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Abstract 
The major climatic problem has been worsening extremely rapidly over the last decades and if 
no measures are taken soon, we will experience severe consequences over the years to come. 
It is therefore imperative to take instant actions to slow down the climatic changes that are 
also causing crucial health problems in different parts of the planet. The basis of this thesis is 
that both Energy Performance Certification (EPC) and Green Building (GB) aim to reduce 
carbon dioxide emission within the building sector which accounts for more than 40% of the 
total energy use both locally and globally. This thesis discusses and compares the 
environmental impacts made by Green Building and Energy Performance Certification in 
order to evaluate how different or similar they are in terms of energy performance efficiency 
of buildings. 
 
In order to accumulate as much facts and resources possible, research was done to find 
reliable internet sources and relevant books which took approximately two weeks. The rest of 
the ten weeks that were assigned for this project were spent writing this thesis while taking 
practical part in an Energy Performance Certification process and evaluation. There are three 
questions that this thesis is aimed to answer, which are: 
- How is Energy Performance Certification beneficial for our community welfare? 
- Why should owners/occupiers choose to transform their houses/buildings to Green 

Building certified constructions? 
- Is there a way of combining Energy Performance Certification with Green Building? 
 
There are many benefits that our Swedish and European Community can gain from applying 
Energy Performance Certification of building according to the Directive, including reducing 
carbon dioxide emission and introducing alternative and renewable sources of energy. As to 
whether GB is better than EPC or vice versa, there is ultimately a very fine line that divides 
the two. When comparing new constructions of EPC with new constructions of GB the only 
benefits that can be gained from GB are firstly that the buildings are guaranteed to be 
completely environmental friendly, and secondly that the owner/occupier may choose 
between four different levels of certifications. Other than that, they both have many similar 
beneficial factors which make it difficult to a state if one of them is better than the other. 
 
Lastly, it is very possible to combine the two into one complete standard, but only for new 
constructions. The energy performance of old existing buildings is much more difficult to 
improve due to e.g. the high costs involved or the cultural value of the constructions. 
Nevertheless, this may very well change in the further future when the rapidly improving 
technology within the building sector will hopefully contribute to finding cost- and energy-
efficient solutions for existing buildings that will consequently contribute to GB and EPC 
being able to combine their regulations and make one single standard that can be applied in all 
the Member States, or if possible in the entire European Union Community. 
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Sammanfattning 
De allvarliga klimatproblemen har förvärrats i oerhört snabb takt under de senaste 
decennierna och om inget görs snart, kommer vi att få uppleva allvariga konsekvenser under 
de kommande åren. Det är därför absolut nödvändigt att agera snabbt för att bromsa ner 
klimatförändringarna som också orsakat allvarliga hälsoproblem i många delar av jorden. 
Utgångspunkten för detta examensarbete är att både Energideklarationen och Green Building 
strävar efter att minska koldioxidutsläpp inom byggsektorn, som ansvarar för mer än 40 % av 
den totala energiförbrukningen i Sverige och utomlands. Detta arbete diskuterar och jämför 
Green Buildings och Energideklarationens påverkan på miljön för att sedan kunna evaluera 
hur pass lika eller olika de är när det gäller energiprestandaeffektiviteten av byggnader. 
 
För att kunna samla så mycket information som möjligt gjordes en undersökning för att hitta 
pålitliga Internetkällor och relevanta böcker. Undersökningen tog ungefär två veckor. Resten 
av de tio veckorna som var tilldelade för detta examensarbete användes för att skriva denna 
rapport samt praktiskt delta i en Energideklarationsprocess samt värdering. Det finns tre 
frågor som detta examensarbete syftar på att besvara, som är: 
- Hur viktig är Energideklaration för vårt samhälles välbefinnande? 
- Varför ska fastighetsägare välja att bygga/omvandla sina hus till Green Building? 
- Finns det något sätt att kombinera Energideklaration med Green Building? 
 
Det finns många fördelar för det svenska samt europeiska samhället med att tillämpa 
Energideklaration enligt Direktivet. Fördelarna inkluderar minskning av koldioxidutsläppen 
samt introducering av alternativa förnybara energikällor i byggnader. Dock är det i slutändan 
små faktorer som skiljer Green Building och Energideklaration åt och det är därför svårt att 
säga om den ena är bättre än den andra. Vid jämförelse av nya EPC konstruktioner med nya 
GB konstruktioner är den enda fördelen med GB först och främst att byggnaden är garanterad 
att vara helt miljövänlig samt att ägaren har möjligheten att välja mellan fyra olika 
certifieringsnivåer. Förutom detta, har båda två många likheter som gör det svårt att bedöma 
om den ena av dem är effektivare än den andra. 
 
Det är dessutom mycket möjligt att kombinera dessa två till en enda komplett standard, dock 
endast för nya konstruktioner. Gamla befintliga byggnaders energiprestanda är mycket svårare 
att förbättra på grund av t.ex. för höga kostnader eller det kulturella värdet av byggnaderna. Å 
andra sidan kan detta mycket väl ändras i framtiden då den snabbt utvecklade teknologin 
inom byggsektorn förhoppningsvis kan bidra till att hitta kostnads- och energieffektiva 
lösningar för befintliga byggnader som kan i sin tur leda till att GB och EPC kombineras till 
en enda standard som kan tillämpas i alla Medlemsstater, eller även i hela Europa om möjligt. 
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1 Introduction 
This thesis gives an introduction to the Directive of the European Parliament and of the 
Council on energy performance of buildings as well as the Green Building LEED standard 
(Leadership in Engineering and Environmental Design). It will give the reader a general idea 
of what each of the above mentioned mean and of what could be accomplished by them. 
 

1.1 Background  
This project was done at Heating Consult i Linköping AB, an accredited company certified by 
Swedac to execute Energy Performance Certification of all types of buildings. The reason for 
why Heating Consult requested this project is due to future plans of becoming a Green 
Building Endorser and the idea behind this thesis is to maintain a larger understanding of 
Green Building in comparison to Energy Performance Certification. The background 
information will be referred to in sections 2.1.1 and 3.1.1 respectively due to the major extend 
of the facts behind EPC and GB. 
 

1.2 Aims and questions 
The aims of this project are to clarify the importance of Energy Performance Certification and 
Green Building on the environment and see if there is a way to combine the two in order to 
improve the quality of buildings. The questions that we wanted to get answers to with the help 
of this thesis were: 
- How is Energy Performance Certification beneficial for our community welfare? 
- Why should owners/occupiers choose to transform their houses/buildings to Green 

Building certified constructions? 
- Is there a way of combining Energy Performance Certification with Green Building? 
 

1.3 Method 
The time schedule set for this project was divided in a way to include the following tasks: 
- Finding reliable and relevant sources of information. 
- Executing the theoretical part of both Energy Performance Certification and Green 

Building. 
- Taking practical part in an Energy Performance Certification inspection performed by 

Heating Consult and; 
- Writing the analysis, results and conclusion with regards to the information gathered 

during the 10 week period.  
The tasks above were successfully executed within the time period specified. In addition to 
that, a three days visit to Stockholm-Rinkeby with Heating Consult personal was made to 
evaluate and inspect the heating systems of 150 apartments in 3 different buildings in order to 
improve the energy performance efficiency of those buildings. Lastly, a visit was made to 
Coop in Linköping-Kungsbacka, which is the first Green Building certified construction in 
Linköping that consumes 25% less energy than standard buildings of the same size and 
function. 
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1.4 References 
There are endless amounts of books, literature, internet sources regarding Energy 
Performance Certification and Green Building. Because of the time limitation of 10 weeks set 
for this project and due to the vast extent of the subjects, a line had to be drawn as to what 
facts should be considered in terms of their importance and relevance to this particular thesis. 
It was therefore essential to exclude certain parts while keeping it as extensive as possible. 
The information sources used for this project are both literature and online references. With 
the supervision of both Mrs Lanne and Mr Al-Bazergan, I have chosen useful materials that 
are guaranteed to be from reliable sources, in particular the internet material sources. To see 
the list of material sources, please refer to page 43 of this project. 
 

1.5 Structure 
In order to clarify the structure of this project, a figure that explains the flow of the framework 
is presented below (Figure 1). The aim of this thesis is to compare Energy Performance 
Certification with Green Building in order to see if they relate to each other and how. To do 
so an introduction is given to each subject followed by a description of the building envelope 
and building installations. It is not until Chapter 6 that an evaluation is executed, after which 
the analysis, and lastly the results and conclusions were written. 

 
 

Figure 1: The report structure 
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2 Energy Performance Certification 

2.1 Directive 2002/91/EC of the European Parliament  and of the 
Council of 16 December 2002 on the energy performan ce of 
buildings 1 

First and foremost, there is one fact that needs to be clarified when speaking of energy 
performance certification (EPC) of buildings. Energy performance certification is translated in 
Swedish to Energideklaration. If EPC is literarily translated to Swedish it would then be 
called Energi Prestanda Certifikation. To find out why the term was changed to the 
abovementioned, Mr Stefan Olsson at the National Board of Housing, Building and Planning 
(Boverket) was contacted via telephone. According to Mr Olsson the choice of translation of 
EPC to the Swedish term Energideklaration was made by law due to it being more 
appropriate and suitable than the term Energi Prestanda Certification, with regards taken to 
the Swedish language. 
 
Another detail that should be further explained regards the abbreviation EPC, which is used in 
many organisations and companies (e.g. Siemens, WSP and T.A.C.) that deal with energy 
performance solutions, both locally and globally. The term in this particular context refers to 
Energy Performance Contracting and not Energy Performance Certification. Such companies 
are not allowed by law to execute energy performance certifications unless they have the 
authorisation needed to do so (Section 2.1.2, Article 10). 
 

2.1.1 General information, conditions and requireme nts 
This section will provide background information for why the Directive was instituted by the 
European Parliament and the Council of the European Union in addition to the terms and 
conditions that are necessary for the Member States to follow and/or implement. 
 
The Directive was issued with regards to different treaties, articles, proposals and committees. 
There are several information, terms and conditions that apply to the directive which will be 
thoroughly presented here. To start with, the environmental protection requirements are 
incorporated into the definition and implementation of Community policies. The natural 
resources that are discussed in the directive are those that are essential sources of energy but 
also the main sources of carbon dioxide emission, such as oil products, natural gas, and solid 
fuels. The idea is that increased energy efficiency should appear in any policy package to 
meet further commitments.  
 
Additionally, the demanding energy management will influence the global energy market thus 
influencing the security of energy supply in the medium and long term. There are also specific 
measures that should be applied in the building sector which accounts for more than 40% of 
the final energy consumption in the expanding European Community. If no measures are 
taken, the future energy consumption will increase causing increased carbon dioxide 
emission. It is therefore important to limit the carbon dioxide emission by improving energy 
efficiency which requires that the Member States develop, implement, and report on 
programmes in this field in the building sector. This also means that a complementary legal 
instrument is needed to set more concrete actions that show the vast unrealised potential of 

                                                 
1 http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2003:001:0065:0071:EN:PDF  
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energy savings, and thus reducing the large differences between Member States’ results in this 
sector. 
 
Construction works and their cooling, heating and ventilation installations have to be designed 
and built whereas the amount of energy required in use will be low while taking the climate 
conditions of the location and the occupants into consideration. By taking the climate, local 
conditions and indoor climate environment into account, the future energy performance of 
buildings will automatically improve. In order to calculate energy performance of buildings, a 
methodology, which may be differentiated at a regional level, should be used. This 
methodology includes, in addition to thermal insulation, other significant factors such as 
heating and air-conditioning installations, application of renewable energy sources and design 
of the building. Such procedures should be carried out by qualified and/or accredit experts 
whose independence is to be guaranteed on the basis of objective criteria. By doing this, not 
only energy will be saved in the building sector, but potential owners or users will also 
become enlightened with regards to energy performance in the Community property market. 
 
The directive also states minimum energy performance requirements that are designed for the 
local climate and should be executed so that new buildings will have an impact on long-term 
energy consumption. As for major renovations of existing buildings above a certain size, 
energy savings could be made by executing cost effective measures to enhance energy 
performance. Major renovations include cases where the total cost of the renovation related to 
the building shell and/or energy installations is higher than 25% of the value of the building, 
excluding the value of the land that the building is situated upon. Other cases of major 
renovations include buildings that undergo more than 25% of shell renovation. However, this 
does not mean that an existing building needs a total renovation to improve the overall energy 
performance. Furthermore, the renovation requirements for existing buildings should not be 
incompatible with the intended function, quality or character of the building. 
 
The certification process should be carried out by energy service companies and may be 
supported by programmes to simplify the access to improved energy performance. Moreover, 
the scheme adopted should be supervised and followed up by the Member States. The 
certification should include a description of the actual energy performance situation of the 
building which may be revised accordingly. To set a good example, public authority buildings 
and buildings frequently visited by the public should be subjected to energy certification on a 
regular basis and should verify that by clearly displaying these energy certificates. Other 
means/measures may be used by the Member States even if they are not provided for in the 
directive to encourage enhanced energy performance. 
 
As for Southern European countries where the usage of air-conditioning systems is constantly 
increasing, strategies to enhance the thermal performance of buildings during the summer 
period should be given. There should consequently be further development of passive cooling 
techniques, primarily those that improve indoor climatic conditions and the microclimate 
around the building. Boilers and air-conditioning systems should have regular maintenance 
done by qualified personnel in order to maintain their correct adjustment in accordance with 
the product specification. In addition to that, billing the occupants of buildings with the costs 
of heating, air-conditioning and hot water according to the actual consumption could 
contribute to energy saving in the residential sector. It is therefore important to enable the 
occupants to regulate their own consumption of heat and hot water. 
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General principles providing for a system of energy performance requirements and its 
objectives should be established at Community level, but the detailed implementations should 
be left to the Member States, therefore allowing each Member State to choose the regime 
which corresponds best to its particular situation. The Directive is limited by minimum 
requirements in order to achieve the above objectives and does not go beyond what is 
necessary for that purpose. After laying out the information, terms and conditions the 
Directive was written and divided into 17 articles. The articles will be presented respectively 
in the next section. 
 

2.1.2 The Directive 
Article 1 – Objective 
The aim of this Directive is to encourage the improvement of the energy performance of 
buildings within the Community while considering outdoor climatic and local conditions as 
well as indoor climate requirements and cost-effectiveness. The requirements that are laid 
down regard the methodology of calculation of the integrated energy performance of 
buildings, the minimum requirements on the energy performance of new buildings, the 
minimum requirements on the energy performance of large existing buildings subjected to 
major renovation, the energy certification of buildings, and regular inspection of boilers and 
air-conditioning systems as well as assessment of the heating installation in which boilers are 
more than 15 years old. 

 
Article 2 – Definitions 
This article lays out eight definitions that are important for the purpose of this Directive. The 
word Building is first mentioned here which is defined as a roofed construction with walls 
that uses energy to condition the indoor climate; the word may imply a building as a whole or 
parts of a building that has been designed or altered to be used separately. Energy 
performance of buildings is the amount of actually consumed or estimated energy that is used 
for the means of a standardised building, which may include heating, hot water heating, 
cooling, ventilation, and lighting. This amount shall be visible in one or more numeric 
indicators that have been calculated in regards to insulation, technical and installation 
characteristics, design and positioning in regards to climatic aspects, solar exposure and 
influence of neighbouring structure, own-energy generation, and other factors including 
indoor climate that influence the energy demand. Energy performance certificate of a 
building is a certificate recognised by the Member State or a legal person assigned by it. The 
energy performance of a building is calculated in this certificate according to a methodology 
based on the general framework set out in the Annex2. CHP, which stands for combined heat 
and power, is the synchronised conversion of primary fuels into mechanical or electrical and 
thermal energy, meeting certain quality criteria of energy efficiency. Air-conditioning system 
provides a form of air treatment in which temperature is regulated or controlled, possibly 
combined with the control of ventilation, humidity and air cleanliness. Boiler is the combined 
boiler body and burner-unit that releases heat from combustion and transmits it to water. 
Effective rated output, which is measured in kW, is the maximum calorific output specified 
and guaranteed by the manufacturer as being deliverable during continuous operation; the 
efficiency indicated by the manufacturer have to comply with the actual rates. Heat pump is 
an installation or a device that extracts heat at a low level from air, water or earth and supplies 
the heat to the building. 

                                                 
2 Annex: General framework for the calculation of energy performance of buildings. Can be found in the 
Directive on the energy performance of buildings, page 7. (Refer to Footnote 1) 
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Article 3 – Adoption of methodology 
A methodology of calculation of the energy performance of buildings shall be applied in all 
Member States at a national or regional level on the basis of the general frameworks set out in 
the Annex. The energy performance of a building shall be expressed in a comprehensible 
manner and may include a CO2 emission indicator. 

 
Article 4 – Setting of energy performance requirements 
Every Member State shall insure that minimum energy performance requirements for 
buildings are set based on the methodology mentioned in Article 3. The requirements have to 
be set for both new and existing buildings as well as different categories of buildings. The 
indoor climate, local conditions and designated functions, and the age of the building should 
be taken into consideration to avoid negative effects. These requirements shall be reviewed at 
regular periods (no longer than five years) and if necessary, updated to reflect technical 
progress in building sector. The energy performance requirements shall be applied according 
to Articles 5 and 6. Exceptions decided by Member States may apply to certain types of 
buildings; these exceptions include officially protected buildings and monuments, building 
that are used for worship and religious activities, temporary buildings used during a period of 
less than two years, residential buildings used during less than four months of the year, and 
stand-alone buildings with a total useful floor area of less than 50 m2. 
 
Article 5 – New buildings 
Member States are responsible for ensuring that new buildings meet the minimum energy 
performance requirements referred to in Article 4. If the new building has an area over 
1000m2, Member States must ensure that technical, environmental and economic feasibility of 
alternative systems are considered and taken into account before construction starts. 
 
Article 6 – Existing buildings 
Member states are responsible for ensuring that the energy performance of buildings 
exceeding a 1000m2 area and undergoing a major renovation is upgraded to meet minimum 
requirements in so far as this is technically, functionally, and economically feasible. 
Moreover, Member States shall develop these minimum requirements in accordance with 
Article 4. 
 
Article 7 – Energy performance certificate 
When buildings are constructed, sold or rented out, Member States shall insure that an energy 
performance certificate is made available to the owner or by the owner to the prospective 
buyer or tenant. The certificate is valid for only 10 years after which another certification 
should be made. A common certification of the whole building may be used for apartments or 
units designed for separate use in blocks with a common heating system; furthermore, an 
assessment of another representative apartment may be used in the same block. If this is in 
fact the case, Member States may exclude the categories referred to in Article 4 from the 
application of this paragraph. The energy performance certificate for buildings shall include 
reference values, e.g. current legal standards and benchmarks, in order to enable the 
consumers to compare and assess the energy performance of the building. Recommendations 
for cost-effective solutions of the energy performance shall be included in the certificate. The 
aim of the certificate shall be limited to providing information and any effects of these 
certificates in terms of legal proceedings or otherwise shall be decided in accordance with 
national needs. Member States shall take measures to ensure that buildings with a total useful 
area of more than 1000m2, occupied by public authorities and by institutions providing public 
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services to a large number of people and therefore frequently visited by the public, have an 
energy certificate that is not older than 10 years placed in a clearly visible position for the 
public to see. The certificate may also include the range of recommended and current indoor 
temperatures when appropriate, as well as other relevant climatic factors. 
 
Article 8 – Inspection of boilers 
To reduce energy consumption and limit carbon dioxide emission, Member States have two 
options. The first one is to lay down the necessary measures to establish a regular inspection 
of boilers working on non-renewable liquid, solid fuel or other types of fuel of an effective 
rated output of 20kW to 100kW. If the effective rate is more than 100kW, the inspection shall 
be done at least every two years; for gas boilers the period may be extended to four years. The 
Member States shall lay down necessary measures to establish a one-off inspection of entire 
heating installations, if the heating installations have boilers of an effective rate output over 
20kW and are older than 15 years. Furthermore, the experts leading the inspections shall 
provide the users with advice on the replacement of boilers, other modifications to the heating 
system and on alternative solutions. The inspection shall also include an assessment of the 
boiler efficiency and boiler sizing in comparison to the heating requirements of the building. 
The second option is to take steps towards making sure that advice on the replacement of 
boilers, other modifications to the heating system and on alternative solutions is given to the 
users. The aim is to get the same impact gained from the first option. Member States that 
choose this option must submit a report on the equivalence of their approach to the 
Commission every two years. 
Article 9 – Inspection of air-conditioning systems 
Same conditions apply to this section as to the first option of Article 8 where the inspection 
should be executed on air-conditioning systems of an effective rated output of more than 
12kW. Assessment of efficiency should be done here as well, along with appropriate advice 
provided to the users on possible improvement or replacement of the air-conditioning systems 
and on alternative solutions. 
 
Article 10 – Independent experts 
The certification of buildings, the drafting of the accompanying recommendations, and the 
inspection of boilers and air-conditioning systems should be carried out in an independent 
manner by qualified and/or accredited experts. This should be controlled and ensured by the 
Member States. 
 
Article 11 – Review 
This Directive shall be evaluated in view of experience gained during the application by the 
Commission, assisted by the Committee established in Article 14, and if necessary, proposals 
shall be made with regards to possible complementary measures and general incentives for 
further energy efficiency measures in buildings. 
 
Article 12 – Information 
Member states are responsible for informing users of buildings about the different methods 
and practices that serve to enhance energy performance, by any means necessary. The 
Commission, upon Member States request, shall assist Member States in staging the 
information campaigns concerned, which may be dealt with in Community programmes. 
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Article 13 – Adaptation of the framework 
Points 1 and 2 of the Annex shall be reassessed at regular intervals that must not be shorter 
than two years. To adapt points 1 and 2 of the Annex to technical progress, any means 
necessary may be used in accordance with the procedure referred to in Article 14. 
 
Article 14 – Committee 
The Commission shall be assisted by a Committee and where reference is made to this 
paragraph, different decisions shall apply having regards to the provisions made in certain 
Articles. The period set in Article 5 shall be set at three months and the Committee shall adopt 
its Rules of Procedure.  
 
Article 15 – Transposition 
The laws, regulations and administrative provisions necessary to comply with the Directive 
were obliged to be set off by Member States at the least on the 4 January 2006 followed by 
immediately informing the Commission. A reference to this Directive shall be accompanied 
on the occasion of Member States’ official publication where each Member State may 
determine how such reference is to be made. Because of lack of qualified and/or accredited 
experts, Member States were given an additional period of three years to fully apply the 
provisions of Articles 7, 8 and 9. Member States were obligated to notify the Commission if 
they chose to use this option, providing the appropriate justification together with a time 
schedule with respect to the further implementation of this Directive. 
 
Article 16 – Entry into force 
“This directive entered into force on the day of its publication in the Official Journal of the 
European Communities.”3 
 
Article 17 – Addresses 
This Directive is addressed to the Member States and was done at Brussels on the 16 
December 2002. 
 

2.2 Energy performance certification in Sweden 4 
Every Member State has to execute the Directive accordingly, including Sweden. There are 
only 810 certified energy experts in Sweden today according to the National Board of 
Housing, Building and Planning (Boverket), and it was not until recently that the National 
Board of Housing, Building and Planning decided that EPC is to become an obligatory action 
that has to be executed by all owners/occupiers from January 1st 2009. This section will 
provide the reader with information about how the Directive was executed in Sweden. 
 

2.2.1 Important requirements 
The aim of the Directive is to improve the energy performance of buildings while considering 
the outdoor climate, local circumstances, requirements for indoor climate and cost efficiency. 
There are five requirements that the Member States have to establish. 
 
1. Adoption of methodology to calculate the energy performance of buildings (Article 3). 
2. Minimum energy performance requirements of new buildings (Article 5). 

                                                 
3 http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2003:001:0065:0071:EN:PDF 
4 http://www.effektiv.org/pdf_filer/Rapport%202003-02.pdf 
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3. Minimum energy performance requirements of existing buildings that undergo major 
renovations (Article 6) 

4. Energy performance certificate (Article 7). 
5. Regularly performed inspections of air-conditioning systems and boilers in buildings 

as well as establishing a one-off inspection of entire heating installation if it is older 
than 15 years (Articles 8 and 9). 

 
The Directive shall be applied into existing regulations and will therefore be included in 
appropriate legislations such as PBL (plan- och bygglagen), BVL (byggnadsverkslagen) or 
Jordabalken. Sweden has already applied many requirements given in the Directive, in 
particular the minimum energy performance requirements. The requirements above will be 
explained in the next section, excluding those that have already been described in 2.1.2. 
 
1. Adoption of methodology 
In accordance with the Directive, the calculation methodology shall include no less than the 
following factors: 
• Thermal qualities of building, such as outer shell and indoor walls. 
• Heating installations and warm water supply including their insulation qualities. 
• Air-conditioning installations. 
• Ventilation. 
• Built-in lighting installations, mainly for residential houses. 
• Position and orientation of the buildings, including indoor climate. 
• Passive solar heating installations and sun protection. 
• Natural ventilation. 
• Conditions regarding indoor climate, including planned indoor climate. 

 
Positive influences from the following aspects shall also be included in the calculations in 
applicable cases: 
• Active solar heating installations and other heating or electrical installations based on 

recyclable energy 
• Electricity from combined heating and electrical production. 
• District heating and cooling systems. 
• Natural light. 
 
Buildings are divided into categories to make it easier to incorporate in the calculations as 
follows: 
• Single-family buildings of different types. 
• Multiple-family buildings. 
• Office buildings. 
• Academic institutions. 
• Hospital buildings. 
• Hotel and restaurant buildings. 
• Athletic establishments. 
• Buildings of commerce. 
• Other types of energy using buildings. 
 
2. Minimum energy performance requirements of new buildings 
Here are some examples of alternative systems: 
• Decentralised energy-providing system based on recyclable energy. 
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• Combined heat and electric production. 
• District heating and cooling systems if available. 
• Heat pumps, under certain circumstances. 
 
3. Minimum energy performance requirements of existing buildings that undergo 

major renovations (Article 6) 
No further information than in Article 6 will be given on existing buildings and exception to 
buildings to which the requirements do not apply are given in Article 4. 
 
4. Energy performance certificate 
Article 7 in the Directive mentions other climate factors that should be regarded in the 
process. The relevant climate factors that should be regarded for buildings with a total area 
larger than 1000m2 are temperature intervals that are recommended by the government for 
each building type, current indoor temperature, and other relevant climate factors. 
 
The current indoor temperature of a building must be based on some form of average value of 
the building as an entity; it is highly misleading to only state the temperature in one point of 
the building. Certificates of apartments or units utilised for individual usage in a building 
complex have to be based on a common certification of a building as a whole for building 
complexes with a common heating system, or an evaluation of another representative 
apartment in the same building complex. In addition to the energy performance, the certificate 
shall include reference values of energy usage, which can be based on current legal norms or 
targets. The certificate should also be completed with proposals to improve the current energy 
performance. An exception to the above may be done according to the exceptions that apply 
to the determination and application of minimum requirements. 
 
5. Inspections of boilers and air-conditioning systems 
In Article 8, there are two options mentioned that are used to reduce energy consumption and 
limit carbon dioxide emission. It is not clear yet as to which option that will be applied in 
Sweden. As to the part of air-conditioning systems, there is no further information added to 
what is already written in the Article 9. 
 
In addition to the above, in order to become a certified energy expert in Sweden there are 
minimum requirements5 that should be applied to-, and executed by the applicants. There are 
also three competence levels of certifications which are Normal for simple constructions, 
Qualified for complex buildings, and Air-conditioning competence for air-conditioning 
systems. Those minimum requirements are decided and issued by the National Board of 
Housing, Building and Planning (Boverket). Here the two most important requirements to 
know about: 
• Requirements for general technical knowledge including 

- University degree of at least 80 points (120 HP) within energy systems of 
buildings, installation technology, or civil engineering. 

- Degree from a relevant vocational technical education (Yrkesteknisk 
utbildning, KY), relevant degree from previous secondary technical school. 

- Degree from previous vocational technical education (Yrkesteknisk utbildning, 
YTH), or other education that is considered equivalent. 

                                                 
5 Boverkets Författningssamling, BFS 2007:5 (2007). Larsson, Anders. Boverket. 
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• Requirements for the experience of technical work including: 
- Documented experience of practical work within the building industry or the 

real estate industry of at least five years, out of which two years shall refer to 
work closely related to energy-use and indoor climate of buildings within the 
designated competence level of certification. 

 
There are other requirements applied to accredited organisations/companies which are 
decided by Swedac; those requirements will not be mentioned here due to their low relevance 
to this subject. The certification is given to the accredited organisation/company by Swedac 
along with a logotype that contains a certification number that is also unique to each 
organisation/company. This logotype is then used in e.g. EPC-reports to confirm the authority 
of the organisation/company of executing an EPC (Figure 2: Heating Consult’s Logotype 
along with its accreditation signature/number. For more information, please refer to Swedac’s 
official website (Swedac.se). 
 

 

Figure 2: Heating Consult’s Logotype along with its accreditation signature/number 

Reference: Heating Consult i Linköping AB 
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3 Building Envelope and Building Installations for EPC6 
This chapter will give the reader an idea of what makes a building energy efficient by 
comparing the Overall Heat Transfer Coefficient, also called the U-value, of different parts of 
a building, which is the most important key in deciding whether a building is qualified for an 
Energy Performance Certification or Green Building Certification. Because of the broadness 
of this subject we will have to restrict this section to certain parts of a building; more 
specifically certain parts of the building envelope and a few heating, ventilation and air-
conditioning (HVAC) installations. 
  
The Overall Heat Transfer Coefficient, measured in W/(m²·K), is “a measure of the overall 
ability of a series of conductive and convective barriers to transfer heat.”7 
 

3.1 Building Envelope 

3.1.1 Roofs 
There are certain factors that have to be considered in order to estimate if additional insulation 
of roofs is necessary to improve cost-efficiency. There are four steps that need to be executed 
which are: 
 
1. A preparatory evaluation of energy stream. 
An evaluation of heat transmission of the roof has to be made, especially if the U-value is 
higher than 0.25 W/(m²·K) which is the minimum U-value of roofs required in Sweden. If no 
further information of the roof construction exists, an estimation of the U-value is made 
depending on the year of when the building was constructed. 
 
2. A preliminary on-site inspection of the building. 
In order to evaluate the construction of the roof, the building needs to be visited and inspected 
onsite. Roofs are evaluated in terms of: 

- Thickness and type of insulation in the roof construction. 
- The insulation needed to improve the construction depending on the type of roof. 
- Aeration of the roof and its underlying area, the condition of the roof (both on the 

inside and outside) and determine any mould or moisture damage. 
 
3. An evaluation of energy- and cost-efficient solutions. 
An estimation of the cost-efficient solutions is done by calculating the U-value, considering 
the possible solutions (in terms of insulation, the cultural value of the building, indoor 
construction problems etc), transmission flow (kWh/year) before and after modification, 
estimating the investment costs of the solutions and the return-period of the investment, the 
maintenance costs, and the total cost of the solutions suggested.  
 
4. A thorough on-site inspection of the building. 
This step is done when a certain solution is considered to be necessary and cost-efficient. 
Different aspects, depending on the roof type, are considered by personal that are qualified 
within this area of expertise. 

                                                 
6 Energibesiktning av Byggnader – flerbostadshus och lokaler (2008). Adalberth, Karin & Wahlström, Åsa. SIS 
förlag. 
7 http://en.wikipedia.org/wiki/Heat_transfer_coefficient#Overall_heat_transfer_coefficient 
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The following tables show the U-values given to different roof-constructions during different 
periods of time. 
 

Steep timber roofs with inner insulation in Sweden 
Year U-value (W/(m²·K)) 

Earlier than 1930 – 1960 0.40 – 0.50 
 

Steep concrete roofs with inner insulation in Sweden 
Year U-value (W/(m²·K)) 

1920 – 1940 0.60 – 0.70 
1940 – 1960 0.40 – 0.45 
1955 – 1975 0.40 – 0.50 

Later than 1970 0.25 – 0.30 
 

Low angled timber roofs with upper-part insulation in Sweden 
Year U-value (W/(m²·K)) 

Earlier than 1930 0.60 – 0.70 
1930 – 1975 0.40 – 0.45 
195 – 1969 0.25 – 0.30 

 
Low angled timber roofs with upper-part insulation in Sweden 

Year U-value (W/(m²·K)) 
1940 – 1960 0.40 – 0.50 
1955 – 1975 0.30 – 0.35 

Later than 1970 0.20 
 

Flat concrete roofs with ventilated space (cold roofs) in Sweden 
Year U-value (W/(m²·K)) 

Around 1960 0.20 – 0.25 
 

Flat concrete roofs with a small ventilated air-column (parallel roofs) in Sweden 
Year U-value (W/(m²·K)) 

1965 – 1980 0.20 
 

Flat and warm concrete roofs in Sweden 
Year U-value (W/(m²·K)) 

1970 – 1980 0.20 – 0.45 

Table 1: U-value of different types of roofs used in Sweden during different eras 

Reference: Adalberth, Karin & Wahlström, Åsa (2008) 

3.1.2 Windows 
The same system as for roofs applies for windows, i.e. evaluation and inspection first, after 
which a proposal plan of energy- and cost-efficient measured should be made and given to the 
occupant/owner. Here are the four steps that need to be followed in order to evaluate the 
windows of a building: 
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1. A preparatory evaluation of energy stream. 
It is important to know what type of windows there are in a building in order to execute a 
proper evaluation. This information should be provided by the owner of the building along 
with other necessary facts, such as the age of the building and when it was last renovated. 
These facts make it possible to estimate the U-value of the windows. The U-value of the 
windows should not be higher than 1.5 W/(m²·K), which is not unusual for windows installed 
prior to 1990. 
 
2. A preliminary on-site inspection of the building. 
This step is necessary to verify and inspect certain parts of the windows, including the number 
of arches and glasses of the windows, existing insulation glasses (if any), the year of when the 
window was produced, existing low-emitting layers (if any), and the condition of the 
windows.  
 
3. An evaluation of energy- and cost-efficient solutions. 
An estimation of the cost-efficient solution is made in this step by determining the U-value of 
the existing windows, determining possible solutions that can be made, calculating the 
transmission flow (kWh/year) of the windows before and after modification, estimating the 
investment costs of the solutions and the return period of the investment, and calculating the 
maintenance costs and the total cost of the solutions suggested. 
 
4. A thorough onsite inspection of the building. 
If any solutions such as changing or upgrading the windows, are considered to be cost-
efficient, an intensive onsite inspection done by qualified personal within this area of 
expertise is necessary. 

 
The following table shows the U-values given to different window types during different 
periods of time. 
 

Year Type of window U-value (W/(m²·K)) 
From the 1980s 3-glazed insulated windows 2.0 – 2.2 
From the 1990s 3-glazed insulated windows with argon gas 

fillings 
3-glazed insulated windows with 1 low emission 
layer 

1.7 
1.5 

From the 2000s 1+2glazed insulated windows with 2 low 
emission layers and 1 argon gas filling 
3-glazed insulated windows with 2 low emission 
layers and 2 argon gas fillings 

1.0 – 1.2 
 

0.9 – 1.0 

Table 2: U-value of different types of windows used in Sweden during different eras 

Reference: Adalberth, Karin & Wahlström, Åsa (2008) 

 

3.1.3 External Walls 
The same system as for roofs and windows applies for external walls, i.e. evaluation and 
inspection first after which a proposal plan of energy- and cost-efficient measured should be 
made and given to the occupant/owner. There are once again four steps to be followed in 
order to evaluate the external walls of a building which are: 
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1. A preparatory evaluation of energy stream. 
The construction of the external walls is determined with the help of the plan drawing 
provided by the owner of the building. This also helps calculating the U-value of the walls 
which should not exceed 0.25 W/(m²·K). 
 
2. A preliminary on-site inspection of the building. 
In order to verify and inspect the external walls of the current building, it is necessary to 
examine the condition of the building façade and the period left before it is time to renovate, 
which is crucial in order to assess any possible solutions. 
 
3. An evaluation of energy- and cost-efficient solutions. 
An estimation of the cost-efficient solution is made by calculating the current U-value of the 
walls, assessing the period of usage time left of the wall materials, calculating the 
transmission flow (kWh/m² year) before and after modification, determining the heat flow 
before and after modification and adding it to the existing energy flow also before and after 
modification, estimating the investment costs of the solutions and its return-period, 
calculating the maintenance costs and total costs for the solutions required. 
 
4. A thorough on-site inspection of the building. 
If additional insulation of the building walls is considered cost-efficient, an intensive onsite 
inspection is required and should be done by qualified personal within this area of expertise. 
There are different aspects that should be considered, including using a heat thermograph to 
detect any leakage areas, making records of measurements, wall materials and photos to 
analyse the esthetical and practical aspects, estimating the air tightness of the walls via 
pressure testing, and measuring the amount of moister in the walls to estimate the sensitivity 
of the construction. The following figure shows the U-values given to different types of 
external walls during different periods of time (Figure 3Figure 1). The figure was 
unfortunately only available in Swedish. 

 
Figure 3: U-value of different types of walls used in Sweden during different eras 

Reference: Adalberth, Karin & Wahlström, Åsa (2008) 
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3.1.4 Gates and Doors 
The same system as for roofs, windows and external walls, applies for gates and doors, i.e. 
evaluation and inspection first after which a proposal plan of energy- and cost-efficient 
measured should be made and given to the occupant/owner. There are three steps to be 
followed in order to evaluate the gates and doors of a building which are: 
 
1. A preparatory evaluation of energy stream. 
The energy flow that runs through external doors into rooms or stairways and vice-versa, is 
usually extremely low. It can be considerably higher in cases such as larger premises or in 
buildings where the external doors are kept open for long periods of time. It is therefore 
important to evaluate the establishment (e.g. boutiques or storage rooms) if there is any, to 
determine the period of time that the doors are kept open, as well as examining the place for 
any damage indications to see if modifications are necessary. 
 
2. A preliminary on-site inspection of the building. 
In order to verify and inspect the gates and doors in the current building, it is necessary to 
have knowledge of the door/gate manufacturer, number of doors/gates in the existing 
building, any specific periods of time that the doors/gates are kept open, and if there are any 
distorted door parts where air-leakage can occur. 
 
3. An evaluation of energy- and cost-efficient solutions. 
To make assessments of any cost-efficient solutions, it is necessary to estimate the possible 
solutions based on certain technical factors, calculate the heat flow before and after 
modification, estimate the investment costs of the solutions and the return-period of the 
investments, and to calculate the maintenance costs as well as the total cost of all the 
necessary solutions. 
 

3.2 Building Installations 

3.2.1 District Heating Central 
District heating systems are more common in densely populated areas where the consumers 
have a contract with a certain supplier. District heating systems are divided in three parts; 
production establishment, distribution network and district heating centrals. The production 
takes place in the electric and heat department, after which it is delivered to the district 
heating central in the same building. The produced heat is then sent via a heat exchanger to 
the heat distribution system in the same building and via another heat exchanger to the 
production of hot water department. The owner of the building is responsible for the district 
heat supplier and its maintenance. The energy consumed in that building is then paid for by 
the owner to the distributor. Even though the district heat supplier is owned by the distributor, 
it is still the owner that controls the heat regulation and distribution in his building. It is 
therefore economically inefficient to have a malfunctioning district heat supplier in the 
building, which is not always, bad for the owner but certainly not good for the common 
wealth. Even in this section there are four steps to follow in order to evaluate the system, 
which are: 
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1. A preparatory evaluation of energy stream. 
The preparations are important in order to have an overview of how the district heat central is 
functioning. Records of the age of the district heat supplier, restoration and possible 
adjustments of the heating system, the heat distribution system, hot water circulation (if there 
is any), indoor climate during different seasons, operational malfunctioning, and of possible 
user point of views or complaints of the temperature, are registered in the specific forms filled 
in by the owner of the building. There are certain facts that do not exist in the form, it is 
therefore important that the qualified personal ask the owner the necessary questions to 
accumulate as much information as possible in order to make the suitable evaluation of the 
system. When the information necessary is gathered, it is possible to make an estimation of 
whether the district heat supplier obtains the right adjustment curve for the building, or if any 
cost-efficient improvements should be made to adjust the district heat supplier. 
 
2. A preliminary onsite inspection of the building. 
An onsite inspection is important to evaluate the affectivity of the system and if the 
adjustment curve is regulated according to the means of the building. There are many things 
to look at when doing an onsite inspection which will not be mentioned here due to the low 
relevance of the subject matter. 
 
3. An evaluation of energy- and cost-efficient solutions. 
One way to make an estimation of the efficiency of the district heat supplier is to calculate the 
quotient of used water divided by given energy, i.e. m3/MWh. The cooling ratio can then be 
calculated in degrees Celsius by dividing the given energy by the amount of water used and 
multiplying it by 860 degrees Celsius, i.e. (MWh/m3)·860°C. The higher cooling ratio the 
district heat supplier has, the better its effectiveness is. Poor cooling ratio is indicated by a 
more than 10 % divergence from the distributor’s assessment at normal indoor temperature 
circumstances, which can be a result of high district hot water flow. By decreasing the flow, a 
better cooling ratio is maintained, which results in decreased costs if the distributor’s fee is 
based on the hot water flow. This is only applied when the heat exchangers are clean, 
otherwise there is a risk of not enough heat being transferred to the heat distribution system. 
Other measures should be taken in this step which will not be described any further due to the 
low relevance of the subject matter. 
 
4. A thorough onsite inspection of the building. 
When a thorough onsite inspection is done, there are certain necessary measures that should 
be taken into consideration including reading off the pressure before and after the filter in the 
district heat input line, reading off before the filter and after the heat meter, controlling that 
the input line temperature to the hot water is at least 55°C, controlling the adjustment curve, 
and reading off the pressure of the heat distribution system. 

 

3.2.2 Boilers 
The generated heat from boilers is often controlled by the amount of heat needed in the 
building, except for log-boilers8 that can be connected to an accumulator tank so that the 
burning process takes shorter time to occur due to the increased power. It is therefore highly 
unusual to have log-boilers in multiple apartment buildings. To make sure that the boiler is 
functioning well, its power and performance has to be adjusted to the chimney of the building 

                                                 
8 Swedish translation: Vedpannor 
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so that suitable draught conditions are maintained. The four steps mentioned in the previous 
sections are important to follow here as well, which are once again: 
 
1. A preparatory evaluation of energy stream. 
In the building-owner form there should be information about how old the heat system is, the 
type of energy used, possible changes or modifications made, maintenance malfunction, and 
possible users’ complaints or opinions about the temperature. The evaluator should ask the 
owner of the building about maintenance and operation instructions of the heating installation; 
if no such information exists the distributor should be able to provide them instead. The 
owner of the building should also provide information about the latest adjustments or 
reconstructions made on the boiler or burner, as well as how old the burner is. Based on the 
above information, the boiler can be evaluated with regards to its type (fuel), manufacturer, 
model, installation year, burner type, rated capacity of the boiler and burner, if any 
accumulator exist and its volume, chimney type and its height and smoke-canal diameter, and 
installation and maintenance recommendations according to the distributor. The efficiency of 
the boiler is represented by its coefficient of performance, i.e. the amount of fuel energy 
supplied during a certain period of time that is converted to useful energy during the same 
amount of time. 
 
2. A preliminary onsite inspection of the building. 
The onsite inspection is necessary to see how the boiler is functioning with regards to how it 
should function, its coefficient of performance and set value on the thermostat, and its rating 
among other things. During the inspection, the evaluator should use a measurement 
instrument that measures the temperature of the smoke gas, the percentage of CO2- or O2-
emission, and the negative pressure in the chimney. All the measurements should be taken 
under stabile operational circumstances of the boiler. At oil firing process, the CO2-emission 
should not exceed 12 % and the O2-emission should not exceed 3-4 %; otherwise, when using 
pellet boilers the CO2-emission should be lower than 10-14 %. Moreover, the smoke gas 
temperature should not exceed 200°C and if the chimney is maid out of material that do not 
endure corrosion, the smoke gas temperature should not be lower than 150°C due to increased 
risk of condensation. The coefficient of performance should at maximum heat usage be higher 
than 90 % for oil-boilers and over 80 % for pellet boilers. 
 
3. An evaluation of energy- and cost-efficient solutions. 
If the oil boilers have a coefficient of performance that is lower than 90 %, certain measures 
should be taken such as reparation and adjustment of the burner, replacing the old burner with 
a new one, replacing the oil burner with a pellet burner, or completely replacing the oil boiler 
with either a pellet boiler, a district heat supply or a heat pump. 
 
4. A thorough onsite inspection of the building. 
To see that the boiler is functioning properly, a thorough onsite inspection is necessary. This 
is important in order to, e.g. check that the thermo-valve between the boiler and accumulator 
is working normally, that the boiler is connected according to the distributor’s instructions, to 
make sure that the input pipe temperature that is connected to the radiators is not higher than 
recommended and that the negative pressure in the chimney during usage is compatible with 
the distributor’s instructions. 
 
 



 19 

4 Green Building 

4.1 The US Green Building Council 9 

4.1.1 General information, conditions and requireme nts 
The US Green Building Council (USGBC) was formed in 1993 with the aim of transforming 
the building sector into an environmentally responsible activity. However, the environmental 
issues have been examined in as early as the late 1980s when the American Institute of 
Architects (AIA) created the Committee on the Environment (COTE). The reason for why the 
Green Building concept became popular lies in the global climate change that has been caused 
by human activity. There are general information, conditions and requirements that the 
USGBC aims to raise awareness about which will be represented in this section. 
 
As previously mentioned, buildings account for more than 40 % of all global carbon dioxide 
emission which is one of the main causing factors of global warming. Even though developed 
countries such as the US, Canada, Western Europe and Japan contribute the majority of 
greenhouse gas emissions today and while the change is occurring rapidly, it is the projected 
rapid growth of countries such as China, India, the rest of Asia, Brazil and Russia that make it 
imperative that the entire world participate in reducing the “carbon footprint” of urban 
civilizations over the next 30 years. Rapid increase of planet population will cause great 
damage to the environment over the next 30 to 50 years if no actions are made to prevent that 
from happening, which consequently will cause major health problems. Another essential 
issue is the shortage of clean potable water which has become a major problem around the 
world, in addition to the constant worsening of long-term drought conditions in e.g. the 
American Southwest and Australia. Moreover, the climate changes have caused rapid melting 
of glaciers that in some parts of the planet constitute as the main water supplies 
 
According to the USGBC, the US residential and commercial buildings annually consume up 
to 39% of total energy, 68% of electricity use, and 30% of greenhouse gas emissions 
excluding the energy consumed in making building materials, getting them to the job site, 
installing and servicing them which increase the energy use from 39% to 48%. Additionally, 
building design and construction accounts for up to 30% of raw material use, 40% of non-
industrial landfill waste, and 12% of potable water use globally. 
 
There are many beneficial effects to gain from taking firm actions to reducing environmental 
impacts of buildings including reducing ocean and river pollution from storm-water runoff, 
extending the life of urban infrastructure by using less water and contributing less storm-water 
allowing growth without infrastructure expansion, as well as extending the life of landfills by 
reducing the disposal of construction remains and building materials. 
 
During the mid-1990s the USGBC was granted financial assistance from the US Department 
of Energy to undertake the development of a rating and evaluation system to define what a 
green building represented. The first system called Leadership in Energy and Environmental 
Design (LEED) for new construction and major renovations, was put in motion or beta-tested 
in 1998 and 1999 on about 50 projects in the US. An updated, revised and expanded version 
of the original version 1.0 of LEED was introduced as version 2.0 of LEED in March 2000. 

                                                 
9 Green Building A to Z (2008), Written by Yudelson, Jerry. New Society Publishers. 
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Since then version 2.0 has had two major changes led to the latest version (LEED for New 
Constructions (LEED-NC) version 2.2, effective since 2005) becoming the current standard. 
 
It is often easy to build green buildings on conventional budgets; this is due to the 
development of new modelling tools, design techniques and creative use of financial and 
regulatory incentives. 
 

4.1.2 What is Green Building? 
According to the USGBC, green buildings or high-performance buildings incorporate design 
and construction practises that significantly reduce or eliminate the negative impacts of 
buildings on the environment and occupants in five broad areas: 
1. Sustainable site planning. 
2. Safeguarding water and water efficiency. 
3. Energy efficiency and renewable energy. 
4. Conservation of materials and recourses. 
5. Indoor environmental quality. 
 
In order for a building to qualify for a certification or a rating as “green” or high-performance, 
it must score a minimum number of points above a “standard building” performance 
thresholds. There are many systems that measure if a building is qualified for a green building 
certification, however in this case only the LEED system will be taken into consideration 
given that it has become the US national standard for commercial and institutional buildings 
since the year of its introduction in 2000. The LEED system will be thoroughly introduced 
later in this chapter; meanwhile we will continue to clarify the term “green building” by 
considering the above five factors. It is also important to explain that most green buildings do 
not incorporate all of the following measures but rather include the appropriate measures that 
fit into the project’s budget and goals. 
 
1. Selection of Appropriate Sites and Sustainable Site Development 

• The sites of projects must be located away from wetlands, above the 100-year flood 
level, away from agricultural land and away from endangered or threatened species 
habitat. 

• In order to serve the projects, they need to be located around sites with existent urban 
infrastructure. 

• The projects have to be located on fields that have been rectified of contamination. 
• Public transport and bicycle roots are important aspects to consider given that they 

provide the residents with environmentally friendlier variety of transport means. 
• Minimising parking lots to discourage excessive auto use. 
• Deducing gasoline use by providing low-emission vehicles and car-sharing 

arrangements. 
• Open space in site development need to be protected while open space on already 

impacted sites needs to be restored. 
• Storm water needs to be managed correctly to reduce the rate and quantity of its runoff 

in addition to cleaning it before it leaves the site. 
• Reducing excessive areas of open pavement that cause heating of the areas around a 

building in summer by managing landscaping and parking lots lead to less air-
conditioning use. 
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2. Efficient Use of Water Resources 

• Selected native landscaping demands little or no added water, and by controlling 
irrigation water use for landscaping the water usage will be reduced immensely. 

• Treating wastewater on site or choosing alternative ways to reduce sewage flows from 
the project is more effective towards saving energy on cleaning wastewater or sewage 
flows. 

• To reduce overall water demands, water-conserving fixtures should be used inside the 
building. 

 
3. Conserving Energy, Renewable Energy and Protecting Atmospheric Resources 

• The energy use and environmental impact of buildings needs to be reduced by 20 % or 
more below the level of a standard building. 

• Onsite renewable energy, e.g. solar photovoltaic (PV) panels or solar water heating, 
helps supply a portion of the building’s electrical and gas needs. 

• The functional performance of all the energy-using systems of the building should be 
tested after they are installed but before the building is occupied. 

• Ozone-harming and global-warming chemicals exist in a variety of refrigeration and 
air-conditioning systems. It is therefore important to reduce these chemicals by 
carefully choosing systems that use minimum or zero amount of dangerous chemicals. 

• Installing and measuring monitoring devices provide a resource to troubleshoot the 
building’s energy use on a continuing basis. 

• Get 35 % or more of the electrical supply of a building from an off-site green power 
installation, such as from wind-farms. 

 
4. Conserving Building Materials, Reducing Construction Waste and Sensibly 

Using Natural Resources 

• Encourage the practice in building operations by installing permanent locations for 
recycling bins. 

• Reduce the energy use and environmental impacts associated with producing new 
building materials by reusing existing buildings, including interior and exterior 
materials. 

• Cut costs and reduce landfill use by reducing construction waste disposal by 50 % or 
more. 

• Recovered and reclaimed building materials such as decorative brick and wood 
timbers can be reused if they are still structurally sound. 

• “Down-cycled” materials such as recycled concrete, dry wall, fly ash from coal-fired 
plants and newspapers can be reused if they are harvested and processed in the region. 

• Bamboo, cork, linoleum, wheatboard or strawboard, are excellent examples of 
materials that are rapidly renewable materials and have a ten-year regeneration time or 
less. 

• 50 % or more of the wood products in the building should be purchased from forests 
that are certified for sustainable harvesting and good management practices. 
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5. Protecting and Enhancing Indoor Environmental Quality 

• Construct non-smoking buildings, or provide separate ventilation systems where 
smoking is allowed (e.g. high-rise housing). 

• Use sensors for carbon dioxide levels to adjust air flow and monitor delivery of 
outside ventilation that responds to demands. 

• Increase the amount of healthy air by providing for 30 % increased ventilation above 
code levels, or natural ventilation of indoor work areas. 

• To convey clean air at the start-up of systems and avoid dust or moister in materials, 
construction activities should be conducted. The purpose is to get rid of “new-building 
smell” and its associated toxicity. 

• To reduce sources of future contamination, such as off-gassing from paints and 
coatings, adhesives and sealants, carpets and backings, low-emitted materials should 
be used in the building. 

• Areas where chemicals are mixed or used should be separately ventilated and walk-off 
mats or grills should be installed at building entrances to capture contaminants before 
they enter the building. 

• Individual thermal comfort is important to be provided for occupants of the building 
with respect to temperature and humidity. 

• Occupants of a building should be able to control lighting and ventilation systems. 
• Adequate day-lighting of interior work spaces should be provided, using both vision 

glazing and overhead light sources such as skylights and roof monitors. 
• Occupants should be provided with views of outdoor from at least 90 % of all 

workspaces so that people can connect with the outside environment. 
 

4.1.3 LEED (Leadership in Energy and Environmental Design) 
LEED is a green building rating system for commercial, institutional and mid-rise to high-rise 
residential buildings. It is developed, trademarked and owned by the US Green Building 
Council. There are close to $78 billion worth of constructions, almost 650 square feet, which 
are certified as green buildings in the US alone. LEED is divided into six rating systems as 
follows: 
 
1. LEED for New Construction, LEED-NC (and major renovations). 
2. LEED for Commercial Interiors, LEED-CI (remodels). 
3. LEED for Core and Shell, LEED-CS (typically office buildings and other speculative 

projects). 
4. LEED for Existing Buildings, LEED-EB (the effect of continuing building 

operations). 
5. LEED for Homes, LEED-H (custom homes and production homes, including low-rise 

apartments). 
6. LEED for Neighbourhood Development, LEED-ND (campuses and urban districts, 

new subdivisions). 
 
The by far more used rating system at this time is LEED for New Construction (LEED-NC), 
covering 77% of certified projects and 79% of all project registrations. Project registration 
signifies the declaration of the intention to certify when a building is completed and ready for 
occupancy. The rating system is divided into four levels of certification which are Certified, 
Silver, Gold and Platinum. The six abovementioned ratings will be further explained bellow. 
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1. LEED-NC 
As previously mentioned, this is the most frequently used LEED rating system. It contains 32 
categories of environmental design and energy concern, with 64 core points and 5 extra credit 
points for a total of 69. The least amount of points that a building must attain for a basic 
certification level (Certified) in the categories of site, water, energy, materials and indoor 
environment is 26 points, for Silver certification level the least amount is 33 points, for Gold 
certification level it is increased to 39 points, and lastly to attain the highest level of 
certification, i.e. Platinum, a building must attain a minimum of 52 points. Each project 
requires thorough documentation that is assessed by independent parties. In terms of a 
building’s green attributes, a finished LEED-NC certified project is well within the top 10% 
of all buildings constructed each year.  Such projects also tend to be 30% or more energy 
efficient than their conventional counterparties using 30% less water and having healthier 
indoor air, more daylight and views of the outdoors. 

 
2. LEED-CI 
This rating system include the environmental design as well as energy issues such as lighting 
energy use and quality, HVAC (heating, ventilation and air-conditioning) energy use and 
controls, access to public transportation, energy use by office equipment, office furniture, 
other building material choices, cabinetry, carpets, paints, furnishings, and other issues related 
to the constrains of working within an existing building. LEED-CI was first introduced in late 
2004 and the maximum points to be obtained are 57, where a certified project must achieve 21 
points, 27 points for Silver, 32 points for Gold, and 42 points for Platinum. 

 
3. LEED-CS 
This standard is used to evaluate a complete and fully furnished building. For instance many 
commercial buildings are built as “core-and-shell” projects, which means that the building are 
50% or more empty when construction is completed and the office spaces are left for tenants 
to build out. A core-and-shell building typically has a lobby, an elevator core, a finished 
external and internal structure, major HVAC, plumbing and electrical systems, paring garage 
among other things. These projects are evaluated according to the LEED-CS standard that 
make allowances for items that developers do not finish, such as lighting, carpeting, paint, and 
similar items. Originally the theoretical idea was to combine the LEED-CS rating with the 
LEED-CI rating in order to end up with a certification similar to the LEED-NC projects. 
However, this does not always work out in practice. 
 
4. LEED-EB 
LEED for Existing Buildings deal with the development of a building after it is occupied. 
According to the USGBC, this rating system “is a set of voluntary performance standards for 
the sustainable upgrades and operations of buildings. It provides sustainable guidelines for 
building operations, periodic upgrades of building systems, minor space use change and 
building process”  (Green Building A to Z, 2008, page 107). LEED-EB include energy and 
water use in evaluating building operations, recycling rates, chemical use in landscaping and 
pest management, environmentally preferable purchasing policies, green cleaning and 
maintenance, and a few other building management issues. When the owners make small 
choices of development in their buildings, the sum of those little choices throughout a lifetime 
immensely affect the impact of the buildings on the environment. LEED-EB is a 
comprehensive system that addresses these impacts and suggests how to moderate them. The 
system was introduced during late 2004 and has 32 categories and 85 possible points, among 
which 32 are required for certification, 40 for Silver, 48 for Gold, and 64 for Platinum. 
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5. LEED-H 
LEED-H applies to single family homes and low-rise residential constructions that have fewer 
than four stories. The certification process may be initiated by the homeowner or residential 
developer. 
 
6. LEED-ND 
In early 2007 LEED for Neighbourhood Development was made public as a pilot project 
(beta test) rating system. The purpose of this system is to provide a national set of standards 
for smart growth, new urbanism and green building. The system certifies exemplary 
development projects, based on evaluating location efficiency, environmental preservation, 
compact, complete and connected neighbourhoods, and resource efficiency. The finished 
version was completed in 2008. 
 

4.2 Green Building in Europe (GreenBuilding Program me – GBP)10 
GBP was first initiated in 2004 by the European Commission (EC) with the aims of 
improving the energy efficiency and expanding the incorporation of renewable energies in 
non-residential buildings in Europe on a voluntary basis. The pilot phase of GBP, the 
GreenBuilding infrastructure which was set off in 2005-2006, was set up in ten European 
countries where National Contact Points (NCP) were established in each participating country 
for aiding organisations that considered involvement in the GreenBuilding Project. The 
second phase of the GBP, the GreenBuildingPlus, was initiated in December 2007 and the 
project as a whole is supported by the European Commission’s Intelligent Energy Europe 
(IEE) Programme. There are National Contact Points in 12 European countries today, 
offering: 
• National GreenBuilding website in native language, modified to suit the national 

context. 
• GreenBuilding workshops and publications in native language. 
• GreenBuilding Guidelines and technical modules in native language. 
• Online best practice inventory and printed publications. 
• National catalogue of GreenBuilding Partners and Endorsers. 
• Presentations at national conferences and trade fairs. 
 
According to the European Commission’s Green Paper on Energy Efficiency, the building 
sector is identified as an area where important improvements in energy efficiency can be 
realised. As already mentioned in this report and according to Green Paper, the building 
sector accounts for more than 40% of the total energy consumption in Europe. One of the 
largest potentials for energy savings lies in the HVAC of buildings, in particular heating and 
cooling of buildings. If improvements are made in this area, not only energy will be saved, but 
also improvement of the energy supply security will be gained as well as increased 
competitiveness in the European Union that will result in creating jobs and raising the quality 
of life in buildings. As abovementioned, the GBP was set off in 2005 as a voluntary 
programme that is meant to “enhance the realisation of cost-effective energy efficiency 
potentials by creating awareness and providing information support and public recognition to 

                                                 
10 http://www.eu-greenbuilding.org/  
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companies whose top management is ready to show actual commitment to adopt energy 
efficient measures in non-residential buildings.”11 
 
To be able to participate in the GBP, an action plan defining the scope and nature of the 
company’s commitment has to be submitted first. The action plan, based on an initial energy 
audit, must include a description of the buildings in which energy efficiency actions will be 
carried out as well as the energy services (heating, lighting, water heating, ventilation, air-
conditioning, office equipment, etc.) and the specific measures, to which commitment applies. 
Upon acceptance of the action plan by GreenBuilding, the company is granted Partner status 
which expires three years after the completion of the last GreenBuilding project. Documents, 
so called “Modules”, are provided by the GBP define the technical nature of an appropriate 
commitment for each energy service covered in the programme. Moreover, these modules are 
complemented by Guidelines on horizontal issues such as “Financing”, “Energy Audit” and 
“Energy Management”. 
 

4.2.1 GreenBuilding Endorser 
There are at the moment 8 organisations in Sweden that are certified as GreenBuilding 
Endorsers, where two of which are NCC Teknik and Sweco Sweden12. A GreenBuilding 
Endorser is an organisation concerned with engineering consultancy, construction, 
architecture, and design/energy services, that assists its customers to improve the energy 
supply efficiency of their buildings, reduce carbon dioxide emission, and introduce renewable 
energy. It must have a strong commitment in order to make significant contributions to the 
aims of GreenBuilding Program. The GreenBuilding Endorser status is maintained by 
meeting some eligibility criteria. The Endorser status does not involve legally binding 
obligation, but does require strong commitment and a significant contribution as mentioned 
above. Furthermore, an Endorser may withdraw from the programme at any time without 
penalty. There is a five step process that must be preceded in order for an organisation to 
become an Endorser of the GBP. 
1. A “GreenBuilding Promotion Plan” must be submitted that defines the scope and 

nature of the organisation’s activities in support of the GreenBuilding. 
2. A proof of assistance of at least one building owner/occupier in becoming a 

GreenBuilding Partner must be submitted by the applicant Endorser. 
3. The Commission must approve the Promotion Plan in order to grant the applicant with 

an Endorser status for the duration of three years. 
4. The Promotion Plan must be executed and reported back to the Commission. 
5. After three years and upon submission of proof to have assisted at least one additional 

building owner/occupant in becoming a GreenBuilding Partner, the Endorser status 
can be renewed by the Commission. 

 
The benefits of becoming a GreenBuilding Endorser, including the acknowledgement for the 
efforts to support the GBP, are: 
• The Commission will invite the Endorsers, in cooperation with their Partners, to 

publicise their documentations of showcase buildings that illustrate details of energy 
savings made by the installation. 

                                                 
11 http://www.eu-greenbuilding.org/index.php?id=163  
12 http://www.eu-greenbuilding.org/index.php?id=153&no_cache=1 
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• The GreenBuilding logo and GreenBuilding documents may be used by the Endorsers, 
with the restriction to using the logo only within the extent of the Endorsers’ 
commitment to the GBP, i.e. the logo cannot be used for other purposes or activities. 

• The Endorser may include the organisation’s relevant activities in GreenBuilding 
related promotional activities, the GreenBuilding Endorser Catalogue, Advertising 
activities, the GreenBuilding database, etc. 

• The GreenBuilding Programme Endorsers will be widely published in brochures, 
internet, etc, including a description of the contributions they have made and, if 
provided, a reference to the organisation’s website. 

• Awards for a variety of different types of Endorsers will be given by the GBP Awards 
to outstanding GreenBuilding Endorsers. 

 

4.2.2 GreenBuilding Partner 
A GreenBuilding Partner is a company or organisation that “is willing to improve the 
efficiency and to introduce renewable energy source in its building stock”13. It can also be a 
company with only new buildings or buildings already and recently refurnished. Such 
companies are granted with the GreenBuilding Partner Status by the EU Commission which 
certifies that the organisation is looking after its future by improving the energy performance 
of its buildings. In Sweden there are 20 certified GreenBuilding Partners at the moment, 
where two of which are Peab AB and NCC Property Development14. The GreenBuilding 
Partner Status can be granted to organisations that deal with long term lease or own non-
residential buildings and if the Partner status is granted, the organisation will receive aid in 
defining and executing an Action Plan as well as public recognition for its contribution to 
achieving the aims of the European Union’s energy policy. 
 
There are a few similar regulations that apply for both Partners as for Endorsers, such as the 
Partner status is maintained by meeting some eligibility criteria and does not involve legally 
binding obligation, but does require strong commitment and a significant contribution to the 
aims of the GBP. Furthermore, a Partner may withdraw from the programme at any time 
without penalty. There is a four step process that must be preceded in order for an 
organisation to become a Partner of the GBP. 
1. It is important to have an Energy Audit of the buildings belonging to the organisation 

that is applying to become a GreenBuilding Partner 
2. An Action Plan must be submitted that defines the scope and nature of the 

organisation’s commitment. 
3. After the Commission approves of the Action Plan in consultation with the National 

Contact Point, the Partner Status is granted to the organisation by the Commission. 
4. The Action Plan must be executed accordingly and reported to the Commission and to 

the relevant National Contact Point. 
 
The personal working in an organisation that is granted a Partner status must be qualified, 
competent and have the required knowledge and constraints of the organisation’s field and 
activity. A Partner may choose to get assistance from a third party, e.g. a GreenBuilding 
Endorser. 
 

                                                 
13 http://www.eu-
greenbuilding.org/fileadmin/Greenbuilding/gb_redaktion/downloads/Highlights_GBEndorser.pdf 
14 http://www.eu-greenbuilding.org/index.php?id=154&no_cache=1 
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There are many benefits to be gained in becoming a GreenBuilding Partner, including 
receiving aid, advice and technical assistance from the Commission and from the National 
Contact Points in creating and executing the Action Plan; these benefits are: 
• Improving or maintaining the comfort levels, indoor quality and the quality of the 

service of the systems concerned. 
• The energy savings are both technically and economically feasible, where the plan 

must satisfy the economic efficiency criteria. 
• Public recognition is granted to the Partners for their efforts through the Programme’s 

promotion campaign, which aims to raising public awareness of energy issues. 
• The GreenBuilding Programme logo may be used by all Partners. Moreover, they may 

publicise their energy saving actions and contributions by posting signs and artwork of 
which is provided by the European Commission. 

• The GreenBuilding Programme Partners will be widely published in brochures, 
internet, etc, including a description of the contributions they have made. The list will 
then be sent by the Commission to the national GreenBuilding representative and to 
the Member State representatives in the IEE Programme Committee. 

• The Commission will invite the Partners to publicise their work, i.e. showcase 
buildings/systems, and contribution made to the environment including details on 
previous energy use, what was done, and the resulting energy use after improvements 
were made. The estimates of the prevented pollution will be provided by the EC. 

• The organisation will benefit promotion of its relevant activities that may be included 
in GreenBuilding promotional activities, such as Awards and the Catalogue. 

• Awards of outstanding GreenBuilding Partnership will be made by the GBP Awards 
in several categories.  
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5  Building envelope and building installations for  GB15 
This chapter will give the reader an idea of what makes a building qualified to become a 
GreenBuilding by considering the building envelope and certain installations. Nevertheless, 
this only applies to GB-NC and the information given is for new installations and 
components. It is therefore important to realise that the U-value is already considerably low 
and need not be given in all cases. 
 

5.1 Building Envelope 
“The building envelope controls the flow of energy between the interior and exterior of the 
building” (LEED Prep, 2008, page 34).  The building envelope is considered in the pre-design 
phase in order to optimise results in terms of energy savings and comfort among other things, 
as best as possible. 

5.1.1 Roofs 
Roofs provide protection of buildings, occupants and interiors from the sun and outside 
weather conditions, keeping the inside of the building dry and comfortable. In order to 
achieve the best results possible and keep the building free of moister, the roof, insulation and 
ventilation systems must work together. There are different roofs designs used for residential 
and commercial buildings. Flat roofs or low-sloped roofs are used in commercial buildings, 
while residential buildings typically have a slope greater than 14 degrees. There are different 
concerns regarding moisture, standing water, durability, and appearance for the two types of 
buildings, which is reflected in the choice of roofing materials. For commercial projects, 
rubber or built-up roofing materials are commonly used, while residential projects are more 
likely to use asphalt shingles or metal. The materials used in the roof construction have a great 
impact on the building’s thermal performance, e.g. in metal-framed buildings, the metal roof 
space can act as a thermal passage, moving heat out of the building which should be avoided 
in cold climates. There are new roof shingles that even produce electricity using solar 
technology and photovoltaic cells. In hot climates, reflective roof materials or coatings can be 
used to send the heat back into the sky instead of absorbing the heat and transmitting it into 
the building. There are many roofing materials available such as Asphalt, Metal, Wood, 
Concrete and Tile, Single-ply, Solar shingles (containing PV cells), coating, etc.  
 

5.1.2 Windows and doors 
The size and position of the doors is very important in order to get in as much daylight as 
possible and optimise the heating and ventilating strategies. The objective of an opening and 
its effect on the building envelope is a key factor in determining the form, size and location of 
the opening. For example a window that is installed only to provide a view does not have to 
open, while windows that are meant to ventilate must do so. In order to get as much daylight 
into the interior as possible, a window must be installed at a high level for the reason that, if 
properly designed, the penetration of the light into the interior will be deeper and the glare 
will be eliminated. Another way of achieving good results is to place a light shelve below the 
high window in order to reflect the light into the room and light up the ceiling plane. Another 
aspect that should be considered here is the passageway at a building entrance which should 
be designed to prevent the loss of heated or cooled air to the exterior. Air-locks, i.e. two sets 
                                                 
15 LEED Prep (2008). Written by Holly Williams Leppo, AIA, LEED AP & Brad Saeger. Professional 
Publications Inc. 
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of doors placed in succession, can also help eliminate this problem by preventing outdoor air 
from interacting directly with the internal heated or cooled air. During hot seasons, shades can 
help reduce the penetration of direct sunlight into the building. The windows must be double- 
or triple-paned with as high R-value as possible; this applies to all climates except the mildest. 
The R-value is a measure of resistance to heat flow across a wall or window assembly and the 
higher the R-value, the more resistant it is and the lower energy loss. The U-value, i.e. the 
Overall Heat Transfer Coefficient, is depended on the R-value and must be as low as possible 
(U=1/R). A proper type of glazing must be selected for window-glass, e.g. layers of metallic 
coatings or tints can help either absorb or reflect specific wavelengths in the solar spectrum 
allowing daylight to pass through the window while reflecting other wavelengths such as 
ultra-violet (can damage fabrics) and near-infrared (provides heat). The glazing choice 
depends on the location of the facility, the uses of the building and sometimes even the 
placement of the glazing on the building’s façade. In hot climates the heat gain must be 
controlled by keeping solar energy or other types of undesired wavelengths from entering the 
indoor space, while allowing daylight to enter the room. However, in cold climates it is more 
appropriate to reduce the loss of heat to the outdoors while allowing certain desirable 
wavelengths to enter the interior space. Heat is also lost through the frame of the windows. In 
order to optimise the energy performance, a low-conductivity frame material must be 
specified, such as wood or vinyl. Metal frames can be used if they have thermal breaks. A 
window frame will not only reduce heat loss, but will also help prevent condensation within 
the air-space between the panes.  
 

5.1.3 Walls 
There are different types of materials used in wall construction, such as wood, steel, concrete, 
thermal mass and high-mass materials, and Structural Insulated Panels (SIPs). Wood 
constructions are popular due to the ease of construction, flexibility, availability of the 
material and components, and economy of the system, which makes it possible for a small 
crew to conduct a large project. There is a large variety of wood sheathing products available 
that range in cost, strength, insulation value, and ease of installation that add shear and 
strength into the construction which makes it possible for the structure to withstand the forces 
of high winds, earthquakes and other nature forces. So called Structural Insulated Panels 
(SIPs) which consist of rigid foam-board sandwiched between structural wood sheathing, can 
be used for both walls and ceilings. Manufactured wood products often have better 
performance than dimensional lumber; however, the glue used in the manufacturing process 
can contribute to indoor air-quality problems. There are engineered wood products made with 
exterior-type glues and urethane glues that release low emissions but are also susceptible to 
damage from termites and rot. For that reason, some wood products are pressure preservative 
treated; this can negatively affect the indoor air quality if not used properly. 
 
Steel is normally used in construction commercial buildings but is nowadays also used in 
residential constructions. The framing techniques of steel buildings are nearly the same as for 
wood-framed buildings. The difference between steel and wood however is that steel is 
resistant to termites, fire and earthquakes. On the other hand steel conducts heat more than 
300 times faster than wood and steel studs can create thermal bridges to the outside of the 
building and must therefore be carefully detailed to prevent heat loss. It is therefore important 
to be careful when constructing steel buildings since even the fasteners used to attach building 
materials to one another can become a heat loss issue. Steel framings are cost efficient but not 
in cold climates, as the additional insulation required to prevent heat transfer might reduce the 
cost effectiveness. 
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Structural integrity, termite protection and thermal insulation are a few of the qualities that are 
provided to a construction that is built with concrete framing. In addition to the above, 
concrete helps reduce air infiltration in buildings and easily absorbs heat, making it ideal as 
thermal mass in passive solar building designs. Concrete framing comes in different options 
and products, each type having certain qualities that are not necessary included in every 
option. Examples of such products are Masonry, Autoclaved Aerated Concrete, Cast-in-place 
Concrete and Precast Concrete. 
 
In climates where buildings need to be cooled during the day and heated at night, thermal 
mass materials are used to reduce energy use in those buildings. The definition of thermal 
mass is “the ability of a material to absorb heat energy” 16 measured in volumetric heat 
capacity, KJ/m3·k. Examples of such materials are water, concrete, sandstone, compressed 
earth blocks and rammed earth. 
 
SIPs have structural and insulative properties, consisting of carefully engineered shield with a 
foam core 100mm-200mm thick, sandwiched between a structural facing (drywall, playwood 
and oriented strand board, OSB, are common types of facings) on each side. 
 

5.2 Building installations 
In the US, HVAC accounts for 40% to 60% of the total energy used in US commercial and 
residential buildings. The percentage is almost the same in Europe where the Building sector 
accounts for more than 40% of the total used energy, which includes HVAC. This means that 
great energy savings can be made by improving the technology of HVAC-systems, which 
furthermore have a significant effect on health, comfort and productivity of occupants. For 
example the so called “sick buildings” can be improved, simply by improving the mechanical 
and ventilation systems since discomfort, improper ventilation, and poor indoor quality are all 
linked to HVAC-system design and operation. According to the Green Building standard, the 
best HVAC design is one that considers all the interconnected building systems while dealing 
with indoor air quality, energy consumption, and environmental benefit. 
 

5.2.1 Passive solar design 
Passive solar systems use primarily natural energy flow to harvest solar energy and can 
provide space heating, cooling load avoidance, natural ventilation, water heating, and day-
lighting. The aim of passive solar design is to integrate building components, e.g. exterior 
walls, windows and building materials, to provide solar collection, heat storage, and heat 
distribution as well as synchronising the building components and installation to optimise the 
results. Such synchronisations may include reducing electric light by letting in more natural 
daylight while equally reducing the cooling load since less heat is generated by the electrical 
lights. It is more challenging to accomplish the same results as mechanical systems with 
passive solar design; by using the building components to regulate temperature requires a 
thorough analytical approach in order to optimise performance while avoiding problems such 
as overheating and glare. The building occupants must also be educated about the system and 
how in order to operate building elements to achieve the best indoor comfort environment. 
Computer simulation is of valid use in passive solar design since it provides accurate 

                                                 
16 http://www.yourhome.gov.au/technical/fs49.html 
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guidance in very complex system combinations and interactions. There are many variables 
involved in such systems which include: 
• Climate (sun, wind, air temperature, and humidity) 
• Building orientation (glazing and room layout) 
• Building use type (occupancy schedules and use profiles) 
• Lighting and day-lighting (electric and natural light sources) 
• Building envelope (geometry, insulation, fenestration, air leakage, ventilation, 

shading, thermal mass, and colour) 
• Internal heat gains (from lighting, office equipment, machinery, and people) 
• HVAC (plant, systems, and controls) 
• Energy costs (fuel sources, demand charges, and conversion efficiency) 
 
A way of combining all of the above parameters is by simulating an hourly analysis in order 
to estimate a single figure of merit such as annual energy use or annual operating cost. It is 
however rarely feasible to meet 100% of the building load with a passive solar system, and 
thus an optimal design is based on minimising life-cycle cost, i.e. the sum of initial cost and 
life-cycle operating costs. 
 
When using passive solar heating, the building thermal-load patterns must be analysed first in 
order to match the times when the sun can provide daylight and heat to a building with those 
times when the building needs light and heat. By doing so, the most effective passive solar 
design strategy can be chosen for each building. Moreover, a passive solar building that uses 
sunlight as a heating source can integrate that with daylight design by using sunlight as a 
lighting source. It is important to know that passive solar design is more effective when 
sunlight directly hits dark-coloured surfaces while daylight design relies on gentle distribution 
of the sunlight over large, light-coloured surfaces. Thus incorporating the two designs 
requires an understanding of the techniques and high competence within this area of expertise. 
The orientation of the building is very important in passive solar design as the optimal 
orientation of the sun is the key factor. In rooms and spaces where people stay in for more 
than a few minutes, it is inappropriate to have direct sunlight entering the space. To avoid that 
and increase desirable levels of heat gain, daylight, and reduction of cooling loads, 
appropriate glazing should be chosen for the windows. Low sun angles cause glare and 
discomfort especially in late morning and early afternoon, and can be avoided by careful sun 
angle analysis and design strategies. An example of such strategies is light shelves that 
intercept the sun and distribute the daylight. 
 

5.2.2 Active solar design 
Active solar energy systems should be integrated in the building design only after passive 
solar and energy-conserving strategies have been considered. The energy savings for active 
solar systems depend on the amount of solar radiation availability. The two most popular 
examples of active solar designs are active solar hot water and active solar heating. The active 
solar collector systems use sunlight to produce energy for domestic heating, pool heating, 
ventilation air preheating, and space heating. The most economical application of the active 
solar systems is usually water heating for domestic use as hot water is constantly used 
throughout the year and thus energy savings can be made all year-round. An active water 
heating system have major components including collectors, a circulation system that moves 
the fluid between the collectors and storage, a storage tank, a control system, and a backup 
heating system. Such systems can be designed with large components to provide heating for 
pools or to combine functions of both domestic hot water and space heating. It is feasible to 
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have an active solar system if it can compensate considerable amounts of heating energy that 
would normally be required from conventional systems over the life of the building or the life 
of the system. It is therefore important to evaluate the costs on a life-cycle basis as the system 
equipments can be highly expensive. The projected life of such systems should not be less 
than 10 years and the financial analysis should be essentially based on this fact as the 
resulting estimates determine the financial feasibility of investment in the active solar system. 
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6 Evaluation – Similarities and Differences 
In this chapter, the information given throughout the report will be evaluated in terms of 
similarities and differences between EPC and GB. We will first start by comparing the 
objectives of the Directive with the objectives of the Green Building standard, followed by 
comparing their building envelope and installations. Since LEED for New Constructions is by 
far the most commonly used Green Building standard, this chapter will only take LEED-NC 
into consideration while comparing EPC with GB. There is certainly a difference between 
comparing new constructions with existing buildings and comparing new constructions 
together, which is why the reader is recommended to keep in mind that sometimes the 
comparison is between new buildings and other times between new and existing buildings. 
 

6.1 Similarities 
• Even though the Energy Performance Certification of buildings is merely a Directive 

issued by the European Parliament and the European Council, it still has the same 
outcome as the Green Building standard, i.e. saving energy in order to reduce carbon 
dioxide emission while improving or maintaining a good quality of indoor climate and 
comfort of a building. 

 
• Both EPC and GB aim to protect the environment by reducing the use of natural 

resources which are the main sources of carbon dioxide emission, and saving energy 
within the building sector that accounts for more than 40% of total energy 
consumption both locally and globally. The means of how to accomplish that on the 
other hand are completely different. 

 
• EPC must be executed by qualified and/or accredited experts with high quality 

engineering experience, and GB constructions must be supervised by Endorsers such 
as organisations concerned with engineering consultancy, construction, architecture, 
design or energy savings, in order to improve the energy supply efficiency of 
buildings, reduce carbon dioxide emission, and introduce renewable energy. 

 
• Both EPC and GB rely on the U-value of building materials in order to increase 

energy savings; the lower the U-value is, the better insulation and the higher the 
energy savings are. 

 
• When comparing EPC of new buildings with GB new constructions, the amount of 

saved energy is sometimes the same, if not higher for energy performance certified 
constructions. This is due to the construction companies taking the environmental 
issues more seriously than ever before and thus reducing the energy use of new 
buildings with at least 10-20% even though they are not built as GB constructions. The 
regulations for GB new constructions state that the least amount of saved energy has 
to be 20%, which puts EPC new buildings and GB new constructions at the same level 
of sustainability. The only difference here could be the materials used to build those 
constructions which must have specific requirements for GB constructions.  

 
• Even though GB constructions are pre-designed in the early stages of the planning 

process, the building installations still need to be inspected within regular periods of 
time in order to keep the same level of sustainability of the buildings. EPC clearly 
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require regular inspections of building installations and envelope, especially 
considering existing buildings, in order to improve the level of performance of 
buildings as well as obligate owners/occupiers to replace old installations with modern 
techniques that are energy efficient and cost effective. This reduces the differences 
between GB and EPC in certain areas and makes it possible for EPC of existing 
constructions to uphold higher level of energy performance in comparison to standard 
buildings of the same size and function. 

 
• Lighting- and HVAC systems in new EPC buildings are of as high quality as for GB 

constructions. Moreover, existing EPC buildings with older lighting systems that 
require high use of energy have to update their systems in order to meet the minimum 
requirements by e.g. installing integrated control-systems that use sensor-accumulated 
data to manage lighting and HVAC systems automatically. 

 
• Both GB and EPC new constructions consider alternative and renewable energy 

sources such as solar systems and wind farms. The reason for that is that they are more 
cost efficient and much better for the environment. 

 

6.2 Differences 
• One thing that needs not be further explained is that EPC is a Directive and GB is a 

standard; this means that EPC is an obligatory action that the building owners or 
occupiers in the Member States must execute even if the building has a Green 
Building Certification, in which case it is guaranteed an EPC. The Green Building 
standard on the other hand is completely voluntary but have a direct effect on the 
environment in terms of energy savings and reducing carbon dioxide emission among 
other things. However, even if EPC is a Directive, it still has the same impact on 
buildings as a standard would do to the minimum requirements and regulations. 

 
• EPC states that the Member States must meet the minimum requirements set for new 

buildings, existing buildings as well as different categories of buildings, while LEED-
NC states that in order for new buildings to be certified as GB constructions they must 
reduce their energy use and environmental impact by 20% or more below the level of 
standard buildings of the same size and function (section 2.1.2, Article 4 & section 
3.1.2, point 3). The difference here is considerably higher when comparing existing 
EPC buildings with new GB constructions for the reason that the costs required to 
reduce the energy use of an existing EPC building are very high and the investment 
pay-off period would be very long. 

 
• GB constructions must get 35% or more of their electrical supply from an off-site 

green power installation such as wind-farms (Section 3.1.2, point 5), while EPC 
buildings are not required to do so, even though there is a vast amount of buildings 
that use 100% green power in Sweden supplied by companies such as Vattenfall, E.on 
or Ystad Elförsäljning. 

 
• Existing buildings could have an energy use that exceeds the interval or the specified 

amount of energy use by far (Figure 4), in which case certain measures should be 
taken to reduce the energy use in order the meet the EPC requirements (Section 2.1.2, 
Article 4). New GB constructions have as previously mentioned already pre-designed 
every single aspect of the building in the early planning stages and therefore 
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automatically consume 20% less energy than standard buildings of the same size and 
function. 

 
• When conducting an EPC in Sweden, the building’s energy use is compared to two 

different data (Figure 4); the first one is an energy use interval of buildings of the 
same size, function and age, and the second one is a specific amount of energy use that 
a new construction of the same size and function should be consuming. This kind of 
data makes it possible to compare old buildings’ energy use with both buildings of the 
same age and new buildings. In the literature that was used to write this thesis, it is 
always stated that GB constructions are compared to “standard” buildings of the same 
size and function but the definition of “standard” is not given. It is thus not clear as to 
what types of buildings the comparison is made. 

 
Figure 4: Energy Performance Certification executed by Heating Consult 

Reference: Heating Consult i Linköping AB 
• There are necessary actions that each Member State must take to establish regular 

inspection of boilers and air-conditioning systems especially for existing buildings in 
order to meet the minimum requirements stated in Article 8-9, while for GB 
constructions the heating- and air-conditioning installations are pre-designed in the 
early stages of the construction project in order to meet the requirements that are 
stated in LEED. 
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7 Analysis 
Comparing EPC with GB is like comparing apples with pears, both of which are fruits, have 
the same genre of flavour, but are of different types with numerous sorts of shapes and 
colours. It is theoretically very similar to that when speaking of EPC and GB, especially when 
comparing new buildings of EPC with new buildings of GB. New EPC buildings may obtain 
the same level of energy performance efficiency as GB new constructions, as construction 
companies today carefully assess and take into consideration every aspect of the construction 
to uphold the same level of sustainability. It also has to do with EPC becoming a sort of 
standard for new constructions, especially here in Sweden. In addition to that and most 
importantly, both EPC and GB strive to achieve the same outcome which is reducing carbon 
dioxide emission to decrease the negative impacts on the environment.  
 
The difference between them lie firstly in EPC being a Directive and GB being a standard; 
this means as previously mentioned that EPC is an obligatory action that the building owners 
or occupiers in the Member States must execute, and GB is standard that is completely 
voluntary but have a direct effect on the environment.  
 
One thing that is very clear is that when executing an EPC on existing buildings, the results 
may not be as effective as for GB or EPC of new constructions; this is due to the fact that it is 
not cost-efficient and the investment put in such building would therefore not be worth the 
amount of work and effort required. 
 
When comparing EPC existing buildings with GB or EPC new buildings, the difference is 
significantly big and it is almost impossible to obtain the same level of sustainability or of 
energy performance efficiency as for GB or EPC new constructions. The reason lies in the 
construction design, especially for complex buildings from the late 19th century and onward 
with a total area larger than 1000m2; reconstructions in such cases sometimes require a 
complete demolition of e.g. the building envelope, installations or lighting systems. 
 
To clarify that even further, the reconstruction process starts in planning whether it is possible 
to make any changes in the building envelope. This has to do with the fact that older buildings 
do not have good or enough insulation in building parts such as roofs, walls, floors, etc. where 
leakages occur easily, and other elements such as windows may very well be outdated and 
need to be replaced completely. If for some reason it turns out to be difficult or 
disadvantageous to reconstruct the building envelope, the next step would be to evaluate the 
installation systems. Energy savings can be made by updating old building-installations or 
replacing them with modern, energy efficient, and environmental friendly systems. 
 
Sometimes reconstructing old buildings can cost as much as constructing a new building from 
the ground up, which makes the reconstruction financially unprofitable. An example of such 
cases is buildings of cultural value which are very common in historically old cities such as 
Stockholm, London, Rome or Paris. Nevertheless, for the most part it is still possible to save 
energy in existing buildings even though the energy performance efficiency will not meet the 
same level accomplished in new constructions of EPC or GB. 
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The minimum requirements are the key elements of the Directive and should therefore be 
executed accordingly in all Member States. This is unfortunately not the case in some 
Member States including Sweden. There have been drastic changes made in Sweden recently 
regarding EPC, but because of lack of qualified energy experts in the country, the progress 
have developed rather slowly. There are unfortunately only 810 certified energy experts in 
Sweden today according to the National Board of Housing, Building and Planning (Boverket), 
which is a shockingly low number. If the number of experts does not rise soon, it will 
probably take years or decades for Sweden to certify its buildings according to the Directive. 
Moreover, it was not until recently that the National Board of Housing, Building and Planning 
decided that EPC is to become an obligatory action that has to be executed by all 
owners/occupiers from January 1st 2009. The experts are thus responsible for giving their 
clients recommendations of any changes or updates necessary.  
 
Sweden has now taken the first step into applying the Directive, which is to certify all the 
buildings in the country according to EPC without forcing the owners/occupiers to execute the 
recommendations given by the accredited and/or certified energy experts. The next step is still 
unknown but considering what it is written in the directive, it will presumably be to make it 
mandatory for owners/occupiers to implement the recommendations given by the energy 
experts on their buildings in order to meet the minimum requirements. One reason for why the 
minimum requirements have not yet been applied in Sweden might have to do with EPC 
being a relatively new concept that has recently been introduced to the public. It is therefore 
wise to let the public get used to one thing at a time, educate them, and give them time to 
understand the aims and benefits of what they are doing and why, instead of introducing 
everything at once which may very well create great confusion and chaos. 
 
Another reason for why the process of applying the Directive in Sweden has been slowed 
down have to do with the authorities. It is clearly stated in section 2.1.1, page7, paragraph 2 
that “To set a good example, public authority buildings and buildings frequently visited by the 
public should be subjected to energy certification on a regular basis and should verify that by 
clearly displaying these energy certificates.” Unfortunately, this has not been applied in many 
regions in Sweden which makes it quite difficult for the authorities to force people into 
making changes when they have not even started to certify their own buildings. I do have to 
emphasise ones again on the fact that it is ultimately a matter of lack of qualified energy 
experts in Sweden. 
 
One thing that I personally found interesting is a segment that was written in the document 
used as a reference for this thesis (Section 2.2.1, paragraph 3) where it is stated that “Sweden 
has already applied many requirements given in the Directive, in particular the minimum 
energy performance requirements.”  Chapter 2.2 is derived from a very reliable and valuable 
source of information (Page 11, footnote 5), but the puzzling part is that the segment itself 
contradicts the reality of how far Sweden has gotten with applying the Directive.  
 
Going back to Green Building, there is something that I found slightly vague and confusing. 
In every GB literature used as an information source for this thesis, it is always stated that GB 
constructions must save at least 20% energy or more in comparison to “standard” buildings of 
the same size and function. Which brings us to the question of, what is a “standard” building 
according to GB? If we consider EPC in Sweden for a moment, a standard building is defined 
by a building of the same age, size and function that meets the minimum requirements of the 
Directive. GB on the other hand do not specify a clear definition of the concept which makes 
me wonder what a Green Building construction is actually compared to? 
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8 Results and Conclusions 
There are three important questions that this thesis was aimed to give answers to, which are: 
 
- How is EPC beneficial for our community welfare? 
- Why should owners/occupiers choose to transform their houses/buildings to GB 

certified constructions? 
- Is there a way of combining EPC with GB? 
 
Let us consider the first question; in section 2.1.1 general information, terms and condition of 
the Directive were summarised which gave an idea of why EPC was issued by the European 
Parliament and Council, while section 2.2 talks about how the Directive is implemented in 
Sweden. The community that is mentioned in the question defines the Swedish community, 
though when speaking of the Directive the benefits gained from implementing it in all the 
Member States applies to the entire European community as a whole. There are 44 States in 
Europe today out of which the Directive is applied to only 12 of them. If each Member State 
takes responsibility for its own carbon dioxide emission by improving the energy performance 
of buildings, the amount of energy that could potentially be gained will be enormous. There is 
a reason behind the saying “two hands are better than one”; if we hypothetically consider two 
neighbouring countries, one of which takes the environmental issues seriously and the other 
one decides to neglect it. The negative impacts from the neglecter will essentially influence its 
neighbour, as pollution travels via both air and water. This is why the Directive must be 
applied accordingly in every Member State. The benefits that our European community will 
gain from applying EPC are many, including:  
- Improving energy performance efficiency of buildings that account for more than 40% 

of the carbon dioxide emission. 
- Improving or maintaining the same indoor climate of buildings while saving energy. 
- Incorporating renewable energy sources that have zero effect on the environment. 
- Designing and building construction works and their cooling, heating and ventilation 

installations according to EPC will lower the amount of energy required in use while 
taking the climate conditions of the location and the occupants into consideration. 

- Laying down the necessary measures to establish a regular inspection of installations 
working on non-renewable or natural fuel sources will contribute to decreasing the 
carbon dioxide emission. 

 
The second question that we asked was why owners or occupiers should choose to transform 
their buildings to GB certified constructions. This particular issue was evaluated first in terms 
of similarities and differences (Chapter 7) and then discussed in the analysis (Chapter 8). The 
conclusion that can be drawn from the above is that both EPC and GB have beneficial factors 
that improve buildings’ energy performance efficiency. We can also conclude that the 
difference between them lies in comparing EPC existing buildings with GB new 
constructions. Additionally, it is very possible to transform standard existing buildings to a 
GB certified construction but the cost of doing so will unfortunately be very high in most 
cases. 
 
Which brings us to the question, is it better to build new constructions according to EPC or 
GB? In my opinion, the one and only benefit that can be gained from building a GB certified 
construction is that the owner/occupier is guaranteed to be delivered a completely 
environmental friendly building, where every single aspect relating to the building both 
internally and externally is considered including sustainable site planning, water efficiency, 
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energy efficiency and renewable energy, conservation of materials and resources, and indoor 
environmental quality (Section 3.1.2). Moreover, since there are four levels of GB 
certifications the owners/occupiers are given the option of choosing the highest or lowest 
level according to their financial abilities. Other than that, both EPC and GB have the 
potentials of constructing buildings that uphold the same high level of sustainability and 
energy performance efficiency. 
 
The third and final question was if there is a way of combining EPC with GB. Once again, the 
answer to that varies according to the type of building in question. For new buildings, this is 
very well possible due to the close similarities between GB and EPC as previously mentioned 
in this chapter. For existing buildings on the other hand, it is at the moment better to execute 
an EPC instead of a GB certification due to the high renovation or reconstruction costs as well 
as the risk of completely changing the exterior appearance and architecture of the building. 
Nevertheless, this may very well change in the further future when the rapidly improving 
technology within the building sector will hopefully contribute to finding cost- and energy-
efficient solutions for existing buildings that will consequently contribute to GB and EPC 
being able to combine their regulations and make one single standard for that can be applied 
in all the Member States, or if possible in the entire European Union Community. 
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