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The energy consumption is undergoing significanteases around the world due to the growth of the
population and the development of industrializedntoes. In France, due to the economic context the
energy fairs have been consequently raised foasyélso, the sustainability of the country hag¢o
based on the energy savings. In France, the bgilsictor is the main source of consumptions and
with a rate of building replacement of 1%, the rbfshment of existing buildings appears as the best
solution. The main work of this study is to ideyntthe possible methodologies and their impacts on
the determination of the energy performance ofceffbuildings of the 80’'s in France. Besides,
different energy audits have been done to imprbeentethodology and its resulting tools in order to
be able to identify the potential solutions. Withaverage energy performance at 417 k\Whe.year,
investments have to be done in the reduction ofetfergy consumptions. Furthermore this report
emphasizes that main investment have to be domieeirield of the building envelope, the HVAC
systems, the lighting equipment and the occupamier. Energy audit is currently considered as the
best tool on the way of sustainable buildings. Bmahrough the establishment of a methodology,
weaknesses of the energy audits are emphasizesipport this study, many energy audits have been
done in order to understand and identify correttty main parameters that need to be investigated to
increase the accuracy of such a study. Then,episrt ends by an overview of a case study.
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The follow list enumerates the different acronyivest have been used though this study.

ADEME: Agence de I'Environnement et de la Maitrikel'Energie

ASHRAE: American Society of Heating, Refrigerataugd Air-Conditioning
BBC: Batiment Basse Consommation

BREEAM: British Research Establishment EnvironmeAtsessment Method
CEP : Consommation d’Energie Primaire

COP: Coefficient of Performance

CTM : Central Technical Management

GE : Grenelle de 'Environnement

GWG : Global Warning Gases

HQE : Haute qualité Environnementale

HVAC: Heating, Ventilation and Air-Conditioning

IT: Information Technology.

LEED : Leadership in Energy and Environmental Desig

PVC: Polyvinyl chloride

RT : Réglementation Thermique

VRV: Variable Refrigerant Volume
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In 1987, during the Brundtland Commission of theitebh Nations, sustainable development was
defined as “a development that meets the needegiresent without compromising the ability of the
future generations to meet their own needs” (UN§7)9Basically this definition is the base of many
actions in the modern world which tries to save amenge several errors done by the past.

All around the world, the global energy demandnisréasing proportionally to the development of
numerous countries and due to the rise up of timbeu of humans across the World. In France for
instance the energy consumption was going on frg®.7L Mtep in 1973 to 265.8 Mtep in 2010
(CGDD; 2011). Furthermore, many consequences efkimd of increase are well known. Prices of
the different energies, global warming impacts)uysmns, social and financial crisis are some rssul
of this demand, threating more and more countmesighabitants.

In order to find solutions, many efforts were matlging the last decades to identify the potential
sources of solutions for limiting the impacts of ihcrease of the global energy demand. The bugjldin
sector is one of the most concerned by this phenomsince it is a great part of it. Actually, the
overall energy consumption in the built environmieicreased by the past and is now decreasing due
to the focus of the different governments. Manygpesses have been done for the ten last years owing
to the development of the green building sector Hred replacement of the old and dilapidated
buildings by efficient ones. Nonetheless, eveneivrbuildings they are efficient, they are not the
solution. The most important point is to make susiale existing ones, by retrofitting them,
especially when it is considered that building ifeow reaching 80 years.

IIO/O &I

In France, the government is developing severaispta allow reducing the energy demands and
consumptions of the building sectors. Plan Gren@lieAN GRENELLE; 2009) is the base of the
efforts of the French institutions, which are caricated on existing real estate by changing users’
behaviors and energy refurbishments. In fact, atoB®% (FRAUNHOFER; 2010) of the energy
consumption depends directly on users actions astintcal fluctuations that is why it seems
important to develop and encourage the use of gnEagrams, which can lead to a reduction of 10 %
of the energy demand (PANDION; 2009) in a workimyisonment. Nonetheless, it has to be taken
into account that energy savings are mostly baseenergy performance improvements. As a result,
the sustainability of the existing building is migibased on the refurbishment of the real estatk pa
combining technical improvements and awarenedseofisers about their comfort and behaviors.

Also, the current French built environment is maiobmposed of commercials buildings for office
activity, in opposition to the residential and isthial sectors, and offers a serious energy saving
potential. The following investigation deals withet methodologies to develop in order to make
sustainable this kind of buildings in France takiimigp account the development of worldwide policies
and engineering tools. As a member of the Européaan, with a common development, the results
of this study could be used for analyzing othemtneas of the Western part.
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The main goal of this study is to analyze the aitretuation of the French real estate park acogrdi
to an environmental and energetic point of vieweoffg an example of the way that need to be
followed to reach the sustainability of an existimgjlding by retrofitting its own performances. In
order to understand correctly the French situaitompuld be necessary to make a focus on a specifi
part of this park. After that, the most importanepsis to determine the environment and the
boundaries of this study to be able to establisth assess the different available environmental
methodologies that would lead to make an existutfdimg sustainable. Thus the required parameters
would be evaluated and identified leading to imrtive available model. Trough out the first stutly,
would be possible to present the current situattioRrance for the energy sector and focus on the
building field. Actually, this analyze has to emplza and illustrate the necessity to develop amd us
an efficient methodology, which would allow retttifig the existing buildings. Nonetheless, there is
not only one methodology for doing that. Each awdm be used differently to reach the expected
results, that is why the following methodology hasbe considered as one possibility with its
weaknesses and advantages, which would still berdkgmt on the scientist assessment. Thus the
following study would discuss the limits of such taol. Furthermore, as all the scientific
methodologies, it would be essential to introduee tise of the dynamic and thermal simulations,
which are currently the most used tools to judfiy energy audit. At the same time, this study woul
illustrate the main ways of improving the energfjcegncy of the office buildings by considering the
different fields of its composition. Also, the waf making a building sustainable is not only
dependent on the technical aspects. As the enemgumption of a building and its impacts on the
environmental are mainly based on the occupantiayiers, the study would have to illustrate what
are the current policies of green management imdérdo be able to understand how it would be
possible to adapt it to the existing building. Fiyyaa case study would be used to illustrate the
different tools and methodology that can be usetherway of office building sustainability.
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To fulfill the assigned goal, it was decided toitsgie study into three main parts, which will be
subdivided into different intermediate objectives.

0/0 n ’ n

As all research activities, the main target is éfirie correctly the questions that would have to be
solved. It is really important to define corredthe topic of the study, its environment and bouisdar
Then to be sure of analyzing efficiently this wevikhout compromising the outcome of the study, it
considers the criterion that have to be establistmebdon which would be based the sustainabilitgrof
existing building in France. Furthermore, theseapsaters could be structured owing to data
collection.

There are different ways for collecting informatiaspecially in the field of energy efficiency for
existing buildings. First of all, the data collectifrom the authorities and government, becausg the
are the guard of the regulation — the study hamptement a methodology, which would respect the
current regulation. After that, other informatioancbe collected by observations on sites, intersiew
and surveys.

% % -

Research questions have to be answered that igliffagent data collecting methods have been used.
In a first time, through the internet and a litarat review, many data about the overall energy
consumption in France and about its spreading-eet ¢the different building sectors have been
collecting. Then, policies literatures have offetth@ possibility to define the goal of the French
government’s for the existing buildings field inrrtes of energy and environmental impacts. This
information has been analyzed during the studydaoting to emphasize the main parameters on
which the sustainability of a building is assessed.

Another part of the data collection is based on dbservation and the surveys. Basically after
understanding what the main parameters of enerfigiesficy are for an existing building, it is
important to assess and compare different tools@ettiodologies that are currently used to reach the
target of reducing the building energy consumptions

% ( #' '

Energy audits are currently used as tools to emsexisting building. Thanks to them, it is possitd
collect a large amount of information about thergnéduilding consumptions, its systems (electrical,
Heating Ventilation Air Conditioning [HVAC], Infor@tion Technology [IT]...) but also about its
management and its built environment.

There is not only one methodology for caring outeaergy audit, all the consulting society have a
specific one, but they are based on the same etsmehich are energy bills, walk through analyses
and interviews of the managers of the site, bugdsimulations, assessment of the results with the
French regulation and benchmarking. Then, thdtdsstep of developing a retrofitting plan. This one
would be the base for highlighting the strengthd i@ energy potential of the building. During this

study, around fifteen energy audits were done ttecoenough data. This process would refine the
methodology and allows benchmarking building ofshene field.
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Despite the great potential of energy audits, acherarking process is essential. This step is a grea
mean of understanding correctly, what are the wesdes and advantages of a selected building
sector. Through this study, different benchmarkgehlaeen considered. First of all, national French
benchmarks are established by the government anddbnce de I'Environnement et de la Maitrise
de 'Energie (ADEME) (ADEME; 2012a), which is thegich Energy Agency. Then, the benchmarks
about the energy consumption of commercial builgimgth an office work activity from Sinteo
Y(SINTEO; 2012) are well known in France becaus¢hefwork of this company and the ADEME.
Finally, the done audits have been used to compareretrofitting solutions, the energy saving
potentials and investments.

%/ 0

Despite the technical feasibility of a project atdadaptation to the building renovation cycld® t
sustainability of a site is also based on the oantehaviors. As all the great majority of the
developed countries, France considers severalibgiktandards. In the final part of this study, som
of the most common solutions in terms of Green Manaent in France will be introduced.

%12

As it was said before, there is not only one metihmgly of making a sustainable building. Retrofigtin
actions plan is a result of energy audits, whighragver following the same way. All the assessments
and analyses are dependent of the objectivity efetigineers, and it has been admitted that there is
still a difference in the real life between the pweal actions and the final retrofitting plan. Fedir
these reasons, it is interesting to have a loathersource of this difference.

%3 4

The end of this study introduces a sum-up of amm@a of energy audit in order to illustrate the
methodology and its results. The case study has Ibesed on the developed arguments and
methodology. Also, it would take into consideratible benchmarks and important points introduced
through this thesis.
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As the great majority of the developed countrifg, ¢nergy consumption is still increasing over the
years in France. The overall energy consumptidrased on different factors as the economic growth,
the development of the industry, the increase eftimber of inhabitants in the country and theinow
energetic consumptions. This last point is comgadalifferent fields as the transport sector amal t
building sectors. The figure 1 is illustrating tgeowth of the energy consumption in France since
1973 (CGDD; 2011).

4 / 0 N\
S # S | #
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*7+ *7
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The corrected overall primary energy consumptiotialdng into account the climatic fluctuation.
Furthermore as it is seen on the figure 1, theggheonsumption has mainly increased by 48% since
1973. In addition, through the increase of the gneonsumption the production of carbon dioxide is
increasing too. Basically, in France the primargrgy production follows the energy production
retailing introduced in the table 1 (CGDD; 2011).
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Then, it is really interesting to have a look oa #preading out of the energy distribution in Feario
2010, the energy was mainly used by four sectaldet2 (CGDD; 2011) and figure 2 are illustrating
how the energy use is split.
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As it is seen above on the different illustratioth®e energy use in France is mainly composed o
Transport sector and the Building Sector. Actualhis last sctor is the main source of ener
consumption with 43% of the final u Basically, the residentiakstor is composed of more tha,5
billion of square metefELLETIER; 200%); which are split between residential buildings (6G2bj
the service sector (40%).

As it is really difficult torecommend the energy optimization for a residertialding and as th
French regulations and target® not the same with the service sector, thisystad been focuseon
the Service sector.

In 2010, the French Energy Agency, ADEME made dystwhich related the total final consumpti
reached 218,5 TWKEPE; 200) in the service sectoiThe total heated surface was estimate
839 259 000 m2. Ko the figure 3 illustratewhat are the different kinds of buildis, which are parts
of the service sector.
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As it is seen above,uiness, office and education activities represemrte than 62% of the servi
sectors real estate parfkurthermore, the great majoi of these buildings were built before 8,
which is the date of the introduction of the fiestergy regulation named “Réglementation therm
1988". For all these reasqris has been chosen to focus on this part of teadh real estate park,
orderto develop a methodology of comparison with différbuildings, built at different dates a
using different energy to be hea

(% $ '

As the energy demand and consumption are the reaire ifor the Sustainable Development in
built environment, several efforts were made around thvdwand in France to be able to compa
specific building with another one, which is toyadlifferent

To succeed in this assignment, it has been corsldercompare two different buildings on tftotal

primary energy consumptiqrer square meter over a y. This calculation allows consideri the use
of different sources of energy for heating, coolimgrentilating the buildini Primary energy is base
on the real amount of consumed energy to produesfittal energy used for the activities of
building. (CDE; 2012)

Besides, this comparison an international toollbeen developed for each country of the world.
tool detemines the coefficients, which have to be used dmmare two amount of energy frc
different sources — natural gasd electricit for instance-Let’s introduce some explanatioiOn one
hand, the dssil energy like oil and gas can be used witharhprcmising their energy quantit
because there is no loss of energy between itsdimttion to the Site and its use for the builc
activities. On the other hand, the electry that is mainly ued in the big cities of Francpresents
many losses (mechaaicefficiency, transmission lines, storage. Also the different coefficients
transformation primary energy to final ener- fluctuates from 1 to 2,58asically, in France, th
production of the electricity is mainly based om tiiuclear Activitycausng a rise in its coeicient of
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transformation (ADEME; 2012b). Table 3 (CONSEILS HRMIQUES; 2012) introduces the
meanings of the coefficient according to the cozr@d energy.

/ N+

% &

Furthermore, as all the buildings cannot have #maesfloor area, it has been decided to make the
comparison on the total primary energy consumptiba building over a year and to divide it by the
total floor area — kWiyyear.m? - and as a result develop a fair toolsseasment.

(( ) *

Energy efficiency and energy savings have beeiyreahsidered from 1998 and the Kyoto Protocol
ratification (UN; 1997). During this Protocol, itas decided by the great majority of the developed
countries — without the United States- to redueepttoduction of Global Warming Gases — GWG- by
5,2% between 2008 and 2010. At the same time,veasitnecessary to assure the development and the
share of these targets around the world, other M\&uimmit have been organized since 2000. Figure 4
shows the different dates of the world and Europeaportant Summit for the environment and
energy consumption regulation.

6 /Y.

As it can be seen on figure 4, worldwide or loegulations and summits have been developed since
the ratification of the Kyoto Protocol. In additido the environmental targets of the summits,
national regulations were developed to respect ggngmolicies. For example, in Europe, the
Commission confirmed the development of the divectf the energy performance of the building
sector. This one is perpetually evolving througk ttevelopment of new technology taking into
account the national regulation and improvementsahembers.

Many targets have been established by the Eurofeammission, like the EU 20/20/20 by 2020,
which is based on:

20 % reduction of C@emissions ;
20% enhancement of energy efficiency ;
20% of overall energy consumption to be suppliedRbpewable Energy Sources.

In 2002, the European directive about Energy Perdmice of Building was introduced and considered
as the first main agreement on specific goals ffier bbuilt environment. Basically, since this date
targets and objectives have been fixed, to redueéenergy consumption and eliminating wastages”.
After that EPBD evolved through the last year (2Q12). Actually, EPBD is based on:
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Development of a methodology of calculation of timegrated energy performance of
buildings;

Application of minimum requirements on the energyfprmance;

Development of energy performance certification;

Use regular inspections-energy audit to get asssgsof the HVAC systems and identify the
potential improvements.

As an essential point, the energy building regatativas improved introducing energy certification
schemes. At the same time, all the members of thhedean Union received a schedule with the
implementation of deadlines especially around 202 definition of very low energy building was
agreed on “nearly zero energy building means adimgjithat has a very high energy performance”.
The nearly zero or very low amount of energy rezpiishould be covered by energy from renewable
sources, including renewable energy produced enesihearby. (KTH; 2011)

Then, France focused on its own energy consumptnahdeveloped plans to reduce it. To be able to
succeed in it, an environmental process was addptéide French situation. This last one aims to
reduce the impact of the building park. Basicalhgre are two kinds of buildings: the new ones and
the existing ones, as a result two different kinfisegulations, named “Réglementaion Thermique”
(RT) (CSTB 2008). The first RT was established %74 and considered only new buildings. Thhen in
1988, a new version was published but focused @mlsesidential buildings (new and old ones). After
that, another version was agreed by all the agsmsaand the government called it: RT 2000. This
last one considers old and new buildings. The ativersion, RT 2005 took place in 2006, defining
all the parameters that have to be respected winenasite is built or during the refurbishment of a
existing building. Through this master thesis, R 2005 and RT Globale have been considered (all
the information are available on the French websitip://www.rt-batiment.fr/batiments-existants/rt-
existant-dispositif-general/presentation-generadgasitif.ntm).

The two main aspects that need to be kept intoideration are the following ones:

Global Thermal Regulation (RT Globale) is useddoildings that have been constructed after
1948 and for which the floor area is greater th&0A@m? and if the refurbishment plan is
estimated to 25% at least of the building valuex am of reducing its energy consumption by
30% is fixed ;

Thermal Regulation per element (RT par elementyassidered for any other cases. The
parameters of the insulation or equipment of thidimg have been assessed and determined
to put in place building standards.

In parallel, to use efficiently the Kyoto protoctihe French government decided in 2007 to establish
the certificates of energy performances and a Takragulation for existing building. Grenelle de
I'Environnement — GE- was created and consideredhiplementing all the energy and environment
regulations. GE was a national wide debate, whigposed different parties (French government,
Commercial sector, stakeholders...) allowing to managd organize the key points of the energy
policies, which would lead to reduce the issuesuwiding sustainability Then in 2010, another debat
was planned to enable the government to improveitheedent one. Two main laws were admitted by
all the members of the Grenelle de I'Environneméirst of all, France aims an energy reduction of
its consumption by 38% at least by 2020 in thetergsbuilding field. Then, a decree named “Loi
Grenelle 2" passed in 2010. This text provides moetails and information than the first law.
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Actually, there is through this law the plan of #weecutive actions that have to be done in order to
retrofit the existing building sector within 8 yedrom January 2012. At the same time, the differen
levels that have to be reached are specified & tdwt. Then they have to be compared with the
current levels. Another important point comes tiglouthe Law Grenelle 2: The Environmental
Appendix has to be included to the leases signtat tie ' of January 2012, for buildings with a
floor area bigger than 200 m2. Thanks to this agperthe communication between the property
owner and the environmental agencies and the stidasis is reinforced.

Since 2010, a specific commission untitled “Refshionent of the Existing Commercial Buildings real
estate” has been working on a report which aimsatteevement of 25% of the energy consumption
for this building sector by 2020.

As it has been understood, all the countries of&hpean Union are working on the efficiency and
sustainability of their buildings. This work is neoand more focused on the existing ones because
they are currently the bigger source of energy aonuion.

Let's now have a look on the mains tools that afidallowing the national thermal regulations and
government energy policies: the energy audit ardytken management.
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R x 5

Actually, the public’s opinion is growing fear dfd increase of the energy prices in 2012. More ¢han
question of crisis it appears essential to find svafysaving money because of the slowing economic
growth that is currently faced in France. As it watsoduced in section 3 of this report, retrofigiithe
building sector enables the France to respond &t ofdhe problems.

As the number of international, European and natigagulations about the energy are currently
rising, it appears essential to make efforts aneeld@ activities, which would reduce the whole
energy consumption leading to less fLC@missions. Besides, the development of environahent
policies in the building fields is pushing the owsméo follow the laws and the announced targets in
terms of energy performance.

Nonetheless, to reach a target it is importanteieetbp an adapted methodologies and tools allowing
making the comparison with the current situationl @ine aimed one. Furthermore, in France the
agreement of the Thermal Regulation 2005 fixedpddormance that needs to be respected for the
building envelope, the energy building consumptiand carbon dioxide emissions.

Finally, the energy audit is considered as a mdagetting information on the current situation of a
considered building. Also, it ensures the collectod data about the energy systems, the building
envelope and its occupant’s behaviors emphasizisgibpilities of improvements.

Nevertheless, it has to be considered that staef®bre not only thinking about energy performance
and environmental savings. The main reasons areoetio ones. Basically, even if retrofitting’s
building requires large cash investments, theyase a source of cash by reducing their energy
consumption and the increase of the rents. Actuadigting an efficient building is more expansive
and attractive too.

.% 6 '

As it can be understood, the energy audit is thee i the comparison, but there is not only one
methodology to success in doing it. Each consultmgpany has got its own one. Through this study,
one methodology has been introduced. Certainkypitld be possible to improve it. This one allows
the development of different tools have been depaaddowith the company SINTEO, facilitating the

comparison with all the buildings and highlightingys of improvement during the establishment of
the different plans of retrofitting.

At the same time, all the company are justifyingeithwork by the use of software
(DESIGNBUILDER; 2012), which are different from dwether that is why it has been considering to
use Design Builder, which is the software used BiHkand at SINTEO. Simulations and models are
source of analyzes to understand correctly thedimgjibehavior, according to its use, localizatiod a
activity.

Let's know focus on the development of a methodgledgich would consider existing building from
the commercial sector built during the 80'’s. It l&gn chosen to focus on this kind of buildings due
to the fact that most of them were not refurbishedn their construction (without considering the
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HVAC system). As a result, these buildings offee threatest possibilities of improvements. In
addition, they represent a main part of the RetdtEdark in France.

(O # '

First of all, it is really important to determinieet system that is studied because of the globabgne
demand that is dependent on the assessment ohttle system.

(" #
As it was explained in section 4.2, the methodoltiggt has been introduced through this study
focuses on commercial building built during thes8ii France. Commercial buildings have a specific
activity. Basically, the occupants only work in theilding with specific planning in terms of
occupation, which is a non-permanent activity. Dneat 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 presentignkihd of building. Due to the activity of its
occupants, servers and computers are present ibuiteing. Thus additional HVAC technologies
have been added on the building in order to imptbeethermal comfort of the occupants where the
building enveloped did not evolve.

Between 1970 and 1980, the commercial building @lstsindardized to offer a functional architecture
with adapted equipment and materials. Yet eacltimgilis completely different in terms of density of
occupation, technical equipment efficiencies, sgkins, building envelope and building management
in fact each property has its own history, with glbke refurbishments or improvements in terms of
insulation. Finally, it is important to define bémasarks to be able to compare two different building
because of the different sources of energy consampériations

At the same time, other benchmarks have to be dpedlin order to identify and target the best ways
of retrofitting. Indeed, green building retrofits & real market estimated to more than $400 billons
(ENVIRONMENTAL LEADER; 2009). As a result, a lot gieople want to develop their own
business because of the potential of the markefirmgua competitive field.

(% $

In France, SINTEO is considered as one of the lsadé the green building market with a
specialization in energy efficiency for existingldings of the commercial field.

Building energy audits are based on the goals efsludy, which are fixed by the company, the
customer and the stakeholders. As it was explabeddre, there is not only one methodology for

carrying out an energy audit, also it has to bet kepnind the following presentation is a specific

methodology in order to be able to understand ctyrvhat 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 analysienvironment of the study, does the study consider
management of the building? Does the interactioth wie external parameters have to be
considered? Does the study make a life cycle ais&lys
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Occupant behavior. Does the model take into consideration the ocaupahavior? Should it
focus on the intrinsic performance?

The data collection Are the energy bills collected on the ten lasirgeor only three?? Do the
operative and / or ambient temperatures have tméasured during the visit or all over a
year?

Modeling: Does the building have to be modeled with dynaonistatic simulations, or only
owing to a spreadsheet?

Results and accuracy of the studyWhat are the parameters that define the accuwhtye
energy audit?

The French regulations lay down to carry out ars@sent of the existing buildings before 2020 (cf.
part 3 of this report). Also, even if the energydiésl would establish the current inventory of a
property and then would highlight possibilitiesimfprovements, the stakeholders and the owners do
not want to spend too much money in the study sxatitwo main points:

They do not have only one building but several daesund 50 per customers) ;
The main capital outlay would be the refurbishnafrthe building.

Finally, in our case, the energy audit is a baldmeeen an Energy Performance Certificate and an
exhaustive energy audit. This choice could be ciziéid because it appears as too superficial to
evaluate correctly the performance of a buildinggtoit reflects the real position of the stakehmdde
on the green building market.

(&

Let’s introduce the real scope of the energy auditorder to be able to understand correctly the
situation of commercial buildings of the 80’s inaRce, it is necessary to definite the scope and the
limits of the energy audits.

1) It has been established to consider the energg billthe studied building trough three
consecutive years;

2) The operatives temperature and ambient temperatareneasured during the visit, additional
information are collected during the visit by intemwing the technical responsible and some
occupants;

3) Data collection has been carried out before anthduhe visit, by collecting the layouts of
the building, all other studies that have been dpnthe past;

4) Dynamic simulation has been used thanks to Desitgldsito model the building and then the
different actions plan;

5) The accuracy of the study has been fixed on agretsnwéth the customers on the fact that
energy consumption of the models is equal to tkeeggnbills;

6) The different proposed scenarii have to be adaptéake building and have to respect the aims
of the government in terms of Law Grenelle and Bi@ification;

7) Benchmarking and capitalization of the data haviedd to a first analyze of the potential of
improvement of this kind of building park.

By considering all this scope, it has been posdibl@dlustrate the methodology of this version of
energy audit.
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he following figure offers an overview of the diféat steps that have been followed during ¢
energy audit.
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As it is seen on figure 5, the energydit is following a horizontal and vertical progress allowir
keeping objectivity in the different steps of arsd Furthermore, as it is written, each step of
audit has to enable the company to do a data tiapttan improving the accuracy of the next stuc
At the same time, this figure provides a summary efrttethodologythat has been done during t
Master thesis at Sinteo. In addition, the data f@inteo are capitalized from more than offices
buildings have been studié8INTEO; 20.0).
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Before starting the collection dat is essential to understandrectly that the energy audit provid

management of the data collection, because oftting af the building. Basically, there are thmain

families of people inthe environment of a commercial build. Figure 6 (PICTURES; 2012)
introduces the different parties that have to beaded through an energy au

/
N )

< . 9 # -
= =9 = = -

# # ? A7 -
— = 111@ 7 -
## 2 B
= — 1
=00 B B -

28: "[$2& *

4

R J

As it is explained on figure 6, t different parties have their own targeBiilding owrers are not
directly the managers of their property. Actualthrough the energy audit, they want to
information about the current state of their buildings. Thay some compars, property managers,
who are incharge of the building. As so as the energy audit starts, it is important to maketacts
to the property manager arder to collect all the informatic

Layouts of the buildingcross sections and surface of each f;;
Numberof tenants and contacts (renting lease and sprgadinof the surface between i

different tenants)
Energy billsof the commor areas;

Information about the construction date, main worktherenvelope, structure or ott

potential refurbishment;

Contacts of the technical responsiwho has to be present during the \.

When all these information are collected, it hasnbpossible to start the first analysis in orde
understand whichkinds of contracts a signed for the electricity, gas, oil or water sy

In paralle| the preparation of the energy audit can bee by identifying the location of the techni
installation —HVAC, server room...- but also, the date of construction of the buildemyd the
possible history -Does the building have been refurbished for thelésh years’-. Also this step
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enables us terepare the questic for the interview of the tenantnd the technical responsit
Finally before starting the visit on site, it iscegsary to make a call to different tenants in order-
fix a date and order them to collect their energy. Then, let’'s start the energy au

I % '

All the visits on site are different because of $iee of the buildings, the agreement and the bk
the tenants and the technical manz At the same time during the interviews, it is rgathportantto
know if the building was refurbished during thetlgsar. Basically, as it was explained in sectip
since 1988 different thermaggulatiors are used in France (RT 1988 — 2008005 and the2012 is
coming). These regulations impose the insulatiamdards for each kind of materials composir
commercial building. Throughut this study, it has been chosen to consider comaldoaildings of
the 80’'s so builbefore the first thermal regulatic As a result the energy performance of the builc
is directly connected to the construction or refglment dat:

Then during the visit it is important tollow the following listto be sure to do not forgessential
information for the energy analysisrt. This data collection has to be combinepictures collection,
in fact that could be interesting to be helped hegpert during the energy assessi part.
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It has to benoticed that the data collection isore difficult for old buildingbecause of the age this
one. Actually some documents disappear with the years causifiguities to the whole stud

After collecting the information about the builditgcation, itis important to focus on the buildii
envelope. Information ha® be collected y all the means (interviews, investiions, observations
and pictures).
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Building envelope:

Throughout the visit it is important to identifyetltomponent of the building envelope. In addition t
the official paper collected before the onsite tyisieasurements have to be done to determine the
level of insulation of the wall for instance. Theegt majority of commercial buildings of the 80’s
were built without insulation. Nonetheless it wasticed during the visits that some commercial
buildings were insulated during the last refurbishi Finally, the great majority of them have
insulation from the inside (between 4 and 8 cmalygtyrene or stone wool). The external insulation
is now considered for retrofitting building like ation plan because of its possibilities to redinee
effects of the thermal bridges, but this kind dfulation technique is mainly used for building buil
after 1988.

After that, the composition of the wall have torlmiced, the on-site visit and the data collectark

of Sinteo (SINTEO, 2010) allows noting that coneréd the main element composing the wall of
commercial buildings of the 1980’s. Actually, thatal collection enables the different companies that
are able to do the energy audit and to affine theeclsts when information are missing.
Benchmarking has to be done with all the collectat.

The thicknesses of the wall and insulation havbaaneasured to be able to model the building and
determine the energy performance of the enveldpis. 4lso necessary to measure the area of the
different walls, which are composing the buildifk@r 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 whadows on the different wall of the building.
Basically, this kind of information is important &valuate the solar gains of the property. As well,
focusing on the windows could help on the detertromaof the potential insulation of the building,
because windows could be integrated to the wah aplid part without insulation or on windowsills,
which could contain insulating materials.
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It is also important to have a look on the stat¢hefwalls. More the wall is damaged and more the
infiltrations are important.

Sometimes it is impossible to get information ote sabout the insulation (what are the used
materials?), also it is important to collect thdial architectural documents, which can provide
additional information.



Then, it is necessary to analyze the typology efwindows. The great majority of commercial
buildings have single glass with woodwork incregsitme infiltrations. Some buildings which
underwent refurbishments have double glazing witfraane in aluminum or Polyvinyl Chloride
(PVC). Furthermore new technologies with thermadalir frame are currently used to improve the
energy performance of the building envelope. Atdhme time, the windows with double glasses are
offering interesting characteristics due to the ob&igh performance glasses separated by argon or
krypton — Uae = 1,2 W/m2.K. Thanks to the onsite visits it hagi noticed that double glasses 4/6/4
with air gap are the most common windows among Bogfasses technologies for commercial
buildings of the eighties. Then, if the buildingrenovated it could be possible to get directly som
information about the characteristic of the winddvesause identifications note are available on the
frame of the windows.

Shading are also an important point, actually d#ffie technologies could be used like venetian blind
roller blinds or internal blinds which are more goon than external blind. These systems have to be
analyzed to understand which kinds of managemaeroifsatic system, mechanical one) are present
because the quantity of solar gains or infiltragievould depend on their uses.

Then it is interesting to focus on tlgeound floor structure. It has been noticed that insulation are
not really present there, allowing the ground epdogses. This kind of structure has to be analyzed
because the presence of an underground parkinguaear as a real source of energy savings by
isolating the ceiling of the parking.

Finally, theroof structure has to be considered in addition of the collectleduments. It is important
to find information about the last refurbishmerarpland the kind of used insulation. Nonetheless, if
there is no official information and if nobody cdutelp the investigation would be really diffictdt
establish which kind of insulation is present. Datdlection of the company could appear as a real
tool to define the characteristic of the roof. tdéion, there are mainly two kinds of roof : tlegraice
roof and the heel over roof.

Finally, after collecting all the information abathie building envelope it would be possible to make
energy analyze of this one, by using collected,ditaamics models and benchmarking tools.



HVAC systems:

The second step is to collect information aboutHMAC system. The great majority of commercial
buildings of the 1980's have known different refghment of the HVAC system. Basically, cooling
systems are well known to be set up during thig timat the beginning of the 90’s.

The different on site visit reveal that there is agossible generalization of the used HVAC system
for the studied field of building. There is a réalersity of systems, which is based on the locatib
the building, the tenant’s activity etc... In parhllithe HVAC systems could be centralized or
individual for each society, the source could clafggs, oil or district heating and cooling can be
used). Thus the efficiency of the system is dependin the set up technology and the planning of
activity, the set point

As a result, it is really important to collect agch as possible information about the differentesys

for the heating and cooling production and the ilatitn system. To be able to compare the different
HVAC systems during the energy analysis phasestleen interesting to use the data base of Sinteo,
which is based on more than 800 offices visited andlyzed during energy audits. The following
table introduces the main component that is passtbineet during an energy audit visit.

I -

7 ) 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 reeoy

) Central Technical Management (CTM)
On / off System
Thermostats control

% 63 % ) >



Thanks to this table, it is possible to get someagdabout the HVAC system that are present in the
buildings. Besides, the technical responsible cadd some information about the temperatures (set
point, operative temperatures...) but also the plagnioif heating and cooling. This information has to
be collected in order to be able to process theetivayl of the project. Finally, it is also essential
have a look on the regulation of the system (semanning).

Lighting systems:

Then, the lighting systems have to be analyzedausex they represent a large part in the energy
consumption balance of a commercial building tlsatvhy the equipment and their control systems
have to be considered. Table 5 introduces the figtiting technologies that have been noticed in
commercial building. Basically, due to the rentttoé building, the lighting systems evolved with the
age and changed at each refurbishment stage.

Fluorescent Tube T8 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.

Fluorescent Tube T5 This kind of technology is the ne
version of the T8 technology, whic
is available when buildings ai
refurbished. These systems prodt
the same luminosity than T8 with
lower power and so a lower ener
consumption. The three main syste
are 3*14W; 2*28W and 2*34W
They are combined with electron
ballasts.

Fluo-compacts tubes This kind of lamp is an economic
one, offering better characteristics |:'>
than T8. The power is 18W.

Halogen dichroic lamp The main power of this lamp is 35V
Dichroic technologies are mainl
used in the corridor and the toilets. —~

Incandescent lamp 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 LED are really efficient technologie:
They are more and more used
replace old technology. Power
around 10W.

% 03

After identifying all the technologies, it is esiahto quantify each kind of system and note hbeyt
are spread and how many of them are used. Basitiadlymain target of this analyze is to be able to
compute the density for each kind of area (offtodets, corridor...). The density is equal to a powe
per square meter (W/m?). In parallel, during thgtythe planning works have to be collected; #f&o
control systems have to be identified (light orgemrece sensor, gradation...).



Water technologies:

After that, the audit should focus on tiater equipment Actually there are two main points. First of
all, the production of hot water for the toiletsshi@ be identified in order to be able to analyze
correctly the energy consumption. Is the producsapplied by the common gas boiler or does the
production ensure by an electrical balloon? Atghme time, it is interesting to collect the plaignird
work of each technology. In addition, informatioboat potential insulation for piping can provide
information about heat losses.

Then, the audit takes more time on the assessrhém avater equipment. The auditor has to visit the
bathroom, the kitchen... in order to see if the pnesechnologies thrifty in water. For instance tioe
toilets it is possible to use simple flow or doubitav to flush. There could have mixer tap or aerat
tap. All the kind of information has to be collegtend would be used in the spreadsheet for
calculations.

Specific uses and consumptions:

Finally, the last point of investigation is based ather features The main aim is to collect
information about potential specific use of enefgyesence of restaurant, or a server room). This
could also be the use of renewable energy in dodensure the energy consumption of the building.

Finally, as it could be understood, the energy taigdimainly based on the data collection, the
interview of the buildings tenants’ and technicalmager but also on the observation and the sd@ntif
analyzes. All of them allow interpreting the buidi behavior, which is mainly dependent on the
occupant behavior and the efficiency.

After this important step, it has been essentidbtwus on the Energy analysis but before it cod b
interesting to introduce the main weaknesses efrtiéthodology. Basically, the study is impacted by
the season when the visit was done, the interviise people who work on site because many data
could be false, hidden by the tenants or the teahnihanager. For instance sometimes the audit
reveals that the heating and cooling planning are stcheduled as they are supposed to be. By
contrast, it is also possible to meet occupants cbmplain against the thermal comfort of the site
whereas everything works correctly.

I

To have a look on the different steps that compdsee@nergy analysis. Thus data collection andtaudi
provide calculations. Finally, the following figutgas be done in order to illustrate correctly the
methodology that would be followed.
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As it is seen on figure 10 there are 4 nrstagesuring the energy assessment of the building. Bir
all, the comparison between the collected datatlamdlifferent regulations that are usecrance for
commercid buildings. Then it is necessary to design a madel make a dynamic simulation.

parallel, many calculations have to be done inmot@eompute the different energy consumgs and
their spreading out according the different fie(#8/AC, IT...). After that, that is the time of tt
quality check, the building simulation results amalyzed and compared with the different ent
bills and the French regulation. Finally, there tave possibilities. On the one hand, the energyeh
is too far than thenergy bills and other collected data; in that ¢agenecessary to adjust the mo
and restart regain. On the other hand, the modedlislated and the spreading out of the en:
consumption is gotten. In that case it is posstblestart the finalprocess: the actions plan

retrofitting.

(" 4 7
Thanks to the visit on site, many technical aspeere studied. These information can be anal
and compare with the RT 2005 (French Thermal Réigulpin order o get an overview on tt
current state of the building and then identify gussibe waysof improving the building. Basically

all the consulting companies are owing a modelquite similar because the main steps hbeen
admitted by the nation&nergy agency ADEM (ADEME; 2008).

The first step is to analyze the building map idesrto check the floor area, and then identify
different activities of the buildir. There are 10 main families of room:

Office ;
Corridors ;
Toilets ;
Technical place ;



IT room;
Meeting room ;
Hall ;

Annex ;

Living room ;
Other place.

To pursue, the spreading out of the different @&gti¢ determined and illustrated. The result isfuk
for all the calculations for the static model onesmisheet. Figure 11 given an example of tt
spreading out of the different activities on orte.
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Following a more technical part has to be done. Uhealues of the different parts composing t
building have to be determinedctually, the U value is defining the capacity ofmaterial to allow
heat losses (heat transfer) between the outdooth@nchdoor atmosphe. U value corresponds to t
“overall heattransfer coefficien“(RIBA; 2011). This coefficient indicates the levels of insulatamd
can be used to characterize walls, roof, windows atier structural part of a buildii As it is
presented, the U value is the opposite of the recg of all he resistances of the component «
building element. The overall heat transfer coedfit is stated by the amount of Energy (in W
transferred by square meter and Kel

EFGHE" 11G

All the materials are defined by a coefficient kpmec thermal conductivity of a material in Watt f
meter and Kelvin [W/M.K] It corresponc to the capacity of the material to facilitate tleahtransfe
Then, the resistance of a material is defined @aseaport between the thickness of the materialitar
thermal conductivity. Equation 2 illustrates thesation
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R: resistance of the materj&l.m2/W]
k: thermal conductivity [W/K.r
d: thickness of the material [m]

Finally, equation 3 presents the final relationdanaterial composed of 3 elens, named 1 and 2
and two surfaces inside and outside of the buil

U: overall heat transfer [W/m2.|
Ri: Resistance of the element [K.m2/\
d: thickness of the material [m]

Thus the RT 2005 introduces the different valuedUofhat hae been considered as referel
(CSTB; 2005)Table 6 illustrates the different references tleatehto be considered. For each part
building, there are two reference valuepec:and Unae Besides, the definition of a refererthat has
to be admitted as a target and a maximal valuendated to the boundary.

In parallel, it has to be introduced that, RT 2065using weighting coefficients based on
geographical situation of the considered buildind the impacts of the climate on this ¢ Figure 11
(CSTB; 2005) illustratethe different areas considered for determiningdhalues of the buildin

=LA Rochell
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Let's know present the different references of thealue that have to be used to make compal
with the current state of the elements composiedthlding (Table 6; (RIBA; 2011
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In order to succeed in the analyze some benchnmat&wis have been developed. Figure 13 illustrates
the methodology of comparison between the U valaeghe considered building and the references.
The great majority of the office buildings of th@'8is not respecting the references of the RT 2005
as a result the comparison becomes an essentedtdsgrause it provides required information fer th
dynamic simulation and shows way that have to Hevied to reduce the energy consumption of the
building.
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As it can be seen on this example, the site issizedt all the references of RT 2005. This example
was about a building located in the H1 area. Iteapp that the main investigation have to be done
about the wall insulation, the roof and the floor.

Then before starting the calculation parts andsihaulations, all the systems have to be analyzed,
according to their current states, their perfornesnand regulations. This assessment is based on the
data base of the company and the RT 2005. In additi has been possible to illustrate the building
situation by giving an overview of the differenglfis. Figure 13 illustrates this result. In fabgttis



an example of the assessment of an office builbdisily in 1983 that was refurbished in 1994 (only fo
the windows).
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As it is shown on the figure 13, the consideredding does not reach the reference of the RT 2005.
An easy way of improving the building seems to ®aun the floor insulation and HVAC systems.
This kind of assessment is finally based on thenisit performance of the site because it is not
considering the occupant behavior. Then it comedithe to establish the building model.
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The main aim of this stage is to define a theaaéticodel, which is based on the collected data and
has to be compared with the real consumption. fRaeretical model is divided into two components:
static calculations and model and a dynamic energénulation. Both of the models are totally
dependent because the main calculations are fiesttgblished by the spreadsheet and would be
considered as check points for validating resutismfthe dynamic simulations (lighting density level
water consumption, it consumption...).

Furthermore, all these models have to respect @macy of 5% with the collected energy bills, which
present the real energy consumption. Nonetheléshas been essential to work in team with
experimented consultants during the establishmigthieomodels, because there are still errors tuat ¢

be forgotten. As a result, the experience helpdhé¢ostructure of the model by reducing the lack of
information.

Thanks to the collected data, it is possible toerak exhaustive listing of the different equipniéat
were present on site, for instance the differeciitelogies for the lighting (type of lights, powére
planning of use), IT systems, water systems antllggon ones. It has to be noticed that heatind an
cooling systems are not evaluating by the spreaddierause of the large amount of parameters that
provides potential errors and a lack of accuracyinduthe computing state. In addition, the
spreadsheet enables the consultant to develogia@ stadel, where assumptions can be avoided for
the last enumerated points. This model is als@fdkan a real simulation and appears as a cost.sav



Electrical consumption of the lighting equipment:

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

0+ H ) % )

Then following tables present the different coediint for ballasts systems, which are used foristart
and operating fluorescent tubes technologies.



/ % 1

% 1

% 0 & ) %

At the same time, the overall energy consumptigrttiese technologies is directly dependent on the
control system that are used to enable the occuparggulate the working times of the lighting
systems. Actually, the automation of the systemdcoeduce by more than 40% of the whole energy
consumption, for a specific room (LEGRAND; 2012)sé 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 systemgmation control system have coefficient of
efficiency. Table 8 (SARLAM; 2008) illustrates tless coefficients that are considered for the
establishment of the static model.
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If the great majority of office buildings of 1980mave still the same lighting systems than at the
delivery, some of them have known an improvementhid field and are currently offering the
combination of different control systems. For imsi®, the use of electronic ballast and gradation
allows an energy saving of 35% (SARLAM; 2008). Apdix 1 is offering an overview of the
spreadsheet calculations that are used duringnidrge assessment.

Finally, these calculations determine the overaltrgy consumption of the lighting systems for a
studied building. At the end of the building mo@skablishment this consumption is summed to the
other consumptions. The main aim will confirm thansumption owing to the collected energy bills.
Furthermore, these results make possible the casgpabbetween the different densities of lighting fo
each zone with the recommended density of the RIb,20hich is 12 W/m?2.

Figure 15 shows the final assessment of the lightwel. This assessment enables us to understand
which zone could be the worst one in terms of gneognsumptions. In addition, if the density of ligh



is too high an inconvenience of the occupant casult. In the great majority of cas, the
replacements of the lighting system ce¢ an improvement of these conditions of work For
instance, on this exampl&ays of improving could be made on open space aitetd areas. Furth
illustrations have been introduced in the caseyspadl of this report.
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Electrical consumptiors of the IT system:

Following the same methodology, the electrical gpeconsumption of the IT systenor the
considered office building can be estimated. Adyyas it was done for the lighting system,
calculation aim to be closer to real consumptian,ibis quite hard to find the reresults; that is why
final difference of 5% with the collect energy bills is assumed as a correct one.

The overallenergy consumption of the IT systds determined using the same methodology. In
time, data collection was done during the onsitt,vallowing the identification of the main
equipmentThus, the average power of a comy is determined for different stis (DELL; 2012):

PC and Screen ON120 W
PC and Screen OFBW ;

PC ON and Screen OFF : 80"
Tower Server: 375 W ;

Rack Server: 200W ;

Blade server: 100W.

As the total number of computers was noted duriregdnergy it is now possible to determine
overall consumptionin other case, the hypotheses are based on onauteamper occupanTwo main
assumptions are done for these calculat

Due to the actity on an office building 80% of the computer arged on PC and Screen (
and PC and Screen OFF during the n

20% of the computerare used on PC and Screen ON during the day an@rP&hd Scree
OFF during the night.

In addition of thesessumptior, it is still considered that servers work all dagg. Then, figure 17
illustrates the methodology of computing the energy consumg Finally, appendix . offers an
overview of the used tool.



Electrical consumption of the ventilation:

Ventilation consumption is mainly determined by dgmic model and simulation, especially when an
air conditioning system is present in the buildiddpnetheless, for the great majority of office
buildings of 1980’s in France are not equipped ®chanical ventilation for providing new air. The
regeneration of fresh air is done by the naturaitilagion and infiltrations. However, the sanitary
policies order to maintain fresh air in the toile#s results, the extraction of the air is manabgd
small mechanical ventilation, as shown on figurdBERERGIEPLUS; 2009). This ventilation system
is working 24h a days over a year so its energgemption can be easily estimated.
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The equation introduced by the figure 19 can ondy used in the case of a building with
mechanical ventilation for providing freair. In other cases, thenergy consumption is computed
a dynamic simulation.

Other potential consumptiors:

In some cases, specifialculations haveo be done, when the studied building have spesystems
for some kinds of activitiesFor instance the office buildingscan have a restaurant offering
possibilities of its occupants to take their luraththe same place. Restaurants, printers of iriel
processes are potential sources of energy consamsp{lhese consumptions could not be dated
by the dynamic simulation. Also, the static modppears as the only me: of estimating such a
consumption that is why for each case, a new taeého be developed, taking into account the pt
of the system, its plantingd working...

Finally, there are two other consumptions that coulcalculatedoy the static mode

Water consumption that have to be confirmed byatager bills
Energy consumption for producing hot watersanitary needs.

Water consumption and enerqy for producing hot weer in the building:

As for a commercial building, office buildis of the 80’s in France hate be supplied in hot wat
for the toilets, sometimehowes and in some more specific casesthe restaurant of the buildir
The production of the hot water can be centrallzgthe heatinsystemsijn that case, the producti
is estimated and calculated directly during theagigic simulation

Nonetheless, the great majority of the office hinidd of the 80’s in France es not have centralized
production. Basically, each water closets areaimmhé&r and restaurants hawe production of hot
water baed on electrical systems likmmagasinage balloons.

To succeed in this estimation, it is important edlect the number ofystems during the visit onsi
and theirs characteristics. Furthermore, the pribdalués mainly based on the water consump

For determining suchonsumptio, the presence or not of water saving equipmest dikuble flust
for toilets, eco plates, vdlator for tap: have to be noticed.HEn a tool is developed using so
indications introduced by the ADEME. For instandey, office buildincs the base of the wat
consumption is estimated to be 11.° per occupant. After that to establish an estimi of the
overall water consumptionthe number of occupant has to be multif by the base of water
consumptionAfter that, the consumption is calculated againdkyng into account the different wa



saving technologies. Table 9 introduces the diffetechnologies that are mainly present in office
building in France and the efficiency of these egw in comparison with a classic system.
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In addition, when the water consumption is analyzedppears that this one is slip into three main
parts according to the spreading out that is i&istl by the figure 20. (ADEME; 2010)

Then, when all the water consumption is determitieel energy required to produce hot water can be
computed. Basically, the amount of energy is diygatoportional to the amount of consumed water.
Still considering the information given by the ADBEMthe need in hot water is equal to 40% of the
total water consumption. Then a first estimatiotthis following one, if the production is done by an
electrical system, 96 kWhare required to produce of hot water (ARC; 2010).

Finally, the energy consumption of the productidrhot water would increase by considering the
kinds of used technologies, their efficiency, ama presence or not of insulation on tubing.

These calculations would offer a first idea of tequired energy for producing the hot water ancehav
to be confirmed by the dynamic simulations.
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After determining the energy consumption from thetew field, the static model has to be placed in
standby. Actually, the missing information are lithea the simulations of the HVAC systems, so on
the dynamic simulation.

Let’'s now introduce the second part of the enespeasment the dynamic simulation.

In order to determine the most important energysaamptions (HVAC systems, infiltrations) and the
thermal comfort, the dynamic model appears as ¢isé dolution.

The HVAC consumptions are really difficult to gdtecause of the interactions between several
parameters like the efficiency of the system, theupation of the building and the schedules. As a
result many parameters cause fluctuations in thmulations, especially on cooling and heating
demands that is why a list of parameters has tmlected or determined before starting the design
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 tlievae DesingBuilder to make simulations. This
software has been created by Design Builder Soétwar Limited
(http://www.designbuilder.co.uk/content/view/7/1B8/ In addition, this software has been selected
because it has been introduced in some coursés &.E.E master’ program at the KTH.

This software is a real tool for modeling a builgliBasically, it offers the possibility to:

Model a building in three dimensions respectingdbkected lay outs ;

Consider the activity of the occupants of the bodd

Model the different zones compaosing the building ,

Compute the Energy demands on different periodar(y@onth, day, hours) based on
dynamic simulations and for different fields (HVAGystems, internal gains,
infiltrations...);

Infiltrations, solar gains, heat and cooling gaamsl losses are also modeled taking into
consideration the insulation of the building enpep

Model the lighting systems and their activities ;

Allow sizing the HVAC system.

Basically, Design Builder offers an interactiveeiriice, facilitating the design of the model beeaus
everything is built with the aim of succeeding e tenergy simulation. The user has to define the
parameters of each section to be sure of desigaicgrrect model. Figure 21 (BATISIM; 2012)
illustrates the required interactions that havbdaonsidered by the user to get the final report.
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In addition, Design builder is currently consideragl one of the most competitive and accurate
programs because of its interface based on theggm@mulation programEnergy Plus (US
DEPARTMENT OF ENERGY; 2012

Basically, Energy plus is certified by ASHRAE, whits the biggest building technology society with
more than 50 000 worldwide members (ASHRAE; 20T2g simulations are able to model building
heating, cooling, lighting and ventilating demands.

Such software enables consultants to model a stimdiigding in order to get the energy consumptions
and the interactions between the indoor and theéomutenvironments.

In a first time, the main goal is to build 3 D médsing the collected plans. Then the user hasdod

as it is shown on figure 21 on the materials conmgpshe building. This step is really important
because it would determine the insulation of thélsyaoofs and windows. After that the different
planning has to be scheduled. These ones are IgidEgiending on the activities of the occupants.
There is too much planning for lamps, HVAC, IT adepending on the location (corridors, opens
spaces). Besides, many data could be used fronstétie model, for instance the levels of light
density or IT per square meter.

Then, the heating and cooling system take the paihof the design of the model because all the set
points and schedules would cause the fluctuatibhiseoenergy consumption levels. Considering this
point, it is really easy to understand that dynamiodel accuracy would depend on the technical
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understandings of the systems. That is why, iteally important to find the Coefficients of
Performance of the different present systems #ftepnsite visit.

Furthermore, other features like the zoning oflihéding would have impacts on the model. Thus it
is really essential to establish a coherent mdmause the internal gains would depend on itimgus
an increase or a decrease of the heating / codéintands.

After designing the model with all the charactéesstthe simulation compiles all the information in
order to offer to the users, different ways of ¢ieg his project. Indeed, the simulation resultaldo
be compiled in a report but the interface is al§erimg illustrations with graphs and matrixes. Téne
are three kinds of results:

The electrical consumption from lighting equipmeiitand specific processes ;
CFD calculations, with thermal comfort, infiltratis ;
Thermal and Energy results (consumption, heat gajns

By simulating the building activity over a yearjstpossible to check and confirm the simulatiops b
comparing the energy consumptions with the colttetgergy bills. Once again, the accuracy has to be
better than 95%. This method has to be respectedier to avoid an unusual loss or gain, because as
it has been shown on figure 10, if something wrisndetected the model must be checked again and
a new simulation has to be started correctingdberhistakes.

As soon as the dynamic model is validated, the tfrmompiling the results between the dynamic and
static models comes. Basically, the theoreticarggneonsumptions can be modeled. If the thermal
comfort is respected and the dynamic simulatioral&lated, all the results from this model havéédo
used as input data in the static model.

First of all, the heating and cooling gains andrgneonsumptions for HVAC systems have been
introduced in the spreadsheet models in order tabbe to make the final balance. In addition, it is
also possible to validate the dynamic model by cammg the energy consumptions of the IT and
lighting equipments because these calculations hése been done during the establishment of the
static model. Then, thanks to the overall consuompéind the energy rates, it is possible to compare
the final energy balance with the collected enebgls. Appendix 3 illustrates the used tool for
establishing the final balance.

Once again if a difference over 5 % is found thedehdhas to be reviewed. Otherwise, it could be
considered as right. The following illustration sfsoan example of the spreading out of the energy
consumptions and costs running of a studied bujldirhis kind of figure allows understanding how
the building works and then what are the ways tie®d to be investigated to reduce the energy
consumptions of the building. (Further examples aridrmation would be introduced in the case
study).
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As it is seen on figure 22, the heating systelthe first source of cosigs the great majority of th
studies. At the same time, if this exampliconsidered the energy balance could emphasizetiiee
ways of investigating abotthe Lighting equipmeis, HVAC systemsnd IT managemel As it could
be understood, the energy balance is one of theokdlge energy audit. The establishments of
static and dynamic mode&sm to get it in order to be able to identify tweakness¢ of the office
buildings.

In parallel, other interpretations are expected.tifes dynamic simulations givdaily results, it has
been essential to focus on the energy gains arskdosf the building, in order to further i

understanding of the buildindn a first time, it is essential to have a look e energy gain

Sometimes, when the internal gains areied it appears that gains from process are tod geeesing

an increase of the cooling demand. The great ntgjofithesegains could be adapted by reducing

density of the processes for instaror putting up curtains tdrop the solar gains on thixample

introduced by the figure 23lso, this example shows the high level of energing from lighting

systems, that could means that lightiequipment isnot really energy efficient oschedules of
working are not well adapted.
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Finally, it is essential to analyze the energyésssver 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 @f studied building increases. Actually, it revaéls
the level of insulation is adapted to the outdoteriactions. At the same time, this kind of infotima
can be used for the retrofitting part of the study.

Finally, it is possible to finalize the assessmeithe building by determining its level in termé o
energy performance. This level is expressed byatheunt of primary energy consumed by square
meter over a year (KWHm2.yr). At the same time, it is possible to deteenits level of
environmental performance, which is based on thed mount of produced carbon dioxide over a
year and per square meter. Figure 24 illustrateslitierent scales that have been used in France fo
assessing the energy and environmental performari@building. In France, the energy performance
of the building office of the 1980’s is estimatddta7 kWhyr.m? (SINTEO; 2011).
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Before starting the last part of the energy impmeat of a building and the analysis of the différen
possibilities, let’s focus on the limits and weasses of this kind of energy audit.
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As all the methodology, this study introduced ploiisies of making an energy audit. Nonetheless,
that is not a perfect methodology. This one wateteand improved during fifteen energy audits of
commercial buildings in order to try to understacatrectly what would be a way of making
sustainable an existing building. This study waspsuted by the collaboration of the company Sinteo.
However several mistakes could happen during teegarts of the energy audit.

Data collection:

In the great majority of cases, the data collectippears as a crucial step of the energy audigusec
the collected documents would be considered asremdfes. However, sometimes important
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documents are missing causing the establishmemgpaitheses. These ones are compulsory but could
reduce the accuracy of the models.

Walk through visit:

During the onsite visit, many parameters can cauadles for modeling the building and collecting
data. Basically, some documents could be considaesecbnfidential, so it would not be possible to
collect them. In other times, some rooms are gedlifs confidential or are closed so it is impdssib

to visit them. Thus hypotheses are considered sedan collected data form description and
interviews.

Interviews are also other sources of mistakes. alstusometimes false information is given during
the interviews. This situation can be the resuilngdunderstanding of the occupants of the sitdat t
can be intentional. If the technical manager da#snvant to reveal details about the systems thdystu
would be once again based on assumptions causokg ia accuracy. Furthermore, the biggest
problem during the onsite visit is the lack of timiethe occupants. Basically, the energy audittbas
occur without compromising the activity of the tateso they would not take a lot of time for
revealing information.

Finally, the last problem that occurs during thsitvonsite is the estimation of the planning arel th
average occupation for each zone. In fact, therghBens are done at a specific moment that would
be generalized for the audit. Thus analyze is nopgrly done, it would be better to assess thedndo
conditions over a year but the energy audit woalddm expensive for the order.

Design of the static and dynamic models:

During the establishment of the models, analysdbetollected data are done with the accuracy that
has been presented in the two last sections. Farthe, the calculations of the static models are
mainly based on estimations because it is impassbimeasure for instance if each lighting system
works correctly with the same efficiency. Many amptions have been done. That is also the case
when the dynamic model is designed through Desigd&uSoftware for the planning of activity and
the use of the system.

In addition, the software is also making assumggstiemen if it is one of the more accurate tools.
Basically, a difference always exists between tiergy consumptions of the dynamic model and the
real building. That comes from the assumptions tltloel schedules but also about some technical
aspects like coefficients of performance. Anywayseems impossible to improve the model because
of the fact that Software does not allow improvitsgown codes. Finally, the results would be adl th
time different for a same building if different seére are used that is why it was decided to coepar
the results with monthly energy bills.

Models validation:

The validation of the models appears as the lagtces of errors. As it was said before, it has been
chosen to validate the models thanks to the engitigyand so the real consumption. Nonetheless, in
some cases the energy bills were not collectedusecaf the tenants who do not want to share or do
not have it. In that case the model is validateshkis to the benchmarking. Benchmarking is based on
the collection of data and results of validatedrgneaudits. It allows the comparison with other
commercial buildings of the eighties. Such a taad 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 bepprty determined because it results from the
combination of many parameters that have been miexten the last sections. Such a kind of audit
would be improved by measuring correctly each patanon site over a year.
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As it was introduced during the part 5.4.1, benatking can be considered as an efficient tool for
validating a model if some data miss. At Sinteorenthan 800 commercial buildings have been
audited, as results a large amount of data has dwletted offering the possibility to design tools
validation.

For instance, tools for comparing energy consumpfer year and square meters have been
developed. Other ones were considered for makiognaparison between the spreading out of the
energy consumption between the different fields Qboling systems, Heating systems, Ventilation,

Lighting) for different commercial buildings.

Finally, the following figure introduces a benchikiag tool, which compares the heat losses between
a studied building and the average results of mglaf different periods. Then, benchmarking is

getting more and more accuracy due to the fact nkat data are collected continuously over the
weeks.
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After validating the models and making the energyabces, analyzes and interpretations allow
identifying the source of the energy consumptidktsthe same time, the dynamic and static models
have to be considered as references. In fact, dit&grmining the potential improvements, new
simulations would be done. Thus, a comparison thighreferences would identify the energy savings.
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The main target of the energy audits is to iderthyy weaknesses of the building and the main seurce
of consumptions for retrofitting them. Basicallyl, @/er the energy audit and owing to benchmarking
and simulations, several points have been higldlsis source of consumptions. Sometimes, that is
due to the building envelope; other times the ratijuh of the HVAC systems or the occupant
behavior. Thanks to the simulations and the desifitbe different models, the understanding of the
building increases to lead to the determinatioaroaction plans.

Actions plans are the final step of the energy tautihave to be considered as the results of the
analyses and the identification of feasible sohdiavell adapted to the studied building. Energy
breakdowns are available after the energy audies&Higures allow the identification of potentidl o
energy and costs savings for the main outlayshétsame time, the aim of the actions plan is tatpoi
out the workable improvements of the building. tdiéion, the proposed solutions have to be in ad
equation to the life cycle of the building.

The following figure was introduced in 2011 by t(ABEME. As it can be seen on it, office building
of the 80’s have been retrofitted but not refurbtihAs a result, if some improvements like lighting
equipment or heating systems have already beemetathe great majority of the office buildings of
the 80’s must be renovated. Nonetheless, befongopgiag solutions, the life cycle of the buildings
could be evaluated in order to know if renovatioojgcts are already expected or not. For instance a
cost-efficient solution is to develop an actionsesue that would be implemented during a scheduled
work phase on the building.

F

Furthermore two kinds of solutions have to be driteed due to the desire of the building owner. In a
first time, retrofitting solutions must lead to lost return on investment (R.O.1) in order to betco



efficient for the building owner. Then, it has sspect the Grenelle de I'Environnement and itsetigrg
of an energy reduction of 38%. The decision of itineestors and makers would fluctuate by the
relation between the qualities and necessitieshef groposed actions, their R.O.l, the technical
feasibility or the impact on the current activitiitbe tenant. Besides, this last point is quite dntgnt,
because the refurbishment of an existing builds@ ireal financial market, all the actions need to
produce benefits and minimize cash losses, alsm#ie points of a renovation plan have to do not a
cause a shortfall in terms of renting. (LES ECHQ12)

After that, the main target of the actions planoigntroduce recommendations to make the building
sustainable. To succeed in this target, the suggsshave to offer an assessment and an estimaition

the potential energy and cost savings. Also the mwironmental performances have to be
determined.

1% #'

As soon as solutions are identified, the costsemmatgy savings can be estimated. There is not only
one solution for determining the energy and costingg. Basically, the solutions are adapted
according to the investment program of the buildowner taking or not into consideration the
increase of the energy rates. In the great majdiigse ones are assumed constant in order to stay
partial. At the same time, the cost of the actisrdependent on the price of the suppliers.

For each suggestion the following parameters arsgnted:

Investment ;

Energy savings ;

Global costs investment ;

Payback period ;

Global impacts on the building behavior.

Furthermore, all the suggestions are compiled &ggi which are based on the building envelope, the
HVAC systems; Water consumption, IT systems andhting equipment.

Energy savings are totally depend on the choicth®fsuggested technologies, its efficiency and its
use that is why all suggestions are presentedetdtiiiding owners with a technical description and
many advices in order to make them aware aboutfdbe that occupant behavior are causing
fluctuation in the energy consumption.

All the gains are then determined by using the rsodeat were validated and considered as
references. Then the comparison is done betweerefaence building model and the result of the
simulation for a specific suggestion.

At a final stage, a scenario is determined by coimbiall the suggestions for respecting le Grermile
the low R.O.I project. (More examples are availablpart 7 of this report).

At a final stage, the energy consumption over a peasquare meter is calculated and compared with
the reference one, which is the current level ofgumance of the building. Figure 27 illustrate the
final comparison between the current state of ddimg and its improvement after le Grenelle
scenario.
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Let's now introduce the most common suggestionshthge been proposed to the property owner.

1( "

As it was said before, there are mainly two kinflaaions for improving the energy performance of
an existing building. The first case is those atgjovhich allow getting a low R.O.I but they ard no
the best in terms of energy savings. In the greajorty of cases, this kind of suggestions is
uppermost put in place.

Then, the other main actions are based on higimdiahinvestment with partial or total disruptioh o
the activity of the building. None the less, thsuleleads to a real improvement of the performance
terms of energy and G@missions.

Sometimes, there is opportunity to reduce consatyure energy consumption of a building without
investing a large amount of money.

The following figure shows the different main cagbat can be encountered during the actions
scheme.
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Thanks to the high number of energy audits thaehzeen done at Sint(800) and also during this
master thesis (15)t has been possible to analyze the energy bowakdf existing building of th
commercial sector of the 80’s in France. A publaahas been done for five months and is illustt.

on figure 29ADEME IDF; 2012.
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Finally, by considering the results introduced igufe 29 it is possible to present the most com
actions that have been suggested inactions plans. Basically, thereaslarge amount of potenti
solutionsthat is why it has been chosen to introduce thet masmon actions for each field of t
figure 29.

Heating Systems production
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Cooling Systems:

As it has been introduced for heating systemsVR¥ is well adapted for replacing cooling systems.
Other actions are mainly based on the replacenfdmai pump systems. After that, the main action
consists in replacing the refrigerating units byare efficient one based on a scroll compressds Th
action can be suggested due to the efficiencyetthrent system but also because of the refrijeran
Actually, HCFC are now forbidden.

Ventilation Systems:
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Control Systems of the HVAC:
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Building Envelope:
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Finally, according to the considered site, the sstjgns about the development of renewable energy
systems happen. There is no major action becausteoffact that each building is different.
Nonetheless, photovoltaic panels and solar thewouobéctor are studied to determine if there is a

sustainable opportunity.

As it was introduced over the last six parts o§ tt@port, the energy audit is a real tool for asings
the energy and environmental performance. Yetetii@mot an only methodology to do it and to

establish its validation.

Each project depends on numerous factors that eaptimized or not. At final stage, all the results
introduced in this report are parts of possib#iteand should not be considered as the solution.
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As it was introduced in the part 2 and 3 of thigdgt the sustainability of a building is mainly bds

on the performance of its systems. Nonethelesedbepant behavior causes important fluctuations on
the energy consumption that is why in France maniipas can be done to make the people aware
about the necessity to manage correctly their systand adapt them to the building performance
instead of their own needs.

Further solutions are available. First of all, theare the certifications for existing buildingselik
BREEAM in use (BREEAM; 2012), HQE exploitation (AGSQE; 2012) or LEED for existing
building (LEED; 2012). These certifications areqmeted on the website indicated in references. Both
of them offer a double assessment of the buildlig first focus is done on the management of the
building then there is a technical assessment@ifollowing fields:

Thermal comfort ;
Energy ;
Transport ;
Material ;

Water ;

Wastes ;
Pollution ;
Improvements.

These certifications are not the only solution. ualy, there are other certifications like Greeglti
(ETAP; 2009) which is a certification assessing ppeeformance of the lighting equipment. Basically,
the sustainability of a building can be based an development of an adapted management. This
solution needs to establish a board allowing theskbpment of policies. These policies are based on
five main points, which are the management of tldew the thermal comfort, wastes, health of the
occupants and the durability of the building.

Then after getting the results in terms of perfarogg the board has to determine the way that would
be required to be able to follow the suggestedastiSuch a process guarantees the respect of the
actions plan and a sustainable use of the building.
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After presenting the methodology that have beelovi@d for the last four months, this report has
introduced the process of the energy assessmanbuifding in order to be able to establish itsrgpe
breakdown that leads to the determination of aiv@asplan.

The following part of this report is composed aftanmary of an energy audit for an office building
of the 80’s. As all the energy audit reports arefickential, the following part would introduce and
illustrate the methodology that has been explaitmedugh this thesis. In addition, each report that
have been written at SINTEO is composed of more 6tapages, that is why it has been chosen to
sum up each important point in order to focus @riost interesting aspects.

3" 8 &

The studied building is an office building built #8988 so just before the establishment of the R.T
1988. The building is located in the North of Frarend it is composed of two parts, which are
occupied by five different societies.

The building owner is one of the biggest FrenchlEstate Group. The visit was done in April 2012
in presence of the property manager and the teghrésponsible. All the documents were collected
before the walk through audit.

( ) )% )

After analyzing the collected data during the ansisit, it was possible to determine the flooraare
spreading out. Basically, for this study the buitgliowner wanted to get an overall analyze of the
current situation of the building. Following thisssgnment, it was essential to consider all thegsne
consumption of the tenants that is why all thesbilbout the electricity and water were collected.
Furthermore, the scope of the audit was fixed ¢ostindy of:

Heating and cooling systems ;
Ventilation;

Hot water;

Water consumption;

Lighting equipments;



Building envelope ;
Energy contracts ;
Specific uses.

3 % )

Thus, the total floor area of the building is 3 1#. The following figure illustrates the spreadimgf
of the area between the different activities. Asait be seen on it, the office activity represantsind
75% of the overall area of the building.

)

Over the visit of the building, several intervieasnfirm the fact that no refurbishment were done
since the construction of the site in 1988. In &ddj the building is not respecting the R.T 1988.



Much information was collected thanks to the buigdimanager and the walk through audit. Thus, it
was possible to determine its insulation leveltfar different parts composing the building.

Building Characteristics Uvaive (W/m2.K)

component

Wall type 1 The wall is not insulated and composed of 20 cm Bf= 3,02

concrete with tiled wall.
UrT 2005= 0,36

Wall type 2 The wall is not insulated and it is composed ofcgd U = 2,55

of concrete with coating.
Urt 2005= 0,36

Wall type 3 The wall is composed of 20 cm of concrete, witm® dJ = 0,59

of wool stone and 0,13 cm of plasterboard.
Urr 2005= 0,36

Wall type 4 The wall is composed of 4 cm of anti sun glassnigci U = 0,54

5 cm of wool stone and 0,13 cm plaster board.
Urr 2005= 0,36

Roof The roof is composed of a coating of oil-bearing, 2J = 0,35
cm of concrete, 8 cm of stone wool and 0,13 cm of
plasterboard. There is an internal insulation. U Rt 2005 =0,27

Floor Floor is composed of 30cm of concrete witholt=1,77

insulation.
UrT2005=0,27

Windows The windows are composed of double glazing 4/8M4= 2,73
with an air blade. Frames are in aluminum without
technologies to avoid the thermal bridges. Urr 2005 = 2,10

% | % )

In addition of the table 10, the pictures beloweofin overview of the buildings.
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As it appears on the figure, the energy performasfcthe walls is really low. All of them do not
respect the targets of the R.T 2005. At the same, the floor is not insulated causing a low egerg
performance. Finally, the windows exceed the legglired by the R.T 2005. Finally, the building is
not really insulated. An investigation would beuiggd to improve the building envelope.

This investigation would be important because efitifiormation emphasize by the figure 34.

0: % #)# %) #

Actually, the orange line illustrates the requididtribution according to the R.T 2005 whereas the
blue line shows the distribution of the buildingedRiting to the figure 34, the building seems to be
subjected to heat losses due to the high surfagénofows on the Northern and Eastern facade. The
dynamic model would have to confirm these hypotbese
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After collecting information about the building extepe, the study focuses on the HVAC systems and
other technical equipments.

Electric distribution:

The buildings have two switchgear cubicles at eficbr 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 differersteays. First of all, an electric boiler of 60 kW
produces hot water for the radiator of the partfAhe building. Secondly, electric convectors are
present in the common corridors and in the offmigsart B of the building.

% )

This technology is not controlled. All the convest@are working 24 hours a day from October to
May. In addition, there is a total of 75 systemgIafv.

The overall installed power of the heating systerastimated to 210 kW.

Then hot water is produced by the electric boikat tsends it to the radiators of the part A of the
building. At the same time, the 60 kW boiler is uleged by an outdoor temperature sensor. The
system was installed in 2000. The set points af€ I#nhd 22°C, which seem well adapted to the
outdoor conditions. The boiler is working from 8:80/ to 8:00 PM whereas the activity of the
building is 9:00 AM to 5:00 PM. As a result, impamt energy savings could be done in the field of
regulation.



Cooling system:

On site different split systems are available. Doglers are set up on the roof of the building.mhe
there is no control system on the equipment. Tleeipants have to switch on / off it without using
planning. The coefficients of performance are thiboving ones for the systems, CREP= 2,9 and
COR,, =2,6. The systems are using R22 as refrigerante@sehis one is now forbidden and it has to
be changed before 2015. The overall power is 35Kh&.set point is 25°C.

Ventilation system:

There is no handling unit in this building. The tition is provided by natural ventilation and a
sanitary extraction.

Hot water production:

In this building the hot water is produced by acalation balloons. These ones are electric systems
and are available in each toilet. Their capaciies 150L and each one has a power of 1,8 kW. The
production starts as soon as the balloons are erfAptthermore, in this building many water savings
are available. In fact, double flush toilets aré yguin each toilet as mixing valves.

Lighting systems:

Several technologies are available onsite. Nonesiselthe current equipments are not efficient.
Different systems are present according to thevigctof the building. Actually, fluorescent tubes
(4*18W) are present in the offices, the privatericars and the open space. Then fluorescent tubes
(2*36W) are present in the archives zones, techrzicaes and the open space. All the fluorescent
tubes are combined with ferromagnetic ballastsnTiheandescent lamps are present in the toilets.

There is no control system as presence or ligla@snAs a result, all the lamps need to be switche
off at the end of the day.

Other:

There are many computers in the building, aroupérloccupants. Furthermore server rooms are also
present. In addition, the analyses of the energyraots showed that they are well adapted to the
building.



Finally, there are many potential ofimprovementst tbould be done in order to make the building
sustainable. For instance the lighting equipmemntctcbe replaced. Also, as the building envelope the
different equipment of the building are not preedrtigh energy performance. Besides, the choice of
an electric boiler is not sustainable. The cool@ygtem is very old and needs to be changed. In
parallel, there is no control system for the gmaajority of the building equipments that is why the
putting up of this kind of technology would be ampiortant energy saver.

Then using the developed tools that have beendated in the last parts of this report, the diffiére
energy consumptions have been determined and atatidynamic models have been established.

3( &

As it has been explained in this rapport, the dyinanmodel is established and validated thanks to the
energy bills and the results from the static mo#éelsoon as the model is validated, it is posdible
determine the annual energy losses.
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On figure 47, it is shown that the renewal of fraghcauses the main part of energy losses. Thiges

to the building envelope that has important weakegsn terms of air tightness. Then, the energy
performance of the windows is low confirming thepbthesis of the first part of this report. Walls
losses are also important due to the lack of itismaThe ground losses are really important too
nonetheless it would not be possible to reducedahbse of the impossibility to insulate it.

After that the same analyze was done with the hatg and the cooler day of the year in order to
confirm the last findings. The results valid theessments, in fact the leaks of the building erpeslo
cause important losses. The suggestions of thensgtlans would have to focus on this improvement.



After that, it is essential to analyze the energyng in order to identify pontial sources of
retrofitting.
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Figure 48 shows the spreading out of the energysgaim the building. As it can be seen, the ligh
equipments provid87% of the energy gains. This result confirms fgitting techncogies are not
adapted to the building, it would be important éplace these technologi The others sources ¢
respecting the average of the office building &f 80's

3.,

After validating all the models, it is possible get the results itorder to be able to analyze 1
situation and introduce actions ple In this case study, the considered building hagtsebenerg
and environmental performances than the averageyalf existing office buildirs of the 80’s.
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The buildinghas better performances than the average of thdinms of the 80's because of lack
air handling unit. Basically, there is no real éoglsystem, only some split stems are available.
Furthermorethe important gains from the lighting system caa reduction of the needs in terms
heating. As a result, the energy consumption ieiavan the avera one.In terms of environmenti
performance, the building is also below the Freacérage. Tis result can be explained by the f
that the boileronsite is an electric one. In France, the eletyris the be¢ energy in terms of
emissivity of carbon dioxide baase of the nuclear producti



Also, as it was explained before, the results ammpared withthe benchmarks that have be
developped (cpart 9 of this report). Due to the lack of regfion the energy consumption of 1
heating system is higher than the average. Alsat ass expected the energy consumption of
lighting systems is higher tdbat is due to the low energy performe of the equipment. A relampil
would be necessary to improve the building perforoa:

$8
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The overall energgonsumption is arourn52 k€. In addition, the heating systems are the maiincs
of energy consumption thit due to threparameters:

The building envelope is not efficiedue to the absence of insulatifthe R.T 2005 is not
respected) ;

The heating systems are provided iectricity, which is more expansive than the natges
There is no regulation and control system on tleatgmajority of the HVAC systems (elect
convectorsare working 24H per da

Then, the lighting equipmengsesent 14% of the energy consumpr It would be really important t
find a way of reducing this consumpti
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Table 9 illustrates the different consumption facte field of the building and the correspondingtcos
As regarding this result, many efforts could beelonorder to reduce the high energy consumption.
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In order to offer an overview of the methodologyradluced 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 werensidered. In a first time, the suggested actiors ar
based on a light scenario enabling the buildingewa refurbish the property without compromising
the activity of the tenants. In a second time, a@oscenario was considered by investigating soisti
that required the interruption of the activity byorking directly on the base of the building.
Furthermore, in order to be able to determine tivestment and the energy savings. Developed tools
were used as seen on appendix 5, which offersva eigdifferent of them. In order to establish the
costs of the actions, tools were developed at &ifiteey are based n collected data from the teahnic
suppliers.

Let’s now focus on the actions plans of the différgcenarii.
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Finally by combining all these actions, the eneaxgyg environmental performances of the building are
increased. The building is now at a level D withesergy consumption of 218 k\A#m2.year. At the
same time the carbon dioxide emissions are redbged4% to 10,3 kgCO./m2.year. Then, the
energy bills is reduced by 28% for an overall it of 65 € /m2 (exclusive of tax).
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In a second time, the actions for Le Grenelle Séenavere determined and investigated in order to
reach a 38% of reduction.
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By respecting this scenario, the building wouldayothe way of sustainability. Basically, it would
reduce its energy bills by 38%. In addition, threergy performance would be improved by 51%
reaching a level of energy consumption of 179 kM2.year. Thus it environmental performance
reaches the level B with a performance at &g, .m2.year. All, these results enable the buildmg t
respect the Grenelle targets (38% of energy pedoom improvement). Furthermore, it would be
possible to develop other actions plan in ordemtake the building sustainable but due to the
economic situation the building owner would notpexs the suggested actions.
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With the main part of the park of existing buildg@ffices of the 80’s need to be considered as the
focus of the French government action’s in termsreaifofitting for commercial buildings. The
refurbishment of this kind of buildings can be arse of important energy savings. Furthermoref as i
was explained the balance between the environmentadies (Grenelle environnement, R.T 2005)
and the building owner intentions have to be foumarder to establish an adapted methodology.

Even if the great majority of the buildings preseatmmon characteristics, each of them is different
due to the present systems, their regulations aodpants. Also, in order to be able to compare them
it is essential to try to establish a methodologyg &ols supporting the energy audit. As it hasbee
presented in this report the energy audit is a pmivool that needs to be improved and adapted for
each case because there is not a perfect methgd@stablishing models and tools for different case
studies, we tried to assess the parameters thattbave investigated to make a building sustainable
and at the same time emphasized the parametaigesdhat can lead to errors. The introduced models
are not the perfect solution and it should havieetamproved.

Besides, the validation of a methodology is basethe analyses of collected data and the estalllishe
models but these ones are the results of hypotbesisproximations. An energy audit can only offer
an overview of the situation of a building at adfie moment. In this condition, the improvement of
the methodology is not only depending on the ass&ssprocess, the data collection or the system
but also on the measurement process. We can altbadtyabout another process for collecting data
that would be longer in time (several months) borenaccurate. Furthermore, the models are based
on calculations for the energy fairs, the heatdf@encoefficients; also one could have to spendemor
time on the determination of these parametershétstime time, the choice of the software is also a
source of errors because of the fact that simulatad the same building with the same input data bu
with two different energy programs does not leathtoexact same result.

As a result, the energy audit is a precious toeetaon important source of errors. Nonethelessialue
the balance between environmental policies andnbases it offers the possibility of establish the
energy breakdown of a building. Then, as it hasilmeglained the analysis of the results leads to an
investigation process allowing the identificatidintloe actions that would provide sustainability.t,Ye
the sustainability of a building cannot only beidated by the improvement of its performance in
terms of energy consumption and carbon dioxide soms

With an average level of energy performance of AWHg/m?2.year it seems quite important to
encourage the development of green management.bdhisl one would work on making people
aware of the importance of improving the way told@a building to go from grey to green. Such an
improvement can be done thanks to the developnierdroplementary tools based on benchmarking.
These kinds of information refine the analyzingqass.

Finally, the boundaries of the energy audit haviegd@orrectly defined at the beginning of the study
order to fix the expectations in terms of studgutts and sustainability. All these parameters teaal
development of a better control of the energy comgions in the existing building field. An
improvement of this study would be the developna tool more accurate but that would require
more investigations and the establishment of pgasethat would minimize the potential errors of the
current study.
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This appendix gives an overview of the used toat tomposed the static model. As it has been inted in the report, a static model has to be
established during the energy audit. Basically,soaiculations are more accurate by computing ggmeadsheet than simulating them. Actually, fer th
lighting, we know the great majority of the equipthand its spreading out. This is due to the watkugh audit that allows the data collection.
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As it was done for the lighting equipments, it @sgible to use a static model for determining thergy consumption of the IT system. Basically,itiput
data are the characteristic of the present comp(pemwer, schedules...) and the number of unities.



II% n ( 1

The final step of the establishment of the statiedeh is a spreadsheet that determines the enengyupwtions for each system. After that, the
corresponding emissions are determined. Then, bglance of the different energy fairs it is possitd determine the energy costs of a considered
consumption. Finally, the model enables us to dater the energy and environmental performanceeabtlilding.



