slinky with separated coils. In this configuration equally spaced spirals with a 

diameter of between 30 and 32 inches are laid; i.e. loops are laid next to each other 

but without overlapping.  

Slinky with overlapping coils. The easiest way to lay slinky coils is to unspool the 

pipe from the original roll in the same loops as when it left the factory. To do this it is 

necessary to take loops off the main spool without unrolling it completely.  
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 Machine room  

Finally, with regard to the machine room, a number of considerations need to be 

taken into account. There must be a wall available for the heat pump, the flow and 

return collectors, and all their components that need to be hung on the wall. This 

space should be located as close as possible to the external connections to the 

buried heat exchanger and the indoor distribution connections.  

The heat pump and the various collectors and accessories must be accessible for 

maintenance and repairs, leaving at the very least the distances specified by the 

manufacturer of the heat pump. 

There are a large number of specifications set forth in the RITE (Regulations on 

Thermal Installations in Buildings) with regard to these installations. For example, 

exposed collectors must be insulated with minimum thicknesses established by IT 

1.2.4.2.1. Meanwhile, machine rooms in which the installed power is greater than 70 

kW must meet the specifications set out in IT 1.3.4.1.2.  

In general, all the components (valve gear, hydraulic equipment, instrumentation, 

etc.) must meet the requirements of the corresponding technical instructions of the 

RITE.  

 

Want to know more?  

Technical Guide to the design of closed circuit 
geothermal exchange systems  

This Technical Guide, produced by the Institute for Energy 

Diversification and Saving (IDAE), describes the various 

geothermal heat pump systems.  

It is available from IDAE’s website, www.idae.es, in the 

Publications section.  
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6.5. Assistance schemes and subsidies  

In this section we look into subsidies related to the scope of thermal plant 

installations, with a greater emphasis on assistance schemes related to the use and 

promotion of installations based on the harvesting of renewable energies (biomass, 

solar thermal, geothermal, etc.).  

In this Lesson, we have looked in particular at the contents of different plans, 

defined at a state level although in some cases they have been enacted at a 

regional level:  

 Energy Saving and Efficiency Action Plan 

 PAREER Programme  

These are plans developed jointly by the 

Ministry of Industry, Energy and Tourism and 

the Institute for Energy Diversification and 

Saving (IDAE).  

Their purpose is to promote integrated 

activities to encourage improved energy efficiency and the use of renewable 

energies, in the scope of the building and residential sectors.  

In this way, the specifications of the Directive 2012/27/EU, on energy efficiency, 

were to be met. The content and implications of this Directive are covered in Module 

2 of this Manual.  

 

6.5.1. Energy Saving and Efficiency Action Plan  

 

Given the magnitude of the investment required in building energy efficiency, it is 

vital that there are direct economic assistance schemes in order to promote 

and encourage the implementation of the various measures proposed.  

Through Energy Saving and Efficiency Action Plans, specific financing and 

assistance facilities have been developed in Spain. These plans, in turn, have 

been establishing the various measures required to meet the energy saving 

targets set.  
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The Energy Saving and Efficiency Action Plan 2011-2020, produced by the 

Ministry of Industry, Tourism and Trade, in collaboration with the IDAE (Institute for 

Energy Diversification and Saving) and still in force today, includes in its Chapter 9 a 

number of measures aimed at the Building and equipment sector.  

It should be noted that this action plan identifies the building and equipment sector 

as the one which has the most impact on the energy consumption of buildings.  

Among these energy saving measures in the sector, in this Lesson we focus on 

the following, related to energy efficiency in thermal installations:  

 Measure 2. Improved energy efficiency of the heating installations of 

existing buildings  

The purpose of this measure is to reduce the energy consumption of the heating, 

air-conditioning and sanitary hot water installations of existing buildings.  

To this end we consider the improvement of the energy efficiency of the thermal 

installations of existing buildings being renovated in order to meet the minimum 

requirements established by current regulations (evaluated in Module 5), thereby 

reducing their energy consumption.  

More specifically, the energy-related actions considered within this measure will be 

those that achieve an annual reduction in conventional energy consumption by 

means of actions affecting heating, air-conditioning and sanitary hot water 

installations that can be supported by documentary evidence. These actions must 

also meet the requirements established by the Regulations on Thermal Installations 

in Buildings (RITE) and other current relevant regulations.  

The following is an indicative and not exhaustive list of actions: 

 Replacement of heat and cold production equipment with other, high energy 

efficient systems, chosen on the basis of their better energy performance, 

whether individual or centralized installations.  

 Replacement of equipment used to transport heat carrying fluids with other, 

high energy efficient systems (including the improved thermal insulation of the 

networks of pipes and devices that reduce losses in the transport of thermal 

fluids).   

 Free cooling systems using outside air and exhaust heat recovery system 
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 Systems that combine conventional equipment with evaporative technologies 

that reduce the energy consumption of the installation: evaporative cooling, 

evaporative condensing, evaporative pre-cooling of condensation air, direct 

and indirect direct and indirect evaporative cooling prior to the exhaust heat 

recovery system, etc.  

 Control and regulation equipment for energy saving systems and/or 

installations; for example, systems that respond to outside temperature 

variations, the presence or needs of users…  

 Integration of thermal subsystems in a home automation system enabling 

communication between the various systems so that they can interact 

between one another and be controlled locally or remotely.  

 Installation of new district heating and cooling installations or systems 

providing service to a number of buildings, and the upgrading or extension of 

existing systems (including generation equipment, the laying of pipes to 

transport heat carrying fluids, their regulation and control systems, and the 

civil works directly attributable to the implementation of the above).  

With regard to economic incentives, the Plan specifies that assistance 

mechanisms may be based on direct capital subsidies, or interest rate discounts on 

loans arranged to undertake the investment, or any other mechanism that meets the 

purpose of the measure.  

Thus, aid activities affecting a large number of buildings, such as the rehabilitation of 

districts, will be considered to be priority activities, as will those carried out through 

“Renove Plans” aimed at encouraging specific actions by private citizens involving 

the replacement of devices and systems with more energy efficient ones.  

6.5.2. PAREER Programme  

The IDAE (Institute for Energy Diversification and Saving) has recently developed 

the PAREER Programme, or the Aid Programme for the Energy Rehabilitation of 

Existing Buildings in the residential sector.  

The purpose of this Programme is to encourage integrated actions promoting 

improvement in energy efficiency and the use of renewable energy in the existing 

residential sector building stock. To this end, a specific programme of grants and 

funding worth 125 million euros has been launched. 
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The actions must fit one or more of the following typologies: 

 Improvement of the energy efficiency of the thermal envelope  

 Improvement of the energy efficiency of heating and lighting installations  

 Replacement of conventional energy by biomass in thermal installations  

 Replacement of conventional energy by geothermal energy in thermal 

installations  

 

It is specified that activities covered by the assistance must improve the overall 

energy rating of the building by at least one letter measured on the scale of carbon 

dioxide emissions (kg CO2/m2 year), with respect to the building’s initial energy 

rating. This improvement in its energy rating may be obtained by performing one 

activity typology or a combination of several. 

This programme is aimed at:  

 Natural and legal persons who own buildings for residential use (use as hotel 

or home)  

 Communities of owners or groups of communities of owners of residential 

buildings used as homes 

 Owners of single household homes or single owners of residential buildings 

used as homes 

 Energy service companies (ESE)  

With regard to actions related to the thermal installations and renewable energies 

harvesting sector such as those covered earlier in Measure 2 of the Action Plan, 

assistance for improving the energy efficiency of thermal installations, and 

assistance for the replacement of conventional energy with biomass and geothermal 

energy in thermal installations, will be available in the form of a repayable loan 

The deadline for submitting applications is October 30, 2015. Applications must be 

made on the form available on IDAE’s website.  

 

In the PAREER Programme measures involving the replacement of conventional 

energy in heating installations by renewable energies such as biomass and 

geothermal energy are of special importance and significance.  
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For further information… 

All the information about the PAREER Programme is 

available from IDAE’s website, from this link.  

For more detailed information, interested readers can 

contact the Citizen Information Service on Energy 

Efficiency and Renewable Energies (SICER) at this 

email address ciudadano@idae.es or by calling 

91.314.66.73. 

Source: IDAE 
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 Summary  

 Today, the implementation of a number of energy efficiency measures in the 

field of building in general and related to the renewable energies in thermal 

installations in particular has become an imperative, imposed by regulation.  

 Certain thermal installations (such as heating, air-conditioning and SHW 

installations) inside buildings have the greatest impact on energy consumption.  

 There are many different energy efficiency measures related to thermal 

installations based on the harvesting of renewable energies (solar thermal, 

biomass and geothermal). In many cases these are systems that have been 

developed under current regulations and their requirements.  

 The use of systems based on the harvesting of biomass is among the most 

widespread. The energy demand of a building can be covered with the use of 

biomass boilers. There are various types of biomass boiler, according to the fuel 

burned and the technology used.  

 The installations that harvest solar thermal energy most commonly are: heating 

systems, sanitary hot water (SHW) installations, and other HVAC installations 

(for example, the heating of swimming pools). 

 Increasingly more use is made of combined installations, including biomass 

and solar thermal energy, which are perfectly able to meet all the heating and 

sanitary hot water needs of an installation. 

 Despite its enormous potential and widespread use in other countries, the least 

well-known and currently the least used system is geothermal energy. It is based 

on the use of a geothermal heat pump, a type of heat pump that transfers heat 

to the application from the ground or vice versa. 

 Among the plans and programmes with a national or regional scope in Spain, 

the most important are: the Energy Efficiency and Saving Action Plan and the 

PAREER Programme.  
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 Aims  

 To learn about the main energy efficiency measures that can be implemented in 

relation to the thermal insulation of buildings in the carpentry sector. 

 To know the materials used in carpentry in the building sector and their energy 

efficiency-related properties.  

 To relate the requirements of the Technical Building Code with the energy 

efficiency measures to be implemented in newly constructed buildings and 

existing buildings.  

 To know the different solutions existing for the rehabilitation of glass closures.  

 To have a working knowledge of the criteria of the Technical Building Code 

when specifying the energy parameter limit values in a particular opening.  

 To relate the presence of various materials with the approximate installation 

stages of those materials and the shortcomings and problems they present, so 

as to be able to provide an appropriate rehabilitation solution. 

 To identify actions and possibilities for including energy efficiency criteria in 

other construction-related sectors: painting and decoration.  

 To obtain information about any relevant assistance schemes and subsidies 

there may be applicable to energy efficiency and insulation, through the various 

plans and programmes (Energy Saving and Efficiency Action Plan and PAREER 

Programme). 
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 Introduction  

The need to implement various energy efficiency measures in the field of building 

in general, and related to the carpentry sector and other construction-related sectors 

in particular, has in many cases ceased to be just another option but has become an 

imperative, imposed by regulation 

In the previous Module we looked at the regulatory requirements applicable in this 

respect. In particular, we saw the importance of the role of the Technical Building 

Code (CTE), which established various guidelines to consider in matters of energy 

efficiency and saving in the building sector.  

We therefore consider it essential to first gain an awareness of these regulatory 

requirements so as to be able to implement the measures that are necessary and 

appropriate to each case.  

In Module 5, on the legal requirements of energy efficiency in carpentry and other 

construction-related sectors, we looked at how energy demand reduction (in heating 

and cooling) and the limitation of condensation and imbalances should be 

addressed according to the Technical Building Code, the document on which 

building requirements are based. To address this requirement in a practical manner, 

various technical measures need to be implemented. These measures will be the 

subject of scrutiny in this Module. 

Energy demand reduction means reducing heating and cooling demand. The 

energy demand of a building depends, as is to be expected, on its location, so it is 

conditioned by the climate zone in which it is situated.  

As we saw in Module 5, according to the CTE, a building’s heating or cooling 

demand must be reduced to meet an established set of values, which vary 

according to the type of building and the climate zone in which it is located. 

To reduce energy demand, buildings need to be properly insulated, focusing on 

three main areas: the facade, the roof and architectural openings. With regard to the 

subject of this Module, we will be studying the insulation of buildings’ architectural 

opening, since this is the where carpentry has the most important role to play in 

efficient building.  

Later we will be looking at some recommendations from other construction-related 

sectors to apply with a view to optimizing energy efficiency.   
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6.1. Characterization of openings 

Openings are the weakest part of the envelope of a building in terms of energy 

efficiency, due to their characteristics and the properties of the materials of which 

they are made. Also, in the case of glazed openings, they also serve to regulate the 

amount of sunlight passing through, thereby helping to regulate the brightness and 

temperature inside the building.  

In newly constructed buildings, the materials to be used and the parameters to be 

met regarding energy efficiency are well defined in the CTE, to ensure the proper 

insulation of the building’s envelope and, in particular, its architectural openings.  

Most buildings built before 2000 do not have proper thermal insulation. For these 

constructions, the simplest and most economical solution is to replace the glazing 

(only the glass) or the windows as a whole, under energy efficiency criteria, in order 

to improve the insulation of the openings and help improve the overall energy 

efficiency of the home.  

By making these modifications it is possible to not only achieve a lower heating 

consumption in winter, but also to reduce the cooling demand in the summer 

months, thereby helping promote all the energy efficiency-related advantages that 

we have examined in detail in this courses, such as economic saving, lower 

greenhouse gas emissions, and improved thermal comfort inside a home. Also, due 

to the characteristics of the products available on the market, many other 

advantages may be obtained from the installation of new building components, such 

as increasing acoustic insulation or renovating the premises’ interior decoration.  

Thus, the CTE specifies that products used in openings are to be characterized by 

their thermal transmittance (U, measured in W/m2K) and solar heat gain coefficient 

g┴, for the semi-transparent part of the opening (glass), and by the thermal 

transmittance and absorptivity (α) of the frames.  

Therefore, for practical purposes, the properties specified by the CTE should be 

considered for each component of the frames and the glass of a buildings’ openings. 

In the following points we will be looking at the characteristics of these two building 

components individually.  
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6.1.1. The profile: thermal properties and types of frames 

In a glass closure, a window for example, approximately 30% of the surface is 

accounted for by the frame. From the point of view of energy efficiency, the two 

properties to which we must pay attention, according to CTE guidelines, are the 

frame’s thermal transmittance (U) and absorptivity (α).  

The absorptivity is determined by the colour and the material of the frame and is 

related to the heat absorbed being transferred inside as the solar radiation strikes 

the frame. It therefore has an impact on the window’s total solar heat gain 

coefficient.  

As we have seen previously, the thermal transmittance of an element expresses 

the amount of energy that is transmitted by convection, conduction or radiation, 

depending on the temperature difference between the two sides of that element. 

The lower the value of U is, the less heat will be transferred and the greater degree 

if insulation will be provide. Thermal transmittance is measured in W/m2 K.  

In the case of the frames, the thermal transmittance is determined by the geometry 

and the materials of the profile, together with its thickness. These characteristics, 

will affect the thermal transmittance of the opening as a whole, including the 

transmittance of the glass. Table 1, at the end of this section, shows the minimum 

values of thermal transmittance according to the different materials that a frame can 

be made of. In the following paragraphs we look at the different types of frames 

available.  

Simple metal frames  

The metal used tends to be aluminium or steel. These are the oldest types of frames 

and due to their poor insulation properties, their thermal transmittance is very high 

and, in principle, they are not compatible with CTE guidelines certain climate zones. 

Their influence on the solar heat gain coefficient depends on the colour of the frame, 

and their permeability to the air is influenced by how they close.  
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Figure 1. Different models of metal frames. Source: FENERCOM (left); 

www.grupolaminex.com (centre); www.archiexpo.es (right) 

Metal frames with thermal bridge break (TBB) 

A thermal bridge break (TBB) consists of buffer materials with low thermal 

conductivity that connect the inside of the carpentry to the outside. This reduces the 

passage of energy through the carpentry and so improves its thermal efficiency. The 

improvement in thermal efficiency depends on the performance and thickness of the 

components making up the TBB.  

The thermal transmittance values are therefore determined by the metal material of 

the frame and by the TBB components; in this type of frames it will range between 

3.2 and 4.0 W/m2 K. Thermal bridge breaks have little effect on absorptivity, so they 

will not be a determinant factor when calculating modified solar heat gain coefficient 

of the opening as a whole.  

 

Figure 2. Metal frames with TBB. Source: www.archiexpo.es (left); www.arqtech.es 
(right) 

 

 

  

Practical applications: 

Practically all exterior windows on the market today are at least of this type, 

with a thermal bridge break. The manufacturers themselves advise against 

installing a metal frame without a thermal bridge break for a window 

connecting the home with the outside.  



 

Open learning 

8 

Wooden frames 

These are solid profiles (not hollow) made of wood which provide good thermal 

resistance, occupying a space that depends on the type of frame in question, since 

there are various options and different types of wood that can be used.  

The conductivity of wood is very low, which makes it a good insulation material. Its 

thermal transmittance values vary according to the type of wood and its density, but 

in general, they tend to range between 2.2 and 2.0 W/m2 K. The influence of wooden 

frames on solar heat gain coefficient is low, due to the fact that only small amount of 

the energy absorbed is transmitted inside.  

Their main drawback is the maintenance they require, but nowadays this is no 

longer a limitation if the wood has been treated appropriately and its initial quality is 

high.  

An added advantage is the aesthetic characteristics of wood, which are highly 

valued in the building and decoration sector, especially in commercial 

accommodation premises for rural or nature tourism, or buildings aiming for a rustic 

look.  

  

Figure 3. Different options of wooden frames. Source: http://iberadria.com 
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PVC frames  

Polyvinyl chloride, better known as PVC, is a material with excellent insulation 

properties. Carpentry of this type is made from PVC profiles with two or three 

cavities which provide optimal thermal efficiency with the lowest values of thermal 

transmittance. They are normally quite bulky so they take up a substantial amount of 

the opening.  

The thermal transmittance values associated with these frames are between 2.2 and 

the 1.8 W/m2 K, depending on the number of cavities the frame has. These values 

can be further decreased with the inclusion of certain technical enhancements.  

   

Figure 4. PVC frames. Source: http://www.brico-ventana.es/ 

 

  

Practical applications: 

Due to their thermal properties and price-quality ratio, PVC frames are the most 

popular frames on the market. Various options can be found on the market to 

meet different needs: casement windows, opening windows, skylights, doors, 

etc.  
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Other types of frames 

There are now other options that are based on the combination of various materials 

with different properties. These include mixed wood and aluminium frames, metal 

core polyurethane frames, metal structures with TBB filled with insulation foam, etc.  

As can be expected, the thermal properties of these frames vary considerably 

depending on the materials used in their manufacture.  

 

Figure 5. Other frame options. Left: Wood-aluminium frame. Source: 
http://www.gilmata.es. Right: Metal structure reinforced with polyurethane. Source: 
http://wenthermik.com  
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In the following table we can see the thermal transmittance values specified for the 

various materials used in window frames mentioned earlier. These values are set 

out in Standard UNE-EN ISO10077-1. It should be noted that these are minimum 

values; in other words, they can be improved on (lower U value) with the application 

of a different technology:  

Table 1. Minimum U values. Source: FENERCOM  

In addition to and independently of the thermal transmittance, it is necessary to 

consider the system used to open and close the frame of the closure, which 

determines whether and to what extent air can penetrate inside the building. In the 

case of windows, classification as to permeability is defined in Standard UNE- EN 

ISO 12207. 

 

  

Profile 
Minimum thermal transmittance 

U (W/m
2
 K) 

Metal 5.7 

Metal TBB (4 mm ≤ d ≤ 12 mm) 4.0 

Metal TBB (d ≥ 12 mm) 3.2 

Hard wood (ρ = 700 kg/m
3
 and 60 mm thick) 2.2 

Soft wood (ρ =500 kg/m
3
 and 60 mm thick) 2.0 

Hollow PVC profiles (2 cavities) 2.2 

Hollow PVC profiles (3 cavities) 1.8 
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6.1.2. Glazing: properties and types of glass  

Glass is the key element clave and the one which takes up the highest percentage 

of a glazed opening. This means that we need to pay special attention to its 

properties so as to ensure the desired level of comfort and, in the case of energy 

efficiency, to meet CTE criteria.  

In this respect, two important properties of glass interest us from the point of view of 

thermal insulation: thermal transmittance (U) and solar heat gain coefficient (g).  

In insulation, the practical solution is to reduce the value of U. This is done in glazed 

areas by fitting double glazing with low emissivity glass.  

The solar heat gain coefficient (g) is the fraction of incident solar radiation energy 

that penetrates into a room through the glass. Its value is always less than 1, 

although sometimes it is expressed as a percentage (%). The lower the value of g, 

the smaller the amount of energy is coming through the glass and the greater is the 

degree of solar protection.  

To classify the different types of glass, in the following paragraphs we will be looking 

at their thermal properties:  

Monolithic glass 

This is the simplest and most traditional type of glass. It comprises either a single 

lite of glass or two or more plies of glass bonded together with no space between 

them. While they may vary depending on thickness, U = 5.7 W/m2 K and g = 0.83 

may be considered to be reference values.  

 

  

Practical applications: 

Monolithic glass has been ruled out for insulation; the manufacturers 

themselves advise against the use of this system for outer enclosures due to 

its poor performance as thermal insulation.  
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Double glazing glass or Insulated Glass Unit (IGU)  

These are systems made up of two or more plies of glass with a separation between 

them that forms an airspace, hermetically sealed around its perimeter. They make 

use of the low conductivity of this space to reduce the exchange of heat by 

convection or conduction, thereby achieving a very considerable degree of 

insulation. The value of U drops to 3.3 W/m2 K, for the most basic composition 

(system 4-6-41), and drops further as the thickness of the elements increases.  

Low emissivity glass  

This is glass that include a very thin layer of metal oxides that reinforce the glass’s 

thermal insulation properties. When used in double glazing it forms an enhanced 

thermal insulation (ETI) system. ETI normally has only one low emissivity pane, 

which tends to be the inner one. The U value of these systems will drop to 2.5 W/m2 

K in the 4-6-4 solution.  

 

Figure 6. Different systems of double glazing with ETI system. Source: 
http://www.grupoguachi.es/ 

                                                
 
1
 Nomenclature referring to the measurements, in mm, of the thickness of each part: 4 mm 

outer glass, 6 mm air cavity, 4 mm inner glass. 
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Figure 7. Comparison of thermal performance between monolithic glass, 

double glazing, and ETI systems. Source: FENERCOM. 

Solar control glass 

This is a type of glass which use different mechanisms to reflect part of the incident 

solar radiation, reducing the heat transfer into the building. This helps reduce 

overheating in the sunniest times of the year.  

6.1.3. Thermal properties of closures 

Now we have studied the various parts, we can now estimate the thermal properties 

of the unit comprising the closure (frame and glass, normally) in order to have an 

idea of the minimum values to be met, according to the type of elements they are 

made of, and the contribution of each element to the whole. 

Thus, we can draw up a matrix in which we consider, on the one hand, the frame of 

the closure which, as we have said, accounts for approximately 30% of the unit. The 

remaining 70% is therefore related to the glass. Based on the types of glass and 

frames studied in the previous sections, we have a number of combinations which 

are set out in Table 2, showing the thermal transmittance values resulting from each 

combination.  

It should be noted that these values are only minimum reference parameters, since 

they are based on estimates. The real thermal transmittance values are indicated for 

each unit and are the responsibility of the supplier.  
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Thermal transmittance of the opening (W/m
2
K) 

Glass (70%) Frame (30%) 

Type U glass 
Metal 

U=5.7 

Metal TBB
2
 

U=4 

Wood
3
 

U=2.5 

PVC
4
 

U=1.8 

Monolithic 4 mm 5.7 5.7 5.2 4.7 4.5 

Double glazing 4-6-4 3.3 4 3.5 3.0 2.8 

Double glazing 4-12-4 2.9 3.7 3.2 2.7 2.5 

Double glazing  

4-6-4 low emissive
5
 

2.5 3.5 3.0 2.5 2.3 

Double glazing  

4-12-4 low emissive
5
 

1.7 2.9 2.4 1.9 1.7 

Table 2. Source: FENERCOM 

 

Finally, we need to know the thermal transmittance limit value for the opening in 

which the closure is to be fitted, in order to choose the solution that best suits the 

characteristics of the opening and to ensure that CTE guidelines are met.  

As we have seen, the thermal transmittance limit values depend on the climate 

zone, the orientation of the facade in which the opening is sited, and the percentage 

of openings in that facade. These limit values are set out in Section 2 of Appendix D 

of DB HE of the CTE on the Definition of the reference building.  

  

                                                
 
2
 Thermal bridge break between 4 and 12 mm. 

3
 Assuming density = 700 kg/m

3
 

4
 Assuming 3-cavity PVC frame 

5
 Low emissivity glass with ε ≤ 0.03 

Consult the CTE 

Information on all the parameter to be considered in thermal transmittance 

calculations and descriptions of all the necessary requirements can be consulted 

in the Technical Building Code, accessible from this link.  
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A practical example 

Let us consider a building for residential use with the following characteristics: 

- Location: Madrid capital  

- North-facing facade  

- Percentage of openings in the facade = 20% 

 

According to the CTE we would obtain the following: 

- Climate zone: D3 

- Limit transmittance of the wall (UM) = 0,66 W/m2K  

- Limit transmittance of the opening: 3.5 W/m2K 

 

For this type of opening, the allowed transmittance limit is 3.5 W/m2K, which means 

that the closure as a whole may not exceed this value.  

 

 

 
Figure 8. Transmittance and solar heat gain coefficient data for climate zone D3. Source: 

CTE 

 

 

 

  

The calculation of the limit values for transmittance and solar heat gain 

coefficient should be made for each opening to be fitted with a closure, since 

these limit values will vary depending on the orientation and percentage of 

openings in the facade. The manufacturers may provide the transmittance data 

for the products they market (windows, skylights, etc.).  
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6.2. Solutions for the rehabilitation of 
glass closures 

Considering the way buildings are constructed, simplicity of the intervention, and the 

positive impact on the overall insulation of a building’s envelope, a building’s 

closures are one of the priority options to appraise technically when considering the 

energy rehabilitation of the buildings.  

These interventions, involving the replacement of materials with low thermal 

efficiency with others with a better energy performance, are simple jobs, quickly 

completed, and relatively economical. Also, as we will see in the last lesson of this 

Module, in several Autonomous Communities there are subsidies and economic 

assistance for undertaking improvement work that results in energy saving.  

In the following pages we describe different solutions for the energy rehabilitation of 

glass closures, depending on the baseline situation of the closure itself and the 

conditions and particularities of the home or building.  

Wooden carpentry with monolithic glass  

This type of solution was very common in the 50s, so they tend to be old elements   

with imperfections in the wood. Their thermal performance is very poor and air 

permeability is high.  

The rehabilitation of these elements can bring about major thermal improvements; 

better quality wood can be used, treated so as to ensure that the frames remain in a 

better state of repair with the passage of time. In these carpentry it is very important 

to check for the existence of rebate and frame drainage to prevent accumulations of 

water that can damage the materials.  

Metal carpentry with monolithic glass  

This type of carpentry was in common use between the 50s and 80s, normally with 

sliding windows. It has very poor thermal efficiency, due to the high conductivity of 

the materials and the low insulation capacity of the monolithic glass. This baseline 

situation is the most adverse so any intervention will mean an improvement.  

Double glazing glass 

Regardless of the type of carpentry, when installing double glazing glass we have 

two options to consider, each with a different thermal performance:  
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 Ordinary double glazing (Insulated Glass Unit, IGU): this is the most 

commonly used double glazing, in which two panes of glass are separated by 

an airspace. Its thermal transmittance value (U) ranges between 3.3 and 2.9 

W/m2K for airspaces between 6 and 12 mm thick, respectively. These values 

can be reduced by increasing the space to 16 mm, which would deliver U=2.7 

W/m2K. The drawback of very large airspaces is that they produce reflection 

images. Furthermore, for gaps of over 17 mm, the space causes insulation 

losses due to convection phenomena between the two panes. The solar heat 

gain coefficient (g) of this glazing system is 0.75-0.70 for regular thicknesses of 

clear glass.  

 Low emissivity double glazing: this system comprises two or more panes of 

glass separated by the airspace, one of which will be made of low emissive 

glass. This type of glazing is called ETI (enhanced thermal insulation) double 

glazing. U values range between 2.5 W/m2K (for the simplest solution, 4-6-4) to 

1.4 W/m2K (for the 4-16-4 system), assuming low emissive glass with an 

emissivity of Σ ≤ 0.03.  

Metal carpentry with double glazing 

This is a variation on the previously described system, in which there is still no 

thermal bridge break in the metal profile. The opening mechanism (casement, slider, 

etc.) conditions the thermal efficiency of the closure. With regard to the actual 

glazing, the above two options can be considered (ordinary or low emissive). One of 

the most practical improvements is to replace ordinary double glazing with an ETI 

system.  

Metal carpentry with TBB and double glazing 

This type of closures was common in buildings in the 90s, as an improvement in 

terms of thermal efficiency over traditional metal carpentry. This type of carpentry is 

thicker than was usual and has improved opening and closing systems, largely 

abandoning sliding systems. In terms of permeability their performance is good. 

They are usually fitted with ordinary double glazing. Interventions using this type of 

carpentry call for studying the viability of improving the glazing by fitting an ETI 

system if such a system is not already installed.  

Metal carpentry with TBB and low emissivity glass is considered to be high quality, 

to be found in constructions less than 10 years old, when thermal criteria were being 

taken into account in the building sector. The replacement or upgrading of this 

carpentry is only justifiable in areas where climatological conditions are somewhat 

more severe and only after a thorough cost/benefit analysis.  



 

Energy efficiency measures in the carpentry sector and other construction related sectors 

  ENERGY EFFICIENCY IN THE CONSTRUCTION SECTOR 
 

19 

Wooden carpentry with double glazing  

The combination of the wooden carpentry with double glazing systems is normally 

found in medium-high quality frames, which means that the wood will almost 

certainly be in good condition, unless it the closure system was refurbished and the 

old wooden frames retained. They tend to have casement or tilt and turn opening 

systems, and to be of a good overall quality, with excellent air impermeability. 

Assuming that the frame is in good condition, the most practical improvement that 

can be carried out is to replace the ordinary double glazing with an ETI system, with 

low emissivity glass.  

PVC 3-cavity carpentry with double glazing  

Although PVC carpentry has been on the market for many years, during that time it 

has evolved considerably and the quality today is much higher than it was at the 

beginning. There are different options on the market, perhaps the most significant 

being those with 2 or 3 cavities. For rehabilitation only 3-cavity profiles are 

considered, since they provide the best thermal efficiency when coupled with TBB. 

Once again, they can be combined with ordinary double glazing or low emissivity 

glass, the latter providing the greatest thermal quality.  

The combination of 3 cavity PVC frame with low emissivity double glazing is 

considered to be the best option for the insulation of a closure. By varying the 

thickness of the cavity and the glass it is possible to enhance the properties of the 

system to achieve a thermal transmittance value of 1.7 W/m2K.  

 

  

For further knowledge: 

On IDAE’s website you can find a practical guide on Glazing and 

glass enclosure solutions, where further information on this 

subject can be found. Access by clicking on this link. 
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6.3. Energy efficiency recommendations 
for other construction-related sectors  

6.3.1. Energy efficiency in paintwork  

With regard to recommendations concerning paintwork and its influence on energy 

efficiency, the choice of colour based on energy criteria is perhaps the most 

important. Generally speaking, darker colours absorb more energy, so that are 

recommended for places with harsher climates where the absorption of heat by the 

home at cold times of year is a priority. Conversely, white and light colours reflect 

most radiation so they are considered to be the best suited to hot areas to prevent 

homes from overheating in summer.  

 

Figure 9. “White villages” of Andalusia. Source: http://www.easyviajar.com/ 

Aside from colour criteria, insulating paints, also known as ceramic paints, have 

recently started to appear on the market. These contain additives that give the 

surface on which they are applied certain insulating properties, with just a coat of 

paint. There are different varieties for application both inside the home and on the 

outer walls. It is easy to apply; just like ordinary paint.  

In bioclimatic architecture care is taken to ensure that outside colour of a building 

blends in with the setting so as to minimize its visual impact.  
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6.3.2. Energy efficiency in decoration  

This sector, which in recent years has become increasingly popular, can have a 

significant impact on the overall energy efficiency of a building. Decorative elements 

contribute to local energy consumption in the home and, taking a broader view, also 

impact on local and global energy consumption. We should therefore take into 

account a number of interesting recommendations regarding decoration-related 

energy measures.  

With regard to furniture and equipment, the most sustainable option is to choose 

certified products that guarantee that the materials used in their manufacture 

come from sustainable sources, and to keep environmental considerations in mind 

so as to ensure a lower environmental impact both in the sourcing of raw materials 

and the manufacture of products. The reference authority for the certification of 

these and other products is the Spanish Association for Standardization and 

Certification, AENOR.  

With regard to wood, the Forest Stewardship Council (FSC) is the most important 

authority for the certification of the wood products, including paper. The FSC stamp 

guarantees that wood products originate from sustainably managed forests.  

                

Figure 10. Quality seals. Source: AENOR (left and centre); FSC (right) 

As for other decorative elements, it is advisable to take both their energy 

consumption and the source of that energy into account. There are now many 

electrical devices on the market that are powered by renewable energies, mainly 

solar energy. In general, it is always a more sustainable option to choose devices 

with rechargeable batteries rather than traditional disposable batteries and, as far as 

is possible, to do without unnecessary electrical devices, prioritizing those that have 

no energy dependence.  
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6.4. Assistance schemes and subsidies  

In the last Lesson of this Module we address the relevant assistance schemes and 

subsidies in place today, having detailed the regulatory requirements affecting 

energy efficiency (Module 5) and the most important measures to implement 

(Module 6). In this point we look at the subsidies related to carpentry.  

In this Lesson, we look in particular at the contents of two different plans, defined at 

a state level although in some cases they have been enacted at a regional level:  

 Energy Saving and Efficiency Action Plan 

 PAREER Programme 

 Renove Plan 

 

These are plans developed jointly by the 

Ministry of Industry, Energy and Tourism and 

the Institute for Energy Diversification and 

Saving (IDAE).  

Their purpose is to promote integrated activities to encourage improved energy 

efficiency and the use of renewable energies, in the scope of the building and 

residential sectors.  

In this way, the specifications of the Directive 2012/27/EU, on energy efficiency, 

were to be met. The content and implications of this Directive are covered in Module 

2 of this Manual.  

 

  

Given the magnitude of the investment required in building energy efficiency, it is 

vital that there are direct economic assistance schemes in order to promote 

and encourage the implementation of the various measures proposed. 
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6.4.1. Energy Saving and Efficiency Action Plan  

 

The Energy Saving and Efficiency Action Plan 2011-2020, produced by the 

Ministry of Industry, Tourism and Trade, in collaboration with the IDAE (Institute for 

Energy Diversification and Saving) and still in force today, includes in its Chapter 9 a 

number of measures aimed at the Building and equipment sector.  

It should be noted that this action plan identifies the building and equipment sector 

as the one which has the most impact on the energy consumption of buildings.  

Among these energy saving measures in the sector, in this Lesson we focus on 

the following:  

 Measure 1. Energy rehabilitation of the thermal envelope of existing 

buildings 

The purpose of this measure is to reduce the energy demand of existing buildings 

by upgrading their thermal envelope, either in their entirety or partially, according to 

the criteria set forth by the CTE.  

The energy-related actions included in this measure will be those that achieve a 

reduction in the energy demand for the building’s heating and cooling systems 

through   thermal envelope related actions.  

With regard to economic incentives, the Plan specifies that assistance 

mechanisms may be based on direct capital subsidies, or interest rate discounts on 

loans arranged to undertake the investment, or any other mechanism that meets the 

purpose of the measure.  

Thus, aid activities affecting a large number of buildings, such as the rehabilitation of 

districts, will be considered to be priority activities, as will those carried out through 

“Renove Plans” aimed at specific actions to encourage individual citizens to renew 

doors, windows and shutters, roofs, and facades.  

  

Through Energy Saving and Efficiency Action Plans, specific financing and 

assistance facilities have been developed in Spain. These plans, in turn, have 

been establishing the various measures required to meet the energy saving 

targets set.  
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 Measure 4. Construction of new buildings and total rehabilitation of 

existing buildings with high energy ratings 

The purpose of this measure is to reduce energy consumption by promoting newly 

constructed buildings or rehabilitation of existing buildings, with a high energy rating.  

The energy-related actions included in this measure will be those that enable a 

building to obtain a class A or B energy rating by reducing its energy consumption. 

With regard to economic incentives, the Plan specifies that assistance 

mechanisms may be based on direct capital subsidies, or interest rate discounts on 

loans arranged to undertake the investment, or any other mechanism that meets the 

purpose of the measure.  

 Measure 5. Construction or rehabilitation of close to zero energy 

consumption buildings 

The aim of this measure is to promote the construction of new buildings or the 

rehabilitation of existing ones, to produce close to zero energy consumption 

buildings.  

In order to promote buildings with a close to zero energy consumption in the 

framework of Directive 2010/31/EU, there is an annual national call for applications 

for a financial assistance scheme to fund projects for such buildings, sponsored by 

the IDAE as part of the Energy Saving and Efficiency Plan (PAEE).  

 

 

For further information… 

The complete Energy Saving and Efficiency Plan 

(PAEE), together with various supporting documents 

and updates, is available from IDAE’s website, 

accessible via the following link: 

http://www.idae.es/index.php/id.663/mod.pags/mem.de

talle 
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6.4.2. PAREER Programme 

The IDAE (Institute for Energy Diversification and Saving) has recently developed 

the PAREER Programme, or the Aid Programme for the Energy Rehabilitation of 

Existing Buildings in the residential sector.  

The purpose of this Programme is to encourage integrated actions promoting 

improvement in energy efficiency and the use of renewable energy in the existing 

residential sector building stock. To this end, a specific programme of grants and 

funding worth 125 million euros has been launched 

The actions must fit one or more of the following typologies: 

 Improvement of the energy efficiency of the thermal envelope  

 Improvement of the energy efficiency of heating and lighting installations  

 Replacement of conventional energy by biomass in thermal installations  

 Replacement of conventional energy by geothermal energy in thermal 

installations  

It is specified that activities covered by the assistance must improve the overall 

energy rating of the building by at least one letter measured on the scale of carbon 

dioxide emissions (kg CO2/m2 year), with respect to the building’s initial energy 

rating. This improvement in its energy rating may be obtained by performing one 

activity typology or a combination of several. 

This programme is aimed at:  

 Natural and legal persons who own buildings for residential use (use as hotel 

or home)  

 Communities of owners or groups of communities of owners of residential 

buildings used as homes 

 Owners of single household homes or single owners of residential buildings 

used as homes 

 Energy service companies (ESE)  

The deadline for submitting applications is October 30, 2015. Applications must be 

made on the form available on IDAE’s website.  
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6.4.3. Renove Plan  

1. The so-called Renove Plans, aimed at improving the domestic equipment of 

households, are special subsidy programmes, proposed by the Ministry of 

Industry, Energy and Tourism and the IDAE (Institute for Energy Diversification 

and Saving).  

2. There are a number of Renove Plans aimed at improving energy efficiency in the 

building sector by replacing domestic equipment. These are:  

 Renove Plan for Household Appliances  

 Renove Plan for Boilers  

 Renove Plan of Air-Conditioning 

 Renove Plan for Windows  

 Renove Plan for Windows  

As mentioned earlier in this Module, in the carpentry sector the energy 

consumption derived from windows and other architectural openings with poor 

thermal performances account for a significant percentage of a building’s overall 

consumption.  

In order to promote energy efficient building, the Renove Plan for Windows will, 

depending on the conditions established by each Autonomous Community, offer 

economic incentives for the replacement of old windows with others made of more 

efficient materials and with better insulation properties (normally PVC with an 

enhanced thermal insulation system). 

For further information… 

All the information about the PAREER Programme is 

available from IDAE’s website, from this link.  

For more detailed information, interested readers can 

contact the Citizen Information Service on Energy 

Efficiency and Renewable Energies (SICER) at this 

email address ciudadano@idae.es or by calling 

91.314.66.73.  

Source: IDAE 
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The various Renove Plans promoted by the Autonomous Communities offer grants 

of between €25 and €400 aimed at encouraging the replacement of old, inefficient 

materials with new building components (glass, windows, skylights, etc.) that 

improve energy efficiency and saving.  

 

As already mentioned, these Renove Plans are promoted by the various 

Autonomous Communities so, as is logical, each plan only applies to its 

corresponding region.  

These plans are aimed at homeowner associations, private individuals and 

companies. Their aim is to improve energy efficiency, renew obsolete 

infrastructures, and help combat climate change.  

It should be noted that many of these plans were set in motion at a regional level in 

2011, so the funds earmarked for them may have been used up by now.  

 

 

Why replace old windows?  

The replacement of windows is one of the simplest refurbishment jobs that can 

be undertaken in a home to improve its insulation. It is a fast, clean and 

relatively cheap job. The investment made in the installation will be offset by the 

energy saving derived from the improved insulation.  

Current 2014 Renove Plan 

At present, in 2014, only the Plan Renove for PVC 

Windows of the Madrid Community and the Plan for 

the Replacement of Windows of Castilla-La Mancha 

2014 are active. Information on these assistance 

schemes can be consulted at the following websites: 

 Plan Renove para Ventanas de PVC de la CAM 

 Plan de Sustitucion de Ventanas Castilla-La Mancha 2014 

Source: www.renoveventanaspvc.com 
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 Summary  

 The implementation of a number of energy efficiency measures in the field of 

building in general, and related to the carpentry in particular has become an 

imperative, imposed by regulation.  

 In order to meet the legal requirements of the CTE on energy demand limitation 

of buildings, buildings must be properly insulated, taking into account three 

fundamental elements: the facade, the roof and the openings. 

 In the carpentry sector we will be addressing the proper insulation of openings 

as an integral part of the thermal envelope of a building.  

 The CTE specifies that energy efficient construction requires the use of 

thermally insulating materials. These materials are characterized by having 

very low thermal conductivity.  

 The glazed closures of openings normally comprise the frame or profile and the 

glazing, made of glass.  

 The main materials used for the frames are metal, wood and PVC profiles. For 

the glazing glass with different properties is used.  

 In existing buildings with poor insulation it is advisable to upgrade the glass 

closures as it is a simple, fast and low cost job to do.  

 In order to optimize energy efficiency in a building it is advisable to implement 

efficiency and sustainability measures in other related sectors, such as 

paintwork and decoration.  

 In recent years, various assistance schemes and subsidies to promote energy 

efficiency have been developed on the back of regulatory requirements. 

 Among the plans and programmes with a national or regional scope in Spain, 

the most important are the Energy Efficiency and Saving Action Plan, the 

PAREER Programme and the Renove Plans, among which the Renove Plan for 

Windows is perhaps the most important in this Lesson. 
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 Aims  

 To find out what an energy management system is and what it consists of. 

 To assess energy management systems as a key tool in the development of 

energy efficiency.  

 To learn about the UNE-EN ISO 50001 standard as the implementation tool for 

energy management systems  

 To recognize the implications of a certified energy management system. 

 To know and differentiate the various development phases of energy 

management systems, understanding the aims and stages of each phase. 

 To understand the energy certification process for buildings. 

 To know the implications of building energy certification and the agents involved 

in the process.  

 To know the energy efficiency evaluation process for buildings. 

 To interpret correctly the building energy efficiency label.  
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 Introduction  

As we have seen previously, energy efficiency is a growing need and an economic, 

environmental and social priority. A raft of legislation has been developed on this 

subject, but this is a somewhat abstract concept so, in more practical terms, we 

need to develop some kind of tool to help us achieve the goal of energy efficiency.  

In this Module 7 on Energy management systems and energy certification we will be 

explaining what these systems consist of so as to gain an understanding of their 

importance as a tool for achieving greater energy efficiency in entities, organizations 

and companies, regardless of their size, purpose, or type. Later, we will be 

explaining the energy certification and evaluation process for buildings, based on 

the current legal requirements we studied in detail in Module 2 of this course.  

The ultimate purpose of energy management systems is the optimization of 

energy efficiency in companies or other types of organization, in a quantifiable and 

systematic manner, in order to be able to obtain measures that point the way 

towards efficient consumption. These systems frequently form part of companies’ 

integrated management systems, which also cover quality management and 

environmental management.  

In the first lesson we will study the concept of energy management systems from 

a more theoretical viewpoint, pointing out their implications, costs and 

environmental, social and economic advantages. We will also be explaining the 

basis for the standardization of these systems, so that they can be used as an 

objective measure, valid for third parties, of the energy efficiency of any entity which 

is implementing a system of its own.  

In the second lesson we will be taking a step by step look at the five major phases 

into which the implementation of an energy management system can be broken 

down. These phases start with the production of an initial diagnosis, in order to know 

the organization’s baseline situation, and finalize with the ongoing review of the 

system, which provides a feedback mechanism for proposing new improvements. 

This is what is known as a continuous improvement cycle, since, far from bringing 

about a one-off improvement, an energy management system evolves constantly; it 

is a living entity, enabling the organization’s energy efficiency to be in continuous 

development, adapting to the changing reality of the organization.  
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The third and fourth lessons concern energy efficiency in the building sector. We will 

be studying the building energy certification process, with reference to current 

regulatory requirements and looking at the steps required to obtain building energy 

certification, both for newly constructed buildings, for which energy certification is 

now mandatory, and existing buildings.  

One outcome of the certification process is the energy efficiency rating of 

buildings, which is a quantification of its level of energy efficiency, expressed by the 

assignment of an energy class, on a scale of seven letters from A (the most efficient 

building) to G (the least efficient building).  

By the end of Module 7, students will have a comprehensive overview of energy 

management applied to buildings and its relationship to energy efficiency in the 

residential and services sector.  
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7.1. What is an energy management 
system? 

7.1.1. Energy management systems  

An energy management system (EMS) consists of a set of activities undertaken by 

a company, organization or entity, with the purpose of improving its energy 

efficiency, without the system impacting negatively on productivity or conditions of 

wellbeing. Energy management systems are usually included in an organization’s 

integrated management system, which covers other areas of improvement, such as 

quality or environmental management.  

Energy management systems are management tools of a voluntary nature; there is 

no regulation obliging organizations to implement them. Energy management 

systems may implemented in any kind of organization, whether private companies, 

public entities, etc., regardless of their size.  

The ultimate purpose of an energy management system is that the organization 

improves its performance from an energy efficiency viewpoint, and that this 

improvement be continuous. Therefore the key words that define energy 

management systems are continuous improvement.  

By setting a series of energy-related targets and goals, normally on an annual basis, 

the organization discovers how its energy efficiency gradually improves. This leads 

to a number of positive outcomes that impact on economic, social and 

environmental aspects. 

These systems are used to pursue the goal of optimizing the use of energy by 

promoting its economic and efficient consumption. An EMS will take into account not 

only the characteristics of energy dependent devices and systems, but also the use 

that their users make of them. This also achieves a significant economic saving, not 

to mention the reduction of greenhouse gas emissions. To give an idea, recent 

studies show that the implementation of a good energy management system in 

small and medium companies (SMEs) in Spain may deliver an energy saving of as 

much as 3,000 million euros a year. However, less than 15% of these SMEs 

currently have an energy consumption management tool.  
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7.1.2. Advantages of energy management systems 

An energy management system is a management tool aimed at optimizing the 

energy efficiency of the processes performed in an organization. It consists of 

modifying the way of doing things in an organization in order to improve energy 

efficiency. These changes do not have to be major structural reforms; they will often 

consist of small organizational changes and simple alterations to the way some 

things are done. 

The correct application of an energy management system will deliver the 

advantages inherent to energy efficiency itself, which are the following. 

 Saving of energy from direct resources so as to be able to manage it. Energy 

saving means the saving of the resources necessary for managing that energy. 

It should be taken into account that there are organizations that use fossil fuels 

such as oil or coal as energy sources. The less energy is consumed, the lower 

will be the operating costs of managing that energy.  

 Saving of economic resources. The unconsumed energy will lead to a direct 

economic saving for the organization.  

 Reduction of greenhouse gas emissions. By saving energy we avoid the 

emission of CO2 and other greenhouse gases, thereby reducing the incidence of 

global warming and, of course, improving the organization’s bottom line, by 

virtue of the application of the principle "he who pollutes, pays".  

 Reduction of effects of pollution. The emission of fewer particles associated 

with excessive energy consumption means better air quality and impacts 

positively on human health and the environment. Therefore, the implementation 

of such systems benefits society as a whole. 

 Improved work environment. By and large, workers wish to work in 

sustainable companies with a commitment to environmental friendliness. 

Therefore, it is additionally motivating to work in a company that has an energy 

management system in place, because these organizations are more respectful 

of the environment.  

 Improved image and reputation of the organization, thanks to a greater 

commitment to the environment. Companies with energy management systems 

in place are seen in the market as companies with a clear commitment to 

sustainable development, which is vital to environmental marketing. Their 

enhanced environmental reputation affords them a competitive advantage.  

 Possibility of applying for aid and subsidies aimed exclusively at companies 

with an EMS in place. Certain economic assistance is available only to 

companies or entities who have developed an energy management system.  
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7.1.3. Costs of energy management systems  

Energy management systems do involve some costs, but they are swiftly amortized 

by the correct running of the system, once it is in place. The main costs arising from 

the implementation of an EMS are as follows: 

Staffing costs  

The implementation of an energy management system involves considerable 

staffing costs. It is necessary to appoint a head of energy management, and the 

organization or company may even decide to increase its headcount by recruiting an 

officer to take exclusive charge of this function. However, this does not tend to be 

the most commonly adopted solution, since as a general rule the head of energy 

management is appointed from among the company’s employees, so that the 

appointee takes on more responsibilities with his or her additional role. 

Meanwhile, there are many EMS-related tasks and activities that require the 

workload of the organization’s staff to be increased, such as the design of posters, 

awareness raising work, monitoring and measurement, responsibility for the 

achievement of specific targets and goals, etc. 

It must also be taken into account that, as part of the training effort, courses are 

delivered to all the organization’s staff. These awareness raising courses tend to be 

delivered in working hours and so represent a cost for the organization in terms of 

lost working hours. 

It is also very usual for the planning, design and implementation of energy 

management systems to be developed by companies external to the organization; 

consultants that are contracted to help with the implementation process. These 

consultants will usually be chosen on the basis of their specialization and 

experience in the matter and their ability to provide solutions based on a proven 

track record. 

Finally, the certification of an energy management system requires an independent 

certification agent to be contracted to audit the implemented system. This 

certification process involves a certain economic cost.  

Costs arising from the implementation of possible corrective measures and 

new technologies to meet the requirements of legislation and the provisions 

of the organization’s own energy management system. 

Logically, research into the best possible corrective measures and their subsequent 

implementation and monitoring has a cost for the organization. This cost may be 

high, but it will often by offset by the savings that these new technologies bring. 
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In any event, when the time comes to choose the corrective measures to be 

implemented, organizations must consider their cost and choose only those that are 

viable for the organization from an economic viewpoint or, at least, those whose 

investment return period is assumable. 

7.1.4. Standardization of energy management systems 

In order to implement an energy management system correctly and unify the criteria 

by which they are developed, a number of standards have been published 

explaining how to carry out this process.  

An energy management system may be applied to any scope, even privately in a 

household, without needing any other legal or regulatory requirement. All that is 

needed is the desire to save energy and achieve energy efficiency.  

We should remember what was said earlier in this lesson; that the implementation of 

energy management systems is a voluntary decision. This means there are no 

standards of a legal nature, such as Directives, Laws or Royal Decrees, to tell us 

how to implement a system of this nature. 

However, there are internationally recognized standards, of a voluntary nature, that 

establish guidelines to follow when implementing a system of this type. Currently, 

the most commonly used standard, and the one considered to be the model to 

adopt, is Standard UNE-EN ISO 50001.  

This is a universal standard; that is, any organization, wherever in the world it may 

be, can implement it. The standard establishes a tool for the development and 

implementation of any energy management system, and may be used by any 

organization or entity, regardless of its size, location or activity sector, or the types of 

energy it uses. 

Standard UNE-EN-ISO 50001 establishes the requirements that an energy 

management system must meet in order to ensure the continuous improvement of 

an organization’s energy efficiency performance. This improved performance is 

documented; i.e. records are kept of all actions taken.  

In the following diagram we can see the cycle of an energy management system 

designed according to Standard ISO 50001. It is a continuous improvement plan 

based on a PDCA (Plan-Do-Check-Act) cycle. 
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In a business environment, if an energy management system is to be taken into 

consideration in the market, it must be certified; in other words, it must meet some 

recognized standards to be valid for third parties. This validation process is called 

“Certification of energy management systems”. This certification is aimed at 

organizations that wish to demonstrate that they have an energy management 

system in place and that it is based on Standard ISO 50001.  

In order to obtain certification, the organization must allow its energy management 

system to be audited. Once the system has been implemented it must be audited by 

an external and independent agency that will verify that the organization’s energy 

related aspects are controlled, subject to monitoring, and that there is actually a 

continuous improvement in the organization’s energy performance. 

In the following diagram we can see how the different stages comprising the 

development of an energy management system follow on from one to another, from 

its conception to its certification: 
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Figure 1. Cycle of the energy management system. 

In the second lesson we will be studying in greater detail the different phases 

making up the development of an energy management system.   

Stage I 

Initial energy diagnosis 

Stage II 
Definition of the integrated policy 

Preparation of management 
programmes with targets and goals 

Stage II 
Preparation of the EMS 

documentation 

Stage II 
Review of the documentation 

Stage III 
Implementation operations 

Stage IV 
Internal audit 

Review by management 

Stage V 
External audit  

Receipt of certifications 

Identification of 
impacts and 
opportunities for 
improvement 

Statement of 
commitments 
acquired the 
company 

Manual, procedures, 
work instructions, 
process data sheets, 
etc. 

Check, assess and 
evaluate the 
operability and efficacy 
of the system 

Distribution of the documentation, 
staff training in each of their 
responsibilities, evaluation of the 
changes necessary to optimize 
processes. 

Verification of all previous phases, 
identification of deviations of the 
system in respect of regulatory 
requirements, design of corrective 
actions to eliminate deviations 

Demonstrate 
conformity to 
third parties 
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7.2. Step by step implementation of an 
energy management system  

In the satisfactory development of an energy management system, a number of 

successive phases must be successfully completed. In this lesson we look at these 

phases, one by one, highlighting the activities to be carried out in each of them. The 

following diagram provides an overview of the different stages into which the 

implementation of an EMS can be broken down.  

 
Figure 2. Phases of the implementation of an energy management system 
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7.2.1. PHASE I: Initial energy diagnosis 

Before starting to implement any type of improvement, among which we include 

energy management systems, we need to know the organization’s starting point or 

baseline. To do this we need to develop an initial energy diagnosis, enabling us to 

know the baseline situation in terms of energy consumption and efficiency of the 

organization for which the system is to be developed.  

It is not obligatory to carry out an initial energy diagnosis, but in practice it is very 

difficult to plan an energy management system if we do not have a perfect 

knowledge of the organization for which the system is to be designed. And the only 

way to obtain in-depth knowledge of the real energy situation of an organization is 

by carrying out an initial energy diagnosis. 

The initial diagnosis will be determined by all the points, processes and users that 

involve energy consumption. Therefore, the greater the size and volume of work of 

the entity, the more complex will be its diagnosis.  

The initial diagnosis establishes the bases from which the energy management 

system implementation process will be planned.  

The diagnosis is a key point in the process and it is important to take very special 

care over it since, as it is the first step in the system, any errors made in the 

diagnosis may filter through to all the other phases, creating unnecessary 

complications in the planning and implementation processes. 

The diagnosis should focus on the following points: 

 The total energy consumption of the entity’s production process. The 

consumption of all installations and processes must be considered, taking 

into account transport and the habits of users.  

 Possible points of integration of other management systems of the 

organization (quality, environment, etc.) with the future EMS. It is necessary 

to think about this integration from the very outset of the proposition.  

 Legislation, permits and other legal requirements applicable to the 

organization and the degree of compliance with those requirements.  
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During the diagnosis, the following aspects will be evaluated: 

1. Existing energy efficiency technologies in the workplace and the possibility of 

implementing other known technologies. 

2. Determination of to what extent these technologies can be considered as 

"Best Available Technologies". 

3. Applicable standards and trends behind these standards. 

4. Degree of compliance with current energy-related standards and any future 

ones that may affect the entity’s activities. 

5. Identification of energy-related aspects. 

6. Existing organization of energy management in the workplace and degree of 

control over energy consumption. 

7. The company’s energy culture: attitude and commitment, training and 

awareness, communication channels. 

8. Importance of energy efficiency as a factor of competitiveness for the 

company: image, market demands, market behaviour, and behaviour of 

competitors. 

9. Economic aspects: investments required in efficiency improving activities, 

and possible tax aid, subsidies and soft industrial loans that the company 

may have access to. 

The results of the diagnosis must be measurable and provide the baseline for 

comparing the entity’s future level of energy efficiency against.  

It is very advisable for the diagnosis to be carried out by a specialized team of 

auditors. As the initial energy diagnosis is basically a special type of audit, the team 

should be experienced and qualified. For this reason, an external consultancy firm is 

often contracted to carry out the diagnosis.  

The work team will carry out the task in a number of steps, usually according to the 

following sequence: 

1. Initial meeting with everyone involved in the EMS 

2. Examination of the installations 

3. Production of a preliminary report 

4. Final meeting (one or several): explanation of the results.  

Once these phases have been completed, the initial energy diagnosis is considered 

to have obtained, and so we move on to the second stage.  
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7.2.2. PHASE II: Energy planning 

Once the diagnosis has been performed, the following step is to ask ourselves what 

we want to achieve with the development of our energy management system and to 

design a strategy towards that end, together with the tools required to attain that 

goal.  

Energy planning involves various activities and their timing, that is to say, the period 

of time during which they are to be developed. Before starting on the planning, the 

initial energy diagnosis needs to have been completed, so we know what the current 

consumption is and the measures that can be taken.  

First of all, the organization must define an “energy policy” for the company or entity. 

One of the purposes of this policy is to establish the framework of objectives and 

goals to be achieved.  

The organization must also identify the energy aspects related to its activities and 

processes; in other words, what elements of its activity, processes, products and/or 

services provided in and by the organization involve energy consumption. Once 

these energy aspects have been identified, we can then identify the legal and 

regulatory requirements applicable to the organization. 

A number of energy management targets need to be established; that is, some 

objectives, quantified whenever possible, and therefore measurable, so as to be 

able to compare energy consumption and the level of efficiency before and after the 

installation of the system and thereby monitor its effectiveness. These targets can 

be set in the short, medium, and long term. Normally energy management targets 

are set on an annual basis, although some may last for several years.  

In this second stage the documentation of the energy management system will also 

be prepared. The system’s documentation consists of an energy management 

manual, a set of procedures and working instructions, and some energy 

management records that evidence the way things are being run. This 

documentation must be thoroughly reviewed to check, assess and evaluate the 

operability and efficacy of the system.  

The outcome of the planning process may be expressed as “the energy 

management system on paper”; in effect it is a roadmap that tells us what we need 

to put into practice. It therefore tells us what to do, how to do it, when to do it and, 

very importantly, who is responsible for doing it, so as to ensure the correct 

functioning of the energy management system.  
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In this planning process we need to consider what activities need to be carried out in 

order to involve users (i.e. the employees) in the organization’s energy management 

system. These activities may be very simple, but they may also be complex enough 

to require specific information or training. The awareness of the organization’s 

human resources in matters of energy saving and efficiency is also important, since 

staff whose awareness has been raised are more likely to be more motivated and 

committed to the system, which will result in more satisfactory results.  

7.2.3. PHASE III: Implementation of the management 
system 

The implementation phase consists of actually setting in motion the energy 

management system in accordance with the planning process previously 

undertaken. In this phase all the energy saving and efficiency measures planned are 

implemented and the new working procedures designed in the planning phase are 

put in place.  

In this phase, outreach, training, information sharing and awareness raising 

activities aimed at employees and users concerning the new measures adopted are 

once again essential. If necessary, explanatory documents can be distributed and 

talks, explanations, workshops or training courses set up for the staff. The 

responsibilities of each particular user, or each work team if any should be 

established, should be clearly defined.  

In the implementation phase it is very important to define very clearly the functions 

and responsibilities all the organization’s staff in respect of the energy management 

system and ensure that all these employees are sufficiently skilled and qualified to 

perform their duties. If they are not, they must be provided with the necessary 

training to do so.  

7.2.4. PHASE IV: Verification 

Verification consists of the evaluation of the measures carried out. The idea is to 

check whether these measures work as they should, rating them on an objective 

scale so that consumption can be evaluated before and after system 

implementation.  
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Verification is performed on the basis of the ongoing measurement and monitoring 

of the measures implemented and of the parameters determined in the planning 

phase (for example, energy consumption of a certain device). Additionally, care 

should be taken to ensure that current legislation is complied with at all times.  

If any of the measures undertaken results in a “non-compliance” (that is to say, it 

does not satisfactorily meet the targets set or the requirements of the system itself), 

corrective or preventive measures will be taken. 

The EMS will undergo an internal audit in this phase, in order to check the actual 

efficacy of the system. After this audit, the organization’s management will conduct a 

review of the system, in which the evolution and performance of the system 

implemented will be studied.  

In the system review an evaluation will be made as to whether it is necessary to 

make changes to the planning of the system.  

The start-up and continuity of an energy management system is a cyclical, not 

linear, process, since after each review phase, improvements to the planning may 

be detected, which will trigger a new implementation process, and so on.  

7.2.5. PHASE V: Certification 

At this point, the energy management system has been implemented and is in 

operation, but for it to receive objective recognition it must first be certified. 

Certification is the verification to third parties of the energy management system by 

means of an external audit; that is, one carried out by external, independent auditors 

that have no relation to the organization being audited. Once this phase has been 

successfully completed, we will have a certified energy management system. The 

certificates issued are valid for three years, although they must be reviewed 

annually in what are known as tracking audits.   
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7.3. Energy certification in buildings 

As explained earlier in Module 2 of this course, the mandatory nature of energy 

certification for buildings and their subsequent rating is a requirement imposed by 

the European Union, arising from Directive 2002/91/CE and, later, current Directive 

2010/31/EU on the Energy Performance of Buildings.  

For this European directive to be applicable at a national level, in Spain it was 

transposed into Royal Decree 235/2013, approving the basic procedure for the 

certification of the energy efficiency of buildings.  

In this lesson we will indicate the steps to follow to apply for the energy certification 

of a building and obtain its energy rating.  

It should be taken into account that legislation related to energy efficiency in 

building, at both an EC and national level, is a field under continuous development, 

so we can expect there to be various regulatory changes that will partially alter the 

current requirements covered in this lesson. Given this scenario, it is important to 

review the current state of applicable legislation before embarking on the 

certification process.  

According to the provisions of Royal Decree 235/2013, the Ministry of Industry, 

Energy and Tourism has created a registry of recognized documents to facilitate 

the performance of the basic procedure established in the Royal Decree. As 

established in this Royal Decree, the procedures for acquiring an energy efficiency 

rating for a building must be set forth in recognized documents registered in the 

general registry.  

These documents are software tools for the correct development of the process of 

Energy certification of buildings. After the latest amendment of the Technical 

Building Code in 2013, a new Order, published on September 13, 2013, establishes 

a regulatory change that will mean the unification of the various software tools used 

to date into a single one, the “Unified LIDER-CALENER tool”. 

This tool brings together all the systems necessary for the evaluation of the energy 

demand and consumption in buildings onto a single platform, on the back of the 

latest amendments to the Technical Building Code, made in 2013.  
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However, currently (May 2014) and temporarily, the results of the unified LIDER-

CALENER tool may not yet be used for energy certification, pending the adaptation 

of the recognized documents. This means that, for the time being, we recommend 

that the programs in use previously, CALENER VYP and CALENER GT, be used:  

CALENER VYP. This is a software tool used for obtaining certification in the case of 

buildings intended for use as homes and tertiary sector activities on a small and 

medium scale.  

CALENER GT. This is a software program to aid the certification of large buildings 

of the tertiary sector.  

 

Although the above tools are the ones accepted officially, they are not strictly 

mandatory for energy efficiency evaluation. When other strategies, systems or 

tools are used, in order to ensure their correct consideration we need to make use of 

the procedure set forth in the information document “Acceptance of one-off solutions 

and capabilities additional to those of reference and alternative programs for the 

energy efficiency evaluation of buildings”, available, once again, from the general 

registry of RD 235/2013. 

  

How to Access the LIDER-CALENER tool: 

The unified LIDER-CALENER tool can be accessed via the website of the 

Technical Building Code, of the Ministry of Development, from where the 

program can be downloaded and installed, along with information of interest and 

user manuals:  

http://www.codigotecnico.org/web/recursos/aplicaciones/contenido/texto_0004.html 

How to Access the CALENER tool: 

All the software tools of the CALENER program, and all the various user 

manuals, may be consulted and downloaded from the Ministry of Industry, 

Energy and Tourism website, via the following link: 

http://www.minetur.gob.es/energia/desarrollo/EficienciaEnergetica/CertificacionEnergetic

a/DocumentosReconocidos/ProgramaCalener/Paginas/DocumentosReconocidos.aspx 
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Continuing with energy certification process, we now look at some key factors for 

the correct development, award and monitoring of certificates:  

 First of all, it is necessary to differentiate between buildings of new 

construction, which are subject to mandatory energy certification, and 

existing buildings, which are not. 

 For newly constructed buildings, energy certification consists of two 

phases: the certification of the design and the certification of the completed 

building, which will state that the building has been executed according to 

the specifications of the design. In these cases, the designer is responsible 

for launching the certification process. For existing buildings, the certification 

process will be carried out by a qualified technician appointed by the owner 

of the building.  

 The person responsible for commissioning the certification process will be 

the promoter or owner of the building or the part to be upgraded, who will 

also be responsible for safeguarding the corresponding documentation.  

 The certification process must be carried out by a qualified technician, who 

will conduct the necessary tests to ensure that the certificate complies with 

current standards. Technicians eligible to perform the certification must hold 

at least one of the qualifications listed in the following table: 

Technicians authorized to award energy certification of buildings 

Architect Telecommunications engineer 

Architectural technologist Technical aeronautical engineer 

Quantity surveyor Technical agricultural engineer 

Aeronautical engineer Technical forestry engineer 

Agronomic engineer Technical industrial engineer  

Civil engineer  Technical mining engineer 

Industrial engineer Technical naval engineer 

Mining engineer  Technical civil engineer 

Forestry engineer Technical telecommunications engineer 

Naval and marine engineer Technical topographic engineer 

In some Autonomous Regions it is necessary for them to be registered in a 

registry of qualified technicians to be able to certify projects.  

 Once the energy efficiency certificate has been obtained, the person 

responsible (promoter or owner) must submit it to the corresponding 

Autonomous Community so it can be included in the territorial registry of that 

region, where the information will be available to the relevant authorities.  
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 Control over certificates falls to the corresponding Autonomous 

Community, which in turn is responsible for setting up a system for 

monitoring and checking the data of the certificates. 

 The maximum validity period of the certificates is 10 years. It is up to each 

Autonomous Community to establish the conditions for renewing certificates 

that the owners of the building will have to meet.  

The following diagram shows the steps that a home owner must follow to complete 

the energy certification process:  

 

  Figure 3. Steps to follow to obtain energy certification. Source: IDAE.  
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The practical outcome of the energy certification of buildings is the issue of a 

Building Energy Certificate, a document which, as specified in Royal Decree 

235/2013, must contain at least the following information:  

 

The energy rating (i.e. the classification of the examined building into an energy 

class expressed in terms of a letter from A to G) is stated in the energy certificate. 

Energy ratings are explained in greater depth in the following Lesson of this Module 

7. 

 

 

a) Identification of the building or part thereof to be certified, including its land 

register reference.  

b) Indication of the procedure used in the certification process.  

c) Indication of the energy saving and efficiency regulations in force when it was 

built.  

d) Description of the energy characteristics of the building: thermal envelope, 

heating and lighting installations, normal conditions of operation and occupation, 

conditions of thermal and luminous comfort, indoor air quality, and other data 

used to obtain the building’s energy efficiency rating.  

e) Energy efficiency rating of the building expressed in terms of its energy label.  

f) For existing buildings, a document of recommendations as to how to improve 

the optimum or cost effective levels of energy efficiency of a building or part 

thereof, unless there is no reasonable potential for an improvement of this nature 

in respect of current energy efficiency requirements.  

g) Description of the tests and checks carried out by the authorized technician 

during the energy rating phase.  

h) Fulfilment of the environmental requirements applicable to thermal 

installations. 
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7.4. Energy rating of buildings  

7.4.1. Calculation of the energy rating  

The energy efficiency rating of buildings is the way energy efficiency is quantified. 

This energy rating indicates the energy class of a certified building. The energy 

class is designated with a letter, on a scale of seven letters, starting from the letter 

G (least efficient building) and ending at letter A (most efficient building).  

The information on energy rating is contained in the energy certificate, the 

development of which was explained in the previous lesson of this Module.  

 

Figure 4. Extract of the form for the energy efficiency certification of 

existing buildings. Source: http://www.minetur.gob.es/ 
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The energy class of a building is assigned on the basis of the calculation of some 

indicators used to certify the energy efficiency of the building. These indicators are:  

 Consumption of non-renewable primary energy. Expressed in kWh/m2 

year.  

 CO2 emissions. Expressed in kgCO2/m
2 year.  

By relating several variables of these indices, a parameter is calculated which we 

call the “energy efficiency evaluation index (C)”.  

Energy ratings apply to two types of buildings, in which the energy rating is 

calculated using different parameters: buildings intended for use as homes and 

buildings intended for other uses. The value of C is calculated differently 

depending on the type of building; whether they are buildings intended for use as 

homes and buildings intended for other uses. As a rule, the lower the value of C 

is, the higher is the level of energy efficiency. This is because C is related to the 

amount of CO2 emissions attributable to the building: the lower these emissions, the 

more efficient the building.  

In the following table we can see the ranges of the energy efficiency evaluation 

index corresponding to each class for buildings intended for use as homes: 

Energy rating of buildings intended for use as homes 

Energy rating of the building Energy efficiency evaluation indices 

A C1 < 0.15 

B 0.15 ≤ C1 < 0.5 

C 0.50 ≤ C1 < 1.00 

D 1.00 ≤ C1 < 1.75 

E C1 > 1.75 and C2 < 1.00 

F C1 > 1.75 and 1.00 ≤ C2 < 1.5 

G C1 > 1.75 and 1.50 ≤ C2 

Table 1. Source: Ministry of Development and MINETUR  

As we can see in the table, for buildings intended for use as homes there are two 

indices: C1 and C2. Index C2 is only used when the value of C1 is greater than 

1.75. Indices C1 and C2 are obtained by applying the following formulas: 
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The parameters I0, Ir, R and R´ correspond to values of CO2 emissions or energy 

consumption, which will have been calculated in the energy certification process.  

As we can see, the lower the value of C, the higher is the energy efficiency level. 

This is because C is related to the amount of CO2 emissions attributable to the 

building in comparison with a benchmark building. Similarly, we can say that the 

value of C indicates how the building performs in terms of energy efficiency, in 

comparison with a benchmark building established by the standard.  

Below, in the following table, we can see the ranges of the energy efficiency 

evaluation index corresponding to each class for buildings intended for other 

uses, that is, not homes:  

Energy rating of buildings intended for other uses 

Energy rating of the building Energy efficiency evaluation indices 

A C < 0.40 

B 0.40 ≤ C < 0.65 

C 0.65 ≤ C < 1.00 

D 1.00 ≤ C < 1.3 

E 1.3 ≤ C < 1.6 

F 1.6 ≤ C < 2 

G 2 ≤ C 

Table 2. Source: Ministry of Development and MINETUR 

In the case of the buildings intended for other uses, just one value is set for the 

energy efficiency evaluation index, C. This index is the quotient between annual 

CO2 emissions, or the annual consumption of non-renewable primary energy of the 

building to be certified and the emissions or the consumption of the benchmark 

building.  
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7.4.2. The energy efficiency label. 

All the foregoing information, together with the building’s data, is contained in the 

energy efficiency label. This label is an official document, whose format and 

content is regulated by the State Administration of each country.  

 

According to Real Decree 235/2013, the label must be included in all offers, 

promotions and advertisements intended for the sale, lease or rental of any building 

or home, provided that the building in question is obliged to have an energy 

efficiency certificate.  

The label contains the following interesting data:  

 Data of the building: year of construction, land registry reference, type of 

building, address, etc.  

 Regulation in force when the building was constructed.  

 Energy class assigned (from A to G). 

 Energy consumption, in KWh/m2 a year. 

 Emissions, in kg of CO2/m
2 a year. 

 Registration number. 

 Validity date. 

 

 

The Energy Efficiency Label form: 

In the case of Spain, the official Energy Efficiency Label 

form can be obtained from the Ministry of Industry, Energy 

and Tourism, by following this link: 

http://www.minetur.gob.es/energia/desarrollo/eficienciaenergeti

ca/certificacionenergetica/normativa/documents/2013_07-

04_%20modelo%20etiqueta.pdf 
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 Summary  

 An energy management system (EMS) consists of a set of activities 

undertaken by any entity to improve its energy efficiency, without compromising 

either productivity or wellbeing.  

 An EMS may be developed in any entity, regardless of their type, size, or the 

energy they use. 

 EMSs are based on Continuous Improvement cycles.  

 The implementation of an EMS involves certain costs, both economic and in 

terms of labour. These costs are normally amply offset by the saving generated 

once the EMS is in operation. 

 Standard UNE-EN ISO 50001 establishes the guidelines for developing an EMS 

in a correct and unified manner at an international level. 

 For an EMS to be valid for third parties, it must be certified. Certification is 

obtained by means of an external audit.  

 Setting up and launching an EMS involves a number of phases: 

 Phase I. Initial diagnosis. The baseline is established. 

 Phase II. Energy planning. The energy policy and roadmap are developed. 

 Phase III. Implementation. Start-up of the EMS, according to the planning 

phase. 

 Phase IV. Verification. Check that the EMS is working properly. Evaluation of 

changes and improvements. 

 Phase V. Certification. Certification of the EMS by an external accredited 

entity.  

 The energy certification of buildings is a particular kind of EMS. It is mandatory 

and regulated in Europe by Directive 2010/31/EU of the European Parliament 

and of the Council, and in Spain by Royal Decree 235/2013. 

 The energy certification of a building must be performed by a qualified 

technician. Software tools are used to ensure its correct performance.  
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 The practical outcome of the energy certification of buildings is the issue of a 

Building Energy Certificate. This certificate indicates the building’s energy 

rating, in which the building’s energy class is assigned. 

 The energy class is designated by a letter, on a scale of seven letters, ranging 

from G (least efficient building) to A (most efficient building).  

 The energy efficiency label is an official document, the format and content of 

which is regulated by the General State Administration. It contains key data 

concerning the building; its energy class, energy consumption, and the CO2 

emissions it produces.  
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 Assessment test. Module 1 

Question 1. Society today is over-dependent on… 

 A. Wind energy 

 B.Chemical energy 

 C.Electrical energy 

Question 2. Which of the following groups are fossils fuels? 

 A.Oil, uranium, and the sun 

 B.Coal, oil, and biomass 

 C.Coal, oil, and natural gas 

Question3. What are renewable energies? 

 
A. They are energies that come from in exhaustible sources or resources that 
are renewed if used correctly 

 B. They are energies that have no negative impact on the environment 

 C.They are clean, inexhaustible, low performance energies 

Question 4. Most of the primary energy we use comes from… 

 A. Water power 

 B.Nuclear materials 

 C.Fossil fuels 

Question5. Approximately what percentage of Europe’s total energy 
consumption is attributable to the residential and services sector? 

 A. 15%  

 B.40%  

 C.95% 
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Question 6. Tick the correct statement 

 A. Most European countries are energy dependent on other countries 

 
B.Only the poorer countries of the European Union are energy dependent on 
other countries 

 
C.Most European countries meet their energy needs with their own energy 
resourcesso they do not depend on other countries 

Question7. What factors does sustainable development take into account? 

 A. Social welfare and economic growth 

 B.Environmental protection, social welfare and economic viability 

 C.Atmospheric pollution, climate change and deforestation 

Question 8. Energy efficiency involves… 

 A. Exploring new areas to find new fossil fuel sources 

 B. Investing in subsidies for the sectors with the greatest energy demand  

 C. Saving energy and optimizing its use 

Question 9. Are there any regulations concerning energy efficiency? 

 A. Yes, there are extensive EU and national regulations 

 B. Yes, but these regulations do not yet apply to the European Union 

 
C. No, there are only a series of recommendations drawn up by the 
government of each member state 

Question 10. Energy inefficiency has negative impacts… 

 A. Only on the environment 

 B. On the environmentand on human health 

 C. On the environment, society and the economy 

 
 
 
 
Correct answers: 1-C, 2-C, 3-A, 4-C, 5-B, 6-A, 7-B, 8-C, 9-A, 10-C 
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 Assessment test. Module 2 

Question 1. The regulation and promotion of energy efficiency by mandatory 
standards originates… 

 A. At a regional level, in each autonomous community 

 B.At a national level, in each country 

 C.At a European Community level, inthe European Union 

Question 2. European Directive 2002/91/EC is considered to be the first 
regulation responsible for enforcing compliance with European Union targets 
in the scope of… 

 A. Energy efficiencyin transport  

 B.Energy efficiencyinbuildings  

 C.The reductionofair pollution 

Question 3. This European Directive2002/91/EC was subsequently amended to 
establish a new set of targets for the period 2010-2020, by… 

 A.Directive 2006/32/EC 

 B.Directive 2010/31/EU 

 C.European Directives cannot be amended 

Question 4. One of the most important new developments introduced by 
Directive 2010/31/EU, on the energy efficiency of buildings, was… 

 A. The obligationfor all residential buildings to have an energy certificate 

 
B.That all new buildings must have a close to zero energy consumption, with 
the deadline set for December 31,2020 

 C.The drawing up of National Energy Efficiency Action Plans 

Question 5. Directive 2012/27/EU, onenergy efficiency, proposes a common 
framework of measures for the promotion of energy efficiency in order to 
achieve the target of… 

 A.Reducing energy consumptionby 20% by 2020 

 B.Reducingenergy consumptionby 50% by 2020 

 C.Increasingenergy consumptionby 10% by 2020 
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Question 6. For EC regulations to be effective, each country must enact local 
legislation embodying the objectives of the directive in a process known as… 

 A. Legislationto national law 

 B.Regulationto national law 

 C.Transpositionto national law 

Question 7. At a national level, which regulatory framework derived from 
Directive 2002/91/EC, on the energy efficiency of buildings, was approved in 
Spain? 

 A. The Technical Building Code (CTE) 

 B. Regulations on Thermal Installations in Buildings (RITE) 

 C.Both of the above 

Question 8. In response to Directive 2006/32/EC, on energy end-use efficiency 
and energy service, and Directive 2012/27/EU, which plans were developed in 
each country? 

 A. Economic Issues Saving Plans 

 B.Energy Saving and Efficiency Action Plans 

 C.Construction Activity Promotion Plans 

Question 9. Which of these energy saving measures is not one of the 7 
included in the Energy Saving and Efficiency Action Plan 2011-2020for the 
Building and Equipment Sector,drawn up by the IDAE?  

 A. Energy rehabilitation of the thermal envelope of existing buildings 

 B. Construction or rehabilitation of exterior areas of historic buildings  

 
C.Improvement of the energy efficiency of indoor lighting installations in 
existing buildings 

Question 10. The main impacts on the construction sector arising from the 
implementation of the new energy efficiency regulations are related to… 

 
A. The restoration and rehabilitation of all buildings in a bad state of repair 
and with high energy consumption 

 
B. Compliance with minimum energy efficiency requirements for buildings and 
the need for periodic inspections of thermal installations 

 C. The reduction of the construction of new homes, due to the over-stock of 
housing in the European Union as a whole 

Correct answers: 1-C, 2-B, 3-B, 4-B, 5-A, 6-C, 7-C, 8-B, 9-B, 10-B 
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 Assessment test. Module 3 

Question 1. What is the Technical Building Code (CTE)?  

 A. The regulation that buildings must meet to consume less energy 

 
B.A manual covering the various types of construction and buildings in each 
country 

 
C.The regulatory framework established in Spain governing the basic quality 
requirements that buildings should meet 

Question 2. The Technical Building Code is based on… 

 
A. Directive 2002/49/EC, ofJune25, on the evaluation and management of 
environmental noise 

 
B. Directive 2002/91/EC, of December 16, on the energy efficiency of 
buildings 

 
C.Directive 2002/58/EC, of July12, 2002, on the processing of personal data 
and privacy protection 

Question 3.The CTE’s basic requirements for energy efficient building is set 
forth in the… 

 A.Basic safety requirementsin the event of fire 

 B.Basic noise protection requirements 

 C. Basic requirements for energy saving and thermal insulation 

Question 4. Which of these sectionsis not included in the CTE’s Basic 
Document on Energy Saving? 

 A. Fire protection installations 

 B. Energy efficiency of lighting installations 

 C. Minimum solar contribution for sanitary hot water 

Question 5. The contents and requirements contained in the Basic Document 
on Energy Saving apply to… 

 A. Newly constructed buildings 

 B.Certain extensions and refurbishments 

 C.Both of the above 
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Question 6. What does the Spanish acronym RITE stand for?  

 A. Regulations on Technical Energy Engineering 

 B. Regulations on Thermal Installations in Buildings 

 C.Regulations on Industry, Tourism andEnergy 

Question 7. The current RITE regulations were approved by… 

 A. Royal Decree 1027/1987 

 B.Royal Decree 1027/2007 

 C.Royal Decree 1027/2014 

Question 8. The RITE establishes the conditionsto be met by which 
installations designed to meet the demand for thermal wellbeing and hygiene? 

 A. Heating, air-conditioning and sanitary hot water installations  

 B. Electrical installations and appliances 

 C.Historical buildings 

Question 9. Only one of these energy efficiency requirements is included in 
the RITE. Which one? 

 A. Removal of insulation from equipment and conduits 

 B. Installation of emergency exits in buildings 

 C. Use of available renewable energies, particularly solar energy and biomass 

Question 10. Part II of the RITE, which characterizes and quantifies the 
technical requirements, is called… 

 A. Technical Instructions (IT)  

 B. Technical Interventions (IT)  

 C. Technical Indications (IT)  

 
 

Correct answers: 1-C, 2-B, 3-C, 4-A, 5-C, 6-B, 7-B, 8-A, 9-C, 10-A  
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 Assessment test. Module 4 

Question 1.On average, does energy consumption related to the residential 
sector account for…? 

 A.  An insignificant  part of total energy consumption 

 B. 20% of total energy consumption 

 C. About 40% of total energy consumption 

Question 2. On which of the following parts does energy efficiency in 
buildings focus in particular? 

 
A. The thermal envelope, renewable energy installations, public lighting, and 
boilers 

 
B. The thermal envelope, the internal structure, HVAC installations, lighting 
installations, and SHW systems 

 
C. The thermal envelope, the roof, internal partitions, and heating and cooling 
systems 

Question3. What is bioclimatic architecture? 

 
A. A type of architecture which takes into account a building’s relationship 
with the outside world so as to minimize its energy consumption and 
maximize its sustainability. 

 
B.A type of construction in which it is only permitted to use naturally sourced, 
certified materials  

 
C.A top ten list of architecture best practices to ensure the optimal use of 
renewable energies in a building 

Question 4. What is a passive system? 

 
A. A type of design that controls the variables of the inside of a building in 
order to make use of them to enhance the energy efficiency of that building 

 
B.A system of collection, storage purification and distribution networks for a 
building’s SHW, so that it does not consume outside energy 

 
C.A part of a building that is built to isolate a certain area of that building, so 
that its HVAC system is independent  

Question5. What is considered to be the best orientation of the facade with 
most openings to the outside in terms of optimizing energy efficiency? 

 A. South-facing, in all cases 

 B.South-facing in the northern hemisphere and north-facing in the southern 
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hemisphere 

 C.West-facing, preferably 

Question 6. In bioclimatic architecture, what is solar energy used for? 

 
A. It is considered to be an energy source of little use; it is preferable to look 
for alternative renewable energy sources 

 B.It is very important for the functioning of all of a home’s domestic appliances  

 
C. It is the energy corner stone of a building. It is essential to passive systems 
and is used for heating and cooling, for obtaining SHW,and for generating 
electricity 

Question 7. What type of renewable energies can be used for energy efficient 
buildings?  

 A. Solar energy, wind energy,and biomass 

 B. Geothermal energy 

 C. All of the above 

Question8. What type of materials should be used in energy efficient 
buildings? 

 A. Materials from the same area where the building is located 

 B. Any materials that enable costs to be cut 

 C.Thermal insulation materials 

Question9. Energy labels for domestic appliances… 

 A. Are only mandatory for fridges 

 
B. Assign an energy class to domestic appliances according to their energy 
consumption 

 
C. Tell us about the country of origin of the domestic appliance, the materials 
used in its manufacture, and the proper way to use it 

Question 10. Which of the following statements about zero energy 
consumption buildings is correct? 

 A. Zero energy consumption buildings are already a reality 

 
B. There are studies that show we will be able to build zero consumption 
buildings by 2020  

 
C. Today, zero energy consumption buildings are only effective in tropical 
areas 

Correct answers: 1-C, 2-B, 3-A, 4-A, 5-B, 6-C, 7-C, 8-C, 9-B, 10-A  
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 Assessment test. Module 5 

Question 1. What relationship is there between energy efficiency and the 
professional masonry sector?  

 
A. Second only to the design of the building, construction work, in which 
masonry plays a major role, determines a large percentage of the energy 
consumption of a building, since it affects a building’s structure 

 
B. The masonry sector influences energy efficiency through the materials 
used and their contribution to proper insulation 

 C. A and B are both correct 

Question 2. Which document specifies the legal requirements on energy 
efficiency in the construction sector? 

 A. The Technical Building Code 

 B. Directive 2010/31/EU 

 C. Neither of the above 

Question 3.What is the thermal envelope of a building? 

 A. It is a synonym for the roof of a building 

 
B. It is a concept similar to the “skin” of a building. It is formed by the parts 
that separate the building from the outside world 

 
C. It consist of an external layer of insulation which only exists in some 
buildings 

Question 4. What are the main components of the thermal envelope? 

 A. The roof and the top floor 

 B. The facade, the floor and the windows  

 C. The facade, the roof and the closures 

Question 5. Approximately what proportion of the energy consumed in a 
building is accounted for by losses through the envelope? 

 A.A minimal percentage, never more than 5% of the total 

 B. In the region of 25% in severe climates and 20% in mild climates 

 C. Approximately half (50%)  
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Question6. What does the insulation of the thermal envelope refer to? 

 
A. The physical separation by empty spaces or cavities between the envelope 
and any external element that does not form part of the building 

 
B. The thermal independence of a building, in order to reduce its energy 
demand 

 C. The waterproofing of the roof, in order to prevent damp 

Question 7. Which three parameters must be considered when addressing the 
insulation of a thermal envelope? 

 A. The facade, roof and closures 

 
B. The limitation of the energy demand, the control of imbalances and the 
limitation of condensation 

 
C. The thermal transmittances of the roof, the facade and the interior 
partitions 

Question8. Requirements concerning the limitation of energy demand apply 
to… 

 A. All existing buildings 

 B. All new buildings with over 100 m2ofuseful floor area 

 C. All new buildings 

Question 9.Thelimit value for the energy demand of a building… 

 A. Is constant, at 25 kWh/year 

 B. Is variable, depending on the size of the building 

 C. Is variable, depending on the climate zone where the building is situated 

Question10. The imbalances and condensation of a building… 

 A. May not exceed a certain limit value 

 B. Are not covered by a legal requirement in residential buildings 

 C. Are not permitted in newly constructed buildings 

 

Correct answers: 1-C, 2-A, 3-B, 4-C, 5-C, 6-B, 7-B, 8-C, 9-C, 10-A 
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 Assessment test. Module 5 

Question 1. What is the name of the document that sets forth the energy 
efficiency requirements of the electricity sector? 

 A. Technical Efficiency Code (CTE)  

 B. Technical Building Code(CTE)  

 C. Technical Energy Code(CTE) 

Question 2. The consumption of some devices in homes, such as domestic 
appliances, can account for… 

 A. A quarter of the building’s total energy consumption 

 B. Half the building’s total energy consumption 

 C. Practically all the building’s energy consumption 

Question 3.In the field of electricity, another aspect that accounts for a major 
energy consumption is… 

 A. Biomass installations 

 B. The thermal insulation of pipes 

 C. The lighting of buildings and homes 

Question 4. To ensure that the requirements established in the CTE are met 
there are a series of Basic Documents (DB) setting out… 

 A. The documents and papers that need to be provided 

 B. The installations and types of energy with a lower economic cost 

 C. The procedures to follow, the technical rules, and examples of solutions. 

Question 5. In its technical requirements for electrical installations, the Low 
Voltage Electro-technical Regulation (REBT) considers… 

 A. The characteristics required for them to be more energy efficient 

 B. The promotion of energy consumption 

 C. The appropriate colour and size of the installations 
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Question 6. Section HE3 of the CTE sets forth the minimum energy efficiency 
requirements for indoor lighting, which apply… 

 A. Only to newly constructed buildings 

 B. To buildings built over 20 years ago 

 C. To new buildings and certain interventions 

Question 7. The energy efficiency of a lighting installation in a zone is 
determined by… 

 A. The energy efficiency value of the installation (VEEI) 

 B. The glazed area of a window(Aw) 

 C. The total illuminated surface area(S)  

Question 8. Which of these statements does not appear in Section HE3 of the 
CTE concerning energy efficiency in lighting? 

 A. Each zone must have at least one manual on-off switching system 

 B. Systems for harvesting natural light will be installed 

 
C. Under no circumstances is the use of lighting control and regulation 
systems recommended 

Question 9. The energy labelling of domestic appliances is aimed at… 

 A. Informing the user of the age and price of the domestic appliance 

 B. Achieving lower energy consumption and higher energy efficiency 

 C. A and B are both correct 

Question 10. In the new energy efficiency labels, modified in 2011, the most 
efficient Energy Class is… 

 A. D 

 B. A+++ 

 C. A 

 

Correct answers: 1-B, 2-A, 3-C, 4-C, 5-A, 6-C, 7-A, 8-C, 9-B, 10-B 
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 Assessment test. Module 5 

Question 1. Where are the efficiency requirements for the plumbing sector and 
SHW and HVAC installations to be found?  

 A. In the Technical Building Code (CTE)  

 B. In the Regulations on Thermal Installations in Buildings (RITE)  

 C. In both the CTE and the RITE 

Question 2. In the CTE, one of the most important Basic Requirements for the 
plumbing sector and for thermal installations is… 

 A. Basic Requirement HE1. Limitation of energy demand 

 B.Basic Requirement HE3. Energy efficiency of lighting installations 

 C. Basic Requirement HE4. Minimum solar contribution of sanitary hot water 

Question 3.Regarding RITE, which of the following energy efficiency 
requirements are not covered by these regulations? 

 A. Use of systems based on non renewable energies 

 B. Better insulation of equipment and conduits carrying thermal fluids 

 C. Greater energy efficiency in heat and cold generation equipment 

Question 4. In which cases do the requirements specified in the RITE apply? 

 A. Only for the thermal installations of newly constructed buildings 

 B. Whenever the installations are in poor condition 

 
C. For the thermal installations of newly constructed buildings and for thermal 
installations upgraded in existing buildings 

Question 5. The RITE specifies that all pipes and accessories, together with all 
their associated equipment, devices and tanks, must be fitted with… 

 A. An automatic control system 

 B. Thermal insulation, incertain cases 

 C. An energy efficiency label 
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Question 6. Basic Requirement HE 4 of the CTE states that in buildings with 
an SHW demand, if it is so provided in the building code, part of the thermal 
energy needs resulting from that demand will be met by the inclusion of… 

 A. Systems for the capture, storage and use of low temperature solar energy 

 B. Photovoltaic solar energy systems 

 C. Systems for limiting the use of conventional energy 

Question 7. The percentage of minimum annual solar contribution for SHW 
required by the CTE depends on… 

 A. The average daily temperature of the location in question 

 B. The total SHW demand of the building (l/d) and the climate zone 

 C. The incident solar radiation available in summer 

Question 8. According to the CTE, what is the optimum orientation of solar 
energy capture installations? 

 A. To the east or to the west 

 B. To the south 

 C. The orientation is of no importance 

Question 9. According to the provisions of the CTE, what type of protective 
measures would it be necessary to adopt if the energy demand were to be 
exceeded in the solar thermal installation?  

 A. Protective measures against overheating 

 B. Protective measures against emptying 

 C. Fully dismantle the installation 

Question 10. What does the CTE prohibit in relation to solar installation 
equipment? 

 A. Installing the equipment on the roof tops of buildings 

 B. Having a solar storage system 

 C. Having an auxiliary generation system 

 

Correct answers: 1-C, 2-C, 3-A, 4-C, 5-B, 6-A, 7-B, 8-B, 9-A, 10-C 
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 Assessment test. Module 5 

Question 1. In which set of regulations are current requirements governing 
thermal plant installations to be found?  

 A. In the Technical Building Code (CTE) 

 B. In the Regulations on Thermal Installations in Buildings (RITE) 

 C. In both the CTE and the RITE 

Question 2. Of the main energy efficiency measures related to thermal plant 
installations, which of the following stand out as being particularly important? 

 A. Systems making use of renewable energies 

 B. Water saving systems 

 C. Low consumption lighting systems 

Question 3.Which two Basic Requirements of the Technical Building Code 
have most bearing on thermal installations?  

 A. Basic Requirements HE1 and HE2 

 B. Basic Requirements HE2 and HE4 

 C. No Basic Requirement refers to these installations 

Question 4. Which of these energy efficiency requirements is not mentioned in 
the RITE?  

 
A. The use of available renewable energies, particularly solar energy and 
biomass 

 B. Improved insulation of the equipment and conduits carrying thermal fluids 

 C. The use of fossil and non-renewable energies such as coal 

Question 5. Among the requirements relating to heat generation set forth in 
the RITE, one specifies that boilers using biomass must have a minimum 
instantaneous efficiency of… 

 A. 0.5%  

 B. 7.5%  

 C. 75%  
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Question 6. Which of these statements referring to requirements for HVAC 
installations is specified in RITE… 

 A. All thermal installations must be fitted with automatic control systems 

 B. Under no circumstances must renewable energy sources be used 

 C. Installations using free-cooling systems should be avoided 

Question 7. Section HE4 of the Technical Building Code sets out all the 
requirements to be met in relation to… 

 A. Energy efficiency of lighting installations 

 B. Minimum solar contribution for sanitary hot water 

 C. Minimum photovoltaic contribution to electrical energy 

Question 8. The percentage of minimum annual solar contribution for SHW 
required by the CTE depends on… 

 A. The average daily temperature of the location 

 B. The total SHW demand of the building (l/d) and the climate zone 

 C. The incident solar radiation available in summer 

Question 9. According to the CTE, what type of protective measures should be 
taken if the energy demand is exceeded by the solar thermal contribution? 

 A. Protective measures to ensure the water proofing of the installation 

 B. Reduction measures to minimize the noise generated by the installation 

 C. Protective measures against overheating 

Question 10. With regard to solar equipment installations, the CTE does not 
allow… 

 A. The installation of an auxiliary generation system 

 B. The installation of solar equipment on the flat roofs of buildings 

 C. The installation of solar equipment in communal areas of buildings 

 
 

Correct answers: 1-C, 2-A, 3-B, 4-C, 5-C, 6-A, 7-B, 8-B, 9-C, 10-A  
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 Assessment test. Module 5 

Question 1. What relationship is there between energy efficiency and the 
professional carpentry sector?  

 
A. The energy consumption of a building partly depends on the carpentry 
used for windows and doors 

 
B. The carpentry sector has an impact on energy efficiency due to the 
materials used, which help achieve proper insulation 

 C. A and B are both correct  

Question 2. Which is the document that sets forth the legal requirements on 
energy efficiency in construction? 

 A. Directive 2010/31/EU 

 B.DB HE Energy Saving, of theTechnical Building Code (CTE) 

 C. DB SE Structural Safety, of theTechnical Building Code (CTE) 

Question 3.What is meant by the thermal envelope of a building? 

 
A.A theoretical layer, 10 cm thick, around the outside of a building, on which 
depends its thermal characteristics 

 
B.The parts that separate the building from the outside; in other words its 
“skin” 

 C. The outer facade of the building 

Question 4. Which of these components do not form part of the thermal 
envelope? 

 A. The roof of the building 

 B. The facade of the building 

 C. The upper floor of the building 

Question 5. What  percentage  of energy  saving can be achieved by the 
proper insulation of the thermal envelope of a building? 

 A.In the region of 60%  

 B. Less than 10% in all cases 

 C .Between 10% and 25%, depending on the climate zone 
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Question 6. What is meant by the insulation of the thermal envelope? 

 
A. The thermal independence of the building, in order to reduce its energy 
demand 

 
B. The physical separation of  the building from its outside, by means of 
hollow spaces or cavities 

 C. The water proofing of the roof and facade to prevent the formation of leaks 

Question 7. Which three parameters is it necessary to consider when 
addressing the insulation of the thermal envelope? 

 A. The floor, the facade and the closures 

 
B. The limitation of the energy demand, the control of imbalances, and the 
limitation of condensation 

 
C. The thermal transmittance of the facade, the solar heat gain coefficient of 
the glass, and the air permeability of the openings 

Question8. The limitation of energy demand is a requirement that must be met 
by: 

 A. All buildings built before the year 2000 

 B. New buildings with over 50 m2 of useful floor area 

 C. All newly constructed buildings 

Question 9.The total energy demand of a building takes into account: 

 A. The energy demand of heating and of cooling 

 B. The energy demand of heating 

 
C. The energy demand of heating and the energy demand of domestic 
appliances 

Question10. To limit thermal imbalances and condensation in a building:  

 
A.  A limit value is set, which varies depending on the climate zone and the 
type  of building 

 B. Some non-mandatory recommendations are provided 

 
C. There must not be either thermal imbalances or condensation in new 
buildings 

 

Correct answers: 1-C, 2-B, 3-B, 4-C, 5-A, 6-A, 7-B, 8-C, 9-A, 10-A 
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 Assessment test. Module 6  

Question 1. At present, the implementation of energy efficiency measures in 
buildings in general and in masonry in particular…  

 A. Is an obligation under European and national legislation 

 
B. Is under development; these measures are expected to be mandatory by 
2020  

 C. Is a recommendation, but never an obligation  

Question 2. In order to meet CTE requirements on the limitation of the energy 
demand of buildings, it is necessary to… 

 A. Fully weatherproof the building  

 B. Properly insulate the envelope  

 C. Install very powerful boilers  

Question 3. Which elements of the thermal envelope must be properly 
insulated? 

 A. The facade, the roof and the openings  

 B. The facade and the top floor  

 C. The roof and the top floor 

Question 4. The materials that should be used in the energy efficient 
construction of a building’s envelope are… 

 A. Special, hard-wearing materials  

 B. Economical materials  

 C. Thermally insulating materials 

Question 5. What characterizes thermally insulating materials? 

 A. They have a good price/quality ratio 

 B. They have a high thermal conductivity 

 C. They have a low thermal conductivity 
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Question 6. Which of these groups of materials is thermal insulation made 
of…?  

 A. Copper, iron, concrete and PVC  

 B. Mineral wool, polystyrene and polyurethane 

 C. Rock wool, propylene and PVC 

Question 7. Thermal rehabilitation in existing buildings… 

 
A. Is best done when it is necessary to undertake a refurbishment or upgrade 
for other reasons 

 
B. Is very advisable in severe climate zones but an unnecessary expense in 
mild climates  

 
C. Always involves a major refurbishment which will greatly inconvenience  
residents and users of the building  

Question 8. The thermal insulation of the facade and roof may be performed… 

 A. From the inside 

 B. From the outside 

 C. From the inside or from the outside 

Question 9. To thermally rehabilitate the facade of a building when you do not 
wish to lose useful space inside the home, what might be the first solution to 
consider? 

 A. Insulation from the inside with expanded polystyrene 

 B. Coating of extruded polystyrene from the outside 

 C. Insulation by injection of polyurethane foam in cavities 

Question 10. What has been done to encourage the implementation of energy 
efficiency measures in Spain? 

 
A. National and regional assistance plans and programmes have been 
developed, such as the Energy Saving and Efficiency Action Plan and the 
PAREER Programme 

 B. No measures have been adopted in this respect 

 
C. There are subsidies from the IDAE for the energy rehabilitation of buildings 
for tertiary sector use only 

 

Correct answers: 1-A, 2-B, 3-A, 4-C, 5-C, 6-B, 7-A, 8-C, 9-B, 10-A  
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 Assessment test. Module 6 

Question 1. One of the most important energy efficiency measures in the 
scope of electricity and lighting is… 

 A. The installation of biomass boilers 

 B. The thermal insulation of pipes and other conduits  

 C. The implementation of lighting control and regulation systems 

Question 2. Is the installation of presence detector systems for lighting 
specified in the CTE?  

 A. No, their use is not regulated by the Technical Building Code 

 B. Yes, for all the building 

 C. Yes, but only for infrequently used areas 

Question 3.How much savings can be achieved by the use of presence 
detector systems for lighting? 

 A. 1% 

 B. Up to 90% 

 C. There is no saving, since consumption is actually increased 

Question 4. Natural light harvesting systems mean… 

 A. Lower energy consumption, economic savings, and greater comfort 

 B. A significant increase in the economic cost 

 C. The need to install more light bulbs inside buildings 

Question 5. Of all the different types of light bulbs and luminaries currently 
available, which do you think consume most energy?  

 A. LED light bulbs  

 B. Conventional incandescent light bulbs 

 C. Compact fluorescent lamps 
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Question 6. The energy labels of domestic appliances show… 

 A. The energy efficiency of each domestic appliance 

 B. The price of each domestic appliance 

 C. The country of manufacture of each domestic appliance 

Question 7. Which of the following domestic appliances do you think is the 
most energy efficient?  

 A. A class B appliance 

 B. A class A+ appliance 

 C. A class A+++ appliance 

Question 8. Which of these measures is not included in the Energy Saving and 
Efficiency Action Plan 2011-2020?  

 A. Increasing the lighting power throughout the building 

 
B. Improving the energy efficiency of indoor lighting installations inexisting 
buildings 

 C. Improving the energy efficiency of the stock of domestic appliances 

Question 9. What does the Spanish acronym PAREER stand for in the 
PAREER Programme developed by the Institute for Energy Diversification and 
Saving? 

 A. Energy Resources Saving and Renewable Energies Programme 

 
B. Aid Programme for the Energy Rehabilitation of Existing Buildings in the 
Residential sector 

 
C. Programme for the Extension of the Restoration of Buildings in a Ruinous 
State 

Question 10. Among the Renove Plans aimed at improving domestic 
appliances in homes are… 

 A. Renove Plan for domestic appliances 

 B. Renove Plan for boilers 

 C. A and B are both correct 

 

Correct answers:1-C, 2-C, 3-B, 4-A, 5-B, 6-A, 7-C, 8-A, 9-B, 10-C  
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 Assessment test. Module 6  

Question 1. Sanitary hot water (SHW) installations…  

 A. Can account for a major part of energy consumption  

 B. Scarcely consume energy in buildings  

 C. Are obsolete in most existing buildings 

Question 2. According to the provisions of the CTE, what type of energy 
should be used to provide a percentage of SHW consumption in certain 
cases?  

 A. Energy from biomass 

 B. Solar thermal energy  

 C. Any type of non-renewable energy  

Question 3. Which of the following types of systems do not form part of a 
solar thermal installation for hot water?  

 A. Capture systems  

 B. Storage systems  

 C. Mobility systems 

Question 4. What are the two most common types of thermal installation 
systems in multi-home buildings?  

 A. Distributed capture and centralized capture 

 B. Distributed storage and centralized storage 

 C. Centralized storage and decentralized storage 

Question 5. Among the energy efficiency measures aimed at air-conditioning 
installations, which systems stand out as being particularly important?  

 A. Solar energy harvesting systems 

 B. Free-cooling systems 

 C. There are no types of efficiency measures for this area  
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Question 6. Which of all the different types of heating boilers on the market 
are the most energy efficient…  

 A. Standard boilers 

 B. Low temperature boilers 

 C. Condensing boilers 

Question 7. In which set of regulations is it specified that all pipes and 
accessories, and all equipment, devices and tanks of thermal installations, 
must be fitted with thermal insulation?  

 A. In the Technical Building Code (CTE) 

 B. In the Regulations on Thermal Installations in Buildings  (RITE) 

 C. This aspect is not regulated by any regulation 

Question 8. The thickness of the insulation of pipes and conduits depends on 
two variables. What are they?  

 A. The diameter of the pipe and the maximum temperature of the fluid  

 B. The length and diameter of the pipe  

 C. The location of the pipe in the building and the type of material it is made of 

Question 9. What does the Spanish acronym PAREER stand for in the 
PAREER Programme developed by the Institute for Energy Diversification and 
Saving?  

 A. Energy Resources Saving and Renewable Energies Programme 

 
B. Aid Programme for the Energy Rehabilitation of Existing Buildings in the 
Residential sector 

 
C. Programme for the Extension of the Restoration of Buildings in a Ruinous 
State  

Question 10. Among the Renove Plans aimed at improving the HVAC 
installations of buildings are…  

 A. Renove Plan for Boilers  

 B. Renove Plan for Air-Conditioning  

 C. A and B are both correct  

 
 

Correct answers: 1-A, 2-B, 3-C, 4-B, 5-B, 6-C, 7-B, 8-A, 9-B, 10-C  
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 Assessment test. Module 6 

Question 1. In which of these installations can the heating be produced using 
biomass?  

 A. In low power boilers for single family homes or small buildings 

 
B. In boilers designed for a block or building of homes, acting as centralized 
heating installations 

 C. In both the above 

Question 2. What type of biomass boilers are most energy efficient?  

 A. Adapted conventional boilers 

 B. Condensing boilers 

 C. All biomass boilers are equally efficient 

Question 3.Theuseofsolar thermal energy for heat production… 

 A. Is already in place in practically every building and home 

 B. Is ideal as a way of preheating water to not very high temperatures 

 
C. The technology for harvesting solar energy to use in heating systems does 

not yet exist 

Question 4. The use of solar thermal installations in SHW systems is 
becoming increasingly more popular because… 

 A. It is regulated in current standards, specifically in the CTE 

 B. They are completely free installations 

 C. Temperatures and solar radiation are increasing due to climate change 

Question 5. The combined use of which of the groups of energy sources listed 
below is interesting from the point of view of using renewable energies in 
building? 

 A. Coal, oil and natural gas 

 B. Solar thermal energy and biomass 

 C. No renewable energy sources can be combined 
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Question 6. Combined energy production systems can be applied to various 
types of installations, such as… 

 A. Building lighting and heating systems 

 B. Heating and SHW production systems 

 C. They are only used for the production of sanitary hot water 

Question 7. Which of these statements is false?  

 
A. Geothermal heat pumps can be used for many types of buildings and offer 
a wide range of advantages 

 
B. The use of geothermal heat pumps is another efficiency energy measure 
that enables us to reduce the energy consumption of a building 

 
C. Geothermal heat pumps are only used in Spain and in no other country in 
Europe 

Question 8. Broadly speaking, how do geothermal heat pumps work?  

 
A. They make use of the steam that emanates from the Earth’s surface to 
generate electricity via a turbine 

 
B. They make use of the temperature difference between a building, for 
example, and the ground by exchanging heat 

 C. They make use of the energy released by the combustion of pellets 

Question 9. Which of the following tasks is not one of the phases required by 
the installation of geothermal heat pumps?  

 A. Raising the ground and covering it over with cement 

 B. Drilling in the ground, and excavating and filling trenches 

 C. Setting up of the collectors  

Question 10. What does the Spanish acronym PAREER stand for in the 
PAREER Programme developed by the Institute for Energy Diversification and 
Saving? 

 A. Energy Resources Saving and Renewable Energies Programme 

 
B. Aid Programme for the Energy Rehabilitation of Existing Buildings in the 
Residential sector 

 
C. Programme for the Extension of the Restoration of Buildings in a Ruinous 
State 

 

Correct answers:1-C, 2-B, 3-B, 4-A, 5-B, 6-B, 7-C, 8-B, 9-A, 10-B 
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 Assessment test. Module 6  

Question 1. At present, the implementation of energy efficiency measures in 
buildings in general and in carpentry in particular…  

 A. Is an obligation under European and national legislation  

 B. Is an exceptional obligation, applicable to certain emblematic buildings  

 
C. Is the subject of a series of recommendations which will not become 
mandatory until 2020  

Question 2. According to CTE requirements on the limitation of the energy 
demand of buildings, it is necessary… 

 A. To use certain mandatory materials for the construction of the envelope  

 B. To properly insulate the thermal envelope of the building  

 C. To waterproof the roof 

Question 3. The insulation of the thermal envelope must include… 

 A. The facade, the roof, and the openings  

 B. The facade, the top floor, and the openings  

 C. The roof, the ground floor, and the openings  

Question 4. Tick the correct statement 

 A. Glazed closures are not subject to any requirement according to the CTE  

 B. Glazed closures must meet CTE requirements in climate zones A and B 

 C. Openings form part of the envelope, so glazed closures must meet CTE 
requirements 

Question 5. Tick the correct statement  

 
A. The rehabilitation of glazed closures is a highly recommended energy 
rehabilitation measure due to its simplicity and its efficacy 

 
B. The rehabilitation of glazed closures is recommended only when it is 
necessary to undertake other refurbishments for other reasons  

 
C. The rehabilitation of glazed closures is a measure that tends to have very 
little impact on the overall energy balance of a building 

Question 6. Simple monolithic glass…  
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 A. Is a good option for north facing exterior windows in colder climates  

 B. Is a good alternative to low emissivity glass  

 C. Is not very suitable for exterior windows 

Question 7. The type of carpentry that provides the best thermal performance 
in closures is… 

 A. Three-cavity PVC carpentry 

 B. Metal carpentry with thermal bridge break  

 C. Simple metal carpentry  

Question 8. What is the main drawback of wood carpentry? 

 A. Its thermal performance is very poor   

 B. Its maintenance is costly and complicated  

 
C. In the past, its maintenance, but thanks to the quality of the wood and the 
treatments used today this is no longer a problem  

Question 9. If we consider a north facing facade in a locality belonging to 
climate zone D3 with a percentage of openings of 20%, what would the limit 
thermal transmittance (U) of the openings be?  

 A. 3.5 W/m2K  

 B. 3.0 W/m2K  

 C. 1.9 W/m2K  

Question 10. What has been done to encourage the implementation of energy 
efficiency measures in Spain?  

 
A. National and regional assistance plans and programmes have been 
developed, such as the Energy Saving and Efficiency Action Plan and the 
PAREER Programme 

 B. No measures have been adopted in this respect  

 
C. There are subsidies from the IDAE for the energy rehabilitation of buildings 
for tertiary sector use only  

 

Correct answers: 1-A, 2-B, 3-A, 4-C, 5-A, 6-C, 7-A, 8-C, 9-B, 10-A  
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 Assessment test. Module 7 

Question 1.Whatisan Energy Management System (EMS)? 

 
A. A complete set of actions undertaken by a large company to optimize 
energy saving in processes 

 
B. A system where by a certificate is granted to a company guaranteeing the 
proper energy management of that company 

 C. Any set of actions undertaken by any entity to improve its energy efficiency 

Question 2. The implementation of an EMS… 

 A.Is free and is performed by an external certifying agency 

 
B. Involves some costs in terms of staffing and funding, which tend to be 
amortized by the system itself 

 C. Involves major economic costs that can only be borne by large companies 

Question3. Which standard provides the guidelines for the correctand unified 
development of an EMS? 

 A. Standard UNE-EN ISO 50001 

 B. Standard UNE-EN ISO 9001 

 C. There is no regulatory standard 

Question 4. What advantages does the implementation of an EMS have? 

 A. There is no advantage, but it is a procedure that must be performed 

 
B. It improves the environment, enhances the quality of the company, and 
saves money 

 C. It saves money in the short-term and prevents climate change 

Question 5. What is the difference between an EMS and a certified EMS? 

 A. A certified EMS is valid for third parties  

 B. A certified EMS is only valid in European Union countries 

 C. A certified EMS is only intended for large companies 
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Question6. What are the main phases of EMS certification? 

 
A. Initial diagnosis of the situation, energy planning, implementation of 
measures, verification of measures, and certification of the EMS 

 
B. Request for certification, approval, implementation and, if necessary, error 
correction 

 
C. Drawing up of the energy policy, implementation of measures, and 
verification by senior management 

Question 7.In the building sector 

 A. Energy management systems are not used 

 
B. It is not advisable to apply energy efficiency measures nor to embark on 
any energy certification process for new buildings 

 
C. Energy certification is mandatory and regulated by European and national 
regulations 

Question 8. The outcome of energy certification of buildings is 

 
A. The energy rating of the building, expressed as a number from 1 (most 
efficient) to 6 (least efficient) 

 
B. The energy rating of the building, expressed as a letter from A (most 
efficient) to G (least efficient) 

 
C. A certificate indicating the energy properties of the building which is for the 
sole use of the corresponding Autonomous Community 

Question9. Who can carry out the energy certification of a building? 

 A. Anyone 

 B. A public official 

 C. Only an authorized technician 

Question10. Given two buildings, one with a class A energy rating and the 
other with a class D energy rating, which of the following statements is 
correct? 

 A. The class A building must be south-facing 

 B. The class A building is more energy efficient than the class D one 

 C. The class D building solder than the class A one 

Correct answers: 1-C, 2-B, 3-A, 4-B, 5-A, 6-A, 7-C, 8-B, 9-C, 10-B  
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