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Abstract  
 
COFELY-GDF SUEZ, a global energy services company, has signed an Energy Performance Contracting 
(EPC) agreement with the University Versailles Saint Quentin En Yvelines for a period of 25 years. The 
master thesis aims to identify all the different solutions to improve energy efficiency in the buildings and 
thus, achieve the objectives of the EPC: How reduce the energy consumption of the different buildings, 
which includes 19,000 students, by 33% for gas, by 11% for electricity and by 19% for water 
consumption. Another important aspect of the thesis is to manage and control CO2 emissions. The scope 
of the master thesis is thus to find some solutions well suited to decrease energy consumption in a 
university and to develop accurately one of these solutions: heat pumps.  
 
An extensive study of the different energy saving measures has been performed, based on visits onsite, 
feasibility studies conducting, and meetings with the university’s administration as well as geographic data 
analysis. In addition, a thorough analysis of one of these saving energy saving measures has been 
conducted: the installation of air source heat pumps. The effect of these air source heat pumps on energy 
consumption and carbon dioxide emissions has been studied. Moreover, a metering plan for energy and 
fluids is essential for following up the energy consumption and thus estimate the energy saving agreed by 
the Energy Performance Contracting. 
 
Many obstacles have been encountered in energy efficiency of building systems and energy conservation. 
The technical and economical aspects must be taken into account when reducing gas, electricity and water 
consumption. Consequently, the energy saving strategies and measures described in the thesis have been 
implemented before, and therefore, are of a practical nature.  
 
The French Environmental Round Table defines the key points of government policy on ecological and 
sustainable development issues. At the end of it, improvement of building’s energy and environmental 
performance seems to be the best and preferred solution to answer this pressing situation, managed by the 
economic actors. Consequently, in order to face climate change, COFELY has to adapt to the new 
regulations and to tackle the different issues.  
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Introduction  
 
Energy in the form of electricity and gas is used in buildings for operating systems, which are essential for 
ensuring the safety and comfort of the building’s occupants. The French legislation agrees, through the 
conference “Grenelle de l’Environnement1”, that building is part of global warming. One of the main 
means to decrease CO2 emissions is to provide energy performance: energy management includes 
improving the energy efficiency of building systems and energy conservation involves cutting down on 
energy wastage.  
 
According to a report of the United Nations Environment Programme (UNEP), published in March 2007 
called “Buildings and Climate change: Status, Challenges and Opportunities”2, the international 
organization demonstrated that combining governmental legislation, a widespread use of technologies 
which enable a decrease of energy consumption and finally behaviour changes can significantly lead to a 
decrease of emissions in this sector.  
 
Aware of these opportunities, Europe has looked into this serious problem of CO2 emissions due to 
building activities. Residential district and service industry account for more than 40% of energy 
consumption in the European Union. Yet, this sector is growing, which will inevitably lead to an increase 
of energy consumption and thus CO2 emissions. Energy policy, related to buildings, resulted since 2002 in 
the 16th December guideline which is linked to energy efficiency of buildings.  
 
These European measures were integrated in the legislation of the French energy policy. And above all, 
the most important text is the Planning Act of 13th July 2005 (a.k.a Law POPE), which set the objectives 
of energy policy. The building sector isn’t spared as it accounts for 43% of energy consumption and at 
least for 21% of national CO2 emissions, that is to say, almost 100 million of tons3.  There are about 3.5 
billion m² of buildings, which have consumed 437.8 TWh in 2005 for electricity, heating and District 
Heating Energy4. In this sector, the objective is to divide by 4 the consumption: currently, the average 
consumption of energy is 400 kWh/m²/year, we need to reach an average consumption of 100 
kWh/m²/year until 2050 including 50 kWh/m²/year only for heating and DHW5. To achieve this 
objective, three areas for improvement are available: decrease the needs, integrate renewable energy and 
use, in an efficient way, the fossil fuel.  
 
In that context, COFELY has been working with Energy Performance Contracting (EPC) of the 
University Versailles Saint Quentin En Yvelines (UVSQ) for almost one year and a half. The UVSQ 
project is first characterized by the will of obtaining the EPC. It will enable the client to have efficient 
technical equipments which meet energy and environmental requirements. This approach is designed to 
reduce the outdoor environmental impact and to control energy consumption. 
 
Therefore, the scope of the Master thesis is to find several ways to save energy (gas and electricity) and 
water well suited for an educational building. Moreover, the thesis focuses on a specific method to save 
gas, which is an air source heat pump. Finally, the main part of an Energy Performance Contracting is to 
install a reliable metering plan in order to control and regulate the energy savings gained.  
 

                                                 
1 The “Grenelle Environnement” is a conference bringing together government, local authorities, business and 
trade unions to draw up a plan of measures to tackle the environmental issue.  
2 « Buildings and climate change : Status, Challenges and Opportunities”, published in March 2007, United 
Nations Environmental Programme, 
http://www.unep.org/Documents.Multilingual/Default.asp?DocumentID=502&ArticleID=5545&l=en  
3 DGEMP is the General Directorate for Energy and Raw Materials and is responsible for defining and 
implementing French energy policy and policy for the supply of mineral raw materials, updated in 2012, 
http://www.developpement-durable.gouv.fr/spip.php?page=404.  
4 ADEME is the French Environment and Energy Management Agency, created in 1990. http://www2.ademe.fr/   
5 Article « La performance énergétique des bâtiments – Des enjeux mondiaux aux politiques locales »,  
published in September 2009, http://www.actu-environnement.com/ae/dossiers/energiebat/enjeux_energie_batiment.php4  
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Literature review 
 
Within the frame of the master thesis carried out in a company, a literature review was carried out at the 
beginning of the master thesis and it was mainly based on the literature provided by the company, the 
ministry of ecology and energy and the “ADEME”, which is the French Environment and Energy 
Management Agency. Its mission is to encourage, supervise, coordinate, facilitate and undertake 
operations with the aim of protecting the environment and managing energy6. Thus, the literature review 
has aimed to get acquainted with all the relevant information related to projects of energy efficiency 
managed by COFELY, in order to fulfil the objectives set for the master thesis.  
 
The literature review has enabled to study the following aspects: 
 

• The different points to consider, according to the French regulation, in order to be eligible for an 
Energy Performance Contracting.  

• The French context of energy in the building sector and some of the energy saving measures, 
which can be adapted in a specific building such as a university.  

• The sizing of heat pumps in order to satisfy the needs for hot water, with a thorough study of the 
energetic and environmental effect of heat pumps.  

 
The first aspect has been thoroughly studied based on the guide of Energy Performance Contracting 
carried out by the “Commissariat Général au Développement Durable” (Ministère de l’Ecologie, de 
l’Energie, du Développement Durable et de la Mer, July 2010). The “Commissariat Général au 
Développement Durable” aims to promote sustainable development with socio-economic actors. Thus, it 
works out, leads and follows the national strategy of sustainable development. This guide is really relevant 
as it helps identify the key issues to consider when a building is eligible to an Energy Performance 
Contracting. It points out the different parameters to consider: Technical and Juridical, which will be 
developed in a following chapter.   
 
In addition, the best practices to improve energy efficiency of existing buildings have been analyzed in 
order to be acquainted with efficient and affordable technical solutions. Therefore, the guide of best 
energy practices written by the “Comité Scientifique et Technique des Industries Climatiques” (COSTIC), 
ADEME and Fédération Française du Bâtiment7 (FFB) has been reviewed. This guide is intended to 
companies, which carry out work of energy and thermal saving in existing buildings. Thus, it aims to 
present different work and maintenance, which enable thermal and energetic improvements of existing 
buildings from education sector. This guide is written as worksheet and describes synthetically work and 
maintenance for each type of energy saving measure: 
 

• An analysis of characteristics depending on different criteria: energy gain, improvement of 
comfort, operation costs… 

• Advantages and drawbacks 

• Essential points related to the implementation  

• Important observations  
 
The evolution of existing buildings interest many actors on the industry stage: building professional, 
master builder, contracting owner, public power … all linked by an important issue, which is the control 
of energy and the decrease of greenhouse effect gases.  
 
In France, there are about 29 millions accommodations, with an increase of new buildings by 1% each 
year. The future of these property holdings and a better quality of life for occupants are global issues: 
legacy, social, environmental and economic issues.  
 

                                                 
6 ADEME, website: http://www2.ademe.fr/   
7 Fédération Française du Bâtiment is a French professional organization, which represents the French building 
industry. It was founded in 1904.   



 

Energy consumption relative to residential and services buildings account for 45% of final energy 
consumption. A significant increase of consumption from residential and services sector can be noticed 
for 30 years. 
 
Final energy consumption was 135 MTOE (Ton Oil Equivalent) in 1973, where
2006 (1 TOE = 11 626 kWh LHV = 4
consumption distribution in France between 1973 and 

 

Figure 1: French final energy consumption in 1973
 
 

Figure 2: French final energy consumption in 
 
 
Finally the third aspect, a study of heat pumps 
research. The study of these documents and calculations has aimed to learn about the environmental 
impact and sizing of heat pumps described in section 3. 
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Energy consumption relative to residential and services buildings account for 45% of final energy 
ption. A significant increase of consumption from residential and services sector can be noticed 
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626 kWh LHV = 4 500 kWhe). The charts below show the evolution of final energy 
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1 Chapter one – Master thesis background 

1.1 The company 

1.1.1 Overview of COFELY-GDF SUEZ9 
 
COFELY Energy Services is part of the GDF-SUEZ Energy Services group, one of the six business lines 
of GDF SUEZ. GDF SUEZ is one of the leading energy providers in the world. COFELY is the leader in 
energy and environmental efficiency services, designing and implementing solutions to help businesses 
and public authorities make better use of energy, while reducing environmental impact. Currently, the 
head office is located in Paris-La Défense, in France and COFELY is present in more than 20 countries all 
around the world. 
 
From the beginning, COFELY has offered public authorities, industrial and service sector companies 
custom-tailored environmental and energy efficiency services, while providing performance for their 
energy and technical installations or buildings. Thus, COFELY helps companies and authorities to control 
their energy consumption and optimise their energy mix through utilization of local, clean efficient energy 
and renewable sources.  
 
COFELY provides different solutions to its customers: district energy, operation & maintenance, energy 
and utilities, specialist technical services, project services, engineering services and integrated facilities 
solutions.  

1.1.2 Services by COFELY 
The main services offered by COFELY are diversified and are listed in the table below: 

Improving the efficiency of energy 
installations 

Design, installation and management of 
energy facilities 
Contractual energy and environmental 
performance  
Managing end demand for energy 
(promoting consumer awareness, insulation 
for buildings…)  

Optimising technical facilities 
performance of buildings 

Design, installation and management of 
electrical and lighting systems 
Construction and maintenance of HVAC 
installations 
Command-control and smart metering of 
energy consumption  

Producing and distributing local and 
renewable energies 

Urban heating and cooling networks 
Cogeneration  
Industrial site utility power plants  
New, renewable and recovered energy 
production: biomass, biogas, geothermal, 
photovoltaic, wind 
Smart grid energy production and 
distribution controls 

Integrating services with results Facilities Management 
Multi-site management 
Public-private partnerships 

Table 1: Energy services proposal by COFELY (Source COFELY brochures) 

                                                 
9Website of  Cofely-gdfsuez, http://www.cofely-gdfsuez.com/en/profil/  



 

1.1.3 Cofely France 
 
COFELY France is divided into 90 agencies and subsidiaries located in 6 
unit specialized in heating and cooling districts. 
developing energy efficiency and environmental services.
 
With a total of 65 heating and cooling networks i
providing heating and cooling district.  
 
Some figures 
 

� 13,600 employees in France
� 2,7 billions Euros: global sale in 2011
� 24 millions m² of managed buildings

 

1.1.4 My place in the company
 
I belong to the “conception and execution of Energy Efficiency Solutions” service, with the “Energy 
Services” branch, which is still growing. 
 

 
The missions of the Energy Services team can be summed up 
 

� Develop solutions for energy savings
� Implementation of these solutions
� Monitoring of work 
� Checking of the performance

 
 
 
 

GDF SUEZ

GDF SUEZ Energy Services

COFELY  ENERGY SERVICES  PARIS

Conception and Execution of Energy Efficiency Solutions 
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France is divided into 90 agencies and subsidiaries located in 6 French regions and 1 economic 
unit specialized in heating and cooling districts. Today, there are about 13, 600 people working at 
developing energy efficiency and environmental services. 

With a total of 65 heating and cooling networks in France, COFELY is ranked as the first operator for 
providing heating and cooling district.   

00 employees in France 
2,7 billions Euros: global sale in 2011 
24 millions m² of managed buildings 

My place in the company 

conception and execution of Energy Efficiency Solutions” service, with the “Energy 
Services” branch, which is still growing.  

Figure 3: My position in the company 

The missions of the Energy Services team can be summed up through the following main ideas:

Develop solutions for energy savings 
Implementation of these solutions 

Checking of the performance 

GDF SUEZ

GDF SUEZ Energy Services

COFELY FRANCE

COFELY  ENERGY SERVICES  PARIS

Conception and Execution of Energy Efficiency Solutions 
(AMO)

regions and 1 economic 
600 people working at 

is ranked as the first operator for 

conception and execution of Energy Efficiency Solutions” service, with the “Energy 

 

through the following main ideas: 

Conception and Execution of Energy Efficiency Solutions 
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1.2 Energy Performance Contracting (EPC)1011 
 

1.2.1 Essential characteristics 

1.2.1.1 Context  
 
Energy performance in buildings is a key issue in our society. It involves increasing passive energy 
(insulation, orientation of buildings...), decreasing wasted energy and increasing the use of renewable 
energy. For all these reasons, the French government has to find systems and pass laws which include the 
objectives of reducing the use of energy in buildings thanks to companies and buildings’ occupants. 
 
The fifth article of the French Environmental Round Table, as known as “Loi Grenelle 1”, lays down an 
objective of reducing energy consumption to 40% for all public buildings and reducing CO2 emissions to 
50%. This goal must be achieved by the year 2020. According to the ministry of energy and environment, 
Energy Performance Contracting is one of the most hopeful tools to achieve this goal.  

1.2.1.2 Definition 
 
The Energy Performance Contracting aims to guarantee improvement of one or several existing buildings’ 
energy efficiency. Improvement of energy efficiency deals with the reduction of energy consumption.  
 
The European definition of the EPC was established by the European directive of 16th December 2002 as: 
“a contractual agreement between the grantee and the provider of a measure (for instance an energy 
services company), which aims at improving energy efficiency, that investment in this measure is granted 
in order to achieve a level of energy performance specified in the contract”.  

 

1.2.1.3 Characteristics 
 
Energy saving is carried out by the Energy Services Company for instance COFELY during my thesis. 
The company will identify and evaluate energy-saving opportunities and then recommend a package of 
improvements to be paid for through savings.  
 
The solutions, which will be adopted, apply to the developed site, technical equipments, operation and 
maintenance.  
 
The ECP must help to achieve the law’s objectives (“Loi Grenelle 1”): a reduction of energy consumption 
of at least 38% by the year 2020 for all existing buildings and a reduction of energy consumption of 20% 
by the year 2015 for State and public buildings.   
 
Consequently, it is strongly recommended that the ECP includes a commitment, which reduce building’s 
energy consumption minimum of 20%. Nevertheless, an inferior objective can be agreed.   
 
 
 
 
 
 

                                                 
10 Guide du contrat de Performance énergétique, Commissariat au développement durable, July 2010  
11 Le site des contrats de performance énergétique, http://www.lecpe.fr/#, update 22nd March 2012 
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1.2.2 Measurement and verification of energy performance  

1.2.2.1 How do we define performance? 
 
The expected performance is an improvement of energy efficiency. Improvement of energy efficiency is 
measured by the difference of energy consumption between a referenced situation and a situation, during 
which you measure periodically the different indicators. The performance is expressed in percentage and 
the commitment must be expressed both in primary energy and final energy.  
 
Formula of performance: 
 
During a specific period, 

 
Energy saving = consumption for a referenced situation – consumption for a measured situation 

 
The International Performance Measurement and Verification Protocol (IPMVP), managed by the 
association Efficiency Valuation Organization (EVO), is the most-known methodology tool to verify 
results of energy and water efficiency. It enables operators to improve facility performance.  

1.2.2.2 Measure and assess the performance 
 
Measurement and assessment of performance imply a comparison between energy consumption measured 
periodically and historical consumption in identical conditions. Identical conditions mean a same level of 
service and same conditions of working.   
 
The different measures, which can be taken in an Energy Performance Contracting, impact: 
 

- Improvement of building thermal efficiency 
- Improvement of equipment or energy consuming or producing systems energy efficiency 
- Indoor fresh air, hygrometry 
- Maintenance 
- Users behaviour: awareness campaign to energy efficiency 

1.3 Process of Energy Efficiency Project in Buildings 
 
The figure below shows the different steps of an Energy Performance Contracting, which must be 
followed by the Energy Services Company: COFELY.  COFELY is in charge of all the steps: studies, 
construction phase and monitoring period.  

 
Figure 4: Process of energy efficiency project in buildings for an EPC 
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1.4 General objectives of the work 
 
The Master thesis is mainly focused on energy saving measures in order to reach the objectives of the 
Energy Performance Contracting, decided in July 2011. More precisely, the objectives which have been set 
to carry out through the thesis work are: 
 

• Identify some feasible energy saving measures, which can be done in the university according to 
technical and geographical constraints. Then, an estimation of energy savings is conducted. 

• Conduct the feasible study for the implementation of an air source heat pump to satisfy the needs 
for hot water. 

• Analyze the energy metering plan: in substation of power systems, water and electricity counting 
 
In addition to the technical energy saving measures research objectives, the work also aims to analyze the 
Energy Performance Contracting requirements specific to France for energy-efficient building systems. 
The Energy Performance Contracting of Versailles Saint Quentin University is one of the first to be 
developed in France.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

2 Chapter two – Own work Description
 

2.1 Method of attack 
 
To conduct this energy efficiency project, a prior literature review has been carried 
in identifying the different means of decrease the energy consumption
and more particularly in a school building. Moreover, it has resulted in understanding what an Energy 
Performance Contracting is.  
 
The energy efficiency assessment of the buildings has started with a study of the current energy 
consumption, site prospecting and energy audits. The approach is based on searching where energy saving 
can be done: lighting, regulation, heating production…w
French legislation… This first step has resulted in identifying specific means of energy saving measures. 
Regarding the study of energy saving measures, I have worked with the person in charge of the design a
construction of university’s buildings 
 
As soon as some energy-saving measures were validated
energy consumption of these solutions using the individual 
operating hours.  
 
Once, energy-saving measures have been identified
a specific feasibility study of heat pumps has been conducted with regard to the 
studied building. Heat pumps have effects on energy consumption and environmental aspect (CO
emissions). This phase aims to present and discuss heat pumps in energy saving: description, sizing… 
 

 
 
 
 
 
 
 

First steps in the company

Analysis of needs

Literature review

Analysis of university's energy consimption

Development of energy saving measures

Estimation of energy saving

Development of air source heat pump

Sizing of heat pumps

Development of a basic counting plan

Redaction of the Master Thesis report
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Own work Description 

To conduct this energy efficiency project, a prior literature review has been carried 
in identifying the different means of decrease the energy consumption, which can be applied
and more particularly in a school building. Moreover, it has resulted in understanding what an Energy 

The energy efficiency assessment of the buildings has started with a study of the current energy 
consumption, site prospecting and energy audits. The approach is based on searching where energy saving 
can be done: lighting, regulation, heating production…with regards to several constraints: cost, time, 
French legislation… This first step has resulted in identifying specific means of energy saving measures. 
Regarding the study of energy saving measures, I have worked with the person in charge of the design a
construction of university’s buildings – Jean-Patrick Juguet – and energy project engineers. 

saving measures were validated by the company, the work was to estimate the 
energy consumption of these solutions using the individual kW consumption multiplied by the annual 

have been identified and consumption for each system has been estimated
a specific feasibility study of heat pumps has been conducted with regard to the needs for hot 
studied building. Heat pumps have effects on energy consumption and environmental aspect (CO
emissions). This phase aims to present and discuss heat pumps in energy saving: description, sizing… 

Figure 5: Gantt chart of my work 
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To conduct this energy efficiency project, a prior literature review has been carried out. This has resulted 
, which can be applied in a building 

and more particularly in a school building. Moreover, it has resulted in understanding what an Energy 

The energy efficiency assessment of the buildings has started with a study of the current energy 
consumption, site prospecting and energy audits. The approach is based on searching where energy saving 

ith regards to several constraints: cost, time, 
French legislation… This first step has resulted in identifying specific means of energy saving measures. 
Regarding the study of energy saving measures, I have worked with the person in charge of the design and 

and energy project engineers.  

, the work was to estimate the 
kW consumption multiplied by the annual 

and consumption for each system has been estimated, 
eeds for hot water in the 

studied building. Heat pumps have effects on energy consumption and environmental aspect (CO2 
emissions). This phase aims to present and discuss heat pumps in energy saving: description, sizing…  
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2.2 Project development activity 

2.2.1 Study of the energy consumption: Development of an Energy breakdown  
 
Only a small part of the university’s property holdings was affected about this study of energy 
consumption. It represents 84 902 m² SHON (Net Floor Area). The Net Floor Area is the floor area of 
the construction, which excludes areas with insufficient headroom, basements with headroom of less than 
1.80 m, cellars with no external openings…the table below sums up the different buildings where energy 
efficiency was studied and it gives some necessary characteristics of the sites.  
 
The first step of the project development is to analyze where and when energy is consumed in the 
university. Thus, the goal of this energy breakdown is to understand where energy can be saved 
afterwards. The total consumption of one year (2009) has been broken into different end users. It has 
helped to define where money is spent and to focus efforts where energy and financial gain can be 
obtained.  
 

Sites 
Building 

 
Area 
(m²) 

Annual final energy consumption from bill  

  

Gas (kWh 
HHV) 

Gas (kWh 
LHV) kWh/m²  

Elec 
(kWh 
LHV) 

kWh/m²  Water (m 3) 

Versailles 
Avenue des 
Etats-Unis 

Descartes (1960) 11 104 2 064 656 2 271 122 205 1 174 128 106 3 662 

Lavoisier (1960) 4 002 744 125 818 537 205 423 168 106 8 712 

Fermat (1994) 7 704 988 058 1 086 864 141 1 005 747 131 16 771 

Buffon (1994) 6 119 968 867 1 065 754 174 355 609 58 4 611 

Bâtiment D (1960) 5 409 579 230 637 153 118 599 856 111 1 784 

Bâtiment E (1960) 1 834 196 396 216 036 118 193 926 106 605 

TOTAL 36 172 5 541 333 6 095 466 169 3 752 433 104 36 143 

Saint-
Quentin-en-
Yvelines 

Vauban (1993) 14 635 1 965 608 2 162 169 148 659 268 45 2 748 

d'Alembert (2002) 10 090 1 335 026 1 468 529 146 738 520 73 2 822 

Leclerc (1990) 8 213 785 531 864 084 105 332 157 40 3 192 

BU (2004) 7 506 936 899 1 030 589 137 400 829 53 1 168 

TOTAL 40 444 5 023 063 5 525 369 137 2 130 775 53 9 930 

Versailles 
siège (1965)  TOTAL 4 751 402 622 442 884 93 270 101 57 5 960 

Rambouillet  TOTAL 3 535 0 0 0 389 634 110 1 029 

TOTAL  
84 902 10 967 016 12 063 718 153 6 542 942 77 53 061 

Table 2: Information of buildings 
 
The annual energy and water consumption of the university, we have observed, are: 
 
- Electricity: 6.5 GWh 
- Gas: 12.1 GWh 
- Water: 53 061 m3  

 
The university is expected a significant decrease of this consumption and a use of renewable energy.  The 
expected savings are: 
 
- Electricity: 11% saving thus the expected electricity consumption is 5.8 GWh 
- Gas: 33% saving thus the expected gas consumption is 8.1 GWh 
- Water: 19% saving thus the expected water consumption is  42 979m3  

 
 



 

First, the primary energy from gas and electricity
determine which building is the most energy
final energy and the necessary energy used to produce this energy. Concerning fossil fuels, primary energy 
equals final energy. For electricity, 1 kWh of final energy equals 2.58 kWh of primary energy.
French bills, gas is studied in kWh HHV. T
in kWh LHV where 1 kWh HHV equals 1.1 kWh LHV.
of buildings, which was analyzed based on
 

  Gas final 
energy 
(kWh 

LHV/m²)  
Buffon 174 
Fermat  141 
Descartes & 
Lavoisier 

410 

E & D  236 
Leclerc 105 
Library 137 
D'Alembert 146 
Vauban A&B 148 
Rambouillet  0 
 Total 1 261 

Table 3: Gas and electricity’s primary energy 
 
The following chart illustrates the 
buildings.  
 

Figure 6: Gas and electricity consumption 
 
Fermat, E and Descartes are the buildings the most energy
results because Descartes’ boiler room is used to pr
accounts for Descartes’ bill. Moreover, Lavoisier building, which owns a lot of laboratory energy
consuming equipment, is attached to Descartes building. Furthermore, Buffon, Fermat and Descartes are 
old existing buildings (1960 and 1970)
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First, the primary energy from gas and electricity consumption was studied for some
mine which building is the most energy-consuming among all. Primary energy is the addition of total 

final energy and the necessary energy used to produce this energy. Concerning fossil fuels, primary energy 
equals final energy. For electricity, 1 kWh of final energy equals 2.58 kWh of primary energy.

, gas is studied in kWh HHV. Thus, to compare with others energy, energy must be converted 
in kWh LHV where 1 kWh HHV equals 1.1 kWh LHV. The following table shows 

was analyzed based on 2008, 2009 and 2010 bills: 

final 

 

Primary 
energy from 

gas (kWh 
LHV/m²) 

Electricity 
final energy 

(kWh 
LHV/m²) 

Primary energy 
from electricity 
(kWh LHV /m²)

174 58 150 
141 131 338 
410 212 547 

 236 217 560 
105 40 103 
137 53 137 
146 73 188 
148 45 116 
 0 110 284 

1 261 939 2 423 
nd electricity’s primary energy consumption of different buildings

The following chart illustrates the primary energy from gas and electricity consumption 

: Gas and electricity consumption of different buildings

and Descartes are the buildings the most energy-consuming buildings. We 
results because Descartes’ boiler room is used to produce hot water for the restaurant. Gas, the fuel used

bill. Moreover, Lavoisier building, which owns a lot of laboratory energy
consuming equipment, is attached to Descartes building. Furthermore, Buffon, Fermat and Descartes are 
old existing buildings (1960 and 1970), which can explain their high energy consumption

Buildings

Primary energy from gas and electricity

Primary energy from 

electricity (kWh/m²)

Primary energy from gas 

(kWh/m²)

for some buildings in order to 
energy is the addition of total 

final energy and the necessary energy used to produce this energy. Concerning fossil fuels, primary energy 
equals final energy. For electricity, 1 kWh of final energy equals 2.58 kWh of primary energy. Then, on 

to compare with others energy, energy must be converted 
table shows energy consumption 

Primary energy 
from electricity 

/m²) 

Total 
(kWh 

LHV/m²) 

324 
479 
957 

796 
208 
274 
334 
264 
284 

3 920 
consumption of different buildings 

consumption for some 

 
of different buildings 

consuming buildings. We probably got these 
for the restaurant. Gas, the fuel used, 

bill. Moreover, Lavoisier building, which owns a lot of laboratory energy-
consuming equipment, is attached to Descartes building. Furthermore, Buffon, Fermat and Descartes are 

sumption. 

Primary energy from gas and electricity

Primary energy from 

electricity (kWh/m²)

Primary energy from gas 

(kWh/m²)



 

Thanks to the calculation of total primary energy for each building, we are able to estimate the scale of the 
energy label buildings belong to. For instance, i
energy label according to the French legislation
 

Figure 7: Energy label of 
 
The energy label is a document stating the performance of a building in an energy context. Buildings are 
energy labelled on a scale from A to I. “A” means that the building uses little energy, while “I” means that 
the building consumes a lot of energy. Energy labels a
label comes with tailor-made advice for dwelling improvement measures 
 
Once we have made the buildings energy breakdown, the aim is to study each energy aspect into more 
details.  

2.2.1.1 Electricity 
 
Specific use of electricity is the whole use that cannot be satisfied by other energy sources than 
In the university, specific uses have been divided int
equipments used in boiler rooms and laboratory
reading, electricity consumption 
distribution between these 6 needs. 
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Thanks to the calculation of total primary energy for each building, we are able to estimate the scale of the 
energy label buildings belong to. For instance, it means that Fermat building belongs

according to the French legislation. 

: Energy label of Fermat building (Source ADEME) 

The energy label is a document stating the performance of a building in an energy context. Buildings are 
from A to I. “A” means that the building uses little energy, while “I” means that 

the building consumes a lot of energy. Energy labels are prepared by specially energy consultants. This 
made advice for dwelling improvement measures that would reduce energy use. 

Once we have made the buildings energy breakdown, the aim is to study each energy aspect into more 

Specific use of electricity is the whole use that cannot be satisfied by other energy sources than 
In the university, specific uses have been divided into 6 needs: lighting, outlets, computers, ventilation and 
equipments used in boiler rooms and laboratory, miscellaneous.  According to energy bills and meter 

 has been calculated for a typical year. The chart below shows
needs.  

Thanks to the calculation of total primary energy for each building, we are able to estimate the scale of the 
s to the scale G of the 

 
 

The energy label is a document stating the performance of a building in an energy context. Buildings are 
from A to I. “A” means that the building uses little energy, while “I” means that 

energy consultants. This 
that would reduce energy use.  

Once we have made the buildings energy breakdown, the aim is to study each energy aspect into more 

Specific use of electricity is the whole use that cannot be satisfied by other energy sources than electricity. 
, computers, ventilation and 

According to energy bills and meter 
has been calculated for a typical year. The chart below shows the 



 

Figure 8: End use consumption of electricity for a typical year
 

End user 
Lighting 
Outlets 

Computers 
Ventilation 

Equipments (pumps, compressors, labs...)
Miscellaneous 

TOTAL 
Table 4: End user consumption of electricity for a typical year
 
We noticed that equipments, lighting and w
each. Thus, efforts must be made on these 3 end users

2.2.1.2 Heating 
 
Heating is provided by gas boilers in the whole university except for Rambouillet’s
heating is provided by electricity with the means of electrical radiators
 
Site Building

Versailles Buffon, Fermat, 
Descartes, Lavoisier, 

E & D,
Versailles Avenue de 
Saint Quentin En 
Yvelines 

Leclerc, Vauban, 
D’Alembert, Library

Total
Table 5: Power of boilers currently installed
 
Some of these gas boilers will be replaced
reduce gas consumption while ensuring needs for heating and hot water. 
 
 
 

equipments 

(pumps, labs, 

compressors…)

23%

End use consumption of electricity for a 

20 

: End use consumption of electricity for a typical year 

Energy (MWh)
1 747 
1 634 
2 27 
489 

Equipments (pumps, compressors, labs...) 2 013 
 2 446 

6 543 
: End user consumption of electricity for a typical year 

quipments, lighting and wall socket account for almost 20% of electricity consumption 
Thus, efforts must be made on these 3 end users in order to reduce electricity consumption

Heating is provided by gas boilers in the whole university except for Rambouillet’s
with the means of electrical radiators. 

Building Number of boilers Power (kW) 

Buffon, Fermat, 
Descartes, Lavoisier, 

E & D, 

10 gas boilers 4 539  

Avenue de Paris 2 gas boilers 574  
Leclerc, Vauban, 

D’Alembert, Library 
9 gas boilers 5 593  

Total 10 706  
: Power of boilers currently installed 

Some of these gas boilers will be replaced with biomass boilers or condensing gas boilers in order
ensuring needs for heating and hot water.  

Lighting

20%

Outlets

19%

computers

3%ventilation

6%

miscellaneous

29%

End use consumption of electricity for a 

typical year

 
 

Energy (MWh) 

% of electricity consumption 
in order to reduce electricity consumption.  

Heating is provided by gas boilers in the whole university except for Rambouillet’s buildings where 

 Energy (MWh) 

6 095 

442 
5 525 

12 063 

with biomass boilers or condensing gas boilers in order to 

computers

End use consumption of electricity for a 



 

2.2.1.3 Global energetic analysis
 
Figures of energy consumption, which has been submitted
French energy suppliers:  
 

� Electricité de France12 (EDF) for electricity from monthly bills
� Gaz de France13 (GDF) for natural gas
� French water suppliers for water

 

Figure 
 
We observe that gas accounts for 
for almost 20% of energy consumption and 40% of cost owing to a high cost per kWh. Compared to 
other energy distribution in educational field
energy consumption is normal when using gas heating.  
 
From this first global energetic analysis, main financial and energetic ratios can be drawn 
together below:  
 

Annual energy consumption = 18
Annual energy consumption = 219

Annual energy consumption = 979
Annual energy bill = 1.066 million Euros

 
 
 

                                                 
12 Electricité De France is the French electricity supplier, 
13 Gaz De France, is a French company which produced, transported and sold natural gas,  
http://www.gdfsuez.com/  

Electricity

40%

Fluids consumption breakdown (cost)
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Global energetic analysis 

Figures of energy consumption, which has been submitted previously, come from bills provided by 

(EDF) for electricity from monthly bills 
(GDF) for natural gas 

French water suppliers for water 

Figure 9: Fluids consumption breakdown (cost) 

for the great majority of energy consumption and cost. Electricity accounts 
for almost 20% of energy consumption and 40% of cost owing to a high cost per kWh. Compared to 

distribution in educational field with benchmarks from other buildings
energy consumption is normal when using gas heating.   

From this first global energetic analysis, main financial and energetic ratios can be drawn 

Total area = 84 902 m² 
Annual energy consumption = 18 600 MWh 
Annual energy consumption = 219 kWh/m² 

Number of students = 19 000 
Annual energy consumption = 979 kWh/person 

Annual energy bill = 1.066 million Euros 
Annual energy bill = 56€/person 

 
Electricité De France is the French electricity supplier, website: http://www.edf.com/le-
Gaz De France, is a French company which produced, transported and sold natural gas,  

Water

11%

Gas

49%

Electricity

Fluids consumption breakdown (cost)

BILL  : 1.1 M

, come from bills provided by 

 

the great majority of energy consumption and cost. Electricity accounts 
for almost 20% of energy consumption and 40% of cost owing to a high cost per kWh. Compared to 

with benchmarks from other buildings, this allocation of 

From this first global energetic analysis, main financial and energetic ratios can be drawn all energy taken 

-groupe-edf-3.html  
Gaz De France, is a French company which produced, transported and sold natural gas,  website: 

Fluids consumption breakdown (cost)

: 1.1 M€ / year  
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2.2.2 Audit14 
 

Energy audits are carried out to assess energy performance of buildings and facilities in order to determine 
areas with potential for energy savings. In our case, the energy audit consisted of a study of how much 
energy is used by the different buildings and facilities, and then of how much the university pays for the 
energy, and finally the identification and recommendation of improvement measures to reduce energy 
consumption.   
 
An energy audit can be classified into several levels according to the ASHRAE application handbook, 
based on the scope of work covered in the study. These different levels are: 
 

� Level 0: Benchmarking. 
o It consists of a compilation of historical data 

� Level I: Walk-through audit 
o It is a brief survey of buildings and systems 
o There are no measurements 

� Level II: General energy audit 
o It consists of breakdown of energy use 
o There are measurements 
o It identifies savings and there is a cost analysis of measures 
o List measures that need more analysis 

� Level III: Investment-grade audit 
o It focuses on potential optimization and capital intensive projects identified 
o It provides detailed project cost and savings information with a high level of confidence.  

 
First, a walk-through assessment was proceeding through all the buildings of the university. That is to say, 
a brief and general survey of the buildings was conducted. It involves the assessment of the buildings 
energy cost and efficiency. These different results lead us to identify potential energy saving measures that 
will be developed afterwards. After this first level of audit, the following levels of audit were applied to 
conduct the project and beginning the work.  
 

2.2.3 Environmental impact of the building  
 
As said before, the building sector is one of the most cost-effective sectors for reducing energy 
consumption. Moreover, by reducing overall energy demand, improving energy efficiency in buildings can 
significantly reduce carbon dioxide emissions. A balance of the carbon dioxide emissions is studied in 
order to assess the environmental impact of the university Versailles Saint-Quentin-en-Yvelines. This 
balance takes into account the use of electricity and gas for the whole buildings.  
 
The use of energy is a source of greenhouse gases because: 
- Gas carbon is produced by combustion of fossils (oil, gas, coal). Fossils result from bodies of living 

organisms which begin to decompose shortly after death.  
- Electricity, depending on the country, is partially or totally produced from fossils.   
 

2.2.3.1 Environmental impact from electricity production  
 
The total electricity consumption for a typical year of the university is 6 500MWh. Its gross area is 84 902 
m². Thus the electric consumption is 77 kWh/m²/year.  
 
 
 

                                                 
14 Energy-Efficient Building Systems, Dr. Lal Jayamaha, 2006 



 

According to the International Energy Agency 
produced depend on the mix of energy sources used to produce electricity. France derives over 75 % of its 
electricity from nuclear energy and around 10% from hydroelectricity and fossil fuel
illustrates the different French sources of electricity in 2008. 
 

 

Figure 10: France sources of electricity (adapted from IEA, 2010)
 
 
Then, a greenhouse gas conversion factor for France is used to calculate the amount of greenhouse gas 
emissions caused by energy use.  
 

Electricity 
 
Consequently, average annual CO
emitted by the university.  

2.2.3.2 Environmental impact from gas production
 
The total gas consumption for a typica
Thus, the gas consumption is 142.5
 
Then, a greenhouse gas conversion factor for France is used to calculate the amount of greenhouse gas 
emissions caused by energy use. 
 

Gas 
 
Consequently, average annual CO2

 
The total CO2 emissions, which are emitted by the university
CO2/m²/year. Or, the average ratio in Ile de France is 31kg CO
our case, the emissions of CO2 by the university are 33.5% higher. 
 

                                                 
15 International Energy Agency (IEA), 2010
16 International Energy Agency (IEA), 2010
17International Energy Agency (IEA), 2010 
18 Développement Durable- cartographie energie CO

11%

France's sources of electricity in 2008 
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According to the International Energy Agency (IEA), carbon dioxide emissions for one kWh of electricity 
produced depend on the mix of energy sources used to produce electricity. France derives over 75 % of its 
electricity from nuclear energy and around 10% from hydroelectricity and fossil fuel
illustrates the different French sources of electricity in 2008.  

 
: France sources of electricity (adapted from IEA, 2010)

Then, a greenhouse gas conversion factor for France is used to calculate the amount of greenhouse gas 

1 [kWhel] = 0.09[

Consequently, average annual CO2 emissions are: 585 000 kg of CO2 that is to say 585

Environmental impact from gas production 

The total gas consumption for a typical year of the university is 12 100 MWh. Its gross area is 84 902
s, the gas consumption is 142.5 kWh/m²/year.  

Then, a greenhouse gas conversion factor for France is used to calculate the amount of greenhouse gas 

1 [kWh] = 0.279 [

2 emissions are: 3 375.9 tons of CO2 emitted by the university

which are emitted by the university, are 3,960.9 tons per year
. Or, the average ratio in Ile de France is 31kg CO2/m²/year for university

by the university are 33.5% higher.  

 
International Energy Agency (IEA), 2010 
International Energy Agency (IEA), 2010 
International Energy Agency (IEA), 2010  

cartographie energie CO2 du patrimoine universitaire français

76%

9% 4%

France's sources of electricity in 2008 

(IEA), carbon dioxide emissions for one kWh of electricity 
produced depend on the mix of energy sources used to produce electricity. France derives over 75 % of its 
electricity from nuclear energy and around 10% from hydroelectricity and fossil fuel15. The figure below 

 

: France sources of electricity (adapted from IEA, 2010) 

Then, a greenhouse gas conversion factor for France is used to calculate the amount of greenhouse gas 

[kg CO2]
16 

that is to say 585 tons of CO2 

100 MWh. Its gross area is 84 902 m². 

Then, a greenhouse gas conversion factor for France is used to calculate the amount of greenhouse gas 

[kg CO2]
17 

by the university.  

are 3,960.9 tons per year i.e. 46.6 kg 
/m²/year for university18. Compared to 

français 

France's sources of electricity in 2008 

Nuclear

Fossil fuel

Hydropower

Windpower



 
24 

2.3 Analysis of energy saving measures 
 
In order to reduce energy consumption, energy-saving measures have to be found. The goal of my thesis 
is to propose and study best practices, which can significantly improve the energy performance of 
buildings and thus generate energy and financial gains.  In this following chapter, several energy-saving 
measures are presented for gas, electricity and water.  

2.3.1 Reduction of gas for heating 
 
There are three studied main ways to decrease the consumption of gas to heat buildings and district water 
in the university: replace gas boilers with biomass boilers, replace gas boilers with condensing gas boilers, 
which are more efficient and finally install solar panels for hot water.  
 

- Biomass boiler: Biomass systems burn wood pellets, chips or logs to run central heating and hot 
water boilers. 
  

Advantages: 
� Biomass is a renewable source because, contrary to fossil fuels consumption, the 

consumption of biomass is part of the natural carbon cycle. Plants use and store carbon 
dioxide when they grow: Photosynthesis process. That is to say, CO2 emissions, which are let out 
in the air at the time of biomass combustion, equal the CO2 absorbed by plants. Thus, 
biomass doesn’t take into account the greenhouse gas emissions.  

� Thermal comfort is constant and mechanism is as efficient as fossil fuels boilers.  
� Costs of wood biomass energy system are clearly inferior to costs of natural gas 
� Biomass receives a favourable regulatory and fiscal framework and a support from locals and 

the ADEME 
� The French forest is increasing up to 50 000 hectares every year. Thus, the potential of the 

field is very important. We estimate more than 20 million tons of wood per year equivalent 
to 5 millions of tons oil equivalent.  

� Providing and cleaning of biomass boilers enable to create jobs and promote economical 
development.  
 

Disadvantages: 
� It needs more space as the boilers are larger than a gas boiler. Moreover, the storage for fuel 

requires a lot of space too, which is significantly larger than for a gas-fired system.   
� Initial costs are high compared with traditional gas installations: need for additional aspects 

such as the fuel store and fuel transfer machinery. 
� Fuel needs to be kept dry in order to burn it cleanly and efficiently 

 
In our case, one of 3 gas boilers of 200 kW is replaced with a biomass boiler of 200 kW in the building 
Descartes at Versailles in order to reduce the consumption of gas.  
 
The hypothesis I made, to calculate the saving of gas used, are taken from COFELY document (c.f. 
annex): 

• Gas boiler efficiency = 90%. This efficiency is the energy produced out of the primary energy 
consumption (LHV) and is equals to 90% with standard conditions ISO for utilization.  

• Biomass boiler efficiency = 80 % depending on the technology used and wood’s humidity. 

• Distribution losses = 9% � Distribution efficiency = 91% 

• Correction factor = 70%  

• For Gas: HHV/LHV = 1.1 
 
 
 
 
 



 
25 

I calculate the expected biomass consumption according to gas consumption: 

Energy biomass = Energy gas * expected saving without biomass * correction factor * (gas boiler 
efficiency/biomass boiler efficiency) 

Energy = 2125 * 0.52 * 0.7* (0.90/0. 8) = 903 MWh/LHV 
 

Gas 
consumption 
(MWh/HHV) 

from bills 

Gas 
consumption 
(MWH/LHV) 

Expected 
saving gas 

(%) 

Expected gas 
consumption 
(MWh/HHV) 

Final expected 
gas 

consumption 
(MWh/LHV) 

Expected 
biomass 

consumption 
(MWh/LHV)  

2361 2125 62 890 801 903 
Table 6: Gas saving with biomass boiler 
 
Thus, the expected heating energy in the substation, which is produced with the biomass boiler, is: 
 

E = expected biomass consumption * (1-distribution losses) 
E= 516* 0.91 = 822 MWh 

 
Thus, according to the estimation of final expected gas consumption taking into account previous saving, 
the biomass boiler will cover 42.5% of the needs for heating instead of using gas.  
 

- Solar water heating panels: they are used to provide part of a housing function’s hot water 
supply. Panels use solar radiation to heat water to temperatures of up to 50-60°C.  

 
Advantages: 

� Solar panels cover from 20 to 60% of heating and hot water needs 
� Financial help for investment granted by the ADEME, local council…  

 
Disadvantages: 

� High investment cost 
� Need for additional equipment to fulfil heating residual needs 
� Management of heating overproduction in summer  

 
During the project, it was necessary to estimate the solar potential where the solar panels will be installed 
on the building’s roof in order to estimate the energy we can get from solar energy and check if the needs 
for hot water will be covered.  
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Annual average sunshine period (hours): 

The map below shows the hours of annual sunshine in France.  
 

 
Figure 11: Annual average sunshine period in France (Hours)19.  

Annual average energetic potential from solar energy (kWh/m²/year): 

Potential solar energy is energy stored in the sun, which can be converted to other forms of energy. “This 
potential of solar energy comes at the surface of the earth in the form of waves of light. The wavelengths 
of this solar energy vary with the light, which is in the infrared or visible ranges and some in the ultraviolet 
range. Only a third of the energy, which arrives at the earth’s atmosphere, is reflected back into space. The 
rest of the energy is absorbed by the atmosphere, clouds, land and sea. Thus, there is a difference of solar 
energetic potential between regions of the world”20.  
 

 
Figure 12: Annual average energetic potential in France (kWh/m²/year)21 

The potential of solar energy in Ile de France varies from 1220 and 1350 kWh/m²/year.  

                                                 
19 Annual average sunshine period in France, http://www.econologie.com/carte-de-france-de-l-ensoleillement-ou-gisement-articles-
3137.html  
20 Wikipedia 
21 ADEME, http://www.ademe.fr/midi-pyrenees/a_2_08.html  

Hours of 
annual 

sunshine 
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Analysis of 6 m² solar panels installed: 

Hypotheses: 
 
6 m² of solar panels will be installed on one building’s roof of the university in order to cover the needs 
for hot water of a housing function and thus reduce the use of gas. According from the two maps, we get 
in Ile De France: 
Between 2 000 and 2 250 hours of sunshine per year. For further calculation, I have chosen 2 200 hours. 
Between 1 220 and 1 350 kWh of energy per m² and per year. For further calculation, I have chosen 1 300 
kWh/m²/year. 
 
Efficiency of Solar panels:  
 
The efficiency of solar panels depends on solar incident angle on solar panels. The incident angle is the 
angle formed by a ray of sun incident on a surface and a line perpendicular to the surface. In our case, the 
panels are installed with an angle of 45°. The efficiency is defined by the formula: 
 

Efficiency = sin Ф * 100 = sin (45°) * 100 = 70 % 
 
 
 
Average power per m²: 
 
Thus, the average power of the solar panel is 1300/2200 = 591 W/m²/year. This power is relatively 
proper compared to the world average power, which is 1000 W/m².  
 
Retrievable energy per year:  
 

Energy = 6m² * 1 300 kWh/m² * 0.7 = 5 460 kWh/year 
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2.3.2 Reduction of energy for electricity 

2.3.2.1 Lighting 
 
Lighting systems consume power directly to generate light and indirectly account for some of the power 
consumed by cooling and ventilation, as heat added by lighting has to be removed by the building’s air 
handling system. Taking into account the comfort of occupants, lighting systems must be carefully 
designed. Therefore, the lighting level must be high enough while using the minimum amount of energy. 
 
Energy savings from lighting systems can be achieved by means such as optimizing lighting levels, 
improving the efficiency of lighting systems, using controls, regulation, and day lighting (using natural 
light). The lighting level required for a space depends on the type of space, tasks performed in the space, 
and other visual requirements. The recommended lighting levels for a university are given in the table 
below: 
 
Type of area Illuminance (lux) Recommended design value 

(lux) 
General offices, conference 
rooms, computer 
workstations 

300-750 500 

School classrooms 200-500 300 
corridors 100-200 150 
Table 7: Recommended lighting level for a university (Source: Energy-Efficient Building Systems, Dr.Lal Jayamaha) 
 
To guarantee a decrease in electricity consumption, common energy saving measures were conducted: 
 

- Replacing lamps: this strategy implies replacing high wattage lamps with lower wattage lamps. 
T12 and T8 lamps are replaced with T5 lamps. Although the lumen levels for the higher efficacy 
replacement lamps can be lower, the impact on the general lighting level is normally not 
noticeable.  

- Use of energy efficient lamps: the amount of light emitted by a lamp per unit of electrical 
power consumed is the luminous efficacy of a lamp, whose units are lumens/watt. The higher the 
efficacy, the better of the efficiency of the lamp. The goal for the university is to replace lamps 
with low efficacy with those having higher efficacy. Thus, incandescent lamps would be replaced 
by compact fluorescent lamps. First, they have a much higher lamp efficacy compared to 
incandescent lamps and they use only about 20 to 25 percent of electrical power to produce the 
same amount of light. Moreover, they have a longer life time, which is about 8,000 hours, than 
incandescent lamps (1,000 hours).  

- Occupancy sensing: occupancy sensors are installed in toilets and are used to switch on lighting 
when a space is occupied and switch off the lighting after a preset time delay when the space is 
not occupied. 

- Building Automation System (BAS) for lighting: it will enable first to decrease the time of 
functioning by 1 hour per day in the university as estimated below.  

 
The percentage of energy saving obtained by replacing lamps and by reducing functioning time thanks to 
the BAS is explained in appendix 1. The table below sums up this energy saving: 
 

Total power 
lighting after 
renovation 

(kW) 

Total energy 
lighting (8 hours 
functioning/day) 

(MWh) 

Data 
university: 
total energy 

lighting 
(MWh) 

% of energy 
saving by 
replacing 

lamps 

Total energy 
lighting (7 hours 
functioning/day) 

(MWh) 

% of energy 
saving by 
regulation 

175.58 294.97 553.80 46.74 258.10 12.50 
Table 8: Energy saving by replacing lamps 
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2.3.2.2 Regulation  
 
The regulation used for air handling systems, in order to decrease electricity consumption, is the ELENA 
system. This system is used and regulated by COFELY maintenance.  

2.3.2.2.1 Description of the ELENA system 
 
The system “Economies Locales d’Energies par une Nouvelle Aération » ELENA (local energy savings by 
a new airing) is a patented Society dedicated to the regulation of air handling systems of large rooms such 
as conference rooms and lecture halls. ELENA allows to improve user’s comfort and also to save 
electricity consumption with a regulation of air handling units.   

2.3.2.2.2 Objectives  
 
Large rooms (lecture halls, corridors, and gymnasium) are partially occupied. However, providing fresh air 
is essential to ensure good indoor quality, above all a CO2 level inferior to the reference level for large 
rooms: 1300 ppm. This level was set before signing the Energy Performance Contracting. The level of 
CO2 in a room is defined by the norm EN7730 and set by the “Règlement Sanitaire Départemental 
Type”. Thus, the regulation by ELENA system provides energy saving, while providing necessary fresh air 
and improving users comfort.  

2.3.2.2.3 Working 
 
Depending on levels measured by CO2 sensors, the regulator will adjust dampers of air handling units and 
airflow rates in order to regulate the fresh air flow rate instilled in lecture halls.  The CO2 level measured is 
directly correlated to the room’s occupancy. 
This regulator is connected to the Building Automation System of the university to get some information 
from sensors such as CO2 concentration (ppm) or indoor temperature.   
 
The scheme below shows how the ELENA system is working: 
 

 
Figure 13: View of the ELENA System (Source COFELY) 

 
 
 
 

CO2 sensors  

Building 
Automation 
System 

ELENA system : 
Energy 
efficiency 

Air handling 
system 
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2.3.2.2.4 Characteristics  
 

- Savings of electrical consumption for air handling units: 20 to 40 % 
- Savings of heating: 20 to 40% 
- Decreasing of ventilation’s noise 
- Less airstream 
- Ambient temperature insured  

 
The scheme below is a snapshot of the software used during the thesis for regulation of ventilation with 
the ELENA system:  
 

 
Figure 14: Software ELENA for regulation of ventilation (Source COFELY) 
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2.3.3 Reduction of water consumption 
 
The aim is to reduce overall water usage by 20%. There are several ways to do it: stop and prevent leaks in 
piping, recycle grey water, collect rain water, and install water meters...For the university, the solutions, 
which have been chosen, are listed below: 
 

- Older toilets will be replaced with new water-saving models. The old toilets will be converted into 
a dual flush enhancing the performance of the old toilets and saving water. 

- The other method to save water in the university is to use time delayed taps: PRESTO faucet.  
 

  Rambouillet 
Saint 

Quentin 

Versailles, 
Av. des 

Etats-Unis 
Versailles, Av. de 

Paris  

Number of students 200 2000 3500 100 Data university 

Occupancy (day/year) 210 210 210 210 Hypothesis 

Use/day  20 200 100 10 Valuation 

            

Water saving with PRESTO faucet (l/min) 6 6 6 6 Hypothesis 

Water usage of faucet (min/person) 2 2 2 2 Valuation  

Water saving with PRESTO faucet (l/year)  50400 504000 252000 25200 Calculation 

Water saving with PRESTO faucet (m 3/year)  50,4 504 252 25,2 Calculation 

Number of faucets to replace with PRESTO Faucet 1 4 49 29 Audit data 

Total Water saving with PRESTO faucet (m 3/year) 50,4 2016 12348 730,8 Calculation 

      

Number of dual flush toilets which have to be insta lled 11 0 78 24 Audit data 

Toilet single flush 6l (l/person/year) 13 000 13 000 13 000 13 000 Data Veolia 

Toilet dual flush 6l (l/person/year) 8 800 8 800 8 800 8 800 Data Veolia 

Water consumption of toilets single flush 6l (l/yea r) 25200 252000 126000 12600 Valuation 

Water consumption of toilets dual flush 6l (l/year)  12600 126000 63000 6300 Valuation 

Water saving  with 1 toilet dual flush 6l (l/year) 12600 126000 63000 6300 Calculation 

Water saving  with 1 toilet dual flush 6l (m 3/year) 12,6 126 63 6,3 Calculation 

Total Water saving with toilets dual flush 6l (m 3/year) 138,6 0 4914 151,2 Calculation 

      

Annual water consumption (m 3/year) 1029 9930 36143 5960 Data university 

Total water saving (m 3/year) 189 2016 17262 882 Calculation 

Water consumption after renovation (m 3/year) 840 7914 18881 5078 Calculation 

Percentage of water saving (%) 18,37 20,30 47,76 14,80 Calculation 

 
Thus, these two water-saving measures are affordable and efficient for a university.  

2.3.4 New implementations 
- Photovoltaic panels: Photovoltaic energy is the direct conversion of sun’s rays to electricity.  

Advantages:  
 

- It is modular (from mW to many MW) 
- There are no (or few) moving parts 
- It is noise and pollution free 
- It is reliable and there are low operating costs 
- The resource is abundant and indigenous (30,000 km² PV for 800 GW) 

Disadvantages: 
 

- Solar energy is a variable source, depending on sunshine 
- High cost of manufacturing PV 
- Relatively low conversion efficiency of photovoltaic panels: around 20% in average  
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The first step, in order to estimate the electricity production with photovoltaic panels, is to determine the 
power of photovoltaic panels per m² thanks to technical data of photovoltaic panels’ suppliers.  
 

Building-integrated photovoltaic panels 
Area of panel (m²) 1.74 
Wc / panel 245 
Wc/m² 245/1.74 = 141 

PV system shading & PV modules in balustrade & PV wall panels 
Area of panel (m²) 1.02 
Wc / panel 127 
Wc/m² 127/1.02 = 127 
Table 9: Power of different type of photovoltaic panels per m² 
 
The average sunshine period is about 2 200 hours (cf. 2.3.1). Thus, the sunshine period, which has been 
chosen for calculation, is 850 hours to take into account shade of trees and buildings.   
According to these values, the electricity production can be calculated with the following formula:  
 

Total power of PV (kWc) = Available area * Wc/m² of PV panels/1000 
Energy production (MWh/year) = Power at the electricity delivery point * 850 hours / 1000 

 
The university will sell the whole electricity production from photovoltaic panels to the grid, which is 
managed by the French company EDF. The following table sums up the information needed to estimate 
the electricity production per year.  

 
Building Type Wc/m² Area 

available 
(m²) 

Power 
(kWc) 

Power at the 
electricity 
delivery 

point (kWc) 

Energy 
production 

(MWh/year) 

Descartes Building-

integrated 

photovoltaic 

141 440 62 62 53 
 

Vauban Building-

integrated 

photovoltaic 

141 700 99 99 84 

Leclerc Building-

integrated 

photovoltaic 

127 64 8 17 14 

PV system 

shading 

127 69 9 

OVSQ PV modules 

in 

balustrade 

127 263 33 33 28 

Rambouillet PV modules 

in 

balustrade 

127 133 17 28 24 

PV system 

shading 

127 49 6 

PV wall 

panels 

127 40 5 

Total    1 758 239 239 203 
Table 10: Electricity production with photovoltaic panels 
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- Small wind turbine  
 
A small wind turbine is a wind turbine, which has a lower energy output than large commercial wind 
turbines. In 2010, the average power of a large commercial wind turbine (about 80 meters) is 2.1 MW22 
compared to small wind turbines, whose power is generally inferior to 20 kW (between 11 and 30 meters). 
Nonetheless, in order to install a small wind turbine on one of the university’s buildings roofs, several 
steps have to be strictly followed and then energy output with the studied wind turbine has to be 
estimated.  
 
Thus, before installing the wind turbine, several studies must be conducted to be sure that this project is 
feasible: 
 

� Roof structure study 
The goal of the roof structure study is to provide objective data on the performance of the roof structure.  
We must have, to install a small wind turbine, a stronger structural support than a conventional roof.  
 
The supporting structure of the considered roof is reinforced concrete beams and floor plates.  
 

 
Figure 15: Photo of the inside roof 

 
The roof terrace is made of a water tightness system with gravels  

 
Figure 16: Photo of the roof terrace 

 
 

                                                 
22 Syndicat des Energies Renouvelables- France Energie Eolienne (SER-FEE), June 2011. Available at 
http://www.enr.fr/docs/2010122633_02FEEChiffresclesFrance.pdf  

Location of the small wind turbine 
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The characteristics of the roof terrace’s supporting structure are: 
 

- Type of structure: reinforced concrete beams and floor plates. 
- Permanent loads (weight, water tightness and heavy protection): 200 kg/m² 
- Available loads: 150 kg/m² 

 
This study of the building shows that installing a small wind turbine is feasible if the wind turbine weight 
does not exceed 150 kg/m². However, some measures must be taken: 
 

- A mounting plate, which is a support of the roof, must be installed. The area is 2 m² and the plate 
allows distributing the load. 

- Setting up of 2 to 3 cm insulation and a bituminous felt plate on the water tightness system in 
order to avoid the system damage.   

 
� Wind study 

 
The estimation of wind potential is a necessary and prior step to install a small wind turbine. This step is 
done by measuring some indicators on the specified site. One of the problems, which must be taken into 
account, is the climate variability. The wind potential is also quantified with a sufficient precision by using 
atmospheric simulation templates, which include the impact of other meteorological parameters.  
 
 

 
 
In the field of numerical weather forecast, Météo-France, which is the French national meteorological 
service, has developed several numerical weather forecasts. The three operational numerical models, that 
could have been used, are23: 
 

- ARPEGE, maximal resolution is 15 km, is global scale 
- ALADIN, maximal resolution is 10 km and it has a ten-year data set all over France.   
- Méso-NH, it has a resolution from about a hundred kilometres to ten meters.  

 
A comparison between Aladin and Méso-NH methods has been done and shows that: 
 

- On coastal plains and plains, climatology has better results with Aladin model than Méso-NH 
model.  

-  On relief zone, Méso-NH model is on average better than Aladin model.  
 

                                                 
23 Les modèles de previsions de Météo France, http://comprendre.meteofrance.com/jsp/site/Portal.jsp?&page_id=14975  

Meteorological models used generate 
3D atmospheric simulations with a 
high resolution. These systems are 
based on thermodynamic equations 
adapted to the atmosphere.  
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Figure 17: Wind potential in France (source Météo France) 
 
 

                                                             
Figure 18: Wind speed in France (Source Météo France) 

 
From the archives of numerical models (Aladin), it is possible to calculate the wind occurrence’s frequency 
for different wind force’s categories and different wind direction. The table below shows the wind 
occurrence depending on origin and wind range.  
 
 
 
 

France has vast renewable energy sources: 
wind, solar, geothermal energy. Actually, 
France owns the biggest western European 
Forest, a high hydraulic and geothermal 
potential, and above all, it holds the second 
European wind energy potential after 
Great Britain.   
 
The regions, where wind potential is the 
highest, are: Languedoc Roussillon, Rhône, 
Nord and Ouest. 

Even if the French wind potential is 
different between regions, it enables 
the installation of wind turbines almost 
everywhere. According to the map 
below, the site belongs to zone 3.  
 
However, the figures are given for 50 
meters high. The height for a small 
wind turbine is generally from 11 
meters to 30 meters.  
 
Moreover, it is important to take into 
account local aspect of the field: 
topography and obstacles. Thus, it is 
possible to get a wind potential more 
important in “zone 3” than in “zone 
4” due to some local features.  



 

Orientation 0 to 1.5 1.5 to 2.5
360° = North 0.57 
20° 0.59 
40° 0.61 
60° 0.53 
80° 0.59 
100° 0.50 
120° 0.50 
140° 0.50 
160° 0.55 
180° = South 0.51 
200° 0.54 
220° 0.60 
240° 0.59 
260° 0.58 
280° 0.62 
300° 0.54 
320° 0.53 
340° 0.55 
360° 0.57 
Total 9.99 
Interval 28.01%
Table 11: Wind frequency (%) depending on origin (degree°) and speed (m/s)
  
The wind rose is a graphic tool used by meteorologists to give a succinct view of how wind speed and 
direction are typically distributed at a particular location and it is divided into 6 ranges of wind speed and 
18 directions. Below is the wind rose of Sai
turbine) made under Excel thanks to origin and wind speed
 

Figure 
 

220°

240°

260°

280°

300°

320°
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Frequency 
1.5 to 2.5 2.5 to 4.5 4.5 to 6.5 6.5 to 8.5

1.13 2.28 0.81 0.07
1.37 2.89 1.21 0.16
1.29 2.75 1.05 0.11
1.18 2.36 0.95 0.12
0.87 1.75 0.53 0.09
0.76 1.28 0.33 0.01
0.71 1.05 0.23 0.00
0.63 1.12 0.19 0.02
0.78 1.27 0.53 0.12
0.78 1.69 1.11 0.37
1.00 2.84 2.61 1.26
1.05 3.50 3.40 1.79
1.13 3.31 3.10 1.41
1.06 3.04 1.86 0.80
1.04 2.65 1.35 0.38
1.12 2.45 1.00 0.18
1.12 2.34 0.91 0.17
1.02 2.24 0.82 0.11
1.13 2.28 0.81 0.07
18.02 40.82 21.97 7.18

28.01% 40.82% 29.15% 
depending on origin (degree°) and speed (m/s) 

The wind rose is a graphic tool used by meteorologists to give a succinct view of how wind speed and 
direction are typically distributed at a particular location and it is divided into 6 ranges of wind speed and 

Below is the wind rose of Saint Quentin en Yvelines (probable location of the small wind 
thanks to origin and wind speed.  

 
Figure 19: Wind rose of the specified location 
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6.5 to 8.5 > 8.5 
0.07 0.00 
0.16 0.02 
0.11 0.01 
0.12 0.00 
0.09 0.01 
0.01 0.00 
0.00 0.00 
0.02 0.00 
0.12 0.01 
0.37 0.12 
1.26 0.54 
1.79 0.56 
1.41 0.45 
0.80 0.17 
0.38 0.08 
0.18 0.01 
0.17 0.00 
0.11 0.00 
0.07 0.00 
7.18 2.01 

2.01% 

The wind rose is a graphic tool used by meteorologists to give a succinct view of how wind speed and 
direction are typically distributed at a particular location and it is divided into 6 ranges of wind speed and 

nt Quentin en Yvelines (probable location of the small wind 

 

0 to 1,5

1,5 to 2,5

2,5 to 4,5

4,5 to 6,5

6,5 to 8,5

> 8,5

Speed (m/s) 



 

The wind rose has been done based on the specific 
also indicates prevailing wind which comes chiefly from South
we can deduce from the graphic, t
order to get the best wind potential of the site.  
 
 
 

Figure 20: Wind bart chart
 
 

� Small wind turbine chosen
 
Thanks to calculation and simulation, it is possible to estimate annual energy production of the wind 
turbine by combining wind speed distribution and power curve of the wind turbine provider. 
Thus, if we are in the best conditions (open area, no turbulence), the production would
  

Wind turbine DonQi 
11 meters 
15 meters 
20 meters 

 
As the building is 11meters high and the wind turbine 
considered to estimate energy production, is 15 meters.
 

 
The wind turbine technical characteristics are listed below:
 

Blade diameter 
Weight  
Rotation speed 
CO2 emissions avoided 
Table 12: Wind turbine technical characteristics
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The wind rose has been done based on the specific GPS coordinates: Lat. 48.777899 / Long. 2.048843. It 
also indicates prevailing wind which comes chiefly from South-West and secondly from North

from the graphic, the wind turbine should be installed in a South-
order to get the best wind potential of the site.   

 
: Wind bart chart  

Small wind turbine chosen 

simulation, it is possible to estimate annual energy production of the wind 
turbine by combining wind speed distribution and power curve of the wind turbine provider. 
Thus, if we are in the best conditions (open area, no turbulence), the production would

Wind turbine DonQi – 2.3 kW – diameter 2m 
540 kWh/year
636 kWh/year
739 kWh/year

As the building is 11meters high and the wind turbine is 4.50 meters high, the height, which must be 
production, is 15 meters. 

The wind turbine technical characteristics are listed below: 

2 meters 
110 kg 
1100 rpm 
60-90 kg/year 

characteristics 

8

Wind speed [m/s]

Wind speed [m/s]

Wind speed [m/s]

 
The bar chart has been obtained by the 
numerical model Aladin. 
We can deduce that 28% of the wind 
is from 0 to 2.5 m/s, 41% from 2.5 to 
4.5 m/s, 29% from 4.5 to 8.5 m/s and 
2% above 8.5 m/s. 

GPS coordinates: Lat. 48.777899 / Long. 2.048843. It 
West and secondly from North-East. As 

-Western open area in 

simulation, it is possible to estimate annual energy production of the wind 
turbine by combining wind speed distribution and power curve of the wind turbine provider.  
Thus, if we are in the best conditions (open area, no turbulence), the production would be: 

540 kWh/year 
636 kWh/year 
739 kWh/year 

the height, which must be 

 

The bar chart has been obtained by the 
numerical model Aladin.  
We can deduce that 28% of the wind 
is from 0 to 2.5 m/s, 41% from 2.5 to 
4.5 m/s, 29% from 4.5 to 8.5 m/s and 
2% above 8.5 m/s.  
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3 Chapter three – The effect of air source heat pumps on energy 
efficiency in buildings 

3.1 Description of heat pumps 

3.1.1 Characteristics  
 
Heat pumps use and recycle calories from the air, which has been introduced and previously ejected by the 
extraction system outside. These calories are used to warm district water, which is then distributed to 
sanitation. Thus, heat pumps are connected to the extraction system.  
 
The production from heat pumps enables to provide heat by itself or to complement production of heat 
by solar panels when it is necessary (insufficient sunshine or night).  
 
Advantages:  

� Decreasing of heating costs thanks to free heat extracted from the air 
� Increasing of boiler’s life time by decreasing its time functioning  
� The installation of heat pumps doesn’t require modification of interior existing 

installation.  
� High performance: COP is from 3.5 to 4.2 

Disadvantages:  
� Maintenance of both boiler and heat pump 
� Use of electricity for the compressor 

3.1.2 Block diagram  
 

 
Figure 21: Block diagram of heat pump 

 
Heat is transferred by the flow of outside air (refrigerant), taking advantage of the large amount of heat 
absorbed and released when air evaporates and condenses. The pressure differential, created by the 
compressor, causes the flow of air.  
 
The installation of aero heat pumps allows avoiding the use of gas in order to produce hot water while 
reducing the costs. Moreover, the environmental impact of a heat pump is lower than the environmental 
impact of a gas boiler as it is described in the next paragraph.  

3.1.3 Environmental impact 
 
The environmental impact of heat pumps are directly linked to primary energy used in order to feed the 
compressor (electric or gas) and the different auxiliary power units (electric). In order to compare CO2 
emissions between a heat pump and a casual boiler, CO2 emissions have been calculated for an electrical 
heat pump with the following hypothesis:  
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Electrical Heat Pump 
Power (kW) 10 
Time functioning for a year (hour) 2 000 
Annual global COP Heat pump 3 
Energy (kWh) 20 000 
Electricity (kWh el) to feed the Heat pump 6 666.7 
CO2 emission factor for electricity (kg CO2/kWhel) 0.09 
Table 13: Hypothesis of electrical heat pump 
  

Gas Boiler 
Energy (kWh) 20 000 
Efficiency (%) 90 
CO2 emission factor for gas (kg CO2/kWh) 0.279 
Table 14: Hypothesis of gas boiler 
 
Device CO2 emissions (kg/year) 
Heat pump (COP=3) 600 
Gas boiler (efficiency=90%) 5 580 
Table 15: Comparison of CO2 emission between heat pump and gas boiler 
 
 
These results show the benefits of heat pumps because their use allows decreasing considerably CO2 
emissions compared to casual gas boilers. Moreover, if electricity, used by the compressor, was produced 
thanks to renewable energy such as photovoltaic panels, it would be possible to considerably reduce the 
environmental impact of heat pumps. The following paragraph breaks the dimensioning of a heat pump 
down based on several hypotheses.  
 

3.2 Sizing of heat pumps 

3.2.1 Hypothesis: The needs for hot water in the building and time of functioning  
 
The heat pump is working maximum 4 hours at full blast. The needs for hot water are calculated 
contingent on the type of accommodation. It is based on average consumption of 40l/day at 60°C per 
person. Apartments, in France, are listed as T1, T2, and T3 etc... This refers to the number of rooms in 
addition to the kitchenette/bathroom. So a T1 will consist of a kitchenette, bathroom, living room + 1 
bedroom, etc... 
 
Daily water consumption of the building can be assessed as following: 
 

Type T1 T2 T3 T4 T5 Total Surface 
[m²] 

Number 0 5 24 2 0 31 2 249 
Hypothesis 
of daily 
consumption 
[l/day] 

 
40 

 
55 

 
75 

 
95 

 
125 

  

Total 
consumption 
[l/day] 

 
0 

 
275 

 
1 800 

 
190 

 
0 

 
2 265 

 

Table 16: Daily hot water consumption 
 
The conventional temperature of District Heating Water is set on 60°C for storage and 55°C for 
distribution after the substation. 
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3.2.2 Calculation of Air source Heat Pump Power 
 
The objective of heat pumps installation is to store 50% of daily heating water consumption, which 
enables us to estimate the necessary power of the heat pump and the storage tank which is needed.  
 
Daily consumption [l/day] 2 265 
% storage capacity 0.5 
Storage capacity [l] 1132.5 
Table 17: Storage capacity of the installation 
 
The storage capacity must be about 1 132.5 l. Thus, a storage tank of 1 500 l is provided in order to be 
sure to guarantee the hot water storage. 
 
Temperature characteristics are given to estimate the necessary power: 
 
Entry air temperature: about 20°C 
Water temperature after condenser: 55°C 
Water temperature before condenser: it depends on the heat pumps process (minimum 25°C)  
 
The energy, which needs to be provided, is then calculated with the formula: 
 

E = m*Cp*ΔT 
 
M is the body of water which can be heated in 4 hours. Cp is the specific heat capacity: 4.18 kJ/kg.K and 
∆T is the temperature difference between extracted air temperature (22°C) and storage water temperature 
(60°C). 
 
Daily consumption [l/day] 2 265.00 
Storage capacity [%] 50.00 
Storage capacity [m3] 1.13 
Storage capacity [l] 1 132.50 
Chosen storage tank [l] 1 500.00 
Volume of water heated in 4 hours [m3] 1.50 
Mass of water heated in 4 hours [kg] 1 500.00 
Provided energy [kJ] 250 800.00 
Provided energy [kWh] 69.67 
Time functioning [h]  4 
Heating power of Heat pump [kW] 17.42 
Table 18: Heating power of heat pump 
 
Thus, the heating power of heat pump is approximately 17.42 kW according to the needs for hot water. 
The heat pump will be then designed with a more accurate heating power according to other hypotheses 
as monthly hot water needs or temperature of extraction system and manufacturer’s database.  

3.2.3 Calculation of the output of the extraction system 
 
Directly connected to extraction system’s output, heat pump’s system must treat from 3 000 to 5 500 
m3/h. To estimate the output of the extraction system, results are based on weather data detailed in the 
following table: 
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Month  Outdoor temperature (°C) Cold water temperature (°C) 
January  4.1 7.9 
February  5.8 8.7 
March 8.3 9.9 
April 10.2 10.9 
May 14.4 13.0 
June 17.4 14.5 
July 19.2 15.4 
August 20.2 15.9 
September 15.6 13.6 
October  12.3 11.9 
November 7.3 9.5 
December 4.8 8.2 
Table 19: Annual French outdoor and cold water temperature 
 
Most of the time, total extracted airflows are at least equal to the values given in the following table (by 
law 24th of March 1982 and 28th of October 1983): 
 
Minimum airflow required: 

 
Airflow (m 3/h) T1 T2 T3 T4 T5 
Minimum total 

airflow for 
accommodation 

35 60 75 90 105 

Minimal 
airflow for 

kitchen 
20 30 45 45 45 

Table 20: Minimum airflow required for different ty pes of accommodation 
 
When ventilation is carried out by a mechanical device, which automatically modulate ventilation of 
accommodation in a way that pollution levels of air are not harmful for human health, airflows can be 
lower than those listed in the previous table. Thus, we are using the values of minimum and maximum 
airflow rates below for further calculation.  
 

Minimum hygro. 
Airflow T2 [m 3/h] 10 
Airflow T3 [m 3/h] 15 
Airflow T4 [m 3/h] 20 
Minimum indicated hygro. [m 3/h] 450 
Table 21: Minimum airflow rate with a mechanical ventilation device 
 

Maximum hygro. 
Airflow T2 [m 3/h] 120 
Airflow T3 [m 3/h] 150 
Airflow T4 [m 3/h] 180 
Maximum indicated hygro. [m3/h] 4560 
Table 22: Maximum airflow rate with a mechanical ventilation device 
 
Thus, the average indicated airflow of the ventilation for the buildings is 2 505 m3/h. 
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3.2.4 Deduction of the inlet temperature of heat pumps 
 
The deduction of the inlet temperature of heat pumps is necessary to determine during which period the 
heat pump is useful. The inlet temperature of heat pump depends on the outside temperature, extraction 
system temperature and airflow rate and heat pump airflow rate. 
 
The extraction system airflow rate has been calculated in the previous section. Heat pump airflow rate and 
extraction system temperature are two hypotheses.  
 
The formula below was used to estimate the inlet temperature of heat pump: 
 

Abbreviation for extraction system is “VMC” in the formula below.  
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VMC airflow [m3/h] 2505 
Heat pump airflow [m3/h] 3500 
Extracted VMC temperature [°C] 20 
Table 23: required data to determine inlet temperature of the heat pump 
 

Month Resultant inlet temperature of 
heat pump [°C] 

January 15.5 
February 16.0 
March 16.7 
April 17.2 
May 18.4 
June 19.3 
July 19.8 
August 20.1 
September 18.7 
October 17.8 
November 16.4 
December 15.7 

Table 24: Resultant inlet of heat pump 
 
From this table, we decided to use the air source heat pump during the summer time: From May to 
September in order to maximize the efficiency of heat pumps and get a high enough temperature at the 
inlet of the heat pump as it will be explained in the paragraph 3.2.6. During winter time, heating will be 
provided by district heating.   
 

3.2.5 Deduction of monthly needs for hot water 
 
In order to get the accurate monthly needs for hot water in the building, a monthly distribution coefficient 
has been applied to hot water consumption. This distribution coefficient is described in the table below 
and monthly hot water consumption is calculated with the formula: 
 

Monthly hot water consumption [l/month] = 2265 [l/day] * [days/month] *Monthly distribution 
coefficient 

 
 



 

Month Hot Water 
Consumption [l]

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
Table 25: Monthly distribution coefficient for hot water
 
This consumption is illustrated by the bar chart below: 
 

Figure 22: Monthly Hot Water consumption in the building

3.2.6 Deduction of how much the needs for hot water
 
The final step of heat pump’s dimensioning is determining
hot water in the building. Previously, the needs for hot water have been calculated
hypotheses. Heating, electrical and absorbed 
CIAT is the leading industrial group in the field of heating by heat pumps. 
of a heat pump is an indicator of energy performance. The highest the COP is, the lowest the electrical 
consumption is.  
Thus, a COP of 4 means that the device delivers 4 times more energy than 
COP depends on outside temperature and on the expected temperature of hot water. Indeed, the lowest 
the outside temperature is, the lowest the heat pump’s
 

                                                 
24 Centre Scientifique et Technique du Bâtiment is the French national organisation providing research and 
innovation in the construction and building industry, 
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Hot Water 
onsumption [l] 

Monthly Distribution 
Coefficient 

Accurate Hot Water 
Consumption [l]

70 215 1.25 
65 685 1.2 
70 215 1.1 
67 950 1.05 
70 215 1 
67 950 0.8 
70 215 0.5 
70 215 0.6 
67 950 0.9 
70 215 1.05 
67 950 1.15 
70 215 1.4 

: Monthly distribution coefficient for hot water  (CSTB)24 

This consumption is illustrated by the bar chart below:  

: Monthly Hot Water consumption in the building 

on of how much the needs for hot water are covered by heat pumps

dimensioning is determining how much this heat pump covers the needs for 
hot water in the building. Previously, the needs for hot water have been calculated

and absorbed power has been found based on data of
CIAT is the leading industrial group in the field of heating by heat pumps. The coefficient of performance 
of a heat pump is an indicator of energy performance. The highest the COP is, the lowest the electrical 

Thus, a COP of 4 means that the device delivers 4 times more energy than it consumes. The heat pump’s 
COP depends on outside temperature and on the expected temperature of hot water. Indeed, the lowest 
the outside temperature is, the lowest the heat pump’s COP would be.  

 
Centre Scientifique et Technique du Bâtiment is the French national organisation providing research and 

innovation in the construction and building industry, http://www.cstb.fr/  
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[l]

Accurate Hot Water 
Consumption [l] 

87 768.8 
78 822.0 
77 236.5 
71 347.5 
70 215.0 
54 360.0 
35 107.5 
42 129.0 
61 155.0 
73 725.8 
78 142.5 
98 301.0 

 

are covered by heat pumps 

how much this heat pump covers the needs for 
hot water in the building. Previously, the needs for hot water have been calculated based on several 

based on data of the company CIAT. 
The coefficient of performance 

of a heat pump is an indicator of energy performance. The highest the COP is, the lowest the electrical 

it consumes. The heat pump’s 
COP depends on outside temperature and on the expected temperature of hot water. Indeed, the lowest 

Centre Scientifique et Technique du Bâtiment is the French national organisation providing research and 

Hot Water Consumption per Month

Monthly Hot Water Consumption 
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Month Monthly hot water [l] Needs [kWh] 

January 87 768.8 5 312.5 
February 78 822.0 4 694.1 
March 77 236.5 4 487.6 
April 71 347.5 4 066.7 
May 70 215.0 3 830.2 
June 54 360.0 2 870.6 
July 35 107.5 1 817.7 
August 42 129.0 2 156.7 
September 61 155.0 3 293.3 
October 73 725.8 4 112.4 
November 78 142.5 4 585.6 
December 98 301.0 5 911.2 
Annual 82 8310.5 47 138.7 

Table 26: Needs for hot water in the building 
 
Month Heating 

power 

[kW] 

Absorbed 
power 
[kW] 

COP Functioning 
time [h] 

Intake 
energy 
[kWh] 

Energy 
covered 

[%] 

Electrical 
energy 
[kWh] 

January 12.1 5.7 2.1 4 1500.4 28.2 706.8 
February 13.4 5.6 2.4 4 1554.4 33.1 649.6 
March 14 5.7 2.5 4 1736.0 38.7 706.8 
April 14.3 5.8 2.5 4 1716.0 42.2 696 
May 16 5.9 2.7 4 1984.0 51.8 731.6 
June 17.7 5.1 3.5 4 2128.6 74.2 608.2 
July 17.5 5.0 3.5 4 1086.0 59.7 310.3 
August 17.4 5.0 3.5 4 1617.4 75.0 462.1 
September 18 5.1 3.5 4 2155.4 65.4 615.8 
October 15 5.8 2.6 4 1860.0 45.2 719.2 
November 13.9 5.7 2.4 4 1668.0 36.4 684 
December 12.9 5.4 2.4 4 1599.6 27.1 669.6 
Annual     20605.8  7560.0 
Table 27: Energy covered by heat pump 
 
We can notice that more than half of energy needed is covered thanks to the heat pump from 52 to 75%. 
Moreover, in our case, according to the heat pump’s COP, it will be turned on from May to September. 
Otherwise, the heat pump wouldn’t be economical feasible.   

3.2.7 Conclusion on heat pump dimensioning  
 
Dimensioning a heat pump is more complicated than dimensioning another type of boiler. Actually, an 
oversize gas boiler won’t be a problem whereas an oversize heat pump will function for short cycling 
during inter-season and thus will get damaged quickly.   
 
However, a heat pump, which is under sized, is also problematic, because electrical consumption will be 
really high as the booster electrical resistance heater will be often turned on.  
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4 Final results and General discussion 

4.1 Discussion of the project 

4.1.1 Final results and discussion about energy-saving measures 
 
The master thesis activity has resulted in developing two energy means to decrease gas consumption for 
heating and hot water, then two energy means to decrease electricity consumption, two energy means to 
reduce water consumption and finally two new implementations: small wind turbine and photovoltaic 
panels. An overview of the energy production and percentage of reduction in energy use from the studies 
carried out for the last six months is given in the tables below: 
 
Gas: 
 
Energy saving 
measure 

Function Characteristic Energy 
(MWh)/year 

Percentage of gas 
saving 

Biomass boiler 
Heating and 
hot water 

200 kW 822 42.0% 

Solar water 
heating panels 

Hot water 6 m² 5.5  

Table 28: Summary table for gas saving measures 
 
Electricity: 
 
Energy saving 
measure 

Total Power 
(kW) 

Electricity 
consumption for 

lighting after 
renovation (MWh) 

Data university: 
electricity 

consumption for 
lighting before 

renovation 
(MWh) 

Percentage 
of energy 

saving  

Lighting 175.58 294.97 553.80 47.0% 
Energy saving 
measure 

Total energy for 
lighting (8 hours time 
functioning per day) 

(MWh) 

Total energy for 
lighting (7 hours time 
functioning per day) 

(MWh) 

Percentage of energy 
saving 

Regulation 294.97 258.10 12.5% 
Table 29: Summary table for electricity saving measures 
 
Water: 
 

Energy saving measure Total water saving (m3/year) 
Dual flush toilets 5 203.8 
Time delayed taps 15 145.2 

Table 30: Summary table for water saving measures 
 
Site Percentage of water saving 
Rambouillet 18.37 % 
Saint Quentin  20.30 %  
Versailles Av. Des Etats Unis 47.76 %  
Versailles Av. De Paris 14.80 %  
Table 31: Summary table for percentage of water saving 
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New implementations: 
 
New implementation Energy production per year (kWh/year) 
Photovoltaic panels 203 000 
Small wind turbine 636 
Table 32: Summary table for energy production with new implementations 
 
As said before, these energy-saving measures and strategies have already been implemented before, and, 
therefore are of a practical nature and can be applied by technicians from COFELY. Moreover, these 
measures need investments. On a long term basis, the renovation will be paid back thanks to reduction of 
energy use. Finally, the buildings energy consumption and environmental impact will decrease if and only 
if student and employee change their mind and behaviour concerning energy use and environment.  
 
The other task, which has been tackled, is the sizing of air source heat pump to satisfy the needs for hot 
water of one building. This preliminary study of sizing is necessary to choose and buy a heat pump from a 
supplier. The study has been coordinated with a research engineer.  
 
Obviously, these energy-saving measures need to be managed before the beginning of work because they 
are likely to influence the progress of the project development.  

4.1.2 Development of a counting plan  

4.1.2.1 Purpose of a metering plan 
 
In order to reach the goal of energy performance through these energy-saving measures, it is necessary to 
monitor the main specific end users within the buildings: water, gas and electricity metering. The metering 
plan is used to analyze the energy consumption of the university. It has to be included in the verification 
of the Energy Systems Performance. On a long term basis, the metering plan will be used to check if the 
objective of reducing energy use has been achieved.  
 
The metering plan takes into account the following fluids: 
 

- Natural gas 
- Electricity  
- Cold water town 
- District Heating Water 
- Thermal renewable energy 
- Voltaic renewable energy 

4.1.2.2 Development of a metering plan 
 
According to the Energy Performance Contracting between COFELY and the university, several 
commitments must be taken. These commitments lead to different types of work on buildings and aim to 
reduce energy consumption such as gas, electricity and water. The different steps, to develop the metering 
plan of the university, are listed below: 
 

- List all the existing meters of gas, electricity and water 
- Analyze the situation in order to determine where meters are essential 
- Estimate the cost of this metering plan 
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4.1.2.3 Conclusion about metering plan 
 
If significant differences between the monitored data and the set objectives are found, COFELY needs to 
investigate further to find the potential cause. Moreover, COFELY is expected that a metering plan will 
help manage the energy use of the different buildings on a long term basis. To do so, COFELY is 
providing to the university a building automation system (BAS). The meters of fluids will be linked to the 
BAS.  
 
The metering plan is essential to manage the building automation system. Building Automation Systems 
are computer based systems used for monitoring, controlling and managing equipment and systems in 
buildings. Building automation system managed by COFELY includes air conditioning, ventilation, 
lighting, heating, fire protection, electrical and security systems of the university. The main components of 
the BAS include sensors, actuators, controllers, data communication network, host computer, and 
software. Thus, the BAS assist in management of energy in addition to monitoring and controlling. In the 
university, the BAS will be used to control the whole energy consuming systems and will perform other 
functions required to optimize their operations.  
 
The BAS allows centralising and monitoring all the equipments, which are all over the 4 sites, from a 
single place. Moreover, it allows noticing just in time the drift of systems behaviour. Some of the control 
strategies are listed below25: 
 

- Scheduling: it allows the BAS to take automatic action such as starting or shutting of equipment. 
The schedules are normally based on a one year calendar and can account for different operations 
on weekdays, Saturday, Sundays, holidays and different seasons.  
 

- Equipment interlocks: operation of groups of equipment can be interlocked so that they can be 
switched on or off together. This feature is useful to prevent accidental operation of equipment if 
they are not operated simultaneously with other equipment such as boiler controls. They can be 
interlocked with the air intake and feed water pumps for safety reasons. It can also help to save 
energy by preventing operation of equipment when their associated equipments are switched off.  

 
- Demand limiting: it allows maintaining the maximum power demand for a building below a set 

target. 
 

- Duty cycling: it turns off loads for a short duration of time based on set priority and maximum off-
times.  

 
- Trend logging: it allows recording of selected parameters (temperatures, flow rates, electrical power 

and cooling demand) at preset intervals of time.  
 

- Alarms: it is set to provide an alarm when a parameter reaches a certain condition such as a 
minimum or maximum value.  

 
- System optimization and Control 

 
  
The configuration of the BAS, which is provided by COFELY, is shown in appendix.  

 
 
 
 

                                                 
25 Energy-Efficient Building Systems, Dr. Lal Jayamaha, Chapter 9, 2006 
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4.1.3 Limitations  
 

A focus on specific energy saving measures 

The public power considers that the Energy Performance Contracting is not enough used in France as it 
should be. Thus, they would like to make it more attractive and develop it. This cautious welcome to the 
EPC is mainly due to the private owners. Actually, owners are aware that it is necessary to begin a major 
renovation of their patrimony, in order to improve on the whole their quality of life: accessibility, acoustic, 
indoor air quality, water consumption, salubrity of equipments and common parts, selective sorting, place 
for bicycles and of course energy saving measures. However, during my thesis, there was only a focus on 
specific energy saving measures. For instance, insulation of walls and free cooling were not studied, 
whereas these measures are important and efficient in order to save energy.  

The amount of required data 

The main problem, encountered during this work thesis, was to deal with the large amount of data given 
by the university such as bills, sustainable development reports and measures read from energy meters... 
As the project includes different sites and different buildings (about 90,000 m²), it was necessary to well 
organize the energy consumption data. Actually, some buildings, which belong to a same site, aren’t 
including to the EPC’s perimeter. However, it is necessary to work with a large amount of data when 
energy consumption is studied. That is to say, it is better to get data, which date from 2 or 3 years, in order 
to work with a reliable baseline.  
 

The reliability of data to achieve energy savings goals 

Finally, the goal of the project is to reduce buildings’ energy consumption thanks to energy saving 
measures. Thus, it is necessary to calculate the reduction of energy consumption before and after 
renovation based on reliable data. Otherwise, the energy savings would be false. That is why, another 
important problem is the reliability of data, especially when data were obtained by measurement or reading 
from a measuring device. Actually, error results as fluctuations in the conditions surrounding the 
experiment. That is why, the control of conditions during measurement decrease the impact. This point 
was important to consider during the thesis to minimize the errors when calculation were done.   
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4.2 Discussion about my performance and future work 
 

4.2.1 My performance 
 
This part is dedicated to draw a review of my work and achievements. The main part of the goals set 
initially has been achieved: 
 

• The technical and legislative specification for Energy Performance Contracting has entirely been 
analyzed and checked for conformity within the contract signed between the university and 
COFELY.  

• Eight energy saving measures have been identified as suitable for an Energy Performance 
Contracting and applied to the university’s case study.  

• The dimensioning of a heat pump has been completed at the end of the master thesis period and 
has lead to the choice of a supplier.  

• The development of a metering plan has been analyzed in order to estimate the energy 
consumption after renovation and work.  
 

Unfortunately, more energy-saving measures have been proposed during the master thesis such as gas 
condensing boiler or elevators compliance. However, the percentage of energy saving after these measures 
haven’t been developed but will be estimated in the future. In that context, the objectives of energy saving 
(11% for electricity, 19% for water and 33% for gas) haven’t been all checked for all buildings.  
 
Time has also a high value in EPC project development as well, especially since some of the energy-saving 
measures depend highly on administration such as the installation of photovoltaic panels. The waiting 
time to get the authorisation to install PV panels on buildings is maximum nine months in France. If the 
energy services company COFELY fails to be in time, the company will get financial penalty. That is why, 
it extremely important to manage the project and the work as quick as possible.  

4.2.2 Future work 
 
Many improvements and energy-saving calculations can still be done to go further in this study.  

Development of a basic metering plan  

 
As written previously, one of limitations throughout this thesis was to get minimum and reliable data of 
fluids consumption (gas, electricity and water) from the university in order to estimate energy saving. 
Thus, the development of a basic metering plan would be necessary. This basic metering plan would 
integrate data such as incoming energy consumption (electricity, gas, and water), indoor temperature, 
schedule, light measurement, ventilation regulation... 
 
Moreover, this basic metering plan of the university would be used to compare energy consumption from 
other university using ratios. This comparison would enable us to get an idea of the buildings 
performance.  

A tool for calculating the energy saving 

In order to facilitate energy efficiency project, a tool, which can automatically calculate the percentage of 
energy saving thanks to the implementation of energy saving measures in buildings, can be developed. 
However, such tools already exist when it deals with building’s insulation or lighting replacement for 
instance Design Builder.  
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Conclusion  
 
Several conclusions can be drawn from the work carried out throughout the master thesis period: 
 

• Several energy-saving measures can be applied to the university’s project in order to reach the 
objectives of reducing energy use. These energy-saving measures are integrated to an Energy 
Performance Contracting signed between the university and the Energy Service Company 
(ESCO): COFELY. The installation of more energy efficient systems and controls will reduce 
utility bill costs and provide a funding source for building renewal projects. Consequently, the 
next step of the project is to check if these energy-saving measures will balance the cost of 
implementation.  
 

• Focusing on air source heat pump and the achieved objective, which is avoiding gas consumption 
for hot water. The dimensioning of heat pump is finished according to needs for hot water. It was 
shown that dimensioning heat pumps is important in order to limit energy consumption.  
 

• Finally, the implementation of an efficient metering plan is necessary in an energy efficiency 
project development. Otherwise, the objectives can’t be examined and checked on a long term 
basis. Thus, it is very useful to monitor all kind of building fluids consumption in order to 
estimate energy savings. However, the implementation of a building metering plan is not easy as 
each building has its own characteristics and the metering plan needs the most relevant fluids 
information with a minimum number of fluids meters.  

 
The six-month work has enabled to reach several objectives with the Energy Performance Contracting of 
the Versailles-Saint-Quentin-En-Yvelines University. But it is necessary to go on with the work and 
maintenance so that the decrease of energy consumption can continue on a long term basis. First, several 
energy saving measures used for electricity, heat and water’s consumption of the university have been 
analyzed in this report. Nonetheless these energy saving measures can be applied to any type of buildings 
in the service sector.   
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Appendix 1 – Excel table for electricity saving  
 

Corridors, bathrooms, lecture 
rooms  

Saint Quentin Versailles Avenue de Paris Versailles Avenue des EU 

Library D'Alembert Leclerc Vauban A B C D Buffon De scartes Fermat Lavoisier  D E 

Dichroïques TBT 
Ǿ80mm 

Power (W) 50     50 50 50     50     50     
Number 5     64 15 6     153     31     
Total Power (W) 250     3200 750 300     7650     1550     

Dichroïques TBT 
Ǿ80mm 

Power (W)       40                     
Number       6                     
Total Power (W)       240                     

Appliques murales 
en saillie Hublots 

Ǿ300mm 

Power (W) 9 26 26 26   26 26 26 26   18 26 18 18 

Number 20 94 84 62   11 3 7 5   60 2 2 14 

Total Power (W) 180 2444 2184 1612   286 78 182 130   1080 52 36 252 

Plafonniers en saillie 
hublots 

Power (W)                     18       
Number                     26       
Total Power (W)                     468       

Appliques murales 
en saillie Hublots 

Ǿ500mm 

Power (W)             30 30             
Number             5 10             
Total Power (W)             150 300             

Encastrés ronds 
Ǿ195mm 

Power (W) 36 36 26 20 18 18 18 18 18 18 36 18     
Number 4 112 1 284 36 20 126 11 12 139 57 80     
Total Power (W) 144 4032 26 5680 648 360 2268 198 2 16 2502 2052 1440     

Appliques murales 
décoratives en 

saillie halogènes 

Power (W) 52 52 52 20 72         36   52     

Number 21 2 4 68 10         6   27     

Total Power (W) 1092 104 208 1360 720         216   1404     

Appliques murales 
décoratives en 

saillie halogènes 

Power (W)       100           18         

Number       4           1         

Total Power (W)       400           18         

Encastrés ronds 
Ǿ195mm 

Power (W) 52 52 52 40           36 18       
Number 8 165 16 18           16 74       
Total Power (W) 416 8580 832 720           576 1332       
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Encastrés carrés 
160*160 mm 

Power (W)         12 12       36         
Number         7 6       7         
Total Power (W)         84 72       252         

Encastrés carrés 
600*600 mm 

Power (W) 72   72   18 72   72 72 72     72   
Number 2   71   19 28   35 92 20     12   
Total Power (W) 144   5112   342 2016   2520 6624 1440     864   

Encastrés carrés 
600*600 mm 

Power (W)                   54         
Number                   174         
Total Power (W)                   9396         

Plafonnier structure 
fluo 

Power (W) 36     40           36         
Number 12     34           21         
Total Power (W) 432     1360           756         

Dichroïques TBT 
Ǿ80mm 

Power (W) 35                           
Number 12                           
Total Power (W) 420                           

Plafonnier 
rectangulaire en 

saillie 

Power (W) 58 72 58 36   36   36   72 72 72     
Number 146 160 160 31   7   18   17 160 4     
Power (W)   58   58           1224 36       
Number   82   208             9       
Total Power (W) 8468 16276 9280 13180   252   648     11844 288     

Encastrés 
rectangulaires  

Power (W)   52   55 11     11   36     72   
Number   3   104 7     10   17     9   
Total Power (W)   156   5720 77     110   612     648   

Plafonnier carrés en 
saillie 

Power (W)     72               72     72 

Number     26               18     6 

Total Power (W)     1872               1296     432 

Appliques murales 
engrillagées fluo 

Power (W)       13                     
Number       112                     
Total Power (W)       1456                     

Applique murale en 
saillie rectangulaire 

fluo 

Power (W)       18                     
Number       411                     

Total Power (W)       7398                   
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Encastrés ronds 
Ǿ230mm  

Power (W)       80                     
Number       5                     
Total Power (W)       400                     

Encastrés ronds 
Ǿ80mm 

incandescents 

Power (W)     30 30           30       30 

Number     16 12           26       84 

Total Power (W)     480 360           780       2520 

Total Power for lighting (W) 11546 31592 19994 43086 2621 3286 2496 3958 14620 17772 18072 4734 1548 252 

Total Power for lighting (kW) 11,546 31,592 19,994 43,086 2,621 3,286 2,496 3,958 14,62 17,772 18,072 4,734 1,548 0,252 

Average functioning time per day (h/day)  8 8 8 8 8 8 8 8 8 8 8 8 8 8 

Occupancy days per week (day/week) 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

Occupancy weeks per year (week/year) 42 42 42 42 42 42 42 42 42 42 42 42 42 42 

Hours of functioning per year (hours) 1680 1680 1680 1680 1680 1680 1680 1680 1680 1680 1680 1680 1680 1680 

Total energy for lighting (kWh) 19397,28 53074,56 33589,92 72384,48 4403,28 5520,48 4193,28 6649,44 24561,6 29856,96 30360,96 7953,12 2600,64 423,36 

Total SQY (kWh) 178446,24 
Total Versailles Av. de 

Paris(kWh) 20766,48 Total Versailles Av. des EU (kWh) 95756,64 
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Site Building Electricity 
(kWh) 

Part for 
lighting 
among 

electricity 
(%) 

Lighting  
(kWh) 

Part lighting 
for corridors, 
bathrooms 
and lecture 
rooms (%) 

Lighting 
(corridors, 
bathrooms 
and lecture 

rooms) 
(kWh) 

Lighting 
after 

renovation 
(corridors, 
bathrooms 
and lecture 

rooms) 
(kWh) 

Energy 
saving (%) 

Total Power 
lighting after 
renovation (kW) 

175,58 

Versailles 
Avenue des Etats-Unis 

Descartes 1 174 128 20 234 826 45 105 671     

Total energy 
lighting (8hours 
time 
functioning/day) 
(kWh) 

294 969,36 

Lavoisier 423 168 20 84 634 45 38 085     
Total energy 
lighting (7hours 
time 
functioning/day) 
(kWh) 

258 098,19 

Fermat 1 005 747 20 201 149 45 90 517     
Percentage of 
energy saving 
(%) 

12,50 

Buffon 355 609 20 71 122 45 32 005     
Bâtiment D 599 856 20 119 971 45 53 987     
Bâtiment E 193 926 20 38 785 45 17 453     

TOTAL 3 752 433 20 750 487 45 337 719 95 757 72 

Saint-Quentin-en-
Yvelines 

Vauban 659 268 20 131 854 45 59 334     
d'Alembert 738 520 20 147 704 45 66 467     

Leclerc 332 157 20 66 431 45 29 894     
Library 400 829 20 80 166 45 36 075     
TOTAL 2 130 775 20 426 155 45 191 770 178 446 7 

Versailles siège TOTAL 270 101 20 54 020 45 24 309 20 766 15 

Rambouillet TOTAL 389 634 20 77 927 45 35 067     

Data 
University 

Data 
University  

Data 
university hypothesis Calculation Calculation Calculation 
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Appendix 2– Technical description of university’s small wind turbine chosen by 
COFELY: the Dutch small wind turbine Donqi 
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Appendix 3– Coefficient of distribution for hot water from CSTB 
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Appendix 4 – Configuration of the university’s BAS provided by COFELY Energy Services 
 

 



 
61 

 

 


