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SUMMARY 
Climate change is one of the main challenges society is facing in the 21st 
century. Variations in the climate are normal phenomena. It seems, 
however, that the climate is changing rapidly compared to the pace of 
previous variations in climate. The consequences of climate change can 
have decisive effects on life on earth. Scientific data show that climate 
change is probably linked to a high concentration of CO2 in the 
atmosphere.  
Other gases also contribute to climate change. These other greenhouse 
gases (GHG) are: methane, nitrous oxide, sulfur hexafluoride, 
hydrofluorocarbon and perfluorocarbon. Some of these gases are 
naturally emitted, but the increase in GHG content in the atmosphere is 
due to humans.  
In the last decades, governments have toughened requirements for GHG 
emissions in order to decrease the global amount of GHG released. In 
France, industries have made great efforts to reduce GHG emissions. 
However, transportation is nowadays the primary emitter of GHG in 
France. Efforts must therefore be made in this sector.  
Emissions from transportation are linked with transportation 
infrastructures. Emissions occur during different phases in the life of the 
infrastructure: design and study, construction, exploitation and 
maintenance.  
One of the aims of this Master’s Thesis is to develop a carbon 
accounting tool for three types of infrastructures: road, railway and 
airport. The tool was created for the company SETEC International, 
based in France.  
Carbon accounting is performed mainly to find out which phase of life 
and which parts or elements of an infrastructure emit the most GHG. 
Recommendations can be made in order to lessen the carbon footprint 
of the infrastructure.  
First, literature and carbon accounting results were reviewed. Three 
carbon accounting projects are reviewed in this Master’s Thesis: An 
airport extension on the French Island “La Réunion”, a new high-speed 
railway “Rhine-Rhone” in eastern France and a reopening of a railway 
between Sorgues and Carpentras in southern France. These reviews 
helped determine the main characteristics of a carbon accounting. 
Second, based on these reviews the need for a carbon accounting tool 
was determined along with the modeling principles. The inputs of the 
carbon accounting tool have been set with this Master Thesis work, and 
an emission factor database has been compiled. Finally, the tool was 
programmed by consultants specialized in carbon accounting tools, 
based on the work done for this Thesis.  
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SUMMARY IN SWEDISH 

 
Klimatförändringarna är en av de viktigaste utmaningarna som samhället 
står inför under detta århundradet. Variationer i klimatet är normala 
företeelser, men det verkar som att klimatet idag förändras mycket 
snabbt i jämförelse med takten i tidigare variationer. Konsekvenserna av 
en klimatförändringen kan få mycket stora kosekvenser för livet på 
jorden. Vetenskapliga data visar att klimatförändringarna mycket 
sannolikt hör samman med en hög koncentration av CO2 i atmosfären. 
Andra gaser bidrar också till klimatförändringarna. Dessa andra 
växthusgaser (GHG) är: metan, dikväveoxid, svavelhexafluorid, 
fluorkolväte och perfluorkolväte. Vissa av dessa gaser emitteras naturligt 
men ökningen av växthusgashalten i atmosfären beror på människlig 
aktivitet. 
Under de senaste decennierna, har regeringar runt om i världen utökat 
lagstiftningen gällande utsläppen av växthusgaser, i syfte att minska den 
globala mängden växthusgaser som frigörs. I Frankrike, har många 
industrier redan gjort insatser för att minska utsläppen av växthusgaser. 
Vilket gör att transportsektorn numera är den sektor som står för den 
största delen av utsläppen i Frankrike. Ansträngningar måste därför nu 
göras i denna verksamhetsektor. 
Utsläppen från transporter är kopplade till transportinfrastrukturen. 
Utsläpp förekommer vid olika tider på livet av infrastrukturen: design 
och studiefasen, byggfasen, driftsfasen och underhållsfasen. 
Ett av syftena med detta examensarbete var att utveckla en 
koldioxidredovisning verktyg för tre typer av infrastruktur: vägar, 
järnvägar och flygplatser. Verktyget är gjort för företaget SETEC 
International, med säte i Frankrike. 
Koldioxidredovisning utförs främst för att veta i vilken fas i ”livet” och 
sedan vilken del eller delar av en infrastruktur som släpper ut mest 
växthusgaser. Rekommendationer kan sedan göras för att minska 
klimatpåverkan av infrastrukturen. 
För det första har litteratur och utförda kolredovisningar legat till grund 
för omdömet. Tre koldioxidredovisning granskas i detta examensarbete: 
en förlängning av en flygplats i den franska ön " Réunion ", en ny 
höghastighetsjärnvägar "Rhen - Rhone" i östra Frankrike och ett 
återupptagande av en järnväg mellan Sorgues och Carpentras i södra 
Frankrike. Dessa recensioner var ett sätt att bestämma vad de viktigaste 
egenskaperna för en koldioxidredovisning är. Baserat på dessa 
recensioner, har ett koldioxidredovisningverktyg definierats. 
Modelleringsprinciperna har också beslutats utifrån detta underlag. 
Indatat i ett koldioxidredovisningverktyg har sedan fastställts med hjälp 
av detta examensarbete. Programmeringen av verktyget har sedan utförts 
av konsulter specialiserade på kolredovisningsverktyg, som bygger på det 
arbete som gjorts för denna avhandling. 
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ABSTRACT  
Climate change is one of the most important challenges society is facing. 
Climate change is mainly due to the release of greenhouse gases (GHG) 
by humans.  
The transportation sector plays a major role in the release of GHG. 
However, little effort has been made worldwide for decreasing 
transportation emissions.  
Accounting for transportation emissions has become a great concern. 
SETEC International is one of the leading engineering groups for the 
design of transportation infrastructure in France. Through this Master’s 
Thesis, SETEC wanted to develop a carbon accounting tool for 
calculating GHG emissions from three types of infrastructures: road, 
railway and airport.  
This Thesis explains how the carbon accounting tool was designed in 
order to take into consideration most of the GHG emissions caused by 
transportation infrastructures. Carbon accounting of an infrastructure 
aims to determine the elements that emit the most GHG so that design 
recommendations can be made and the carbon footprint of the 
infrastructure reduced.  
Key words: GHG; Climate change; carbon accounting; infrastructure; 
transportation.  
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1. INTRODUCTION 
Transportation infrastructures can transform a country, changing the 
way people travel and acting as a sign of modernity for a country. 
However, one must not forget that infrastructures often damage the 
environment.  
Many criteria should be taken into account when considering the 
sustainable development of an infrastructure. One of these criteria is the 
amount of greenhouse gases released. Therefore, tools must be 
developed in order to account for the greenhouse gases released.   
SETEC International is an engineering group that works with 
infrastructure design. Through this Master’s Thesis, they wanted to 
develop a carbon accounting tool for infrastructures. This report aims 
mainly to show how the tool was developed.  
The first section of this report provides a background about climate 
change and greenhouse gases. It also contains reviews of carbon 
accounting projects in order to understand how the accounting was 
performed. The second main section shows the results of three carbon 
accounting reviews. Based on these reviews, a carbon accounting tool 
was developed. This development is described in the third main section. 
Finally, the functionalities and accuracy of the tool are discussed in the 
last section.   
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2. BACKGROUND 
2.1. Climate change 
2.1.1. Definition of climate change 

Climate change can be defined in different ways. The National Weather 
Service of the National Oceanic and Atmospheric Administration 
(U.S.A.) defines climate change as follows: 
“A non-random change in climate that is measured over several decades or longer. The 
change may be due to natural or human-induced causes.”   
Another possible definition is given by the Natural Resources Defense 
Council: 
“A regional change in temperature and weather patterns. Current science indicates a 
discernible link between climate change over the last century and human activity, 
specifically the burning of fossil fuels.” 
Different types of climate change have already occurred as a natural 
process on earth. There are different causes of climate change. All the 
previous changes in climate on earth had natural causes. However, the 
current climate change which started mainly during the last two centuries 
can be a consequence of human activity.   

2.1.2. Variations in the earth’s climate 
Climate has varied greatly on earth. Some mechanisms called “forcing 
mechanisms” shape the climate. These are solar radiation, deviations in 
the earth’s orbit, mountain-building and continental drift, and changes in 
greenhouse gas concentration. It is difficult to find data showing the 
variation of these factors since the earth’s beginnings. Temperature is 
related to the amount of greenhouse gases in the atmosphere. The 
amount of greenhouse gases has been regularly measured with devices 
for two centuries. To measure the previous quantity of greenhouse gases, 
it is possible to analyze ice in the Antarctic. This way, one can interpret 
the variations in temperature since the earth’s beginnings. The chart (Fig. 
1) shows one interpretation of the variation in temperature.   

 
Figure 1 Variation in temperature over the last 4.6 billion years (Source: 
Saltzman B., 2002) 
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The temperature has been much warmer, but also much colder.   
Ice cores from glaciers on Greenland and Antarctica are indicators of the 
climatic conditions in the past. Ice is formed originally from snow and 
contains much information from the past. For instance, it is possible to 
know the temperature and the composition of the atmosphere at this 
time.  
Each sample of ice contains bubbles of atmospheric gases, ash, wind-
blown dust and radioactive substances. All these indicators give us 
information about the temperature, ocean volume, precipitation, 
chemistry and gas composition of the lower atmosphere, volcanic 
eruptions, solar variability, sea-surface productivity, desert extent and 
forest fires. 
The age of the ice is determined by the quantity of isotope in the core. 
Models have been established and relate the quantity of each isotope 
with the age of the ice.  
This technique poses some potential errors, since models must be 
created which have uncertainties. Also, the ice could have moved and so 
the current depth would not be representative of the original depth of 
the ice. Drilling might also contaminate the sample. For instance, there 
were some problems in Vostok, Antarctica with lead contamination.  

2.1.3. Causes of climatic variations 
There were different causes for climatic variations in the past. If we 
exclude human influences, the main causes of climatic variations are: 
- Orbital variations. Small changes in the earth’s eccentricity or 

precession of the earth’s axis can induce a major change in climate. 
Locally, these changes are not so important but they can greatly 
change the temperature distribution and indeed climate on a larger 
scale. These orbital variations follow a cycle called the “Milankhovitch 
cycle”, and the IPCC has noted that this cycle drove the ice ages cycle.  

- Solar output. The sun is the major source of energy input for the 
earth. Variations in radiation input have therefore a notable effect on 
earth’s climate. The difference in sun activity can be one important 
factor for climate change.  

- Volcanism. Volcanic eruptions release a huge amount of gases and 
particles. Volcanoes therefore contribute to climate change. Some 
types of eruptions can cause cooling of the atmosphere by blocking 
the transmission of solar radiation, but others can cause warming by 
releasing greenhouse gases.  

- Tectonic plates. Movements of the tectonic plates shape the 
continents and oceans on earth. Climate depends on the topography 
and on the ocean flux. A large continent has much more differences in 
temperature between summer and winter than a small island. From 
the Pangaea (a supercontinent that existed during the late Paleozoic 
and early Mesozoic eras) to the earth we know today, tectonic plates 
have transformed the geography of the globe. This has many 
consequences. For instance, the shape of the oceans has permitted the 
Gulf Stream to be created. This stream plays a major role nowadays in 
climate. 
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- Ocean variability. The Gulf Stream is highly dependent on the 
composition of the water. A small fluctuation in the ocean 
composition can have great consequences on the climate. A change in 
temperature can indeed modify the Gulf Stream, which could change 
the climate locally.  

2.1.4. Changes in climate and changes in CO2 
Regarding the data over the past 300,000 years collected with ice cores in 
Vostok, Antarctica, there is a high correlation between the concentration 
in CO2 in the atmosphere and the temperature on earth. Changes in 
climate are partly driven by the quantity of radiation released by the sun 
to the earth and the quantity of CO2 in the atmosphere. CO2 is a 
greenhouse gas, which means that it has the capability to absorb infrared 
radiation. Therefore, either an increase of CO2 or an increase of solar 
radiation can increase the greenhouse effect. The graph (Fig. 2) shows 
the CO2 concentration and the temperature over the past 300,000 years.  
According to these results, there have been peaks of warmth 
approximately every 100,000 years. The increase in CO2 we know today 
could therefore be described as part of a natural cycle. However, the 
current concentrations of CO2 have never been reached so fast, which 
makes the situation we know today quite new and unnatural.  

2.1.5. Consequences on fauna and flora 
Climate plays a major role for life in general. A brutal change in the 
climate can have dramatic consequences for fauna and flora. By looking 
at our planet’s past, one can find some proof of dramatic brutal changes 
in past temperatures. 
In the mid-cretaceous period, about 100 million years ago, the 
distribution of fossil plants and animals suggests that the temperature 
was quite high and that there were neither polar ice caps in Antarctica 
nor in Alaska. Temperatures were 6–8°C higher than today and the 
quantity of CO2 was also five times higher. After 10 million years, the 
climate started to cool down and the fauna and flora were therefore 
completely impacted. (Steig E., n.d.)  

Figure 2 Relation between temperature and CO2 concentration (Source:  Kurt 
Cuffey, University of California, Berkeley) 
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In recent geological events, Britain was covered by ice. Some fossils of 
mammoths or woolly rhinoceroses, which are proof of a cold climate, 
have been found there. With a major climate warming, the ice has melted 
there making life impossible for these animals.   

2.2. Greenhouse gases 
There are several different greenhouse gases. Four principal greenhouse 
gases have been defined in the Kyoto Protocol: carbon dioxide (CO2), 
methane (CH4), nitrous oxide (N2O), and sulphur hexafluoride (SF6). 
Two groups of greenhouse gases are also considered in the Kyoto 
Protocol: hydrofluorocarbons (HFCs) and perfluorocarbons (PFCs). 

2.2.1. Carbon dioxide 
Carbon dioxide is a gas composed of two atoms of oxygen and one atom 
of carbon. It is the most well-known gas in public discussions on global 
warming. In terms of quantity, carbon dioxide is the most important 
greenhouse gas released. 
One can distinguish between two types of carbon dioxide: natural and 
anthropogenic carbon dioxide.  
Natural carbon dioxide 
CO2 is naturally released or absorbed by three different processes: 
- Animal and plant respiration. Oxygen and nutrients are consumed and 

partly transformed by animals into CO2 and energy. Conversely, 
photosynthesis made by plants makes it possible to store carbon from 
CO2.  

- Ocean-atmosphere exchange. Oceans can absorb or release CO2 
depending on their chemical composition (pH, saturation rate in CO2, 
temperature). 

- Volcanic eruptions can release greenhouse gases from the carbon 
stored deep in the earth (this source is nevertheless quite small 
compared to the others). 

Anthropogenic carbon dioxide 
Since the industrial revolution, greenhouse gases have been more 
frequently released into the atmosphere by human beings. This is partly 
due to the combustion of coal or hydrocarbons, deforestation or land-
use changes. 
The quantity of anthropogenic carbon dioxide released is 20 times less 
important than the natural carbon dioxide one’s. This is, however, the 
one which creates an imbalance in the atmosphere. In the natural carbon 
cycle, carbon emissions are indeed almost equal to carbon absorptions. A 
large imbalance has been observed during the last decades due to the 
addition of anthropogenic carbon dioxide into the equation.  
The figure (Fig. 3) shows the composition of the different exchanges of 
CO2 in the atmosphere (volcanic eruption is considered as negligible). 
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Figure 3 Exchange of CO2 with the atmosphere (Source: IPCC AR4) 

 

2.2.2. Methane 
Methane is a gas composed of one atom of carbon and four atoms of 
hydrogen. It is the simplest alkane and the main component of natural 
gas. Methane can be naturally produced by fermentation or found in 
natural gas fields as geological deposits. It can also be produced through 
laboratory synthesis, biologically or industrially.  

2.2.3. Nitrous oxide 
Nitrous oxide is a natural gas composed of two atoms of nitrogen and 
one atom of oxygen. Nitrous oxide can be produced in industries from 
solid ammonium nitrate, with a reaction occurring between 170°C and 
240°C. It can also be produced with the pyrolysis of ammonia. Nitrous 
oxide is also a by-product of nylon production, which may become one 
of the main sources of nitrous oxide production if one manages to get 
rid of the impurities in the gas.  
This gas is also naturally produced during the nitrification-denitrification 
process, for instance in wastewater treatment. Reactions occurring in 
soils and particularly agricultural soils lead to nitrous oxide emissions.  

2.2.4. Sulfur hexafluoride 
Sulfur hexafluoride is composed of six atoms of fluorine and one atom 
of sulfur. This gas is an inorganic, colorless, odorless and non-flammable 
gas.  

2.2.5. Hydrofluorocarbons 
Hydrofluorocarbons are organic compounds that contain one or a few 
fluorine compounds. They are used as replacements for 
carbofluorocarbons (CFCs) in refrigerants, since CFCs were harming the 
ozone layer. They are also used as aerosols or as isolating mousse.  

2.2.6. Perfluorocarbons 
Perfluorocarbons (PFCs) are exclusively composed of fluorine and 
carbon. These gases have the main particularity to be easily dissolved in 
the air. They are not so harmful for the ozone layer but have a high 
global warming potential. This gas is a man-made gas.  

2.2.7. CO2 equivalents of greenhouse gases 
Global warming potential 
The effect of the release of one kilogram of gas differs from one 
greenhouse gas to another. Each greenhouse gas has a different global 
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warming potential (GWP) which quantifies the impacts on the climate 
from the gas after a certain time (ADEME, 2010). 
The GWP has been defined as the ratio of the time-integrated radiative 
forcing from the instantaneous release of 1 kg of a trace substance 
relative to that of 1 kg of a reference gas (CO2) (IPCC, 1990).  

𝐺𝐺𝐺(𝑥) =
∫ 𝑎𝑥[𝑥(𝑡)]𝑑𝑡𝑇𝑇
0

∫ 𝑎𝑟[𝑟(𝑡)]𝑑𝑡𝑇𝑇
0

 

𝑇𝑇: time horizon  
𝑎𝑥: radiative efficiency caused by a unit increase in atmospheric 
abundance of the substance 
𝑎𝑟: radiative efficiency caused by a unit increase in atmospheric 
abundance of the reference gas 
𝑥(𝑡): time-dependent decay in abundance of the instantaneous release of 
the substance  
𝑟(𝑡): time-dependent decay in abundance of the instantaneous release of 
the reference gas 
The higher the GWP, the more harmful the gas is for climate change. 
The radiative efficiencies 𝑎𝑟 and 𝑎𝑥 are, however, not necessarily 
constant over time. Several non-linear behaviors can be observed with 
the release of greenhouse gases. The gases’ behavior depends also on the 
concentration of gases in the atmosphere.  
For carbon accounting, it is necessary to define one unit which will be 
used for calculating the GHG emissions. These emissions can be 
composed of different gases, which have different radiative efficiencies.  
Carbon dioxide equivalent 
To enable a comparison of all emissions of different greenhouse gases, 
the IPCC has defined some conversion factors for each GHG based on 
the global warming potential (as explained in the previous paragraph). A 
gas with a high radiative efficiency compared to CO2 will have then a 
high GWP. Every GHG emission can be therefore expressed in terms of 
CO2 equivalent. This makes it possible to take into consideration all 
GHG emissions and to compare them to each other. The IPCC 
considers that the GWP presented has a 30% uncertainty (Table 1).   
 

 
Table 1 GWP of GHG relative to CO2 (IPCC, 2007) 
 

  
GWP for given time horizon 

Industrial designation or common name Chemical formula 20 years 100 years 
Carbon dioxide CO2 1 1 
Methane CH4 72 25 
Nitrous oxide N20 289 298 
Sulfur hexafluoride SF6 16300 22800 
HFC's CnHmFp 440 to 12000 124 to 14800 
PFC's CnF2n+2 5210 to 8630 7390 to 12200 
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The European guideline EN16258, published in June 2012, also gives the 
GHG that must be taken into consideration and how to consider their 
GWP. 
A carbon equivalent is often used for scientific purposes and also a CO2 
equivalent. However, a CO2 equivalent is more understandable for lay 
people. So, the unit used in this report will be a CO2 equivalent.  

2.3. Demands for carbon accounting 
Many carbon accounting tests have already been performed in different 
sectors. Carbon accounting can be performed for industries, cities, 
territories, companies, persons, projects and objects.  
Complete carbon accounting takes into consideration the whole life 
cycle. However, since it is very difficult in practice to cover the whole life 
cycle, much carbon accounting considers only some phases in the life 
cycle, omitting other life phases such as the end of life.   
Carbon accounting for transportation infrastructure is quite a recent 
topic. It is almost solely requested by contractors who aim to understand 
and diminish the carbon footprint of a project. It can also be requested 
for greening a project, or for making it easier for the public to accept an 
infrastructure project.  
This section aims to show the demands for carbon accounting. It is 
divided into three sections: 
- The European targets for GHG emissions 
- The French targets and legislative framework 
- The demands for carbon accounting from contractors 

2.3.1. European targets for GHG emissions 
At an international level, most of the EU Member States have signed the 
Kyoto Protocol and have been following the Protocol since February 16, 
2005. This means that the EU had to reduce its emissions by 8% 
between 2008 and 2012. Emissions monitoring and projections show 
that the EU-15 is well on track to meet this target.  
The European Union has defined some targets in its Energy & Climate 
Package from March 2007. The main objective of this Package is to 
stabilize the GHG concentrations in the atmosphere “at a level that 
would prevent dangerous anthropogenic interference with the climate 
system” (European Parliament, 2009). This implies that GHG emissions 
should be reduced to at least 50% below 1990 levels by 2050. The 
European Commission has published a roadmap for building the low-
carbon European economy. An intermediate target is to reduce the 
GHG emissions by 30% by 2020 compared to 1990 within the EU 
Member States.  
The European Union has taken some initiatives in order to reduce the 
GHG emissions (Table 2). The European Climate Change Program has 
led to a package of policy and measures to reduce GHG emissions. The 
EU trading system has been also created for reducing gas emissions from 
industry. Some policies have been implemented in order to increase the 
share of renewable energies (wind, solar, biomass) to 20% by 2020. The 
target of increasing the energy efficiency of buildings and of a wide array 
of equipment and household appliances by 20% by 2020 has been also 
chosen. New cars and vans must also respect new laws set by the EU for 
the amount of GHG rejected. Furthermore, the EU chose to support the 
development of carbon capture and storage technologies. The goal is to 
trap and store CO2 emitted by major industries.  
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Table 2 European Guidelines 
 

Text references Targets 
Guideline on electricity 
production with renewable energy 
2001/77/CE 

EU 2010: 22,1% of electricity produced from renewable energy 
France 2010: 21% of electricity produced from renewable energy 

Guideline on GHG emission 
quotas 2003/87/CE 

It gives the rules for the exchange market of quotas 
The States must elaborate an allocation plan for quotas for the three first 
years (2005-2008) and renew it every 5 years. 

Guideline on efficient services for 
energy 

1% yearly energy economy for a 9 years period starting in 2008 (9% 
yearly cumulated economy), based on a average yearly consumption over 
2000-2005. For France, this means an economy of 12 Mtoe in 2016. 

Guideline on the development of 
renewable energy 

EU2020: 20% renewable energy in the final energy consumption 
France 2020: 23% renewable energy in the final energy consumption 

Energy & Climate Package 

UE: 
GHG 2020: -20% in reference to 1990 (-30% in case of an international 
agreement) 
20% energy saving in 2020 (in reference to 2005) 

 

2.3.2. French target for GHG emissions 
Many French targets concerning climate change are results of targets 
defined by European Union. Some other targets have been defined for 
France only. All these targets are transposed directly into French law. 
Environmental Impact Assessment 
Article R122-5 from the Environmental Code defines the content of an 
environmental impact assessment (EIA). It is not explicitly written that 
one must perform carbon accounting for an EIA, although climate is an 
aspect that is compulsory to describe in EIA. However, it is at some 
point necessary to estimate the GHG emissions from an infrastructure. 
For instance, the emissions from the exploitation phase must be 
estimated. The “climatic factors” that could be affected by the project 
must also be described in the baseline. The effects of the project on the 
air quality and on climatic factors must then be described, as well as the 
energy consumption.  It seems, therefore, that carbon accounting could 
be a useful tool to evaluate these impacts.  
This article also states that energy consumption accounting must be 
performed for railway and road infrastructures, airports and guided 
transportation systems.  
GHG emissions and French laws 
Several laws pertain to GHG emissions in France. The “Grenelle” laws 
aim, for instance, at diminishing the emissions in the transportation 
sector by 20% by 2020 in comparison to 1990 emission levels. The 
“POPE” laws oblige France to divide the global GHG emissions by four 
by 2050. The “LOTI” laws require carbon accounting for avoided 
carbon dioxide emissions to be performed during an elaboration or a 
revision of an urban mobility plan. More details about these laws are 
given in the appendix.  

2.3.3. Carbon accounting requirements from contractors 
Many contractors tend to request carbon accounting although it is not 
required by law. SETEC International regularly receives Special 
Technical Specifications (STS, in French CCTP), which define the 
requirements of contractors. To understand the requirements of 
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contractors for carbon accounting, 32 STSs have been reviewed. These 
STSs are mainly about road and railway infrastructures. Three cases have 
been distinguished: 
- No carbon accounting is required. 
- No carbon accounting is required, but another quantitative study is 

required, such as energy balance or environmental assessment. 
- Carbon accounting is required.  
The results are shown in the pie chart (Fig. 4).  
The results of these calculations show that around 30% of the STSs 
specifically request carbon accounting, and 44% do not request it. About 
25% are not looking for carbon accounting but one  would meet other 
requirements, such as an environmental assessment or energy balance. It 
does not seem that there is a link with the size of the project. Some large 
infrastructure projects require carbon accounting while others do not.  

2.4. Carbon accounting at a national scale 
Most of the laws and targets concerning GHG emissions are set at a 
national or an international scale. It is therefore difficult to know how to 
carry out GHG emission reductions at a local or even regional scale.  
In 2013, CITEPA (Interprofessional Technical Centre for Studies on Air 
Pollution) performed global carbon accounting at the national level in 
order to determine which activity contributed the most to GHG 
emissions. The report, published in March 2013, shows results classified 
by type of gas.   
 

 
Figure 4 Carbon accounting requirements from contractors, looking at the STS 
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Figure 5 Total GHG emissions in France between 1990 and 2011 (Source: 
CITEPA) 

 
This figure (Fig. 5) shows that the global warming potential (red curve in 
the figure “PRG”) decreased slightly over the 20 years covered by the 
study (1990-2011). The emissions of 2008, 2009, 2010 and 2011 
decreased respectively by -5.8%, -9.9%, -8.8% and -13.9%. This means 
an average decrease of -9.6% over these four last years.   
Each gas mentioned in the Kyoto Protocol has known a specific 
evolution (CITEPA, 2013): 
- CO2 emissions decreased by 9% during 1990-2011 (15.5% if LUCF is 

taken into consideration). CO2 emissions are highly related to fossil 
energy consumption, since 94% of the CO2 emissions came from 
fossil energy in 2011. The transportation sector contributes to 36% of 
the total CO2 emissions and is the only sector where the emissions are 
increasing (+10%). The second main contributors to CO2 emissions 
are the residential, commercial, institutional and agricultural sectors, 
with 24% of CO2 emissions. Industry contributes to 19% for 
manufacturing and 15% for the energy sector.   

- CH4 emissions decreased during 1990-2011. Agriculture is the main 
contributor for methane production, with 75% of the emissions. The 
decrease of this pollutant in the atmosphere is mainly due to energy 
sector evolution, since this sector has a 74% decrease in emissions for 
this gas. This is due to the activity stop of mining, and a decrease in 
wood consumption for dwellings. The solid waste sector contributes 
to an increase of 10% in CH4 release, mainly due to the increase in 
volume requiring treatment.  

- N2O emissions stayed quite stable until 1997 and then dropped 
principally because of improvements in chemical industries. There is a 
34% decrease in N2O in 2011 in comparison to 1990. Agriculture is 
the main emitter, with 89% of N2O emissions in 2011. 

- HFC emissions have increased by 983% compared to 1990 levels. 
This is mainly due to the need of substitution to CFCs, which have 
been forbidden since 2010, and HCFCs, which will be forbidden in 
2030 in developed countries. The structure of the molecule leads, 
however, to an increase of 323% in terms of GWP.  

- PFC emissions decreased by 90% between 1990 and 2011. The 
decrease until 1996 was mainly due to an improvement in the 
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aluminum production process (less PFC-14 and PFC-16 released). An 
increase in electronic production and in aluminum production leads to 
an increase in emissions from 1996 to 1999. Better control of the 
aluminum process enables a decrease in emissions. The closing of an 
aluminum production unit in 2003 decreased by 30% in one year 
PFC’s emissions. Another closing of a production unit in 2008 also 
led to another decrease.   

- SF6 increased by 1 to 2% per year until 1996. A lower consumption of 
SF6 for magnesium production, as well as a ban on its use in some 
sport shoes and electrical devices, led to a decrease of 73% in 
comparison to 1990 emissions.  

The graph (Fig. 6) shows that the most important contributor to GHG 
emissions is the transportation sector in France. Carbon dioxide is the 
principal greenhouse gas in the transportation sector. It is emitted during 
electricity production and during the production phase of fuel and 
working phase for engines (MEDDE, 2012). 
This underlines the need of reducing emissions from the transportation 
sector. Looking more carefully at the transportation sector, one can see 
that road transportation is the most important energy consumer. About 
95% of the total energy consumed for transportation is consumed by the 
road sector. The graph (Fig. 7) shows the energy consumption for the 
road sector (orange line, with values on the left side) in comparison to 
other transportation modes (on the left side): airplanes (green line), ships 
(blue line) and trains (red line).  
The construction of infrastructures is, however, not taken into 
consideration in this study from CITEPA. The construction sector 
represents 14% of total emissions according to the CITEPA study.  
Total carbon accounting takes into account the construction phase and 
the exploitation/use phase. Efforts to reduce the GHG emissions from 
France must be done in the transportation sector (exploitation phase of 
carbon accounting) and the construction sector (construction phase of 
carbon accounting). It seems, therefore, that carbon accounting for 
transportation infrastructures is very important. 

 
Figure 6 Global warming potential in France per IPCC category (except LUCF) 
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Figure 7 Consumption in 2011 per transportation mode in France (Source : 
CITEPA) 
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3. REVIEW OF CARBON ACCOUNTING METHODS  
The main goal of this Master’s Thesis was to develop a carbon 
accounting tool for SETEC International. The first step was to review 
literature on carbon accounting. SETEC International has already 
performed some carbon accounting for transportation infrastructures. 
Three different carbon accounting projects done by SETEC 
International have therefore been reviewed. The general structure of a 
carbon accounting has been emphasized through these reviews. It helped 
define the need for a carbon accounting tool.  

3.1. Methods 
Three critical reviews of carbon accounting performed by SETEC 
International have been done: 
- Extension of an airport on Reunion Island 
- Construction of the high-speed railway Rhine-Rhône 
- Renovation of a railway between Sorgues and Carpentras 
The reviews were done using the same reviewing grid. The structure of 
this grid was inspired by chapter 7.2 of “The Hitch Hiker’s Guide to 
LCA” by Henrikke Bauman and Anne-Marie Tillman.  
The table (Table 3) summarizes the structure that was followed for the 
critical reviews.  

Table XX: Structure for the critical reviews.  
Reviewing carbon accounting made it possible to see how one can 
perform carbon accounting. It was also a way of comparing tools during 
the Master’s Thesis.  

3.2. Results of the reviews 
3.2.1. Airport on Reunion Island 

Goal and Scope 
Goal of the study 

This project dealt with the extension of the airport on Reunion Island, a 
French island located in the Indian Ocean, east of Madagascar. The 
airport receives planes from all over the world, but mainly from 
mainland France. SETEC wanted to understand the socio-economic 
impacts as well as the impacts on the environment. In this context, 
carbon accounting was performed to better understand the impacts on 
global warming.  
This stand-alone study was done for the French Agency for 
Development. The goal was to understand the influence of the airport 
extension on the release of greenhouse gases. This carbon accounting 
was performed with a socio-economic study, in order to get funds from 
the FEDER to develop the airport.  

Functional unit 

The functional unit chosen is the airport infrastructure itself.  
System boundaries 

Three phases were taken into account in this carbon accounting:  
- Construction phase: emissions linked with the working site activities 

and materials 
- Exploitation phase: emissions from the planes and from cars going to 

the airport 
- Functioning phase: electricity used and waste  
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- Background of the problem

- Reasons for carrying out the study

- When in the project frame has the study carried out?

- What is the question to be answ ered?

- Comparative or stand-alone Carbon accounting ?

- Change-oriented or accounting Carbon accounting ?

- Intended application of Carbon accounting results 

- Intended audience of the study

- What function does the product(s) or service(s) fulf ill?
- Functional unit, the quantif ied measure of the performance of the product/service, w hich is used as reference
for all calculations in the carbon accounting.
- Which processes are included in the system?
- Initial f low chart, sketch of the system, but w ithout very details, as a help w hen explaining the system
boundaries.
- Boundaries in relation to nature (w here is the “cradle” of resources, w here is the “grave” of outputs?)
- Geographical boundaries (w hat is the representative geographical region of the product system? Some
process may be defined geographically, others may not.)
- Time horizon (for w hat time period should the Carbon accounting be applicable? Are any processes in the
future excluded, e.g. in landfills)
- Compare discussion on site-dependency and time aspects for landfills

- When do emissions occur?

- For how  long are the impacts considered? (Infine ? 100 years ? )

- Which phases of the project have been taken into consideration?

- Cut-off criteria (w hat parts of the product system are not included in the model, for w hat reasons?)
- Allocation procedures (if allocation is necessary, w hat allocation criteria w ere applied). Some data sets from
databases may include allocation that may not be able to be influenced.
- Assumptions at the system level (for instance “We assume that all plastic material used in our product is
imported from Germany”). Assumptions concerning the specif ic data that are used to build the model can be
documented in the data section (For instance “We assume that the transport distance of plastics from Germany
to France is 800 km and that the transport is by truck”).
- The competing technology if  system expansion is made

- Marginal/average and source of electricity and heat?

- Midpoint or Endpoint Method? (Mid-points – assessments of threats; End-points – assessments of damages)

- Which reference scenario has been chosen?

- Panel methods (Based on multi-criteria decision analysis)

- Monetization methods (Based on environmental economics) 

- (Distance-to-target methods)

- Stated preferences/Revealed preferences

- How  are the emissions factors calculated and used? 
- What are the uncertainties linked to the w eighting process? What are the uncertainties due to the emissions
factors? Are they taken into account?
- Detailed f low chart including processes that are included in the modeled product system
- Also indicate (outside the system boundary) if there are processes that are related to the system, but have
been excluded.
- Where do the data come from? Database? Source?
- The data, assumptions, allocation procedures, data gaps, and calculations related to each process of the
product system should be documented and explained. Is it the case?
- Which units are chosen for the different materials?

- Are units included correctly in tables and elsew here?
- Are the uncertainties linked to the quantities w ell described? Are these uncertainties taken into consideration
during the w hole analysis? 
- What are the avoided burdens in this study? Modal shift?

- What are the inputs in this study? The outputs?

- Discuss the results in relation to the goal that w ere set up for the study.

- Are the results w ell presented?

- What conclusions can be draw n from the results? What recommendations?

- Were there any questions that could not be answ ered based on the results?

- Was there anything surprising about the results? 
- Were there any important assumptions that have a large influence on the results? Discuss the influence of the
assumptions.
- If appropriate to the goal and scope of the study, are there any recommendations to decision-makers that can
be justif ied by the results?
- Are the uncertainties included in the f inal results?

- What can w e say about the uncertainties in this study?

- Are the results suff iciently documented and explained?

- Are the conclusions supported by the results?

- Do results and conclusions answ er the aim and objectives?

- How  could the study be improved?

- Are all parts of the carbon accounting suff iciently and transparently documented?

- Are any questions left unansw ered?

- Is some issue not correctly handled in the Carbon accounting?

- Clarif ication needed?

- What references are used? Are they w ell chosen?

Goal 
& 

Scope

Goal of the study

Functional unit

System boundaries

Assumption and 
limitation

Impact categories 
and impact 

assessment 
method

Weighting

References

Process f low chart

Data

Results

Conclusion & 
Recommendations

Transparency & 
Completeness

Carbon 
accounting 

inventory analysis

Interpretation & 
Results

Table 3 Structure for the critical reviews. 
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Figure 8 Flowchart of carbon accounting for the Reunion Island airport 

The flowchart (Fig. 8) explains roughly how the system boundaries have 
been drawn. The system boundary is represented by the red dashed line.  
The geographical boundaries are a sensitive point in this study. The main 
point is to know whether or not flights from the airport and its extension 
are considered. So three approaches were used: 
- Approach 0: All emissions from flights are included in the carbon 

accounting of the airport. 
- Approach 1: Half of the emissions due to flights are included in the 

carbon accounting of the airport, considering that the other half 
belongs to the other airport. 

- Approach 2: Just landing and take-off are included in the carbon 
accounting of the airport. 

- Approach 3: Emissions from flights are not included in the carbon 
accounting of the airport. 

The choice of this geographical boundary has an important impact on 
the results of the study. Approach 2 was chosen in the study, because it 
was recommended by the Directorate General for Civil Aviation. This is 
in a way a cut-off criteria.  
It is not very clear which time horizon was chosen. Graphs in the results 
show the emissions until 2060, but the interpretation of the results 
focuses mainly on 2020 and 2035.  
The emissions due to the construction phase are calculated roughly. The 
surface to be built is multiplied by the emission factor of one square 
meter built in concrete. The waste was considered until 2060, with an 
emission amount of each type of waste per year.  
Emissions occur at different times, depending on the considered phase: 
- Construction phase: from 2012 to 2018 
- Exploitation phase: from 2005 to 2060 
- Functioning phase: from 2005 to 2060 

Planes Cars Public 
transportations

End-of-life

Natural 
ressources 
and energy

Waste 
Management

Design

Raw material extraction and process

Construction on site

Maintenance

Exploitation
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Emissions are calculated per year from 2005 to 2060, with the method 
from ADEME.  
Here is the list of the different areas of the carbon accounting: 
- Construction 
- Waste 
- Electrical consumption 
- Transportation on the ground 
- Transportation in the air 
- Water consumption: This last area is in the Excel file, but no 

estimation was made since it is not necessary to consider it in cases 
where the airport is linked to a wastewater treatment plant according 
to the ADEME method. 

The allocation for planes is mentioned. It is not easy to define the 
process to which the plane-related emissions should be allocated. The 
allocation procedure is done by defining more precisely the geographical 
boundaries. No other allocation is mentioned.  

Assumptions and limitations 

Concerning the technologies, two scenarios were used: one using the 
A380 and one without. The plane emissions are considered for the 
exploitation phase. 
The emission factors for the electricity and heat used are specific to 
Reunion Island and are the ones provided by the International Energy 
Agency.  

Impact categories and impact assessment method 

This carbon accounting is a midpoint method, like most of the carbon 
accounting. It means that the amounts of greenhouse gases (in carbon 
equivalent) are provided as results, but the real impacts resulting from 
the global warming are not provided.   
The reference scenario chosen is the no-go alternative, meaning that the 
airport is not extended.  
The carbon accounting is done in a broader context, with a socio-
economic analysis and an economic feasibility study. Some results from 
this study have been used for the carbon accounting.  
The predicted number of flights for the study has a major impact on the 
results. This number is predicted from economic studies, taking into 
account the price of petrol in the upcoming years, for instance. 
The exploitation phase was studied in more detail than the construction 
phase, where only the amount of concrete was considered. In the 
exploitation phase, the emissions due to planes were also studied in more 
detail, which actually makes sense since this is the most important 
contributor to total emissions. 

Weighting 

The emission factors used are the ones from the ADEME. There is no 
question about their validity. When one factor was missing, such as the 
emissions from planes, the emission factors were calculated by SETEC.  
Uncertainties are given with the emission factors from the ADEME. 
However, the uncertainties do not figure in the calculation sheet in this 
carbon accounting.  
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Carbon accounting inventory analysis 
Process flowchart 

It seems that the emissions due to the construction phase were calculated 
quite roughly. Only the emissions due to the concrete were taken into 
consideration. Other materials could have been included, as well as the 
emissions due to their transportation and the machines that were used 
during the construction. The maintenance operation of the airport is also 
missing. 

Data 

The emission factors come from the ADEME. The quantities are 
estimated by SETEC concerning the construction phase. It is not said 
where the other quantities originate. The data related to the exploitation 
were probably provided by major transportation companies, such as Air 
France.  
Many assumptions are explained in the report of the carbon accounting, 
but the data gaps are not very well documented. There is a lack of 
explanation concerning the data for the quantities as well, since the 
reader does not know where the data come from.  
Units are not included correctly in tables. It is necessary to go to the 
emission factor table to find the units. 
Uncertainties are not taken into consideration at all. 
Avoided burdens are not very clearly described, but three types of 
avoided burdens caused by the following factors can be distinguished: 
- An increase in public transportation 
- An improvement in the building’s energy efficiency 
- Use of the A380 instead of the Boeing 777  
Interpretation and results 

Results 

The main purpose of the study was to provide quantification of the 
emissions during the three phases taken into consideration. From strictly 
this point of view, the results obtained make it possible to quantify the 
emissions. However, only some aspects are considered at the end: 
- Construction phase (in French on the graph: “Construction”) 
- Common waste (in French on the graph: “DIB”) 
- Dangerous waste (in French on the graph: “DID”) 
- Transportation on the ground (in French on the graph: 

“Déplacements terrestres”) 
- Electrical consumption (in French on the graph: “Consommation 

électrique”) 
The emissions caused by the planes (in French: “Déplacements aériens”) 
are shown on another graph, and are not directly compared with the 
other emissions. The emissions caused by planes represent 79% of the 
total emission (for 2020), so it makes sense showing it on another 
separated graph in order to see the differences in emissions for the other 
categories.  
The results are well presented, although the uncertainty could also be 
shown on the graphs (Fig. 9). 

  



Carbon Accounting of Transportation Infrastructure 

 
  

21 
 

 

Figure 9 Results of the carbon accounting of the extension of the Reunion Island airport 
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The main conclusion from the results is that planes are the main 
contributor to GHG emissions, even if only take-off and landing are 
considered. One recommendation could therefore be to decrease the 
amount of GHG emissions caused by airplanes by improving the 
engines of the planes. This is the reason why the authors of this study 
compared the emissions of an A380 and a Boeing 777. The result is that 
the use of an A380 would release 8% less GHG emissions than a Boeing 
777.  

Criticism of study results 

The choice of taking into consideration only the planes’ take-off and 
landing greatly influences the results. Also, the author makes the 
assumption that plane traffic will increase based on past statistics and 
because more and more people need to travel, although an oil crisis 
might occur within the upcoming decades. This assumption greatly 
influences the results. 
No real recommendation is explicitly made to decision-makers. There is 
just a mention about public transportation explaining the gain in GHG 
emissions by choosing a larger share in public transportation. However, 
the gain is expressed in function of the emissions of the transportation 
on the ground, and not in function of the total emissions.  
The uncertainties are not included in the final results. The calculations 
do not show the uncertainties as well, although the uncertainties were 
given with most of the emission factors from the ADEME.  

Conclusions and recommendations 

The conclusions of the report are supported by the results. It seems that 
the initial aims and objectives were just to perform carbon accounting 
because it was required from the contractor. From this point of view, 
this goal has been reached. However, the carbon accounting is not 
complete since no recommendation is made. The study could be 
improved by taking uncertainties into consideration. More data could be 
considered (other materials than just the concrete in the construction 
phase, for instance).  

Transparency and completeness 

It is difficult to know how the calculations were made by only reading 
the report. The assumptions are explained and give some clues about 
how the emissions were calculated, but it is not transparent and complete 
enough.  
One main question is left unanswered: What could we do to improve the 
carbon accounting performed and what could be done to improve the 
carbon footprint of the project? 
References 
The only references made are the one to the ADEME and to the 
Directorate General for Civil Aviation. The references are made only to 
the organizations, but not to one text or article specifically.  

3.2.2. High-speed railway Rhine-Rhône 
Goal and Scope 

Goal of the study 

This project deals with building a high-speed railway between Dijon and 
Mulhouse in eastern France. Phase 1 of the project is finished, since 140 
kilometers of tracks between Villiers-les-Pots and Petit-Croix have been 
built. In phase 2, the remaining 50 kilometers will be built at both sides 
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of the finished track. The reviewed carbon accounting concerns the part 
studied in phase 2. 
This project is also part of a vast project of high-speed railway networks 
in eastern France, since one other railway is foreseen to make the link 
between Dijon and Paris and another one at the south to make the link 
to Lyon (Fig. 10). Upon completion, it will decrease the travel time 
between France and Germany, and also from Spain and Italy to 
Germany and northern Europe through Lyon. The contracting authority 
for this project is RFF (Réseau Ferré de France), the owner of the 
French national rail network. The preliminary design for phase 2 is 
performed by SETEC International. In particular, carbon accounting 
was requested by RFF. The carbon accounting in phase 1 was performed 
by another company, and some results and methods from phase 1 are 
reused in phase 2.  
The main goal of this carbon accounting is to determine the amount of 
greenhouse gases released during the construction phase and eventually 
to improve the design or construction of future infrastructures to reduce 
greenhouse gas emissions. This is a stand-alone carbon accounting but 
some comparisons are made with the carbon accounting of phase 1. 
The results of the study are mainly for RFF, but will also be released to 
the public so that it can understand the impacts of an infrastructure on 
greenhouse gas releases. 

Functional unit 

The functional unit used when assessing the infrastructure is the whole 
infrastructure itself for the considered part of the project.  

System boundaries 

The carbon accounting considers the construction phase for the civil 
engineering work. This means that the emissions released during the 
design phase, the exploitation and maintenance phase or at the end-of-
life are not considered. Bridges are not taken into account, nor are train 
stations or other buildings related to the maintenance (cut-off in the 
boundaries).  
The flowchart (Fig. 11) shows the different elements which were taken 
into consideration. 

 
Figure 10 Map of the high-speed railway Rhine-Rhône (Source: RFF) 
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In relation to nature, the “cradle” of resources is theoretically nature 
itself, since most materials are either directly extracted from the earth, 
such as ballast, or are extracted and then processed, such as cement. It is, 
however, difficult to say where the “grave” of outputs is, since the end-
of-life of the infrastructure is not defined. Some by-products are treated 
as waste (in most of cases) and can be in some cases recycled, such as for 
steel.  
As explained before, the geographical boundaries of the project are fairly 
well defined, comprising the two remaining track parts to be built: one 
part between Villiers-les-Pots and Genlis and the other between Petit-
Croix and Lutterbach.  
The time horizon chosen is 30 years. Some emissions are in fact spread 
over a longer time, such as emissions for buildings which last at least 50 
years. But all emissions have been reported to a time horizon of 30 years. 
At some point, this carbon accounting uses results from the carbon 
accounting performed in phase 1. So, it is not very accurate to say that 
the carbon accounting is completely site dependent. Results are in fact 
related to the part of the high-speed railway infrastructure made during 
Phase 1.  
There is no mention of allocation procedures in the report, and it does 
not seem that allocation procedures are used.  

Assumptions and limitations 

Many assumptions were made during the study. Most of the main 
assumptions are detailed in the report in a dedicated section. Many other 
assumptions are written in the calculation sheet as remarks.  
There is no mention of the possibility of using new technology in the 
future with this infrastructure.  
The electricity used has been taken into consideration in a special way in 
this carbon accounting. The energy needed for each machine or device 
has been converted into an equivalent volume of fuel with a coefficient 

Figure 11 Flowchart of the carbon accounting of the high-speed railway Rhine-Rhône 
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provided by a carbon strategy consultant who worked on this carbon 
accounting. Then, from this equivalence, the quantity of carbon 
equivalent was deduced with an emission factor of 0.8 kgeqC/L (a value 
which is close to the one provided by the ADEME). 

Impact categories and impact assessment method 

This carbon accounting is a midpoint method, like most carbon 
accounting. The amount of released carbon is given, but not the real 
impacts on the planet due to global warming. 
There is no mention of a reference scenario in this carbon accounting 
(also known as zero alternative). No comparison is made with a no-go 
alternative. The goal is to assess the carbon emissions of this specific 
construction phase for this specific project, not to compare it with 
another scenario. 
Panel methods, based on multi-criteria decision analysis or distance-to-
target methods, were not used in this carbon accounting. However, a 
kind of monetization method was used since ratios were made based on 
the price of studies for the construction phase. The method proposed by 
the ADEME suggests a value of 30 000 TeqC per million euro of study.  
The results of the carbon accounting done for phase 1 of the project are 
reused several times, by calculating emissions using ratios per km. Ratios 
have been used for: 
- Operating the site 
- Clearing the site 
- Other (see previous flowchart) 

Weighting 

Emission factors are calculated in a specific way. Each element is 
decomposed in terms of: 
- Quantity of concrete 
- Quantity of hydraulic or hydrocarbon binder 
- Quantity of steel 
- Quantity of plastic 
- Quantity of lime 
- Volume of fuel used 
- Quantity to be transported and distance 
- Other carbon contents 
For each element, an emission factor has been associated. This emission 
factor was provided by the carbon strategy consultant who worked with 
the carbon accounting. 
Uncertainties are not considered for the quantities or for the emission 
factors.  
Carbon accounting inventory analysis 

Process flowchart 

Train stations and bridges are part of the infrastructure but are not taken 
into consideration. According to the report, this is mainly due to a lack 
of data. The bridges and train stations were designed by other 
companies, and data were not directly available for the carbon 
accounting. 
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Data 

Most of the data for quantities come from the studies done for the 
project construction or from the call for expressions of interest. Most of 
the emission factors come from the carbon strategy consultant who 
worked with the carbon accounting. 
Assumptions are fairly well described, in the report for the main 
assumptions and in the Excel sheets for the other assumptions. Data 
gaps are not really mentioned. Calculations are described in most of the 
cases, for each part of the construction phase.  
Kg or tons are the units used for the weight, m3 or L for the volumes, 
kWh for the energy and km for distances. The units are in most of cases 
not visible.  
There is no avoided burden in this study. It does not seem that there 
could be an avoided burden during the construction phase. 
Inputs are considered in several sections, following the structure of the 
detailed list of costs and quantities. These input “groups” are: 
- Operating the site 
- Clearing the site 
- Earth-moving 
- Drainage, cleaning-up and networks 
- Embankment 
- Equipment 
- Other 
Results from the sections on clearing the site, operating the site and 
other are calculated with a ratio from the carbon accounting of phase 1. 
For the other sections, several inputs have been listed and defined. 
Interpretation and results 

Results 

The results are presented in two different tables related to each part of 
the track (part on the East and part on the West). The results are given 
for each input “group” in kgeqC and also in percentage of total amount 
of GHG released. 
The results are given in the tables, but the conclusions from these results 
are a bit weak. A comparison is made with the results of phase 1. This 
comparison does not show large differences with the emissions per 
kilometer from phase 1. It is also said that it would be better to consider 
the bridges. 
Earth-moving is the most emitting part of the construction phase, with 
around 70% of the total emissions. By looking at the Excel sheets, it 
seems that most of the emissions in this earth-moving section come 
from a specific treatment with quicklime, which aims to dry the earth. 
This specific treatment represents in fact 35% of the total emissions. 
Recommendations are not given in the report describing the emissions. 
However, a specific paper was written before for optimizing the carbon 
emissions based on the results of phase 1. Another paper could have 
been written after this carbon accounting in phase 2 in order to make 
new recommendations. 

Criticism of study results 

There is one assumption that greatly influences the results. This 
assumption consists of taking a ratio for the emission of the clearing of 
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the site, based on the results of phase 1. The results show that the 
clearing of sites represents indeed about 10% of the total emissions, in 
the area of phase 2. When the vegetation covering the initial site is 
different from phase 1 area to phase 2 area, then this assumption is not 
valid anymore. 
Specific recommendations are not made in this study. Recommendations 
were made from the results of phase 1. Some of the recommendations 
concerning the construction phase were: 
- Use less quicklime during the construction phase, by for instance 

planning the works better so that the earth has more time to dry and 
less lime is needed. 

- Use less cement, or low-emission cement. 
- Design by thinking about low-emission processes. 
- Use more recycled steel. 
- Reduce fuel consumption for transport, by optimizing the transport of 

material or having more high-efficiency/low-fuel-consumption 
engines.  

Conclusions and recommendations 

The results are given in two tables for each part of the infrastructure. It 
would have been better to use graphs for viewing the details better. Also, 
just rough results are shown, but no real discussion is presented after in 
detail.  
The short conclusion is supported by the results, but this conclusion 
should be more precise and more thoroughly performed. 
The goal was to set up a tool for calculating the carbon emissions of the 
project. The goal has been partly reached, since a carbon accounting tool 
has been made for the construction phase but not for the other phases 
of the project, and particularly the exploitation phase.  
In order to improve the study, other phases of the project could be 
included, such as design, exploitation and maintenance. Fewer ratios 
from the results of the carbon accounting done in phase 1 could be used. 
The results of the study could be used and explained better, and a 
discussion should be presented based on these results. In addition, 
uncertainties could be taken into consideration.  

Transparency and completeness 

All parts of the carbon accounting are sufficiently and transparently 
documented, as regards the part considered in the study. The results and 
discussion parts could be improved. 
The carbon accounting is not really complete. The geographical 
boundaries of the study could be extended, by considering the bridges 
and the train stations. Other phases could be considered. 
References 
References are made to the carbon accounting of the phase 1, and 
several reports made for the project. There are also references to the 
ADEME. Product suppliers were also asked for data. Other references 
are made at some points for specific products or materials. 

3.2.3. Reopening of the railway Sorgues-Carpentras 
Goal and Scope 

Goal of the study 

This project deals with reopening a railway line between Sorgues and 
Carpentras in the south of France. The renovation of the railway will 
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make it possible to go from Avignon to Carpentras in about 25 minutes 
with a frequency of 19 round trips per day. The main works are on the 
tracks but the stations will be improved as well. Some railroad crossings 
are going to be removed or at least improved to provide better safety on 
the roads and railways.  
This study was carried out in order to improve train services in the south 
of France, as an alternative to cars. The contractor for this project is 
RFF (French Rail Network), and the project manager is SETEC 
International. The study considered is a front-end engineering design 
study. A stand-alone carbon-accounting was performed in order to 
determine the carbon footprint of the project. Only one variant was 
considered.  
For this study, a tool for calculating carbon emissions of a railway was 
used. This tool was provided by RFF, but it does not consider some 
aspects of a railway. For this study, other aspects have been added in 
order to improve the results. 

Functional unit 

The function of this railway is to transport people between Sorgues and 
Carpentras in about 25 minutes. The functional unit chosen for this 
study is the infrastructure itself, and is given in kgeqCO2.  

System boundaries 

Four phases of the project have been considered: 
- Design phase: emissions caused by the offices for the engineers 

working on the project or their travels related to the project 
- Construction phase: emissions linked to materials, engines used and 

freight for the construction 
- Exploitation phase: emissions caused by the circulation of trains and 

by the vehicles forced to change direction because of removed 
railroad crossings (induced emissions) 

- Maintenance phase 
The end-of-life of the infrastructure is not considered. 
The flowchart (Fig. 12) explains roughly how the system boundaries 
have been conceptualized. 
Emissions caused by the extraction of material are taken into account, as 
well as their processing and transport.  
All parts of the railway infrastructure are considered except for the 
renovation of the train station.  
The study is done for a time horizon of 20 years, from when work 
started in 2014 until 2034 for the construction and exploitation phases. 
All emissions for the design phase are attributed to the year 2014. 
Processes after 2034 are therefore not considered. If the railway is still 
used after 2034, emissions are therefore not considered.  
The considerations for the design phases are not really site dependent 
since the data used are the ones from SETEC and can be used for 
another study. For the construction phase, some considerations are very 
site dependent, such as the quantities of materials or the kilometers 
traveled per worker. However, some data are not site dependent, such as 
the type of rail used (most of the railway projects use the same type of 
rails), the sleepers or the amount of ballast needed for one kilometer of 
track. Some data are quite generic, like the one linked to the freight.  
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Figure 12 Flowchart of the carbon accounting of the reopening of the 
railway Sorgues-Carpentras 

 
Considering the whole project, it seems overall that the study is however 
mainly site dependent.  
Most of the emissions occur during this timeframe of 20 years between 
2014 and 2034. The emissions which occur before this time frame (e. g. 
design phase) or after (e. g. release of gas from some materials) are 
reported to this timeframe.    
There is no mention of allocation procedures in the report. 

Assumptions and limitations 

Assumptions for this carbon accounting are not explained in the report, 
although many assumptions were probably made for performing this 
carbon accounting. Some assumptions are very briefly and roughly 
described in the Excel sheet, so it shows that assumptions were made 
but no reference was made. 
There is no mention of competing technology in the report. 
The energy mix used in this study is the French energy mix provided by 
the ADEME emission factors bank (with 78% of nuclear energy). 

Impact categories and impact assessment method 

The method used is a midpoint method (assessment of threats), since the 
amount of gas emissions are given, but not the real effects on climate 
change. 
The main method used is the one from the ADEME, but sometimes 
another method more specific to railways is used as well. This other 
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method is also originally based on the ADEME method, but other 
emission factors more specific to rail engineering have been developed. 
The reference scenario chosen is the zero alternative, where no 
improvement of the railway is made. There are indeed some GHG 
emissions during the exploitation phase, but no emissions during the 
construction and design phases.  

Weighting 

Most of the emission factors are the ones provided in the ADEME 
database. The emission factors from the specific rail engineering carbon 
accounting tool are either calculated from other emission factors from 
the ADEME database or calculated from information received by the 
manufacturer, mining companies or site managers.  
There are uncertainties given in the ADEME database. However, those 
uncertainties do not appear in the carbon accounting. The carbon 
accounting tool provided by RFF does not mention uncertainties at all.  
Carbon accounting inventory analysis 

Process flowchart 

The infrastructure itself has been studied. However, the construction of 
trains using the infrastructure has been excluded.  

Data 

The data about quantities used come either from RFF or directly from 
SETEC International.  
The report gives information mainly about the results. Assumptions that 
were made and data gaps are not described. There is no mention of 
allocation in the study.  
The uncertainties are not considered at all in this study. 
Modal shift is one avoided burden in this study. Since the railway already 
exists, the modal shift is not very important, and therefore the avoided 
burdens are almost negligible compared to the total GHG emissions 
(1.2% of the emissions caused by cars). Another avoided burden is the 
removal of buses, which were running from Sorgues to Carpentras, 
because trains replaces the buses. 
Inputs and outputs in this study are related to the following points: 
- Design phase:  

1. Emissions from the contractor  
2. Emissions from the project manager (SETEC) 

- Construction phase: 
1. Renewing of ballast, rails and sleepers 
2. Construction of a new platform 
3. Works on railroad crossings 
4. Renovation of structures 

- Exploitation phase: 
1. Trains 
2. Cars 
3. Bus 

- Maintenance phase 
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Interpretation and results 
Results 

The main goal of the study was to perform carbon accounting and see 
where carbon emissions could be lessened. This goal has been achieved. 
The graphs presented in the conclusion show the main emission 
contributors. 
The results are presented with graphs and tables, which make it easy to 
understand.  
The main conclusion from the results is that the exploitation phase is by 
far the most important contributor to GHG emissions. One explanation 
is that the trains are running with petrol, and one recommendation is 
therefore to use electricity instead of petrol. Another explanation is that 
cars are still widely used even if the trains run faster.  
It would have been interesting to see the results if the trains were 
changed to electric trains, in order to see if the resulting emissions were 
still detrimental.  
The fact that the exploitation phase represents such a large part of the 
global emissions (99%) is very surprising. Because the trains run with 
petrol and the modal shift from cars to trains is not very important, the 
emissions during the exploitation are dominating. The conclusion of the 
study is then even more surprising: There is no point renovating this 
railway if one considers only the GHG emissions.  

Criticism of study results 

Since 99% of the total emissions come from the exploitation emissions, 
and 99% of the exploitation phase emissions come from the combustion 
of fuel for running the trains, all assumptions linked to the fuel 
consumption greatly influence the results. These assumptions are not 
detailed. 
Recommendations are not made directly to decision-makers, but one 
recommendation would be to electrify the line in order to lessen the 
greenhouse gas release.  

Conclusions and recommendations 

Uncertainties are not taken into consideration in the study. According to 
the authors, the uncertainties were not considered because it was not 
possible to determine uncertainties for quantities and materials which 
were not well known enough at this stage of the study.   
Results are explained to a certain extent, and documented by graphs and 
tables.  
The conclusions are supported by the results. Results and conclusions 
answer the aim and objectives. 

Transparency and completeness 

By looking only at the report, there is a lack of explanations about the 
calculations, the assumptions and the methods used. However, looking 
at the Excel sheets helps one understand the calculations.  
Assumptions could be more thoroughly described. 
References 
References are made to the ADEME and the RFF carbon accounting 
tool. These are not references to one specific text. 

3.3. Conclusion of the reviews 
The reviews made it possible to understand the structure of a carbon 
accounting of transportation infrastructure and to determine which 
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elements must be included in the carbon accounting. Other carbon 
accounting measures have been reviewed but are not presented in this 
review.  
Goal and Scope 

Goal of the study 

Two main types of infrastructures have been reviewed previously: an 
airport infrastructure and a railway infrastructure (high-speed railway and 
regular railway).  

Functional unit 

The functional unit chosen in most of cases seems to be the whole 
infrastructure itself.   

System boundaries 

The system boundaries differ from project to project. It is important to 
be clear with the system boundaries defined. The life phases of the 
infrastructure follow, however, the same structure: design and 
conception, construction, exploitation and maintenance.  
The end-of-life of the infrastructure is not considered in most of cases. 
A time horizon is sometimes defined, but not always clearly (e. g. the 
case of the extension of the Reunion Island Airport).  

Assumptions and limitations 

It seems important to keep track of the assumptions that were made 
during carbon accounting.  
Competing technologies are in most of cases not taken into 
consideration. In the case of the airport, the arrival of the A380 is 
considered. The carbon accounting would fit better with reality if the 
competing technologies were considered.  
The energy mix used in studies is the French energy mix given with the 
ADEME emission factors bank (with 78% of nuclear energy). In the 
future, this emission factor mix could change. 

Impact categories and impact assessment method 

The method used is a midpoint method (assessment of threats) in all 
cases. 
The main method used is the one from the ADEME, but sometimes 
another method is used (e. g. in the case of railways), which is basically 
also based on the ADEME method.  
When a reference scenario is chosen, it is often for the exploitation 
phase. The reference scenario chosen is the no-go alternative, where no 
improvement of the infrastructure is made.  

Weighting 

The main database for emission factors seems to be the ADEME 
database. However, some other factors are added manually to this 
database.  
Uncertainties are included in the database, but not considered in the 
results in all cases. The reason for ignoring the uncertainties is never 
clearly stated.  
Carbon accounting inventory analysis 

Data 

According to the reviews, the bill of quantities is a good way of easily 
obtaining data from the project.  
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Interpretation and results 
Results 

Results presented with graphs and tables are very easy to understand.  
In some cases, it would have been interesting to make variations in the 
infrastructure. A good carbon accounting tool should be able to include 
small variations in the infrastructure design (e. g. changes from diesel 
trains to electric trains).  
There are two ways of presenting the results. One way is to allocate all 
emissions to one year, by defining a time horizon for the exploitation 
phase. A second way is to report emissions to one year for the 
construction phase, and per year for the exploitation phase. The second 
way seems more clear and understandable.  

Conclusions  

Uncertainties are not taken into consideration in the study. According to 
the authors, the uncertainties were not considered because it was not 
possible to determine uncertainties for quantities and materials which 
were not well known enough at this stage of the study.   
Results are explained to a certain extent, and documented by graphs and 
tables.  
The conclusions are supported by the results. Results and conclusions 
answer the aim and objectives. 

Transparency and completeness 

A lack of description in the assumptions leads to a lack of transparency 
and completeness. The calculations must be in the same way well 
explained.  
Reviews and carbon accounting tool development 
All the information included in this section “Reviews” has been used to 
develop a carbon accounting tool. The next section describes the 
development of this tool. 
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4. DEVELOPMENT OF A CARBON ACCOUNTING TOOL 
4.1. Methods 

Developing a carbon accounting tool was the main goal of this Master’s 
Thesis. The tool was developed based on the review of other carbon 
accounting measures (see previous section). 
The carbon accounting tool was developed in several steps: 
- Definition of tool requirements  
- Definition of modeling principles (input data, system boundaries, 

lifespan, cut-off criteria) 
- Programming the tool 
- Testing the tool and checking accuracy 
A user’s guide has been written to describe how the tool functions and 
what assumptions were made. 

4.1.1. Definition of requirements 
The requirements for the carbon accounting were defined after 
reviewing different carbon accounting measures already made by SETEC 
or other companies, such as the French Railway Network or SGP. These 
reviews were a way to understand what stages for carbon accounting had 
to be considered thoroughly and what the main emissions of a transport 
infrastructure could be. This led directly to the definition of the 
modeling principles for the carbon accounting tool.  
One important characteristic of the tool was that it must be easy to use 
for engineers at SETEC International. On the other hand, the results 
must reflect the real GHG emissions.  

4.1.2. Definition of modeling principles 
Emission factors bank 
An emission factors bank is the basis for a good carbon accounting tool. 
The reviews made from other carbon accounting measures were a way of 
determining which emission factors were useful or not. These emission 
factors have been included in an emission factors bank. The emission 
factors which seem doubtful or unreliable were not included in the 
database.  
This emission factors bank is the one used for the carbon accounting 
tool. Since it is possible that some emission factors were missing in this 
bank, it was necessary to choose another independent database.  
Data sources 
Many data are needed for developing a carbon accounting tool and for 
performing carbon accounting. The carbon accounting tool makes it 
possible to calculate GHG emissions from roads, railways and airports. 
It was consequently necessary to know the technical characteristics for 
the design of these types of infrastructures. Technical guides from 
conception and design were used, along with real project data. User’s 
guides for some tools were also compared and used for data. When data 
was not available, experts and engineers were interviewed to determine 
how to proceed.  
Examples of data sources: 
- Technical guides: (SETRA, 1994), (SETRA, LCPC, 2000), (DGAC, 

1999), (CERTU, 2007), (ADEME, 2010) 
- User’s guides: (RFF, 2010), (SGP, 2012), (UIC, 2011), (Hoang, 2005) 



Carbon Accounting of Transportation Infrastructure 

 
  

35 
 

Functional unit 
The functional unit corresponds to a reference flow to which all other 
modeled flows of the system are related. This is why the functional unit 
must be quantitative. It must represent all functions of the product or 
service system (Bauman & Tillman, 2004).  
The main function of a transportation infrastructure is to enable 
passengers or merchandise to be transported from point A to point B. 
The functional unit chosen in each case in this Thesis is the entire 
infrastructure. Each quantity and activity in the calculation is therefore 
given for the entire infrastructure. It is not possible to use a smaller 
functional unit, since a transportation infrastructure is not a 
manufactured product.  
Lifespan of considered elements 
It is always difficult to find an appropriate lifespan for components of 
infrastructures. Many elements must be replaced after a while. The 
lifespan of elements was determined by looking at literature and asking 
experts.  
Modeling the components  
Designing a carbon accounting tool for an infrastructure requires 
knowing well the characteristics of the considered infrastructure. A first 
step for designing the tool was therefore to get information about the 
technical characteristics of an infrastructure. Three types of 
infrastructures were studied: roads, railways and airports. The differences 
within each infrastructure type must be distinguished, for instance 
highways and regular roads for road infrastructures, or high-speed 
railways, regular railways and subways for railway infrastructures.  
When knowing the main characteristics of an infrastructure, it was then 
necessary to divide the whole infrastructure into small units that could be 
included in the carbon accounting. For instance, the track of a railway 
was divided into steel rails, sleepers made of concrete and ballast. These 
components were then included in the carbon accounting, based on 
literature reviews and experts interviews.  
Assumptions 
Two types of assumptions are made when performing carbon 
accounting. First, assumptions are made when designing the carbon 
accounting tool. These assumptions are described in the user’s guide. 
These assumptions can include transportation distances, processes used 
or type of materials. Then, specific assumptions for the project are made 
when using the tool.  
Assumptions for designing the tool were justified when possible by the 
literature or, when not possible, by experts.  
Uncertainty 
Uncertainty is always an important topic when talking about carbon 
accounting. It is very rare that uncertainty is taken into consideration in 
carbon accounting. This is for two main reasons. On one hand, 
uncertainties linked to emission factors are often given in an imprecise 
way. In the emission factors bank chosen for the tool (Carbon Database, 
based on the ADEME database), factors present often an uncertainty of 
20% or even 50%. These uncertainties are, when justified, vaguely 
justified in the literature. It seems that uncertainties for emission factors 
are quite often given without any justification. On the other hand, 
uncertainties linked to activities and quantities (which are multiplied by 
an emission factor) are often difficult to determine. This is because 
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quantities and activities are provided before building the infrastructure, 
and one cannot know how uncertain these quantities and activities are.  
Uncertainties have not been taken into consideration in the carbon 
accounting tool. However, Appendix IV of this Master’s Thesis 
describes how one could take the uncertainties into consideration.  
Cut-off criteria 
Cut-off criteria is criteria for simplifying the LCA model. It includes the 
possibility to leave out negligible environmental impacts and upstream 
production minor components (Bauman & Tillman, 2004). Some cut-
offs have been made and are mentioned in this report or in the user’s 
guide. 

4.1.3. Programming the tool 
Carbone 4  
The tool was programmed by the consultancy company “Carbone 4”. 
The tool was programmed based on the definition of the requirements 
and modeling principles defined previously.  
Excel was the software used. It was chosen because it is well-known 
software and every engineer in the SETEC Group should be able to use 
the carbon accounting tool and to modify it if needed. 
Carbone 4 specializes in carbon accounting. They design and provide 
tools for many different companies, in many different fields. However, 
they are not specialized in road, railway and airport design, which is why 
they could not make the tool themselves without help from SETEC 
International.  
From SETEC International, the requirements and principle modeling 
were defined by Jean-Marie Le Bourhis and his supervisor at SETEC 
International, Stéphanie Blanc. 
Collaboration between SETEC International and Carbone 4 
At the beginning of the collaboration with Carbone 4, a requirements 
specification was created to clarify the requirements from SETEC 
International.  
The carbon accounting tool was programmed in three phases: 
- Phase 1: Analysis and estimation of requirements 
- Phase 2: Creation and testing  
- Phase 3: Service, support and maintenance 

Phase 1 

This first phase aimed to define the requirements of the contractor 
SETEC International and its expectations regarding the future use of the 
carbon accounting tool.  
Phase 1 was initiated with a launch meeting (end of May 2013) in order 
to discuss: 
- The experiences of SETEC International for carbon accounting 
- The identified requirements 
- The expectations for using the tool 
During this meeting, Carbone 4 suggested some functionalities that were 
developed for other projects, considering the needs from SETEC 
International. Carbone 4 then suggested a first design of a tool taking 
into consideration the requirements and expectations of SETEC 
International. SETEC International suggested a list of emission factors, 
ratios and parameters that were necessary for making the tool work.  
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Phase 1 started at the end of May 2013 and was finished at the end of 
June 2013. 

Phase 2 

When functionalities were well defined, Carbone 4 completed the 
development of a first version of the tool, integrating the functionalities, 
parameters and ratios proposed in Phase 1. These parameters and ratios 
were chosen mainly among the Carbon Database, Carbone 4 emission 
factors and also among the SETEC International database. 
A first version of the tool was then tested by SETEC International in the 
beginning of July 2013, in order to understand how the tool could be 
improved. This test made it possible to detect the potential errors in the 
tool’s programming and to discuss future functionalities of the tool 
before the next version.  
A second version was delivered by Carbone 4 at the beginning of August 
and was tested by SETEC International. This Thesis considers the 
second version of the tool. 

Phase 3 

This maintenance and for support phase allows SETEC International to 
make small modifications to the tool. This phase was foreseen as starting 
after the end of the Master’s Thesis.  

4.1.4. Testing the tool and verifications 
The different versions of the tool have been tested. The first version 
(July 8, 2013) was not tested on a project since it was not complete 
enough, but was tested alone by looking at where the problems were. 
The second version (August 5, 2013) was tested on a railway and road 
infrastructure project in Donges, in western France. The results of these 
tests are, however, not included in this report.  
To check the accuracy of this tool, it is possible to estimate the GHG 
emissions from an infrastructure that has already been assessed with 
another tool. By comparing the results of the two assessments, it would 
be possible to determine the accuracy of the tool developed with this 
Master’s Thesis. This other tool should be recognized by the scientific 
community to be an accurate and reliable tool. This comparison has not 
been performed during the Master’s Thesis but is planned to be. 

4.2. Development of a carbon accounting tool: the results 
The carbon accounting tool is based on an emission factors bank 
described previously. Secondly, the main functions of the tool are 
described. Lastly, some parts of the tool are described in more detail.   

4.2.1. The emission factors bank 
Compilation of databases for SETEC International 
It was not very clear from the beginning which databases were used for 
former carbon accounting. Some reports referred to the ADEME 
Database (former name for the Carbon Database), but some emission 
factors from other databases were also used from time to time.  
Demands from contractors for carbon accounting can be very different 
from one project to another. Some contractors furnish a carbon 
accounting tool, while others do not give any instructions. Some carbon 
accounting measures must consider the exploitation phase only, or the 
construction phase. It is quite rare that the whole life-cycle is considered. 
For all these reasons, databases associated with carbon accounting tools 
are very different from one project or tool to another.  
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Figure 13 Organization of the SETEC database 

In order to compare the emission factors and to provide a database for 
SETEC International, it was decided to compile emission factors from 
many carbon accounting measures. This compiled database is the 
database used in the carbon accounting tool. The Carbon Database is 
also included in the carbon accounting tool for information, so that the 
user can add new emission factors from the Carbon Database if emission 
factors are missing in the compiled database.   
Three databases have been created: 
- Database for materials 
- Database for transportation 
- Database for energy and combustion 
The figure (Fig. 13) describes the structure of the databases.  
The sources for building this database are shown in Appendix V.  
Databases 
Many databases exist and list emission factors. Appendix V contains a 
list of some well-known emission factors databases.  
The main database used for the tool is the Carbon Database since it is 
the one commonly used for French projects. Some of the contractors 
actually require their project manager to use the Carbon Database. For 
these reasons, the Carbon Database has been chosen to accompany the 
emission factors bank for the carbon accounting tool.  
The Carbon Database 

History 

The Carbon Database was first developed with the Bilan Carbone® 
method. It was initially developed for the ADEME in 2001 by Jean-Marc 
Jancovici of the MANICORE engineering office. When completed in 
2004, it was then promoted by the ADEME for more than six years. 
Versions 1 through 4 were indeed centered on business. A decisive step 
occurred in 2007 with Version 5, with the addition of an “assets & 
services” approach which considers the authority as provider of a 
specific type of service (addition of emission factors: road maintenance, 
educational establishment management, sports facility management). A 
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“territory” approach was also added. It is used to calculate a large part of 
the emissions generated by all human activities that take place within the 
territory of the authority in question. In October 2011, the Bilan 
Carbone® method was transferred to a consultancy company called 
“Association Bilan Carbone” while the ADEME is still responsible for 
the database. The ADEME launched a new version of the Carbon 
Database in April 2012, making it possible for visitors to calculate and 
suggest new emission factors.  

Building the database 

The Carbon Database was formerly part of the Bilan Carbone® tool 
created by the ADEME, but it has been separated since October 2011. 
All data came from studies from industries, laboratories, companies 
before that time. 
The Carbon Database is a free and public database, containing more 
than 1,900 emission factors, and 800 other data related to GHG 
emissions.  

Structure of the database 

The Carbon Database is accessible to anyone who registers on the 
website. The website offers two main functions: 
- Access the database and search for emission factors using multiple 

criteria. 
- Contribute to the database by suggesting new emission factors or 

critiquing the emission factors. 
Emission factors are displayed with the following details: names, areas 
covered, status (proposed, accepted, to be reviewed), last updates, 
categories, values, units, uncertainties and messages about this emission 
factor in the forum.  
Calculation of an emission factor 

Principle 

An emission factor is to be associated with a quantity with the following 
formula: 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 �𝑘𝑘𝑒𝑒𝐶𝐶2�

= 𝑄𝑄𝑎𝐸𝑡𝐸𝑡𝑄(𝑈) ∗ 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑓𝑎𝑓𝑡𝐸𝑟 (𝑘𝑘𝑒𝑒𝐶𝐶2 𝑈⁄ ) 
The units associated to the quantities can be:  
- Units for volume: m3, L.  
- Units for surface: m2. 
- Units for weight: tons, kg.  
- Units for length: km, m.  
- Units for time: day, hours. 
- Units for energy: kWh 
- Combined units: T.km, veh.km, passenger.km 
Some other units are also used, but the main units listed above are the 
ones used for this Master’s Thesis.  

Examples 

Some examples of emission factors are listed (Table 3). 
  



Jean-Marie Le Bourhis                                                         TRITA LWR Degree Project 14:05   

 
 

iv 
 

 
Table 4 Some examples of emission factors 

 

Name Unit kgeqCO2/U Uncertainty 
Cement T 862 20% 
Lime T 154 50% 
Aluminium T 9827   
Pure bitumen 10/20 T 247 10% 
Plastic - average T 2383.33 0.2 
Truck 19,1 - 21 tons  veh.km 1.322 9% 
Plane long distance > 4000 
km T.km 1.151 20% 
Car - average veh.km 0.253 14% 
Highspeed train in France p.km 0.003 20% 
Modern subway p.km 0.003   
Gasoil, France L 3.17   
Coal T 3004.11 10% 
Shale gas T 1530.51 10% 
Electricity - Europe kWh 0.42   
Electricity - France kWh 0.053   
Bulldozer 4h 412.556 50% 
Crane 4h 235.746 50% 

 
Uncertainties 
Each emission factor is associated with an uncertainty, given in 
percentage. The ADEME has attributed an uncertainty to each emission 
factor.  
Chapter 1 of the ADEME Guide details how the uncertainties have been 
calculated for each emission factor in the Carbon Database.  

4.2.2. Presentation of the tool 
This section describes the main characteristics of the tool.  
Functional units 
As described in the section “Methods,” the functional unit chosen is the 
infrastructure itself. The greenhouse gas emissions are then expressed in 
TeqCO2/infrastructure. In a simpler way, emissions are given in TeqCO2. 
The conversion from tons equivalent carbon (or TeqC) is made by using 
the following formula:  

𝑇𝑒𝑒𝐶 =
12
44

𝑇𝑒𝑒𝐶𝐶2 

Carbon dioxide is indeed composed of two atoms of oxygen and one 
atom of carbon. The atomic mass of carbon is approximately 12 if one 
excludes the isotope C13 and C14. In the same way, the atomic mass of 
oxygen is 16 if one excludes the isotope O18 and O17. Therefore, the 
molecular weight of CO2 is 44 (=12+2x16). The factor 12/44 can 
therefore be used to convert carbon dioxide mass equivalent to carbon 
mass equivalent.  
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Study area 
The carbon accounting tool takes into consideration all emissions “from 
cradle to grave” as a life cycle assessment. This requires considering as 
many data as possible concerning all phases of the project life. However, 
it is very difficult to take into consideration all data in detail since it is 
very time-consuming and sometimes the data is not available. That is 
why the system boundaries are to be defined so that most of the 
emissions are not omitted and that the model does not require too many 
input data.  
The following phases have been considered: 
- Conception  
- Construction  
- Operation  
- Maintenance  
The end-of-life has not been considered for the carbon accounting 
modeling. The end-of-life is the disposal of rolling stock, recycling of the 
components and disposal of the components. The GHG Protocol 
actually recommends not taking into consideration the end-of-life in 
carbon accounting because it is difficult to determine the end-of-life of 
an infrastructure (ENCORD, 2012).  
The carbon tool is able to perform carbon accounting on: 
- Road infrastructure: construction of a new road (highway, national 

road, local road), reconstruction works 
- Railway infrastructure: construction of a new railway or high-speed 

railway, reconstruction works 
- Airport infrastructure: construction and reconstruction works 
Each type of infrastructure can be used in an independent way.  
It is possible to perform a full carbon accounting (considering all four 
phases) or just a part of a carbon accounting (e.g. exploitation phase 
only).  
Assumptions and limitations 
Many assumptions are made during carbon accounting. One can 
distinguish two types of assumptions: 
- Assumptions made for the tool by the designer. These assumptions 

are detailed in the user’s guide.  
- Assumptions made by the user when performing the carbon 

accounting. These assumptions must be written down by the user. 
Some blank cells are reserved for the user in the tool to write down 
his assumptions. Assumptions can be on: 

a. Distance and type of transportation for materials 
b. Workmanship of materials 
c. Quantities and types of materials 

For example, the construction of a ballasted track can lead to several 
assumptions: 
- Ballast is transported over 50 km by diesel train. 
- Ballast is laid on the track with a machine consuming 100 liters of 

fuel/km. 
- 4,400 tons of crushed-stone ballast is used per kilometer.  
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Figure 14 Calculation principle of the carbon accounting tool.  

 
Emissions calculations 
Emission factors are the ones described in the previous section.  
The user must provide the quantities and activities in the tool in order to 
proceed. The quantities are indeed the inputs of the tool (Fig. 14).  
One can distinguish several types of emissions: 
- Emissions caused by energy consumption, for instance heating or 

workmanship using specific machines. The energy quantities are then 
often in kWh.  

- Emissions caused by transportation of persons or materials. The 
quantities are expressed in veh.km, p.km or in T.km. 

- Emissions caused by extraction or production of material. The 
quantities are then expressed in kg, T, m3, m2 or m. 

Structure of the tool 
Each type of infrastructure (railway, road or airport) of the carbon 
accounting tool is composed of different items which enable counting 
emissions during the different life phases of the infrastructure: studies 
and design, construction, exploitation and maintenance. The life phases 
are then divided into elements, which are also subdivided into sub-
elements (Fig. 15).  

 
Figure 15 Scheme of the structure of the tool 
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Here is the list of the elements which are considered in an infrastructure 
with this tool: 
- Studies and design phase: emissions related to travel with personal car 

during studies, operating the design office 
- Construction phase:  

 Preliminary work 
 Earth-moving 
 Tracks 
 Engineering structure 
 Signaling systems and equipment 
 Buildings construction 
 Drainage system 
 Different networks 
 Landscape managing and natural environment 

shaping 
 General organization of the working site 

- Exploitation phase: 
 Emissions linked to combustion 
 Induced effects such as modal shift or changes 

on the urbanization 
 Buildings operation 
 Compensating measures 

- Maintenance phase: emissions due to reparation and renewing of the 
infrastructure, maintenance of the material 

This list of elements is valid for the three types of infrastructures 
considered: road, railway and airport. However, the content of each 
element is different for each infrastructure. The table (Table 5) shows as 
an example the content of a railway infrastructure.  
Input data 
The carbon accounting tool has been designed with two levels of detail: 
- Simple mode: When the user does not have much time for doing the 

carbon accounting or does not have many input data. This calculation 
mode is based on several assumptions and default values. The data 
needed for the easy mode are called “level 1 data” in this Thesis. 

- Advanced mode: When the user wants to perform a detailed carbon 
accounting when many input data are available. In this case, the user 
can check the assumptions made in the easy mode and the default 
values. The data needed for the advanced mode are called “level 2 
data” in this Thesis. 

  
Figure 16 Structure of a sub-element  
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Table 5 List of elements considered for the railway infrastructures 
Phase Element Sub-element 

Studies and design Operating the design office and 
travels Operating the design office and travel with personal car during studies 

Construction 

Preliminary work 
Deforestation   

Land-use changes   

Earth-moving 
Excavated materials (and draining)   

Borrow of fill material (and substitution of draining) 

Tracks 

Sleepers and fixing clips   

Rails   

Ballast   

Concrete slab 

Engineering structure 

Bridge over railway   

Bridge over road   

Viaduc 

Prestressed concrete 

Steel construction 

Mixed engineering structure 

Retaining walls 

Cantilever wall 

Reinforced Earth wall 

Anchored wall 

Tunnel   

Covered trench   

Signaling systems and equipments 

Vertical signaling system   

Electric traction installation   

Lighting   

Buildings construction 

Building construction 
Usual building 

Train station 

Renewal of buidings   

Platform construction   

Drainage system 

Drainage system and network 
Drainage system 

Drainage ditch and channel 

Basin  
Temporary basin 

Long-term basin 

Different networks 

Gaz network   

Water and sewage network (not included in the project area) 

Telecommunication network   

Electricity network   

Hydrocarbon network   

Landscape managing and natural 
environment shaping 

Noise protection   

Earth-moving for landscape   

General organization on the working 
site 

Travel of workers   

Construction site offices 
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Exploitation 

Induced effects 
Modal shift   

Changes on the urbanization   

Trafic due to the infrastructure 
Fossil fuel trains 

Electric trains 

Building operation 
Energy consumption of buildings   

Lighting consumption of buildings   

Compensating measures 
Forest area   

Land-use change   

Maintenance Infrastructure 
Reparation and renewing of the infrastructure 

Travel with personal cars   

 
For instance, level 1 data for the construction of a tunnel is the length of 
a tunnel. This calculation is based on level 2 data which define a ratio for 
1 km of tunnel built (Fig. 16). It can be, for instance, the thickness of a 
segment of an arch, the inner diameter and the thickness of the 
foundation raft.  
The table (Table 6) shows this structure with the example of the ballast.  
All sub-elements are decomposed into level 1 data and level 2 data. Some 
sub-elements are described in this Thesis.  
Different scenarios 
The tool makes it possible to choose several different scenarios. A no-go 
scenario is always included by default for a carbon accounting. Then, it is 
possible to define as many scenarios as wanted.  
Avoided burdens 
Avoided burdens are included in the tool. They are all considered in the 
exploitation phase. These can be modal shift or effect on urbanization.  
Modal shift can be considered as an avoided burden in some 
infrastructure projects. For instance, building a railway can encourage 
people to use more trains than cars, which release more GHG.  
Some infrastructure projects also have effects on urbanization. For 
instance, there can be more construction in an area because of a new 
railway station. This new construction will lead to a more dense 
urbanization, so less GHG is emitted. Also, construction in the future 
will emit less GHG, and could even produce energy.  
 

Table 6 Example of the sub-element “Ballast” 
 

 
 

  

Level 1 data Level 2 data Default values 

Kilometers of 
ballasted track km 

Quantity of ballast per kilometer T 4400 T/km 
Lifespan of ballast year 25 year 
Total transportation distance km 100 km 
Transportation with diesel train %  75 % 
Transportation with electric train % 0 % 
Transport with semi-trailer % 25 % 
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The “quick calculator” calculation 
It is possible for the user to make calculations independently with the 
“quick calculator”. With this tool, the user can make a list of quantities 
and associate to them an emission factor. This “quick calculator” is a 
way to do the following: 
- Perform a quick calculation. 
- Calculate emissions from elements that are not taken into 

consideration in the tool by default. 
- Establish new ratios. 
As mentioned before, emissions can be due to used materials, 
transportation distances and energy needed for the workmanship.  
For example, one wants to calculate the GHG emissions caused by a 
gravity-retaining wall. This wall is not taken into consideration in the 
tool, so the “quick calculator” is a way of counting the emissions. The 
quantities of materials must be then input in the calculator, as well as the 
transportation distances and the energy needed for building the wall.  
It is then possible to introduce the results of the calculations in the 
carbon accounting tool for the infrastructure.  
Evolution of parameters 
Most of the parameters such as emission factors are constant in the 
database. There can, however, be some changes with time in parameters.  
For instance, the emission factor for electricity in France is quite low (78 
geqCO2/kWh) in comparison to the rest of Europe (420 geqCO2/kWh). 
This is because 78% of the electricity comes from nuclear plants in 
France, and nuclear energy has a low carbon footprint. The nuclear 
energy share should decrease within the next years in France, according 
to national energy plans. Emission factors would consequently not 
remain constant. It is then necessary to be able to change the emission 
factor of electricity.  
The following parameters can be set: 
- Emission factor of electricity 
- Percentage of biofuels in vehicles 
- Average consumption of heat engines 
- Percentage of electric vehicles 
Six different shapes for the evolution of the parameter can be chosen: 
constant, linear, geometric, S-shape, concave, “landing” shape. The 
figure (Fig. 17) shows a variation of the electricity emission factor.  

 
Figure 17 Example of the evolution of the emission factor of electricity. 
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Renewal of components  
A time horizon is defined for the considered infrastructure. Each 
component of the infrastructure also has its own lifespan. This means 
that each component can be renewed within the time horizon of the 
infrastructure. For instance, rails are renewed on average every 30 years 
(International Union of Railways, 2011). If the time horizon chosen for 
the railway is 100 years (International Union of Railways, 2011), the 
GHG emissions of rails should then be counted three times.  
The time horizon can in fact be defined in the tool for the infrastructure 
project. And lifespan is given as level 2 data. The lifespan included as 
default values are provided by literature.  
Assumptions on distances 
Transportation distances must be considered in most of the elements, 
mainly as level 2 data. The data which are selected for the tool come 
from: 
- A Ph.D. from Tung Hoang about a methodology for environmental 

and economic modeling of highways. The data considered in the 
Ph.D. were picked up in the literature and sources of the Ph.D. are: 
Stripple (2001, Sweden), Pontarollo (2001, Canada), Chappat et Bilal 
(2003, France), Ventura (2004, France), CIMbéton (2005, France), 
Mroueh (2000, Finlande), Rouwette and Schumans (2001, Belgique). 

- A study made for the International Union of Railways in 2011, by T. 
Baron (Systra), G. Martinetti, D. Pépion, with an independent 
consultant M. Tuschmid.  

The data from the International Union of Railways have been defined as 
default values for railways (Table 7). The data from T. Hoang have been 
defined for road infrastructures (Table 8). These data are very detailed so 
they have also been applied to airport infrastructure, since no other data 
were available.  
In some cases, distances for materials have been defined with the help of 
a geotechnical expert from SETEC International.  
Two types of distances for materials are distinguished: 
- Transportation distances from the production or extraction center of 

the considered material to the storage site or manufacturing site. 
These distances have not been considered in the tool, since they are 
already considered in the emission factors (source: Carbone 4).  

- Transportation distances from the production site of the material to 
the construction site. This distance is taken into consideration in the 
tool.  

For instance, cement is made of extracted clay (and other components) 
and then is transformed in cement works. Then, it is transported from 
the cement works to the concrete mixing plant, in order to be mixed 
with aggregates and water for making concrete. Concrete is then 
transported from the mixing plant to the construction site. Only this last 
distance is considered in the tool.   
Transportation distances for earth-moving are quite specific since 
transportation distances within the construction site must be considered. 
The default value chosen is 12.5 km, based on the average distance 
stated in the Ph.D. of T. Hoang.  
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Table 7 Distances default values for road and airport infrastructures (Source: T. Hoang) 

 

Material From To 
Distance 

(km) Transportation 

Lime Lime kiln 
Construction 
site 173,3 Semi-trailer 

Aggregate Quarry 
Construction 
site 59,9 Semi- trailer 

Steel Steelworks 
Construction 
site 500,0 Semi- trailer 

Mix Mixing plant 
Construction 
site 21,3 Semi- trailer 

Equipment Storage center 
Construction 
site 20,0 Semi- trailer 

Waste Construction site 
Storage 
center 18,3 Semi- trailer 

Earth 
Within the 
construction site   12,5 Semi- trailer 

 
Table 8 Distances default values for railway infrastructures (Source : International Union 

of Railways) 
 

Material 
Distance 

(km) Transportation 

Lime 50 
25% semi-trailer ; 75% diesel 

train 

Cement 50 
25% semi-trailer ; 75% diesel 

train 

Earth on construction site 50 
25% semi-trailer ; 75% diesel 

train 

Ballast 100 
25% semi-trailer ; 75% diesel 

train 

Rail 100 
25% semi-trailer ; 75% diesel 

train 

Sleepers 100 
25% semi-trailer ; 75% diesel 

train 

Enclosure fence 100 
25% semi-trailer ; 75% diesel 

train 

Fixing clip for rails 100 
25% semi-trailer ; 75% diesel 

train 
Steel 300 Semi-trailer 

Concrete 20 Semi-trailer 
Excavated material for 

bridges 5 Semi-trailer 
 
Waste transportation should also have been taken into consideration. 
Because of a lack of data concerning the quantities of waste produced on 
a construction site, this transportation type is not included in the tool 
(except for excavated materials). If the user knows the transportation 
distance for waste, then he can consider it in the tool by adding a new 
element.  
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4.2.3. Building the elements to be considered in the tool 
As previously described in the report, an element is composed of level 1 
data and level 2 data. Level 2 data must be linked with level 1 data. This 
required literature reviews or expert interviews.  
All elements included in the tool are described in the user’s guide. It was 
too long including all elements in this Thesis, so only some elements 
have been described: carbon sequestration and retaining walls. These 
calculations can be seen in the appendix. 

4.2.4. Uncertainties 
As explained previously, uncertainties have not been considered in the 
carbon accounting tool. Appendix IV shows, however, how one could 
take uncertainties into account. 
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5. DISCUSSIONS AND CONCLUSIONS 
5.1. Review of carbon accounting 

The three carbon accounting scenarios reported in this Master’s Thesis 
were a way of understanding how carbon accounting was performed 
within SETEC International. These carbon accounting measures were 
performed in the context of an engineering group project. This means 
that the time dedicated to a study depends on the budget reserved for 
this study. And carbon accounting is often not the most important study 
in terms of budget. This has for consequences that the carbon 
accounting is done very quickly or by junior engineers. The methods 
used are consequently often questionable, although everyone claims to 
use the method from the ADEME. It could therefore be interesting to 
become familiar with methods other than the ADEME method in order 
to make a better comparison.  
This was, however, a good way to understand the main elements to be 
considered in carbon accounting. It was indeed a good basis for starting 
to design the tool.  

5.2. Development of the carbon accounting tool 
5.2.1. Completeness of the tool 

An infrastructure is composed of many different components, which can 
be very small compared to the size of the whole infrastructure. A 
complete carbon accounting should theoretically take into consideration 
all components. This is, however, not possible in practice since too many 
input data should be considered. Cut-off criteria have consequently to be 
applied in order to select only the components of the infrastructure 
which emit the most greenhouse gases. In many cases, cut-off criteria 
have been defined either by looking at the quantities or by experience 
(e.g. carbon accounting reviews). 
In order to check these cut-off criteria, it would be necessary to do at 
least one carbon accounting of a whole transportation infrastructure 
without cut-off criteria. Then one could check if emissions of 
components nowadays considered negligible are indeed negligible in 
comparison to other components emissions.  

5.2.2. Considered elements of an infrastructure 
One requirement for the tool was that it should be easy and quick to use 
for engineers. This led to the “level 1 data” and “level 2 data” structure. 
The choice of this structure implied to link “level 1 data” with “level 2 
data”. It also implied taking default values for “level 2 data” based on 
technical guides, experts’ interviews or technical plans. The default 
values are, of course, not applicable to all types of infrastructure projects. 
The user must change these default values or at least check them. The 
use of the tool without checking the default value can lead to a bias in 
the results.  
To avoid possible mistakes for users, it would be interesting to check the 
accuracy of the defined default values. The range of application of the 
tool with the default values could also be better defined.  

5.2.3. Uncertainties 
The main weakness of the carbon accounting tool is clearly the 
uncertainties. As described in the section “Methods” uncertainties are 
not taken into consideration in the carbon accounting tool. It would be 
therefore interesting to work on this topic to better understand the 
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uncertainties of the results and to make the tool and results more 
convincing to stakeholders and decision-makers.  
There are two types of uncertainties in the tool: 
- Uncertainties caused by emission factors 
- Uncertainties caused by quantities 
Appendix IV explains how one could take into consideration 
uncertainties.  
The first type of uncertainties (regarding emission factors) does not really 
depend on the tool itself. These uncertainties come directly from the 
database used. It is rather difficult to know in detail about these 
uncertainties, and it seems that the uncertainties of the emission factors 
in the database are calculated in a very approximate way. So the first part 
of the work for taking into consideration the uncertainties would be to 
convince the responsible person of databases (e.g. the ADEME) to 
provide more details about their uncertainty calculations.  
The second type of uncertainties (regarding quantities) has to do directly 
with the work of the project manager. In most of the cases, the project 
manager can provide most of the quantities but is not able to associate 
uncertainties with the announced quantities. If one wants to take into 
consideration the uncertainties linked with the quantities, the work 
would actually mainly consist of convincing the engineers working for 
the project manager to define in each case the uncertainties of the 
results. This seems possible but would represent a bit of work for the 
engineers.  
The results of the carbon accounting already performed show that four 
to five items represent the main part of the GHG emissions. A first 
approximate approach could be to focus on the uncertainties for these 
four to five items and then to look at the uncertainties of other items if 
needed.  
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APPENDIX I – FRENCH LAWS CONCERNING GHG 
EMISSIONS 

The “Grenelle” laws 
An open multi-party debate called “Grenelle de l’environnement” took 
place in the summer of 2007. Many laws and plans resulted from this 
debate and are called the “Grenelle” laws. They are about many different 
activity sectors, such as building, city planning, transportation, energy, 
climate, biodiversity, green/blue-green infrastructure, health, 
environment and governance. Some of these laws and plans are related 
to carbon accounting, such as: 
- The SRCAE 
- The PCET 
- The environmental information regulation for transportation systems 
Concerning the transportation systems, one of the objectives of the 
Grenelle laws is to reduce the CO2 emissions in 2020 by 20% in 
comparison to 1990 levels. A decrease of 25% for the emissions of road 
freight is planned by 2022. 

SRCAE 

SRCAE stands for “Climate, Air and Energy Regional Scheme.” It has 
been created by Article 68 of the “Grenelle II” laws. The “Grenelle II” 
laws were voted on in October 2011 to complete and put into practice 
the “Grenelle I” laws. Each region must write a SRCAE defining 
objectives by 2020 or 2050: 
- Orientations to minimize the effects of climate change and to adapt 
- Orientations to reach the air quality requirements mentioned in the 

article L.221-1 of the Environmental Code, and prevent or reduce air 
pollution or minimize the effects 

- Qualitative and quantitative objectives for each geographical area, in 
order to value better the energy potential, to use renewable energy and 
to recover energy 

PCET 

PCET stands for “climate and energy regional plan.” All cities having 
more than 50,000 inhabitants had to have a PCET by the end of 
December 2012. The goals of a PCET are: 
- To master energy consumption 
- To increase energy production from renewable sources 
- To reduce GHG emissions 

Environmental information regulation for transportation systems 

Article L1431-3 from the Transportation Code has been created with 
“Grenelle II.” This article requires all transportation companies (for 
people, merchandise, or even for helping moving out) to provide 
information about their GHG emissions for each transportation mode 
that is used. For instance, a public transportation company must be able 
to state the GHG emissions for one ride for each passenger (MEDDE, 
2012).  

The “POPE” law 
POPE stands for “energy policy guidance program.” This law was 
created on July 13, 2005. One of the objectives is to divide the GHG 
emissions by 4 or 5 by 2050 for developed countries, in order to divide 
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by 2 the global emissions on earth by 2050. This means that France must 
decrease its GHG emissions by 3% yearly on average. 
 

The “LOTI” law 
LOTI stands for “act for public transports in France.” It requires carbon 
accounting for avoided carbon dioxide emissions to be performed during 
the elaboration or revision of an urban mobility plan. A global carbon 
accounting must be performed as well five years after the urban mobility 
plan has been accepted. The study area is the one covered by the urban 
mobility plan. Only carbon dioxide is taken into consideration, but all 
GHG will be considered by 2015. 
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APPENDIX II – CARBON SEQUESTRATION 
Carbon sequestration 

Building large infrastructures implies major land-use changes and 
particularly impacts forestry. These changes have a direct impact on 
carbon accounting, since carbon is stored in soil and vegetation. 
Carbon uptake and storage (also considered as “negative emissions”) are 
more and more considered, especially in the field of urban and rural 
planning. Reducing CO2 emissions means indeed taking into 
consideration all aspects from the carbon cycle, particularly its natural 
absorption in the nature.  
This carbon absorption by nature has been taken into consideration in 
the carbon accounting tool. First, a literature review has been done, and 
then carbon storage factors have been defined for the carbon accounting 
tool.  
Within the framework of a high-speed railway between Paris and Lyon 
named POCL, SETEC International wanted to study the carbon storage 
in the study area of the railway. A carbon storage capacity simulation has 
therefore been done, based on the land-use data.   

Estimating the carbon sequestration 
Carbon dioxide sequestration is the process of capture and long-term 
storage of CO2. Carbon is taken up by plants or soil. The possibility of 
storing carbon gas in geological layers has not been taken into 
consideration. This process is studied for large industrial plants but not 
yet used for transportation infrastructures.  
Carbon dioxide sequestration by trees is due to the natural phenomenon 
of photosynthesis. With this process, carbon dioxide in the air is 
captured by leaves. The simplified chemical reaction for this process is 
the following one: 

6CO2 + 6H2O + photons →  C6H12O6 + 6O2 

 
Figure 18 Carbon storage scheme 
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Carbon is stored in different places (Fig. 18): 
- Biomass above the ground: forests, vegetation, agricultural land 
- Biomass in soil and subsoil  
- Biomass-based products in use or stored in waste deposits, such as 

wood products 
The Intergovernmental Panel on Climate Change (IPCC) created a 
methodology about land-use and forestry and offers some methods for 
defining the storage capacities of the different compartments (IPCC, 
1996). Biomass-based products were not taken into consideration since 
no value is given in the IPCC methodology. Furthermore, it is very 
difficult to get an idea of how much biomass is used for building 
biomass-based products in an area.  
Biomass above the ground 

Forest 

Trees are the main way of storing carbon on the surface. IPCC suggests 
with its methodology a ratio of carbon stored per dry matter (dm) unit 
produced on one hectare in one year. This ratio varies from 0.43 to 0.58 
tC/tdm.ha.yr. The average value is 0.50 TC/tdm.ha.yr. By knowing the 
quantity of dry matter in a forest and the average annual growth, it is 
then possible to obtain the amount of carbon stored in one hectare. Two 
categories are distinguished in the methodology: 
- Deciduous forests: 87.5-125 tC/ha (carbon stored), or 1tC/ha/yr 

(annual growth)  
- Coniferous forests: 110-147.5 tC/ha (carbon stored), or 1.5 tC/ha/yr 

(annual growth) 
Green urban areas 

The master’s thesis student Guillaume Bruyat from the ENTPE 
(National Graduate School for Public Works) wrote his thesis about the 
sequestration of carbon in Lyon’s public parks. This thesis was done for 
the French center for studies on road networks, transport, urban 
planning and public construction (CERTU, Centre d’études sur les 
réseaux, les transports, l’urbanisme et les constructions publiques). 
On average, public parks in Lyon contain 64 tC/ha. This means 232.5 
kgC/tree. 

Vineyards 

A study by Colin et al. was done in 2009 to estimate the biomass quantity 
produced per hectare. This makes it possible to quantify the carbon 
stored per hectare for a vineyard: 77 tC/ha.  
Biomass in soil and subsoil 
There are two ways to evaluate the quantity of carbon stored in soil and 
subsoil: by direct measurements or by estimations. At the scale of the 
project POCL, direct measurements are not feasible, so estimations 
based on the IPCC methodology “Land-Use and Forestry” were made.  
Carbon sequestration mainly depends on the type of soil and the climate. 
The climate to be considered is a temperate warm and humid climate 
(climatic regions are made at the planet scale) for the POCL project. The 
carbon sequestration quantities are: 
- High-activity soil: 110 tC/ha  
- Low-activity soil: 70 tC/ha  
- Sandy soil: 25 tC/ha  
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- Volcanic soil (andisol): 130 tC/ha  
- Wetland soil (aquic): 230 tC/ha 
These carbon sequestration amounts are normally weighted when 
needed, with a base factor, a tillage factor and an input factor. These 
factors have not been considered in the carbon accounting tool.  
Other parameters could have been taken into account. Human activity 
has, for instance, an impact on the carbon storage capacity in soil. A 
regularly cut forest has less storage capacity than an abandoned forest. 
Leaf litter in forest is also not completely considered in the factors. So 
there is room for improvement concerning these factors.  
Furthermore, carbon dioxide is not the only greenhouse gas; other gases 
should also be considered, such as methane, nitrous oxide or carbon 
monoxide. These gases are powerful greenhouse gases and can be 
emitted in large quantities in ecosystems, for instance in large cultivated 
fields.    
Wetlands are difficult to assess in terms of carbon. In most cases, 
wetlands are carbon sinks but they can be also carbon sources. The 
behavior of wetlands is in fact not so well known and depends on many 
parameters, such as the respiration type of the bacteria, or the quantity of 
bryophytes and vascular plants. The method of managing the wetlands 
(e. g. restoration) also has an impact on the carbon uptake from wetlands 
(Bortoluzzi, 2006). The complexity of carbon uptake in wetlands and the 
diversity of cases lead us not considering this land-use for the carbon 
uptake consideration.  

Carbon storage factors 
The main conclusion is that the forests are the most important carbon 
sinks. Urban green areas, vineyards and orchards are also important 
carbon sinks.   
However, one must be careful about these results, since uncertainties 
must be considered. Uncertainties are not evaluated in the IPCC 
methodology. Furthermore, results should be compared with emissions 
from the exploitation and construction phase from the project. It might 
be that the numbers considered are very low in comparison to the 
emissions of the construction or exploitation phase. The carbon 
accounting for the high speed railway Rhine-Rhône showed indeed that 
the exploitation phase represents more than half of the total emissions 
and the construction phase around 42% of the total emissions.  

Application of the factors to the POCL project 
Paris and Lyon are two major cities in France. Linking these cities has 
high stakes for the French economy. A high-speed railway already exists 
between Paris and Lyon. However, the traffic on this railway is already 
very high, and the railway will be saturated in 2025 according to traffic 
estimations. Therefore, an alternative must be found to continue 
developing the high-speed train traffic between Paris and Lyon. The 
project POCL was originally set up for this main reason.  
POCL stands for “Paris – Orléans – Clermont-Ferrand – Lyon.” These 
four major cities will take advantage of the new railway. In total, 11 cities 
located in central France should be linked with the railway (Fig. 19). The 
railway is therefore also a way to help develop this region of France.  
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Figure 19 Map of the POCL project in France 

The project was launched in 2011, and four alternatives were studied. A 
debate has also been underway to gain the opinion of the citizens. After 
this first phase, two alternatives were chosen and are nowadays studied, 
in order to select only one alternative.  
The map (Fig. 20) shows the carbon sinks related to the land-use for the 
project POCL. The dark green areas are areas having a high carbon sink 
capacity. Two options are considered: the Western alternative within the 
blue dotted line and the Eastern alternative within the purple dotted line. 
The wood and forests are the areas with the higher amount of carbon 
stored.  
It seems that the Western alternative has a higher carbon storage 
capacity. This alternative is indeed the one with the most important area 
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of forest. The Eastern alternative has also a certain carbon storage 
capacity but slightly lower than the Western alternative.     

 
Figure 20 Maps of the carbon storage on the POCL project 
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APPENDIX III – RETAINING WALLS 
Cantilever walls 

Cantilever retaining walls are made of steel-reinforced concrete. Their 
shape in T or L converts the horizontal pressure into a vertical pressure 
on the ground below. These walls can be used for all types of soil for 
retaining less than six meters’ earth (Fig. 21).  
If L is the length of the wall 

𝑉𝑡𝑡𝑡 = (𝑎. 𝑒 + 𝑏. 𝑒).𝐿 = �𝑎. 𝑒 +
𝑎. 𝑒

2
� . 𝐿 =

3𝑎. 𝑒
2

𝐿 

One can call 𝑆 = 𝑎. 𝐿 the surface of the wall.  

𝑉𝑡𝑡𝑡 =
3𝑒
2
𝑆 

If we assume that 𝑒 = 0.3 𝐸, we find:  
𝑉𝑡𝑡𝑡 = 0.45𝑆 

If 𝑟 is the ratio of the quantity of steel for one cubic meter of concrete 
(in kg/m3) 
𝐸𝐸𝑐𝑡𝑐𝑐𝑟𝑒𝑡𝑒 is the emission factor for concrete (in kgeqCO2/m3) 
𝐸𝐸𝑠𝑡𝑒𝑒𝑠 is the emission factor for steel (in kgeqCO2/kg) 
The GHG emission 𝐸𝑐𝑐𝑐𝑡𝑐𝑠𝑒𝑐𝑒𝑟 for a cantilever wall is: 

𝐸𝑐𝑐𝑐𝑡𝑐𝑠𝑒𝑐𝑒𝑟 = 𝑉𝑡𝑡𝑡.𝐸𝐸𝑐𝑡𝑐𝑐𝑟𝑒𝑡𝑒 + 𝑟.𝑉𝑡𝑡𝑡.𝐸𝐸𝑠𝑡𝑒𝑒𝑠 
𝐸𝑐𝑐𝑐𝑡𝑐𝑠𝑒𝑐𝑒𝑟 = 0.45.𝑆. ( 𝐸𝐸𝑐𝑡𝑐𝑐𝑟𝑒𝑡𝑒 + 𝑟.𝐸𝐸𝑠𝑡𝑒𝑒𝑠) 

The input parameter to set in the program is therefore: 
- Surface S of the wall in m2 
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Figure 21 Cantilever wall 
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Reinforced earth wall 
This technique is based on the formation of a composite material 
through the association of compacted frictional fill and linear soil 
reinforcement (Reinforced Earth, 2013). The soil reinforcement is 
assumed to be metallic in this case (Fig. 22).  

Emissions caused by the masonry wall 
L is the length of the wall. 𝑆 = ℎ. 𝐿 is the wall surface. 

Vconcrete = 𝑒.ℎ. 𝐿 = 𝑒. 𝑆 
If 𝑟 is the ratio of the quantity of steel for one cubic meter of concrete 
(in kg/m3) 
𝐸𝐸𝑐𝑡𝑐𝑐𝑟𝑒𝑡𝑒 is the emission factor for concrete (in kgeqCO2/m3) 
𝐸𝐸𝑠𝑡𝑒𝑒𝑠 is the emission factor for steel (in kgeqCO2/kg) 

𝐸𝑚𝑐𝑠𝑡𝑐𝑟𝑚−𝑤𝑐𝑠𝑠 = 𝑒. 𝑆. ( 𝐸𝐸𝑐𝑡𝑐𝑐𝑟𝑒𝑡𝑒 + 𝑟.𝐸𝐸𝑠𝑡𝑒𝑒𝑠) 
(𝑒 ≈ 0.3 𝐸) 

Emissions caused by the anchors 
The volume 𝑉𝑑𝑟𝑐𝑠𝑠 ℎ𝑡𝑠𝑒 for a drill hole of an anchor is   

𝑉𝑑𝑟𝑐𝑠𝑠 ℎ𝑡𝑠𝑒 = 0.75.ℎ𝑚𝑒𝑐𝑐.
𝜋𝐷2

4
 

𝐷 is the diameter of the drill hole (𝐷 = 0.11 𝐸 in most of cases) and 
ℎ𝑚𝑒𝑐𝑐 is the mean height of the wall. The volume of steel 𝑉𝑠𝑡𝑒𝑒𝑠 
contained in the anchor cable is : 

𝑉𝑠𝑡𝑒𝑒𝑠 =
𝜋𝐷𝑐𝑐𝑐𝑠𝑒2

4
. 0.75.ℎ𝑚𝑒𝑐𝑐 

𝐷𝑐𝑐𝑐𝑠𝑒 is the diameter of a regular cable (𝐷𝑐𝑐𝑐𝑠𝑒 = 0.04 𝐸 in most of 
cases). The volume of cement grout 𝑉𝑐𝑒𝑚𝑒𝑐𝑡 𝑔𝑟𝑡𝑔𝑡 around the steel cable 
is then: 

𝑉𝑐𝑒𝑚𝑒𝑐𝑡 𝑔𝑟𝑡𝑔𝑡 = 𝑉𝑑𝑟𝑐𝑠𝑠 ℎ𝑡𝑠𝑒 − 𝑉𝑠𝑡𝑒𝑒𝑠 

𝑉𝑐𝑒𝑚𝑒𝑐𝑡 𝑔𝑟𝑡𝑔𝑡 = 0.75.ℎ𝑚𝑒𝑐𝑐.
𝜋
4

. (𝐷2 − 𝐷𝑐𝑐𝑐𝑠𝑒2 ) 

If 𝐸𝐸𝑐𝑒𝑚𝑒𝑐𝑡 𝑔𝑟𝑡𝑔𝑡 is the emission factor for cement grout (in 
kgeqCO2/m3) 
𝐸𝐸𝑠𝑡𝑒𝑒𝑠 is the emission factor for steel (in kgeqCO2/kg) 
𝑑𝑠𝑡𝑒𝑒𝑠 the density of steel in kg/m3 
According to experts, there is 0.25 anchor per m2 in average (or 1 
anchors for 4 m2 of wall). It then becomes: 

𝐸𝑐𝑐𝑐ℎ𝑡𝑟
= �𝑉𝑐𝑒𝑚𝑒𝑐𝑡 𝑔𝑟𝑡𝑔𝑡 .𝐸𝐸𝑐𝑒𝑚𝑒𝑐𝑡 𝑔𝑟𝑡𝑔𝑡
+ 𝑑𝑠𝑡𝑒𝑒𝑠 .𝑉𝑠𝑡𝑒𝑒𝑠  .𝐸𝐸𝑠𝑡𝑒𝑒𝑠�. 0.25.𝑆 

 𝐸𝑐𝑐𝑐ℎ𝑡𝑟 = 0.25.𝑆. � 0.75𝜋
4

. ℎ𝑚𝑒𝑐𝑐. ��𝐷2 − 𝐷𝑐𝑐𝑐𝑠𝑒2 �.𝐸𝐸𝑐𝑒𝑚𝑒𝑐𝑡 𝑔𝑟𝑡𝑔𝑡 +

𝐷𝑐𝑐𝑐𝑠𝑒2 .𝑑𝑠𝑡𝑒𝑒𝑠 .𝐸𝐸𝑠𝑡𝑒𝑒𝑠�� 

On average, we can say according to experts: 
𝐷2 − 𝐷𝑐𝑐𝑐𝑠𝑒2 = 0.112 − 0.042 = 0.002084 𝐸2 

𝑑𝑠𝑡𝑒𝑒𝑠 = 7800 𝑘𝑘 𝐸3⁄  
𝐷𝑐𝑐𝑐𝑠𝑒2 .𝑑𝑠𝑡𝑒𝑒𝑠 = 0.042. 7800 = 12.48 𝑘𝑘 𝐸⁄  
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0.25 ∗ 0.75𝜋
4

= 0.1472 

It therefore becomes: 
𝐸𝑐𝑐𝑐ℎ𝑡𝑟

= 0.1472.ℎ𝑚𝑒𝑐𝑐.𝑆. �0.002084.𝐸𝐸𝑐𝑒𝑚𝑒𝑐𝑡 𝑔𝑟𝑡𝑔𝑡
+ 12.48.𝐸𝐸𝑠𝑡𝑒𝑒𝑠 . � 

Emissions caused by transportation of the reinforced backfill 
The volume of reinforced backfill is approximately: 

𝑉𝑟𝑒𝑐𝑐𝑟𝑡𝑟𝑐𝑒𝑑 𝑐𝑐𝑐𝑏𝑟𝑐𝑠𝑠 =
0.75

2
ℎ𝑚𝑒𝑐𝑐
2  

𝐸𝐸𝑡𝑟𝑐𝑐𝑠𝑡𝑡𝑟𝑡𝑐𝑡𝑐𝑡𝑐 is the emission factor for transportation of the backfill 
(in kgeqCO2/ton.km) 
𝐷 is the traveled distance for transportation (in km) 
𝑑𝑐𝑐𝑐𝑏𝑟𝑐𝑠𝑠 the density of backfill in ton/m3 (in average 𝑑𝑐𝑐𝑐𝑏𝑟𝑐𝑠𝑠 =
2 𝑡𝐸𝐸 𝐸3⁄  

𝐸𝑡𝑟𝑐𝑐𝑠𝑡𝑡𝑟𝑡𝑐𝑡𝑐𝑡𝑐 = 0.75.𝐷.ℎ𝑚𝑒𝑐𝑐
2.𝐸𝐸𝑡𝑟𝑐𝑐𝑠𝑡𝑡𝑟𝑡𝑐𝑡𝑐𝑡𝑐 

Total emissions 
The total emissions 𝐸𝑟𝑒𝑐𝑐𝑟𝑡𝑟𝑐𝑒𝑑 𝑒𝑐𝑟𝑡ℎ for a reinforced earth wall are: 

𝐸𝑟𝑒𝑐𝑐𝑟𝑡𝑟𝑐𝑒𝑑 𝑒𝑐𝑟𝑡ℎ = 𝐸𝑚𝑐𝑠𝑡𝑐𝑟𝑚−𝑤𝑐𝑠𝑠 + 𝐸𝑐𝑐𝑐ℎ𝑡𝑟 + 𝐸𝑡𝑟𝑐𝑐𝑠𝑡𝑡𝑟𝑡𝑐𝑡𝑐𝑡𝑐 

 
Figure 22 Reinforced earth wall 
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Anchored wall 
An anchored wall has strength using cables anchored in the rock or soil 
behind it. 
For this type of wall (Fig. XX), only the anchors will be considered, 
since the wall material can vary a lot. Sometimes there is no wall, 
sometimes a masonry or wood wall.  
The calculations for the emissions caused by anchors follow the same 
calculations as for the reinforced earth wall, just by changing the values. 
It comes: 

𝐸𝑐𝑐𝑐ℎ𝑡𝑟
= 0.22.𝑆. � 

0.75𝜋
4

.ℎ𝑚𝑒𝑐𝑐. ��𝐷2

− 𝐷𝑐𝑐𝑐𝑠𝑒−𝑐𝑡𝑚𝑡𝑟𝑒𝑠𝑠𝑒𝑑2 �.𝐸𝐸𝑐𝑒𝑚𝑒𝑐𝑡 𝑔𝑟𝑡𝑔𝑡

+ 𝐷𝑐𝑐𝑐𝑠𝑒2 .𝑑𝑠𝑡𝑒𝑒𝑠 .𝐸𝐸𝑠𝑡𝑒𝑒𝑠�� 

On average, we can say according to experts: 
𝐷2 − 𝐷𝑐𝑐𝑐𝑠𝑒−𝑐𝑡𝑚𝑡𝑟𝑒𝑠𝑠𝑒𝑑

2 = 0.0632 − 0.022 = 0.003569 𝐸2 

𝐷𝑐𝑐𝑐𝑠𝑒2 .𝑑𝑠𝑡𝑒𝑒𝑠 = 0.032. 7800 = 7.02 𝑘𝑘 𝐸⁄  
0.22 ∗ 0.75𝜋

4
= 0.1296 

So we deduce the emissions for an anchored wall.  
𝐸𝑐𝑐𝑐ℎ𝑡𝑟𝑒𝑑

= 0.1296.ℎ𝑚𝑒𝑐𝑐.𝑆. �0.003569.𝐸𝐸𝑐𝑒𝑚𝑒𝑐𝑡 𝑔𝑟𝑡𝑔𝑡
+ 7.02.𝐸𝐸𝑠𝑡𝑒𝑒𝑠 . � 

 
Figure 23 Anchored wall  
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APPENDIX IV – UNCERTAINTIES 
General calculations of uncertainties 

There are two types of uncertainties for a GHG emission calculation: 
uncertainties in emission factors and uncertainties in quantity. The main 
equation for calculating total GHG emission 𝐸𝑡𝑡𝑡 is the following one: 

𝐸𝑡𝑡𝑡 = �𝐸𝑐
𝑐

= �𝐸𝐸𝑐 ∗ 𝑄𝑐
𝑐

 

𝐸𝑐 can be the emission for a material production, for a transport of 
merchandise or people, for an engine consumption. 𝑄𝑐 and 𝐸𝐸𝑐 are 
respectively the quantity and the emission factor associated to the 
emissions 𝐸𝑐 . 
Example: A wall is made out of concrete and steel. The emissions of the 
wall are defined with the following formula. 

𝐸𝑤𝑐𝑠𝑠 = 𝐸𝐸𝑠𝑡𝑒𝑒𝑠 ∗ 𝑄𝑠𝑡𝑒𝑒𝑠 + 𝐸𝐸𝑐𝑡𝑐𝑐𝑟𝑒𝑡𝑒 ∗ 𝑄𝑐𝑡𝑐𝑐𝑟𝑒𝑡𝑒 
Where 𝑄𝑠𝑡𝑒𝑒𝑠 is the quantity of steel in kg, 𝐸𝐸𝑠𝑡𝑒𝑒𝑠 the emission factor of 
steel in kgeqCO2/kg, 𝑄𝑐𝑡𝑐𝑐𝑟𝑒𝑡𝑒 is the volume of concrete in m3 and 
𝐸𝐸𝑐𝑡𝑐𝑐𝑟𝑒𝑡𝑒 the emission factor of concrete in kgeqCO2/m3. 
One wants to know the uncertainty about 𝐸𝑡𝑡𝑡 by knowing the 
uncertainty for each 𝐸𝐸𝑐 (given in the database) and each 𝑄𝑐 (related to 
the input data). 

Absolute and relative uncertainty 
The absolute uncertainty ∆𝑥 is the maximal error that one can make by 
evaluating 𝑥. It has the same unit as 𝑥.  

The relative uncertainty is the ratio ∆𝑥
𝑥

, showing the importance of the 
error compared to the measured value. The relative uncertainty does not 
have any unit, and is often displayed in %.  
Example: When one says that the emission factor of the concrete has an 
uncertainty of 20%, one talks about relative uncertainty. When one says 
that the quantity of concrete can be 1 m3 less or 1 m3 more, one talks 
about absolute uncertainty.   

Calculations for an addition 
The absolute uncertainty of a sum or a difference is equal to the sum of 
the absolute uncertainties (Bourdillon, 2001).  
 Example:   𝑧 = 𝑥 + 𝑄   =>  ∆𝑧 = ∆𝑥 + ∆𝑄 

Calculations for a multiplication 
The relative uncertainty of a multiplication or a division is equal to the 
sum of the relative uncertainties (Bourdillon, 2001).  

Example:   𝑧 = 𝑥 ∗ 𝑄   =>  ∆𝑧
𝑧

= ∆𝑥
𝑥

+ ∆𝑚
𝑚

 

Uncertainties applied to carbon accounting 
The total relative uncertainty that is to be determined is the following: 
∆𝐸𝑡𝑡𝑡
𝐸𝑡𝑡𝑡

 

According to the calculation for an addition, one can write: 

∆𝐸𝑡𝑡𝑡 = �∆𝐸𝑐
𝑐
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The rule of calculation for a multiplication applied to 𝐸𝑐 = 𝐸𝐸𝑐 ∗ 𝑄𝑐 
gives: 

∆𝐸𝑐
𝐸𝑐

=
∆𝐸𝐸𝑐
𝐸𝐸𝑐

+
∆𝑄𝑐
𝑄𝑐

 

It comes then the following formula: 

∆𝐸𝑡𝑡𝑡
𝐸𝑡𝑡𝑡

=
∑ �∆𝐸𝐸𝑐𝐸𝐸𝑐

+ ∆𝑄𝑐
𝑄𝑐

� ∗ 𝐸𝐸𝑐 ∗ 𝑄𝑐𝑐

∑ 𝐸𝐸𝑐 ∗ 𝑄𝑐𝑐
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APPENDIX V: EMISSION FACTORS DATABASES AND 
SOURCES 

 
The sources used for building the database of the carbon accounting tool 
are: 
- The carbon accounting for the airport in the Reunion Island. 
- A carbon accounting tool from the “Conseil Général du Nord” 

(literally translated as “North General Council.” A “Conseil Général” 
is an assembly of a department.). 

- The carbon accounting for the Rhine-Rhône high-speed railway. 
- A carbon accounting tool from RFF (French Rail Network). 
- The carbon accounting for the Epinal-Belfort railway, probably based 

on the RFF tool. 
- A carbon accounting tool “Bilan Produit” developed by the ADEME 

and the University of Cergy-Pontoise. Most of the emission factors in 
these factors come from the EcoInvent 2.0 database. 

- A carbon accounting tool from the French Ministry of Ecology, 
Sustainable Development and Energy specific for reserved lane for 
public transport. 

- A carbon accounting tool from the “Société du Grand Paris” for a 
subway project around Paris. 

- The carbon accounting for the East Europe high-speed railway. 
- The so-called “fiches FDES”, which are basically life cycle 

assessments of components in France. They are available online. 
- A guide made by the UNPG (French National Union of Aggregate 

Producers) giving emission factors for aggregates and machines. 
- The carbon accounting for the development of river freight around 

Paris. 
- The French decree of April 10, 2012 on the provision of information 

regarding the quantity of carbon dioxide emitted during a transport 
service. 

- An IPCC assessment about the carbon storage in trees and in land. 
- Colin et al. about a study on biomass growth. 
- G. Bruyat about the carbon storage in green spaces in city.  
There are plenty of emission factors for carbon accounting, and here are 
some examples: 
- The European Reference Life Cycle Database (ELCD) developed by 

the Joint Research Center (JRC). JRC is a Directorate-General of the 
European Commission under the responsibility of Máire Geoghegan-
Quinn, European Commissioner for Research, Innovation and 
Science. JRC wrote the International Reference Life Cycle Data 
System (ILCD) Handbook which defines how to correctly perform a 
LCA. It also gives guidance and data sets for carbon accounting.  

- EcoInvent database. The EcoInvent centre, also known as the Swiss 
Centre for Life Cycle Inventories is a competence center of the Swiss 
Federal Institute of Technology Zürich (ETH Zürich) and Lausanne 
(EPFL), the Paul Scherrer Institute (PSI), the Swiss Federal 
Laboratories for Materials  Testing and Research (Empa), and the 
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Swiss Federal Research Station Agroscope Reckenholz-Tänikon 
(ART). The ecoinvent Centre is supported by Swiss Federal Offices. 
The database covers areas of agriculture, energy supply, transport, 
biofuels and biomaterials, bulk and specialty chemicals, construction 
materials, packaging materials, basic and precious metals, metals 
processing, ICT and electronics as well as waste treatment.  

- The Carbon Database from the ADEME. This free and public 
database has been established for national use of carbon accounting. 
This database is the one commonly used in France.  

- The database of the International Energy Agency, very useful for 
finding emission factors for energy.  

- The US-EPA air emissions database, made by the Environmental 
Protection Agency of the United States of America.  

- The UK DEFRA conversion factors database, made by the 
Department for Environment, Food and Rural Affairs of the United 
Kingdom.  

- The NGES database, for Australia.  
- The GHG Protocol, which is an international database. 
- The Emission Factor Database (EFDB) made by the 

Intergovernmental Panel for Climate Change (IPCC). The emission 
factors are given per gas, and it makes it more difficult to use.  
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APPENDIX VI: SETEC INTERNATIONAL AND CARBON 
ACCOUNTING 

 

SETEC Group 
SETEC stands for “Société d’études techniques et économiques”, 
meaning technical and economic design company. It is nowadays one of 
the biggest French engineering groups. The turnover in 2012 was about 
135 million euros. The services provided by SETEC are: 
- Defining and programming requirements 
- Technical, economic and financial feasibility studies 
- Environmental and urban planning studies 
- Project management assistance and consulting 
- Project management 
The organization was created in 1957 by two former engineers from the 
polytechnic engineering school, Henri Grimond and Guy Saias. The 
context of the organization’s creation was one of the American projects 
of post-war reconstruction in Europe. The company started developing 
quite fast in several different sectors. In the beginning of the 1960’s, the 
company started being organized and developed abroad.  
SETEC counts nowadays more than 2,100 workers in about 30 different 
societies in France and other countries. These several branches are 
specialized in one domain and work together in order to perform multi-
disciplinary projects. This choice of being organized in branches 
enhances responsibility and motivation of the teams, and improves the 
relation with customers.  
The SETEC group is located in many countries, such as Hungary, Brazil, 
Egypt, Tunisia, Senegal, Russia and Morocco. In France, the 
headquarters are in Vitrolles. Other offices in France are located in 
Angers, Bordeaux, Cherbourg, Grenoble, Lille, Lorient, Lyon, Nantes, 
Nice, Paris, Périgueux, Toulon and Toulouse.  

SETEC International 
SETEC International was created on March 1, 1972, with about 20 
people working abroad within the SETEC Group. The number of 
employees increased to about 100 persons in 1980, with many projects in 
about 20 different countries. In the 1980’s, activities slowed down and 
led the company to develop in France. The activity abroad slowly 
decreased from 90% in 1980 to 30% in 1992. Nowadays, SETEC 
International is trying to develop back its activity with new projects 
abroad, since the economic crisis in Europe led to a decrease in the 
number of large infrastructure projects in Europe.  
SETEC International nowadays has expertise and competences in 
economic and feasibility studies, and has a capacity for managing large 
transport infrastructure projects. The company is developing its 
specialized departments (geotechnics, environment) and some tools for 
designing projects.  
SETEC International counts about 300 workers and operates mainly in 
these areas: 
- Transport economics 
- Design and construction supervision for linear infrastructures 
- Protection of the environment 
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Main offices are in Paris, Bordeaux and Vitrolles. There are also 
subsidiaries in France (SETEC ALS in Lyon, SETEC Ferroviaire in 
Paris) and in Tunis (SETEC MIS).  
SETEC International is organized in several different divisions: general 
and economic studies, environment and landscape, road geology and 
geotechnics, drainage and sanitation, equipment, facilities and road 
signing.  

Sustainable development and SETEC International 
Sustainable development at SETEC International is thought at the scale 
of the company, through socio- and eco-responsibility (video 
conferencing, building in the vicinity of train stations, car-sharing, easy 
access to childcare) and also through management (multi-cultural and 
multi-generational recruitment, shareholding by the senior executive 
directors and main engineers, quality and environment certification).  
SETEC International integrates also sustainable development in its 
projects. Through projects, SETEC contributes to: 
- The fight against global warming 
- Preservation of natural resources and reduction of environmental 

footprint 
- Risks management 
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