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Abstract
The energy consumption is undergoing significant increases around the world due to the growth of the
population and the development of industrialized countries. In France, due to the economic context the
energy fairs have been consequently raised for 5 years. Also, the sustainability of the country has to be
based on the energy savings. In France, the building sector is the main source of consumptions and
with a rate of building replacement of 1%, the refurbishment of existing buildings appears as the best
solution. The main work of this study is to identify the possible methodologies and their impacts on
the determination of the energy performance of office buildings of the 80’s in France. Besides,
different energy audits have been done to improve the methodology and its resulting tools in order to
be able to identify the potential solutions. With an average energy performance at 417 kWhEP/m².year,
investments have to be done in the reduction of the energy consumptions. Furthermore this report
emphasizes that main investment have to be done in the field of the building envelope, the HVAC
systems, the lighting equipment and the occupant behavior. Energy audit is currently considered as the
best tool on the way of sustainable buildings. Finally, through the establishment of a methodology,
weaknesses of the energy audits are emphasized. To support this study, many energy audits have been
done in order to understand and identify correctly the main parameters that need to be investigated to
increase the accuracy of such a study. Then, this report ends by an overview of a case study.
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1 Introduction
1.1 Background
In 1987, during the Brundtland Commission of the United Nations, sustainable development was
defined as “a development that meets the needs of the present without compromising the ability of the
future generations to meet their own needs” (UN; 1987). Basically this definition is the base of many
actions in the modern world which tries to save and arrange several errors done by the past.
All around the world, the global energy demand is increasing proportionally to the development of
numerous countries and due to the rise up of the number of humans across the World. In France for
instance the energy consumption was going on from 179.7 Mtep in 1973 to 265.8 Mtep in 2010
(CGDD; 2011). Furthermore, many consequences of this kind of increase are well known. Prices of
the different energies, global warming impacts, pollutions, social and financial crisis are some results
of this demand, threating more and more countries and inhabitants.
In order to find solutions, many efforts were made during the last decades to identify the potential
sources of solutions for limiting the impacts of the increase of the global energy demand. The building
sector is one of the most concerned by this phenomenon since it is a great part of it. Actually, the
overall energy consumption in the built environment increased by the past and is now decreasing due
to the focus of the different governments. Many progresses have been done for the ten last years owing
to the development of the green building sector and the replacement of the old and dilapidated
buildings by efficient ones. Nonetheless, even if new buildings they are efficient, they are not the
solution. The most important point is to make sustainable existing ones, by retrofitting them,
especially when it is considered that building life is now reaching 80 years.

1.2 Scope
In France, the government is developing several plans to allow reducing the energy demands and
consumptions of the building sectors. Plan Grenelle (PLAN GRENELLE; 2009) is the base of the
efforts of the French institutions, which are concentrated on existing real estate by changing users’
behaviors and energy refurbishments. In fact, around 32% (FRAUNHOFER; 2010) of the energy
consumption depends directly on users actions and technical fluctuations that is why it seems
important to develop and encourage the use of energy programs, which can lead to a reduction of 10 %
of the energy demand (PANDION; 2009) in a working environment. Nonetheless, it has to be taken
into account that energy savings are mostly based on energy performance improvements. As a result,
the sustainability of the existing building is mainly based on the refurbishment of the real estate park
combining technical improvements and awareness of the users about their comfort and behaviors.
Also, the current French built environment is mainly composed of commercials buildings for office
activity, in opposition to the residential and industrial sectors, and offers a serious energy saving
potential. The following investigation deals with the methodologies to develop in order to make
sustainable this kind of buildings in France taking into account the development of worldwide policies
and engineering tools. As a member of the European Union, with a common development, the results
of this study could be used for analyzing other countries of the Western part.
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1.3 Objectives
The main goal of this study is to analyze the current situation of the French real estate park according
to an environmental and energetic point of view offering an example of the way that need to be
followed to reach the sustainability of an existing building by retrofitting its own performances. In
order to understand correctly the French situation, it would be necessary to make a focus on a specific
part of this park. After that, the most important step is to determine the environment and the
boundaries of this study to be able to establish and assess the different available environmental
methodologies that would lead to make an existing building sustainable. Thus the required parameters
would be evaluated and identified leading to improve the available model. Trough out the first study, it
would be possible to present the current situation in France for the energy sector and focus on the
building field. Actually, this analyze has to emphasize and illustrate the necessity to develop and use
an efficient methodology, which would allow retrofitting the existing buildings. Nonetheless, there is
not only one methodology for doing that. Each audit can be used differently to reach the expected
results, that is why the following methodology has to be considered as one possibility with its
weaknesses and advantages, which would still be dependent on the scientist assessment. Thus the
following study would discuss the limits of such a tool. Furthermore, as all the scientific
methodologies, it would be essential to introduce the use of the dynamic and thermal simulations,
which are currently the most used tools to justify the energy audit. At the same time, this study would
illustrate the main ways of improving the energy efficiency of the office buildings by considering the
different fields of its composition. Also, the way of making a building sustainable is not only
dependent on the technical aspects. As the energy consumption of a building and its impacts on the
environmental are mainly based on the occupant’s behaviors, the study would have to illustrate what
are the current policies of green management in France to be able to understand how it would be
possible to adapt it to the existing building. Finally, a case study would be used to illustrate the
different tools and methodology that can be used on the way of office building sustainability.
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2 Methodology
To fulfill the assigned goal, it was decided to split the study into three main parts, which will be
subdivided into different intermediate objectives.

2.1 Research approach
As all research activities, the main target is to define correctly the questions that would have to be
solved. It is really important to define correctly the topic of the study, its environment and boundaries.
Then to be sure of analyzing efficiently this work without compromising the outcome of the study, it
considers the criterion that have to be established and on which would be based the sustainability of an
existing building in France. Furthermore, these parameters could be structured owing to data
collection.
There are different ways for collecting information, especially in the field of energy efficiency for
existing buildings. First of all, the data collection from the authorities and government, because they
are the guard of the regulation – the study has to implement a methodology, which would respect the
current regulation. After that, other information can be collected by observations on sites, interviews
and surveys.

2.2 Data collection
Research questions have to be answered that is why different data collecting methods have been used.
In a first time, through the internet and a literature review, many data about the overall energy
consumption in France and about its spreading-out over the different building sectors have been
collecting. Then, policies literatures have offered the possibility to define the goal of the French
government’s for the existing buildings field in terms of energy and environmental impacts. This
information has been analyzed during the study, conducting to emphasize the main parameters on
which the sustainability of a building is assessed.
Another part of the data collection is based on the observation and the surveys. Basically after
understanding what the main parameters of energy efficiency are for an existing building, it is
important to assess and compare different tools and methodologies that are currently used to reach the
target of reducing the building energy consumptions.

2.3 Implementation and comparison of energy audits
Energy audits are currently used as tools to asses an existing building. Thanks to them, it is possible to
collect a large amount of information about the energy building consumptions, its systems (electrical,
Heating Ventilation Air Conditioning [HVAC], Information Technology [IT]…) but also about its
management and its built environment.
There is not only one methodology for caring out an energy audit, all the consulting society have a
specific one, but they are based on the same elements, which are energy bills, walk through analyses
and interviews of the managers of the site, building simulations, assessment of the results with the
French regulation and benchmarking. Then, that is the step of developing a retrofitting plan. This one
would be the base for highlighting the strengths and the energy potential of the building. During this
study, around fifteen energy audits were done to collect enough data. This process would refine the
methodology and allows benchmarking building of the same field.
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2.4 Benchmarks
Despite the great potential of energy audits, a benchmarking process is essential. This step is a great
mean of understanding correctly, what are the weaknesses and advantages of a selected building
sector. Through this study, different benchmarks have been considered. First of all, national French
benchmarks are established by the government and the Agence de l’Environnement et de la Maitrise
de l’Energie (ADEME) (ADEME; 2012a), which is the French Energy Agency. Then, the benchmarks
about the energy consumption of commercial buildings with an office work activity from Sinteo
1
(SINTEO; 2012) are well known in France because of the work of this company and the ADEME.
Finally, the done audits have been used to compare the retrofitting solutions, the energy saving
potentials and investments.

2.5 Green management
Despite the technical feasibility of a project and its adaptation to the building renovation cycles, the
sustainability of a site is also based on the occupant behaviors. As all the great majority of the
developed countries, France considers several building standards. In the final part of this study, some
of the most common solutions in terms of Green Management in France will be introduced.

2.6 Weaknesses of the methodology
As it was said before, there is not only one methodology of making a sustainable building. Retrofitting
actions plan is a result of energy audits, which are never following the same way. All the assessments
and analyses are dependent of the objectivity of the engineers, and it has been admitted that there is
still a difference in the real life between the proposal actions and the final retrofitting plan. For all
these reasons, it is interesting to have a look on the source of this difference.

2.7 Case study
The end of this study introduces a sum-up of an example of energy audit in order to illustrate the
methodology and its results. The case study has been based on the developed arguments and
methodology. Also, it would take into consideration the benchmarks and important points introduced
through this thesis.

1

Sinteo is an engineering Consulting company based in Paris and specialized in energy efficiency of existing
buildings and Green Management. This company agreed to contribute to the development of this study over a
work placement of six months from February to July 2012.
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3 Technical understanding
3.1 State of the Art: The French real estate park
As the great majority of the developed countries, the energy consumption is still increasing over the
years in France. The overall energy consumption is based on different factors as the economic growth,
the development of the industry, the increase of the number of inhabitants in the country and their own
energetic consumptions. This last point is composed of different fields as the transport sector and the
building sectors. The figure 1 is illustrating the growth of the energy consumption in France since
1973 (CGDD; 2011).

Energy consumption in Mtep per year from 1973 to 2005
Overall primary energy consumption

271,8

Corrected Consumption
270,4

273,2
261,4

266,3

265,8

271,77

228,3

260,5

224,6
179,7
182,4

Figure 1: Illustration of the overall primary energy consumption in France since 1973

The corrected overall primary energy consumption is taking into account the climatic fluctuation.
Furthermore as it is seen on the figure 1, the energy consumption has mainly increased by 48% since
1973. In addition, through the increase of the energy consumption the production of carbon dioxide is
increasing too. Basically, in France the primary energy production follows the energy production
retailing introduced in the table 1 (CGDD; 2011).
2010
Nuclear power plant
Renewable energy
CHP and
Oil
Natural Gas
Coal
Total primary energy production

(Mtep)
111,7
6,7
17,6
18
0,6
0,1
138,6

Table 1 : Primary energy production in France in 2010

Then, it is really interesting to have a look on the spreading out of the energy distribution in France. In
2010, the energy was mainly used by four sectors, table 2 (CGDD; 2011) and figure 2 are illustrating
how the energy use is split.
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Sector
Residential-Service Sector
Transport Sector
Industrial Sector
Agriculture
TOTAL

Final Energy consumption in 2010 (Mtep)
68,1
50,1
35,3
4,2
157,7

Table 2 : Energy use by sector in 2010 in France

Industrial Sector
22%

Agriculture
3%
Residential-Service
Residential
Sector
43%

Transport Sector
32%

Figure 2: Illustration of the energy use in France in 2010 [11]

As it is seen above on the different illustrations, the energy use in France is mainly composed of the
Transport
ransport sector and the Building Sector. Actually, this last sector
sector is the main source of energy
consumption with 43% of the final use. Basically, the residential sector
ector is composed of more than 3,5
3
billion of square meters (PELLETIER; 2008);
2008 which are split between residential buildings (60%) and
the service sector (40%).
As it is really difficult to recommend the energy optimization for a residential building and as the
French regulations and targets are not the same with the service sector, this study has been focused on
the Service sector.
In 2010, the French Energy Agency, ADEME made a study, which
which related the total final consumption
reached 218,5 TWh (EPE; 2008)
2008 in the service sector. The total heated surface was estimated to
839 259 000 m². Also
lso the figure 3 illustrates what are the different kinds of buildings,
building which are parts
of the service sector.

Jeremy VIALANEIX – Sustainable Energy Engineering – Master Thesis – Royal Institute of Technology – June 2012

16

Health
12%

Sports
8%

Restaurant/hotels
7%

Community
housing
7%
Transportation
3%

Education
20%

Business
22%

Offices
21%
Figure 3: Composition of the buildings Service sector in France

As it is seen above, business,
usiness, office and education activities represent more than 62% of the service
sectors real estate park. Furthermore, the great majority of these buildings were built before 1988,
198
which is the date of the introduction of the first energy regulation named “Réglementation thermique
1988”. For all these reasons,, it has been chosen to focus on this part of the French real estate park, in
order to develop a methodology of comparison with different buildings, built at different dates and
using different energy to be heated.

3.2 Base of the comparison
As the energy demand and consumption are the main issue for the Sustainable Development in the
built environment, several efforts were made around the world and in France to be able to compare a
specific building with another one, which is totally different.
To succeed in this assignment, it has been considered to compare two different buildings on their total
primary energy consumption per square meter over a year.
year. This calculation allows considering the use
of different sources of energy for heating, cooling or ventilating the building. Primary energy is based
on the real amount of consumed energy to produce the final energy used for the activities of the
building. (CDE; 2012)
Besides, this comparison an international tool has been developed for each country of the world. This
tool determines
rmines the coefficients, which have to be used to compare two amount of energy from
different sources – natural gas and electricity for instance-. Let’s introduce some explanations. On one
hand, the fossil
ossil energy like oil and gas can be used without compromising
compromising their energy quantity,
because there is no loss of energy between its introduction to the Site and its use for the building
activities. On the other hand, the electricity
electricit that is mainly used
ed in the big cities of France presents
many losses (mechanical
al efficiency, transmission lines, storage…).
storage…). Also the different coefficients of
transformation -primary
primary energy to final energyenergy fluctuates from 1 to 2,58. Basically, in France, the
production of the electricity is mainly based on the Nuclear Activity causing
ing a rise in its coefficient
coeff
of
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transformation (ADEME; 2012b). Table 3 (CONSEILS THERMIQUES; 2012) introduces the
meanings of the coefficient according to the considered energy.
Energy
Natural gas
Electricity
Fuel

1
2,58
1

Table 3 : Coefficients of transformation from final energy to primary energy in France

Furthermore, as all the buildings cannot have the same floor area, it has been decided to make the
comparison on the total primary energy consumption of a building over a year and to divide it by the
total floor area – kWhep/year.m² - and as a result develop a fair tool of assessment.

3.3 Thermal regulation and Energy in terms of Objectives
Energy efficiency and energy savings have been really considered from 1998 and the Kyoto Protocol
ratification (UN; 1997). During this Protocol, it was decided by the great majority of the developed
countries – without the United States- to reduce the production of Global Warming Gases – GWG- by
5,2% between 2008 and 2010. At the same time, as it was necessary to assure the development and the
share of these targets around the world, other World Summit have been organized since 2000. Figure 4
shows the different dates of the world and European important Summit for the environment and
energy consumption regulation.
2002

1998
Kyoto Protocol ratification

Joannesburg Summit
European directive on
the Energy performance
of a building

2009
Copenhagen
Summit

2010
Cancun Summit
EPBD 2

2012
EPBD 3

Figure 4: Most important Energy and Environmental Summits

As it can be seen on figure 4, worldwide or local regulations and summits have been developed since
the ratification of the Kyoto Protocol. In addition to the environmental targets of the summits,
national regulations were developed to respect energy policies. For example, in Europe, the
Commission confirmed the development of the directive of the energy performance of the building
sector. This one is perpetually evolving through the development of new technology taking into
account the national regulation and improvements of its members.
Many targets have been established by the European Commission, like the EU 20/20/20 by 2020,
which is based on:
20 % reduction of CO2-emissions ;
20% enhancement of energy efficiency ;
20% of overall energy consumption to be supplied by Renewable Energy Sources.
In 2002, the European directive about Energy Performance of Building was introduced and considered
as the first main agreement on specific goals for the built environment. Basically, since this date
targets and objectives have been fixed, to reduce the “energy consumption and eliminating wastages”.
After that EPBD evolved through the last year (EC; 2012). Actually, EPBD is based on:

Jeremy VIALANEIX – Sustainable Energy Engineering – Master Thesis – Royal Institute of Technology – June 2012

18

Development of a methodology of calculation of the integrated energy performance of
buildings;
Application of minimum requirements on the energy performance;
Development of energy performance certification;
Use regular inspections-energy audit to get assessment of the HVAC systems and identify the
potential improvements.

As an essential point, the energy building regulation was improved introducing energy certification
schemes. At the same time, all the members of the European Union received a schedule with the
implementation of deadlines especially around 2020. The definition of very low energy building was
agreed on “nearly zero energy building means a building that has a very high energy performance”.
The nearly zero or very low amount of energy required should be covered by energy from renewable
sources, including renewable energy produced on-site or nearby. (KTH; 2011)
Then, France focused on its own energy consumption and developed plans to reduce it. To be able to
succeed in it, an environmental process was adapted to the French situation. This last one aims to
reduce the impact of the building park. Basically, there are two kinds of buildings: the new ones and
the existing ones, as a result two different kinds of regulations, named “Réglementaion Thermique”
(RT) (CSTB 2008). The first RT was established in 1974 and considered only new buildings. Thhen in
1988, a new version was published but focused only on residential buildings (new and old ones). After
that, another version was agreed by all the associations and the government called it: RT 2000. This
last one considers old and new buildings. The current version, RT 2005 took place in 2006, defining
all the parameters that have to be respected when a new site is built or during the refurbishment of an
existing building. Through this master thesis, the RT 2005 and RT Globale have been considered (all
the information are available on the French website: http://www.rt-batiment.fr/batiments-existants/rtexistant-dispositif-general/presentation-generale-dispositif.html).
The two main aspects that need to be kept into consideration are the following ones:
Global Thermal Regulation (RT Globale) is used for buildings that have been constructed after
1948 and for which the floor area is greater than 1 000m² and if the refurbishment plan is
estimated to 25% at least of the building value. An aim of reducing its energy consumption by
30% is fixed ;
Thermal Regulation per element (RT par element) is considered for any other cases. The
parameters of the insulation or equipment of the building have been assessed and determined
to put in place building standards.
In parallel, to use efficiently the Kyoto protocol, the French government decided in 2007 to establish
the certificates of energy performances and a Thermal regulation for existing building. Grenelle de
l’Environnement – GE- was created and considered for implementing all the energy and environment
regulations. GE was a national wide debate, which opposed different parties (French government,
Commercial sector, stakeholders…) allowing to manage and organize the key points of the energy
policies, which would lead to reduce the issues of building sustainability Then in 2010, another debate
was planned to enable the government to improve the precedent one. Two main laws were admitted by
all the members of the Grenelle de l’Environnement. First of all, France aims an energy reduction of
its consumption by 38% at least by 2020 in the existing building field. Then, a decree named “Loi
Grenelle 2” passed in 2010. This text provides more details and information than the first law.
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Actually, there is through this law the plan of the executive actions that have to be done in order to
retrofit the existing building sector within 8 years from January 2012. At the same time, the different
levels that have to be reached are specified in this text. Then they have to be compared with the
current levels. Another important point comes through the Law Grenelle 2: The Environmental
Appendix has to be included to the leases signed after the 1st of January 2012, for buildings with a
floor area bigger than 200 m². Thanks to this appendix, the communication between the property
owner and the environmental agencies and the stakeholders is reinforced.
Since 2010, a specific commission untitled “Refurbishment of the Existing Commercial Buildings real
estate” has been working on a report which aims the achievement of 25% of the energy consumption
for this building sector by 2020.
As it has been understood, all the countries of the European Union are working on the efficiency and
sustainability of their buildings. This work is more and more focused on the existing ones because
they are currently the bigger source of energy consumption.
Let’s now have a look on the mains tools that allows following the national thermal regulations and
government energy policies: the energy audit and the green management.
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4 The Energy audit: More than a tool on the way of sustainable
buildings
4.1 What drivers are pushing the development of the energy Audit?
Actually, the public’s opinion is growing fear of the increase of the energy prices in 2012. More than a
question of crisis it appears essential to find ways of saving money because of the slowing economic
growth that is currently faced in France. As it was introduced in section 3 of this report, retrofitting the
building sector enables the France to respond to most of the problems.
As the number of international, European and national regulations about the energy are currently
rising, it appears essential to make efforts and develop activities, which would reduce the whole
energy consumption leading to less CO2 emissions. Besides, the development of environmental
policies in the building fields is pushing the owners to follow the laws and the announced targets in
terms of energy performance.
Nonetheless, to reach a target it is important to develop an adapted methodologies and tools allowing
making the comparison with the current situation and the aimed one. Furthermore, in France the
agreement of the Thermal Regulation 2005 fixed the performance that needs to be respected for the
building envelope, the energy building consumptions and carbon dioxide emissions.
Finally, the energy audit is considered as a mean of getting information on the current situation of a
considered building. Also, it ensures the collection of data about the energy systems, the building
envelope and its occupant’s behaviors emphasizing possibilities of improvements.
Nevertheless, it has to be considered that stakeholders are not only thinking about energy performance
and environmental savings. The main reasons are economic ones. Basically, even if retrofitting’s
building requires large cash investments, they are also a source of cash by reducing their energy
consumption and the increase of the rents. Actually, renting an efficient building is more expansive
and attractive too.

4.2 … leading to different possibilities
As it can be understood, the energy audit is the base of the comparison, but there is not only one
methodology to success in doing it. Each consulting company has got its own one. Through this study,
one methodology has been introduced. Certainly, it would be possible to improve it. This one allows
the development of different tools have been developed with the company SINTEO, facilitating the
comparison with all the buildings and highlighting ways of improvement during the establishment of
the different plans of retrofitting.
At the same time, all the company are justifying their work by the use of software
(DESIGNBUILDER; 2012), which are different from each other that is why it has been considering to
use Design Builder, which is the software used at KTH and at SINTEO. Simulations and models are
source of analyzes to understand correctly the building behavior, according to its use, localization and
activity.
Let’s know focus on the development of a methodology, which would consider existing building from
the commercial sector built during the 80’s. It has been chosen to focus on this kind of buildings due
to the fact that most of them were not refurbished from their construction (without considering the
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HVAC system). As a result, these buildings offer the greatest possibilities of improvements. In
addition, they represent a main part of the Real Estate Park in France.

4.3 Introduction to an example of energy audit methodology
First of all, it is really important to determine the system that is studied because of the global energy
demand that is dependent on the assessment of the whole system.
4.3.1

Information of the system

As it was explained in section 4.2, the methodology that has been introduced through this study
focuses on commercial building built during the 80’s in France. Commercial buildings have a specific
activity. Basically, the occupants only work in the building with specific planning in terms of
occupation, which is a non-permanent activity. The great majority of French commercial activity is
based on the following planning:
Monday to Friday from 8:00 AM to 17:00 PM.
Specific technologies and systems are present in this kind of building. Due to the activity of its
occupants, servers and computers are present in the building. Thus additional HVAC technologies
have been added on the building in order to improve the thermal comfort of the occupants where the
building enveloped did not evolve.
Between 1970 and 1980, the commercial building where standardized to offer a functional architecture
with adapted equipment and materials. Yet each building is completely different in terms of density of
occupation, technical equipment efficiencies, solar gains, building envelope and building management
in fact each property has its own history, with possible refurbishments or improvements in terms of
insulation. Finally, it is important to define benchmarks to be able to compare two different buildings
because of the different sources of energy consumption variations
At the same time, other benchmarks have to be developed in order to identify and target the best ways
of retrofitting. Indeed, green building retrofits is a real market estimated to more than $400 billons
(ENVIRONMENTAL LEADER; 2009). As a result, a lot of people want to develop their own
business because of the potential of the market causing a competitive field.
4.3.2

Base of the energy audit

In France, SINTEO is considered as one of the leaders of the green building market with a
specialization in energy efficiency for existing buildings of the commercial field.
Building energy audits are based on the goals of the study, which are fixed by the company, the
customer and the stakeholders. As it was explained before, there is not only one methodology for
carrying out an energy audit, also it has to be kept in mind the following presentation is a specific
methodology in order to be able to understand correctly what are the best ways of making sustainable
a commercial building in France.
The main factors of variation are based on:
The Scope of the energy analysis: environment of the study, does the study consider the
management of the building? Does the interaction with the external parameters have to be
considered? Does the study make a life cycle analysis?
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Occupant behavior: Does the model take into consideration the occupant behavior? Should it
focus on the intrinsic performance?
The data collection: Are the energy bills collected on the ten last years or only three?? Do the
operative and / or ambient temperatures have to be measured during the visit or all over a
year?
Modeling: Does the building have to be modeled with dynamic or static simulations, or only
owing to a spreadsheet?
Results and accuracy of the study: What are the parameters that define the accuracy of the
energy audit?
The French regulations lay down to carry out an assessment of the existing buildings before 2020 (cf.
part 3 of this report). Also, even if the energy audits would establish the current inventory of a
property and then would highlight possibilities of improvements, the stakeholders and the owners do
not want to spend too much money in the study because of two main points:
They do not have only one building but several ones (around 50 per customers) ;
The main capital outlay would be the refurbishment of the building.
Finally, in our case, the energy audit is a balance between an Energy Performance Certificate and an
exhaustive energy audit. This choice could be criticized because it appears as too superficial to
evaluate correctly the performance of a building tough it reflects the real position of the stakeholders
on the green building market.
4.3.3

Scope of the energy audit

Let’s introduce the real scope of the energy audit. In order to be able to understand correctly the
situation of commercial buildings of the 80’s in France, it is necessary to definite the scope and the
limits of the energy audits.
1) It has been established to consider the energy bills of the studied building trough three
consecutive years;
2) The operatives temperature and ambient temperature are measured during the visit, additional
information are collected during the visit by interviewing the technical responsible and some
occupants;
3) Data collection has been carried out before and during the visit, by collecting the layouts of
the building, all other studies that have been done by the past;
4) Dynamic simulation has been used thanks to Designbuilder to model the building and then the
different actions plan;
5) The accuracy of the study has been fixed on agreements with the customers on the fact that
energy consumption of the models is equal to the energy bills;
6) The different proposed scenarii have to be adapted to the building and have to respect the aims
of the government in terms of Law Grenelle and BBC certification;
7) Benchmarking and capitalization of the data have to lead to a first analyze of the potential of
improvement of this kind of building park.
By considering all this scope, it has been possible to illustrate the methodology of this version of
energy audit.
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4.3.4

Overview of the determined energy audit

The
he following figure offers an overview of the different steps that have been followed during each
energy audit.

Status
analysis
Data
collection
•Phone calls;
•Emails;
•Interviews.

Identification
of
investigations

Preparation of
the walk
trough visit

Audit
process

Energy
analysis

Actions
plan

Walk through
audit

Spreadsheet
work

Identification
of the
possibilities

Interview of
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Dynamic
simulations

Economic
analysis
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Analyse of the
current
situation

Determination
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Data collection
(photos,
planning of
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Benchmarking
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with other
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Simulations
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Interpretation
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Figure 5: Process
rocess of the considered energy audit

As it is seen on figure 5, the energy audit
au is following a horizontal and a vertical progress allowing
keeping objectivity in the different steps of analysis. Furthermore, as it is written, each step of the
audit has to enable the company to do a data capitalization improving the accuracy of the next studies.
At the same time, this figure provides a summary of the methodology that has been done during this
Master thesis at Sinteo. In addition, the data from Sinteo are capitalized from more than 800 offices
buildings have been studied (SINTEO; 2010).
201
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5 To get the project
oject underway
5.1 Status analysis
Before starting the collection data it is essential to understand correctly
orrectly that the energy audit provide a
management of the data collection, because of the story of the building. Basically, there are three main
families of people in the environment of a commercial building.
building Figure 6 (PICTURES; 2012)
introduces the different parties that have to be contacted through an energy audit.

Building owner
•Get information about
their properties
•Want to increase their
property value
•Want to reduce cost
and increase profits
•Order the energy audit

Property Manager
•Responsiible
Responsiible for
managing the property
•Supervise
Supervise the
investment
•Rent
Rent the building
•Collect
Collect the overall
energy bills

Technical Responsible
•Manage the technical
installations (HVAC,
lighting...)

Occupants
•All
All the buildings could
be rented to one
society, but in the great
majority there are
different tenants.
•Pay
Pay the rent and the
energy bills

ENERGY AUDIT INTERACTION

Figure 6: Illustration of the different parties of a building project

As it is explained on figure 6, the different parties have their own targets. Building owners
own
are not
directly the managers of their property. Actually, through the energy audit, they want to get
informationn about the current state of their buildings. They pay some companies
companies, property managers,
who are in charge of the building. As soon as the energy audit starts, it is important to make contacts
to the property manager in order to collect all the information:
Layouts of the building (cross sections and surface of each floor);
floor)
Number of tenants and contacts (renting lease and spreading out of the surface between the
different tenants)
Energy bills of the common areas;
Information
ormation about the construction date, main works on the envelope, structure or other
potential refurbishment;
Contacts of the technical responsible who has to be present during the visit.
visit
When all these information are collected, it has been possible to start the first analysis in order to
understand which kinds of contracts are signed for the electricity, gas, oil or water supply.
In parallel,, the preparation of the energy audit can be done
done by identifying the location of the technical
installation – HVAC, server room… - but also, the date of construction of the building and the
possible history – Does the building have been refurbished for the ten last years? -. Also this step
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enables us to prepare the questions for the interview of the tenants and the technical responsible.
Finally before starting the visit on site, it is necessary to make a call to the different tenants in order to
fix a date and order them to collect their energy bills. Then,
hen, let’s start the energy audit.

5.2 Audit process
All the visits on site are different because of the size of the buildings, the agreement and the help of
the tenants and the technical manager. At the same time during the interviews, it is really important to
know if the building was refurbished during the last year. Basically, as it was explained in section 3,
since 1988 different thermal regulations
regulation are used in France (RT 1988 – 2000 – 2005 and the 2012 is
coming). These regulations impose the insulation standards for each kind of materials composing a
commercial building. Throughout
out this study, it has been chosen to consider commercial buildings
building of
the 80’s so built before the first thermal regulation. As a result the energy performance of the building
is directly connected to the construction or refurbishment date.
Then during the visit it is important to follow
f
the following list to be sure to do not forget essential
information for the energy analysis part.
pa This data collection has to be combined to pictures collection,
in fact that could be interesting to be helped by an expert during the energy assessment part.

Building location
Building enveloppe
HVAC systems
Specific utilizations /
systems
Interviews

Other

•Take pictures of the building
•Information about the orientation of the Site
•Solar gains
•Roof, walls and floor structure
•Windows and doors
•Lighting systems
•Technical information
•Energy supply
•Regulation
•Presence of a restaurant
•Presence of gymnasium
•Presence of server room...
•Occupation planning
•Temperature (set points for summer and winter)
•Lighting management
•Heating and cooling periods
•Other information

•Collection of old reports, maintenance contracts...

Figure 7:: Listing of the different investigations

It has to be noticed that the data collection is more
m
difficult for old building because of the age of this
one. Actually, some documents disappear with the years causing difficulties to the whole study.
After collecting the information about the building location, it is important to focus on the building
envelope. Information has to be collected by
b all the means (interviews, investigations,
investigat
observations
and pictures).
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Building envelope:
Throughout the visit it is important to identify the component of the building envelope. In addition to
the official paper collected before the onsite visit, measurements have to be done to determine the
level of insulation of the wall for instance. The great majority of commercial buildings of the 80’s
were built without insulation. Nonetheless it was noticed during the visits that some commercial
buildings were insulated during the last refurbishment. Finally, the great majority of them have
insulation from the inside (between 4 and 8 cm of polystyrene or stone wool). The external insulation
is now considered for retrofitting building like an action plan because of its possibilities to reduce the
effects of the thermal bridges, but this kind of insulation technique is mainly used for building built
after 1988.
After that, the composition of the wall have to be noticed, the on-site visit and the data collection work
of Sinteo (SINTEO, 2010) allows noting that concrete is the main element composing the wall of
commercial buildings of the 1980’s. Actually, the data collection enables the different companies that
are able to do the energy audit and to affine the forecasts when information are missing.
Benchmarking has to be done with all the collected data.
The thicknesses of the wall and insulation have to be measured to be able to model the building and
determine the energy performance of the envelope. It is also necessary to measure the area of the
different walls, which are composing the building. For instance a property could be composed of two
walls of concrete and two other of stone.
After that another clue is the spreading out of the windows on the different wall of the building.
Basically, this kind of information is important to evaluate the solar gains of the property. As well,
focusing on the windows could help on the determination of the potential insulation of the building,
because windows could be integrated to the wall on a solid part without insulation or on windowsills,
which could contain insulating materials.

The window is
not directly
placed in the
concrete; a
cavity with
insulation is
present.

Here, the
window is
directly
integrated in
the concrete,
there is no
insulation.

Figure 8: Illustration of windows with and without insulation into the wall

It is also important to have a look on the state of the walls. More the wall is damaged and more the
infiltrations are important.
Sometimes it is impossible to get information on site about the insulation (what are the used
materials?), also it is important to collect the official architectural documents, which can provide
additional information.
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Then, it is necessary to analyze the typology of the windows. The great majority of commercial
buildings have single glass with woodwork increasing the infiltrations. Some buildings which
underwent refurbishments have double glazing with a frame in aluminum or Polyvinyl Chloride
(PVC). Furthermore new technologies with thermal break frame are currently used to improve the
energy performance of the building envelope. At the same time, the windows with double glasses are
offering interesting characteristics due to the use of high performance glasses separated by argon or
krypton – Uvalue = 1,2 W/m².K. Thanks to the onsite visits it has been noticed that double glasses 4/6/4
with air gap are the most common windows among double glasses technologies for commercial
buildings of the eighties. Then, if the building is renovated it could be possible to get directly some
information about the characteristic of the windows because identifications note are available on the
frame of the windows.
Shading are also an important point, actually different technologies could be used like venetian blinds,
roller blinds or internal blinds which are more common than external blind. These systems have to be
analyzed to understand which kinds of management (automatic system, mechanical one) are present
because the quantity of solar gains or infiltrations would depend on their uses.
Then it is interesting to focus on the ground floor structure. It has been noticed that insulation are
not really present there, allowing the ground energy losses. This kind of structure has to be analyzed
because the presence of an underground parking can appear as a real source of energy savings by
isolating the ceiling of the parking.
Finally, the roof structure has to be considered in addition of the collected documents. It is important
to find information about the last refurbishment plan and the kind of used insulation. Nonetheless, if
there is no official information and if nobody could help the investigation would be really difficult to
establish which kind of insulation is present. Data collection of the company could appear as a real
tool to define the characteristic of the roof. In addition, there are mainly two kinds of roof : the terrace
roof and the heel over roof.

Figure 9: Illustration of inclined roof and terrace roof

Finally, after collecting all the information about the building envelope it would be possible to make
energy analyze of this one, by using collected data, dynamics models and benchmarking tools.
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HVAC systems:
The second step is to collect information about the HVAC system. The great majority of commercial
buildings of the 1980’s have known different refurbishment of the HVAC system. Basically, cooling
systems are well known to be set up during this time or at the beginning of the 90’s.
The different on site visit reveal that there is not a possible generalization of the used HVAC systems
for the studied field of building. There is a real diversity of systems, which is based on the location of
the building, the tenant’s activity etc… In parallel, the HVAC systems could be centralized or
individual for each society, the source could change (gas, oil or district heating and cooling can be
used). Thus the efficiency of the system is depending on the set up technology and the planning of
activity, the set point
As a result, it is really important to collect as much as possible information about the different systems
for the heating and cooling production and the ventilation system. To be able to compare the different
HVAC systems during the energy analysis phase, it has been interesting to use the data base of Sinteo,
which is based on more than 800 offices visited and analyzed during energy audits. The following
table introduces the main component that is possible to meet during an energy audit visit.
Energy supply

Heating systems

Emission systems

Cooling System

Ventilation

Thermal regulation

- Natural Gas
- District heating / cooling
- Fuel oil
- Electricity
Individual heating:
- Gas / electric unit heater
- Reversible split systems
- Electric convector heater
- Radiant panels
Collective heating:
- Heat pump
- Variable Refrigerant Volume (VRV)
- Gas / oil fuel boiler
o Low/High temperature
o Condensing
- District station
- Split systems
- Radiators
- VRV unit
- Fan coil unit
- VRV system
- Split system
- District cooling unit
- Child beams / unit with compression
- Natural ventilation
- Simple extraction
- Extraction and injection with / without heat recovery
- Central Technical Management (CTM)
- On / off System
- Thermostats control

Table: 4 List of the most common systems present in an office building of the 1980’s in France
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Thanks to this table, it is possible to get some ideas about the HVAC system that are present in the
buildings. Besides, the technical responsible could add some information about the temperatures (set
point, operative temperatures…) but also the planning of heating and cooling. This information has to
be collected in order to be able to process the modeling of the project. Finally, it is also essential to
have a look on the regulation of the system (sensor, planning).
Lighting systems:
Then, the lighting systems have to be analyzed, because they represent a large part in the energy
consumption balance of a commercial building that is why the equipment and their control systems
have to be considered. Table 5 introduces the main lighting technologies that have been noticed in
commercial building. Basically, due to the rent of the building, the lighting systems evolved with the
age and changed at each refurbishment stage.
Fluorescent Tube T8

Fluorescent Tube T5

Fluo-compacts tubes

Halogen dichroic lamp

Incandescent lamp

Led

This kind of lamp is the most Energy Efficiency:
spread technology in commercial
buildings. There are different
available units: 4*18W, 2*36W and
2*56 W. These tubes are mainly
combined with ferromagnetic
ballasts.
This kind of technology is the new
version of the T8 technology, which
is available when buildings are
refurbished. These systems produce
the same luminosity than T8 with a
lower power and so a lower energy
consumption. The three main systems
are 3*14W; 2*28W and 2*34W.
They are combined with electronic
ballasts.
This kind of lamp is an economic
one, offering better characteristics
than T8. The power is 18W.
The main power of this lamp is 35W.
Dichroic technologies are mainly
used in the corridor and the toilets.
The power is around 50W to 60W.
Even if this kind of lamp is still
present in the buildings, it is now
forbidden to buy this technology
LED are really efficient technologies.
They are more and more used to
replace old technology. Power is
around 10W.

Table 5: List of the main technologies for lighting

After identifying all the technologies, it is essential to quantify each kind of system and note how they
are spread and how many of them are used. Basically, the main target of this analyze is to be able to
compute the density for each kind of area (office, toilets, corridor…). The density is equal to a power
per square meter (W/m²). In parallel, during the visit, the planning works have to be collected; also the
control systems have to be identified (light or presence sensor, gradation…).
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Water technologies:
After that, the audit should focus on the water equipment. Actually there are two main points. First of
all, the production of hot water for the toilets has to be identified in order to be able to analyze
correctly the energy consumption. Is the production supplied by the common gas boiler or does the
production ensure by an electrical balloon? At the same time, it is interesting to collect the planning of
work of each technology. In addition, information about potential insulation for piping can provide
information about heat losses.
Then, the audit takes more time on the assessment of the water equipment. The auditor has to visit the
bathroom, the kitchen… in order to see if the present technologies thrifty in water. For instance for the
toilets it is possible to use simple flow or double flow to flush. There could have mixer tap or aerator
tap. All the kind of information has to be collected and would be used in the spreadsheet for
calculations.
Specific uses and consumptions:
Finally, the last point of investigation is based on other features. The main aim is to collect
information about potential specific use of energy (presence of restaurant, or a server room). This
could also be the use of renewable energy in order to ensure the energy consumption of the building.
Finally, as it could be understood, the energy audit is mainly based on the data collection, the
interview of the buildings tenants’ and technical manager but also on the observation and the scientific
analyzes. All of them allow interpreting the building behavior, which is mainly dependent on the
occupant behavior and the efficiency.
After this important step, it has been essential to focus on the Energy analysis but before it could be
interesting to introduce the main weaknesses of this methodology. Basically, the study is impacted by
the season when the visit was done, the interviews of the people who work on site because many data
could be false, hidden by the tenants or the technical manager. For instance sometimes the audit
reveals that the heating and cooling planning are not scheduled as they are supposed to be. By
contrast, it is also possible to meet occupants that complain against the thermal comfort of the site
whereas everything works correctly.

5.3 Energy Analysis

To have a look on the different steps that composed the energy analysis. Thus data collection and audit
provide calculations. Finally, the following figure has be done in order to illustrate correctly the
methodology that would be followed.
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Figure 10: Methodology of the Energy analysis

As it is seen on figure 10 there are 4 main stages during the energy assessment of the building. First of
all, the comparison between the collected data and the different regulations that are used in France for
commerciall buildings. Then it is necessary to design a model and make a dynamic simulation. In
parallel, many calculations have to be done in order to compute the different energy consumptions
consumption and
their spreading out according the different fields (HVAC, IT…). After
After that, that is the time of the
quality check, the building simulation results are analyzed and compared with the different energy
bills and the French regulation. Finally, there are two possibilities. On the one hand, the energy model
is too far than the energy bills and other collected data; in that case it is necessary to adjust the model
and restart regain. On the other hand, the model is validated and the spreading out of the energy
consumption is gotten. In that case it is possible to start the final process: the actions plan of
retrofitting.

5.3.1

Comparison and analyze of the collected data

Thanks to the visit on site, many technical aspects were studied. These information can be analyzed
and compare with the RT 2005 (French Thermal Regulation) in order to
t get an overview on the
current state of the building and then identify the possible
possibl ways of improving the building. Basically,
all the consulting companies are following
foll
a model quite similar because the main steps have been
admitted by the national energy agency ADEME (ADEME; 2008).
The first step is to analyze the building map in order to check the floor area, and then identify the
different
rent activities of the building.
building There are 10 main families of room:
Office ;
Corridors ;
Toilets ;
Technical place ;
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IT room ;
Meeting room ;
Hall ;
Annex ;
Living room ;
Other place.
To pursue, the spreading out of the different activity is determined and illustrated. The result is useful
for all the calculations for the static model on spreadsheet. Figure 11 is given an example of the
spreading out of the different activities on one site.

Annex
4%

Living room Other
5%
2%
Office
44%

Hall
13%
Meeting room
7%
Toilets
5%
Technical place
1%
IT room
2%

Corridors
17%

Figure 11:: Illustration of the spreading out of the activities of a site

Following a more technical part has to be done. The U values
value of the different parts composing the
building have to be determined. Actually, the U value is defining the capacity of a material to allow
heat losses (heat transfer) between the outdoor and the indoor atmosphere.
atmosphere. U value corresponds to the
“overall heat transfer coefficient “(RIBA; 2011). This coefficient indicates the levels of insulation and
can be used to characterize walls, roof, windows and other structural part of a building. As it is
presented, the U value is the opposite of the reciprocal of all the
the resistances of the component of a
building element. The overall heat transfer coefficient is stated by the amount of Energy (in Watt)
transferred by square meter and Kelvin.
[U] = [W/ K.m²] (eq 1)
All the materials are defined by a coefficient k, named thermal conductivity of a material in Watt per
meter and Kelvin [W/M.K].. It corresponds to the capacity of the material to facilitate the heat transfer.
Then, the resistance of a material is defined as the report between the thickness of the material and its
thermal conductivity. Equation 2 illustrates this relation.
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R

. D (eq. 2)

R: resistance of the material [K.m²/W]
k:: thermal conductivity [W/K.m]
d: thickness of the material [m]
Finally, equation 3 presents the final relation for a material composed of 3 elements,
element named 1 and 2
and two surfaces inside and outside of the building.
U

(eq.3)

U: overall heat transfer [W/m².K]
Ri: Resistance of the element [K.m²/W]]
d: thickness of the material [m]
Thus the RT 2005 introduces the different values of U that have
have been considered as references
(CSTB; 2005). Table 6 illustrates the different references that have to be considered. For each part of a
building, there are two reference values, Uproject and Umax. Besides, the definition of a reference that has
to be admitted as a target and a maximal value assimilated
assimila to the boundary.
In parallel, it has to be introduced that, RT 2005 is using weighting coefficients based on the
geographical situation of the considered building and the impacts of the climate on this one. Figure 11
(CSTB; 2005) illustrates the different areas considered for determining the U values of the building.

Figure 12:: Map of the spreading out of the climate coefficients used for U value calculation

Let’s know present the different references of the U value
value that have to be used to make comparison
with the current state of the elements composing the building. (Table 6; (RIBA; 2011)
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[U]= W/m².K
Wall
Ceiling
Roof
Floor
Doors
Windows
Ground floor
Floor on parking

Uproject for H1 and H2
0.36
0.20
0.27
0.27
1.50
2.10
0.27
0.27

Uproject for H3
0.40
0.25
0.27
0.36
1.50
2.30
0.30
0.30

Umax
0.45
0.28
0.28
0.40
2.10
2.60
0.40
0.36

Table 4 : U value references of the RT 2005

In order to succeed in the analyze some benchmarking tools have been developed. Figure 13 illustrates
the methodology of comparison between the U values for the considered building and the references.
The great majority of the office buildings of the 80’s is not respecting the references of the RT 2005,
as a result the comparison becomes an essential aspect because it provides required information for the
dynamic simulation and shows way that have to be followed to reduce the energy consumption of the
building.

Floor on parking
Ground floor
Windows
Uth Projet

Doors

Uth Ref (RT 2005) for H3
Floor

Uth Max (RT 2005)
Uth Ref (RT 2005) for H1 and H2

Roof
Ceiling
Wall
0,00

0,50

1,00

1,50

2,00

2,50

3,00

3,50

Figure 13: Example of a comparison between a building of 80's and the references of the RT 2005

As it can be seen on this example, the site is oversized all the references of RT 2005. This example
was about a building located in the H1 area. It appears that the main investigation have to be done
about the wall insulation, the roof and the floor.
Then before starting the calculation parts and the simulations, all the systems have to be analyzed,
according to their current states, their performances and regulations. This assessment is based on the
data base of the company and the RT 2005. In addition, it has been possible to illustrate the building
situation by giving an overview of the different fields. Figure 13 illustrates this result. In fact, that is

Jeremy VIALANEIX – Sustainable Energy Engineering – Master Thesis – Royal Institute of Technology – June 2012

35

an example of the assessment of an office building built in 1983 that was refurbished in 1994 (only for
the windows).
80
70
60
50
40
30
20
10
0

REFERENCE
PROJECT

Figure 14: Comparison between the result of a building assessment and the RT 2005 references

As it is shown on the figure 13, the considered building does not reach the reference of the RT 2005.
An easy way of improving the building seems to focus on the floor insulation and HVAC systems.
This kind of assessment is finally based on the intrinsic performance of the site because it is not
considering the occupant behavior. Then it comes the time to establish the building model.

5.3.2

Model Establishment

The main aim of this stage is to define a theoretical model, which is based on the collected data and
has to be compared with the real consumption. This theoretical model is divided into two components:
static calculations and model and a dynamic energetic simulation. Both of the models are totally
dependent because the main calculations are firstly established by the spreadsheet and would be
considered as check points for validating results from the dynamic simulations (lighting density level,
water consumption, it consumption…).
Furthermore, all these models have to respect an accuracy of 5% with the collected energy bills, which
present the real energy consumption. Nonetheless, it has been essential to work in team with
experimented consultants during the establishment of the models, because there are still errors that can
be forgotten. As a result, the experience helps to the structure of the model by reducing the lack of
information.
5.3.2.1 Static model and Spreadsheet calculations
Thanks to the collected data, it is possible to make an exhaustive listing of the different equipment that
were present on site, for instance the different technologies for the lighting (type of lights, power, the
planning of use), IT systems, water systems and ventilation ones. It has to be noticed that heating and
cooling systems are not evaluating by the spreadsheet because of the large amount of parameters that
provides potential errors and a lack of accuracy during the computing state. In addition, the
spreadsheet enables the consultant to develop a static model, where assumptions can be avoided for
the last enumerated points. This model is also faster than a real simulation and appears as a cost saver.
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Electrical consumption of the lighting equipment:

The first step is to use the list of the equipment that was established during the onsite visit for each
room of the studied building. On that way, it is possible to determine for each area the total put up
power of the equipment. Then by considering other parameters like the schedule of functioning of this
equipment and the operating systems, it is easy to assess the energy consumption of the electrical.
Basically, the following figure introduces the different equations that have to be used in order to be
able to compute the overall electric consumption for the lighting systems. These equations are based
on the data collected during the onsite visit about the used systems, the ballasts, the planning of
working and the control systems.

Figure 15: General equations used for computing the overall electric consumption of lighting systems for a building

Then following tables present the different coefficient for ballasts systems, which are used for starting
and operating fluorescent tubes technologies.
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Ballast technologies

Coefficient of efficiency

Electronic ballast

1.1

Ferromagnetic ballast

1.2

No Ballast

1

Table 5 : Coefficients of efficiency for different ballast technologies

At the same time, the overall energy consumption for these technologies is directly dependent on the
control system that are used to enable the occupant to regulate the working times of the lighting
systems. Actually, the automation of the system could reduce by more than 40% of the whole energy
consumption, for a specific room (LEGRAND; 2012). Also, there are four main kind of available
control systems:
The schedule system or time switch system ;
The motion / light sensor ;
The gradation systems ;
Lack of automation control.
As it has been considered for the ballast systems, automation control system have coefficient of
efficiency. Table 8 (SARLAM; 2008) illustrates theses coefficients that are considered for the
establishment of the static model.
Control system technologies
No control system (switch on / off)

Coefficient of efficiency
1

Schedule system / time switch system

0.9

Motion / light sensor

0.8

Gradation system

0.7

Table 6 : Coefficients of efficiency for control systems technologies

If the great majority of office buildings of 1980’s have still the same lighting systems than at the
delivery, some of them have known an improvement of this field and are currently offering the
combination of different control systems. For instance, the use of electronic ballast and gradation
allows an energy saving of 35% (SARLAM; 2008). Appendix 1 is offering an overview of the
spreadsheet calculations that are used during the energy assessment.
Finally, these calculations determine the overall energy consumption of the lighting systems for a
studied building. At the end of the building model establishment this consumption is summed to the
other consumptions. The main aim will confirm this consumption owing to the collected energy bills.
Furthermore, these results make possible the comparison between the different densities of lighting for
each zone with the recommended density of the RT 2005, which is 12 W/m².
Figure 15 shows the final assessment of the lighting level. This assessment enables us to understand
which zone could be the worst one in terms of energy consumptions. In addition, if the density of light
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is too high an inconvenience of the occupant can result. In the great majority of cases,
cases the
replacements of the lighting system cause an improvement of these conditions of working. For
instance, on this example, ways of improving could be made on open space and toilets areas. Further
illustrations have been introduced in the case study part of this report.
Density of lighting systems for the different zones of the building

w/m²

30,0
20,0
10,0
0,0
offices

open space

corridors

technical places

Annex

toilets

Figure 16: Example of the illustration of the level of density for a studied building

Electrical consumptions
consumption of the IT system:
Following the same methodology, the electrical energy consumption of the IT system for
f the
considered office building can be estimated. Actually, as it was done for the lighting system, the
calculation aim to be closer to real consumption, but it is quite hard to find the real results; that is why
final difference of 5% with the collected energy bills is assumed as a correct one.
The overall energy consumption of the IT system is determined using the same methodology. In first
time, data collection was done during the onsite visit, allowing the identification of the main IT
equipment. Thus, the average power of a computer
compute is determined for different states
state (DELL; 2012):
PC and Screen ON : 120 W ;
PC and Screen OFF:: 2W ;
PC ON and Screen OFF : 80W ;
Tower Server: 375 W ;
Rack Server: 200W ;
Blade server: 100W.
As the total number of computers was noted during the energy it is now possible to determine the
overall consumption. In other case, the hypotheses are based on one computer per occupant. Two main
assumptions are done for these calculations:
Due to the activity
ivity on an office building 80% of the computer are used on PC and Screen ON
and PC and Screen OFF during the night;
20% of the computers are used on PC and Screen ON during the day and PC On and Screen
OFF during the night.
In addition of these assumptions,
assumptions, it is still considered that servers work all day long. Then, figure 17
illustrates the methodology of computing the energy consumption. Finally, appendix 2 offers an
overview of the used tool.
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Figure 17: Main equations of the determination of the energy consumption of IT systems

Electrical consumption of the ventilation:
Ventilation consumption is mainly determined by dynamic model and simulation, especially when an
air conditioning system is present in the building. Nonetheless, for the great majority of office
buildings of 1980’s in France are not equipped by mechanical ventilation for providing new air. The
regeneration of fresh air is done by the natural ventilation and infiltrations. However, the sanitary
policies order to maintain fresh air in the toilets. As results, the extraction of the air is managed by
small mechanical ventilation, as shown on figure 18 (ENERGIEPLUS; 2009). This ventilation system
is working 24h a days over a year so its energy consumption can be easily estimated.

Figure 18: Illustration of mechanical extraction
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Overall energy
consumption of
ventilation system

=

∑

[kWh]

(

Power of the
ventilation
system

X

24h per day

X

365 days per
year

)

Figure 19: Equation for determining the energy consumption of mechanical ventilation in toilets

The equation introduced by the figure 19 can only be used in the case of a building without
mechanical ventilation for providing fresh air. In other cases, the energy consumption is computed by
a dynamic simulation.
Other potential consumptions:
consumption
In some cases, specific calculations have to
to be done, when the studied building have specific systems
for some kinds of activities.. For instance, the office buildings can have a restaurant offering the
possibilities of its occupants to take their lunch at the same place. Restaurants, printers of industrial
processes are potential sources of energy consumptions. These consumptions could not be calculated
calcu
by the dynamic simulation. Also, the static model appears as the only means of estimating such a
consumption that is why for each case, a new tool have to be developed, taking into account the power
of the system, its plantings of working…
Finally, there
here are two other consumptions that could be calculated by the static model:
Water consumption that have to be confirmed by the water bills;
Energy consumption for producing hot water for sanitary needs.

Water consumption and energy for producing hot water
water in the building:
As for a commercial building, office buildings
building of the 80’s in France have to be supplied in hot water
for the toilets, sometime showers
shower and in some more specific cases for the restaurant of the building.
The production of the hot water can be centralized by the heating systems; in that case, the production
is estimated and calculated directly during the dynamic simulation.
Nonetheless, the great majority of the office buildings of the 80’s in France does
does not have centralized
production. Basically, each water closets area or kitchen and restaurants have a production of hot
water based
ed on electrical systems like emmagasinage
e
balloons.
To succeed in this estimation, it is important to collect the number of systems
systems during the visit onsite
and theirs characteristics. Furthermore, the production is mainly based on the water consumption.
For determining such consumption,
consumption, the presence or not of water saving equipment like double flush
for toilets, eco plates, ventilator
ilator for taps have to be noticed. Then
hen a tool is developed using some
indications introduced by the ADEME. For instance, for office buildings
building the base of the water
3
consumption is estimated to be 11.5 m per occupant. After that to establish an estimation of the
overall water consumption,, the number of occupant has to be multiplied by the base of water
consumption. After that, the consumption is calculated again by taking into account the different water
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saving technologies. Table 9 introduces the different technologies that are mainly present in office
building in France and the efficiency of these systems in comparison with a classic system.
Technologies

Efficiency

Tap with mixing valve

6%

Tap with time delay mixing valve

14%

Self regulating tap

22%

Double flush toilets

11%

Toilet with eco tape

20%

Table 7 : Efficiency of the different water saving systems

In addition, when the water consumption is analyzed, it appears that this one is slip into three main
parts according to the spreading out that is illustrated by the figure 20. (ADEME; 2010)
Then, when all the water consumption is determined, the energy required to produce hot water can be
computed. Basically, the amount of energy is directly proportional to the amount of consumed water.
Still considering the information given by the ADEME, the need in hot water is equal to 40% of the
total water consumption. Then a first estimation is the following one, if the production is done by an
electrical system, 96 kWhEF are required to produce 1 m3 of hot water (ARC; 2010).
Finally, the energy consumption of the production of hot water would increase by considering the
kinds of used technologies, their efficiency, and the presence or not of insulation on tubing.
These calculations would offer a first idea of the required energy for producing the hot water and have
to be confirmed by the dynamic simulations.
Wash bassins

WC

Other

5%

38%

57%

Figure 20: Spreading out of the water consumption in an office building without restaurant and water saving equipment
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After determining the energy consumption from the water field, the static model has to be placed in
standby. Actually, the missing information are based on the simulations of the HVAC systems, so on
the dynamic simulation.
Let’s now introduce the second part of the energy assessment the dynamic simulation.

5.3.2.2 Dynamic model
In order to determine the most important energy consumptions (HVAC systems, infiltrations) and the
thermal comfort, the dynamic model appears as the best solution.
The HVAC consumptions are really difficult to get, because of the interactions between several
parameters like the efficiency of the system, the occupation of the building and the schedules. As a
result many parameters cause fluctuations in the simulations, especially on cooling and heating
demands that is why a list of parameters has to be collected or determined before starting the design of
the model:
Location of the Site ;
Outdoor conditions variations ;
Building characteristic about the envelope ;
Layout of the building for designing the site ;
Human activity ;
Planning of working for the different systems.
In this study, the choice was made to select the software DesingBuilder to make simulations. This
software
has
been
created
by
Design
Builder
Software
Limited
(http://www.designbuilder.co.uk/content/view/7/13/ ). In addition, this software has been selected
because it has been introduced in some courses of the S.E.E master’ program at the KTH.

This software is a real tool for modeling a building. Basically, it offers the possibility to:
Model a building in three dimensions respecting the collected lay outs ;
Consider the activity of the occupants of the building ;
Model the different zones composing the building ,
Compute the Energy demands on different periods (year, month, day, hours) based on
dynamic simulations and for different fields (HVAC systems, internal gains,
infiltrations…);
Infiltrations, solar gains, heat and cooling gains and losses are also modeled taking into
consideration the insulation of the building envelope;
Model the lighting systems and their activities ;
Allow sizing the HVAC system.

Basically, Design Builder offers an interactive interface, facilitating the design of the model because
everything is built with the aim of succeeding in the energy simulation. The user has to define the
parameters of each section to be sure of designing a correct model. Figure 21 (BATISIM; 2012)
illustrates the required interactions that have to be considered by the user to get the final report.
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Figure 21: User's interactions of DesignBuilder software

In addition, Design builder is currently considered as one of the most competitive and accurate
programs because of its interface based on the energy simulation program: Energy Plus (US
DEPARTMENT OF ENERGY; 2012).
Basically, Energy plus is certified by ASHRAE, which is the biggest building technology society with
more than 50 000 worldwide members (ASHRAE; 2012). The simulations are able to model building
heating, cooling, lighting and ventilating demands.
Such software enables consultants to model a studied building in order to get the energy consumptions
and the interactions between the indoor and the outdoor environments.
In a first time, the main goal is to build 3 D model using the collected plans. Then the user has to focus
as it is shown on figure 21 on the materials composing the building. This step is really important
because it would determine the insulation of the walls, roofs and windows. After that the different
planning has to be scheduled. These ones are directly depending on the activities of the occupants.
There is too much planning for lamps, HVAC, IT also depending on the location (corridors, opens
spaces). Besides, many data could be used from the static model, for instance the levels of light
density or IT per square meter.
Then, the heating and cooling system take the main part of the design of the model because all the set
points and schedules would cause the fluctuations of the energy consumption levels. Considering this
point, it is really easy to understand that dynamic model accuracy would depend on the technical
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understandings of the systems. That is why, it is really important to find the Coefficients of
Performance of the different present systems after the onsite visit.
Furthermore, other features like the zoning of the building would have impacts on the model. Thus it
is really essential to establish a coherent model, because the internal gains would depend on it, causing
an increase or a decrease of the heating / cooling demands.
After designing the model with all the characteristics, the simulation compiles all the information in
order to offer to the users, different ways of checking his project. Indeed, the simulation results could
be compiled in a report but the interface is also offering illustrations with graphs and matrixes. There
are three kinds of results:
The electrical consumption from lighting equipment, IT and specific processes ;
CFD calculations, with thermal comfort, infiltrations ;
Thermal and Energy results (consumption, heat gains…).
By simulating the building activity over a year, it is possible to check and confirm the simulations by
comparing the energy consumptions with the collected energy bills. Once again, the accuracy has to be
better than 95%. This method has to be respected in order to avoid an unusual loss or gain, because as
it has been shown on figure 10, if something wrong is detected the model must be checked again and
a new simulation has to be started correcting the last mistakes.

5.3.2.3 Final Results

As soon as the dynamic model is validated, the time of compiling the results between the dynamic and
static models comes. Basically, the theoretical energy consumptions can be modeled. If the thermal
comfort is respected and the dynamic simulation is validated, all the results from this model have to be
used as input data in the static model.
First of all, the heating and cooling gains and energy consumptions for HVAC systems have been
introduced in the spreadsheet models in order to be able to make the final balance. In addition, it is
also possible to validate the dynamic model by comparing the energy consumptions of the IT and
lighting equipments because these calculations have also been done during the establishment of the
static model. Then, thanks to the overall consumption and the energy rates, it is possible to compare
the final energy balance with the collected energy bills. Appendix 3 illustrates the used tool for
establishing the final balance.
Once again if a difference over 5 % is found the model has to be reviewed. Otherwise, it could be
considered as right. The following illustration shows an example of the spreading out of the energy
consumptions and costs running of a studied building. This kind of figure allows understanding how
the building works and then what are the ways that need to be investigated to reduce the energy
consumptions of the building. (Further examples and information would be introduced in the case
study).
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Energy contract
Water
subscription
4%
7%
Elevators
1%

Oher
4%
Heating system
30%

Lighting
16%

Cooling System
11%

IT
10%
IT cooling Hot water
3%
4%

Ventilation
10%

Figure 22:: Energy balance for a building of the 80's

As it is seen on figure 22, the heating system is the first source of costs in the great majority of the
studies. At the same time, if this example is considered the energy balance could emphasize the other
ways of investigating about the Lighting equipments,
equipment HVAC systems and IT management. As it could
be understood, the energy balance is one of the key of the energy audit. The establishments of the
static and dynamic models aim to get it in order to be able to identify the weaknesses of the office
buildings.
In parallel, other interpretations are expected. As the dynamic simulations give daily results, it has
been essential to focus on the energy gains and losses of the building, in order to further the
understanding of the building. In a first time, it is essential to have a look on the energy gains.
Sometimes, when the internal gains are studied
studied it appears that gains from process are too great causing
an increase of the cooling demand. The great majority of these
th
gains could be adapted by reducing the
density of the processes for instance or putting up curtains to drop the solar gains on the example
e
introduced by the figure 23. Also, this example shows the high level of energy gains from lighting
systems, that could means that lighting equipment is not really energy efficient or schedules of
working are not well adapted.
IT
17%
Lighting
27%

Occupation
5%
Process
6%

Solar gains
45%
Figure 23: Internal gains
ins for an office building
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Finally, it is essential to analyze the energy losses over a year and for two other specific cases:
The cooler day of the year ;
The hotter day of the year.
Thanks to this information, the understanding of the studied building increases. Actually, it reveals if
the level of insulation is adapted to the outdoor interactions. At the same time, this kind of information
can be used for the retrofitting part of the study.
Finally, it is possible to finalize the assessment of the building by determining its level in terms of
energy performance. This level is expressed by the amount of primary energy consumed by square
meter over a year (kWhEF/m².yr). At the same time, it is possible to determine its level of
environmental performance, which is based on the total amount of produced carbon dioxide over a
year and per square meter. Figure 24 illustrates the different scales that have been used in France for
assessing the energy and environmental performances of a building. In France, the energy performance
of the building office of the 1980’s is estimated at 417 kWhEF/yr.m² (SINTEO; 2011).
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Figure 24: Energy and Environmental scales of performance

5.4 Final interpretations
Before starting the last part of the energy improvement of a building and the analysis of the different
possibilities, let’s focus on the limits and weaknesses of this kind of energy audit.
5.4.1

Limits and weaknesses

As all the methodology, this study introduced possibilities of making an energy audit. Nonetheless,
that is not a perfect methodology. This one was tested and improved during fifteen energy audits of
commercial buildings in order to try to understand correctly what would be a way of making
sustainable an existing building. This study was supported by the collaboration of the company Sinteo.
However several mistakes could happen during the first parts of the energy audit.
Data collection:
In the great majority of cases, the data collection appears as a crucial step of the energy audit, because
the collected documents would be considered as references. However, sometimes important
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documents are missing causing the establishment of hypotheses. These ones are compulsory but could
reduce the accuracy of the models.
Walk through visit:
During the onsite visit, many parameters can cause troubles for modeling the building and collecting
data. Basically, some documents could be considered as confidential, so it would not be possible to
collect them. In other times, some rooms are qualified as confidential or are closed so it is impossible
to visit them. Thus hypotheses are considered or based on collected data form description and
interviews.
Interviews are also other sources of mistakes. Actually, sometimes false information is given during
the interviews. This situation can be the result of misunderstanding of the occupants of the site or that
can be intentional. If the technical manager does not want to reveal details about the systems the study
would be once again based on assumptions causing lacks in accuracy. Furthermore, the biggest
problem during the onsite visit is the lack of time of the occupants. Basically, the energy audit has to
occur without compromising the activity of the tenants so they would not take a lot of time for
revealing information.
Finally, the last problem that occurs during the visit onsite is the estimation of the planning and the
average occupation for each zone. In fact, the observations are done at a specific moment that would
be generalized for the audit. Thus analyze is not properly done, it would be better to assess the indoor
conditions over a year but the energy audit would be too expensive for the order.
Design of the static and dynamic models:
During the establishment of the models, analyses of the collected data are done with the accuracy that
has been presented in the two last sections. Furthermore, the calculations of the static models are
mainly based on estimations because it is impossible to measure for instance if each lighting system
works correctly with the same efficiency. Many assumptions have been done. That is also the case
when the dynamic model is designed through DesignBuilder Software for the planning of activity and
the use of the system.
In addition, the software is also making assumptions even if it is one of the more accurate tools.
Basically, a difference always exists between the energy consumptions of the dynamic model and the
real building. That comes from the assumptions about the schedules but also about some technical
aspects like coefficients of performance. Anyway, it seems impossible to improve the model because
of the fact that Software does not allow improving its own codes. Finally, the results would be all the
time different for a same building if different software are used that is why it was decided to compare
the results with monthly energy bills.
Models validation:
The validation of the models appears as the last sources of errors. As it was said before, it has been
chosen to validate the models thanks to the energy bills and so the real consumption. Nonetheless, in
some cases the energy bills were not collected because of the tenants who do not want to share or do
not have it. In that case the model is validated thanks to the benchmarking. Benchmarking is based on
the collection of data and results of validated energy audits. It allows the comparison with other
commercial buildings of the eighties. Such a tool has been developed at Sinteo to be able to compare
all the buildings between each other.
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Finally, the range of the accuracy could not be properly determined because it results from the
combination of many parameters that have been presented in the last sections. Such a kind of audit
would be improved by measuring correctly each parameter on site over a year.

5.4.2

Benchmarking

As it was introduced during the part 5.4.1, benchmarking can be considered as an efficient tool for
validating a model if some data miss. At Sinteo, more than 800 commercial buildings have been
audited, as results a large amount of data has been collected offering the possibility to design tools of
validation.
For instance, tools for comparing energy consumption per year and square meters have been
developed. Other ones were considered for making a comparison between the spreading out of the
energy consumption between the different fields (IT, Cooling systems, Heating systems, Ventilation,
Lighting) for different commercial buildings.
Finally, the following figure introduces a benchmarking tool, which compares the heat losses between
a studied building and the average results of building of different periods. Then, benchmarking is
getting more and more accuracy due to the fact that new data are collected continuously over the
weeks.

Figure 25: Benchmarking tool for comparison of heat losses between commercial buildings
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6 Actions plans and building improvements
After validating the models and making the energy balances, analyzes and interpretations allow
identifying the source of the energy consumptions. At the same time, the dynamic and static models
have to be considered as references. In fact, after determining the potential improvements, new
simulations would be done. Thus, a comparison with the references would identify the energy savings.

6.1 Determination of the solutions
The main target of the energy audits is to identify the weaknesses of the building and the main sources
of consumptions for retrofitting them. Basically, all over the energy audit and owing to benchmarking
and simulations, several points have been highlighted as source of consumptions. Sometimes, that is
due to the building envelope; other times the regulation of the HVAC systems or the occupant
behavior. Thanks to the simulations and the designs of the different models, the understanding of the
building increases to lead to the determination of an action plans.
Actions plans are the final step of the energy audit, it have to be considered as the results of the
analyses and the identification of feasible solutions well adapted to the studied building. Energy
breakdowns are available after the energy audit. These figures allow the identification of potential of
energy and costs savings for the main outlays. At the same time, the aim of the actions plan is to point
out the workable improvements of the building. In addition, the proposed solutions have to be in ad
equation to the life cycle of the building.
The following figure was introduced in 2011 by the ADEME. As it can be seen on it, office building
of the 80’s have been retrofitted but not refurbished. As a result, if some improvements like lighting
equipment or heating systems have already been changed, the great majority of the office buildings of
the 80’s must be renovated. Nonetheless, before proposing solutions, the life cycle of the buildings
could be evaluated in order to know if renovation projects are already expected or not. For instance a
cost-efficient solution is to develop an actions scheme that would be implemented during a scheduled
work phase on the building.

Figure 26: Illustration of the current state of the French office park

Furthermore two kinds of solutions have to be determined due to the desire of the building owner. In a
first time, retrofitting solutions must lead to a short return on investment (R.O.I) in order to be cost
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efficient for the building owner. Then, it has to respect the Grenelle de l’Environnement and its targets
of an energy reduction of 38%. The decision of the investors and makers would fluctuate by the
relation between the qualities and necessities of the proposed actions, their R.O.I, the technical
feasibility or the impact on the current activity of the tenant. Besides, this last point is quite important,
because the refurbishment of an existing building is a real financial market, all the actions need to
produce benefits and minimize cash losses, also the main points of a renovation plan have to do not a
cause a shortfall in terms of renting. (LES ECHO; 2012)
After that, the main target of the actions plan is to introduce recommendations to make the building
sustainable. To succeed in this target, the suggestions have to offer an assessment and an estimation of
the potential energy and cost savings. Also the new environmental performances have to be
determined.

6.2 Implementation and suggestions
As soon as solutions are identified, the costs and energy savings can be estimated. There is not only
one solution for determining the energy and cost savings. Basically, the solutions are adapted
according to the investment program of the building owner taking or not into consideration the
increase of the energy rates. In the great majority, these ones are assumed constant in order to stay
partial. At the same time, the cost of the actions is dependent on the price of the suppliers.
For each suggestion the following parameters are presented:
Investment ;
Energy savings ;
Global costs investment ;
Payback period ;
Global impacts on the building behavior.

Furthermore, all the suggestions are compiled by fields, which are based on the building envelope, the
HVAC systems; Water consumption, IT systems and Lighting equipment.
Energy savings are totally depend on the choice of the suggested technologies, its efficiency and its
use that is why all suggestions are presented to the building owners with a technical description and
many advices in order to make them aware about the fact that occupant behavior are causing
fluctuation in the energy consumption.
All the gains are then determined by using the models that were validated and considered as
references. Then the comparison is done between the reference building model and the result of the
simulation for a specific suggestion.
At a final stage, a scenario is determined by combining all the suggestions for respecting le Grenelle or
the low R.O.I project. (More examples are available in part 7 of this report).
At a final stage, the energy consumption over a year per square meter is calculated and compared with
the reference one, which is the current level of performance of the building. Figure 27 illustrate the
final comparison between the current state of a building and its improvement after le Grenelle
scenario.
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Figure 27: Final comparison after the development of a scenario

Let’s now introduce the most common suggestions that have been proposed to the property owner.

6.3 Approach of the most common suggestions
As it was said before, there are mainly two kinds of actions for improving the energy performance of
an existing building. The first case is those actions, which allow getting a low R.O.I but they are not
the best in terms of energy savings. In the great majority of cases, this kind of suggestions is
uppermost put in place.
Then, the other main actions are based on high financial investment with partial or total disruption of
the activity of the building. None the less, the result leads to a real improvement of the performance in
terms of energy and CO2 emissions.
Sometimes, there is opportunity to reduce consequently the energy consumption of a building without
investing a large amount of money.
The following figure shows the different main cases that can be encountered during the actions
scheme.
High level of performance

Low investment (time,
money complexity)
Large
investment

Low level of performance
Figure 28: Map of efficiency of actions
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Thanks to the high number of energy audits that have been done at Sinteo (800) and also during this
master thesis (15),, it has been possible to analyze the energy breakdown of existing building of the
commercial sector of the 80’s in France. A publication has been done for five months and is illustrated
on figure 29 (ADEME IDF; 2012).
2012)

Energy contract
17%

Heating
23%

water
9%
Cooling
8%

Hot water
3%

Ventilation
4%
IT
18%

Lighting
18%

Figure 29:: Energy breakdown of office building of the 80's in France

Finally, by considering the results introduced in figure 29 it is possible to present the most common
actions that have been suggested in the actions plans. Basically, there is a large amount of potential
solutions that is why it has been chosen to introduce the most common actions for each field of the
figure 29.
Heating Systems production:
Condensing / Low temperature Boiler

Heat pump installation

This technology is currently one of the best in terms of
efficiency and energy performance. The action has to
take place when the old furnace needs to be replaced
and will cause the replacement of the radiators, which
are incongruous.
Different technologies are available (air/air, air/water,
ground source). The action can be composed of the
installation of a new system or the replacement of an
old technology. This kind of installation causes
cause real
trouble for the site activity but it is very well adapted
for building
ding with a heating system based on the air
distribution. Since 2012, HCFC refrigerant have been
considered as forbidden for heat pump systems.
systems
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Variable Refrigerant Volume

This technology is very well adapted for buildings with a
small floor area. This action is perfect for replacing
electric convectors, offering the possibility to produce
hot and cool air.

Fan coil technologies

The great majority of office buildings has a heating
system based on fan coil units. Nonetheless, the
efficiency of these systems is not high. An appropriate
action consists in replacing the current fan coil units by
low temperature and high efficiency ones.

Heat district network

In some cases, the heat district network is available. The
replacement of the heating system by such a
connection offers an increase of the energy and
environmental performance of the building.

Heating Systems distribution and regulation :
Regulation of the system

In the great majority of cases, the heating system offers
the possibility to be regulated, respecting schedules.
Yet, the schedules are not always programmed. This
simple action is to do without a large investment.

Replacement of the radiator

The replacement of the radiators or electrical units is
required to choose low temperatures and high
efficiency units. This action is often combined with the
replacement of the heating systems.

Insulation of the pipes of distribution

There are heat transfers between the hot water in the
pipes connecting the radiator to the heating system.
When pipes go through a not heated space, energy
losses appear. The insulation allows reducing the
energy losses.

Variable frequency driver on water
pumps

The installation of this system is recommended when a
pump is changed. This technology regulates the working
time of the pump according to the water needs.

Thermostatic control system

This action is considered when the heating system
would not be changed. In order to get energy savings,
the installation of thermostatic control system offers
the possibility to regulate the thermal comfort of a
zone. The energy consumption of the heating system
decreases.

Jeremy VIALANEIX – Sustainable Energy Engineering – Master Thesis – Royal Institute of Technology – June 2012

54

Cooling Systems:
As it has been introduced for heating systems, the VRV is well adapted for replacing cooling systems.
Other actions are mainly based on the replacement of heat pump systems. After that, the main action
consists in replacing the refrigerating units by a more efficient one based on a scroll compressor. This
action can be suggested due to the efficiency of the current system but also because of the refrigerant.
Actually, HCFC are now forbidden.

Ventilation Systems:
Dual flow air handling unit

This technology is suggested when extraction and
insufflations are available. Actually, the increase of the
efficiency is due to the reduction of the heat losses.

Heat recovery systems

Different technologies are available like wheel systems.
This process is well adapted when a dual flow air
handling unit is available. There a reduction of the
energy consumption based on the heat transfer that
heat the new air ducts thanks to the extracted one.

Control Systems of the HVAC:
Outdoor temperature sensor

This system is suggested for centralized regulation.
Improving the regulation due to the outdoor
temperature.

CO2 sensors

This technology measures the CO2 level and so
regulates the ventilation. This technology allows
reducing the time of working of the ventilation causing
energy savings.

Motion sensors

This equipment regulates the ventilation when
somebody is present in a zone. Otherwise the
ventilation is stopped, reducing the energy
consumption.

Building management system

The action is suggested for the Grenelle scenario.
Basically, it requires a large investment and it is
combined with the replacement of the HVAC system.
This system allows controlling and regulating the
different schedules of the HVAC systems.
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Building Envelope:
Roof insulation

The required level of insulation is established at 0,15
W/m².K. This action can be done by using polyurethane.
This action is combined with the replacement of the
water tightness of the roof.

Internal wall insulation

That is the most common action for office buildings of
the 80’s. Basically, the great majority of the buildings
does not have internal wall insulation. This action can
be done with 10 cm of polystyrene board in order to
reach a level insulation of 0,30 W/m².K. This action
causes trouble for the building activity.

External wall insulation

This kind of action is done when the considered building
has a too important non insulated wall surface. The
level of insulation suggested is 0,30 W/m².K according
to the R.T 2005.

Ground insulation

The insulation of the ground is suggested to reduce the
heat losses. Mineral insulation is often used to reach a
level performance of 0,20 W/m².K.

Windows replacement

In order to respect the RT 2005 and the new RT 2012,
windows replacement are often suggested in order to
reach a global performance of 1,6 W/m².K. Low
emissivity glazings are recommended with high energy
performance frame.

Lighting systems:
LEDs

This kind of lighting equipment is currently the best in
terms of energy efficiency. That technology is well
adapted for toilets and corridors.

High efficiency fluorescent tubes

T5 technology can be suggested for office and open
space. The number of lamp is reduced as the total
power but the density stay at the same level. The
installation of this technology requires the halt of the
activity and so it is really expansive.

Motion sensors

Motion sensors appear as one of the best way to set up
a regulation of the lighting equipment. With motion
sensors, the energy consumption can be divided by
25%.
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Light gradation

The light gradation allows reducing the energy
consumptions by regulating the lighting equipment
according to the needs. Basically, many light / motions
sensors are put up analyzing the needs of light of the
different parts of a zone. As a result, it is possible to use
the light only for a single part of a zone whereas all the
other lamps are not used.

IT and specific needs:
Management Software

This kind of software allows planning the switch off of
the computers. It is possible to adapt the schedules to
the planning of activity of the company.

Server room optimization

Several optimizations can be suggested according to a
considered case. The main actions are about the
regulation of the cooling system and its set points.

Water:

Water savings equipment

There are many water saving equipments that do not
require a large investment. For instance double flush
toilets to water saving faucets.

Finally, according to the considered site, the suggestions about the development of renewable energy
systems happen. There is no major action because of the fact that each building is different.
Nonetheless, photovoltaic panels and solar thermal collector are studied to determine if there is a
sustainable opportunity.
As it was introduced over the last six parts of this report, the energy audit is a real tool for assessing
the energy and environmental performance. Yet, there is not an only methodology to do it and to
establish its validation.
Each project depends on numerous factors that can be optimized or not. At final stage, all the results
introduced in this report are parts of possibilities and should not be considered as the solution.
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6.4 Green Management
As it was introduced in the part 2 and 3 of this study, the sustainability of a building is mainly based
on the performance of its systems. Nonetheless the occupant behavior causes important fluctuations on
the energy consumption that is why in France many actions can be done to make the people aware
about the necessity to manage correctly their systems and adapt them to the building performance
instead of their own needs.
Further solutions are available. First of all, there are the certifications for existing buildings like
BREEAM in use (BREEAM; 2012), HQE exploitation (ASSOHQE; 2012) or LEED for existing
building (LEED; 2012). These certifications are presented on the website indicated in references. Both
of them offer a double assessment of the building. The first focus is done on the management of the
building then there is a technical assessment on the following fields:
Thermal comfort ;
Energy ;
Transport ;
Material ;
Water ;
Wastes ;
Pollution ;
Improvements.
These certifications are not the only solution. Actually, there are other certifications like Green Light
(ETAP; 2009) which is a certification assessing the performance of the lighting equipment. Basically,
the sustainability of a building can be based on the development of an adapted management. This
solution needs to establish a board allowing the development of policies. These policies are based on
five main points, which are the management of the water, the thermal comfort, wastes, health of the
occupants and the durability of the building.
Then after getting the results in terms of performance, the board has to determine the way that would
be required to be able to follow the suggested actions. Such a process guarantees the respect of the
actions plan and a sustainable use of the building.
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7 Case study
After presenting the methodology that have been followed for the last four months, this report has
introduced the process of the energy assessment of a building in order to be able to establish its energy
breakdown that leads to the determination of an actions plan.
The following part of this report is composed of a summary of an energy audit for an office building
of the 80’s. As all the energy audit reports are confidential, the following part would introduce and
illustrate the methodology that has been explained through this thesis. In addition, each report that
have been written at SINTEO is composed of more than 60 pages, that is why it has been chosen to
sum up each important point in order to focus on the most interesting aspects.

7.1 Presentation of the Site
The studied building is an office building built in 1988 so just before the establishment of the R.T
1988. The building is located in the North of France and it is composed of two parts, which are
occupied by five different societies.
The building owner is one of the biggest French Real Estate Group. The visit was done in April 2012
in presence of the property manager and the technical responsible. All the documents were collected
before the walk through audit.

Figure 30: Picture of the considered building

After analyzing the collected data during the onsite visit, it was possible to determine the floor area
spreading out. Basically, for this study the building owner wanted to get an overall analyze of the
current situation of the building. Following this assignment, it was essential to consider all the energy
consumption of the tenants that is why all the bills about the electricity and water were collected.
Furthermore, the scope of the audit was fixed to the study of:
Heating and cooling systems ;
Ventilation;
Hot water;
Water consumption;
Lighting equipments;
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Building envelope ;
Energy contracts ;
Specific uses.

Figure 31: Layout of the first floor of the building

Thus, the total floor area of the building is 3 171 m². The following figure illustrates the spreading out
of the area between the different activities. As it can be seen on it, the office activity represents around
75% of the overall area of the building.

Figure 32: Spreading out of the area of the

Over the visit of the building, several interviews confirm the fact that no refurbishment were done
since the construction of the site in 1988. In addition, the building is not respecting the R.T 1988.
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Much information was collected thanks to the building manager and the walk through audit. Thus, it
was possible to determine its insulation level for the different parts composing the building.

Building
component

Characteristics

Uvalue (W/m².K)

Wall type 1

The wall is not insulated and composed of 20 cm of U = 3,02
concrete with tiled wall.
URT 2005 = 0,36

Wall type 2

The wall is not insulated and it is composed of 20 cm U = 2,55
of concrete with coating.
URT 2005 = 0,36

Wall type 3

The wall is composed of 20 cm of concrete, with 5 cm U = 0,59
of wool stone and 0,13 cm of plasterboard.
URT 2005 = 0,36

Wall type 4

The wall is composed of 4 cm of anti sun glass facing, U = 0,54
5 cm of wool stone and 0,13 cm plaster board.
URT 2005 = 0,36

Roof

The roof is composed of a coating of oil-bearing, 20 U = 0,35
cm of concrete, 8 cm of stone wool and 0,13 cm of
U RT 2005 =0,27
plasterboard. There is an internal insulation.

Floor

Floor is composed of 30cm of concrete without U = 1,77
insulation.
URT2005 =0,27

Windows

The windows are composed of double glazing 4/8/4 U = 2,73
with an air blade. Frames are in aluminum without
URT 2005 = 2,10
technologies to avoid the thermal bridges.

Table 8 : Main characteristics of the building envelope

In addition of the table 10, the pictures below offer an overview of the buildings.

Figure 33: Pictures of the different elements composing the building envelope
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Figure 34: Comparison between the building envelope performance and the RT 2005 regulation

As it appears on the figure, the energy performance of the walls is really low. All of them do not
respect the targets of the R.T 2005. At the same time, the floor is not insulated causing a low energy
performance. Finally, the windows exceed the level required by the R.T 2005. Finally, the building is
not really insulated. An investigation would be required to improve the building envelope.
This investigation would be important because of the information emphasize by the figure 34.

Figure 35: Distribution of the windows on the building walls

Actually, the orange line illustrates the required distribution according to the R.T 2005 whereas the
blue line shows the distribution of the building. Resulting to the figure 34, the building seems to be
subjected to heat losses due to the high surface of windows on the Northern and Eastern facade. The
dynamic model would have to confirm these hypotheses.
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7.2 Technical assessment
After collecting information about the building envelope, the study focuses on the HVAC systems and
other technical equipments.
Electric distribution:
The buildings have two switchgear cubicles at each floor that allows the control of the all the
following equipments:
Lighting equipments ;
Electric plugs ;
IT systems ;
Cooling and heating systems ;
Alarm systems ;
Ventilation.
Heating system :
The heating production is based on two different systems. First of all, an electric boiler of 60 kW
produces hot water for the radiator of the part A of the building. Secondly, electric convectors are
present in the common corridors and in the offices of part B of the building.

Figure 36: Heating systems of the building

This technology is not controlled. All the convectors are working 24 hours a day from October to
May. In addition, there is a total of 75 systems of 2kW.
The overall installed power of the heating system is estimated to 210 kW.
Then hot water is produced by the electric boiler that sends it to the radiators of the part A of the
building. At the same time, the 60 kW boiler is regulated by an outdoor temperature sensor. The
system was installed in 2000. The set points are 19°C and 22°C, which seem well adapted to the
outdoor conditions. The boiler is working from 8:00 AM to 8:00 PM whereas the activity of the
building is 9:00 AM to 5:00 PM. As a result, important energy savings could be done in the field of
regulation.
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Cooling system:
On site different split systems are available. Dry coolers are set up on the roof of the building. Then
there is no control system on the equipment. The occupants have to switch on / off it without using
planning. The coefficients of performance are the following ones for the systems, COPheat = 2,9 and
COPcool =2,6. The systems are using R22 as refrigerant whereas this one is now forbidden and it has to
be changed before 2015. The overall power is 35 kW. The set point is 25°C.

Figure 37: Split system

Ventilation system:
There is no handling unit in this building. The ventilation is provided by natural ventilation and a
sanitary extraction.
Hot water production:
In this building the hot water is produced by accumulation balloons. These ones are electric systems
and are available in each toilet. Their capacities are 150L and each one has a power of 1,8 kW. The
production starts as soon as the balloons are empty. Furthermore, in this building many water savings
are available. In fact, double flush toilets are put up in each toilet as mixing valves.
Lighting systems:
Several technologies are available onsite. Nonetheless, the current equipments are not efficient.
Different systems are present according to the activity of the building. Actually, fluorescent tubes
(4*18W) are present in the offices, the private corridors and the open space. Then fluorescent tubes
(2*36W) are present in the archives zones, technical zones and the open space. All the fluorescent
tubes are combined with ferromagnetic ballasts. Then incandescent lamps are present in the toilets.
There is no control system as presence or light sensors. As a result, all the lamps need to be switched
off at the end of the day.
Other:
There are many computers in the building, around 1 per occupants. Furthermore server rooms are also
present. In addition, the analyses of the energy contracts showed that they are well adapted to the
building.
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Finally, there are many potential ofimprovements that could be done in order to make the building
sustainable. For instance the lighting equipment could be replaced. Also, as the building envelope the
different equipment of the building are not presented high energy performance. Besides, the choice of
an electric boiler is not sustainable. The cooling system is very old and needs to be changed. In
parallel, there is no control system for the great majority of the building equipments that is why the
putting up of this kind of technology would be an important energy saver.
Then using the developed tools that have been introduced in the last parts of this report, the different
energy consumptions have been determined and static and dynamic models have been established.

7.3 Simulations
As it has been explained in this rapport, the dynamic model is established and validated thanks to the
energy bills and the results from the static model. As soon as the model is validated, it is possible to
determine the annual energy losses.
Refresh air
39%

Roof
6%

Windows
10%

Floor
21%

Walls
25%
Overall energy losses : -416 MWh

Figure 38: Spreading out of the annual overall energy losses

On figure 47, it is shown that the renewal of fresh air causes the main part of energy losses. This is due
to the building envelope that has important weaknesses in terms of air tightness. Then, the energy
performance of the windows is low confirming the hypothesis of the first part of this report. Walls
losses are also important due to the lack of insulation. The ground losses are really important too
nonetheless it would not be possible to reduce it because of the impossibility to insulate it.
After that the same analyze was done with the hotter day and the cooler day of the year in order to
confirm the last findings. The results valid the assessments, in fact the leaks of the building envelope
cause important losses. The suggestions of the actions plans would have to focus on this improvement.
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After that, it is essential to analyze the energy gains in order to identify potential
pote
sources of
retrofitting.
Occupation
8%

Solar gains
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IT
32%
Lighting
equipments
37%
Figure 39: Spreading out of the energy gains

Figure 48 shows the spreading out of the energy gains on the building. As it can be seen, the lighting
equipments provide 37% of the energy gains. This result confirms that lighting technologies
technol
are not
adapted to the building, it would be important to replace these technologies. The others sources are
respecting the average of the office building of the 80’s.

7.4 Results
After validating all the models, it is possible to get the results in order to be able to analyze the
situation and introduce actions plans. In this case study, the considered building has a better energy
and environmental performances than the average values of existing office buildings
building of the 80’s.
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Figure 40:: Energy and environmental performance of the building

The building has better performances than the average of the buildings of the 80’s because of lack of
air handling unit. Basically, there is no real cooling system, only some split systems
sy
are available.
Furthermore, the important gains from the lighting system cause a reduction of the needs in terms of
heating. As a result, the energy consumption is lower than the average one. In terms of environmental
performance, the building is also below the French average. This
This result can be explained by the fact
that the boiler onsite is an electric one. In France, the electricity is the best energy in terms of
emissivity of carbon dioxide because
ause of the nuclear production.
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Also, as it was explained before, the results are compared with the benchmarks that have been
developped (cff part 9 of this report). Due to the lack of regulation the energy consumption of the
heating system is higher than the average. Also, as it was expected the energy consumption of the
lighting systems is higher too that is due to the low energy performance
performance of the equipment. A relamping
would be necessary to improve the building performance.

Other
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Figure 41: Energy costs breakdown of the studied building.

The overall energy consumption is around 52 k€.
€. In addition, the heating systems are the main source
of energy consumption that is due to three parameters:
The building envelope is not efficient due to the absence of insulation (the R.T 2005 is not
respected) ;
The heating systems are provided in electricity,
electricity, which is more expansive than the natural gas;
There is no regulation and control system on the great majority of the HVAC systems (electric
convectors are working 24H per day).
Then, the lighting equipments present 14% of the energy consumption. It would be really important to
find a way of reducing this consumption.
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Field

Final Energy
consumption

Primary Energy
Consumption

Cost (€ ET)

Heating systems (gas)

122 392 kWhef

315 770 kWhEP

8 531 €

Heating systems
(electricity)

118 942 kWhef

306 869 kWhEP

12 013 €

Cooling system

12 443 kWhef

32 102 kWhEP

887 €

Ventilation

2 184 kWhef

5 635 kWhEP

173 €

Hot water

25 748 kWhef

66 430 kWhEP

2 055€

IT

79 486 kWhef

205 073 kWhEP

6 296 €

Lighting

88 425 kWhef

228 140 kWhEP

7 260€

1 800 kWhef

4 644 kWhEP

143 €

Other
Electricity contract
Total Electricity
Water
Water contract
Total Water
Total

-

-

8 043€

451 420 kWhef

1 164 663 kWhEP

45 401€

2 574 m³
-

m³

6 947 €

-

2 574 m³
451 420

2 574

kWhef

69 €

2 574

m³

7 016 €

1 164 663

kWhEP

52 417 €

Table 9 : Project Balance

Table 9 illustrates the different consumption for each field of the building and the corresponding cost.
As regarding this result, many efforts could be done in order to reduce the high energy consumption.
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7.5 Actions plan and final results
In order to offer an overview of the methodology introduced in the last part, the action suggested
would be presented with two main points:
The investment per square meter;
The energy gains in percentage.
In addition, for this building two scenarii were considered. In a first time, the suggested actions are
based on a light scenario enabling the building owner to refurbish the property without compromising
the activity of the tenants. In a second time, another scenario was considered by investigating solutions
that required the interruption of the activity by working directly on the base of the building.
Furthermore, in order to be able to determine the investment and the energy savings. Developed tools
were used as seen on appendix 5, which offers a view of different of them. In order to establish the
costs of the actions, tools were developed at Sinteo. They are based n collected data from the technical
suppliers.
Let’s now focus on the actions plans of the different scenarii.
Field

Action

Water

Putting up of water saving equipments in all
the toilets in order to reduce the needs of
hot water and to decrease the water
consumption. (Taps, double flush system 3L
instead of 6L…)

IT

Lighting

Set up of IT software offering the possibility
to control all the computers. The switch off
can be planned according to the planning of
activity.
Replacement of the incandescent lamps in
the toilets by LED technologies.

Investment
exclusive of Tax

Energy savings on
the overall
consumption
0,9 %

0,05 € /m²

=
2 kWhEP / m².year
5,7%

0,9 € /m²

=
30 kWhEP/m².year
0,1 %

0,9 €/m²

=
1 kWhEP/m².year

Heating
systems

Heating
systems

There is no regulation on the electric
convectors. An efficient action consists in
replacing all the convectors that cannot be
regulated and put up a control system to use
schedules.

27,2 €/m²

Another action that would be well adapted
to this building is the replacement of the
splits and the electric boiler by a high

24,6 € /m²

8,4 %
=
48 kWhEP:m².year
10,8
=
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performance heat pump technology (COP =
3,3 over a year). At the same time, a control
system would be recommended in order to
reduce the energy consumption by planning
the production on schedules.
Cooling
systems

66 kWhEP/m².year

The current cooling system is composed of
split systems. These ones are using R22
refrigerant, which is now forbidden. An
effective action would be to replace all the
units by multi split systems. (16 units are
required)

1,9 %
11,1 €/m²

=
11 kWhEP/m².year

Table 10 : Actions plan for light scenario

Finally by combining all these actions, the energy and environmental performances of the building are
increased. The building is now at a level D with an energy consumption of 218 kWhEP/m².year. At the
same time the carbon dioxide emissions are reduced by 44% to 10,3 kgeqCO2/m².year. Then, the
energy bills is reduced by 28% for an overall investment of 65 € /m² (exclusive of tax).
A

≤50
51 à 90

≤5

B

91 à 150
151 à 230
231 à 330
331 à 450
451 à 500
501 à 750
>750

A

5 à 10

C

11 à 20

D

218 kWhEP/m².an

E

21 à 35
36 à 55

F

56 à 80

G

81 à 110

H

111 à 145

I

>146

B

10,3

C

kgéqCO2/m².an

D
E
F
G
H
I

Figure 42: Final result for the light scenario

In a second time, the actions for Le Grenelle Scenario, were determined and investigated in order to
reach a 38% of reduction.
Investment
exclusive of Tax

Field

Action

Water

Putting up of water saving equipments in all
the toilets in order to reduce the needs in
hot water and to decrease the water
consumption. (Taps, double flush system 3L
instead of 6L…)

0,05 € /m²

Set up of IT software offering the possibility
to control all the computers. The switch off
can be planned according to the planning of

0,9 € /m²

IT

Energy savings on
the overall
consumption
0,9 %
=
2 kWhEP / m².year
5,7%
=
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30 kWhEP/m².year

activity.
Replacement of all the lamps in the building.
Led technologies would be used in the
toilets and corridors. High performance
fluorescent tubes are set up in the office.
This technology would be combined with
electronic ballasts.

Lighting

HVAC
systems

6,6 %
38,3 €/m²

34 kWhEP/m².year

As it was said before the heating and cooling
systems of the building are not adapted to
the site in terms of regulation and energy
performance. The best action would be to
replace the overall system and then put up a
VRV system. This technology offers high
energy performance. It can be used for
supplying heating and cooling demands
because of its capacity to produce hot or
cool air.

Building
envelope

=

32,7 %
229 €/m²

=
156 kWhEP:m².year

As it was said in the presentation of the
building, the envelope is not energy
efficient. Basically, there is no insulation in
the Roof. In order, to respect the R.T 2005,
an efficient solution would be to insulate the
roof by 12 cm of mineral stone wool.

4,2
130 € /m²

=
21 kWhEP/m².year

Table 11: Actions plan of the Grenelle Scenario

By respecting this scenario, the building would go on the way of sustainability. Basically, it would
reduce its energy bills by 38%. In addition, the energy performance would be improved by 51%
reaching a level of energy consumption of 179 kWhEP/m².year. Thus it environmental performance
reaches the level B with a performance at 7 kg eqCO2 .m².year. All, these results enable the building to
respect the Grenelle targets (38% of energy performance improvement). Furthermore, it would be
possible to develop other actions plan in order to make the building sustainable but due to the
economic situation the building owner would not respect the suggested actions.
≤50

A

51 à 90
91 à 150
151 à 230
231 à 330
331 à 450
451 à 500
501 à 750
>750

≤5

B

A

5 à 10

C

11 à 20

179 kWhEP/m².an

D
E

21 à 35
36 à 55

F

56 à 80

G

81 à 110

H

111 à 145

I

>146

7,0

B

kgéqCO2/m².an

C
D
E
F
G
H
I

Figure 43: Final results of the actions plan
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8 Conclusion
With the main part of the park of existing buildings, offices of the 80’s need to be considered as the
focus of the French government action’s in terms of retrofitting for commercial buildings. The
refurbishment of this kind of buildings can be a source of important energy savings. Furthermore, as it
was explained the balance between the environmental policies (Grenelle environnement, R.T 2005)
and the building owner intentions have to be found in order to establish an adapted methodology.
Even if the great majority of the buildings present common characteristics, each of them is different
due to the present systems, their regulations and occupants. Also, in order to be able to compare them
it is essential to try to establish a methodology and tools supporting the energy audit. As it has been
presented in this report the energy audit is a powerful tool that needs to be improved and adapted for
each case because there is not a perfect methodology. Establishing models and tools for different case
studies, we tried to assess the parameters that have to be investigated to make a building sustainable
and at the same time emphasized the parameters / stages that can lead to errors. The introduced models
are not the perfect solution and it should have to be improved.
Besides, the validation of a methodology is based on the analyses of collected data and the established
models but these ones are the results of hypothesis or approximations. An energy audit can only offer
an overview of the situation of a building at a specific moment. In this condition, the improvement of
the methodology is not only depending on the assessment process, the data collection or the system
but also on the measurement process. We can already think about another process for collecting data
that would be longer in time (several months) but more accurate. Furthermore, the models are based
on calculations for the energy fairs, the heat transfer coefficients; also one could have to spend more
time on the determination of these parameters. At the same time, the choice of the software is also a
source of errors because of the fact that simulations of the same building with the same input data but
with two different energy programs does not lead to the exact same result.
As a result, the energy audit is a precious tool based on important source of errors. Nonetheless, due to
the balance between environmental policies and businesses it offers the possibility of establish the
energy breakdown of a building. Then, as it has been explained the analysis of the results leads to an
investigation process allowing the identification of the actions that would provide sustainability. Yet,
the sustainability of a building cannot only be validated by the improvement of its performance in
terms of energy consumption and carbon dioxide emission.
With an average level of energy performance of 417 kWHEP/m².year it seems quite important to
encourage the development of green management board. This one would work on making people
aware of the importance of improving the way to enable a building to go from grey to green. Such an
improvement can be done thanks to the development of complementary tools based on benchmarking.
These kinds of information refine the analyzing process.
Finally, the boundaries of the energy audit have to be correctly defined at the beginning of the study in
order to fix the expectations in terms of study, results and sustainability. All these parameters lead to a
development of a better control of the energy consumptions in the existing building field. An
improvement of this study would be the development of a tool more accurate but that would require
more investigations and the establishment of processes that would minimize the potential errors of the
current study.
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10 Appendix 1: Static Model for lighting equipment
This appendix gives an overview of the used tool that composed the static model. As it has been introduced in the report, a static model has to be
established during the energy audit. Basically, some calculations are more accurate by computing it on spreadsheet than simulating them. Actually, for the
lighting, we know the great majority of the equipment and its spreading out. This is due to the walk through audit that allows the data collection.

11 Appendix 2: Static model for IT equipment

As it was done for the lighting equipments, it is possible to use a static model for determining the energy consumption of the IT system. Basically, the input
data are the characteristic of the present computers (power, schedules…) and the number of unities.

79

12 Appendix 3: Final compilation of results
The final step of the establishment of the static model is a spreadsheet that determines the energy consumptions for each system. After that, the
corresponding emissions are determined. Then, by a balance of the different energy fairs it is possible to determine the energy costs of a considered
consumption. Finally, the model enables us to determine the energy and environmental performance of the building.
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