Integrated analysis of bioclimatic building design in three climate zones in France

Integrated analysis of bioclimatic building
design in three climate zones in France
Jean Chaneac

Master of Science Thesis: 2012-124
KTH School of Architecture and the Built Environment
Department of Civil and Architectural Engineering
Division of Building Service and Energy Systems
SE-100 44 STOCKHOLM

Integrated analysis of bioclimatic building design in three climate zones in France

Master of Science Thesis: 2012-124
KTH School of Architecture and the Built
Environment
Integrated analysis of bioclimatic building design
in three climate zones in France
School of Architecture and the Built Environment
Department of Civil and Architectural Engineering
Division of Building Service and Energy Systems
SE-100 44 STOCKHOLM
Jean Chaneac
Approved

Examiner

Supervisor

2012

Ivo Martinac

Ivo Martinac

Commissioner

Contact person

ABSTRACT
At a time where the planet is facing one of its major global crises, re-thinking of systems in
every sector is needed. In the field of energy at its global meaning, various ways of action are
considered. In this context, housing sector represents a key point of new conception of our
society. Nowadays buildings are no longer considered only as designed housing “objects”.
Comfort, consumption, environmental impacts are part of the words which appear utterly
linked to every single building. Thermal behaviour tends to be as much important as
architectural and structural concerns. Indeed, energy savings have become one of the most
talked about parameters of a building. Through this paper, key parameters of a building will
be compared in order to obtain the most effective houses depending on their location.
Nevertheless, comfort will be studied too because of its increasing importance in modern
society. The results will be obtained according various aspects: technical ones, environmental
ones and financial ones. For all those houses meeting the French standards, similar
comparison will be made. Thus the approach will not be organised one house after another but
through the impact of one parameter after another to draw the final comparison between the
three houses according to the same parameters.
Keywords: energy consumption, CO2 emissions, sustainable systems, bioclimatic buildings.
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ABBREVIATIONS/GLOSSARY
LCB
TLA
TNFA
TGFA
HPE
THPE

Low Consumption Building (BBC)
Total Living Area (SHAB)
Total Net Floor Area (SHON)
Total Gross Floor Area (SHOB)
High Energy Performance
Really High Energy Performance

High Floor

Ceiling (in case of lost attic) or roof of the upper heated space of
a building
Floor between two floors of a building, for ex. suspended slab.
Bottom surface of the heated volume of a building
Wall part of the insulated outer shell of a building
Wall dividing two rooms
Attic which is not used for living, insulated on its floor and not
by the roof
Empty space between the ground floor and the floor (not a
basement)
Roof which can be used as a terrace, which is to say able to
sustain weight

Intermediate Floor
Low Floor
Outdoor Wall
Indoor Wall
Lost Attic
Crawl-Space
Flat Roof

RT 2005
Guardrail
Cep
Ubat
Tic
Specific Electricity

Thermal Regulation of 2005 (French)
Maximal value of an indicator of the French Thermal Regulation
giving a minimum required level of thermal performances
Conventional energy consumption of a house
Indicator characterising the thermal performance of a building’s
outer shell
Conventional indoor temperature quantifying the comfort of the
house during summer
The electricity for housing devices as a washing machine, a
computer, a TV monitor but not the electricity for the energy
systems (pumps for hot tap water etc...)
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I.

INTRODUCTION

In 2010, the final energy consumption in France was mainly done by three energy forms or
vectors. Over 41% of the consumed energy was coming from oil consumption, 24% was from
electricity as an energy vector and slightly over 21% was from gas consumption [1].
Buildings’ sector is the biggest consumer of final energy in France. 43.2 % of French energy
was used in residential and service sector in 2010 [1]. The second one is transports’ sector
using “only” 31.8% of the total final energy1 [1].
In order to achieve European goals declared and agreed during the Kyoto Protocol, French
governments have enforced laws and standards which aim to decrease by 20% the energy
consumption in 2020. Furthermore, in order to anticipate the new European directive on
energy efficiency which is actually studied by the European parliament and which should be
effective at the beginning of the year 2014 [7], French government has based its buildings
strategy on the zero energy consumption level for new buildings by 2020.
Following the European directive 2010/31/UE of the 19 of May 2010, French government
created the French Thermal Regulation 2012 (RT2012) and the mandatory energy
performance diagnosis [5]. In addition France has engaged itself in the renovation of 3% of
public buildings by 2020 and the reduction by 38% of the energy consumption in the existing
buildings sector by 2020 [6].
In a similar way, several associations were created by a bunch of people from various fields in
order to participate into the improvement of the energy savings and the quality of materials
employed in buildings. The most famous in France may be Effinergie, which delivers labels
BBC-Effinergie equivalent to Minergie (Swiss) or PassivHaus (German). Those labels
concern various aspects of the house but are all created in order to improve the sustainability
of buildings’ sector. Some are more moving towards the renewability of materials employed
and some are more being specific about the energy consumption of a building.
The main untypical characteristic of France is the use of electricity in buildings’ sector
(service and residential). Thanks to its huge nuclear power plants capacity, France has
developed mainly electrical heating systems and electrical boilers for hot tap water as well as
gas heating systems thanks to gas low prices. In 2011, 77.7% of the electricity was produced
by nuclear power plants [3].
The trend today seems to shift to wood and electricity use both for heating and for hot tap
water and no longer gas use in residential buildings. After two years in a row of diminution of
the final energy consumption in buildings ‘sector, the energy consumption has returned to its
2001’s level [1]. The share of energy sources in housing sector is made of gas (33.8%; 1.84%/2001), electricity (30.9%; +25.9%/2001), oil products (17.3%; -29.3%/2001) and
renewable energies (17.3%; +9.3%/2001) [1]. Nevertheless, the panel of energies is enlarging
since sustainable systems are taken into account by the French regulation [1].
That is why thermal design offices are increasingly used in order to conceive the most
efficient buildings as possible.
1

The final energy is the energy consumed by a consumer (a company, a family ...) which is paid by him. The
primary energy is the energy needed to produce the final energy. The primary energy is thus always bigger than
the equivalent final energy in order to compensate yields of the energy chain and losses during transportation. In
France, it is considered that to produce 1 quantity of final energy, 2.58 quantities of primary energy are required.
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I.1 Background
The aim of this project is to give reference points in order to think buildings in a bioclimatic
way.
But first of all, what does mean bioclimatic for a building?
Several definitions exist but I do choose the one following as the one to which everybody
reading my report should refer.
The bioclimatic architecture intends to use the environment, the climate and the country as an
advantage. The thinking of the building is done in a way to optimize the use of its
environment. A bioclimatic building is a building where heating and cooling are mainly done
by the orientation, the solar gains, the natural air flow, and the thermal inertia of the building.
A bioclimatic building prefers to use in a clever way its structural composition instead of
using active equipments as heat pumps etc...
Regulations impose a frame that assures a certain level of performance. The interesting fact is
the liberty remaining in it, allowing various ways of designing a building. Those various ways
follow inevitably the same guidelines or ideas, providing efficient buildings. It is precisely
those guidelines that this paper aims to outline.
Three kinds of buildings are considered under the French regulation: individual houses, block
of flats and service sector’s buildings. Individual houses are buildings where only one family
live. Blocks of flat are buildings where the surface is shared between at least two families.
The service sector’s buildings are buildings used only for services as offices, banks or shops.
The service sector is the tertiary sector which regroups all the buildings which are not part of
the primary sector (exploitation of natural resources as agriculture or mine) and of the
secondary sector (processing of these natural resources as food company or car factory). This
project will focus only on the first kind of building. Henceforth, when the word building will
be used, it will refer to individual house except if it is specified. Moreover, requirements in
order to meet French standards will be as well only taken into account for this kind of
building.
Nevertheless, French regulation will be explained further on and concerning all kind of
buildings. Existing and future labels will be explained as well in order to give a better
understanding of the context of the study.

I.2 Goals
The main goal of this thesis is to outline key building parameters in order to obtain the lowest
consumption possible for a building meanwhile keeping a high rate of comfort. These key
parameters will be part of different patterns.
A building is a complex system which has many interactions with its environment. The
architecture, the design, the energy amenities, the used materials and the management of its
use define intrinsic parameters of a building having consequences on its energy efficiency as
well as on its comfort. Such a variety of parameters implies a really complex interaction
between them.
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Thanks to simulations and studies, this paper tries to underline “key” parameters. Those
special parameters will be chosen as the ones having the most impact on the behaviour of a
building. Among all the possible parameters of a building, only the ones concerning the
“bioclimatic” definition will be taken into account. Moreover, not all the parameters will be
taken into account in order to keep a rather concentrated study.
In essence, every building is unique, all the more reason with “bioclimatic” buildings.
Anyway, this study aims to highlight and find key parameters which will only have to adapt to
every location, certifying nevertheless a high level of energy performance.
The consequences of these “key” parameters will be studied on five levels, in order to provide
a wide panorama of impacts on the buildings. Those levels are namely: energy consumption,
indoor comfort rate, economical, CO2 content and embodied energy values.
Those five different fields will be the ones used to establish conclusion. Indeed, even if
energy efficiency is the most talked about parameter, others as important as this one are
wrongly discredited. Comfort, CO2 equivalent and embodied energy are part of a building
and will have more and more importance in the years coming.

I.3 Method of attack
In order to draw criteria allowing everybody to assess the performance of the building’s
design in terms of energy consumption, sustainability, environment friendship and comfort,
this paper will go through several steps.
First of all, an overview of the French thermal regulation and labels for buildings will be
explained in order to give a better scope of study to the reader and in order to give him clues
of what can be taken into consideration or not.
Then, an individual house model will be considered. This model will have a fixed surface, a
fixed volume, and a fixed scenario of use. This scenario of use simply considers a house for a
certain amount of persons, using the house always at the same time etc...
Once, what will be called model house will be defined, the software Pleiades will be used in
order to dynamically simulate the house during one year. That will enable the simulation of
this model house with the possibility of changing one parameter after another in terms of
architectural design and in terms of outer shell of the building. Thanks to those simulations,
guidelines will be drawn. The software Pleaides has for inputs all the parameters of the house
and it works sharing the building into thermal zones. This will give some information as
indoor temperatures in each thermal zone each hour of the year, yearly heating needs, rate of
discomfort etc...
Then, “identical” simulation will be applied to three different locations in France,
corresponding to three different climates, in order to obtain the best parameters and
conclusion possible for a building likely to be in whatever location in France.
In order to complete this list of guidelines, software called Perrenoud will be used in order to
estimate the conventional consumption of the three ideal houses obtained for each location
after the dynamical simulation according to the French regulation. This software will make
7
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possible the study of the impacts of different energy amenities used in those ideal houses. The
software Perrenoud works in a static way. The building is modelled as a black box and
depending on conventional scenarios, on materials and on equipments, the software will give
us the conventional yearly energy consumption of the building in primary energy. The interest
of this part is mainly to show the performance obtained in each house but it will not be for the
purpose of digging into the field of amenities. A bioclimatic building relies on its structure
and design more than on its equipment.
After that step, an economical study will be made in order to compare a usual house in France
for each location respectively with the ideal houses. Those ideals houses are designed and
thought without any limit of portfolio. This part will be shorter and not realised as a
masterpiece of the report. It is done in order to give an idea to the reader of the cost of such
houses compare to classic ones. It will not give in any case an exact cost of those houses.
Finally, a CO2 equivalent content and an embodied energy study will be realised for each
house. This step will be the last in order to provide a wider scope of information, needed to
establish the best conclusion as possible. As a great part of the environment friendship of a
house, the equivalent CO2 emissions will be calculated for each simulation, i.e. for each
house. The paper will use the CO2 emissions parameter to qualify the quality of the house in
terms of environment friendship. This part will be concluded by an embodied energy study,
with the aim of showing the impact and importance of the energy used while building a house.
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II.

THE FRENCH THERMAL REGULATION – AN OVERVIEW

II.1 Scope of application
The French thermal regulation is divided into three parts which are called RT-2005, RT-2012
and RTex.
The RT-2005 is the former French thermal regulation for new service sector’s buildings but it
is still valid for new residential buildings (which are divided in two parts, blocks of flats and
individual houses). This regulation for new tertiary buildings switched to the RT-2012 the 28th
October of 2011. The RT-2005 will be replaced by the RT-2012 for new housing buildings
the 1st January of 2013. This old regulation has still some importance for this study, as it is the
one in force for the buildings concerned by the simulations: individual houses. It is the date of
the building permit which is important.
For the buildings already existing, whichever their kind is, another regulation is in force,
which is RTex. Hence, every renovation of a building must meet the standards of this
regulation.
Are not concerned by the different regulations:
- Buildings in which the usual temperature of use is under 12°C.
- Temporary buildings (life time of use under two years)
- Farming buildings

II.2 Overview of the requirements concerning the RTex and RT-2012
II.2.1 RTex
Net Floor Area (SHON in French) > 1000 m²
Thermal renovation
works’ cost > 25% of
building value
> 1948
« Global »
RT

NFA < 1000 m²

Thermal renovation
works’ cost < 25% of
building value

< 1948
Thermal Regulation (RT) “element by element”.

According to the NFA of an existing building, two RT ex exist.
When a renovation must meet the RT « element by element », it is in fact criteria of
performance for amenities that must be requested. The amenities concerned are : mechanical
ventilation, opaque walls (as opposed to windows), hot tap water, glass walls (windows, doors
etc...), air conditioning, lighting, heating, and renewable energies use.
9
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Global RT has regulatory requirements on the whole building. An initial state of the building
regulatory consumption must be estimated. This must be also calculated for the new state after
renovation. The conventional indoor temperature for this building must be lower than the
reference temperature (depending on kind of building, area etc...). What it is called in French
“garde-fous”, literally guardrails meaning maximum thermal legal values of parameters must
be as well respected. Those maximum values of thermal performances accepted by the law are
shown in the appendix A. Those indicators have been created in order to guaranty a certain
level of energy performances of every building. Taking all these “maximum values” for
parameters of a house will create the lowest energy efficient acceptable house.
I will not explain any longer this regulation which is not really contributing to a high level of
energy efficiency in buildings compared to the RT2005 and RT2012. Nonetheless a new
regulation for renovation is expected to be created and to come into force the year 2015. This
one should be more demanding.
II.2.2 RT-2012
This new regulation came into force the 28th October of 2011 for service sector’s buildings
and will apply to the individual housing’s buildings from the 1st January of 2013. The date
refers always to the date of getting the planning permission. This regulation enforces
requirements based on the level of performance of the French label BBC (standing for Low
Consumption Buildings) that will be seen later on.
Three requirements of results need to be fulfilled: . energy effectiveness
. energy consumption
. comfort during summer for buildings
with non air conditioning units
The new buildings concerned by this regulation will need to have a thermal study report in
order to grant a planning permission and will need another thermal study at the end of the
construction.
In order to quantify the previous three requirements, indicators are used:
BBio max (in points) is the indicator concerning the energy effectiveness of the building. This
indicator takes into account the needs of heating, air conditioning and lighting (modulated
according to the location, the altitude, the surface and the exposition to noise disruption). This
indicator has to be lower than defined values (cf appendixA).
Cep max (in kWhpe/(m²nfa.year)) is the indicator related to the energy consumption. It is based on
5 conventional usages: heating, air conditioning, ventilation, lighting and auxiliaries
(modulated according to the location, the altitude, the building’s surface and the GHGs’
emissions). The specific electricity consumption is not taken into account on the contrary of
Passiv’Haus. This energy consumption is said conventional as based on choices defined by
the regulation (for example the occupation scenarios are whether short, medium or long and
not corresponding to the real use of the building in term of hours).
Tic (in °C) stand for conventional indoor temperature. This indicator must be lower than the
Ticref , “ref” for reference. With this parameter, the summery comfort is taken into account in
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the building’s energy performance. It is in fact the conventional maximum temperature that
the building could reach.
In addition to those three indicators, other requirements must be fulfilled. Those maximum
thermal legal values or minimum required level are exactly the same indicators than those in
the RT 2005 (in term of role but not in term of values). As an example, one sixth of the living
area must be the minimum area of total windows area of the building. Energy performance
indicators can be seen in appendix A

II.3 RT-2005
The former regulation still in force for residential buildings is the RT-2005. This regulation is
based similarly to the RT-2012 on energy performance indicators which are Cep, Tic and
Ubât. Those sets of initials represent respectively the conventional primary energy
consumption of the building per square meter per year with the Net Floor Area as the surface
of reference; the conventional indoor temperature; and the performance of the outer shell of
the building being the average coefficient of heat losses in W/m².K. In addition to that,
maximum thermal legal values are used in order to check that the building complies with the
law. Those values are shown in appendix A. In this regulation (and the RT2012 as well even
if it has not been said before), France is divided into 8 areas according to historical data
concerning the weather. Those 8 areas are grouped into three main areas: H1, H2 and H3. H1
is the area where heating is most needed and H3 where summery comfort must be looked at
carefully.
Each area has a multiplicative
coefficient named a, used in the
calculation of Cep.

Figure 1.1: Climatic areas of France
Images’ sources: Wikipedia and
http://philippe.berger2.free.fr/Bois/Ressource/Cartographie/cartographie.htm

Figure 1.2: Multiplicative coefficients linked to
France’s climatic areas

The conventional primary energy consumption of a building Cep is modulated as well
according to its altitude by an additive and multiplicative coefficient named b. Under 400
metre high, b is equal to 0, between 400 and 800 m high it is equal to 0.1 and above 800 m
high it is equal to 0.2 (cf appendix A).
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In order to be within the standards, Cep should be lower than a maximum calculated thanks to
the maximum thermal legal values and depending on the location of the house. The Tic
should be as well lower than the Tic of reference. Ubat should be better than the maximum
authorized, depending as well on the location, the kind of used materials and the kind of
building.
Finally, every parameters of the house concerned must be lower than the maximum thermal
legal values defined in the RT and shown in appendix A.
This regulation is being checked by verifying random houses and their planning permission. It
is not needed to obtain a planning permission but it is compulsory to have made this
regulatory study once the house is built and to be complying with the levels of performance
written in the regulation.
This regulation is the base for the label BBC standing for Low Consumption Building.

II.4 BBC-Effinergie
Effinergie is an organization which aims to federate all the actors of the building’s sector in
order to promote the energy performance and to develop tools and frame of reference for new
and renovated buildings.
This association has thus created labels similar to the existing ones in Germany - Passiv’Haus
and in Swiss – Minergie. The French label BBC-effinergie (standing for LCB-effinergie, Low
Consumption Building) is based on the RT 2005 with higher requirements in term of energy
efficiency. The RT2012 is based on the levels of performance of this label. This label will
disappear in 2013 with the apparition of the RT2012. This label will then become BBCeffinergie+ which will be based on the future RT2020, what is to say based on zero energy
used buildings.
In order to comply with this label, a lot of requirements for materials and equipments exist.
All those requirements can be seen and explained in the CPT of Promotélec (Technical
References Catalogue of the certifying organism Promotélec). For example, all material
should be under a valid ATec (technical assessment) or Pass’innovation (innovative pass)
provided by the CSTB or under an ATE (European technical assessment) provided by a
certifying agency under accreditation of one of the European accreditation organization (for
example COFRAC in France, SWEDAC in Sweden, DAkks in Germany), members of the EA
(European co-operation for accreditation). Requirements for equipments concern their
performance and the warranties of those performances. Those parameters must be as well
certified by accredited organisms.
The main criterion of this label is the Cep max which is the maximum admitted conventional
primary energy consumption per year per square meter of NFA –“RT”. This NFA “RT” is the
NFA where it is added the surfaces included in the heated volume and which were not
included in the NFA. For example the surfaces of an attic where the ceiling is lower than 1.8m
are taken into account in the NFA “RT” but not in the NFA. The base of this Cep max is 50
kWh/m².y modulated according to climate and altitude. The five regulatory uses are taken into
account (heating, hot tap water, lighting, air conditioning and auxiliaries).
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The second criterion is Ubat which is an indicator (in W/m².K) of the performance of the
outer shell of the building in term of thermal losses. This Ubat should not be higher than the
one of reference depending on the design, the location and the materials of a building.
The third criterion is the Tic, conventional indoor temperature, studying the summery comfort
and which should not be higher than the reference one.
Finally, as based on the RT2005, a building with the aim of obtaining this label should
comply with all the maximal thermal legal values. Nevertheless, this label does not exist any
longer for tertiary building due to the introduction of RT2012. Moreover, the label BBCEffinergie is now possible to obtain for residential buildings only complying with the
RT2012. This possibility will disappear at the same time than the disappearance of the label
BBC-Effinergie, which is to say the 1st of January 2013 when the RT2012 will come into
force, cf appendix B.
Different levels of energy performance are shown in appendix A for new and renovated
buildings.
Following the introduction of the RT2012, an evolution of this label is announced. It is
already called BBC-Effinergie+ and has for background context, energy performances based
on zero-energy consumption buildings. This label will be obtained complying with the
RT2012 and will anticipate the RT2020.
Others LCB labels not as famous as BBC-effinergie exist in France as BBC-Prioriterre which
has higher requirements of the sustainability of used materials and systems than of the energy
use and efficiency. A life cycle analysis is there needed for this label.
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III.

DYNAMICAL THERMAL SIMULATION – PLEIADES

In this chapter, all the calculations have been made thanks to the software Pléiades+Comfie.

III.1 Definition of the model house and chosen areas of study
In order to establish a comparison and to draw typical features of a high energy performance
building, a model should be created.
First of all, the model house is a typical dwelling for a family of 4 persons. Its total indoor
floor area (total gross area minus the area of the outdoor walls) is 120 m², for a volume of 300
m3. The NFA is about 103 m² and the TLA is about 96.5m². The arrangement of pieces is let
free but typical rooms are conserved: 3 bedrooms, one park space or garage, one living room
which can include a kitchen, one or two bathrooms, one or two toilets and one cellar. The
permeability to the air of the model house is 0.6m3/h/m²walls+roof under a pressure of 4 Pa2. The
scenarios of occupation and internal gains will be the same except for their length (in days in
a year) according to the location. The heating and cooling set temperatures as well as the air
flow for ventilation will be the same. From the conventional scenarios exposed in the RT2005, the ones used in this study are:
Hea ti ng s et poi nt Cool i ng s et poi nt

Weeks

Occupa ti on

19°C

28°C

Al l week

Innoccupa ti on < 48h

16°C

30°C

Week ends out 4-8-18-24-36-44
Hol i da ys

Innoccupa ti on > 48h
7°C
30°C
Figure 2.1: Parameters and Scenarios of the model house
Week da ys

Occupa ti on Pers ons
7-8 & 20-21 h

3

Li vi ng room - ki tchen 8-9 & 18-20 h

4

Ba throom

Week-end occupi ed
Li vi ng room - ki tchen

21-23 h

2

7-8 & 20-21 h

1

Ba throom

23-7 h

2

Bedroom fa thers

Bedroom fa thers

1-12-30-31-52

Occupa ti on

Pers ons

9-10 & 20-21 h

3

10-12 & 18-20 & 21-22 h

4

22-24 h

2

9-10 & 20-21 h

1

24-9 h

2

22-9 h

1

Bedroom chi l d
21-7 h
1
Bedroom chi l d
Figure 2.2: Scenarios of occupation of the model house
3

a l l the res t

3

Fres h Ai r fl ow ma x (m /h) Weeks Hol i da ys

Extra cti on Ai r fl ow (m /h) Weeks Hol i da ys

Li vi ng room - ki tchen

60

8

Li vi ng room - ki tchen

90

8

Bedroom fa thers

60

8

Ba throom (x2)

30

8

Bedroom chi l d (x2)

30

8

Toi l et (x2)

15

4

Tota l

180

32

Tota l
180
32
Figure 2.3: Air flow ventilation of the model house

Li ghti ng
7-9 & 19-24h
Figure 2.4: Scenario of lighting of the model house

Concerning the heat recovery ventilation, the air flows are determined according to the
ministerial decree of the 24th of March 1982 modified the 28th of October 1983. The air

2

The use of 4 Pa instead of 50 Pa can be discussed, as it is done into the paragraph V.1.Limits
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infiltration is around 0.17 vol/h considering the model house protected against the wind in a
medium way (small towns) according to the EN 137903.
Similarly, internal gains are considered the same whatever the place the model house is
studied in. For details, please refer to appendix C. In the same way, solar horizons are
considered the same for each location and are as shown below on the solar path of La Bresse.

Figure 3: Solar horizon shown on the La Bresse solar path

Used materials may differ according to the location of the house as well as energy
equipments. The energy performance of the house is at least Low Consumption Building as it
is defined in France seen previously in this report (BBC-Effinergie).
As it has been exposed previously, different climatic areas exist in France. Hence, the model
house will be transposed in three different areas, namely H3, H2b and H1b, corresponding
respectively to the weather in Nice, La Rochelle and Nancy. Different altitudes are taken into
account as well in order to obtain various base temperatures.
Three locations are then chosen:

Figure 4: Map of France with the three locations of study
3

The EN 13790 takes into consideration the height of the building, the exposure to wind, the kind of mechanical
ventilation (with or without heat recovery), the air permeability under 50 Pa of the building, the volume of the
building and its “heat loss walls” (except the low floor) area.
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The first one is the city of Nice, on the coast at an altitude of 50m, in the South East of
France, in the climatic area H3 where the base temperature is -2°C. The soil is generally
chalky in this region. It is considered that the model house is built here on limestone and
chalky soil [4]. The site coordinates are 43°39’0” N and 7°12’0” E.
The second one is Châteauroux, in the centre of France, at an altitude of 150m, in the climatic
area H2b, where the base temperature is -7°C. In this centre region, the soil is mainly
composed of clay [4]. The site coordinates are 46°48’37” N and 1°41’28” E.
The third and last location is the city of La Bresse, in the North-East of France, at an altitude
of 810m, in the climatic area H1b, where the base temperature is -20°C. The soil in La Bresse
is Podzol [4]. This is a typical soil of coniferous forests usually made up of an organic
material layer on top of the parent material as granite or sandstone. The site coordinates are
48°0’24” N and 6°52’36” E.
Urbanism requirements in this study will not be taken into account. Nonetheless, environment
will be considered for the roofs slopes for instance.
All the values of thermal bridges are extracted from the RT 2005 and wooden frame house
catalogues, certified by the CSTB (Sciences and Technical Buildings Center), which is the
benchmark organism for buildings in France.

III.2 Dynamical thermal simulation of model house – Pléiades
In order to draw conclusions, various dynamical thermal simulations have been made thanks
to the software Pleiades. This is the best way to design a house before a regulatory study. It
enables the designer to know how the house will react to yearly temperatures and give
reference points on its thermal efficiency and comfort.
About Pléiades:
The software used is Pleiades+Comfie. This software has been developed by the engineer
school “Mines Paris” and by the French engineer design office “Izuba energies”. This
software has been approved by the CSTB (building technical and scientific centre of France).
It is obvious that only few people know this software. Nevertheless, it one of the only five
certified in order to conduct regulatory studies for the RT 2012. This software has also been
tested according to the procedure “Besttest” defined in the standard ANSI/ASHRAE 1402001. This standard is called: ‘Standard Method of Test for the Evaluation of Building Energy
Analysis Computer Programs’. You can find below in appendix H example of the formulae
used by the software.
Before jumping to the simulation, the model house in itself has been modelled through
various simulations in order to already obtain indicators of performance for a bioclimatic
building. The energy performance have been studied but not the comfort rate in these
preliminary simulations.
The comparisons are based on the criterion: yearly needs of heating of the model house.
The following simulations are made with the weather of Nice.
The yearly needs of heating are the kWh of energy needed to heat the house in a theoretical
way until the heating set temperature is reached every hour. However, this needs differ from
16
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the energy consumption. Indeed, the consumption is the energy used in order to heat the house
and to compensate the losses and yields of the heating chain. Thus, the yearly needs are
independent from the heating amenity chosen and from its yield. This implies not to take for
consumption value the figure extracted from Pleiades and it justifies the need of a regulatory
study.
1- The first of all the simulations is based on the model house as a house of one floor
(ground floor) above a scrawl space, with the main room facing north, with “classical” BBC
walls and openings for France. What it is called “classical” here is a thermal insulation by the
inside compounded of glass wool and concrete for outdoor walls, with a thermal resistance of
5 m².K/W; a low floor with a concrete slab insulated by under with glass wool for a thermal
resistance of 5; a high floor (roof) insulated by above for a thermal resistance of 6.8 m².K/W
and openings as follow : doors with a thermal conductivity of 2 W/m².K and windows double
glazing with argon in between for a thermal conductivity of 1.7 W/m².K.
Parameter
Low floor
Intermediate floor
High floor
Outdoor walls
Indoor walls
Outdoor doors
Windows

Description
Performance
Scrawl space under reinforced concrete slab with glass wool below
R=5 m².K/W
Reinforced concrete slab with expanded polystyrene (EPS) above
R=6,8 m².K/W
Concrete and wool glass inside
R=5 m².K/W
Air space between 2*2 gypsum board of 13 mm
Wood door
Ud= 2 W/m².K
Double glazing with argon space in between
Uw= 1,7 W/m².K
Figure 5: Recap of key parameters of the outdoor shell

Figure 6: Layout of the first model house simulation

From this simulation, a yearly need of heating which will be described as “base one” is
obtained. This need is 2 039 kWh.
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2- Keeping this layout, others simulations are made changing one at a time parameter:
Simulation Base of simulation
Parameter
Description
Performance Yearly need of heating
Base
2 039 kWh
1
Base
Low floor
Insulation under topping and not under slab
1 436 kWh
2
Base
Low floor
No scrawl space, floor on solid ground
1 520 kWh
3
2
Low floor
Insulation under topping and not under slab
1 035 kWh
4
3
Indoor walls
Garage insulated
R = 5 m².K/W
931 kWh
5
3
Orientation
North become south, living room hence facing south
822 kWh
6
5
Indoor walls
Garage insulated
R = 5 m².K/W
784 kWh
7
6
Orientation
Living room facing 15 °south east
792 kWh
8
6
Orientation
Living room facing 15 °south west
794 kWh
9
5
Rooms' mapping
Garage and bedroom exchanged (garage north)
821 kWh
10
9
Windows' mapping Windows in children bedrooms due south instead of east and west
701 kWh
11
5
Rooms' mapping
Addition of a sun buffer space in living room south wall
548 kWh
Figure 7: Table of first simulations of the model house

Parameter studied in the simulations:
- B1,B2 and B3 = thermal bridge and place of insulation for low floor
- B4,B6,B11 = buffer spaces
- B5,B7,B8 = orientation
- B9,B10 = internal organization (windows, rooms)
The simulations 1 to 3 aim to point out the impact of thermal bridges. Indeed
according to simulation the value of the loss because of the thermal bridges is different.
Moreover, those simulations show the impact having the building directly built on solid
ground. The thermal losses for the same insulation through the low floor are not the same
according to the type of floor. A low floor directly on the ground means higher contact
temperatures, hence fewer thermal losses. This is a key point where insulation materials
savings can be achieve. In this case, around 26% of yearly heating needs are saved.

Figure 8: Details of thermal bridges corresponding respectively to simulation 1 and 2

The lowest the value of the thermal bridge is, the best it is. On the left, the value of the
thermal bridge is around 0.06 but on the right it is 0.63. However, thanks to the floor contact,
yearly needs for heating are nearly equals. For the “base” simulation, the value of the thermal
bridge is 0.7 m.K/W. It is also interesting to note that with insulation under the topping
instead of under the slab, there is a gain of around 30% of yearly heating needs.
The simulation 4 and 6 are made in order to answer the question: is it better to
insulated, separately of the heated volume, volumes of the buildings which are not directly
heated and which not require specific heating?
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The answer from a thermal point of you is yes. However, this implies a higher investment in
materials and a larger time of erection during the construction. Moreover, the impact of
insulating those kinds of volumes depends on the layout of this volume. Indeed, if the volume
has more area in contact with the heated volumes than with the outside, it is preferably to
include this volume into the one insulated forming a box. Anyway, it will be always better to
place a double insulation: insulate the outside/non heated volume areas and non heated
volume/heated volume areas. In these simulations it is getting better by around 10% when
buffer space facing North, and 5% when sun buffer facing South.
The simulation 5, 7 and 8 are made in order to choose the best orientation of a
building. Indeed, depending on the azimuth of the main living room, needs of heating are not
the same.
An azimuth due south is clearly better than one due north. However, between +15° and – 15°,
the difference is not that strong in term of heating’s needs. An amelioration of 20% is
obtained from North azimuth to South one. From +15° to – 15° there is only a difference of
1% compared to due South.
The simulation 9 and 11 are interesting concerning indoor room mapping. As it can be
seen below, placing a heated volume due south instead of the garage and adding a sun buffer
space enables greatly to lower the heating needs. There is a decrease of 33% of this need
when a buffer space facing South with windows is created.
The simulation 10 underlines the importance of the place of windows into a building.
Here again, windows facing south participate greatly to the reduction of heating needs.
Placing two windows initially facing East and West now due South enhance by around 15%
the energy need to heat.
Another simulation, the number 18 is a simulation identical to the simulation 2 but
with indoor walls made of mud bricks, providing inertia to the building. This simulation gives
a heating need of 1686 kWh/year, slightly over the one obtained with light walls but decreases
the discomfort by 2%.
This fact is really interesting. Thermal storage can be optimized using heavy walls into
buildings. This enables to store the coolness of the night during the summer nights or to store
the heat of the day and solar radiations during the winter days. This fact has a really important
impact on the comfort of the house, without utterly changing the heating needs.
Of course, it has to be studied in every place in order to optimize it but preferring a “heavy”
house will give a more comfortable house.
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Figure 9: Layout for simulation 9, 10 and 11

The same model house with two floors is now under consideration. The base of this two floor
model house keeps the following parameters: same walls, same volume, areas, same openings
and openings area, due south, garage on the north, insulation of the low floor under topping
and not under slab and windows of the children’s bedrooms due south. It is basically the
simulation 10 which is reorganized as follow:

Figure 10: First floor on solid ground model house two floors
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Figure 11: Second floor model house two floors

As it can be noticed, no window appears in the fathers’ bedroom. This is done in order to keep
the same openings area and orientations compare to the simulation 10. This model house is
the base of the two floors simulations and is the simulation 12.
It has to be noticed that the intermediate floor is chosen light in this simulation. By light, a
wooden slab is meant and no concrete. This has an impact on the thermal bridges of the
intermediate floor/outdoor wall.
There is a yearly heating need of 607 kWh. The simulation 10 had a value of 701 kWh.
The different simulations are shown under:
Simulation Base of simulation
Parameter
Description
Performance Yearly need of heating
12
10
Floors
Two floors house
607 kWh
13
12
Intermediate floor
Concrete slab instead of light slab
1 002 kWh
14
12
Windows
Addition of 5 windows
613 kWh
15
14
Insulation
Outside insulation (same walls' performances)
739 kWh
16
12
Mapping
Semi buried walls (cf layout simulation 16)
515 kWh
17
16
Insulation
Thermal resistances of low floor of 2,5 and high floor 8,5
492 kWh
Figure 12: Table of second simulations of the model house

Parameter studied in the simulations:
- B12 = compactness
- B13 = thermal bridge of intermediate floor
- B14 = windows’ area
- B15;B16,B17 = layout of the insulation
Having a house with two floors instead of one is better in terms of heating needs. This shows
the importance of what it is called building density. This parameter is the ratio between
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thermal losses areas (walls) and heated volume. The more it is low, the most efficient it is. In
this case there is a decrease of 13.5% of the heating needs.
The simulation 13 is really important because historically, nothing was done to lower
the thermal bridge at this point, which has however a huge impact on the heating needs:
increase of 39.4%. Wall units have been then created to fight the losses. This aspect of
thermal bridge can be really well seen with IR (infrared) pictures.

Figure 13: Details of thermal bridges between intermediate floor and outdoor walls

As it can be seen above, the thermal bridge with a heavy slab has a value of 0.8 m.K/W and
only 0.14 with a light slab. It has to be underlined that new interior wall units which aim to
reduce this thermal bridge enable a loss of only 0.3 m.K/W. It is this value which will be kept
later on. In France, the thermal bridge of the intermediate floor has been for long years the
biggest heat losses of buildings.

Figure 14: Layout of first floor model house semi buried with maximum of windows
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The walls semi buried are the one which have shadings on the outside above on the scheme,
namely the northern wall and the northern part of the west wall. The earth here goes till the
height 2.5m which is also the ceiling height. This concerns the simulation 16.
In the simulation 14, windows are added in order to give better use building sense.
Hence the creation of windows in the East wall of the ground floor bedroom and the west wall
of the living room as well as in the garage and the fathers’ bedroom; see below.
A study conducted by one of the most famous French engineer in this field, Olivier Sidler,
chief executive officer of Enertech (a thermal design office) and who is part of the group of
people who found the association Negawatt has revealed the optimum windows area in term
of thermal losses and gains. Thus, 1/6 of the TLA should be the area of windows in order to
maximize the thermal gains. It is also preferably to have more windows’ area than this
number compared of having too few. There is to be careful with this! Indeed, it is only a value
of an average for the country of France. In the South, windows’ impact is not exactly the same
as in the North. Moreover, all the windows do not have the same thermal performances.
Nevertheless, this 1/6 parameter has been included in the new thermal French regulation, the
RT 2012, as the legal minimum required windows’ area.

Figure 15: Layout of second floor model house with maximum of windows

The simulation 15 focuses on the type of insulation. Indeed, different kinds of
insulation exist. There is the thermal inside insulation, the thermal outside insulation and the
distributed insulation. In the first case, the insulation is inside the house, between the walls
forming the outer shell and the heated volume. The second case sees the insulation placed on
the outside face of the walls part of the outer shell. The distributed insulation is mainly done
by bricks or autoclaved aerated concrete. It can also be a wooden frame house with insulation
in between the external layers.
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The main difference between inside and outside insulation concerns the thermal bridges and
specifically the ones for openings and the one for the link intermediate floor/outdoor wall.
From the simulations, the outside insulation is to be preferred if the intermediate floor is
compounded of concrete with no interior wall units. Nevertheless, in the case of a light slab, it
has to be preferred the thermal inside insulation, from a thermal point of view. The outside
insulation has as well another advantage, it brings thermal storage. The heavy part of the walls
are then inside the insulated volume, bringing more mass and enhancing the comfort.
The simulation 16 shows one more time the conclusion of the simulation 2 and 3
which was to prefer having walls in contact with the ground, in order to lower the thermal
losses by conduction. This has a really interesting impact not only in term of heating needs
but also in term of summery comfort. Concerning heating needs, it is around 15% of decrease.
Concerning the comfort in summer, the ground has its temperature rather constant equals to
the yearly average temperature of the air, which is to say cooler than the air in summer.
Finally, the simulation 17 draws out the conclusion of a higher thermal loss through
the high floor than through the low floor. Hence, it has to be preferred a high insulation of
roofs and a lower insulation for low floors. This is also interesting if economical limits have
to be taken into account: prefer the insulation of high floor.
Below is the summary of all the conclusions about those simulations in term of thermal
efficiency of a building, part of the definition of a bioclimatic building.
Key parameters
Orientation

Building density

Comment
The building should have the most occupied rooms facing due south in
order to lower the heating needs. The rooms with no specific
temperature setting points should be facing north.
A good density of a building implies a lower need of heating than if it
was expanded. This density can be calculated by the ratio: (sum of
thermal loss walls areas except low floor area)/(heated volume)

Inertia/Thermal
storage

A good inertia of a building is a warranty of a good behaviour of this
building. During a period of winter with no heating of the building, a
"heavy" building will keep a higher indoor temperature after this period.
In summer, this heavy building will be as well cooler than a light
building, less sensible to the outdoor temperatures variations.

Buffer spaces

Having buffer spaces in a building will improve the energy efficiency of
this building. Whether it is on the north part of the building or in the
south part, those volumes have important roles to play. In the north,
insulation of this volume between the heated volume and itself and
between itself and the outdoor participate greatly into the diminution of
thermal losses. In the south, a buffer space with a window enables to use
solar gains meanwhile not having that many thermal losses.

Thermal bridges

The lowest the value of the losses through thermal bridges is, the best
the building will keep its indoor temperature. This is a same concerning
the air tightness of the building, the best it is, the lowest energy will leak
by the air escaping.
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Solar gains

Insulation
arrangement

Having 1/6 of the TLA enables to optimize the ratio gains/losses by the
openings, respecting installations preferring windows facing south and
not facing north. Windows facing east will not generate over heating
during summer as those facing west will do. Indeed, those facing west
will let the sun enters the house at the hottest hour of the day. This 1/6
factor is more a guideline than a true reference, working on average for
France.
It has to be preferred to insulate massively the roof instead of the low
floor. Using ground's heat enables to lower the heating needs as well as
to reduce insulation materials volumes.

Figure 16: Table recap of the conclusions drawn from model house simulations

All this part has been focusing on energy performance without speaking of comfort. This was
a choice in order to get parameters only to enhance the energy performance. It is now time to
look for comfort in the houses.

III.3 Dynamical simulation in Nice – Pléiades
After the conclusions obtained previously, it is time to look upon the theory adapted to
practical examples. The first location studied is Nice. This choice may be explained due to the
summer constraints of the location. Indeed, in this place, it is not winter issues that are most
relevant but summer comfort. As it has been explained previously, comfort is a notion really
important in performance of a building and it is now another centre of interest.
The rate of discomfort is introduced: percentage of hours of occupation when the indoor
temperature is either higher than 28°C or lower than 19°C.
To start with this location, some words should be said. As it has been seen, Nice knows a soil
chalky and stable on which buildings can be made directly on solid ground. Hence, the low
floor of this location will be on solid ground. Has it is sloping as well, semi buried houses will
be easy to make. Finally, the city does not know a lot of rainy days even if the ones one are of
heavy rain in average. It will be considered that the roof will be flat with a possibility of
walking on it.
In order to use the best the environment and to diminish the CO2 emissions, lavender straw
will be used as the insulating materials for outdoor walls. Indeed, the region “La Provence” is
famous for its lavender fields. The only technical solution to cope with this material will be to
realize a wooden framework house. For low and high floors, cork will be used. As a tree of
south Europe, it is commonly present in the South East (the Mediterranean Sea borders) and
the South West (“les Landes” near Bordeaux) of France. This material is extremely
performing for thermal insulation, it is non inflammable and it is rot proof. It has also
interesting mechanical properties which enable it to be placed on semi buried walls.
Below are the details of the walls and the layout of the base house of Nice, inspired on the
model house:
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Parameter
Description
Low floor
Concrete slab on solid ground with 10 cm of cork under a 5 cm topping
Intermediate floor
Concrete slab with insulated interior wall unit with gyspsum board under
High floor
Reinforced concrete slab with cork above and gypsum board under
Outdoor walls
Stud walls with 10 cm lavender straw's bricks, 19 cm lavender straw's bulk
Indoor walls
Air space between 2*2 gypsum board of 13 mm
Semi buried walls
17 cm of cork on concrete followed by an air space and a gypsum board
Sun buffer wall
20 cm of mudbrick wall (adobe)
Garage floor
6 cm of cork on reinforced concrete slab with gypsum board under
Crosswall garage
10 cm lavender straw's bulk in between 2 gypsum boards on wooden framework
Outdoor doors
PVC garage door
Windows
Double glazing with argon space in between

Performance
R= 2,66 m².K/W
R= 8,9 m².K/W
R = 5 m².K/W
R = 4,6 m².K/W
R = 0,4 m².K/W
R = 1,6 m².K/W
R = 1,4 m².K/W
Ud= 2 W/m².K
Uw= 1,7 W/m².K

Figure 17: Parameters of the outer shell of the model house in Nice

The crosswall in the child’s bedroom1 is needed due to structural constraints.

Figure 18: View 3D of the model house of Nice on the left and on the right the thermal zones of the building

Figure 19: Layout of the first floor of the model house in Nice. Dotted lines represent the roofs overhang, see figure 18
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Figure 20: Layout of the second floor of the model house in Nice. Dotted lines represent the roofs overhang, see figure
18

The comparisons are based on the criteria: yearly needs of heating of the model house
(cf III.2 §5) and discomfort rate in the living-room4, which represents in percentage the
number of hours of occupation of this room when the temperature is above 28°C or less
than 19°C on a year.
In order to obtain a satisfying rate of discomfort, this one should be lower than 8% of the
hours of occupation of the room during the year.
Simulation Base of simulation
N Base
N1
N Base
N2
N Base
N3
N Base
N4
N3
N5
N4
N6
N5
N7
N6
N8
N7

Parameter
Solar gains
Solar gains
Solar gains
Solar gains
Ventilation
Ventilation
Solar gains
Ventilation

Description
Rate of discomfort T max living-room Yearly need of heating
Addition of roofs overhang on the second floor
67,40%
40,98°C
221 kWh
Addition of a vine on pergola for all the windows* of the first floor
66,56%
39,38°C
221 kWh
Addition of shadings during the night in winter and day in summer
42,90%
33,13°C
240 kWh
Addition of shadings during the night in winter and half day in summer
55,67%
36,31°C
240 kWh
Use of the air in the sun buffer space
56,03%
36,20°C
219 kWh
Use of a ground coupled heat exchanger (no over ventilation)
30,64%
31,65°C
242 kWh
Over ventilation during the summer nights by opening of windows
21,81%
30,54°C
242 kWh
Addition of pergola and shading in front of the sun buffer space
17,20%
30,24°C
242 kWh
Doubling air flow through ground coupled heat exchanger
7,86%
29,91°C
283kWh

Figure 21: Table of results of Nice simulations - Pleiades

*All the windows of the first floor except the one of the sun buffer space and the child 1 bedroom are concerned.

Applying directly the conclusions of the model house’s simulations to the house in Nice has
for a result a really low heating needy house but on the contrary a house with a really high
rate of summery discomfort.

4

Only the rate of discomfort in the living-room is relevant because it is the room where the most internal gains
and solar gains are, resulting thus into the highest rate of discomfort of all the rooms.

27

Integrated analysis of bioclimatic building design in three climate zones in France

This is usually the main problem faced in France with those buildings called BBC (Low
Consumption Buildings). Indeed, they interact with the outside as a thermos box. The
solutions to prevent those overheating behaviours are based on two levels. Indeed, the only
two sources of heat are solar gains and internal gains. The first is to try to prevent from solar
gains during the summer by shadings, structure of the building etc... Concerning internal gains
issue, it is obvious that it has to be preferred to dry his clothe outside during summer but the
scenarios of internal gains are not changed throughout this study. The second level of action is
the ventilation. Preventing the building from heat is one very important aspect of a bioclimatic
building but enabling the cooling of the building during summer nights with air is the most
effective action to stop overheating. This is where indoor inertia or thermal storage has its role
during summer, to keep the coolness of the night, inside, all day long. Ventilating the night
allows to evacuate the heat of the day and to store the coolness of the night.
It is then logical that roofs’ overhangs are created in the N Base. Those structural elements
prevent the direct solar radiation to enter the house during summer through the openings. But
in order to not penalize the performance in winter, those elements have to be “short” enough
or little in order to let the sunshine in during winter. As it is a two floors house, the first one
will not be protected from the direct solar radiation.
In order to obtain efficient roofs’ overhangs, solar angle through the year can be calculated.
Another solution is to use axonometric projections, which may simplify the calculation.
Below are shown those axonometric projections where hours are the solar one. The hour in
France is the same than in Sweden, which is to say UTC+1.
Winter solstice 21 of December:

8h00

12h00

15h00

Figure 22: Axonometric projections during the winter solstice

During winter, those roofs overhangs are a bit long. No shading occurs on the windows at that
time but it is the day where the sun is the lowest in the sky.
Summer solstice 21 of June:

5h00

8h00

11h00
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13h00

16h00

19h00

Figure 23: Axonometric projections during the summer solstice

During summer, the roofs overhangs protect only the windows of the first floor from direct
solar radiation. This length of roofs overhangs appears to be a good compromise between
winter and summer constraints.
In order to protect the windows of the first floor, another roof overhang may be built but it is
preferred here a vine on pergola for the windows of the first floor, except the one of the sun
buffer space and the one of the child’s bedroom on the east. The vine on pergola finds its
justification into the fact that this “system” enables the sun to enter during winter and stop the
solar radiations during summer.
This being done in the simulation N 1, it shows a tiny reduction of the rate of discomfort
around 1%. Nevertheless, the highest temperature of the year in the living room is reduced by
1.6°C!
Hence, there is the obligation to add shadings on the windows in order to prevent from
indirectly solar radiations.
Until now, no shadings devices were used. However, it is mandatory to have shutters in the
bedrooms of a house to comply with the RT 2005. Introduction of shadings during winter
(night time) and during summer (day time) is done in the simulation N 2 and N 3. The
difference between the two simulations is only the proportion of shades’ area which is closed.
In the simulation N 2, all the shutters (placed on every window except the one of the sun
buffer space) are used. In the simulation N 3 it is only half of them which are used. In winter,
the shutters are closed from 20 to 8 o clock and in summer it is the opposite.
This model of the deployment of shutters is quite coarse and this is the reason why the heating
needs are slightly increased. This occurs during between-seasons. It could be thought of
placing an electrical control to close the shutters as soon as the sun sets during winter and as
soon as the sun rises during summer. Nevertheless, in the first case there is a decrease of 25%
of the rate of discomfort with almost 7°C for the highest indoor temperature. In the second
case, there is already a decrease of 12% of the rate of discomfort with a highest temperature
lower by 4.5°C.
The shutters used in this house are plain wooden blinds.
The simulation N 4 highlights the interest of a sun buffer space. Using the air of it
during the between-seasons, this is to say to open this space on the living room when the air is
hotter than the one in the living room, decreases the energy needs by 9%! The comfort of the
house is unchanged.
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The simulation N 5 and N 6 interest themselves in ventilation functioning. In the
simulation N 5 it is added a ground coupled heat exchanger which has the role of the air
ventilating entrance. Thanks to this device, the air is not coming to the exchanger at the
outdoor temperature but at a ground temperature which is quite constant throughout the year.
This improves the heating efficiency in winter, lower heat losses through air, and this
improves the comfort in summer because cooler air is coming into the house thanks to a
bypass of the machine. It is interesting to note that the introduction of this device increases the
heating needs by 9%. This is due once again to the coarse control of it with this software.
Indeed, some nights in summer, the temperature is dropping to lower than 19°C, increasing
the heating needs due to the nonstop of the bypass. Anyway, this system decreases by 26%
the rate of discomfort and by 4.5°C the highest indoor temperature.
As the discomfort rate is still a bit high, over ventilation during the summer night is
introduced, this is the simulation N 6. This over ventilation is made by the opening of the
windows in the bedrooms and living room. The air flows are then considered to be of 1 vol/h
for the children’s bedrooms (single opening of a small area) and of 2.5 vol/h for the livingroom and for the fathers’ bedroom (several openings of bigger sizes displaced in several
orientations). The result is the decreases of the discomfort rate by 9%. This is really
interesting. This over ventilation during the summer nights is the most efficient way to
decrease the discomfort. Indeed, it evacuates the heat of the day stored in the building and
store the coolness of the night thanks to the thermal mass. It is moreover an easy operation
and costless. If needed, it could be preferred the use of a fan to increase the air flow instead of
a ground coupled exchanger, a lot more expensive.
In order to achieve a satisfying rate of discomfort, shadings thanks to pergola and
shutters are needed on the window of the sun buffer space as well as doubling the air flow rate
through the ground coupled exchanger. With those actions, the rate of discomfort in the living
room is of 7.88% with a highest temperature of 29.91°C.
This last fact concerning the ground coupled heat exchanger is quite interesting. If the air flow
rate through this device is multiplied by two, the rate of discomfort is divided by two whereas
the heating needs are only multiplied by 1.16.
This device appears to be necessary in order to warranty a good summery comfort in this
location.
The increase of the thermal resistance of the building is not studied here because of the good
level of performance of the house. The heating need of 250 kWh/year represents only 2.43
kWh/m²NTA.year.
To draw a comparison on the heating need performance: to obtain the Passiv’haus label, a
value less than 15 kWh/m²/year is mandatory. Outdoor shell could be even lightened in order
to realize financial and CO2 equivalent savings.
In order to deeply see the summer comfort, some other graphs are shown:
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Indoor temperature

Fathers’ bedroom : 82.31%

Figure 24: Brager's zone of the fathers' bedroom in Nice

Outdoor temperature

Brager’s zone shows the adaptive comfort. The two black lines represent 90% of people
feelings. If a red spot is in between those two lines, 90% of people will consider it as a
comfortable temperature. Those lines are function of the indoor and outdoor temperature. The
percentage of red spots in between those lines is 82.31%, which means that 17.69% of the
year, 90% of people would fill uncomfortable in the living room. However, there are two
interesting facts. The dispatching of the red spots follows really well the two black lines,
ensuring a good behaviour of the building when faced to outdoor temperatures in summer and
winter. The second fact is that during the between-seasons, the building could be either “cold”
or “hot” compared to outdoor temperatures. Nevertheless, the indoor temperature is well
within the range of the setting points: 28°C and 18°C.

Power (W)

Living room solar gains

Figure 25: Annual solar gains in the living room of Nice during the year

Day

This graph is interesting in order to show the impact of the roof overhangs and the vine on
pergola. During summer, solar gains are significantly reduced. Still remains indirect
radiations.
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Fathers’ bedroom

Temperature

Living room

Day
Living room

Temperature

Outdoor

Day
Figure 26: Temperatures for Nice during the two hottest weeks

From the top graph, two properties are clearly relevant. Concerning the living room, the
temperature follows the day of the living persons. The internal gains cause those peaks of
temperature, corresponding to lunch time. Anyway, there is a significant decrease of the
temperature during the night, ensuring a good comfort. The temperature in the fathers’
bedroom has a smoother behaviour. No internal gains are directly emitted in this room.
Between the day and the night, there is only 2°C of amplitude. This shows the impact of
thermal storage by the mass. The indoor temperature is little depending on the variations of
the outdoor temperature. This is clearly shown on the low graph.
Let see now what this N 8 will give in La Bresse and in Châteauroux. This simulation being
the one in which a satisfying rate of discomfort is obtained (shadings, ground coupled
exchanger, nightly summery over ventilation).

III.4 Dynamical simulations in Châteauroux and La Bresse - Pléiades
Before jumping to the results of the simulations, some information must be given.
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To start with La Bresse, this location knows a soil of Podzols, stable under the top organic
layer on which buildings can be made directly on solid ground. Hence, the low floor of this
location will be on solid ground. As it is steep as well, semi buried houses will be easy to
make. Raining and snowing episodes are more common at this latitude than in Châteauroux or
in Nice. Thus the roof will have steep slopes but there will be a lost attic in order to keep the
same heated volume of the house.
In order to use the best the environment and to diminish the CO2 emissions, wood fibre will
be used as the insulating materials for outdoor walls. Indeed, the region is really woody and
wood has become a natural material there, most employed. The technical solution chosen to
cope with this material will be as well a wooden framework house. Concerning low floor,
cork will be used. Even if raw materials are a bit far from the location, it is the best material in
terms of equivalent CO2 emissions for those applications.
Below are the details of the walls of the model house of La Bresse, inspired on the model
house of Nice:
Parameter
Low floor
Intermediate floor
High floor
Outdoor walls
Indoor walls
Semi buried walls
Sun buffer wall
Garage floor
Crosswall garage
Outdoor doors
Windows

Description
Performance
Concrete slab on solid ground with 10 cm of cork under a 5 cm topping
R= 2,66 m².K/W
Concrete slab with insulated interior wall unit with gyspsum board under
Reinforced concrete slab with wood fiber above and gypsum board under
R= 8,9 m².K/W
Stud walls with 5 cm wood fiber, 14,5 cm wood fiber between the wooden frame
R = 5 m².K/W
with OSB inside and an air space and a gypsum board
Air space between 2*2 gypsum board of 13 mm
17 cm of cork on concrete followed by an air space and a gypsum board
R = 4,6 m².K/W
20 cm of mudbrick wall (adobe)
R = 0,4 m².K/W
6 cm of cork on reinforced concrete slab with gyspsum board under
R = 1,6 m².K/W
10 cm wood fiber boards in between 2 gypsum boards on wooden framework
Void in between the 2 gypsum boards for the crosswall under the garage
R = 2,58 m².K/W
PVC garage door
Ud= 2 W/m².K
Double glazing with argon space in between
Uw= 1,7 W/m².K
Figure 27: Parameters of the outer shell of the model house in La Bresse

Figure 28: Example of stud wall with wood fibre (source: natura pro)

To follow with Châteauroux, this location knows a soil of Clay, not stable. Hence, the low
floor of this location will be above a scrawl space. Semi buried houses will need extra work in
this location but the house will nevertheless be considered as well semi buried. Raining and
snowing episodes are more common at this latitude than in Nice but not than in La Bresse.
Thus the roof will have moderate slopes and there will be a lost attic in order to keep once
again the same heated volume of the house.
33

Integrated analysis of bioclimatic building design in three climate zones in France

In order to use the best the environment and to diminish the CO2 emissions, Metisse will be
used as the insulating materials for outdoor walls. Metisse is recycled textile. The technical
solution chosen to cope with this material will be a double limestone wall with in between the
Metisse. For low floor, cork will be used. The region “Les Landes” being not far, it is clearly
attractive to use such a material. For the high floor, cellulose wadding will be used. Metisse
and not cellulose wadding is used for outdoor walls because of the better property of Metisse
to be water proof. You will see below the importance of this choice.
Below are the details of the walls of the model house of Châteauroux, inspired on the model
house of Nice:
Parameter
Description
Performance
Low floor
Concrete slab above scrawl space with 10 cm of cork under a 5 cm topping
R= 2,66 m².K/W
Intermediate floor
Concrete slab with insulated interior wall unit with gyspsum board under
High floor
Reinforced concrete slab with cellulose wadding above and gypsum board under R= 8,6 m².K/W
Cavity walls with 20 cm recycled textile between 10 (outside) and 15 cm of
Outdoor walls
R = 5,1 m².K/W
limestone with inside an air space and a gypsum board
Indoor walls
Air space between 2*2 gypsum board of 13 mm
Semi buried walls
17 cm of cork on concrete followed by an air space and a gypsum board
R = 4,6 m².K/W
Sun buffer wall
20 cm of mudbrick wall (adobe)
R = 0,4 m².K/W
Garage floor
6 cm of cork on reinforced concrete slab with gyspsum board under
R = 1,6 m².K/W
10 cm cellulose wadding in between 2 gypsum boards on wooden framework
Crosswall garage
Void in between the 2 gypsum boards for the crosswall under the garage
R = 2,6 m².K/W
Outdoor doors
PVC garage door
Ud= 2 W/m².K
Windows
Double glazing with argon space in between
Uw= 1,7 W/m².K
Figure 29: Parameters of the outer shell of the model house in Châteauroux

Figure 30: Example of cavity wall insulated (source: gcsescience)

The problem with those kinds of wall is condensation. In order to fight this problem, a law
must be valid: the parameter Sd5 should be lower in the outside than in the inside with a ratio
of 5 to 1. If this not could be obtained, it is compulsory to add a vapour barrier between the
inside wall and the cavity insulation which is the case here.

5

Sd is the equivalent thickness of an air layer in metres: this represents the water vapour permeability and is
equal to the product of mu and the thickness of the layer. Mu is the coefficient of resistance of water vapour
diffusion.
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Figure 31: Cavity wall without or with a vapour barrier (layer 2 on the right)

As it can be seen above, without a vapour barrier, there is condensation on the outside of
Metisse (between the outdoor limestone layer and the Metisse). This is because all the
humidity created into the house cannot go in the outside and then condense where it is
stopped.
Results:
Simulation Base of simulation
L Base
N8
L1
L Base
L2
L1
L3
L2
L4
L3
L5
L4
L6
L4
L7
L6
L8
L7

Parameter
Ventilation
Ventilation
Ventilation
Solar gains
Ventilation
Insulation
Ventilation
Insulation

Description
Non active ground coupled heat exchanger
Non opened sun buffer space during summer
Non over ventilation during summer nights
Roof overhang of only 0,5 m instead of 0,9 m
Over ventilation during summer nights
High floor of 10,1; semi buried 5,3; outdoor walls 6,4; low floor 3,9
Over ventilation during summer nights
Triple glazed windows (Uw= 1,15)

Rate of discomfort T max living-room Yearly need of heating
0,42%
28,26°C
1 933 kWh
1,38%
28,88°C
1 616 kWh
1,17%
28,89°C
1 616 kWh
5,60%
30,61°C
1 601 kWh
8,01%
31,57°C
1 556 kWh
2,51%
29,75°C
1 568 kWh
12,64%
31,81°C
1 379 kWh
3,43%
30,11°C
1 389 kWh
6,20%
30,53°C
1 054 kWh

Figure 32: Results of simulations for La Bresse
Simulation Base of simulation
C Base
N8
C1
C Base
C2
C Base

Parameter
Solar gains
Solar gains

Description
Roof overhang of only 0,6 m instead of 0,9 m
Roof overhang of only 0,4 m instead of 0,9 m

Rate of discomfort T max living-room Yearly need of heating
2,72%
28,89°C
341 kWh
3,68%
29,21°C
326 kWh
4,27%
29,50°C
322 kWh

Figure 33: Results of simulations for Châteauroux

The simulations in Châteauroux are not that much interesting if it is not for the confirmation
of the performance’s criteria found from the simulations of Nice and the model house.
Nevertheless, the impact of the roofs overhang are still of some importance. A reduction of it
implies a reduction of heating needs as well as an increase of the discomfort rate. It is then
preferably to choose short roofs overhang in cold weather as well as in the northern latitude
(for France).
The simulations in La Bresse give more interesting information.
In this cold place, it is preferable to abolish the solutions retained in order to reduce the rate of
discomfort. It has to be preferred the non use of a ground coupled heat exchanger, enabling
materials savings. The results obtained here should not be taken raw. There is a decrease of
the heating needs when the ground coupled heat exchanger is not active due to the period of
functioning of this device. Indeed, the period when the bypass is still on is reduced to few
weeks during summer, which has not been taken into account in the study. This results in
bringing cooler air inside the house during autumn and spring. Another explanation could be
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made by the deepness of the burying of the device which could be not enough for this sort of
climate.
A shorter roof overhang implies as seen a better efficiency of the building in terms of heating.
This means to prefer short roofs’ overhangs in cold places. At the same time, the discomfort
rate increases. There is equilibrium to find. This is precisely where an engineer design office
has its role.
Over ventilating during the night is still necessary to lower the discomfort rate. It is the most
effective solution in order to counteract the “thermos effect”.
In this cold location, the most effective solution to lower the heating demand is a better
outdoor shell. The interesting point here is what to better insulate. Indeed, adding insulation
on the walls lower the heating need but not as efficiently as better insulated windows,
representing a really lower area. For instance, acting heavily on the wall decreases the heating
needs of 11.37% where as with the introduction of triple glazed windows, it is a decrease of
24% obtained. Doing that increases the discomfort rate which is nonetheless kept acceptable
thanks to over ventilation during summer nights.
When the building is well insulated, low points of insulation have more impacts relatively. It
is then important to pay attention to the details as thermal bridges and openings.
Only the first centimetres of insulation have a huge impact on the thermal resistance. After
that, the homogeneity of the insulation should prevail. Some studies say that after 12 cm of
insulation, it is not that efficient to add more insulation before making an effort on windows.
It has not been talked about the thermal delay of walls. Thermal delay enables the wall to
restore the daily warmth during the night. But, with well insulated walls, this thermal delay
loses its impact. It can be drawn a parallel with a high amplitude wave encountering an
obstacle after which this wave will be of small amplitude, the frequency of it having less
impact then. The phase delay will be of no use compared to the capacity of thermal storage.
Below, you can find the summary of all the conclusions from the simulations in the three
different locations in term of thermal efficiency of a building, part of the definition of a
bioclimatic building as well as in terms of comfort.
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Key parameters

Solar gains

Internal gains

Ventilation

Outer shell

Comment
The idea concerning solar gains is to maximize the advantage/drawback
of solar radiations. During winter, maximum radiation should enter into
the house, lowering heating needs. During summer, it is the opposite,
which is to say the house should be well prevented from the sun.
Roofs’ overhangs are quite effective to prevent from direct radiation but
they should be designed with the best length in order to satisfy the
previous requirements.
Vine on pergola can represent a good alternative or specific glass but
which is more costly.
In the south of France (i.e. sunny and hot areas), shutters should be
added in order to guaranty a correct level of comfort. In well insulated
houses, the heat is difficult to evacuate. It is then necessary to lower the
heat gains. Shutters as blinds enable to prevent the house from indirect
solar radiation.
During summer, internal gains should be lowered where as in winter,
they should be maximized. For example, to dry its clothes outside during
summer does not represent a source of heat.
This is a major field in efficient buildings which has to be watched
closely. Indeed, ventilation is a source of cold during winter and of heat
during summer. Then, ventilation with a heat exchanger and a bypass
represents a good system.
Moreover, this is the most effective way to reduce the heat in summer
during the night with the coldness of the air. It is necessary to imagine a
possibility of ventilating a building during the night. As efficient in term
of heat losses, a LCB should be able to evacuate during summer night
the warmth of the day and stock the coldness of the night for the
following day.
The huge role of ventilating device is often wrongly disregarded.
Specific air flows should be sufficient and conform towards the
regulation in order to provide an air of quality for the ones living in the
building.
A ground coupled exchanger turns out to be a really efficient way to
decrease heating needs as well as summer discomfort thanks to the
rather constant temperature of the ground. Such a device should be
oversized in order to increase the over-ventilation during the summer
nights, preventing as well from the entrance of animals or undesirable
persons by opened windows.
In cold places, the outer shell will definitely be adapted. As it has been
seen above, a higher insulation in La Bresse decreases significantly
heating needs where as in Nice, the outer shell could be lightened.
Insulating more the outer shell does not mean to do it without thinking.
Indeed, after a certain level of insulation of the outdoor walls, weak
points’ treatment has the best impact on the performance of the building.
Triple glazed windows and treatment of thermal bridges result in a
significantly better decrease of the heating needs.

Figure 34: Table recap of the conclusions drawn from the three houses simulations
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IV.

REGULATORY, ECONOMICAL AND CO2 EQUIVALENT STUDIES

In this chapter, all the calculations have been made thanks to the software Perrenoud.

IV.1 Regulatory study – Perrenoud
A regulatory study is necessary for any French building in order to comply with the RT2005
and soon the RT2012 as seen in the paragraph II.
This regulatory study consists of establishing a conventional consumption of energy for a
building in the five regulatory uses: heating, hot tap water, lighting, air conditioning and
auxiliaries (pumps for ventilation or for energy systems…). The specific electricity is not
considered in this kind of study. This conventional consumption will not be the real
consumption because it is based on conventional scenarios (occupation, set heating
temperature etc…). Nevertheless, it gives a good hint on the performance of the building. It is
on this performance that labels are based (cf paragraph II.4). This regulatory study gives also
the indoor conventional temperature and the Ubat, performance of the outer shell of a building
(cf paragraph II.3). Those three parameters should be lower than some maximum numbers
depending on the kind of building and use, on the location and on the altitude.
In order to realize this study, the software Perrenoud will be used. It is one of the few
software certified by French entreaties.
In order to realize this kind of study for the three houses in the three different locations, some
parameters should be calculated and summed up. Indeed, a regulatory study is based on the
state of the building as finished. Each area of different entities as walls, openings must be
calculated, thickness of materials employed must be informed, every thermal performance of
walls must be obtained, house design with room’s mapping and ventilation system must be
declared, lighting, heating and hot tap water devices must be defined as installed. It is the
house in its whole which is represented, from materials to energy emitting systems.
Hence, some energy devices must be chosen for the three houses. The aim of this paper is not
to focus on the different consequences of each system. This section of this paper checks if the
house is respecting the law and it procures material to think about energy systems. A
bioclimatic building insists on its environmental, architectural and design parameters to
provide the most efficient building in term of energy and comfort. Of course, devices for
energy are needed and it will be considered only one type of system for each house.
Moreover, some systems as ground coupled heat exchanger are not yet taken into account into
the French thermal regulation 2005. Another example of such systems is a “boiler stove”
which is to say, a stove designed with a water way through its back in order to provide as well
heating by radiators and hot tap water. Such devices will not be chosen for the three houses.
For the three houses, this study will be made from the last respective simulations: N 8-Nice, L
8-La Bresse and C 2-Chateauroux.
The objectives and results for the three locations in order to be of a LCB level and complying
with the RT2005 are shown below:
Nice
Cep (kWhpe/m².y)
Tic (°C)
Ubât (W/m².K)
LCB Cep (kWhpe/m².y)

Max
156,68
32,73
0,835
40

Result
37,66
29,46
0,430
33,2

La Bresse
Cep (kWhpe/m².y)
Tic (°C)
Ubât (W/m².K)
LCB Cep (kWhpe/m².y)

Max
307,53
33,04
0,687
75

Result
98,84
27
0,341
74,6
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Chateauroux
Cep (kWhpe/m².y)
Tic (°C)
Ubât (W/m².K)
LCB Cep (kWhpe/m².y)

Max
185,02
31,33
0,687
50

Result
57,64
28,98
0,407
46

Figure 35: Objectives and results of the regulatories studies

All the maximum thermal legal values are being verified. All the materials and equipments
chosen respect the requirements of this kind of study. All their parameters get certifications
from laboratories accredited by the COFRAC (SWEDAC in Sweden) according to European
and French norms. This certifies a certain level of quality and efficiency.
The regulatory studies gave those results. Each house is under the law and each one has a high
level of energy efficiency, below than the one required for Low Consumption Building as
concurred in France with the label “BBC Effinergie”.
This highlights the fact that a dynamical thermal simulation gives results of good certainties
on the performance of the house. It enables a more detailed study on the behaviour of the
house than with a regulatory study.
Below is the detailed result of the simulation in La Bresse, the most consuming location
(others in appendix D):
LA BRESSE
Building Ubât (W/m².K)
Cep (kWhpe/m².y)
HEATING
Wood (kWh/y)
Primary energy (kWhpe/m².y)
COOLING
HOT TAP WATER
Electricity (kWh/y)
Solar (kWh/y)
Primary energy (kWhpe/m².y)
LIGHTING
Electricity (kWh/y)
Primary energy (kWhpe/m².y)
AUXILIARIES
Electricity (kWh/y)
Fans (electricity) (kWh/y)
Primary energy (kWhpe/m².y) - Auxiliaries
Primary energy (kWhpe/m².y) - Ventilation

Project
0,341
98,84

Reference
0,522
307,53

Difference
34,67%
67,86%

6204,96
60,6

20656,29
201,72

69,96%
69,96%

832,01
1415,97
20,96

3107,82
0
78,3

73,23%
0,00%
73,23%

279,84
7,05

309,99
7,81

9,73%
9,73%

82,13
324,12
2,07
8,17

237,36
544,43
5,98
13,72

65,40%
40,47%
65,38%
40,45%

Figure 36: Detailed result of regulatory simulation for La Bresse

The wood primary energy showed here is the one taken into consideration by French
government and not the one chosen for the labels (1kWhfe = 1kWhpe and not 0.6kWhpe,
confer below). The “solar” consumption is indicated but not included into the hot tap water
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consumption in primary energy, as it is an energy free which means there is no primary
energy for it.
The interesting part is now to see what has been taken into consideration for those
houses because it is compulsory for any house to possess energy systems.
First of all, some French specificity of energy potential must be explained. Indeed, the label
“BBC” for Low Consumption Building, is based on a consumption which has for unit
kWhpe/m².y. Those kWhpe mean kWh of primary energy. The square meters are referring to
the area which is called RT2005. I will not get into details but this is a specific surface
between the TLA (total living area) and the TNFA (total net floor area). In France, for the
association Effinergie which delivers this label, it is considered that 1 kWhfe (final energy) of
wood represents 0.6 kWhpe (primary energy) of wood whereas 1 kWhfe of electricity is
obtained from 2.58 kWhpe. This specificity promotes the use of wood based systems and not
electricity based energy systems.
It is then logical to choose wood based heating for the three houses. Moreover, wood in
France represents a really high potential of energy source. According to the French
government, the French forest is the biggest European hardwood forest and it is increasing by
40 000 ha every year. The area occupied by it represents today slightly over the quarter of the
French territory [8].
The heating system chosen for the three locations is a wood log stove. This enables savings in
emitting heaters which are not needed here. The reason because wood pellet stove is not
considered is the process of making pellets from wood. Indeed, this process implies a higher
CO2 equivalent content, a higher financial investment and brings higher efficiency in heating
but which is not needed in reference to the building performance in itself.
The one chosen for Nice and Chateauroux is the stove “Emeraude” from the brand Deville
with a power of 7 kW and an efficiency of 80.2%. For La Bresse, the stove “Topaze 1” from
the brand Deville is used with a power of 9 kW and an efiiciency of 81%. In this cold place, a
more powerful stove is needed, or a one with a better efficiency.
Concerning hot tap water, a solar system is chosen. Indeed, the choice is made between three
options which are electric boiler, heat pump boiler or solar boiler. The first choice is deeply
penalising due to its electricity based source of energy. The second choice could be interesting
for at least two of those locations, Nice and Chateauroux but not for La Bresse where
temperatures will mean a use of this kind of boiler in a range lower than the one for which it
has been designed. Moreover, in France, a solar boiler is more effective than a heat pump one
in term of kWhpe consumed. Anyway, another kind of system, an “aerosolar” boiler appeared
onto the market and seems promising as merging solar boiler and heat pump boiler
technologies together. Anyway, this system is not yet taken into consideration into the French
thermal regulation 2005.
The device chosen for the three locations is the hot water tank heater “Solerio EC 300” and
the thermal solar panels “Solerio F3-Q” from the brand Atlantic.
As for a family of 4 persons, the house is provided by 4m² of thermal solar panels in Nice but
with 6m² in Chateauroux and La Bresse, because of the location and weather of the two last.
Concerning ventilation, a heat exchanger system is chosen in order to benefit a maximum of
the wood stove. Indeed, this kind of system implies a circulation of the air through every
40

Integrated analysis of bioclimatic building design in three climate zones in France

room, ensuring a good dispatching of the heat produced by the stove. The fresh air is
introduced in “dry” rooms (living room, bedrooms) and sucked out in “wet” rooms (kitchen,
bathrooms, toilets), meaning a transfer of the air into the whole house. The heat exchanger
saves heating needs but increases electricity consumption compared to a simple hygro
ventilationn. Anyway, the difference between saves and losses is bigger in La Bresse thanks
to colder outdoor temperatures.
The machine chosen for Nice and Chateauroux is the “Dee fly” from the brand Aldes with a
heat recovery of 87% and a power consumption of 31.9W. The machine chosen for La Bresse
is the “Duolix-max” from the brand Atlantic with a heat recovery of 91.5% and a power
consumption of 37W. It is interesting here to notice that in the coldest place, a high heat
recovery rate is to be preferred than a low power consumption indicator. Indeed, saves of heat
losses are bigger than losses of consumption.
Adding photovoltaic panels as not been mentioned yet. This was done in order to focus onto
the bioclimatic aspect of a building. As soon as photovoltaic panels are installed, it is not the
building in itself which is performing.
Anyway, these are the results of the same three houses where photovoltaic panels have been
installed.
PV production (kWh/y) Cep1 (kWhpe/m².y) Cep2 (kWhpe/m².y)
Nice
40,75
37,66
-3,09
Chateauroux
30,15
57,64
27,49
La Bresse
26,78
98,84
72,06
Figure 37: Impact of Photovolatic panels on the yearly energy consumption

10 m² of mono-crystalline solar panels of 125W of peak power each are facing due south. For
Nice, the slope of them may be chosen thanks to the flat roof. In Chateauroux, the roof is
sloppy around 30°, which is the inclination chosen as well for Nice as corresponding to the
optimize slope in South of France. For La Bresse, the roof is steeper, with a slope around 45°,
which is as well the inclination of the PV panels. The area has been chosen according to the
four pans of the roof for Chateauroux and La Bresse, which imposes a small area of use, a bit
being already used for thermal panels.
A clear difference between North and South of France appears in term of electricity produced
by the same area and inclination by the same photovoltaic modules. In Nice, the production is
such that in the whole, the building is creating more yearly energy than its consumption. And
this is precisely the kind of buildings towards which the government aims to go in order to
satisfy European decrees and the Kyoto protocol. Clearly as well, more efforts must be made
in other latitudes in order to achieve such a level of performance.
Conclusion: the three houses obtained from the thermal dynamical simulations are
conform to the French law and are indeed quite energy efficient when supplied with
appropriate energy systems. Each one has the level LCB and adding PV cells enables the one
in Nice to reach the level of energy positive building.

IV.2 Economical study
Parameters chosen:
In order to realize an economical study, limits must be draught. This study will only look at
the cost of the house once built with energy systems furnished. The lifetime cost of the house
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will be studied. Costs taken into account are namely concerning: materials (supply and
installation), energy equipments (supply and installation), excavation work, plumbing and
sanitary facilities (supply and installation), electricity (supply and installation), labour costs
during the building process and photovoltaic system (supply and installation). Tax credits and
costs of consumption for the five regulatory sectors during 30 years are taken into
consideration as well.
Parameters not chosen:
Are not taken into account costs for architects, thermal design office engineers, actualization
of the monetary value, possible loans’ interests, cost of water consumption, cost of electric
facilities, cost of finishing touches as furniture, cost of insurance, and cost of the field.
All these chosen parameters aim to reflect the intrinsic cost of the house concerning its energy
aspect. The collateral costs are not considered.
In order to provide a richer comparison, a landscape of prices for categories of houses will be
provided. A common house will be picked up, aiming to represent the average French house
in terms of costs and energy consumption.
All the details can be found in appendix F.
The costs or prices you will find in this study are coming from a compilation of many
websites, catalogues and estimates from craftsmen. They can vary according sources,
according locations but the ones chosen try to represent as best as possible the “real” cost or
give the best idea of the actual price.
In France, several incentives were created in order to promote and develop renewable energy
sources and sustainable development systems. For this project, tax credits are the main and
only incentives which could be applied. Those tax credits represent financial savings for
energy systems supply and installation for new houses. Three energy systems are concerned
here: thermal solar for hot tap water with 45% of tax credit, photovoltaic cells with 22% of
tax credit and finally wood stove with 22% of tax credit once again.
The prices for the energy are taken from French government and the former national energy
supplier and producer. For example, the price of the photovoltaic produced kWh is 0.2035€
(for the period between the 1st of April 2012 and the 30th of June 2012). This price depends on
the size and the installation of the PV system. Here it is considered that the system is simply
integrated onto the roof structure. This price is set by the French Regulatory Commission of
Energy (CRE).
The evolution expected for the energies’ prices are taken from the French Environment and
Energy Management Agency (ADEME). The price for such a kind of house is around
0.043€/kWh (it depends on the kind of contracts) with an inflation foreseen as high as
6%/year.
All this give those results:
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Cost of the house the first year (€)
Cost of the house the first year (€/m² TLFA)
Ratio of materials' price (installation included)
Ratio of windows' price (installation included)
Ratio of energy systems (installation included)
Ratio of miscellaneous (installation included)

Nice
La Bresse Chateauroux
181 055,74 197 357,15
189 397,11
1 876,23
2 045,15
1 962,66
64,7%
13,6%
12,1%
9,7%

64,8%
18,0%
8,3%
8,9%

64,1%
13,0%
11,9%
11,1%

Figure 38: Costs of the houses once built

What it can be highlighted is the parallel of the cost of the house and its weather. Indeed, the
coldest the place is, the more expensive the house gets. This is only true as long as the houses
are designed in order to satisfy the same criteria, which is to say to be Low Consumption
Buildings.
Nevertheless, the difference between the three houses is not that big! The cost of the house in
La Bresse is only 9% higher than the one for Nice where as the climate is a lot harsher.
Concerning Chateauroux, the cost is significantly depending on the price of the limestone
used for the house. The price varies between 600 and 2500€/m3 (13 916 to 57 984€ for the
house). The result above is obtained for a price of 1250 €/m3.
More generally, the cost of materials and its installation represents by far the most expensive
sector of the house price. It is then on this that changes should and will be made in order to
obtain a better payback time.
Concerning the French landscape:
Construction company
Traditional house lower class
Traditional house upper class
Heating : 137 kWh/m²/y
Cost (€)
118 053,60 Hot tap water : 22,31 kWh/m²/y Cost (€)
142 318,60
Cost (€/m²TLFA)
Cost (€/m²TLFA)
1 223,35
1 474,80

Craftsmen grouping
Traditional house lower class
Traditional house upper class
Heating : 137 kWh/m²/y
Cost (€)
104 222,55 Hot tap water : 22,31 kWh/m²/y Cost (€)
121 693,35
Cost (€/m²TLFA)
Cost (€/m²TLFA)
1 080,03
1 261,07
LCB lower class

LCB upper class
Heating : 20 kWh/m²/y
Cost (€)
179 813,43
Hot tap water : 15 kWh/m²/y
5 regulatory uses < 50 kWh/m²/y
Cost (€/m²TLFA)
1 486,18
Cost (€/m²TLFA)
1 863,35
Passive lower class
Passive upper class
Heating < 15 kWh/m²/y
Cost (€)
171 805,91 Total energy consumption < 150 Cost (€)
208 810,10
kWh/m²/y
Cost (€/m²TLFA)
1 780,37
Cost (€/m²TLFA)
2 163,84
Cost (€)

143 415,92

Positive house lower class
Cost (€)
Cost (€/m²TLFA)

155 427,10
1 610,64

5 regulatory uses - energy
production < 0 kWh/m²/y

Positive house upper class
Cost (€)
Cost (€/m²TLFA)

185030,4
1 917,41

References (22,28)
5 regulartory uses = heating + hot tap water + lighting + air conditionning + auxiliaries
Figure 39: French landscape concerning houses' costs
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Lower and upper class are there written only to give a range of prices. The “class” is only the
quality of the finishing touches and quality of equipments of the house.
The costs of houses which are as well their prices enable to place the three studied houses. All
those prices have been calculated for a house similar to the three ones studied, which is to say,
96.5m² of TLFA, one floor, on solid ground (for a scrawl space, add 4000-6000€). The only
main difference is that the traditional houses are gas heated and electricity based hot tap
water.
For Nice, the model house is situated and in Passive houses and in positive houses. This price
matches perfectly the real estate environment. Having a good bioclimatic house using bio
based materials in Nice is possible to the approximate same price than any kind of Passive
house, well designed or not. This fact is extremely interesting! No need to use cheaper
materials less environmentally friendly.
However, the same conclusion is not totally observed concerning Chateauroux and La Bresse.
Their prices place them into the only category passive house which is not true for them. They
are only LCB level houses. Nevertheless, the definition of passive house does not take into
account the weather of the location but it is only based on heating need and supply (less than
10W/m² or 15kWh/m²/year) and on specific electricity use (less than 150 kWh/m²/year). The
weather as well as used materials explains these high prices. Wood fibre and triple glazed
windows are more expensive than conventional materials as glass wool and double glazed
windows. The high price of the house of Chateauroux may be explained by the use of
limestone and Metisse (recycled textile). As Chateauroux has a scrawl space, 5000€ must be
added to the figures shown in the figure 36 above, fact which makes the house into the two
more categories LCB and positive houses. The energy systems providing lower consumption
are also more expensive than conventional ones. Nevertheless, the prices obtained are not that
big compared to the real estate environment. Those houses are a warranty of a better
sustainable development and lower consumption. Unfortunately, sustainable development is
not yet well taken into account into the Economy.
From the French government and the French Environment and Energy Management Agency,
consumption figures for “average common house” are obtained:
Heating mix: 2% wood, 10% urban network, 30% electricity, 13% fuel and 45% gas.
Heating average consumption: electricity 61 kWh/m²/y, fuel 171 kWh/m²/y, gas 178
kWh/m²/y
Electricity average consumption: 2669 kWh/house/y
Hot tap water mix: 1% wood, 49% electricity, 15% fuel, 17% gas, 7% LPG
Hot tap water average consumption: 1822 kWh/y electricity, 2896 kWh/y fuel, 2691
kWh/y gas, 1569 kWh/y LPG.
Then choosing a “traditional average” house (average of the second category of houses in the
previous table) heated by gas with hot tap water produced by electricity, such results are
obtained:
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Cost of the house and its use (€)

250 000 €
200 000 €
150 000 €

Common house
Nice

100 000 €

La Bresse
Chateauroux

50 000 €
0€
1
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9
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Years

Figure 40: Lifetime cost of the three houses and a common one

The common house chosen price is 112 957 € with a gas consumption of 18227 kWh/y and an
electricity consumption of 2822 kWh /year.
It clearly appears the interest of the LCB in term of economics in a lifetime of a house. The
costs of energy consumption overtake the starting difference of prices between those two
kinds of houses. This is done due to a bigger consumption and a higher price of the energy
source concerning the common house. Moreover, the energies used prices are increasing
faster in the future than wood price for example.
In order to obtain those graphs, maintenance costs have been introduced for all the houses but
it is not taken into account the replacement of equipments. Nevertheless, having rather
expensive houses at the beginning is finally cheaper as regard to the lifetime of the building
(rather 50-70 years than 30).
Of course, not everybody is living in the same house for 30 years or more. Anyway, if those
persons want to benefit from their “sustainable” house, they can sell their house after for
example 15 years with a higher price than they would have done with the “common house”.
This higher price will overtake the difference between the common house and the ideal house.
It has to be noticed that this higher price is justified by better energy performances.
This is quite interesting to think of the economics of a house. What should be taken into
account or not? If the performance of the house is equivalent to an added value, it is certain
that from the point of view of the building, an efficient house will be cheaper than a
traditional house. (It is here 50 to 70 years spoken of).
Some reductions of economical factors have been made but it shows nonetheless the interest
of having LCB buildings. In addition of having a good environmentally friendly house, it is
also a cheaper or equal price house. Thus, it has to be preferred to think in a bioclimatic way
in order to realize a house, being winner at every point.
But let see if the time when the ideals houses become cheaper than the common one can be
shortened.
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In order to realize this, the initial cost of the house should be lowered. Indeed, the energy
consumption of the house should not be changed if the price evolution through the year is
wanted to be kept the same.
From the figure 38, the more expensive sector is clearly materials. Those materials have been
chosen depending on their location from the building and depending on their environmental
quality.
Replacing cork by expanded polystyrene, lavender bricks and bulk, metisse, wood fibre and
cellulose wadding by glass wool and wood framework and limestone by breeze blocks, the
same houses in term of energy performance can be obtained at a cheaper price. Those new
houses are called “Location” tradi.
Nice tradi La Bresse tradi
Cost of the house the first year (€)

140 514,67

159 664,47

Chateauroux tradi
153 034,75

Figure 41: Cost of the "Location" tradi houses once built
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Figure 42: Lifetime cost of the three tradi houses and a common one

From a lifetime point of view, the tradi houses are sooner more interesting than the common
house. For Nice, after 14th years, the house is already cheaper than a common one. For
Chateauroux and La Bresse, it has to be waited the 20th and 26th year.
In order to promote energy efficient houses and environmentally friendly, environmental
concerns could be a really good solution. If the green aspect of the house were to be
quantified and equivalent to a price, such houses would be even more attractive compared to
the common ones. The green aspect could be quantified in various ways: CO2 equivalent
content, embodied energy, CO2 equivalent content of the consumed kWh etc... This could
enables the creation of incentives or penalties or bonus on the price of a house.
This is the issue of the future.
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IV.3 CO2 equivalent and embodied energy study
In order to complete the study about the quality of the three houses in terms of energy
efficiency and in performance of “bioclimatism”, a CO2 equivalent and an embodied energy
studies must be carried out.
In order to quantify the environmentally friendliness of a building, a new measure has been
spoken of, the CO2 equivalent content. “Carbon equivalent content refers to processes set
about measuring amounts of carbon dioxide equivalents emitted by a material”. This measure
has been introduced following the debates around the global warming of the planet. Indeed, as
a greenhouse gas effect, the CO2 or carbon dioxide has been chosen to represent the potential
of global warming of other gases as methane or CH4 and material or processes. The less a
material has CO2 equivalent content, the more it is environmentally friendly.
Embodied energy is a term meaning all the energy needed to make an entity but which is not
taken into account into building or processes. For example, glass wool for a house will need
energy to be installed (usual energy taken into account) but it has already needed energy in
order to obtain the material (this is precisely the embodied energy). In order to draw the best
conclusions of an energy efficiency of a building, embodied energy must be taken into
account. This embodied energy is also present at the end of life of a building (energy to
demolish, recycle, store, burn or bury used materials). The embodied energy is also linked to
the sustainability of a building since calculating the whole energy needed, represents a certain
amount of CO2 emissions during the process.
Henceforth, those two “measures” should be obtained for the three houses. Once again a
comparison will be made between each other as well as with similar but cheaper houses.
All the data obtained are a compilation of websites and catalogues. The values differ from
sites to sites so the average has been chosen for being true. However, most of the values are
coming from the “carbon base” proposed by the French Environment and Energy
Management Agency (ADEME), the website “isolation.comprendrechoisir” and
“maison.com”. Cf appendix G.
Concerning the CO2 equivalent content study, materials, transportation and use of the
building during its lifetime has been taken into account. The building process in itself with the
use of machines has not been taken into account as well as the end of life of the building. The
equipment has not been taken into account (photovoltaic panels, stove, boiler etc…).
Concerning the embodied energy study, only materials have been considered (which is to say
the energy used to produce them).
The other houses which will be referred to as “tradi” (for traditional) are similar houses for
each location with average energy performance in terms of consumption. Another difference
is the materials used. Cork becomes EPS (expanded polystyrene) due to similar mechanical
properties as well as insulating properties. Walls become made of breeze-block (or cinder
block). Outdoor walls and high floor for Chateauroux and La Bresse insulation is made by
glass wool. All the details are in appendix G. The CO2 equivalent study gives:
BEWARE: The “tradi houses” in this part are not the same than those in the economical part.
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CO2 equivalent content Nice
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Figure 43: CO2 equivalent content for Nice

As it will be shown below, there is a slight decrease of the CO2 equivalent content in the
house of Nice throughout the years. The traditional house knows already at the beginning a
really higher content of equivalent CO2. Each year, due to its consumption, this content
increases a lot. The photovoltaic panels explain the decrease of the CO2 equivalent content
thanks to a production of electricity higher than its energy consumption (positive house).

CO2 equivalent content La Bresse
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Figure 44: CO2 equivalent content for La Bresse

The CO2 content in La Bresse is after construction negative! This is obtained thanks to the
use of wood as material of structure (wood frame), and as material of insulation (cork and
wood fibre). The wood is indeed the only material with a negative CO2 content. As the cork
regenerates quickly its bark, it absorbs more CO2 during its life time than it is releasing it
during its transformation. The production of electricity by the photovoltaic cells is not enough
to see to a decrease of the CO2 content along the years. The traditional house has the same
behaviour than the one in Nice: really high CO2 equivalent content increasing quickly by
years.
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CO2 equivalent content
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Figure 45: CO2 equivalent content for Chateauroux

In Chateauroux, neither the production of electricity by the photovoltaic cells neither the
starting CO2 equivalent content of the house can assure a negative CO2 content. Once again,
the same behaviour is obtained for the traditional house.
With the three houses designed in a bioclimatic way, the CO2 content is really lower than the
one obtained for common houses, insuring a more sustainable development. It is even
possible to achieve a negative CO2 equivalent content throughout the years!
CO2 equivalent content (kg CO2) for used materials
Nice
La Bresse
Chateauroux Tradi Nice Tradi L-B
Tradi Ch
10 202,68
-1 103,40
11 845,48
26 749,66
26 577,25
26 006,18
Figure 46: CO2 equivalent content after construction (materials content in kg CO2)

Consumption (kg CO2/year) Tradi
Nice
La Bresse
Chateauroux
Wood
30,93825
155,124
74,74
Electricity
220,116
79,16376
118,4118
88,05186
Gaz
4265,1648
PV production
-126,126 -82,92414 -93,343224
Total
4485,2808 -16,02399 190,61166
69,448636
Figure 47: CO2 equivalent content of yearly consumption

It this CO2 equivalent content were to be costly, the economical conclusions would be
different. Indeed, the tradi houses whereas cheaper the first year than the model ones would
become really quickly more expensive with the years of use.
In order to complete the picture, embodied energy calculation has been made. All the details
can be seen in the appendix G.
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Embodied energy (kWh) for used materials
Nice
La Bresse
Chateauroux Tradi Nice Tradi L-B
Tradi Ch
45 330,53
36 893,33
30 179,22
59 633,23
54 164,16
49 804,19
Correspondance in years of traditional based consumption
2,2
1,8
1,4
2,8
2,6
2,4
Correspondance in years of La Bresse based consumption
4,5
3,6
3,0
5,9
5,4
4,9
Correspondance in years of Chateauroux based consumption
16,1
13,1
10,7
21,2
19,2
17,7
Figure 48: Embodied energy for used materials (kWh)

The embodied energy study gives maybe the most interesting results of this paper. Indeed, it
has been shown previously that the three studied houses are energy efficient in term of energy
consumption, with a high rate of comfort, environmentally friendly in terms of CO2
equivalent content but, in term of embodied energy, the assessment is not that obvious.
Indeed, the embodied energy for used materials is similarly the same for the three houses and
their respective traditional models.
The use of cork explains a part of this high embodied energy content. Indeed, as an efficient
way to be environmentally friendly in term of CO2 equivalent content, it is also not that good
in terms of embodied energy; hence in CO2 emissions (used for its fabrication). The
production of it requires a lot of energy.
On the opposite, wood fibre, wool wadding and Metisse do not require a lot of energy,
explaining the lower embodied energy for La Bresse and Chateauroux.
The low embodied energy content of Chateauroux is obtained thanks to the use of limestone.
Being a rather expensive material, it is also a material which needs really few energy
compared to usual solutions as concrete or breeze blocks.
This embodied energy is rather important compared to the yearly consumptions. It represents
in average more than two years of energy consumptions for average houses and for efficient
energy houses more than fifteen years in average.
Even if this embodied energy is high, it is nonetheless lower for the three studied houses.
Ratio of embodied energy/lifetime energy consumption
Nice
La Bresse
Chateauroux Tradi Nice Tradi L-B
Tradi Ch
132,33%
9,43%
23,45%
7,49%
6,85%
6,33%
Figure 49: Ratio of embodied energy/lifeme energy consumption

The figures above show the importance of the embodied energy on the total energy use of the
building. This is even more true remembering that the embodied energy calculated takes only
into account the embodied energy of materials.
The lifetime considered here is 35 years. For Nice, a ratio over 100% means that during the
lifetime of the building, the energy consumed decreases by producing more energy than
consuming it; the input of energy is lower than the output. In this particular case, the
embodied energy takes a really significant role in the building energy consumption.
This last fact is really interesting as it introduces a needed reflection concerning the “positive
house” definition. It is commonly accepted that a positive house is a house producing more
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energy than consuming it but in which limits? Does this balance sheet should refer to the
house consumption once built, during its “life” or taking into account the energy used before
its “proper” life and after its “death” : building and demolition processes as energy needed for
materials and equipments. That could be a more relevant definition for a positive house. But
then a question arises: would it not be the role of the building company, material company
and demolition company to equilibrate their energy balance? This means that for example a
company making cork for insulation should compensate the energy used in the process. The
question is opened.

Figure 50: Total energy consumption for Nice

Once again it is important to keep in mind that “total energy” refers to the yearly energy
consumption and the embodied energy content for the materials. Building process and
demolition process energy is not taken into account.
Clearly, even with the approximate same total energy at the beginning, the evolution of the
total energy differs a lot between the house of Nice and its traditional equivalent. This is
obtained thanks to the negative yearly energy consumption for the first one.

Figure 51: Total energy consumption for La Bresse
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Figure 52: Total energy consumption for Chateauroux

For the houses in Chateauroux and La Bresse, expected scenarios of total energy are
observed: there is an increase of total energy consumption throughout the years.
Nevertheless, the designed houses for La Bresse and Chateauroux give better results than their
respective traditional houses. It has to be kept in mind that the consumptions for those last
houses are based on the French average and does not represent the average consumption at
this location. For example in La Bresse, the average consumption will be a lot higher. Than
the conclusion following may emerge: even in the coldest places of France, designed and
thought houses give better results than the common average house in France.
The last fact interesting in those graphs is that the embodied energy of materials (at the
beginning) is not that important if the lifetime energy consumption is looked at. It is mainly
the house yearly consumption that will impact the final result, at the end of the “life of the
house”. Nevertheless, the more the house is becoming energy efficient, the more the initial
embodied energy has its share in the total used energy!
Even if this is shown, embodied energy should be always taken into account when energy
efficiency of a house is talked about, for the reasons explained above, in order to go in a way
of real sustainable development.
Once again, it could be imagine setting a price corresponding to the amount of embodied
energy of a house. If this was to be done, “bioclimatic” houses would become a lot more
attractive than it is already now.
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V.

LIMITS AND CONCLUSION

V.1 Limits
The study has been realised using the RT2005, the actual thermal regulation for French
housing buildings. However, this same regulation will be obsolete at the turn of the year. I
nevertheless decided to take that one as the base for all the calculations in order to proceed as
if it was real houses being build. It could have been interesting to apply as well the RT 2012
on each of the houses studied in order to provide a comparison of energy levels. I did not do
such studies because of the tools which were not fully finished when I left the company. I
could have calculated the Bbio but not the energy consumption of the house.
Along this paper, hypothesis have been made, statements have been chosen creating limits
which I think are important to know in order to get a better understanding and a better critical
thinking. Indeed, limits are important in order to know where the scope of the paper is and
what could be upgraded or changed for further studies. Hence here are some limits which
have not been spoken of along the paper.
The first limit that could be highlighted is linked to the thermal dynamical simulation: the non
total adaptation of the scenarios according to the location of the model house. Indeed, only the
time of heating is changing according to the location, hence according to the weather. The
internal gains could have been adapted. For example during summer, the dryer is not used as
much as it is done during winter and in Nice, it is more than likely that the inhabitants dry
their clothes outside sooner than in La Bresse. Anyway this has been a choice of not changing
it in order to not increase the number of thermal dynamical simulations.
A second limit, referring as well to the thermal dynamical simulation is the impact of the
number of weeks of holidays. Indeed, it has been chosen 5 weeks off as it is the norm in
France. But some professions have more weeks of holidays. This can be a change in the
results. It could be also interesting to see the impact of such weeks onto the result. For
example, of how many kWh/year does the heating need change if there are not holidays? This
would have permit to go out of the scope of study, trying to find general figures like one week
off represents 2% less of heating need (depending of course of the season of this week).
Anyway it has been chosen to stick to the proposed houses and use.
There are also intrinsic limits of the software as the way to model hour per hour the opening
or closing of shutters and not by outdoor temperatures. It is always interesting to have a
critical thinking on what we are doing and on what we are using to make it. Another example
is the use of the ground coupled exchanger, which can be controlled by temperatures or hours
but not by both at the same time. It is always a question of sensitivity of the control.
Another limit about this paper is that it has focused on residential houses in order to give hints
for efficient bioclimatic buildings. But for example, tertiary buildings are not used the same
way and managed differently.
The calculation of the air tightness of the building under 4 Pa instead of 50 Pa, as it is done
for the German label Passiv’haus, is also a great limitation on the accuracy of the results.
Unfortunately, it has been decided to keep this value even if a mind change is occurring
among the French engineers these years.
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Concerning the thermal performances of windows, an average coefficient has been chosen
where as new French regulations tend to describe really precisely all the aspects of the
windows and doors as Uf, Uw, reflexion, s, etc... The vine on pergola has been modelled as
letting through a percentage of solar radiations, varying each month.
Concerning the regulatory studies, the limits of this kind of studies have been said previously:
namely, base the study on conventional scenarios and values. This is in order to provide a
stable frame in which every house will be modelled, enabling a meaningful comparison. The
lighting equipment has been kept classical. It could have been taken a better lightning system
with LED for example, but that was not the part of the main point of my study (even if it
enters into the energy balance).
Concerning the economical study, the costs of lighting equipment has not been taken into
account. Moreover, supplied materials amounts were considered exactly as the ones needed,
implying no waste. As it has been said, end of life of the building and replacement
equipments have not been taken into account.
Concerning the CO2 equivalent content and the embodied energy study, all the limits have
been spoken of at due places and times. Except concerning transportation, it has been
considered that for the three model houses 50 km in average was the distance between the
house and the supplier where as for the traditional ones it was around 100 km.
All the materials like plumbing pipes, tiled floors, paints were not part of this study (except
plumbing pipes in the economical study). The “finishing touches” appeared not really
important to me as I did not know a lot concerning alternatives solutions so I decided to not
speak of them. However it could have been an interesting part to focus on, but choices must
be made to keep a whole meaning of the paper.
I chose not to change the architecture of each house, except the roof, in order to be as a
construction company with one type of house. Nevertheless, this is not really a bioclimatic
approach in which every house or building is single due to its environment. Only the roofs are
adapted to every location. The shape has not been changed in order to keep the same
compactness.
A last common limit of this study and not the least is the non use of rain water and the non
treatment of used waters. Indeed, water is part of the energy balance of a building and enters
definitely in the bioclimatic definition. Unfortunately, I decided to not study it because of the
time frame. In the future it will become nonetheless a really important field of study for every
house. Energy and comfort are now widely spread but embodied energy and water
management are to take more and more importance.

V.2 Conclusion
In order to build houses environmentally friendly and in a sustainable way, studies
must be made in order to give reference points for the building. Thermal designed offices
enable the customer to obtain a good efficient energy consumption house. But to think for the
future, the building should be studied in other ways.
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An efficient housing building should always take into consideration its environment, its
weather and its location in order to make the best choices concerning materials, orientation
etc...
In a general way, building should face south (at least for the northern hemisphere). Mapping
of the rooms, place of windows and their areas, building details as thermal bridges, thermal
performance of walls, roofs overhangs and density of the building should be parameters
closely watched in order to provide an efficient energy building as well as a comfortable one.
But only this does not guarantee the performance of the building. Solar gains, internal gains
and ventilation are major aspects as well. With all this, the building as referred to its shell and
occupation or management guarantee a high level of performances, which could be increased
by the use of active systems as wood stove or heat pumps for heating, solar panels for hot tap
water for example. Anyway, those active systems are necessary but not as important as the
other parameters.
The economical aspect of a building is clearly a major aspect for people but should be better
defined, taking into account CO2 equivalent content for example, in order to reflect the real
performance of the building in its whole.
Finally, a low consuming building is a good thing for most of people but as it is said in the
previous paragraph, the lack of its CO2 equivalent content and embodied energy use must be
rectified. Indeed, those parameters are as important as the energy consumption of a building if
we want to change radically our way of living and consuming, in order to keep a planet
approximately in the same state that we have known. And all this is feasible, as it has been
seen in this paper by using bio-based materials requiring little energy and close to the location
of the house. It is only a question of sensitivity of every one and of portfolio once again but
which could be changed in order to favour bioclimatic buildings.
Of course, each building will remain unique and only guidelines can and should be
remembered, those same guidelines able to differ according to location, weather and
environment.
.
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APPENDIX
A:
ENERGY
PERFORMANCE
INDICATORS
AND
REQUIREMENTS FOR THE FRENCH THERMAL REGULATION 2012 –
RT2012 and 2005 – RT2005 AND LABELS.
RT-2012:

Bbio max (points)

Cep max (kWhpe/m²nfa.year)

Exposition to noise disruption
Climatic zone
Altitude
Individual house (NFA 100 m²)
Individual house (NFA 130 m²)
Individual house (NFA 170 m²)
Individual house (NFA 210 m²)
Flat (collective building)
Tertiary

H1a
0 - 400 m
77,0
72,0
67,0
69,1
72,0
77,0

H1b
0 - 400 m
89,0
84,0
79,0
81,0
84,0
84,0

H1c
0 - 400 m
77,0
72,0
67,0
69,1
72,0
77,0

H2a
0 - 400 m
71,0
66,0
61,0
63,1
66,0
77,0

CE1

Exposition to noise disruption
Climatic zone
Altitude
Individual house (NFA 100 m²)
Individual house (NFA 130 m²)
Individual house (NFA 170 m²)
Individual house (NFA 210 m²)
Flat (collective building)
Tertiary

H1a
0 - 400 m
102,7
96,0
89,3
92,2
96,0
140,0

H1b
0 - 400 m
118,7
112,0
105,3
108,2
112,0
140,0

H1c
0 - 400 m
102,7
96,0
89,3
92,2
96,0
140,0

H2a
0 - 400 m
94,7
88,0
81,3
84,2
88,0
140,0

Exposition to noise disruption
Climatic zone
H1a
Altitude 0 - 400 m
Low Consumption Building Performance
65,0
Individual house (NFA 100 m²)
65,0
Individual house (NFA 130 m²)
60,0
Individual house (NFA 170 m²)
55,0
Individual house (NFA 210 m²)
50,0
Flat (NFA 35 m²)
90,0
Flat (NFA 60 m²)
75,9
Flat (NFA 90 m²)
69,0
Flat (NFA 130 m²)
62,1
Flat (NFA 170 m²)
57,5
Tertiary
77,0

H1b
0 - 400 m
65,0
70,0
65,0
60,0
55,0
95,7
81,7
74,8
67,9
63,3
84,0

H1c
0 - 400 m
60,0
65,0
60,0
55,0
50,0
90,0
75,9
69,0
62,1
57,5
77,0

H2a
0 - 400 m
55,0
60,0
55,0
50,0
45,0
84,2
70,2
63,3
56,4
51,8
77,0

Exposition to noise disruption
Climatic zone
H1a
Altitude 0 - 400 m
Low Consumption Building Performance
65,0
Individual house (NFA 100 m²)
77,0
Individual house (NFA 130 m²)
72,0
Individual house (NFA 170 m²)
67,0
Individual house (NFA 210 m²)
62,0
Flat (NFA 35 m²)
103,8
Flat (NFA 60 m²)
106,5
Flat (NFA 90 m²)
82,8
Flat (NFA 130 m²)
64,4
Flat (NFA 170 m²)
71,3
Tertiary
110,0

H1b
0 - 400 m
65,0
83,0
78,0
73,0
68,0
110,7
113,4
89,7
71,3
78,2
110,0

H1c
0 - 400 m
60,0
77,0
72,0
67,0
62,0
103,8
106,5
82,8
64,4
71,3
110,0

H2a
0 - 400 m
55,0
71,0
66,0
61,0
56,0
96,9
99,6
75,9
57,5
64,4
110,0

H2b
0 - 400 m
65,0
60,0
55,0
57,1
60,0
70,0

H2c
0 - 400 m
59,0
54,0
49,0
51,1
54,0
63,0

H2d
0 - 400 m
53,0
48,0
43,0
45,1
48,0
56,0

H3
0 - 400 m
47,0
42,0
37,0
39,1
42,0
56,0

H2b
0 - 400 m
86,7
80,0
73,3
76,2
80,0
140,0

H2c
0 - 400 m
78,7
72,0
65,3
68,2
72,0
120,0

H2d
0 - 400 m
70,7
64,0
57,3
60,2
64,0
168,0

H3
0 - 400 m
62,7
56,0
49,3
52,2
56,0
168,0

H2b
0 - 400 m
50,0
55,0
50,0
45,0
40,0
78,5
64,4
57,5
50,6
46,0
70,0

H2c
0 - 400 m
45,0
50,0
45,0
40,0
35,0
72,7
58,7
51,8
44,9
40,3
63,0

H2d
0 - 400 m
45,0
50,0
45,0
40,0
35,0
72,7
58,7
51,8
44,9
40,3
56,0

H3
0 - 400 m
40,0
45,0
40,0
35,0
30,0
67,0
52,9
46,0
39,1
34,5
56,0

H2b
0 - 400 m
50,0
65,0
60,0
55,0
50,0
90,0
92,7
69,0
50,6
57,5
110,0

H2c
0 - 400 m
45,0
59,0
54,0
49,0
44,0
83,1
85,8
62,1
43,7
50,6
110,0

H2d
0 - 400 m
45,0
59,0
54,0
49,0
44,0
83,1
85,8
62,1
43,7
50,6
132,0

H3
0 - 400 m
40,0
53,0
48,0
43,0
38,0
76,2
78,9
55,2
36,8
43,7
132,0

CE2

CE1

CE2
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RT 2012 - requirements
Residential : Sopening 1/6 TLA

Access to natural light
Air permeability

Individual House

Block of Flats

3

1 m3/h/m²

0,6 m /h/m²

Energy counting

Mandatory for each of the 5 regulatory usages

Summery Comfort

Solar factor of openings and opening surface mini (as RT 2005)
Ratio of the average thermal bridges RΨ of the building ; RΨ ≤ 0,28 W/(m². K)

Building Insulation
Thermal bridge « intermediate floor/ outdoor wall » treated : Ψ9 ≤ 0.60 W/(ml.K)
. Hot tap water with solar panels
. Linked to a heating network provided by at least 50% of a renewable energy
. Cep of minima 5kWh/m²/an via Renew. energy
. Water heater with a heat pump
. Micro-cogeneration boiler for heating and/or hot tap water

Compulsory use of renewable energies

LABELS IN FORCE:

HPE2005
HPE - ENR2005
THPE2005
THPE - ENR2005
BBC2005 Effinergie

HPErénovation-2009

BBCrénovation-2009

Individual house
≤ 90% of Cep RT2005

New
Block of flats
≤ 90% of Cep RT2005

≤ 90% of Cep RT2005 + (1)

≤ 90% of Cep RT2005 + (1)

≤ 80% of Cep RT2005

≤ 80% of Cep RT2005

≤ 70% of Cep RT2005 + (2)

≤ 70% of Cep RT2005 + (2)

≤ 50*(a+b) kWhep/m²NFA-RT/year

≤ 50*(a+b) kWhep/m²NFA-RT/year

3

and i4≤ 0,6 m /h/m²

and i4≤ 1 m3/h/m²

Tertiary

≤ 50% of Cep RT2005

Individual house
≤ 150*(a+b) kWhep/m²NFA-RT/year

Renovation
Blocks of flats
≤ 150*(a+b) kWhep/m²NFA-RT/year

Tertiary

≤ 80*(a+b) kWhep/m²NFA-RT/year
and mandatory air permeability test

≤ 80*(a+b) kWhep/m²NFA-RT/year
and mandatory air permeability test

≤ 40% of Cep RTexisting-global
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RT 2005 - Maximum values legally accepted and references
Concerned element
Zones
Outdoor Walls A1 (U in W/m²/K)
Walls in contact with non heated spaces/rooms A1
Low floor of lost attics A2
Rooves A2
Flat rooves A3
Sheet metal rooves A3
Low floor above crawl-space or non heated basement A4

Individual House (MI)
Reference
Maximum
All
All
0,36
0,45
0,36
0,45/b
0,2
0,28
0,2
0,28
0,27
0,34
0,27
0,41
Ue = 0,27
Up = 0,4

Block of flats (IC)
Reference
H1 and H2
H3
0,36
0,4
0,2
0,25
0,2
0,25
0,27
0,27
0,27
0,27
0,27
0,36

Tertiary
Maximum
All
0,34
-

Reference
H1 and H2
0,36
0,2
0,2
0,27
0,27
0,27

H3
0,4
0,25
0,25
0,27
0,27
0,36

Maximum
All
-

Low floor above outside or collective car park A4

Ue = 0,27

Up = 0,36

0,27

0,36

-

0,27

0,36

-

Low floor on solid ground A4

Ue = 0,27

R = 1,7

0,27

0,36

-

0,27

0,36

-

Low floor under a staircase A4
Doors A5
Windows and French windows A6
Windows and French windows A7
Eased frame for rolling shutters A1 (A7 if built-in in the window)
Contact low floor/outdoor wall (thermal bridge) L8 (Y en W/m/K)
Contact intermediate floor/outdoor wall (thermal bridge) L9
Contact high floor/outdoor wall (thermal bridge) L10 (*)
Ubât max

Ue = 0,27
U = 1,5
Ujn = 1,8
0,4
0,55
0,5
Ubât ref

Up = 0,4
Uw = 2,6
U = 3,0
0,65
0,65
0,65
1,2* Ubât base

0,27
1,5
1,8
-

0,36
1,5
2,1

1 (average)
1 (average)
1(average)
1,25* Ubât base

0,27
1,5
2,1
-

0,36
1,5
2,3
-

1,2 (average)
1,2 (average)
1,2 (average)
1,5* Ubât base

0,6
0,6
0,4

(*) if the high floor is not made of concrete nor masonry, the thermal bridge is counted with "other contacts" and has then a reference to 0.
Solar gains (openings area)
Air permeability (m3/h/m²)

1/6 TLA
0,8

Ventilation

-

Liquid or gaseous heating fuel

-

Hot water heat pump

-

Heat/chill emitters (save out Joule effect ones)

-

insulated
networks in case
of heat/cold
recovery
boiler without
pilot burner,
insulated pipes
outside the
heated volume
insulated pipes
outside the
heated volume
temperature
control room by
room

0,6
0,6
0,4

Integrated analysis of bioclimatic building design in three climate zones in France

APPENDIX B: TRANSITION SCHEDULE BETWEEN THE RT2005 AND THE RT 2012

26th October 2010

August 2011

Publication of the
RT 2012 :
housing buildings,
offices, education
buildings

28th October 2011

Publication of the
RT 2012's
calculation
method

Label BBC effinergie

During 2012

Effective date of
the RT 2012 :
tertiary buildings
(offices)

End of this
label for
tertiary
buildings

Publication of the
RT 2012 :
other tertiary
buildings

1st January 2013

1st January 2015

Effective date of
the RT 2012 :

End of transition
period :

housing buildings

collectivebuildings

(hospitals, hotels)

End of the
label BBCeffinergie

Start of the label BBCeffinergie+
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APPENDIX C: BASE-SCENARIOS
Internal gains:
Location
Alarm-radio
Father's bedroom
Hair dryer
Each bathroom
Oven
Living-room/kitchen
Hot plates
Living-room/kitchen
Coffee machine
Living-room/kitchen
Laptop
Living-room/kitchen
Hi-fi system
Living-room/kitchen
Answerphone
Living-room/kitchen
TV set
Living-room/kitchen
Dishwasher
Living-room/kitchen
Fridge
Living-room/kitchen
Freezer
Living-room/kitchen
Washing machine Garage
Tumble drier
Garage

Thermal gain (W/h) Time/use Use/week
4
Always
450
5 minutes
7
2250
1 hour
4
1500
15 min
10
750
5 minutes
7
50
2 hours
4
48
1 hour
5
5
Always
90
2 hours
8
1200
1 hour
4
50
Always
130
Always
1100
1 hour
4
2500
1 hour
2,5

Below are shown extractions of the software Pleiades + Comfie for examples of weekly
scenario and yearly scenario. On the left, weekly internal gains for the thermal zone living
room. On the right, yearly internal gains for the thermal zone bathroom.
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APPENDIX D: REGULATORY STUDIES RESULTS DETAILS
NICE
Building Ubât (W/m².K)
Cep (kWhpe/m².y)
HEATING
Wood (kWh/y)
Primary energy (kWhpe/m².y)
COOLING
HOT TAP WATER
Electricity (kWh/y)
Solar (kWh/y)
Primary energy (kWhpe/m².y)
LIGHTING
Electricity (kWh/y)
Primary energy (kWhpe/m².y)
AUXILIARIES
Electricity (kWh/y)
Fans (electricity) (kWh/y)
Primary energy (kWhpe/m².y) - Auxiliaries
Primary energy (kWhpe/m².y) - Ventilation
PHOTOVOLTAIC
Electricity (kWh/y)
Primary energy (kWhpe/m².y)

Project
0,43
-3,09

Reference
0,636
156,68

Difference
32,39%
101,97%

1237,53
12,09

6416,27
62,66

80,71%
80,71%

361,42
1543,34
9,11

2774,67
0
69,91

86,97%
0,00%
86,97%

259,37
6,53

297,05
7,48

12,68%
12,70%

114,69
279,44
2,89
7,04

115,6
544,43
2,91
13,72

0,79%
48,67%
0,69%
48,69%

1617,19
40,75

0
0

0%
100%
CHATEAUROUX
Building Ubât (W/m².K)
Cep (kWhpe/m².y)
HEATING
Wood (kWh/y)
Primary energy (kWhpe/m².y)
COOLING
HOT TAP WATER
Electricity (kWh/y)
Solar (kWh/y)
Primary energy (kWhpe/m².y)
LIGHTING
Electricity (kWh/y)
Primary energy (kWhpe/m².y)
AUXILIARIES
Electricity (kWh/y)
Fans (electricity) (kWh/y)
Primary energy (kWhpe/m².y) - Auxiliaries
Primary energy (kWhpe/m².y) - Ventilation
PHOTOVOLTAIC
Electricity (kWh/y)
Primary energy (kWhpe/m².y)

LA BRESSE
Building Ubât (W/m².K)
Cep (kWhpe/m².y)
HEATING
Wood (kWh/y)
Primary energy (kWhpe/m².y)
COOLING
HOT TAP WATER
Electricity (kWh/y)
Solar (kWh/y)
Primary energy (kWhpe/m².y)
LIGHTING
Electricity (kWh/y)
Primary energy (kWhpe/m².y)
AUXILIARIES
Electricity (kWh/y)
Fans (electricity) (kWh/y)
Primary energy (kWhpe/m².y) - Auxiliaries
Primary energy (kWhpe/m².y) - Ventilation
PHOTOVOLTAIC
Electricity (kWh/y)
Primary energy (kWhpe/m².y)

Project
0,341
98,84

Reference
0,522
307,53

Difference
34,67%
67,86%

6204,96
60,6

20656,29
201,72

69,96%
69,96%

832,01
1415,97
20,96

3107,82
0
78,3

73,23%
0,00%
73,23%

279,84
7,05

309,99
7,81

9,73%
9,73%

82,13
324,12
2,07
8,17

237,36
544,43
5,98
13,72

65,40%
40,47%
65,38%
40,45%

1063,13
26,79

0
0

0%
100%

Project
0,407
27,49

Reference
0,522
185,02

Difference
22,03%
85,14%

2989,6
29,2

8628,7
84,79

65,35%
65,56%

482,07
1607,9
12,15

2982,89
0
75,15

83,84%
0,00%
83,83%

270,3
6,81

306,11
7,71

11,70%
11,67%

97,06
279,44
2,45
7,04

144,57
544,43
3,64
13,72

32,86%
48,67%
32,69%
48,69%

1196,72
30,15

0
0

0%
100%
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APPENDIX E: HOUSES MATERIAL DIMENSIONS
Volumes/Areas
Material (m3)

Nice
La Bresse Chateauroux
33,06285
15,9516
12,06285
38,925
29,925
29,925
465,7312
465,7312
372,9562
92,775
92,775
11,22318
17,62725
2,188
2,188
2,188
48,675555
23,19375
18,555
21,74568

Cork
Concrete
BA13 (m²)
OSB (m²)
Lavender's brick
Lavender's bulk
Adobe (1232 bricks needed)
Wood fiber
Limestone
Metisse
Cellulose wadding
Rain shield + Vapour barrier (m²)
Waterproof film under slab (m²)
Vapour barrier (m²)

60
60

84
60

92,775

m3

Units (ml)
Wood LB
Wood Chateauroux
Wood Nice

Areas (m²)
Semi buried wall
Low floor
Intermediate floor
Intermediate garage
High floor
Outdoor wall
Adobe
Indoor walls
Wood crosswall
Garage crosswall
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1 395,31
1 040,28
697,65

9,10
6,79
4,55

29,63
60,00
42,89
17,11
60,00
92,78
10,94
61,10
16,03
19,46
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APPENDIX F: ECONOMICAL DETAILS
Price (€)
Material
Cork (13)
Concrete (16)
BA13 (26,27)
OSB (26,27)
Lavender's brick (23)
Lavender's bulk (23)
Adobe (17)
Wood fiber (21)
Limestone (19,20)
Metisse (18)
Cellulose wadding (12,14)
Building process (11)
Rain shield (11)
Waterproof film under slab (11)
Vapour barrier (11)
Total (€)
Walls (wood frame) (9,10)
Roof structure (9,10)

Nice
La Bresse Chateauroux
DATA
10361,7728 5044,6328
3720,9728 15,82€/5cm;18,98€/6cm; 31,62€/10cm
32793,75
23793,75
23793,75 22,5€/m² topping;150€/m² slab
1178,29994 1178,29994
943,579186 2,53€/m²
398,9325
398,9325
4,3€/m²
448,9272
40€/m3
88,13625
5€/m3
4,62
4,62
4,62
11015,1107
14,63€/m² 6cm; 22,72€/m² 10cm; 9,75€/m² 4cm
28992,1875 600-2500/m3
2385,24525 25,71/m²
1076,41116 16,5
(the bag)
25000
25000
25000
132
184,8
151,8 2,2€/m²
90
90
1,5€/m²
250,4925 2,7€/m²
70496,4387 66710,146
86319,0584
47342
47342
24148,25 250€/m²
2000
16800
13800 200€/m²

Equipment

Price (€)
1200
650
650
600
1300
70
2000
10000
25130
2000

Units
4
7
1
2
1
9
1
1

Window 1,5*1,1 TG
Window 0,9*1,1 TG
Window 0,8*0,8 TG

1450
1450
1400

7
1
2

Total La Bresse

36330

Window 2,15*1,9
Window 1,5*1,1
Window 0,9*1,1
Window 0,8*0,8
Door 3*2,15
Door 2,04*0,83
Door LCB 2,04*0,83
Installation
Total Nice/Chateauroux
Window 2,15*1,9 TG

4

Miscellaneous
Plumbing and sanitary facilities (11)
Electricity (11)
Excavation work (8)

PV (W)

Cost (€)
1250

8500
6500
Nice/LB
3000

CH
6500

Connection to network added
2375
4875
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Energy systems
Installation included
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Ventilation Aldes (4,6,7,ii)
Ventilation Atlantic (4,6,7,i)
Ground coupled exchanger (i,iv)
Thermal solar system *2 (1,iii,v)
Thermal solar system *3 (1,iii,v)
Stove Topaze 1 (2,3,vi)
Stove Emeraude (2,3,vi)
Total Nice
Total Chateauroux
Total La Bresse

2800
3100
6500
6000
6750
2000
2160
17460
18210
11850

Consumption (kWh/y)
Gas
Electricity
Wood
PV gains (kWh)
PV gains (€/y)

Price (€/kWh) Inflation (%) Common
0,043
6
18227
0,1209
4
2822
0,052
3

Nice
1014,92
1237,53
1617
329,1

La Bresse Chateauroux
1518,1
6204,96
1063,1
216,35

1128,87
2889,6
1196,7
243,53
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APPENDIX G: CO2 EQUIVALENT CONTENT AND EMBODIED ENERGY
DETAILS
Changes
Cork
Lavender b&b
Wood fiber
Metisse
Wool wadding
Wood framework for outdoor walls
Limestone

Nice -> Tradi
EPS
Glass wool

L-B -> Tradi
EPS

Ch -> Tradi
EPS

Glass wool
Glass wool
Glass wool
Breeze block

Breeze block
Breeze block

All the changes have been made in order to keep the same thermal characteristics
of the various walls thanks to the formula:
R=e/l and Rwall = R1 +R2 (addition of the R of different layers)
R being the wall thermal resistance (K.m²/W); e being the thickness of the layer of
the material (m); l being the thermal conductivity of the material (W/m.K)

CO2 equivalent content (kg)
Material
Cork (24)
Concrete (24)
BA13 (24)

Data (kgCO2eq/m3)

Nice

La Bresse

-229
307
15,26 kgCO2eq/m²

-7 571,39
11 949,98
7 107,06

-3 652,92
9 186,98
7 107,06

-394,94
336,70
17,63
72,20
-1 766,25

-394,94

OSB (24)
Lavender's brick (23)
Lavender's bulk (23)
Adobe (24)
Wood (frame) (24)
Wood fiber (24)
Limestone (24)
Metisse (24)
Cellulose wadding (24)

-4,257 kgCO2eq/m²
30
1
33
-338
-220
4
72
9
3
Transportation (ADEME) 0,961 kgCO2eq/lorry.km + 0,061 kgCO2eq/m .km
PSE (24)
Glass wool (24)
Breeze block (24)
Total

72,20
-3 532,50
-10 708,62

Chateauroux Tradi Nice Tradi La bresse Tradi Chateauroux
-2 762,39
9 186,98
5 691,31

10 131,00
7 107,06

10 131,00
7 107,06

10 131,00
7 107,06

72,20

72,20

72,20

666,61

2 191,23

2 114,54

2 247,88

11 845,48

2 215,21
1 529,07
3 503,89
26 749,66

1 068,76
2 579,80
3 503,89
26 577,25

808,21
2 135,94
3 503,89
26 006,18

72,20
-2 633,68
92,78
1 335,96
195,71

451,71

819,34

67
53
80
10 202,68

Embodied Energy (kWh)
Data (kWh/m3) Nice
Material

La Bresse

Cork (25)
Concrete (25)
BA13 (25)

450
430
1452

14 878,28
16 737,75
8 791,14

7 178,22
12 867,75
8 791,14

OSB (25)
Lavender's brick (23)
Lavender's bulk (23)
Adobe (25)
Wood (frame) (25)
Wood fiber (25)
Limestone (25)
Metisse (25)
Cellulose wadding (25)

2359
100
4,5
110
332
52
16
48
50

1 969,71
1 122,32
79,32
240,68
1 511,33

1 969,71

PSE (25)

600

Glass wool (25)
Breeze block (25)
Total

242
219

240,68
3 022,65
2 823,18

-1 103,40

Chateauroux Tradi Nice
5 428,28
12 867,75
7 039,92

240,68
2 253,56

Tradi La bresse Tradi Chateauroux

14 190,00
8 791,14

14 190,00
8 791,14

14 190,00
8 791,14

240,68

240,68

240,68

19 837,71

9 570,96

7 237,71

6 981,80
9 591,89
59 633,23

11 779,48
9 591,89
54 164,16

9 752,76
9 591,89
49 804,19

371,10
890,64
1 087,28

45 330,53

36 893,33

30 179,22
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APPENDIX H: EXAMPLE OF FORMULAE USED IN PLEIADES
Ground coupled heat exchanger efficiency:

with

a sign function such as :

Average efficiency of the heat exchanger over a period T
Temperature of the air entering the heat exchanger
Temperature of the air going out of the heat exchanger
Temperature of the ground without the heat exchanger
Duration of the period
Sign function

Air volume corresponding mesh:

windows
wall

wall
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