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Abstract 

 

Life-cycle assessment is being applied to an increasing number of building projects from one side 

while the usual dynamic thermal simulations are being conducted from the other side on the same 

projects. However, there are few observations in the literature linking these two types of calculations: 

embodied and operating energies are rarely directly compared. This paper compares those energies 

for some case studies. The challenge is to quantify to what extent chosen structural materials can 

change their global life-cycle energy balance. This question is raised by the different dynamic thermal 

behavior of materials. Consequently, the case studies focus on the influence of materials’ thermal 

mass on the operating energy consumptions.  

Nonetheless, few software programs can conduct both these calculations (LCA and dynamic 

thermal modeling). The Swiss regulatory tool LESOSAI has been implemented and offers now these 

two possibilities. However, its LCA database is arcane, this paper will first assess the LCA results of 

LESOSAI by comparing it with the French tool ELODIE developed by the CSTB. Measuring the 

reproducibility of their results provides boundaries to the LCA calculations that LESOSAI can perform. 

These identified limits enable to set the starting assumptions of the case studies. Two raw materials 

are compared: wood and concrete structures. Considering thermal mass as a dynamic property, 

different typologies of building usages and climates have been investigated for the materials 

comparisons. Finally, the conclusion emphasizes the material that permits the lowest life-cycle impact 

for each typology and climate. 

 

Keywords: sustainable buildings, life-cycle assessment, embodied energy, LESOSAI, thermal mass, 

concrete, wood, dynamic thermal simulations 
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Introduction 
 

CONTEXT 

The depletion of resources has been noticed for a while now, as well as global warming and pollution, 

and many studies have led most of the world authorities and inhabitants to what is called sustainable 

development. This particular term can be explained in Figure 1: 

 

 

Figure 1 - The 3 sustainable development aspects (Sustainable Sphere, 2011) 
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Sustainable development can be defined as follows: 

"Sustainable development is development that meets the needs of the present without compromising 

the ability of future generations to meet their own needs. It contains within it two key concepts: 

 the concept of needs, in particular the essential needs of the world's poor, to which 

overriding priority should be given; and 

 the idea of limitations imposed by the state of technology and social organization on the 

environment's ability to meet present and future needs. (Brundtland Report, 1987) 

These concepts of needs and limitations apply to resources that are used today, included fossil 

energies. As industry, transports and others, the building sector is part of the three aspects of 

sustainability: it impacts the available amount of resources. In the case of buildings, the needs and 

limitations are then to use as little energy as possible while the requirements of indoor comfort are met. 

Besides, in order to have a holistic approach towards the building sector, operating energy is not the only 

one that matters. The energy mobilized by the construction and by the materials must be taken into 

account.  

Even since the Kyoto Protocol has been ratified, the global environmental footprint has been going 

more and more important. For example, Figure 2 points the rarefaction of fossil fuels production during 

the 21st century and shows the peak oil has already been reached. (De Sousa & Mearns, 2008). 

 

 

Figure 2 - Replenishing reserves of materials is increasingly difficult and expensive 

 

Now that the energy resources depletion trend has been noticed in Figure 2, let’s turn to the building 

sector, which is trying to become more and more energy-efficient. But why does it take this problem 

more seriously than some others sectors?  



 
11 Comparative assessment of two structural materials from a life-cycle point of view 

 

 

Figure 3 - Consumption of different resources in France (ADEME, 2013) 

In the example of France, buildings accounted in 2013 for about 44% of the global yearly energy use. 
Buildings, at least in developed countries, are so equipped with users-comfort facilities that they have 
become the first contributor to the depletion of resources in terms of energy and materials, ahead from 
industry and transport (see the following figure). 

 

Figure 4 - Primary energy use in US commercial and residential buildings in 2010 (US EIA, 2012) 

From this starting point, many concepts of environmental-friendly buildings have been developed: 

passive houses and energy-efficient buildings can be quoted. Today, there are norms that adopt some of 

the requirements of the former environmental labels like BREEAM, LEED, HQE and MINERGIE. For 

example, the Swiss regulation is taking the air tightness condition of MINERGIE in its last update of the SIA 

380/1 standard. The French government has enforced the Thermal Regulation 2012 which is following 
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some principles of passive buildings. However, as buildings become increasingly energy-efficient and 

consumes less and less, the building sector has to face another problem. 

Basically, the operating energy and emissions are stepping back and what are called embodied energy 

and embodied emissions are gaining influence in the global energy balance. Figure 5 points the 

importance of embodied energy in the final balance. For most of the residential buildings, embodied 

energy represents about 15% of the operating energy, but these residential include also quickly-built 

multi-family dwellings from the postwar baby boom which did not used mandatorily the best energy-

efficient materials. As most of low-embodied energy materials show not so good energy-efficiency 

properties, the trend is actually to use higher-embodied energy materials which ensure good thermal 

performances. This is why those residential buildings do not present interest for the study of embodied 

energy.  

 

Figure 5 - Primary embodied and operating energy of buildings from a review of case studies mostly from 
northern/centrale Europe and Asia, including most efficient designs. (Sartori and Hestnes, 2010) 

However, the case of commercial buildings is way more encouraging as embodied energy represents in 

many cases 15% to 25% of the balance (figure 5). It means that a fourth of the total consumption of the 

building from its construction to its demolition is not operating energy.  

This is where the embodied energy becomes interesting: how could low operating energy 

consumption be kept (and even improved) while decreasing the embodied energy? In this case, studying 

and forecasting the embodied energy of a building becomes a way to reduce its environmental footprint 

and its energy consumption. Figure 6 shows the increasing influence of embodied energy in the global 

Lower operating 

energy 

Lower 

embodied 

energy 
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balance over the lifetime of the building: whereas all the other consumption items have been reduced, 

the needed embodied energy remains quite the same or is even higher.  

 

Figure 6 - Energy savings potential (CSTB, 2011) 

 

To assess the different energy consumptions and CO2 emissions of buildings, a methodology has been 

set up: Life Cycle Assessment. LCA was implemented in the first place to analyze the environmental 

impacts of industrial products from their production chain to their recycling. There were statistics about 

these impacts at the scale of a factory for example, but the goal was to have an idea of what was the 

footprint of each product. As a building is also a manufactured product, LCA has been adapted to the 

building sector. This is a chronological method assessing the environmental costs of each phase of the 

building life. It takes into account the contribution of each energy item of buildings/ 

- The extraction of raw materials and their process into building products 
- The fuel consumption of building machines 
- Freight and passenger transport until the demolition phase  
- Evacuation of inert waste through the operating energy of heating and cooling.  

As it was said above, different building software tools are now providing LCA for the environmental 

impacts assessment. These programs are the core of the thesis because they represent the only way to 

assess embodied energy.  

 

The main asset of modeling buildings with LCA is the fact that this methodology enables the designers 

to have a global energy and GHG emissions balance over the whole life cycle of the building. It means that 

all the phases of the building are gathered and that the operating time of the building is no longer the 

only step that matters. LCA is a tool to take into account the problems of embodied energy and emissions 

that have been pointed above.  However, there is relation between the phase in the building project 

when modifications are done and their impact on the final result as well as their cost. Figure 7 points 

these links and as a consequence, companies like Transsolar exist today: we advise the project supervisor 

in the early phases of the design to reduce costs and maximize impacts. The more a project is advanced, 
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the more choices have been made. If the strategic options have been chosen, there is little space to adapt 

and adjust the project. Consequently, the changes have to be more impacting and then more expensive. If 

the strategic choices have been made directly with the environmental tools like LCA, time has been left to 

adapt and modify the plans for example, permitting to have a dialog with the architects in order to 

compensate the environmental-friendly measures. 

 

Figure 7 - Cost, disruption and impact on performance according to the phase of a building project (World 
Business Council for Sustainable Development, 2007) 

 

 

Figure 8 - Transsolar's involvement strategy 
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I. OBJECTIVES 

This master thesis investigates the field of embodied energy estimations in the building sector. The 

building sector is one of the heaviest contributors in the global energy balance. Its embodied energy and 

emissions are more and more impacting today because efforts are made to decrease the operating 

energy consumption of buildings. Proportionally, non-operating phases are gaining influence in the life-

cycle balance. The aim of this thesis is to provide recommendations concerning the interest of using 

thermal-massive materials following different building activities on a life-cycle assessment. For instance, 

wood structures are considered to be environmentally-friendlier than concrete walls, mainly because of 

the carbon sink effect. However, concrete permits to better manage cooling periods thanks to thermal 

mass and then to reduce the cooling consumption. What is the impact of such a property on the life-cycle 

assessment? This paper gives a starting point for designing the energy concept of buildings, whatever 

they are used as administration, gyms, restaurants or schools. The conclusion of the thesis will represent 

advice to beginners in terms of energy-efficient buildings. At the end of the thesis, some elements of 

answers at the following questions are given: thermally speaking, which is the best structural element 

between wood and concrete? The choice between concrete and wood depends not only on the climate, 

but also on the way the building is used (is function). Occupation rates and comfort temperatures vary 

according to the function of buildings: the best structural material might not be the same between a 

school and a single family house. Indeed, the heating needs are different as well as the cooling needs 

because the internal gains change. 

 

II. TIME SCHEDULE/ACTIVITIES 

The first month of this master thesis has been busied by bibliographic research about policies, 

databases and tools that are actually used in the building engineering sphere to provide a quite full review 

of these options. Besides, from asking green buildings professionals’ opinion about embodied energy, 

databases and tools, and the available devices at the office, LESOSAI and ELODIE were chosen. This small 

survey was made to know which tools were used in France on a professional basis. Two buildings were 

modeled for the assessment of LESOSAI and each building came in 12 versions for a total of 24 

simulations. This evaluation was achieved by the end of November 2014, and then the analysis took part 

in December. LESOSAI’s LCA results showed a good reproducibility with ELODIE’s results, but there 

remained some gaps. These gaps had to be taken into account for the last part of the thesis. They set up 

the boundaries of the models which were made to assess the influence of thermal mass in life-cycle 

balance. Thus, the cases in which LEOSAI and ELODIE had the closest results defined the starting 

assumptions of thermal mass simulations. The last part of the thesis has busied the two last months and a 

half of the work: buildings with different functions were modeled in different climate and with two life 

time in order to have a strong basis of comparison for the recommendations.  

 

III. METHOD 

1. State of the art review 

Recent state and research publications have been collected as well as professional opinions and papers 

in order to give an overview on embodied energy in the building sector. The bibliographic research in 
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accordance with company Transsolar will provide a wide review of the current initiatives in terms of 

embodied energy thanks to databases, tools and calculation standards from state, supranational and 

private organisms. First, state-of-the-art databases and software programs will be presented with their 

main characteristics and assets. The list of the most used databases and tools will try to characterize with 

important criteria such as the database’s origin, its price, a short description and the tools taking its data. 

These lists will obviously not be exhaustive but they will point the fact that there is a wide range of 

choices in this field and each of them has assets and liabilities.  

Finally, several software programs were investigated among those available at the company. The 

question was about which tool should be used. ELODIE, LESOSAI, TRNSYS and other could have been 

chosen. The choice was motivated by the required simulation types: life-cycle assessments and dynamic 

thermal simulations had to be performed. Those two types of simulation were needed in order to 

compare operating and embodied energies. ELODIE is not a thermal simulating tool whereas its LCA unit is 

very performant. On the contrary, TRNSYS is only a transient simulations program. It has no material and 

environmental impacts calculation tool: LCA cannot be performed with this software. While these two 

have their pros and cons, LESOSAI gathers a dynamic simulation tool with a simplified LCA tool which is 

exactly what is needed for the purpose of the thesis (embodied and operating energies are calculated). 

However, as it will be underlined in the second part, LESOSAI uses a private LCA database which comes 

from the products manufacturers and is then not monitored by an official state organism: checking the 

results given by this database was inevitable. The other goal of the review was then to show that LESOSAI 

was relevant for the thesis.   

2. Comparative assessment of LESOSAI and ELODIE - Criteria 

The point of this comparison is to assess the relative quality of the program that was chosen – LESOSAI 

– compared to ELODIE which is a software program developed in France for LCA in building sector. ELODIE 

is acknowledged to have relevant LCA results because it is developed by the French Scientist and 

Technical Center for Building, a State research organism for the construction sector. As LESOSAI has a LCA 

tool which is not clearly defined, the comparison is needed to have an overview of its accuracy. Moreover, 

the goal is to define what its calculation method limits are. It is necessary to do so in order to have 

coherent and meaning results for the third part about thermal mass influence. ELODIE is used in this 

purpose because it is a tool from the CSTB (organism delivering technical advices in the French building 

sector) and also because some studies have shown the reproducibility of results between ELODIE and the 

other French reference program NovaEquer (COIMBA 2011). To begin with, each software program will 

be accurately presented: 

- The context of its implementation and the original influences that matter in the simulation 
- The possible results it can give. 
- The database and the data it uses, in addition to the method of calculation. 

The comparison relies on modeling two buildings in the tools and analyzing the results gaps. To try to 

have the widest overview possible, 12 versions of each building were implemented. The buildings will be 

defined later in the thesis, just before each comparison. However, the choice fell on a single-family house 

and an administration building containing open-spaces and closed office. This is important to vary the 

models because each type of building needs many different areas and equipment and occupation 

scenarios. It might be interesting to check how the tool reacts to such variations in the demand: the same 

program might be really accurate on residential equipment and materials while it has a lack of data and 

calculation method (for example problems of implementation when there are different heated zones with 

varying characteristics) for more complex buildings. ELODIE and LESOSAI use the same LCA method which 

consists in identifying the materials flows entering and going out of the building system. Each material’s 

specific environmental impacts is then multiplied by the quantity of material. The difference between the 

two comes from the database which is used. In order to minimize this difference, materials’ datasheet 
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have been compared. The materials with the closest specific impacts have been implemented in the 

models.  

 The assessment itself will be based upon several measurements, indicators and some personal 

remarks. All these points can be split into four parts: the data quality, functionalities, the adoption of the 

software and the results quality.  

Data quality gathers a detailed presentation of the databases used by the programs and different 

figures as for the number and usefulness of the datasheets. 

 

Table 1 - Criteria relative to the quality of databases 

Data quality 

Criteria Definition Indicator 

Origin Country, organism Personal Remark 

Purpose End-use PR 

Volume Quantity of products with available data PR 

Type of data 

Specificity of generality of the data 
Type of indicators 

 Number of indicators 
Life cycle phases                                     

PR 

Checking Certification granted by an independent organism? Y/N 

 Format 
Environmental Product Declaration, National format 

or standardized one? 
PR 

Functional unit 
Relevancy 

Notification 
PR 

Rate of loss Taken into account Y/N 

 

Functionalities are pointing the opportunities of calculation the software program offers: it shows the 

width of study that is possible with it. It is important because these functionalities are the limiting factor 

when particular buildings must be simulated: not every software program is able to take into account 

demolition and refurbishment. The equipment quoted in table 2 refers to all the finishing work like 

electricity and hot water on-site production, lighting, solar masks, shading, hvac whereas the occupation 

scenarios can be details in some programs from the person density per hour until their clo, met and the 

number of turned-on computers. These criteria help to define at which step of project the tool can be 

used, and for what purpose. 

 

Table 2 - Criteria about the options of the software programs 

Functionalities 

Criteria Definition Indicator 
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Calculation types 
What can be modeled in the building: envelope, 

materials and products, occupation scenarios, life 
time, building site, equipment  

PR 

Calculation methods 
Methods granted by labels: Minergie, HQE, 

BREEAM, LEED … 
PR 

Simulation results 

What is calculated by the program? 
Which environmental indicator? 

Which energy consumption? 
Which ACV phases calculated? 

PR 

 

Table 3 gathers criteria about the interface of the programs. It focuses on how the tools are handled 

by the user. It emphasizes how are the input data entered in the software and how the results are read. 

Input data and presentation of results differ between the two and thus they suggest remarks about their 

relevancy. It is just the summary of the tools presentation. 

 

Table 3 - Criteria about the handling of the tools 

Software handling 

Criteria Definition Indicator 

Software type - 
Web application / Installed 

software 

Language - - 

Input data 

Quantity How detailed should be the model? Personal remarks 

Accuracy needed 

Does it ask for products'names? 
What kind of quantities it requires?                

How the equipment is implemented?                                              
… 

PR 

Modeling method 
How data is entered? 

What type of calculations? 
PR 

Required time Duration of modeling and calculations Time 

Presentation of 
results  

Type of data Charts, figures PR 

Comparisons of 
models 

- PR 

Exportation - Y/N 

Statistical 
discrepancy 

- Y/N 

Available units kWh, MJ, /m², /yr PR 
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Details 
Is the influence of each material and process 

seeable separately? 
PR 

Readibility 
Are the results clearly understandabl and 

directly exploitable? 
PR 

 

Table 4 presents the criteria which actually compare the results of the programs. These criteria permit 

to check the relative accuracy of the two programs. A single-family and an administration building are 

investigated. For each building, twelve models are made: four in ELODIE and eight in LESOSAI. Each type 

of model will be defined in the second part of the thesis. Two statistics are calculated to assess the 

reproducibility of the programs’ results: the standard deviation and the relative gap to average of the 

results. These calculations are conducted for each modeled building. These statistical calculations will be 

performed for each common indicator that the tools provide. 

 

Table 4 - Criteria about the accuracy and performance 

Results quality 

Criteria Definition Indicator 

Gaps measurements 
Statistical info on the results 

discrepancy 

Standard deviation 
Relative percentage difference 

Deviation to mean value 
Variation coefficient 

Sensitivity to area 
How do the results evolve as a function 

of areas? 

Distortion: 
result variation / area variation 

Life time influence (maintenance) 

Embodied energy 
Proportion of embodied and operating 

energy in the balance 
% 

  

The conclusions these observations will bring are to give some answers about which software can be 

used for which purpose and at which step of the project. In this context, it provides advice about which 

tool is the best adapted and relevant for the last part of the thesis – comparing wood and concrete for 

different building functions over the whole life time. Besides, there will have numerous critical remarks to 

draw from this assessment in order to point not only the assets and liabilities but also the leads of 

improvements of LESOSAI and ELODIE.  

3. Wood versus concrete : how to implement them in buildings, from an 

energy usage and thermal mass point of view 

As it has been said, the point of this final part is to provide recommendations about the relevancy of 

basic materials-composed and mixt walls for different building functions in the framework of a life-cycle 

study and integrating the thermal mass of corresponding construction for summer comfort. The 

comparison between LESOSAI and ELODIE LCA results will permit to define the boundaries of the life cycle 

balance. 
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The first step of this approach is the gathering of data about the different raw building materials which 

will compose the studied walls. It will include a bibliographic research about the most used woods and 

concretes, and some materials like bricks and insulation. This bibliography will be completed by 

representative real building products datasheets concerning their environmental and energy 

performance: 

 CO2 emissions during their whole life cycle (GWP) 
 Energy potential (process energy, material energy, renewable) 

 Energy consumed during process from raw material (cradle to grave) 

 Thermal mass  

 Conductivity, thermal resistance, U value 

 Influence on building energy consumption, from building site to demolition (energy 
consumption for heating and cooling then converted into environmental impacts 
thanks to data about energy mix of France) 

 Ecological impact unit (Swiss method) 

 Life time 

Once all these data are gathered, the objective is to model the same building with those different 

materials as external – and internal – walls. To have a solid basis to compare them, each building model’s 

envelope will have the same thermal resistance: the thickness of insulation material (wood- or rock-wool) 

and structural material (concrete, bricks, wood) will vary in order to achieve the exact same U-value. An 

LCA balance over the other indicators should enable comparisons. Besides, net energy ratios1 (NER) are to 

be used to evaluate the impact of the material over the energy balance (see figure 9). The net energy ratio 

of a building is the ratio between the annual operating energy out of the annualized embodied nergy. It 

measures the efficiency of a building envelope on an energy point of view. This will give a global level of 

performance for each material following the case (geographical location, function, life time) and the point 

is to explain physically the reasons of these levels. Figure 9 shows the annual operating energies of a 

building envelope as a function of insulation thicknesses and annualized embodied energy required for the 

construction and production of building products. The NER is given for each improvement between two 

versions: it is a powerful indicator to compare investments in buildings. For example, between the UP 2 and 

UP 3, the annual operating energy decreases from 9925 kWhPE to 9775 kWhPE while the annualized 

embodied energy goes from 1310 kWhPE  to 1400 kWhPE. This investments’s NER equals 0.9 (<1) which 

means that the embodied energy becomes the main consumption item for this improvement: from the 

version UP 3, adding a layer of insulation (to reach the step UP 4) is counterproductive as the building 

amelioration will consume more embodied energy than what it will saves in operating energy.  The models 

net energy ratios will be calculated in the third part based on the software results. 

                                                           
1 𝑁𝐸𝑅 =  

𝐴𝑛𝑛𝑢𝑎𝑙  𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑒𝑛𝑒𝑟𝑔𝑦

𝐴𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝑒𝑚𝑏𝑜𝑑𝑖𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦
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Figure 9 - Annual operating energy as a function of annualized embodied energy for different types of wall and 
corresponding net energy ratios (Diania Ürge-Vorsatz, 2012) 

 

IV. LIMITATIONS 

There are some limitations to this thesis which come from different aspects: the limitations due to the 

subject of LCA itself, those due to the software programs themselves, those due to the width of the study. 

If they are believed not to mislead the results of the thesis, they are no less annoying because they claim 

for caution when the moment has come to draw general conclusions. The table below summarizes all these 

boundaries to the thesis. 

 

Table 5 - Limitations of the thesis 

Cause Limitation 

LCA 

 Lack of information about building phase consumption: the process from raw 
material to the transport on building site is well known (datasheets, EPDs) 
but building companies do not have much data on their sites ‘consumptions 
and do not share them with others. 

 Not much empiric data on LCA: this will be difficult to check the margin error 
of the programs' results. 

 Some indicators are difficult to calculate in and some are not even filled in in 
the EPDs  
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Software 

 Professional licenses for programs like LESOSAI and ELODIE are expensive. 
The choice to use these two tools was also motivated by the fact that 
Transsolar already owned them. However, this comparison has still some 
sense because it assesses the accuracy gap between a dedicated tool and an 
add-on, which is interesting for professionals when they need to invest. 

 Different databases are used between the tools so that there have been 
some difficulties about finding the same materials in each modeling.  

 Thermal mass has been a tricky point as it was not easy to make its influence 
appear in the modeling.  

Width of study 

 A few building were modeled, which increases the uncertainty of general 
conclusions. 

 The energy mix used to convert energy consumption (heating and cooling) 
into environmental impacts is the mix for France production, and it varies 
following the country.  
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1st PART: Current initiatives 
about buildings embodied energy  

 

I. EMBODIED ENERGY 

1. Definition 

The dictionary of energy defines embodied energy as “the sum of the energy requirements associated, 

directly or indirectly, with the delivery of a good or service” (Cleveland & Morris, 2009). In practice 

however there are different ways of defining embodied energy depending on the chosen boundaries of 

the study.  

The embodied energy of a building is defined by the amount of primary energy (NF P01-010, 2004) 

consumed during its lifetime except during the exploitation phase. The Building Technical and Scientific 

Centre (CSTB, a French independent organism which makes recommendations and technical advice for 

building sector’s professionals) gives more detail by claiming that the embodied energy is the primary 

energy consumed for the processes (ARENE IDF, 2012) during the lifetime of a building except from the 

exploitation. Embodied energy is the primary energy required from the mining to the transformation of 

raw materials into building products. For example, the embodied energy of a wooden beam is defined 

only by the energy consumed for its manufacturing. The energy that could be produced by burning the 

beam is not embodied energy in this definition. Nevertheless, the French government has taken into 

account the total embodied energy until now. Then two types of energy must be taken apart: 

- The processed embodied energy, consumed during the transformation, installation, 

maintenance phases (from mining, extracting, transport, etc.) 

- The material embodied energy which represents the energy potential of the materials 

themselves if they were used for final energy production (example of the wood used for construction or 

for biomass: its LHV is taken into account when assessing this material embodied energy) 

However, if the CSTB has published this definition, there is actually no legal definition in many state 

regulations, included in France. The Swiss standard SIA 2032 follows the CSTB and defines embodied 

energy as the non-renewable processed embodied energy, whereas the new European norm EN 15978 

does not even quote the term “embodied energy” but replaces it by 4 other indicators: 

- Use of renewable primary energy excluding energy resources used as raw material 

- Use of renewable primary energy resources used as raw material, that means the energy that 

can be obtained from the raw material (used as combustibles, for example wood) 

- Use of non-renewable primary energy excluding primary energy resources used as raw 

material 

- Use of non-renewable primary energy resources used as raw material 

These 4 indicators can be represented according to Figure 10: 
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All these four categories refer to embodied energy because there is not an official global definition for 

this. Each regulation, standard or label can pick whatever category in these four to create its own 

definition of embodied energy. Some examples of national definitions are gathered in the table below: 

 

 

Table 6 - Definition of embodied energy in some countries 

Country/Organisation Définition 

France Total primary energy (4 categories) 

Switzerland Non-renewable processed primary energy 

Germany Processed primary energy 

USA Processed primary energy 

Sweden Processed primary energy 

European Union Processed primary energy 

 

 

2. Calculation 

The methodology to calculate the embodied energy of a building is given as soon as its definition has 

been set up. Standards include indeed methods of calculation for the embodied energy.  

The first step for this assessment is to define the boundaries of the study. In this idea, there are 

different options to define the life cycle of a building (Densley, Tingley & Davinson, 2011). The three most 

used in LCA are the following  

- Cradle-to-gate: from the extraction of raw materials to achieved product before its 

transport on site. 

Non-
renewable 

primary 
material 
energy 

Renewable 
primary 
material 
energy 

Non-
renewable 

primary 
processed 

energy 

Renewable 
primary 

processed 
energy 

Non-

renewable 

primary 

energy 

Renewable 

primary 

energy 

Material 

primary 

energy 

Processed 

primary 

energy 

Figure 10 - Total primary energy 

 

Table 1 - Embodied energy definitions 
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- Cradle-to-grave: from the extraction of raw materials to building demolition and waste 

disposal 

- Cradle-to-cradle : from the extraction of raw materials to the recycling of waste 

coming from demolition. 

These three system sizes are represented below in the cycle of material life phases. But even 
inside these borders, some phases are not to be considered for embodied energy calculation, as 
Figure 9 points what is part of it. 

 

Figure 11 - System boundaries and life cycle stages of a building (Dixit, Solis, Lavy, Culp, 2012)  

 

Apart from the life cycle boundaries, the border between operating and embodied energies is quite 

thin. Thus, the recurrent embodied energy for maintenance is considered indirect embodied energy 

whereas it is consumed during the operation phase (see figure 12). When using a database, the 

product datasheet must fill in all the steps of the life cycle that are orange-framed in the following 

picture.  
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Figure 12 - PROJET COIMBA : Definition of accountable phase in embodied energy 

 

II. LIFE CYCLE ASSESSMENT 

In order to calculate embodied energy, the Life Cycle Assessment methodology is used and adapted to 

building sector. First developed in the framework of eco-conception, this tool aims at assess the 

environmental impact of a product to have its production process more respectful of the environment. 

“The Life Cycle Analysis, sometimes called ecobalance, is a methodology of evaluation from cradle to 

grave which permits to quantify the environmental impact of products, services and production systems 

from the raw materials extraction which compose them until their elimination at the end of their life, also 

considering the distribution and utilization phases.” (University of Valenciennes, 2012) 

The LCA is an iterative process composed of 4 steps: 

- The definition of the object and the width of study 

- The analysis of the inventory of life cycle 

- The evaluation of impacts 

- Results interpretation 

The first point to emphasis is the two categories of impacts that can be noticed in the LCA process: 

those called mid-points and those called end-points (named damage cataegories in Figure 13), that is to 
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mean respectively global effects in the middle of the causality chain and the damages realized at the end 

of the chain. The LCI (Life Cycle Inventory) results refer to the calculation of each material flow. 

 

Figure 13 - Mid-point and end-point impacts (Jolliet, 2002) 

There are no doubts that while the end-point impacts are the ones that preoccupied people; because 

public opinion thinks in terms of health, ecosystem, climate change and greenhouse effect, resources 

depletion – global concepts actually, they are not the easiest to measure: this is why the mid-point 

impacts are so important; they permit to cipher the influence of the studied product.  

 

1. Definition of the study width 

There are different notions to be defined at this step. First the functional unit is the main one: it will  

permit to assess the environmental impacts compared to it and the reference flux which is no more than 

the analyzed quantity of product. The system boundaries must also be specified: for each life step of the 

product, entering and leaving flux must be clearly detailed (consumed energy, raw materials, waste). The 

elementary processes are not to be neglected too. Elementary processes refer to the actions that do not 

change directly the product. For instance, the energy consumed by the transportation of products from 

the factory to the construction site is an elementary process.   

2. The inventory of life cycle and data collection 

This inventory allows listing all the entering and leaving flux under the form of material, energy and 
emissions flux for the studied product. For embodied energy, materials and energy entering only are used 
(in the case we define the embodied energy as the total primary energy for life cycle, only energy entering 
for processed embodied energy). Emissions are not taken into account in the inventory calculation. If 
embodied energy is only defined by the processed primary energy, the inventory only uses the energy 
flux. The collection of data is aimed at quantify all these flux. Several databases are now available for 
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these inventories, as for example Ecoinvent, the French database INIES for building products. There is an 
international effort in the gathering of data for these flux as we may notice it with the numerous 
standards which give more and more details in this field and regulate the Environmental Product 
Declarations (EPDs), internationally-acknowledged technical datasheets  whom principle has been 
provided by a Swedish organism (the Swedish Environmental Management Council aka 
SEMCo).(EnvironmentDec),   

3. Evaluation of the impact of life cycle 

Each flux is then linked with the indicators which will make the assessment of the global impact 

possible. This is the phase where the different flux’ impacts are evaluated for each indicator for the 

reference unit. This step is already included in the databases, which makes the task of LCA easier. 

 

Figure 14 - Quantification process of flux impacts (University of Valenciennes, 2012) 

 

4. Interpretation 

There are many indicators to measure the environmental impacts. Each environmental database fills in 

some of these indicators for a functional unit. The interpretation links this specific indicator value to the 

reference flux in order to have the impact of the global quantity of material. This step is a simple matrix 

calculation linking each impact with the size (in functional unit) of the entering or leaving flux, giving 

accurate values of indicators. It results from this the final values for the whole life cycle.  

 

III. APPLICATION TO BUILDINGS – 

DATABASES AND TOOLS 

LCA has spread over the building sector because it is the scientific tool concerning environmental 

assessment the most standardized we can find. Moreover, the decrease in exploitation phase energy 

consumption of recent buildings (passive houses, positive energy buildings) makes the embodied energy 

consumption way more influent on the global life cycle impact whereas it was nearly negligible before. 

Below are presented the most frequent databases and tools in the building sector. 
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Figure 15 - Potential energy savings 

Numerous tools and databases have been developed to quantify the environmental 

impacts of products and a certain number have specified them into the building sector. The list presented 

in table 2 inventorying these databases and linked tools dedicated to building sector is of course non 

exhaustive but it quotes the most used ones.  

 

Table 7- Non exhaustive list of databases (Khasreen, Banfill & Menzies, 2009) 

Database Description 
Data 

type 

Chec

king 
Cost Origin Links Tool 

 Athena 

Building Construction 
Materials Database; 

accessible only through 
Impact Estimator software 

Specific No  Free Canada 1 

 Impact Estimator 
(buildings or highway) 

 BauBook 
BauTeile 

Online calculator for 
building component make-

ups 
Generic Yes  Free  Germany 1 

Ecosoft  

 BauBook 
EcoBilanz  

Building inventory 
calculation 

Generic Yes 
 Free for 

academic  
use 

 Germany 1 
Ecosoft  

Energy savings 

potential for 

new buildings 

Energy savings 

potential for old 

buildings 

Embodied energy 

Other utilization of energy 

Lighting 

Water heating 

Heating 
Mid-20th 

First regulations 

building 

2010th  

http://calculatelca.com/software/impact-estimator/lca-database-reports/
http://www.baubook.at/BTR/
http://www.baubook.at/eco2soft/
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 DGNB SBS 
Database 

DGNB building 
inventory calculation 

 Yes 
Free for 

DGNB 
auditors 

 Germany 1 

 DGNB Tool 
(transport,ecodriving) 

 EcoInvent  
 World leader of LC 

data, base of KBOB 
building products 

Specific Yes 
 2,500 € 

(one user) 
  

Switzerland 
1  EQUER 

 ELCD 3 
Global European Life 
Cycle Database 

Generic NC  Free  EU 1 

 EcoQuantum/Sim
aPro 

 GaBi 
Large process-flow 

database 
Specific NC 

Free for 
teachers 

and 
students  

 Germany/ 
International 

1 
GaBi 

 GEMIS 
Life-cycle and material 

flow analysis model and 
database 

Specific NC  Free  Germany 1 
ProBas  

 IDEMAT   Specific NC   
 

Netherlands 
1  Ecopro 

 LC-
Inventories.ch 

  Specific NC  3,000 € 
 

Switzerland 
1 

  

 NEEDS 
Current/Future Energy 

Systems; online database 
Specific NC  Free  EU 1 

  

 Okobaudat 
 German materials 

database 
Specific Yes  Free  Germany  1 2 

eLCA  

 Social 
Hotspots 

 Social risk data on a 
sector/country level 

Specific NC 

 4,083 € 
(yearly 

maintenanc
e of 1,225 €) 

 USA 1 
SimaPro  

 US Life Cycle 
Inventory    

Construction Materials 
and products; NREL 

developed; online 
Specific NC  Free  USA 1 

  

INIES 
National database 

(datasheets called FDES, 
EPD form) 

Specific Partially Free France 1 
 ELODIE 

MaterialsDB 
Producers gathered for 

a think tank 
Specific No Free Suisse 1 

 LESOSAI 

https://www.sbs-onlinetool.com/
http://www.ecoinvent.org/
http://eplca.jrc.ec.europa.eu/ELCD3/
http://www.gabi-software.com/deutsch/databases/gabi-databases/
http://www.iinas.org/gemis.html
http://www.idemat.nl/
http://www.esu-services.ch/data/public-lci-reports/
http://www.needs-project.org/needswebdb/search.php
http://www.nachhaltigesbauen.de/baustoff-und-gebaeudedaten/oekobaudat.html
http://socialhotspot.org/licensing/eula/
https://www.lcacommons.gov/nrel/search
http://www.base-inies.fr/Inies/default.aspx
http://www.materialsdb.org/


Table 8 - Main LCA software programs 

Software 
Program 

Developed 
by 

Availability 
Linked 

database 
Main 

function 
Type of 

building 

Life Use 

End of 
life 

Modeling 
data Energy Water Emissions 

EcoQuantum/SimaPro Netherlands To buy 
MRPI / IVAM 
/ ELCD3 

Environmental 
impact 

calculations 

New, cradle 
to grave 

Use of other 
programs results to 

define 
environmental 
impacts only 

None None 
Recycling, 

waste storage 
Quantities 

of materials 

EQUER IZUBA Energies 

Lite version 
free, licence 
needed for 

detailed results 

Ecoinvent / 
KBOB 

 Environmental 
impact 

calculations 

New or 
existing 

DTS tool : 
Pleiades - Comfie 

Hot and cold 
water 

consumption 

Activity 
waste 

Recycling, 
waste storage 

3D model 

TEAM Ecobilan_France 

Lite version 
free, licence 
needed for 

detailed results 

INIES 

Choice of 
building products t 
the level of macro-

components 

Cradle to 
grave for new 

building 

Use of other 
programs results to 

define 
environmental 
impacts only 

Yes None Recycling 
Quantities 

of materials 

GreenCalc+ 
Dutch Institute 

for Building Biology 
and Ecology 

Free (Dutch) Idemat 

External costs 
and environmental 

impacts of  
building or corner 

New or 
existing 

Calculation 
according to Dutch 

standards 

Dutch 
standard 

Dutch 
method 

Recycling 3D model 

Athena Impact 
estimator 

ASMI_Canada 1100$ Athena 
Environmental 

impacts 

95% of 
North 

American 
buildings 

Yes Not yet Not yet 
Demolition 
energy 

Quantities 
of materials 
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ELODIE CSTB_France 
Demo version 

free 
INIES 

Product 
environmental 

impacts 

Cradle to 
grave for new 

buildings 

Use of other 
programs results to 

define 
environmental 
impacts only 

Use of other 
programs results 

to define 
environmental 
impacts only 

Use of other 
programs 
results to 

define 
environmental 
impacts only 

No 
Quantities 

of materials 

LESOSAI 
E4tech 

Software SA 
EPF Lausanne 

850.00 MaterialsDB 
Energy  and 

ecological 
balances 

New DTS tool Yes Yes No 
Quantities 

of materials 
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Table 9 - Indicators evaluated by the main LCA software programs 

Indicators (COIMBA, 2011) 

Energy 
resources 

consumptio
n (MJ) 

Resources 
depletion 
(kgeqSb) 

Water 
consum

ption 

Final 
waste 
(tons 
eq) 

Radioact
ive 

waste 

GWP 
(kgCO2 

eq) 

Atmosphe
ric 

acidificati
on 

Eutrophi
sation 

Human 
toxicity 

Biodiver
sity 

breach 

Odour 
generatio

n 

Photochemi
cal ozone 
formation 

Stratospher
ic ozone 

layer 
destruction 

Ecotoxic
ity 

Nutrifica
tion 

Air 
pollutio

n 

Water 
polluti

on 

Ecological 
charge 

unit 

          

 
                        

          

  

  

 

         

          

 
  

 
                      

      

  

    
 

  
 
 

  

                    

      

  

  

                          

          

                          

    

 

 

  

  

                        

includes 

 

EcoQuantum / SimaPro 

EQUER 

TEAM 

GreenCalc+ 

Athena Impact Estimator 

ELODIE 

LESOSAI 
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Table 10 - Database example: KBOB data extracted and implemented from Ecoinvent 



2nd PART: Assessment of 
LESOSAI results compared to 
ELODIE 

 

I. PRESENTATION OF THE SOFTWARE 

PROGRAMS 

1. ELODIE 

ELODIE is an online program designed by the CSTB (Scientific and technical building centre, French 

national organism) entirely dedicated to life-cycle assessment of buildings: that means it is not a thermal 

simulation tool. It has been released in 2008 and was updated for the last time at the beginning of 2014. 

It relies on the French database INIES – specific database composed of products datasheets. It integrates 

all the components of the building lifetime from the materials to the energy and water consumption. 

These different steps are to be detailed in the following parts. It is a consensual tool in France which has 

been created for all the stakeholders of the building sector (project owners, project managers, 

engineers and architects). It provides a fully estimation of the environmental impacts of the buildings. 

Some studies have compared this program to others well-spread tools like Nova-Equer (a developed by 

the French engineering school Ecole des Mines Paristech). These two programs make reference in the 

French building sector among the actors according to Transsolar employees. A thesis (Pannier, 2014) 

from a student of Mines Paristech, within the framework of a national research program called BENEFIS, 

has showed that those the two tools give similar results on the condition of having harmonized input 

data. It is important for this thesis because it will provide a reliable basis of comparison with the LESOSAI 

– ECO unit results. This paper shows that ELODIE and NovaEquer methods use the same method and 

that the gaps in the results come from the specific indicator filled in the database 

 

i. Data quality  

NOTA: For the purpose of the study, the LCA has been conducted only over materials and building 
products. The corresponding data are presented here. 

 
ELODIE is based on INIES which is a French database which has been implemented by the French 

government: the aim is to provide information on building environmental impacts mainly for designers. 
It is based on different norms: it began with the French standard AFNOR NF P01010 and now it goes on 
with the European standard NF EN 15804/CN which has replaced it. It gathers 1563 datasheets (called 
FDES, which is an anagram for Sheet of environmental and sanitary declaration) on products, technical 
equipments and services for more than 27000 items. Indeed, there are some datasheets which are 
developed by several producers for similar products with equivalent impacts. The datasheets are 
following the model of environmental product declaration (EPDs, EnvironmentDec) defined by the 
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Swedish Environmental Management Council. As an example, the EPD of the product “Concrete roof 
tile, Coppo Padano in grout surface” from La Cecosa S.R.L. is joined in annex. The process of declaration 
is voluntary: the producers create these datasheets about their products in order to have a visibility and 
to put ahead the environmental quality of their product. Apart from the providers, the CSTB has also 
implemented some datasheets about equipments and services following the same form. There is a 
comity in charge of checking the information given in these declarations and an optional process of 
verification is proposed by the standard organization AFNOR. INIES will be soon completed by the 
database of PEP (Product Environmental Profile) which gathers sheets about electrical, electronic and 
climatic equipments.  

Unfortunately, all the datasheets have not the same exact form because of the evolution of the 
database (from the French standard NF P01-010 to the European standard EN 15978), and in certain 
cases the indicators list varies so it might be confusing for novices. Most of datasheets and results still 
work with the seventeen French-standardized indicators. All the studies have been done with these 
results which are similar to the new European indicators whose name is just different: 

 

Table 11 - FDES indicators according to NF P01 - 010 

Indicator Unit 

Total primary energy kWh/m² 

Renewable primary energy kWh/m² 

Non-renewable primary energy kWh/m² 

Processed primary energy kWh/m² 

Resources depletion kgSbeq/m² 

Water consumption L/m² 

Solid waste kg/m² 

Dangerous waste kg/m² 

Non dangerous waste kg/m² 

Inert waste kg/m² 

Radioactive waste kg/m² 

Climate change kgCO2eq/m² 

Atmospheric acidification kgSO2eq/m² 

Air pollution m3/m² 

Water pollution m3/m² 

Atmospheric ozone layer destruction kgCFCeq/m² 

Photochemical ozone formation kgC2H4eq/m² 
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The whole life cycle is investigated step by step from the raw materials extraction to the demolition 
with recycling and waste storage, in other words: production, transport, installation, operating life, and 
end of life.  

 
The INIES database is focused on products but ELODIE also takes into account the processes during 

the construction phase and integrates then normalized data (the 17 indicators are calculated) from the 
Swiss database ECOINVENT for those.  

ii. Functionalities   

 ELODIE presents a very linear LCA process. The project is composed of buildings blocks which 

are divided into buildings. The whole project has some global input data such as the lifetime, the 

geographical location and the aimed labels and standards. Then, for each building, 6 contributors are to 

be filled: 

- Components: the building materials and equipments 
- Energy: the annual energy consumption during operating phase (the thermal 

simulation has to be implemented with another software program) 
- Water: the annual energy consumption during operating phase (no simulation for 

water either) 
- Mobility: the daily commuting trips of the building users must be filled. 
- Building site: the consumptions of building machines and bungalows 
- Waste: the production of waste during operating phase. 

For the comparison with LESOSAI – ECO results, only the components have been taken into account 

because the point is to check the reproducibility of LCA results. The impacts from waste, mobility, water 

and operating energy have not been filled in the simulation. This choice has been made in order to 

compare only the embodied energy and emission results of the two programs.  

There are three modes of input data for components: 

- Fast study: it suggests different construction types pre-filled. 
- Macro-components: it provides complex systems such as external walls and floors. 
- Detailed study: the quantity of each material and product must be chosen. 

The last mode has been used in order to have the most control over the simulations and the 

comparisons. It enables to build its own building. 

 After having entered all the input, two ways of displaying results are possible. The graphic 

way is available directly online with radar graphic showing the 17 indicators. A complete Excel report 

can also be downloaded in order to work on the results and to make some statistics. It presents the 

general results and the detailed contributions of each product and material for each indicator. It enables 

to point the important factors for environmental impacts. 

iii. Software handling  

ELODIE is an online software designed for every user: the process of modeling is linear, that 
means that the user just has to type in each material, fill in the quantity and choose the 
corresponding datasheet. It provides a really clear process from the general input to the most 
advanced ones. The three modes of defining a project are also quite efficient following the 
advancement of the project and the skills of the user.   

Besides, the quantity and the accuracy of the needed input data are high: the product to be 
implemented in the model must be well-known by the user as it is necessary to choose one 
product in the database that must be equivalent in terms of performance and environmental 



 
38 Comparative assessment of two structural materials from a life-cycle point of view 

impacts. But the software provides guidance when using the detailed mode which follows the 
HQE label guidelines. 

 

iv. Calculation method and results quality  

LCA is already a calculation method so that ELODIE follows the rules and meets the requirements. 

Then, as for the results quality, like it was said before, ELODIE makes reference in the field of life-cycle 

analysis in the building sector, and its results have been compared to the other well-spread programs in 

France (COIMBA, 2011): they are quite similar and reproducible, which means that ELODIE is reliable.  

The software program integrates a tool to help making decision because the different versions of the 
same building can be compared at the same time. Concerning the presentation of the results itself, 
ELODIE incorporates a whole bunch of graphs, charts and tables that can be imported in an Excel file 
which allows making statistics and measurements. Finally, if the results are easily readable, one of the 
main assets of ELODIE is that it provides a graph comparing all the relative impact of the components, 
which is really efficient when trying to optimize and reduce the impacts of a building.  

2. LESOSAI 

LESOSAI is a Swiss program developed by the private software editor E4tech in collaboration with the 

Ecole Polytechnique Fédérale de Lausanne (EPFL) since 1984. This tool provides building thermal 

simulations which can be either dynamic or static. It is a certification program for thermal performances 

whose calculation methods are based on international standards and labels. It was even allowed to give 

attestations of standards. This tool provides different results about energy consumptions such as the 

heating demand, the electrical needs for mechanical ventilation and the cooling devices consumptions. 

All of these consumptions depend on the chosen calculation method: Swiss, European, French and 

Italian standards or labels can be used.  

LESOSAI was chosen among other software programs because it proposes both dynamic thermal 

simulations and LCA for embodied energy. This enabled to have a global balance over energies and 

environmental impacts for the whole life cycle. On the contrary, ELODIE just assesses the embodied part 

whereas TRNSYS interests itself on only the operative phase. 

i. Data quality  

It relies on a database which has been set up directly by some producers of building materials: 

materialsdb. Besides, inventories from KBOB provide technical installations data. Materialsdb is an 

initiative from building products manufacturers. As the database is not a governmental undertaking, 

environmental impacts are less visible than the products’ performances. The environmental impacts are 

thus represented only by three indicators which are the non-renewable primary energy required by the 

production, the GWP from this production and the score in ecopoints evaluating the pollutions.  
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Figure 16 - Some of the main stakeholders of Materialsdb 

One of the assets of LESOSAI compared to ELODIE is the possibility to create walls, that is to mean to 

add layer by layer the materials composing the structure of the building. Then, the program calculates 

itself the quantities of each material. This is way more accurate than measuring areas of materials from 

plans (ELODIE’s method). Of course, this possibility is quite disturbed when the quick LCA mode is 

triggered: the embodied energy is calculated from estimations made thanks to experience and the area 

of the building.  

The use of materialsdb must be careful because the providers publishing their datasheets are not 

manufacturing any technical installations. The embodied energy coming from the equipment of the 

building is given from experience and calculation rules that are not explicit. This will be pointed as one 

of the main causes for gap results between ELODIE and LESOSAI later on in the report.  

LESOSAI considers that the embodied energy is the non-renewable primary energy for process of 

building products (Swiss definition). It corresponds to the indicator Processed Non-Renewable Primary 

Energy from ELODIE. Nevertheless, LESOSAI gives the percentage of total processed primary energy 

represented by the non-renewable one, which enables to make the comparisons between LESOSAI 

and ELODIE over the whole primary energy for process. The life cycle steps that are taken into account 

in materialsdb are sufficient for the comparison: it is a cradle-to-gate database. Even if ELODIE works 

over a cradle-to-cradle basis, LESOSAI completes its calculation by data from the KBOB database (coming 

from ECOINVENT). Basically, the ECO calculation unit performing the LCA uses the generic values for 

construction and demolition processes given by the KBOB data. All this results in an equivalent cradle-

to-cradle LCA for both of the programs.  

 

v. Functionalities   
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To begin with, LESOSAI is a thermal simulation tool so it incorporates different calculation methods 

to match the standards’ criteria. The following norms can be chosen as framework in the last updates of 

LESOSAI: 

 Switzerland 
o SIA 380/1 
o SIA 380/4 – Lighting, ventilation, summer cooling requirements, heating power 
o Minergie, Minergie -P, Minergie -A, Minergie -ECO 
o SIA 2031 –  European energy diagnostic  
o SIA 2028 – Swiss weather regulations 
o SIA 2025 
o SIA 2044 – heating and cooling needs in dynamic simulations 

 France 
o RT 2005 
o RT 2012 
o RT Renovation 
o Ubat 
o Thermal mass and capacity 

 Italy 
o DLGs 192 
o DLGs 311 

 Luxemburg 
o Qh 
o Primary energy and CO2 calculations 
o Energy passport 

 European 
o EN 12831 
o EN ISO 13790 
o EN ISO 13791 – Hourly and monthly methods 
o Label EN 15217 
o Eco-Bat 

 

vi. Software handling  

LESOSAI is user-friendly when it comes to thermal simulations. However, concerning the LCA unit 

named ECO, the handling is more complex. As thermal calculation, the process is linear: first a 

method (standard or label, see the list above) is chosen and then all the building is modeled through 

heated and non-heated zones in which the envelope, the utilization and the equipments are defined. 

However, following the different norms, the ECO calculation tool is not always available. Basically, 

each simulation unit offers different opportunities (for example, the SIA 380/1 simulation method 

does not propose adding an HVAC system). These different suggestions lead to gaps in the building 

model. Then, crossing the different units is required in order to create an exhaustive model and then 

launch the LCA. It involves many round-trips between the functionalities and a beginning non-

organized user might be lost during a massive project. 

Apart from that confusion, the results are easily readable and really compact with all the data 

focused in one window.  
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vii. Calculation method and results quality  

The calculation methods follow the regulation of the quoted standards above. From this point of 

view, the results quality of thermal simulations is merely sufficient because it fills the requirements 

of the law. Concerning the quality of the LCA, the following comparative analysis made with ELODIE 

in the part will answer to this question. It will describe the quality of LESOSAI Eco results. 

Apart from that, the results given by LESOSAI are easy to read, mostly because the LCA only 

works with three indicators. The UCE calculations for Ecopoints are a bit complex because it mixes 

different indicators like air and water pollution. On the contrary, the results graphs display the 

building levels of environmental impacts compared to Minergie-Eco label. 

 

Figure 17 - Example of LCA results from LESOSAI 

  

3. Models 

Each building has been modeled following the same principle: an exhaustive description of the 

thermal envelope with two degrees of equipment. First, the building is an empty shell without 

technical installations. This type of model allows assessing the part of raw structural materials in the 

environmental balance. Then the same building is modeled with all the main equipments. However, 

INIES and Materialsdb do not provide datasheets about electric and water networks. Those are the 
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only installations missing in these models. All the technical components of building are integrated. 

The LESOSAI files as weel as the ELODIE component list are provided in Annex 1. Thanks to this 

methodology, the impact of technical equipments could have been pointed in the calculation results 

of the two programs. The COIMBA project, already quoted in this thesis, has showed that for 

embodied energy and greenhouse effect, the gap between equipped and non-equipped buildings is 

less than 10%. There are then some limits not to cross because omitting these installations changes a 

lot some other indicators results. 

i. Single-family house  

 

Figure 18 - Plan of the single-family house modeled in the programs 

The first building to be modeled for the comparison is a single-family single-storey house located 

in Lausanne with an area of 130m² and a garage of 15m². It welcomes three bedrooms, two toilets, 

one bathroom, a kitchen and a large living room with a small hall corner. The garage is built on the 

North side of the house in order to create a climatic buffer space between the living room and the 

outside. On top of that, as two bedrooms are oriented to the north, there are few windows.  

The house is built with classic materials for this kind of construction: concrete walls with 

insulation by the outside, double-glazed windows, terracotta tiles, interior walls in gypsum and wood 

doors. Exterior and interior paintings and coatings have also been described in the model. As for 

equipments, two sub-models were distinguished: with and without equipments. For the technical 

North 
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installations, heat production and distribution, lighting and sanitary were calculated. Besides, two life 

times were looked at: 50 years and 100 years. 

Finally, LESOSAI proposes two modes of calculation for materials LCA. First, there is the detailed 

mode which is quite as ELODIE: every material must be filled in manually. Second, the quick mode 

which estimates automatically all the interior walls and technical installations from the utilization 

indicated for the building. This gives three different ways of calculation (one for ELODIE, two for 

LESOSAI). With the variation of life times and equiments, it leads to 12 simulations for the same 

house.   

ii. Mixed-end-used building 

The second building modeled in this comparison is an international competition that Transsolar 

won at the beginning of the thesis period in collaboration with the architect’s Office KGDVS from 

Brussels, Belgium. It is the future building called RTS gathering all the services from radio and 

television in the French-speaking Switzerland part. It will be built in Lausanne in the campus of the 

EPFL. This is a quite complex building of about 20 000m² mixing offices spaces with media libraries, a 

TV-show and a radio-show venues, a restaurant, and a conference center without forgetting all the 

technical locals and car parks.  

The building is composed of four small towers supporting a large plateau connecting all of them at 

the first storey (see the sawn sections in figure 18). All the towers present a quite classic office 

building style with about 60% of the walls triple-glazed and the rest in concrete and external 

insulation. The plateau, called “The Waffle”, is completely glazed with a roof in sheds to refer to the 

industrial fabrics. The same principles as the single-family house have been used for this model: it 

leads here again to 12 simulations.  
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Figure 19 - 3D view and sawn sections of the RTS building 
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II. COMPARATIVE ANALYSIS 

1. Statistical overview 

Two measurements of the gap results have been made: the relative gap to average to look at the 

value of gaps and the standard deviation brought back to average in order to characterize the 

dispersion of the values.  

i. Relative gap to  average  

For the single-storey house, here are the results of the four cases: 

 

Figure 20 - Results for the 3 indicators for the house model 

The first remark to make is that ELODIE’s results are really far away from the mean value when 

working on the equipped building (the minimum gap is 40%) except for the embodied energy which 

remains correct (gap < 20%). At first glance, that means LESOSAI might underestimate the weight of 

technical installations in the environmental balance. This might be explained by the fact that LESOSAI 
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neglects the replacement of technical equipment on periods shorter than 50 years. When the 

replacement adds a lot of embodied energy in ELODIE, the non-replacement in LESOSAI makes the 

first installation energy spreading over the years. On top of that, the industry of technical 

installations is a main contributor to GWP and GHG emissions according to the datasheets from the 

database INIES (FDES used by ELODIE). This is the weak point of LESOSAI for buildings with a small 

area of reference: the weight of technical installations is very important in these cases, and LESOSAI 

does not run it properly. 

On the contrary, according to these graphs, LESOSAI and ELODIE have comparable results when 

using a framework of 50 years and without equipment. Besides, the results on a 100 years period are 

quite correct also because the relative gap never goes barely over 20%. There is an interesting 

remark to make about the global warming potential which is higher (25%) for ELODIE’s results than 

LESOSAI’s even in the case of no equipment: it is due to GHG emissions from the materials 

themselves, which are not evaluated by LESOSAI (only processes of construction). The Ecological 

Charge Unit (UCE) presents the same profile because it makes the synthesis of different indicators 

included the GWP. As the object of the thesis is to make an energy balance over the whole life cycle, 

the main point is to check if LESOSAI has acceptable embodied energy results. Finally, automatic and 

manual modes show results that are quite similar except for the GWP with no equipment, which can 

be explained by the partitioning of the house made with different materials in the automatic model.  
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Figure 21 - Results for the office building model 

In the case of the office building, the scheme is different: the model with equipment shows more 

reproducibility between the results of the two software program. That means that there are no gap 

results higher than 25% when counting the installations. In the other hand, it can be noticed that 

ELODIE and LESOSAI Manual mode are closer in all cases than for the house model. This can be 

explained by the surface of reference of the building which is 17437 m²: It crushes the differences 

between the models. This is the reason why the equipped office model is way better than the 

equipped house building. From the point of view of specific results (per m²), absolute gaps are 

overwhelmed by the area.  

Besides, the automatic mode of LESOSAI makes the mean embodied energy value of the non-

equipped model strongly increase. Comparing only the manual models made by the user in each 

program shows that there are very few differences. These results point the problem of the automatic 

mode of LESOSAI, which presents three choices in terms of interior partitioning: 

- Small locals : area = 12m² 
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- Intermediate locals : area =24m² 
- Big locals : area = 48m² 

Thus, huge volumes are not possible and LESOSAI Auto overestimates the quantity of materials 

and process needed by the interior walls. For example, when the 6000m²-storey at the first floor is 

modeled with no interior walls in ELODIE (one single space), the minimal possible amount of rooms 

in LESOSAI Auto is 125, hence the gaps. It looks better when the technical installations are added, but 

it is just the consequence of the proportions of the building: the technical equipment overwhelms 

everything else, just as the first model, multiplying the results by 130%. Finally, another 

approximation has been revealed in LESOSAI: time has no influence on environmental impacts. This 

means that there is neither amortization nor decrease of emissions, even after 50 years. 

To have a better view of the most coherent results, here follow the results only for LESOSAI 

Manual Mode and ELODIE.  

 

 

Figure 22 - Results for the household model 
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Figure 23 – Results for the office building model 

Once the results from LESOSAI Auto have been wiped out off the calculation, the two programs 

show a good reproducibility for the LCA of thermal envelope.  The real weak point remains the gap 

between the GWP results in the case of a small house with technical installations (figure 22). What is 

interesting is the effect of lifetime that shows up at this point. The embodied energy gap increases in 

each case between 50 years and 100 years. This increase is coherent because of the replacement of 

materials in ELODIE. The gap almost doubles during the two lifetimes for the house model. But for 

the office building, the mass effect is sufficient to crush it. The influence of technical installations 

refurbishment decreases because the total embodied energy is divided by a high area. Relatively 

speaking, big buildings present results that are closer.  
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ii. Standard deviation brought back to average  

Table 12 - - Standard deviation results for the two buildings (Lesosai Auto, Manual and Elodie) 

 

 

As the Table 8 shows it, the dispersion of values follows the same scheme as the relative gap. All 

the values are close to the average for the house (less than 20%) whereas the GWP reaches a peak. 

The gap coming from refurbishment in the case of equipped buildings has an extremely high value 

that confirms LESOSAI’s troubles to model technical installations for small areas. 

Besides, there are gaps going from 30% to almost 50% between the models without technical 

installations. These differences might be questioning when compared to the results of previous 

studies like the COIMBA project. Actually, it is coherent because the standard deviation is increased 

by LESOSAI Auto results. LESOSAI Auto considers a lot more of internal walls. The construction 

process embodied energy explodes compared to the simulations that take into account the real area 

of walls. 

This thesis works only with embodied energy from process, whereas producing technical 

equipment asks mainly for process (there are small amounts of needed materials). For example, an 

air handling unit does not need a lot a steel to be built whereas the labor is more important. Hence, 

the gaps are being overestimated here. This is the reason why the office building presents closer 

results with equipments.  

Finally, concerning the office building model, as it was said before, there are big differences in 

between equipped and non-equipped models. It might be surprising to see that this time the biggest 

gaps between the programs are when there are not installations, but actually it makes sense because 

of the problem that was raised before: the partitioning of the building, especially the open-spaces. To 

confirm this, the following charts and tables show the comparisons only between LESOSAI Manual 

mode and ELODIE. 



 
51 Comparative assessment of two structural materials from a life-cycle point of view 

 

Figure 24 – House : embodied energy (up) and GWP (down) for manual LESOSAI without equiment and 
ELODIE 

Obviously, the same pattern is found but as the absolute gaps is smaller between LESOSAI Manual 

and ELODIE, the standard deviation is lower. When considering that the third part of the thesis will 

mainly be based on the embodied energy, the results for the non-equipped house are very satisfying 

as they show a very good reproducibility between the two models, whatever the lifetime is. The GWP 

gap for the equipped house is still very inaccurate because it varies from simple to double but it has 

been explained before. 
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Table 13 - Standard deviation results for the household (Lesosai Manual and Elodie) 

 

This table shows that the limitation of the further study will be the GWP estimations when the 

building will be modeled with installations. Thus, it is not a real problem because the third part aims 

merely at showing the impact of structural materials in the lifetime energy balance of a building by 

the contribution of its thermal mass. Technical installations are not a interacting part of the study, 

except for the investment at the beginning, which is not crippling. 

 

 

Figure 25 – Office : embodied energy (up) and GWP (down) for manual LESOSAI without equiment and 
ELODIE 



 
53 Comparative assessment of two structural materials from a life-cycle point of view 

The presented results show very good reproducibility between the two programs for the office 

building, mainly because of its size. The materials take more importance in the final balance and they 

represent the easiest part of the modeling. The effect of time is well-seeable in this case because 

there is a higher part of materials that must be replaced – for example the windows that cover a lot 

of the facades ‘area, whereas the house had a bigger part of structure non replaceable in the walls. 

 

Table 14 - Standard deviation results for the administration building (Lesosai Manual and Elodie) 

 

2. Assets of each program 

The first advantage that comes up when comparing these two tools is the accuracy of ELODIE in 

terms of modeling: every little component of the building can be modeled with accurate specific 

datasheets from the water network to the type of sealing in the roof. But what is an asset from one 

hand is also a disadvantage whether the user needs a perfect model or not. Modeling a building in 

ELODIE is tedious and demands time even if there is a system enabling the user to create its own 

datasheets for products. But as there are a lot of indicators to fill in, this will of exactitude makes the 

software complex to use.  On the contrary, LESOSAI offers also a system of construction elements, 

but it is based directly on generic datasheets of mainly materials provided by the producers which 

are partners of the database materialsdb developed by E4Tech Software. The point is also that 

LESOSAI presents a gain of time because the user has to model the heated and unheated zones of 

the building for the thermal simulation, so it is easy to define each wall or other component at this 

time. Finally, LESOSAI ECO unit is very well integrated in the thermal simulation process so that there 

are no needs to work the LCA by its own side.  

However, LESOSAI shows difficulties to keep a good reproducibility with the results from ELODIE. 

Thus, if materials are pretty well modeled, there are gaps remarkable as for the technical 

installations which cannot be really defined for LCA. On top of that, only three indicators are given by 

LESOSAI whereas ELODIE has at least 17. The readability of the software results is once again weak: 

no charts are provided, only a few numerical results, which need work to reach a conclusion. On the 

opposite to ELODIE, LESOSAI ECO is not a decision tool.  

 

3. Leads of improvements 

In this spirit of identifying the weak points of each program, the consistent following is to define 

some leads of improvements. As for LESOSAI, as its database is growing permanently, the first thing 

to improve would be to have more detailed results and an update in the calculations about technical 

equipments and lifetime. On the other hand, ELODIE presents different problems that could solved 

by creating some models and guidelines of modeling, which would be adapted to each purpose. 

Besides, these models are already existing but they follow regulations that are really binding (HQE for 
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example). The other weak point of ELODIE remains its database which has not yet integrated 

electrical equipments (a manipulation is needed and datasheets from other databases must be 

created each time). Moreover, INIES should develop itself abroad to have a wider choice of products.  

 

III. CONCLUSIONS 

1. For which purpose and at which step 

ELODIE is a software program typically used for the last phases of a project, when all the materials 

and appliances characteristics are known, in order to pass a design audit for certifications, labels and 

standards validation. It is a tool for decision making at the beginning of a construction site, when one 

product or another must be chosen. It shows a specific accuracy which is not needed and which is 

even a liability in the designing phase because it lacks of simplicity and flexibility. Moreover, it 

requires modeling the building only for LCA, which is quite binding while today LCA is not yet a 

priority in many countries. This is why ELODIE tends to be a validating tool more than a designing 

one. On the contrary, LESOSAI allows the user to gather thermal designing simulations and LCA. This 

is a gain of time in the building concept development. LESOSAI enables the engineering team to keep 

a look on the global life cycle balance of the building. It integrates all the environmental problematics 

in the same thinking process. Contrary to many other thermal programs, LESOSAI does not focus only 

on the operational phase. LESOSAI was first developed to check the compliance to regulation: the 

LCA tool was implemented to assess minor requirements of the label Minergie-A. However, now that 

LCA for buildings is gaining importance, it needs to be more accurate. Indeed, the new updates of  

environmental certifications concern increasingly the embodied energy (LEED BDCv4, Materials & 

ressources, 2013). There are needs for more graphs and charts to improve the readability of data and 

the settings of the building model.  

Finally, if LESOSAI is more about a thinking process tool with approximations and simplifications 

to be used during the concept definition, ELODIE is a perfect tool to prepare audits and certifications 

validations at the end of the designing steps before the site. However, those comparisons above 

have showed that to a certain extent, LESOSAI is able to show some good results in LCA when its 

limitations are respected.  

2. What role in the recommendations elaboration of the third 

part 

The following part’s goal is to provide observations based on the global life cycle energy balance 

including embodied and operating energy. As LESOSAI is able to run dynamic thermal simulations and 

LCA calculations, it looks appropriate to perform the third part. The evaluation conducted in part II 

has showed the boundaries of the LCA modeling in LESOSAI. These boundaries will be respected that 

do not have to be crossed to keep results accurate.  Thus, according to the size of the model some 

rules will be respected. 

- LESOSAI Manual mode will be used with accurate thermal envelope compositions 
- A lifetime of 60 years will be used to stick to the calculations in LESOSAI 
- Small areas models will be furnished with the minimum technical installations: 

the energy source and the artificial lighting. This enables the operating primary 
energy to be calculated. 



 
55 Comparative assessment of two structural materials from a life-cycle point of view 

- Bigger areas buildings (offices, schools) will receive more detailed technical 
installations: the thermal emitters will be chosen as well the photovoltaic panels. 

- The UCE criterion will be left aside because it is no longer interesting (because it is 
too much impacted by the GWP). 

- The structural materials are to represent the main part of embodied energy, as 
the point is to put in evidence the influence of thermal mass and dynamic 
behaviors of the building’s frame in the thermal balance of some categories of 
usage. 

Finally, according to the COIMBA project, it has been remarked that the embodied energy from 

materials and its recyclability had a significant impact on the global results. The problem is that 

LESOSAI only calculates the process embodied energy. For this reason, ELODIE’s database INIES has 

been used to complete the energy balance with the LESOSAI-listed-materials embodied energy. 

3RD PART: Recommendations 
about building materials use as 
a function  of buildings 
typology and environmental 
impacts 

 

I. METHODOLOGY 

1. Width of study 

As it has been developed before, LESOSAI LCA – Eco calculation shows some limits which have to be 

considered when defining the boundaries of the following study. There are three points LESOSAI has 

troubles to model: 

- The lifetime is calculated on a basis of 60 years. 
- The technical installations as well as the refurbishment have a huge influence on small 

areas. Despite this, all the building will be modeled ready to be used in order to have the 
same basis of comparison. Besides, the study is a relative assessment so that if the 
concrete and wood structures have both equipment, the comparisons will still have 
sense. 

- Material primary energy is not taken into account whereas it is important for the 
recycling potential so that the database from ELODIE will be used and these data will be 
added in the analysis of LESOSAI results. 

- Recyclable material primary energy from INIES is supposed to be entirely recycled at the 
end of life of the building. 
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The UCE criterion used in the previous part is abandoned because it is just a reflection of the GWP. 

 

2. Types of tests 

 

The regulatory calculation method adopted is the Swiss standard SIA 2031 on an hourly basis. It 

considers the thermal capacity of each local and integrates the thermal mass in the energy balance. 

The simulation will provide the results from the LCA for embodied energy and GWP and the needs in 

final energy for heating and cooling. These final energies are converted into primary energy thanks to 

the French legal coefficients (Thermal Regulation 2012). These data will enable drawing charts 

representing the global consumed energy per building as a function of years. These graphs will point 

the assets and drawbacks of each studied structure, in terms of consumption and mobilization of 

energy from the construction process. Finally, the last indicator which will be calculated is the net 

energy ratio of both structural choices. This NER is equal to: 

𝑁𝐸𝑅 =  
𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑒𝑛𝑒𝑟𝑔𝑦

𝐸𝑚𝑏𝑜𝑑𝑖𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦
 

Then the goal is to reduce 𝐸𝑚𝑏𝑜𝑑𝑖𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 and the𝑁𝐸𝑅. 

3. Role of thermal mass in the study 

 

In the field of building modeling, dynamic thermal simulations are becoming more and more 

important because they represent the most accurate way to forecast the real consumptions of a 

building. On the contrary, regulatory calculation methods are used to classify the energy 

performance of projects from a relative point of view. For instance, the French Th-Bce 2012 method 

allows validating the thermal regulation only. From this starting point, the inertia of thermal transfers 

must be taken into account. This is where thermal mass intervene. For example, the propagation of 

thermal waves through external walls defines the inside surface radiant temperature and the heat 

exchanges between the room and the outdoor. As thermal comfort depends on the schedule and 

time of the day, time dephasing is important to manage the passive gains and thermal losses. In 

order to decrease the heating and cooling needs, time dephasing must be calculated. Thus, when the 

day temperature is high and the night temperature is low, it is interesting to store heat gains in the 

walls and let them diffuse during the night. The cooling needs will decrease during the day and the 

heating system can be shut down during the night. In this thesis, thermal mass play a major role 

thanks to the structure in wood or concrete. These two materials are very different on the criterion 

of thermal mass as wood presents low effusivity and high diffusivity. This means that surface heat 

exchanges need much time and that once the calories have penetrated the surface, they disperse 

quickly in the whole material. Heat storage in wooden walls takes more time than for concrete but 

the heat transfer spreads over the whole thickness of the wall. This property explains the fact that a 

wooden wall seems “hotter” than a concrete wall whereas their surface temperatures are the same. 

Heat release during night is then more difficult from the wooden wall. On the other hand, heat is 

stored in the superficial layer of concrete walls, so the heat radiation is easier to manage.   
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II. PRESENTATION OF THE PARAMETERS 

1. Locations 

Thermal mass is particularly influent when considering refreshing buildings: concrete represents 

an important possibility to store heat gains during the day. Thanks to dephasing, this heat is rejected 

during the night which makes the variations of indoor temperatures decrease. This effect is endorsed 

by nighttime ventilation, whether it is a mechanical overflow or an automatic opening of windows 

with controlled airflows and simulated fluid transports (CFD studies). It is particularly interesting for 

thermal comfort which asks indeed for low temperatures amplitudes during occupation.  

In this framework, external climate plays a huge role as it partly defines the needs of cooling. For 

that reason, two geographical locations have been investigated: the zones H1a and H3 from the 

French Thermal Regulation 2012. H1a corresponds to the Parisian fabric defined by regular 

precipitations and low thermal amplitudes (-5°C – 25°C) due partly to heat island effect. There is a 

mean horizontal solar irradiation about 1100 kWh/m²yr. H3 represents the hotter region in France: 

the South-East Mediterranean coast, with high direct solar radiations all year long with low 

precipitation and temperatures that are very clement (5°C – 35°C). The comparison of the results for 

the same buildings in two different locations enables to check the influence of structure in the 

thermal balance following the climate requirements. 

2. Tested walls, roofs and floors 

i. Wood frame 

Ground 

 

Figure 26 - Wooden ground section 

 

 

 

𝑈 = 0.1621 𝑊/𝑚²𝐾 
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Table 15 - Materials thicknesses for wooden ground  

Material Thickness (m) 

Wooden parquet 0.02 

FLUMROC TOPA Insulation panel 0.05 

Screed 0.02 

Humidity barrier 0.005 

OSB Panel 0.04 

Rockwool / Construction wood 0.208 

OSB Panel 0.02 

 

The ground and external floors of the wooden buildings are inspired from wood houses 

constructions. It is composed of layers of wood and insulation with a structural section of 

construction wood. A small concrete screed on a humidity barrier and wooden beams supports 

acoustic insulation and wood flooring. It is located on an air layer and then the ground. 

 

External walls 

 

Figure 27- External wooden wall section 

Concerning the walls and the structure of wooden buildings, it is designed following the principle 

of wood frame constructions, with structural beams and posts in which the blanks are filled by OSB 

panels, humidity barriers, sealing, and insulation layers. Finally, the outdoor face is covered by a 

wood siding with a small air opened layer in between in order to have the wall evacuate its humidity.  

 

𝑈 = 0.188 𝑊/𝑚²𝐾 
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Table 16 - External wooden wall thicknesses 

Material Thickness (m) 

Plasterboard 0.00125 

Humidity barrier 0.005 

OSB Panel 0.04 

Rockwool / Construction wood 0.203 

Asphalt sealing 0.005 

Air layer 0.02 

Wood siding 0.04 

 

 

Roof 

 

Figure 28 - Roof section 

The roof uses terracotta tiles instead wood siding but the principle is similar to external walls. The 

framework is in construction wood with technical layers and covered with tiles. 

Table 17 - Wooden roof thicknesses 

Material Thickness (m) 

Plasterboard 0.00125 

Rockwool 0.2 

Construction wood / Air layer 0.005 

Humidity barrier 0.1 

𝑈 = 0.1623 𝑊/𝑚²𝐾 
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OSB Panel 0.03 

Construction wood / Air layer 0.05 

Terracotta tiles 0.01 

 

Internal floors 

 

Figure 29 - Internal floor section 

The internal floor sections are based on the ground floor ones, apart from the thicker insulation 

layer which is replaced by an air layer, as it is not necessary to have a huge insulation between two 

heated spaces.  

Table 18 - Internal wood floor materials 

Material Thickness (m) 

Wooden parquet 0.02 

FLUMROC TOPA Insulation panel 0.05 

Screed 0.02 

Humidity barrier 0.005 

Construction wood 0.15 

Construction wood / Air layer 0.2 

Suspended ceiling 0.00125 

 

 

𝑈 = 0.3032 𝑊/𝑚²𝐾 
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Internal walls 

 

Figure 30 - Internal wall section 

As the whole building structure is quite light, internal walls do not need to be heavy in order to 

support the weight of framework and roof for example. Thus, using OSB panels reinforced by 

construction wood as posts and beams is enough. 

 

Table 19 - Internal wood walls 

Material Thickness (m) 

OSB Panel 0.03 

Rockwool / Construction wood 0.05 

OSB Panel 0.03 

 

Windows 

The windows are double-glazing with a 100mm-wooden frame. They present a Ug-value of 

1.1W/m²K and a g value of 0.61. It results in a Uw equals to 1.476W/m²K because of the wooden 

frame. 

 

 

 

 

 

 

 

 

𝑈 = 0.5756 𝑊/𝑚²𝐾 
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ii. Concrete structure  

Ground 

 

Figure 31 - Concrete ground section 

Table 20 - Ground concrete materials 

Material Thickness (m) 

Screed 0.05 

FLUMROC TOPA Insulation panel 0.05 

Reinforced concrete slab 0.15 

Humidity barrier 0.0005 

Reinforced concrete slab / Rockwool 0.1 

Rockwool 0.12 

Air layer 0.3 

Gravel layer 0.2 

 

The concrete ground floors are based on the same model than wooden ones. The only difference 

is that as foundations are more important, there is a small crawl-space under. Gravel and air layers 

compose this crawl-space which is overcome by insulation layers with a concrete slab supported by 

concrete beams. A polished concrete screed constitutes the actual ground the users walk on. 

 

𝑈 = 0.164 𝑊/𝑚²𝐾 
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Outdoor floor 

 

Figure 32 - External concrete floor section 

Table 21 - Outdoor floor concrete materials 

Material Thickness (m) 

Screed 0.05 

FLUMROC TOPA Insulation panel 0.05 

Screed 0.02 

Humidity barrier 0.0005 

Reinforced concrete slab 0.1 

Reinforced concrete slab / Rockwool 0.15 

Rockwool 0.12 

Asphalt sealing 0.01 

 

 There is a small add-on to make for the external concrete floors. Thus, as the administration 

building owns a one-story plateau which presents its floor to the air outside, another type of 

unheated floor has been modeled, because the crawl-space was no longer appropriate. It takes back 

the principle of ground floor but merely leaves aside the air and gravel layers. 

 

𝑈 = 0.1622 𝑊/𝑚²𝐾 
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External walls 

 

Figure 33 - External concrete wall section 

The external walls are made of poured concrete with an outdoor insulation layer. By the way, 

insulation has been chosen external for each case as it reduces thermal bridges and endorses the 

thermal mass internal phenomenon.  

 

Table 22 - External concrete wall materials 

Material Thickness (m) 

Polish concrete plate 0.02 

Reinforced concrete 0.15 

Humidity barrier 0.0005 

Rockwool 0.202 

Synthetic outside plaster 0.0005 

 

𝑈 = 0.1877 𝑊/𝑚²𝐾 
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Roof 

 

Figure 34 - Concrete roof section 

The concrete roof is chosen different from sloped tiled roof in order to emphasize the differences 

between the two construction principles. It is then a horizontal roof with the assumption that the 

waterproofing process shows no default. The question of green roof has been thought about as it is 

considered to be a technology that should be developed. But the fact is that today, green roofs are 

not so spread in cities due to local urbanism plans.  

 

Table 23 - Concrete roof materials 

Material Thickness (m) 

Polish concrete plate 0.02 

Reinforced concrete 0.2 

Humidity barrier 0.0005 

Rockwool 0.225 

Asphalt + EPDM sealing 0.02 

Roof gravel layer 0.1 

 

 

 

 

𝑈 = 0.1634 𝑊/𝑚²𝐾 
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Internal floors 

 

Figure 35 - Internal concrete floor section 

The internal concrete floor is calqued on the principle of internal wooden floor: the thermal 

insulation layer has been withdrawn from the external floor. 

Table 24 - Internal concrete floors thicknesses 

Material Thickness (m) 

Screed 0.03 

FLUMROC TOPA Insulation panel 0.05 

Screed 0.02 

Humidity barrier 0.0005 

Reinforced concrete 0.15 

Reinforced concrete / Air layer 0.2 

Suspended ceiling 0.00125 

 

 

 

 

 

 

 

𝑈 = 0.5057 𝑊/𝑚²𝐾 
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Internal walls 

 

Figure 36 - Internal structural wall section 

As the weight of the building is way higher in the case of concrete structure, internal walls that 

have a structural role to play are only composed of aerated concrete (8cm), whereas the others are 

classical plaster panels. 

Windows 

The windows are composed of the same glazing as the wooden structure but the frame is 

different: it is a performant frame in PVC. The Ug is still 1.1W/m²K but with the PVC frame, it results 

to a Uw value of 1.65W/m²K. 

 

3. Tested functions 

The dedicated function of buildings leads to different energy needs because of the occupation 

pattern and the regulatory requirements. For instance the regulatory ACH rates for ventilation are 

much higher in laboratories than in office spaces. In France, the regulation asks for 25m3/h.person in 

offices and for 45m3/h.person in labs. Each building has been modeled 4 times: wood and concrete 

structures have been investigated with and without natural night-time ventilation. All the buildings 

have been modeled with a HVAC system based on geothermal heat pumps. Calculating with the 

heating cooling generators enables to get results in primary energy, in order to compare with 

embodied energy. Heat pumps have been chosen because they represent a good energy source as 

long as they are well-used and installed. This is the assumption made here: the heat pumps yearly 

COP is supposed to be equal to 3,4. Unfortunately, this efficiency reduces the primary energy gaps 

compared to fuel heaters. 

i. Administration  

The first building investigated is the office model from the second part of the thesis. It has been 

reused for this part and remodeled with the wood frame system to perform the comparison. 

Moreover, in order not to interfere with the real office spaces in the building, the volumes dedicated 

to restoration and conference have been withdrawn.  

ii. Restaurant 

This building gathers a cafeteria dining room with its adjacent kitchen, functioning during the 

work hours for employees of administration. It represents the following schedule: preparing the 

𝑈 = 1.815 𝑊/𝑚²𝐾 
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meals between 8 am and 11am, welcoming the customers between 11am and 3pm and tidying until 

5pm. 

iii. Household 

As well as for the office building, the household model from part 2 has been reused and remade 

in wood. 

iv. Fitness room 

The gym represents one voluminous space for sports and two locker rooms, all used from 11am 

to 11pm. The playground area is a handball field of about 1250 m². 

v. School  

The school model is inspired from a competition for Ecole Polytechnique in Palaiseau near Paris. 

The plans have been modified not to display the architects ‘work. It gathers a place to have lunch on 

the ground and three floors of project and classrooms. 

NB: The four models are represented in all the charts below (from Figure 37 to Figure 50). They are 

named as following: 

- Concrete - no ventilation 
- Concrete - ventilated 
- Wood - no ventilation 
- Wood - ventilated 

The labels “No ventilation” mean that there is no night-time flushing natural ventilation in these 

buildings whereas the labels “Ventilated” warns that night natural ventilation was activated for 

each possible zone of the models. 

These charts represent the energy and CO2 balance as functions of life time. The x-axis 

represents the years from construction to demolition and the y-axis represents the consumed 

energy or emitted CO2.  

 

Figure 37 - Example 

Operating phase     Refurbishment 

Construction (year 1)     Demolition (year 61) 
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III. RESULTS – H1A 

1. Results per function 

i. Administration  

 

Figure 38 - Administration building results – H1a 

Based on the thermal and life-cycle simulation, four charts have been drawn (see calculation files 

in Annex 2). They represent the primary energy consumption per square meter as a function of years 

over the whole life cycle: the year 0 corresponds to the construction phase and the year 61 to the 

demolition phase.  

The first point to notice is that the embodied energy accounts for one third of the global 

concrete balance and for almost one half of the global wood balance before the recycling phase of 

demolition products. This difference is merely due to the calorific power of wood. It represents a 

huge potential for energy production from recycling: the last year decrease highlights it. Whereas the 

concrete structures show a small reduction of the global energy consumption, the wood structures 

see their lifetime balance decrease by more than 30%. This remark prevails for all the models that 

have been gone through. In the same way, as wood is a carbon sink, compared to concrete, the GHG 

emissions from construction are only due to the process and are even decreased by the CO2 stored 
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in wood. However, this decrease of 30% points that wood life-cycle balance depends on the recycling 

system of demolition products. The simulation presented here considers that material embodied 

energy is completely recycled. It is an ideal case and there is a lot of waste on real demolition sites. 

There is an important remark to make about the heating needs: wood and concrete show 

parallel lines during operation time: this shows that the two structures have the same winter 

performance. In other words, the thermal envelopes present the same quality, which was expected 

as the insulation layers have been dimensioned to reach the same U-value in both cases.  

On the contrary, even if it makes a light difference on the chart, the cooling needs are different. 

Actually, the lines are different and wood structures show a cooling consumption higher than 

concrete ones, whereas nothing else has been changed. This is the influence of concrete thermal 

mass. It is taken into account in Lesosai via the thermal capacity of each modeled thermal zone. It 

measures the walls ability to hold heat and restore it to the room whenever the temperature goes 

down a certain threshold. Moreover, the gaps are logically more important in the simulations from 

the climatic zone H3 because of the weather. Besides, the influence of night-time ventilation to 

activate the thermal storage of structural thermal mass is seeable, especially for concrete. Similar 

cooling needs for the two wooden models were expected because wood thermal capacity is too low 

to make a difference. 

The brutal hollows and increases which happen at 50 years are due to the refurbishment of the 

building. These fluctuations underline the lifetime influence. Wood global balance structure increases 

more than for concrete because the total operating consumptions are higher. However, recycling the 

replaced non-permanent wood components lowers the energy balance during the refurbishment 

phase. Whereas the refurbished concrete components do not deliver any energy to reuse, the 

recycled wood material energy reduces the gap. Consequently, whereas wooden structures show 

landings with smaller gaps, the concrete balance explodes when it comes to refurbishing. Then, a 

building in which refurbishments are rare will show a greater gap between wood and concrete. In 

other words, the more there are material a replacement, the lower the benefit from thermal mass is. 

ii. Restaurant 

The same scheme as administration appears for the restaurant concerning the comparison 

between energy and CO2 emissions of wood and concrete. However, the internal and solar passive 

gains are weaker and internal gains intervene on a shorter period of time during the day. The 

occupation period is indeed shorter so the daily gains are lower, even if the people density is higher. 

Consequently, the cooling needs are lower and the influence of concrete thermal mass is no longer 

seeable. There are no more differences between wood and concrete, apart from the embodied 

impacts. It is clearly identifiable on the total energy chart, in which wood and concrete operating 

lines are parallel. In this case, GWP is the determinant criterion and wood is then better on an 

environmental point of view, provided that the used materials come from sustainable forests and 

replaced materials are 100% recycled.  

It is indeed important to keep in mind the assumption of 100% recycled primary material 

recyclable energy in this case. For instance, if the end of life is not managed carefully and if there are 

wood waste, this percentage will decrease and the global energy balance of the wooden building will 

increase. As a consequence, concrete buildings may appear to be better on an energy point of view. 

Moreover, it can be seen on the chart that the gap at the end of life show an important sensibility to 

this matter because the final balances are quite close. Basically, this assumption precaution can 

influence all the models. But in the case of the restaurant, it is the only parameter that can change 

the gaps. On the contrary, the administration building cooling energy gap might have more 

importance because it changes the annual consumptions and then influences the compliance to 
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thermal regulations. To summarize, the designers of a building might pay more attention to the 

heating and cooling annual bills than to the lifetime result.   

 

 

Figure 39 - Restaurant results - H1a 

iii. Household 

A point must be clarified first: the household results present a simulation of the cooling needs. It 

is actually just a way to measure the thermal differences between wood and concrete. In the H1a 

climatic zone, there are no needs for cooling systems in houses. Yet, it is true that a classic house 

with a heating ground can be refreshed in summer thanks to the reversible mode of a double looped 

thermal pump. On top of that, a concrete house ventilated at night, which is often the case in actual 

houses (a few open windows are enough for this purpose), does not need any cooling thanks to the 

thermal storage of walls, ceilings and floors. 

It must be noticed that the wooden houses show a really low rate of CO2 emissions on a lifetime 

basis, about 8kg of CO2 per square meter per year. This emission rate could be even lowered if 

biomass was used for heating instead of a heat pump, whose electricity consumption lead to indirect 

CO2 emissions. There is another point that could influence this balance: using wood wool as 

insulation layer instead of rock wool which is less environmental-friendly. All this leads to a house 

which is almost CO2-neutral. Just like the restaurant case, the CO2 is the main criterion because 

cooling is no longer an issue. In the same time, life time does not represent a clue for the comparison 
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because the influence of refurbishment is weak and the gaps stay the same before and after 

renovations.  

 

 

Figure 40 - House results  - H1a 

iv. Fitness rooms  

The volume of the sports arena is really important (18750m3) and the heating needs might be 

expected to represent a straight line with a high slope coefficient in Figure 40. But it is important to 

notice that the occupation is quite particular in a sports facility: the athletes highly emit heat during 

games. Thus, the volumes can be heated by almost only internal gains from occupation. In the same 

spirit, as the building is well insulated and as the occupation is sporadic, the thermal mass is not put 

to contribution because the climate is not too warm in summer. Then, the cooling demand is weak 

and night flushing is sufficient to evacuate the calories gained during the day. One point remains to 

be highlighted: the GWP balances are close because of the large volumes, which changes the ratio 

between area and energy, and process per square meter. Besides, the lines are coming closer really 

slowly between wood and concrete. 
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Figure 41 - Gym results  - H1a 

v. School  

At the opposite of the gym, the energy balance gap is important during the construction because 

of the high partitioning rate and high number of floors in the school. This is why the wooden models 

seem to overwhelm the concrete results at the end of the first year in figure 41. However, it leads 

also to more recyclable energy, so that the embodied part of energy is not really impacting the 

balance on the contrary to concrete once again.  

When considering only the operating phase, a concrete night-time naturally ventilated building 

sounds to be the best in terms of cooling needs. But there is a point that must be taken into account: 

the high school is closed during the two hottest months in the year: if a look is given to the monthly 

simulations, there are no doubts that there will be no more cooling demand in night ventilated 

buildings, whatever they are made of wood or concrete.  

Thus, the choice is simple: wood high schools in H1a locations can come closer and closer to CO2-

neutral buildings. 
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Figure 42 - School results  - H1a 

2. Net energy ratios 

 

 

Figure 43 – Net energy ratios in H1a locations 
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The net energy ratios permit to compare the annualized embodied energy with the annual 

operating energy. The more it increases, the higher operating energy is compared to embodied 

energy. The goal is to reduce both the impacts of embodied energy and operating energy. However, 

reducing operating energy by improving thermal envelopes and materials often increases the 

embodied energy balance. For instance, adding insulation layers makes the heating needs lower but 

raises the embodied energy (see Figure9). The point is then to optimize the ratio between the 

operative and embodied by playing on the thermal quality of the model on one hand and the 

environmental balance of materials on the other hand.  

In most of the cases, the concrete structures look better except for the sport area, which is 

expected from the former results and because the air volume is important. This huge air volume has 

a global thermal capacity that is able to swallow the internal gains without help from structural 

inertia. The next point to emphasize is the almost negligible gap between night-time flushed and 

non–night ventilated school and restaurant. This is due to high internal gains that are focused on a 

shorter period of time: the structures reach very quickly their maximal heat storage capacity. Even 

after having released their excess calories the night before thanks to night flushing, the structures 

cannot manage all the internal gains. Finally, the natural night ventilation is effective especially for 

offices which involve moderate gains and regular long period of inoccupation. The house shows 

another behavior because the internal gains are present at night when the natural ventilation is on: 

this is direct convective refreshment that is sufficient to evacuate the excess heat.  

IV. RESULTS – H3 

1. Results per function 

i. Administration 

As expected, the weather being now typical from the South-East Mediterranean coast of France, 

the cooling consumptions are higher whereas the heating needs decrease. It results in a little bit 

higher operating consumption. This is consistent with the design of the building’s envelope which is 

particularly well-adapted to winter-strict climates with a very good insulation. What is striking in the 

global chart from Figure 44 is that recycling all the wood material primary energy is just sufficient to 

reach the same balance as the ventilated concrete structure. Obviously, the CO2 balance is better for 

wood. However, considering to be awarded an environmental label, the concrete structure should be 

chosen. Of course, nuancing and melting wood and concrete could be the best solutions. Figure 43 

below is an office building with a wooden envelope but thermal mass has been added thanks to the 

concrete slab panels hanged to the ceiling. There is no need for more in order to cool down the 

building in this case.  
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Figure 44 - Wooden building whose indoor climate is supported by add-ons of concrete thermal mass2 

It can be noticed that before a refurbishment, the global concrete energy balance is lower by 

260kWh/m² than the wood frame. For the whole building, this difference is worth the yearly primary 

energy consumption of one European inhabitant for almost 80 years (US Energy Information 

Administration, International statistics, 2011). In the other hand, the gap for GWP is about 

170kgCo2/m² over the same period, which represents the equivalent of the emissions of a European 

for 250 years if the condition of sustainable forest is respected (Global Chance Association, 2007). 

This fast comparison shows the lack of requirements in legal regulations about CO2 emissions, 

because most of European laws are binding the energy performance on an operative basis without 

any interest for global life-cycle calculations and global CO2 impacts. 

                                                           
2 Woodland Trust headquarters, Grantham, UK, 2010. Architects : Feilden Clegg Bradley Studios 
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Figure 45 - Administration results 

 

ii. Restaurant 

The influence of weather is important in the case of restaurant, as the cooling chart points it in 

Figure 45. What can be noticed is that whatever concrete or wood is used, the cooling demand is the 

same in both cases (cooling lines are parallel). This can be explained by the time schedule of 

occupation: the building welcomes internal gains during a small period of time in the day and 

thermal inertia has no time to come in action. So the building’s cooling demand is similar. 

Consequently, there are no interests in jeopardizing the CO2 balance with concrete structural 

methods when there are no advantages in summer.  

On the contrary, there is interest using systematic natural ventilation during night-time because it 

refreshes the ambient inside air. 



 
78 Comparative assessment of two structural materials from a life-cycle point of view 

 

Figure 46 - Restaurant results 

iii. Household 

It is important to check the category of the studied house. In effect, the choice will be dependent 

on the air conditioning design. For example, if the built house is not cooled, which is mainly the case 

in Southern France, night-time flushed concrete presents a real advantage over wood because there 

is a difference of 8kWh/m²yr in the global consumption of the building. This 8kWh/m²yr represents 

the summer thermal comfort gap. This allows to only using an earth duct because the cooling need 

can be entirely assumed by the ground. On the other hand, if there is a cooling system, then it is 

better to go for wood structure because even if the cooling demand will be higher, the gain in terms 

of GWP will cover this small excess of energy. It is finally a question of financial choices.  

The other point is that the night natural ventilation plays an important role here. This is due to the 

climate which shows gaps between night and day outdoor air temperatures. The difference of 

temperatures is greater in H3 locations, so that two phenomena are becoming bigger: 

- First, the variation of enthalpy is higher so the heat transfer grows. 
- Secondly, the principle of excess pressure and under pressure due to air temperature 

creating the air flow by convection is becoming more influent. The air mass flow going 
through the house is bigger: heat transfer is endorsed too.  
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Figure 47 - Household results 

iv. Fitness rooms  

The gym can be compared to a big almost black box very well insulated from the outside and 

submitted to low thermal constraints. It is almost an adiabatic box, because there are few cooling 

demands and even less heating needs. The huge air volume, combined to concrete walls, is able to 

absorb the sporadic internal gains and even the small thermal losses from the outdoor. The building 

acts like a big buffer zone with night ventilation sufficient to refresh itself in summer. In winter, small 

gains from players and locker rooms heat the space. Depending on the required level of summer 

comfort, it is possible to build an entirely passive building. Besides, the wood frame gym shows also 

good energy performances. However, it still needs a cooling system because the wood has not the 

thermal capacity to absorb the excess gains from the players for instance. On the global lifetime 

balance, this gym is the only model that goes for concrete whatever the starting assumptions are. 

As for GWP, the refurbishment is obviously prohibitive for concrete which shows a very higher 

impact. On the contrary, if there are no renovations made, the ventilated concrete presents similqr 

results as ventilated wood frame.  
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Figure 48 - Gym results 

v. School  

The school in H3 locations presents the same profile as the school evaluated in H1a zones. The 

only differences come from the really lower heating needs and the higher cooling demand but the 

global trendlines are similar. Concrete thermal mass has no effect in this geographical location too 

because density is high during the occupation schedule.  

Basically, the density of occupation is very high during daytime and nil during nighttime: daytime 

sees the classrooms and the project rooms with people all working on computers with 3m² per 

person (SIA 2024, 2006). This small space for each person brings high internal gains per square 

meter. Then structural thermal capacity is not high enough to control the thermal amplitude. On top 

of that, project managers and designers desire to provide much natural daylight. This choice is made 

to reduce artificial lighting consumptions. However, what is gained on the lighting side is lost on the 

cooling demand because there are a lot of passive gains through glazed surfaces. It can also be seen 

during heating time because the annual heating demand is quite low whereas the HVAC systems are 

turned down during the regular vacation. 
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Figure 49 - School results 

2. Net energy ratios 

 

Figure 50 - Net energy ratios in H3 locations 
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The profile of these results is similar to the H1a results because the same phenomena are 

intervening between embodied and operating energies. The two NER calculations show small gaps at 

the end between H1a and H3. This small difference is due to the consumption types taken into 

account into the NER calculation. Indeed, all the regulatory consumptions have been considered: 

heating, cooling, lighting, hot tap water and electrical devices consumptions. These three last items 

crushes the gaps between the NERs. Without lighting, hot tap water and electrical auxiliaries, there 

was a mean relative difference of 25% between the NERs of each climatic zone. 

 

V. ANALYSIS 

1. Assets and liabilities of each material 

i. Wood 

This paper endorses the wood when considering the greenhouse effect by showing that on the 

global life-cycle balance, the GWP of a wooden frame building is much lower than a concrete 

building. This is mainly due to the phenomenon of carbon sink for sustainable forests. Nonetheless, 

the processes from wood construction have a lower impact than the production of concrete: this 

phenomenon has also a small effect on the GWP balance.  

Wood constructions are perfect in rough-winter locations because they need less insulation than 

concrete ones. It can be seen in Annex 3 where the models are stored. On top of that, wood low 

thermal capacity leads to a lower building thermal mass. It might be an asset in some cases: when 

there are needs for reactivity in heating the rooms, the fact that wood do not store heat triggers a 

faster rise in air temperature. It contributes to a faster increase in the comfort when convective 

heating systems are used. This is an advantage when considering only indoor climate. However, at 

the outside, solar passive gains are more rejected than absorbed, so the surface becomes colder than 

the air. In humid climates, it might produce condensation: it is a risk that must be taken into account 

very carefully because condensation increases the heat transfer coefficient of a wall. On the other 

side, when there are too many internal gains, the wooden walls do not store these calories, and 

reemit this heat to the room, asking for more cooling. Compared to concrete, it is easily remarkable 

in high-partitioned buildings like houses, small cafeterias and schools.  

ii. Concrete 

Concrete is not a noble material from an environmental basic approach because of its embodied 

CO2 emissions and the difficulty to recycle it. Moreover, its basic thermal conductivity is low. It might 

have presented a problem once when the insulation materials were less performing, but today it has 

no influence on the static thermal balance of a building.  

However, even if many regulations are still based on static calculations, their estimations are no 

longer even close to the reality. This is why such software programs as Design Builder, TRNSYS, or 

TAS have been developed as well as the dynamic simulation unit of LESOSAI. In this direction, 

concrete presents some differences from the wood considering is dynamic thermal behavior. Thus, it 

has the capacity to store and then reemit a huge amount of calories. That means that concrete walls 

have the ability to absorb internal heat gains and solar gains as well as to keep this high enthalpy for 

a certain period of time. Consequently, when the ambient temperature decreases (at night for 

example), the heat transfer inverses its sense, and concrete restitutes heat to the room. It permits to 

crush the temperature amplitude in rooms and then to keep the temperature in a smaller interval. It 
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is particularly interesting in spring and autumn. Thanks to the huge outdoor temperature amplitudes 

and combined to natural night ventilation, the concrete delivers this heat and can avoid cooling 

needs at all. In summer, it serves as first refreshment in the morning before using the cooling system 

in the afternoon when solar gains are too high. In winter, too high thermal mass asks for huge 

heating needs because of the high heat storage capacity of concrete. Then, heating prelaunch power 

is needed to have the room at convenient thermal conditions when the occupants arrive. 

Consequently, the thermal mass of the building must be sharply sized in order to avoid this 

phenomenon. A too long dephasing time that could store heat and then restitute it at the wrong 

moment must be avoided. 

This particularity of concrete comes from two properties that are known as the effusivity and the 

diffusivity. Both of them are functions of thermal conductivity, density and thermal capacity. 

Effusivity embodies the ability of a material to exchange heat with its environment by convection, 

radiation and conduction. To have a pragmatic example, a material with high effusivity is a material 

that seems cold when touching it at ambient conditions (tiling floor for instance). It is due to the 

higher heat transfer, whereas a non-effusive material will not seem to be cold (wood or insulation 

layers). On the contrary, diffusivity represents the ability of a material to spread the heat received 

into this material. The formulas defining these properties are the following: 

𝐸 = √𝜆𝜌𝑐𝑝                        𝐷 =
𝜆

𝜌𝑐𝑝
  

In other words, effusivity is about the capacity to receive heat while the diffusivity is about the 

capacity to transfer it inside. The goal to optimize the thermal mass is to increase E and decrease D. 

However, it must be noticed that the two properties are quadratically proportional and that a 

compromise must be done. 

Thermal mass and dynamic behaviors of buildings are dependent on the typology and use of the 

building as well as the climate. It is then a point to take in consideration during the early design 

phases of a project, especially for environmental consultants which have to deal with other major 

constraints like costs, greenhouse effect and objectives of the project managers and owners. 

2. Recommendations per function 

As a conclusion to these comparisons, an option has been selected for each typology, making the 

assumption that the primary goal is to reach the lowest energy consumption as possible, and then 

the second is to present the lowest environmental footprint as possible. This is the current 

perspective of most of project owners that have environmental goals.  

i. Administration  

Administration buildings are mainly ruled by regular and moderate internal heat gains that can be 

absorbed by a thermal mass that is reachable when the partitioning is coherent. For this reason, 

concrete structural design can achieve good thermal performances, especially in terms of cooling 

demand. There are already existing examples of recent office buildings which are not equipped with 

a global cooling system and that are satisfying their users. The Transsolar company has for instance 

many references of such passive solutions. Thus, the Digiteo building located in the campus of Ecole 

Polytechnique near Paris is a working example.  

ii. Restaurant 

Independent self-service restaurants installed in many clusters have not appeared to be impacted 

by considerable thermal mass in the light of the previous simulations. For this reason, the 
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environmental footprint becomes the first criterion of these projects in this case. Consequently, the 

carbon footprint is made as low as possible and then wood frame buildings are selected in this thesis. 

iii. Household 

For the same reason as restaurants, individual houses may be built with a wooden structure 

provided that the materials come from a sustainable forest and that the end of life is perfectly run 

with a hundred percent recycling of materials. 

iv. Fitness rooms  

Sport areas show a sensitivity more developed to the climate environment: in this optic, wood is 

privileged in colder climates because the thermal mass of concrete makes the heating season more 

consuming whereas in hotter climates with higher temperature amplitudes, concrete is the first 

option for this typology. It permits to avoid active cooling thanks to small earth ducts for example. 

v. School  

Schools should privilege the wood process because of their high occupation rates and mainly 

because the hottest months in the year show no activity so that cooling becomes a secondary 

preoccupation. 

3. Limits 

There are some limits to these hourly based comparisons. Some are related to the modeling 

assumptions and some are inherent to the software, whereas the last ones were conditioned by the 

time schedule.  

The first challenging issue of this paper is the size of gaps in the results between wood and 

concrete. The reader might actually think that the lifetime decrease of concrete operating energy is 

not worth the high increase in C02 emissions. However, it is important to specify that the buildings 

have already been modeled at the edge of the current actual energy performances. For instance, the 

office building is almost complying with the Minergie label requirements while the school respects 

the French Thermal Regulation 2012 which is one of the most binding standards in Europe. On top of 

that, the weather files that have been chosen are both representative of temperate European 

climates: the gaps may grow when considering rougher climates like in Sweden or in Morocco for 

example. Besides, the heating and cooling systems have been chosen in adequacy with Transsolar’s 

ideas about indoor climate conditioning. That means that radiant panels or floors have been set up. 

The point is that radiant systems use water as refrigerant with a temperatures regime higher in 

summer and lower in winter. All this results in water circulating between 18°C and 21°C in the panels 

for cooling whereas the same water would circulate between 12°C and 15°C in ventilo-convectors. So 

if the final needs are the same, the primary cooling needs will be lower with radiant panels, 

especially when using the reversible heat pumping system.  

This leads to the second critic that must be done over this study: other heat and cool generators 

should be investigated because heat pumps are crushing the gaps. Indeed, the COP of heat pumps 

being higher than 1 and even higher than the French primary electricity conversion factor (2.58), the 

primary energy demand becomes lower than the final needs. In such cases, the gaps are decreased 

and comparisons become more difficult. Two improvements could be useful: working with seasonal 

COPs for heat pumps instead of annual mean COPs would be a first step, and secondly other 

generators like electric chillers combined with gas, fuel, organic waste and wood pellets heaters. This 

choice of heat pumps was motivated by two main reasons: 
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- Staying close to the ideas of Transsolar, which has promoted geothermal heat 
pumps on many projects. 

- Being as accurate as possible in the LCA because LESOSAI does not have 
embodied energy data on other generators.  

Refurbishment might also be questioned. Basically, the refurbishment is performed for the whole 

building after a certain period of time representing the lifetime of materials and construction 

products. This period of time is the actual mean value of the lifetimes of the different materials, 

weighted by the quantities. A good lead of improvement would be to go further into the modeling of 

renovation work: it would be interesting to have a sharper overview of the influence of each 

material, because it is obvious that the roof renovation is more impacting than the change of lights 

on the environmental field. 

There are also some limits to this part due to LESOSAI itself. Thus, the database used by LESOSAI 

must be quoted again because the lack of readability and accuracy comes along with it. Few details 

are given about the thermal dynamic characteristics of products. This is where the regulatory nature 

of LESOSAI reemerges. Consequently, LESOSAI dynamic simulations are based only on the principle of 

thermal mass and inertia is defined by the only thermal capacity of structures. However, it is a lead of 

improvement because effusivity and diffusivity are playing main roles in the dynamic behavior of 

materials and walls from the thermal wave point of view. The next level would be to check the real 

quantified influence of thermal mass thanks to a STD-dedicated tool and compare the results to 

LESOSAI’s ones. 

Finally, coming along with the small gaps results, a financial analysis of what heat and cool 

generator as well as the materials costs could have been another clue to give to the building sector 

stakeholders. On top of that, an analysis of the marginal and environmental costs may be useful in 

order to have a real basis of comparison between the energy gaps from one side, and the GWP gaps 

from the other. 
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General conclusion 
This thesis aimed at using a single software program to integrate two problematics that are 

generally separated: the LCA global energy balance of materials and the operating life of the resulting 

building. Indeed, many studies about the CO2 emissions and embodied energies of materials from 

one side and dynamic simulations in designing phases have been conducted but the point was to see 

in what order of magnitude the dynamic thermal behavior of structural materials could impact a life 

cycle assessment of a whole building. 

The first point was to select a program able to run simultaneously both these studies. The choice 

was then limited by the licenses that were available in the firm. This is why LESOSAI became the core 

of the thesis. However, as it was at first a regulatory tool, the LCA unit has to be assessed to measure 

its reliability compared to well-spread tools. The comparative assessment of the LCA of LESOSAI and 

the CSTB-developed ELODIE showed then a reproducibility of the results that was acceptable: the 

gaps were not higher than the literature comparison COIMBA between ELODIE and EQUER, the two 

reference tools in France. The dynamic calculation method of LESOSAI is also a regulatory one based 

on the European standards. 

From this starting point, five typologies of building were investigated along two different 

geographical locations (and climates) in order to measure the behavior differences of those two 

materials following the usage. Conclusions have been made but they have to be moderated by the 

limits that have been previously exposed.  

Finally, the choice between these two materials depends on several criteria: 

- Structural considerations: wood buildings can be difficult to achieve. 
- Local resources can be a parameter 
- The project owner’s environmental goals: do they exist and are they focused on user 

comfort, energy, CO2 emissions or certifications? 
- What will be the commissioning of the building and will it be used in the proper way? 

That means that naturally night-time ventilated building are designed to be ventilated 
and that thermal comfort depends on this point. 

- How will be managed the end of life of the building, in terms of recycling? 

Taking these questions in consideration, this thesis actually provides leads of thought for the 

designers of building that have identified the priorities of their project. It emphasizes the importance 

of dynamic not only over the operating phase but on the whole life cycle by introducing a significant 

indicator that is the net energy ratio. This NER permits to compare embodied and operating energies 

at a step where the embodied energy might take precedence on operating energy. Finally, GWP is an 

indicator not to be neglected as climate change remains one of the biggest problem the world is 

facing. 
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Annex 

Annex 1: LESOSAI Files from part 2 and part 3 

Annex 2: Excel Files for results synthesis from part 2 and part 3 

Annex 3: Walls compositions and hygrothermal properties according to LESOSAI 

 


