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Problem Description

Energy use for transportation in France amounts to 52 millions tonnes of oil equivalent per year.
Considering the low-emission associated with French electricity, efforts to reduce GHG emissions
in France should be focus on the transportation sector. Here a simple input-output model of the
French Economy will be constructed and used to quantify the transportation requirements for
consumption in France.

The following questions should be considered in the
thesis:

1. What are the GHG emissions associated with the transportation of goods for French
consumption? What are the emissions associated with transport of goods outside France? What
are the emissions associated with transport of goods inside France?What are the emissions
associated with transport of goods from other EU countries?

2. What changes in French consumption patterns could be made which would result in the
greatest reductions in associated GHG reductions?

3. How should the French transportation infrastructure evolve in a carbon constrained economy?
4. What recommendations could be made for French businesses and policy-makers about
effective strategies under European carbon-constraints? What recommendations could be made
for French businesses and policy makers about effective strategies under global carbon-
constraints?
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Abstract

This thesis applies the framework of input-output analysis to the transporta-
tion of goods driven by the consumption of French household. It was found
that transportation of goods amounts to 7 % of the average 22,4 tons of CO,
emitted by French households and that 78 % of the emissions occured inside
the EU 15, France included. In fact, 92 % of the tons consumed by French
households are produced inside the EU 15 and are mainly transported via
road whereas the remaining tons, coming from other countries, are mainly
transported by ships. Consequently, the carbon efficiency of the transporta-
tion inside the EU15 is low compared to imports from other countries since
road transportation emits 40 times more carbon dioxide per tonne-kilometer
transported.

This demonstrates the need for an ambitious policy of transfer from road
to rail, water or maritime ways via the development of the appropriate in-
frastructure and the combination of the advantages of the different modes,
flexibility of the road transporation associated with mass and environmen-
tally friendly transportation of rail, waterway and maritime mode.

Furthermore, the study gives some knowledge on the indirect emissions
associated with French households, which correspond to the combination of
the emissions driven by the transportation of goods with the emissions as-
sociated with the production of these goods. It was found that petroleum
products, food related sectors and the coal sector are the main contributor
of the indirect emissions associated with French households representing as
much as 57 % of them. As a result, future studies should focus on those sec-
tors in order to isolate path of improvement both in production, consumption
and transportation patterns.

il
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Chapter 1

Introduction

Transportation is one of the three basic human activities, the other being
housing and food.

Nowadays, transportation refers to an essential activity of our economic
world which is divided in two clearly distinct field.

e Transportation of people usually divided in two categories : the short-
distance commuters and the long-distance travelers.

e Transportation of goods between production facilities and from pro-
duction facilities to the places where they are consumed. This includes
the transportation of waste.

In this thesis, we take a close look on the impact driven by the trans-
portation sector on Climate Change.

Climate change is driven by greenhouse gas emissions (GHG) which con-
cerns emissions of carbon dioxide (COj), methane (C'Hy), nitrous oxide
(N20).

In France, the relationship between the economy and GHG emission is
distinct in that the majority (80 %) of electricity is generated using nuclear
reactors.

So, carbon intensive electricity sources such as coal, natural gas, and oil
accounts for only 10 % of the French electricity mix.

Thus, France has already adopted a low-GHG electricity source, which
means that meeting its Kyoto targets will require targeting other sources of
GHG.
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Figure 1.1: French electricity mix

Figure 1.2 shows that the energy use for transportation in France amounts
to 52 million tonnes of oil equivalent per year (IEA, 2005). 50 of them comes
directly from the use of petroleum products. The second most petroleum
intensive activity, residential, uses 10 millions tonnes of oil equivalent per
year, a fifth of the precedent value.
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Figure 1.2: French energy consumption



Thus, it makes sense to focus efforts to reduce GHG emissions in France
on the transportation sector.

Actually, according to the Inter-professional Technic Centre for Studies on
Atmospheric Pollution (CITEPA) [7], the emissions of transportation counts
for 21,7 % of the metropolitan France GHG emissions in 2004, and together
with residential is one of only two sectors which has its emission growing and
higher that the reference Kyoto level of 1990.

million ton CO2 eq
0 100 200 300 400 500 600 700

Residential and Tertiary

1990 @ Transportation

O Manufacturing Industry

O Agriculture and Forestry

2004 m Energy conversion

@ Others

Figure 1.3: The emission of GHG in France [1]
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To reduce the impact of transportation, most discussion in France has
centered around alternative transportation options for commuters and trav-
elers.

In contrast, this thesis is concerned with the emissions associated with
the transportation of goods driven by French households’ consumption. Nev-
ertheless, the transportation of people is tackled to the extent that the two
transportations share the same infracstructure and, as such, a strong con-
nection exist between the two.

The method applied here is based on the use of input-output models which
offer a valuable tool for the analysis of coupled economic-environmental sys-
tems because of their ability to track the economy activity and emissions
associated with entire supply chains and circular flow within an economy.

This thesis focuses on the national and metropolitan level and on the
consumption driven by households’ final demand.

In 2005 , the metropolitan French population accounts for 59 419 thou-
sands person and 25 732 thousands households giving a average household
size of 2,31.[8]



The analysis scheme followed in the thesis stands as follows
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Figure 1.4: The analysis path

Transportations concerning households are colored on figure 1.4
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The chapters of the thesis are the following.

e Chapter 2 explains the methodology of the IO Analysis used in the
thesis. The main idea is to track down the material flow of goods in
term of tonne-kilometers data and than, based on the emission factor
of each transport mode to estimate the GHG emissions.

e Chapter 3 introduces results of the analysis and discusses them. As
explained before, the thesis focuses on GHG emissions associated with
the transportation of goods dedicated to French household consump-
tion. As such, results concern possibilities of emission reduction asso-
ciated with shifting from carbon intensive transportation mode to less
carbon intensive ones and those associated with changes in consump-
tion patterns.

e Chapter 4 summarizes the contribution of this thesis and suggests
future work.



Chapter 2

Methods

The method applied here is to use the input and output tables given by sta-
tistical offices on the French economy to create a model assessing the GHG
impact of transportation.

The advantage to use 10 tables is their ability to keep track of the circular
flows within the economy, then giving the possibility to assess the responsi-
bility of each sector in the GHG emissions.

Based on the litterature provided by the NTNU course entitled "Input-
Output Analysis, Trade and Environment" [9] and other main studies on
Input-Output such as "The OECD Input-Output database" [10], Edgar G.
Hertwich and Glen P. Peters works [11] [12] and a recent study on "Food-
Miles and the Relative Climate Impacts of Food Choices in the United States"
[13], the analysis of transportation was built on a three step basis:

1. Determination of the different total output according to final demand.
This corresponds to basic IO analysis developed by Leontief and de-
scribed in Eurostat [14] and UN guidelines [15].

Actually, the total output of an economy x can be expressed as the
sum of intermediate consumption, Ax, and final demand y as follows:

x=Axx+y (2.1)
x=I-A)txy (2.2)

Applied to an arbitrary final demand, equation 2.2 allows the determi-
nation of the corresponding economical output.

2. Determination of the impact in term of Ton-kilometers driven according
to final demand. This corresponds to adding a transportation dimen-
sion to the economical IO model described above.
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fikm = Fekm * Lixt ¥y = Fom * X (2-3)

3. Determination of the environmental load driven by final demand. This
corresponds to adding an environmental component, here GHG emis-
sions, to the coupled economical - transportation IO model described
above

fco, = Fco, * Fekm * Lixt *Y = Fco, * Fikm * X = Fco, * fikm
(2.4)

The structure of this chapter is following this scheme and presents the
practical framework of the analysis.

2.1 Economical Data

In order to achieve the first step of the model, it is necessary to get the direct
industry requirement matrix A.

The French Input-Output table used in the analysis is based on the French
Nomenclature called Nomenclature Economique de Synthése (NES). [16] The
IO table is for the year 2004 and was created by disaggregating the data on
the European Statistical Account website (ESA) using the fixed product
sales structure (industry technology) assumption and shares from the data
provided by the National Statistical Institute for Economic Studies (INSEE).
This nomenclature was available on a 116 disaggregated level for years 1999
up to 2004. [17]

The intermediary consumption is presented as a flow matrix Z containing
use of both foreign and domestic industries . To obtain, the direct industry
requirement matrix A, flows are normalized by the total domestic industry
output g.

g=Zxi+y—-M (2.5)

A=Zxg? (2.6)

M corresponds to the import which is given in the IO table at basic price.
Then 2.5 gives the domestic output, g. Nevertheless, for the normaliza-
tion process, the vector g needs to have all its components different of zero.

The industry requirement flow matrix Z are shown in appendix H.
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2.2 Impact Data

The Impact part of the model consists in the creation of the normalised tkm
stressor matrix, Fixm and the normalized C'O, stressor matrix Fcoo.

The Data concerning the ton-kilometers were taken from the SITRAM
database [18|, and data concerning greenhouse gas emission are taken from
a software made by the Frenh Energy Conservation and Enviroment Agency
(ADEME) and dedicated to firms transporting goods.|5]

The first difficulty met was to build a connection between the tkm data
and the 1O table. Actually, as the two set of data did not share the same
nomenclature, a bridge beetween them was created.

2.2.1 Linking nomenclatures

The Sitram Database is based on the NST nomenclature which accounts four
differents level of aggregation (10, 19, 52 or 175 categories of products). The
database used in the thesis was obtained through the Ministry of Ecology,
Sustainable Development and Planning (MEDAD) on March 12 2008 and
are on the most disaggregated level, 175 products, for all transportation
mode, except for the domestic rail mode which has 10 sectors.

In order to adapt these raw data to the economical input-output model, a
bridge between the NES nomenclature and the NST nomenclature is needed.
Unfortunately, no direct connections are found in the litterature. So, the
bridge bridge was built according to the correspondance tables [ was able to
obtain.

As such, the construction of the bridge was a three step process :

1. Correspondance table between NES and CPA2002 (Nace rev 1.1): Avail-
able for all products on the most disaggregated level. [19]
The main difficulty for this correspondance was the presence in the
NES sectors of a distinction between non-market and market. It was
solved by making allocation based on the name of the categories or
making a hypothesis.

2. Correspondance table between CPA2002 and CPA2008 (Nace rev.2):
Available for all products on the most disaggregated level. [20]

3. Correspondance table between CPA2008 and NST: Available for almost
all products on the most disaggregated level. [21]
there were seven cases where personal judgement had to be used to
create the bridge entries for products which are absent from the corre-
spondance table.
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They concern:

e Mine wood (code NST 52)

e Steel hoop and strip, tinplate (Non-ECSC) (code NST 546)
e Phosphates Salt, Crude, Natural (code NST 713)

e Dephosphorisation scories (code NST 721)

e old package (code NST 991)

e old construction firms’ material, old circus car and materials

(code NST 992)
e Moving out furniture (code NST 993).

These cases are further explained in appendix A.2

“ The correspondance table between the NES and the NST nomenclature is
then calculated as follows:

bNEs-NsT = bNES—CPA2002 * bCPAzooz—CPAzoog * bCPA2003—NST (2-7)

The table obtained shows the repartition by sector. However, the cor-
respondance table are generally normalized according to the output of each
sector. So, the table based on sector distribution has been modified on a
table based on the output of each sector.

To illustrate the difference between the two distributions, table 2.1 shows
the difference between the two bridges for the live animal NST sector (NST
code 001). Actually, the sector based bridge built through equation 2.7 shows
that the live animal NST sector corresponds to three NES sectors: GAOI,
GAO02 and GAO03. To obtain the output based bridge shown in table 2.1, the
following calculations are then done:

XGAo1

NES—NSTgao01 XceA02 + Xcao03 + XGao1 ’ ( )
XGA02
. ) _ =0,01 2.9
NES—NSTgaAo02 XagAo02 + XcAo03 + XgAol ( )
XGA
bNEstSTc;Aos = > B 0’ 02 (2.10)

XG@A02 T XcA03 T Xcao1
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001 output based | Sector based
GAO01 0,88 0,97
GAO02 0,07 0,01
GAO03 0,05 0,02

Table 2.1: Difference in NES-NST bridge coefficients according to the na-
ture of repartition: Sector based or Output based (Live animal NST sector
example)

In the case of live animal, the differences between the two bridges are
small, the NES sector GAO1 remaining the sector with the highest coefficent.
However, the differences between bridges changes can be more significant for
other products.

For the analysis part, the bridges based on output distribution has been
used and is reported in appendix H.

2.2.2 Domestic Data
2.2.2.1 Ton kilometers Data

The tkm domestic data as the tkm import data are taken from the SITRAM
database on March 12 2008. Although these data are not freely available,
a free version with less data is available on the Ministry’s website [18].
The domestic data are available in tonnes (t) and tonne-kilometers (tkm).
The description of the SITRAM Database is given in appendix A but one
should note that over the 175 products of the NST nomenclatures, only 170
were available in the database provided.
The uncertainty related to these missing products is low as shown in appendix
table E.1.
The data available in the dabase concerns each region of France and
therefore was sum up to describe the national flow corresponding to the
purpose of this thesis.

2.2.2.2 Emissions Data

Because of the structure of the analysis shown by equation E.1, the emission
data has to be coherent with the tkm data, which means that they have to
share the same distinction between transportation mode.

In the domestic SITRAM database, five transport mode are taken into
account:



12 CHAPTER 2. METHODS

e Rail

Road for own account

Road for other account

Waterway for own account

e Waterway for other account

where:

— transport for other account means paid transportation of goods
for a third party, for example, companies selling transportation
services to other companies.

— transport for own account means all transportation which is
not accounted as transport for other account.

The differentiation between the two accounts is interesting in term of re-
sponsibilities and logistic. Actually, the results show that transport for own
account concern short-distance transportation whereas long-distance trans-
portation are realized by transport for other account. The main results and
discussion coming from the distinction between these two kinds of account
are further explained in subsection 3.2.1.

However, this differentiation between own and other account does not
exist in the ADEME software EpE Module transport fret [5]. As a result,
the distinction was created using data on 2004 vehicle park for the two types
of account. (See appendix D for further description).

Finally, the emission factors stands as follows:

Table 2.2: The Domestic emission factors [5]

S C02 tkm _dom kg COZ-e lower limit | upper limit
per t-km

Road (other account) 0,18 0,26

Road (own account) 0,18 0,26

water (other account) 0,030 0,045

water (own account) 0,030 0,045

Rail 0,0068 0,0083




2.2. IMPACT DATA 13

2.2.3 TImport Data
2.2.3.1 Ton kilometers Data

The analysis concerning import data follows the same structure as the one
concerning domestic data.

Based on the SITRAM database, the countries of the world are divided in
four levels, p1 the most aggregated level to p4 the most disaggregated level.
The database used in the analysis concerns the level p3 made of 42 categories
(see Appendix C)

The import database gives only values in tons and millions euros. To
get the data in ton-kilometers, distances have been estimated by taking a
reference city for each of the 42 categories and calculating the distances
seperating them to the reference city of each region. The distances are shown
in appendix table E.7.

Furthermore, as in the domestic data, some products are missing. Actu-
ally, 8 products are missing, 3 more than in the domestic data. Nevertheless,
the effect of these missing products on model results is low as shown in
appendix table E.5. Actually, based on this table, the uncertainty is concen-
trated in the Other transportation mode sector, for which an emission factor
of zero was used.

The data available in the dabase concerns each region of France and
therefore was sum up to describe the national flow corresponding to the
purpose of this thesis.

2.2.3.2 Emissions Data

In the import SITRAM database, five transport mode are taken into account:
e Maritime transportation (1 emission factor)

e Railway transportation (16 different emission factors: differentiation
between European Union countries. Average EU value taken for non-
EU countries)

e Air transportation (3 different emission factors: Differentiation based
on distances between France and the foreign countries)

e Road transportation (1 emission factor)
e Waterway transportation (1 emission factor)

e Other transportation mode (pipelines and own propulsion goods) (1
emission factor equal to zero)
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In order to create a consistent data set of emissions factors, some hypoth-
esis were made, the most significant one being the zero emission factor given
to other transportation mode.

The hypothesis are all explained in appendix D, the following table showing
as an example the emission factors for Germany.

5 C02 tkm_Germany kg COZ-e lower limit | upper limit
er t-km
Sea transportation 0,0044 0,0067
Railway transportation 0,026 0,038
Air transportation 0,822 1,233
Road transportation 0,18 0,26
Waterway transportation 0,030 0,024
Other transportation mode 0 0

Table 2.3: The emission factors of Germany



Chapter 3

Results

This chapter presents the results obtained with the running of the model
described in 2.

The thesis focuses on Household consumption. As a result, emissions
associated with transportation were completed with those coming from pro-
duction and direct emissions of households, these two being calculation based
on NAMEA data.

3,3;15%

0,9; 4%

6,8; 30%

10,8; 48%

O Domestic production B imported production O Domestic transportation
Oimported transportation m Direct e missions

Figure 3.1: The total C'O emission driven by Household consumption (22,4
tons C'O4 per household)
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The total emissions associated with the consumption of an average French
household correspond to 22,4 tons C'Os.
Of these, 7 % are generated by the transportation of goods, 63 % by the
production phase and 30 % by the use phase or direct emissions from house-
holds.
As shown on figure 3.1 , imports hold a high share of total emissions.
The transportation of imported goods represents 41 % of the emissions due
to transportation of goods whereas the imported production counts for 24 %
of the production phase.

Concerning methods, a special note to keep in mind is that the mirrored
economy assumption was used.
Actually, the mirrored economy assumption consists in taking the French
technology coefficients for foreign countries. In these conditions, differences
between France and foreign countries are omitted. Of these, two are partic-
ularly important:

e France have a low carbon intensive electricity production since carbon
intensive electricity sources such as coal, natural gas, and oil represents
only 10 % of the French electricity mix.

This not the case for many european countries such as Germany whose
electricity mix is mainly based on coal power plants. As a result, emis-
sions are underestimated.

e Nevertheless, the EU 15 technology coefficient to the exception of the
electricity production can be reasonnably assumed to be the same as
the French ones.

The case is different when dealing with developing countries and emerg-
ing countries such as those of Africa, Asia or Other America.
Actually, these countries have not yet achieved the European technol-
ogy level, leading to a higher carbon intensive production of goods.
As a consequence, emissions are particularly underestimated for these
countries.

A way to better include imports would be to realize a multi-regional
input-output (MRIO) analysis [22] in which each different economy of the
world would be modelized by an appropriate input-output table.

Nevertheless, in spite of these underestimations which could be more ex-
actly evaluated by using a comprehensive multi-regional input-output anal-
ysis, the results obtained with the model are full of meaning as the following
sections show.
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3.1 Decomposition by sectors

The model gives results for the 116 sectors of the NES Nomenclature. For the
presentation of the results, they were aggregated in ten relevant categories.
Actually, the aggregation is based on a standard INSEE aggregration made of
16 sectors [23|. The relatively low carbon intensive sectors of this aggregation
were then put together under the label "Other sectors".

As a result, the category "Other sectors" corresponds to the combination of
the following sectors:

e Construction

e Trade

e Transports (excluded for production to avoid double counting)
e Financial activities

e Real estate activities

e Services to businesses

e Personal and domestic services

e Education, health and social work

e Administration

Another particularity was added to the standard Insee aggregation. Two
sectors were removed from the Energy sector to be shown as single categories.
They stand as follows:

e Extraction of crude petroleum and natural gas; service activities inci-
dental to oil and gas extraction

e Manufacture of refined petroleum products

Figure 3.2 shows in the ten categories described above the households’
indirect emission, which, according to figure 3.1, represents 70% of the total
emission driven by household consumption.
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Million tons CO2
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140

Manufacture of consumers goods

Manufacture of motor vehicles

Manufacture of capital goods

e of intermediate goods

Extraction of crude petroleum and natural gas;
service activities incidental to oil and gas extraction

Manufacture of refined petroleum products

Other from Energy sector

Other sectors

|Dorr|esh'c production @ Imported production 0 Domestic transportation OlImported transportation |

Figure 3.2: Decomposition in ten sectors of the French households’ indirect
C'O4 emission

Figure 3.2 shows that "Agriculture, forestry, fishing" is the most pollut-
ing sector, accounting for 31 % of the emissions driven associated with the
combination of production and transportation of goods for French household
consumption. The other predominant sectors in term of emissions are "Man-
ufacture of intermediate goods", 17 %, "Extraction of crude petroleum",
11 %, "Other sectors", 9 % and "Other energy sectors, 9 %.

The manufacture of intermediate goods represents a high share of the
of the emissions driven associated with the combination of production and
transportation of goods. For this reason, this sector is split up in six cate-
gories whose names and emission shares are as follows:

e Mining and quarrying except energy producing materials, manufactur-
ing of other non-metallic mineral products, 4,5 %.

e Manufacture of basic metals and fabricated metal products, 4,3 %.
e Manufacture of chemicals, rubber, plastic and chemical products, 3,6 %.

e Manufacture of wood, wood products, pulp, paper and paper products,
3,6 %.
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e Manufacture of textiles, 0,4 %.
e Manufacture of electric and electronic components, 0,4 %.

An interesting outcome of figure 3.2 is the comparison between production
and transportation responsibilities in the emission driven. Actually, the share
concerning transportation of goods is quite low for the predominant sectors
quoted above, between 3 % and 13 %.

A comparison can also be made according to the origin of the emissions.
As such, it appears that the emissions of the predominant sectors are domes-
tically emitted, except for "Extraction of crude petroleum'" whose main share
concerns imported production, 95 %. Actually, as France is not a country
with geological reserves of oil or natural gas, its dependency from abroad on
these particular products is high. This dependency for oil supply was the
reason for the starting of the nuclear program after the 1973 oil crisis.

However, though figure 3.2 shows the responsibilities of each sector in the
emissions driven associated with the combination of production and trans-
portation of goods, it seems difficult to act on this basis to reduce carbon
dioxide emissions. The model used here is more comprehensive and allows
answers to the following questions:

e The model gives results in term of tons. This corresponds to a material
flow and allows to answer to the question "what goods are highly
consumed by French households?".

As such, tons results are directly connected to the consumption pattern
of households and one way for them to reduce emission would be to
lower the material flow of these goods.

e The model gives results in term of tkm. This allows answer to the ques-
tion "From where the goods consumed by French households
come?".

As such, tkm results can show the advantages in shifting from a distant
supplier to a local supplier.

e The model gives results in term of C'O, emissions. Though these results
show as in figure 3.2 the sectors where the efforts in term of emission
reduction should be done, they also provide answer to the question
"How carbon intensive the transportation of the goods con-
sumed by French household is?".

As such, CO5 results when differentiated by transportation mode can
provide an idea of the emission reduction resulting of a shift in trans-
portation mode. This point is particularly adressed in section 3.2.
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Figure 3.3 shows the three kinds of results generated by the model for
the same ten categories of figure 3.2.

Imported Tonnes (387 Mt) |

Domestic Tonnes (2351 Mt) |,
Imported thm (1008 Billion tkm)
Domestic tkm (250 Billion tkm) |
Imported CO2 emission (32 Mt CO2) |

Domestic CO2 emission (46 Mt CO2)

0% 10% 20% 30% 40% 50% 60% T0% 80% 90%

@ Agriculture, forestry, fishing

= M of food p b ges and tob

O Manufacture of consumers goods

O Manufacture of motor vehicles

m Manufacture of capital goods

@ Manufacture of intermediate goods

m Extraction of crude petroleum and natural gas; service activities incidental to oil and gas extraction
oM of refined petrol |
m Other from Energy sector

m Other sectors

Figure 3.3: Decomposition in ten sectors of the tonnes, tkm and C'O, emis-
sions associated with transportation dedicated to Household consumption.
In brackets are written the totals, sum for all the sectors

In term of material flow intensity, "Manufacture of intermediate goods" is
the most intensive sector since 34 % of the tons transported to meet household
consumption concerns this sector. Of these 34 %, only 6 % are imported
meaning that the material flow concerning intermediated goods is mainly
domestic.

The other predominant sectors in term of material flow intensity are
"Manufacture of consumer goods", 14 %, "Manufacture of food products,
beverages and tobacco", 14 %, and "Agriculture, forestry, fishing", 12 %.

The share of imports is relatively low for these other predominant sec-
tors, between 5 and 14 %. Actually, the main imported goods are "Extrac-
tion of crude petroleum", 98 % of import share, and "Manufacture of refined
petroleum products", 24 % of import share but they only represent put to-
gether 11 % of the tons transported to meet household consumption.

100%
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In term of tkm driven, "Extraction of crude petroleum" is the most in-
tensive sector since 34 % of the tkm driven to meet household consumption
concerns this sector. Of these, only 0,1 % are domestically driven meaning
that the tkm driven concerning crude petroleum are mainly imported.

The other predominant sectors in term of tkm driven are "Manufacture
of intermediate goods", 14 %, "Manufacture of food products, beverages and
tobacco", 13 %, and "Other from energy sector", 10 %.

The share of imports is relatively high for these other predominant sec-
tors, between 69 and 83 %. Actually, the main domestically driven goods
are "Manufacture of motor vehicles", 75 % of domestic share, and "Agricul-
ture, forestry, fishing", 59 % of domestic share but they only represent put
together 9 % of the tkm driven transported to meet household consumption.

In term of C'O, emission, "Manufacture of intermediate goods" is the
most intensive sector since 23 % of the emissions associated with transporta-
tion of goods for household consumption concerns this sector. Of these, 36 %
are emissions associated with imports meaning that the emissions concern-
ing intermediate goods are shared one third/two third between imports and
domestic transportation.

The other predominant sectors in term of emissions are "Manufacture
of food products, beverages and tobacco", 21 %, "Manufacture of consumer
goods", 15 %, and "Agriculture, forestry, fishing", 11 %.

The imports and domestic shares are almost the same for "Manufacture
of food products, beverages and tobacco" and "Manufacture of consumer
goods" since the import shares are respectively 41 % and 45 %. "Agriculture,
forestry, fishing". Actually, the main imported goods in term of emission are
"Extraction of crude petroleum", 99 % of import share, and "Manufacture of
refined petroleum products", 53 % of import share but they only represent
put together 10 % of the emissions associated with transportationof goods
for household consumption .

As a first point, one should note that the predominant sectors in term
of CO, emissions are different of those presented in figure 3.2. Actually,
"Manufacture of food products, beverages and tobacco" and "Manufacture
of consumer goods" each contributed 6 % of the emissions driven associated
with the combination of production and transportation of goods ; but when
considering transportation alone, their shares raises up to respectively 21 %
and 15 % of the emission. This means that when focusing on emission re-
duction from transportation sector, these two sectors reveal their importance.
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As a result, "Manufacture of consumer goods" is split up in four categories
whose names and emission shares for transportation of goods only stands as
follows:

e Manufacture of domestic equipment, 6,4 %.

— Manufacture of furniture, 3,3 %.

— Manufacture of sports goods, games, toys and others n.e.c., 2,0 %.
— Manufacture of jewellery and musical instruments, 0,6 %.

— Manufacture of domestic appliances, 0,4 %.

— Manufacture of optical instruments, photographic equipment, watches
and clocks, 0,1 %.

— Manufacture of television and radio receivers, sound or video record-
ing or reproducing apparatus and associated goods, 0,003 %.

e Manufacture of pharmaceuticals products, perfumes, soap and cleaning
preparation, 5,6 %.

— Manufacture of pharmaceuticals, medicinal chemicals and botan-
ical products, 3,8 %.

— Manufacture of soap and detergents, cleaning and polishing prepa-
rations, perfumes and toilet preparations, 1,8 %.

e Publishing, printing and reproduction of recorded media, 1,8 %.
e Manufacture of clothing articles and leather products, 1,0 %.

The comparison of the tons results with the tkm results give also interesting
outcomes. As explained before, the structure of tkm results is highly differ-
ent of the tons results one meaning that some goods comes from far away
countries. These goods corresponds to "Extraction of crude petroleum" and
"Other from Energy sector" meaning that the French energy sources used in
France are situated in far away foreign countries. Unfortunately, these goods
are endemic, only able to be produced in particular region of the world. This
means that it would not be possible to lay in supply of those goods from
local source. One solution would be then to become less dependant on these
energy sources by increasing the share of renewables which are locally energy
sources. Actually, the development of renewable energy sources, associated
with ambitious energy conservation campaign, lies within the scope of a 20 %
GHG emission reduction as defined by the European council of march 2007.
[24]
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To reach this objective, wind power can avoid the emission of 300 g C'O5 per
kwh produced [24]| and solar panel/photovoltaic cells the emission of 600 g
CO4 per kwh produced [25].

The figures above come from the comparison with a fossil energy source such
as oil, gas and coal.

Nevertheless, though France owns high possibilities to increase its share
of renewables (see [26] for wind potential and [27] for solar potential), the
use of petroleum products remains concentrated in the transportation sector
as shown on figure 3.4 for which renewable energies cannot be used at the
moment. A solution would be then to develop alternative to petroleum such
as second generation biofuels and electric cars.However when shifting energy
resources, one should be cautious and take into account the whole life cycle
of the alternative proposed. For example, biofuel can compete with food in
term of land use.[28]
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Figure 3.4: French energy consumption: Petroleum consumption concen-
trates in the transportation sector.

However, when comparing tkm results and the emission results, the struc-
ture changes once again and the first four predominant sectors of emission
results match with the ones of ton results.



24 CHAPTER 3. RESULTS

The share of "Extraction of crude petroleum" and "Other from Energy
sector" is only of 10 % of the emission associated with transportation of
goods for household consumption whereas they corresponded to 44 % of
the tkm driven. This means that energy products are transported via a
low carbon intensive transportation mode compared to other products. The
issue of transportation mode is further explored in section 3.2 but one can
already notice that as the structure of tons results and the emission ones
is similar, a material consumption reduction of intermediate goods, food
products, consumer goods and agriculture will provide the greatest emission
reduction in term of a shift in consumption pattern or material efficiency.

Reduction in % reduction for % reduction for
thousand tons CO2 emission associated with emission associated
induced by a 10 % transportation of goods with total

reduction in tons used for household consumption household consumption (%)

Manufacture of intermediate goods 80 2,3% 0,15%
Manufacture of consumers goods 570 15% 0,10%
Manufacture of food products, beverages and tobacco a10 21% 0,14%

griculture, forestry, fishing 410 1.1% 0,07%
Extraction of crude petroleum and natural gas; a N
ervice activities incidental to oil and gas extraction 120 0.31% 0.02%
Manufacture of refined petroleum products 280 0,72% 0,05%
Manufacture of capital goods 170 0,44% 0,03%
Other from Energy sector 275 0,71% 0,05%
Other sectors 230 0.59% 0,04%
Manufacture of motor vehicles 130 0,33% 0,02%
("1 A reduction of 10 % in tons used will also imply red For ission from prod: and use phase. These reductions are not taken into account here.

Table 3.1: Reduction of C'O, emission associated with transportation of
goods for household consumption induced by a 10 % reduction of tons used



3.2. DECOMPOSITION BY TRANSPORTATION MODE 25

3.2 Decomposition by transportation mode

Transportation mode have different carbon efficiencies (see appendix D). In
order to show their relative difference in term of CO2 emitted per tkm driven,
values are scaled to the cleanest transportation mode, maritime transporta-
tion.

kg COZ-e Relative to
per t-km maritime

maritime 0,0056 1

rail domestic 0,0075 13
rail average EU 17(%) 0,023 4.1
waterway 0,038 BA
road 0,22 40
Long-distance aircraft (> 4000 km) 0,481 g7
Middle-distance aircraft (1000 a 4000 km) 0,997 179
Short-distance aircraft (< 1000 km) 1,028 185

[*] see appendiz on emissions for details on rail factor of imported goods

Table 3.2: Emission factors

As such, low carbon intensive transportation mode are maritime, rail and
waterways in comparison to high carbon intensive mode such as air and road
transportation.

So, modal transfer seems a way to reduce GHG emission from the trans-
portaion sector and following recommendations can be made:

e for long distance: avoid air transportation and favour maritime
transportation. However, as described in subsection 3.2.2, most of the
tons coming from far away countries are already transported via mar-
itime ways.

e for short distance: favour rail and waterway in term of terrestrial
mode. The emission reductions associated with this transfer is further
detailed in subsection 3.2.3.

Furthermore, modal transfer should ensure fiability, flexibility and avoid
transshipment. These conditions are necessary to the economic success of
modal transfer.



26 CHAPTER 3. RESULTS

3.2.1 Transportation of domestically produced goods

Only terrestrial transporation mode are taken into account for domestic
transportation. Figure 3.5 shows the different results generated by the model
for these terrestrial mode.

Decomposition by transport modes of the tons, tkm and CO2 emissions driven by
Household consumption and produced domestically

Tonnes

Tkm

coz

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

(mRoad [ Waterway mRail

Figure 3.5: Decomposition by transport modes of the tons, tkm and C'O,
emissions driven by Household consumption and produced domestically

The first outcome is the tremendous share of road in the transportation of
domestically produced goods for household consumption: 99 % of the emis-
sions, 82 % of the tkm driven and 94 % of the tons consumed.

This is particularly interesting in the light of table 3.2 since road transporta-
tion emits respectively 6 and 29 times more C'O, than waterway and rail
transportations per tkm driven.

As such, it appears that France should search to readjust through modal
shifting the way the tons consumed by households are transported.

However, one can already notice that rail is mainly used for long distance
transportation.
Table 3.3 shows the average km driven by domestic transportation mode with
differentiation between own and other accounts.

100%
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km

Road own account 40
Road other account 128
Waterway own account 94
Waterway other account 168
Rail 359

Table 3.3: Average km driven by domestic transportation mode with differ-
entiation between own and other accounts

Table 3.3 confirms the fact that the French rail network is mainly used for
long distance transportation. The table also describes the difference between
other and own account.

Other account which corresponds to paid transportation of goods for a third
party deals with long distance transportation compared to own account. As
such, the modal transfer will be easier to make for other account than own
account, short distances travel not fitting very well with rail or waterway
transportation.

This point is further analysed in subsection 3.2.3.
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3.2.2 Transportation of imported goods

Tons associated with Transport from Other countries -
Million Tons
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Figure 3.6: Tons associated with Transport from Other countries

The main trade partners of France are in Europe since 67 % of the tons
imported for Household consumption come from Europe.
The other important trade partners of France are Asia (14 %) and Africa (11 %).
Concerning Europe, the EU 15 covers by itself 43 % of the total tons im-
ported for Household consumption. Furthermore, inside the EU 15, the main
partners are the countries at the border since Germany, Italy, UK Belgium,
Luxembourg, Netherlands and Spain accounts together for 40 % of the total
tons imported for household consumption.
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As shown on figure 3.6, the choice of transportation modes differs between
imports from Europe and from other countries. Whereas tons outside Europe
are mostly transported by bulk carrier and cargo multi-purpose, the tons in
Europe are mostly transported by road.

As a result, transportation of goods in Europe appears mainly terrestrial,
meaning that the alternatives to road can only be railways and in a lesser
measure waterways.
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Figure 3.7: Tkm associated with Transport from Other countries

In term of tkm the share of Europe is lower, Asia and Other America
being the main countries from which France imports.
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Actually, Asia and Other America are countries situated respectively 7 000
km and 10 0000 km from France whereas main trade partners in Europe are
border countries.

Nevertheless, the structure of the tkm is similar to the tons to the extent
that Maritime transportation is the main mode used for importation except
for EU for which road holds the highest share. This structure is different
when dealing with CO2 emission as shown on figure 3.8.

BU 25

Europe except BU25
Africa

North America
Other America
Asia

Oceania

Other countries
Belgium Luxembourg
Netherlands
Germany

Italy

United Kingdom
Ireland
Denmark
Greece

Spain

Portugal
Austria
Sweden

Anland

BU15

New 10

Emission associated with transport from other countries Million tons CO2

0,0 0,5 1.0 15 2,0 2,5 30 35 4,0 45 50 55 6,0 8,5 7.0 7.5

8,0

I T [ T [ T T T

| = Maritime m Rail mAir mRoad ~ Wateraays |

Figure 3.8: Emission associated with Transport from Other countries
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Europe accounts for 56 % of the CO2 emission associated with trans-
portation of goods from other countries.
Alone, EU 15 already represents 46 % of the CO2 emission whereas The bor-
der countries of France (Germany, Belgium, Luxembourg, Italy, Spain and
Netherlands) represent 39 % of the CO2 emissions.

One transportation mode is mainly responsible for the emission:
road.
Representing 75 % of the emissions, the responsibility of this mode reaches
more than 97 % for the border countries.

As a result, I decided to adress in subsection 3.2.3 the possibility of shift-
ing from road to less CO2 intensive terrestrial mode such as waterways and
rail. Actually though the european rail network is the third longest network,
only 8 % of goods are transported by rail against 21 % in 1970. [29]
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3.2.3 Emission reduction associated with modal trans-
fer

Three scenarios were considered:

Scenario 1 Looking at the share of each transport mode in term of tkm,
10 % were shifted from domestic road to domestic rail. In concordance
with table 3.3, this transfer is likely to happen for other account since
the other account is in charge of long distance road transportation for
which the transfer is easier to made. Other account is also responsible
for most of the domestic C'Oy emission 82 % compared to 17 % for own
account. Emission reductions should then be focused on other account.
The new shares are shown in table 3.4.

Scenario 2 Looking at the share of each transport mode in term of tkm,
10 % were shifted from domestic road to domestic rail and 10 % from
domestic road to domestic waterways. In concordance with table 3.3,
this transfer is likely to happen for other account as described in sce-
nario 1.

The new shares are shown in table 3.4.

road new road rail new rail waterway new waterway|
share share share share share share
[Domestic tkm share 82% B2% 16% 5% 2% 12%

Table 3.4: Change in the tkm shares of road, rail and waterway according to
scenario 2

Scenario 3 Looking at the share of each transport mode in term of tkm,
10 % were shifted from road to rail for each of the border countries
(Germany, Netherlands, Belgium, Luxembourg, Italy and Spain).

The new shares are shown in table 3.5.

road share new road share rail share new rail share
Germany B5% 5% 10% 20%
Belgium_Luxembourg 79% B9% 10% 20%
Spain 0% a0% 1% 1%
Italy 57 % 47 % 3% 13%
Netherlands B5% 05% 4% 14%

Table 3.5: Change in the tkm shares of road and rail according to scenario 3
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The following tables present the reduction in emission provided by the

scenarios.
Million tons CO2 Million tons CO2 Percentage
avoided emitted hefore transfer mode  reduction
DOM 27 228 11 5%
TOT IMPORT + DOM 27 w7 B.9%
TOTAL HH consumption 2.7 =t 1 .46%

Table 3.6: Reduction of CO, emission associated with scenario 1

Million tons CO2 Million tons CO2 Percentage

avoided emitted hefore transfer mode reduction
DOM 44 228 21 6%
TOT IMPORT + DOM 449 |7 12 8%
TOTAL HH consumption 449 5577 0 85%

Table 3.7: Reduction of CO, emission associated with scenario 2

Million tons CO2 Million tons CO2 Percentage

avoided emitted hefore transfer mode reduction
Germany 029 23 12.7%
Belgium_Luxembourg 0,09 0s 11 4%
Spain 0,13 14 9.3%
Italy 0,18 1.2 15,1%
Netherlands oa7 (] 12 8%
EU 15 076 72 105%
TOT IMPORT 076 153 4 .8%
TOT IMPORT + DOM 076 m7 2.0%
TOTAL HH consumption 0,76 Lt 0,13%

Table 3.8: Reduction of C'O, emission associated with scenario 3

The emission reductions obtained are particularly interesting since com-

bined, the reduction in term of CO2 emissions reaches 15 % of the emissions
associated with transportation of goods and 1 % of the total emissions driven
by household consumption.

As such, modal transfer inside France and border countries seems like a
good way to reduce emission. However, the feasibility of such a transfer will
depend on the infrastructure available.
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Will there be a need to construct new infrastructure with the cost associated
with them?

Figure 3.9 presents the waterway network of France.

The French waterway network counts seven networks able to carry boat
from 1 000 to 3 000 tonnes and convoys from 1 250 to 18 000 tons. Never-
theless, one can note that the network is concentrated on the eastern part of
France though two western main cities, Nantes and Bordeaux, are covered
by the network.

Another point is the great possibilities already available in term of connec-
tions maritime-waterway and rail-waterway.

Furthermore, the main cities of France can be supplied by waterways
and there are possibilities of connection with waterways of Benelux and Ger-
many. Actually, the rough estimation of table 3.9 based on the population
of the main agglomerations situated along waterways shows that the wa-
terway network is able to reach one third of the population. Besides, a
new canal is being constructed whose layout can be seen on figure 3.9: the
Canal Seine Nord Europe. Once completed, this canal will allow the con-
nection between the "Paris-Rouen-Le Havre" network and the "Lille-Douai-
Valenciennes-Dunkerque" network, creating a single network able to reach
22 % of the population. There is here a possibility to supply city centres
such as the Paris one while avoiding nuisances and traffic jam caused by
truck transportation.

Waterway network population (1999) % of total population
Lille - Douai - Valenciennes -Dunkerque 2 0B85 195 36%
Paris - Rouen - Le Havre 10 282 916 18 0%
Lyon - Avignon - Marseille - Montpellier 3240 165 57%
Nancy - Metz B53 589 1.1%
Strashourg - Mulhouse BE1 B30 1.2%
Bordeaux 753931 1,.3%
Nantes 544 932 1,0%

Table 3.9: Estimation of the population living nearby the waterways [6]

Figure 3.10 shows the main european rail corridor for transportation of
goods.
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Figure 3.9: The French waterway network [2]
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Figure 3.10: The main european rail corridor for transportation of goods [3|
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The European rail network is already well structured though Spain is iso-
lated at the moment, explaining why the tkm share of road transportation is
so high for this country. Nevertheless, there are connection projects between
San Sebastian and Valladolid on one part, Perpignan and Barcelona on the
other part.

One should note that only High Speed Lines (LGV) are represented on figure
3.10, which are more rapid than trucks using highways (also represented).

Overall, it seems that only two part of France are badly covered by either
waterway or rail network: Brittany and region around Clermont-Ferrand.
Nevertheless, most of the infrastuctures needed for modal transfer already
exist.

As such, the recommendations concerning the infrastructure are the fol-
lowing:

e Maintaining the existing rail and waterway infrastructure in a good
state and proceed to modernization where needed.

e Develop connections between the different modes (maritime-water, rail-
water, rail-maritime, rail-road, water-road). Combination of modes is
likely to provide the greatest eco-efficiency by combining advantages of
each mode.

e Provide a good services to transporters, in order to avoid any delays in
supply chain.

e Provide a economic reasonable service. The mode transfer should in-
clude in its analysis competitiveness.

Furthermore, the cost associated with building rail infrastructure are less

than constructing new roads, 1 million euros per km [30] compared to 5,6
millions euros per km [31]. As such, an increase of 10 % of the French rail
network (3 000 km) will correspond to a cost of 3 billion euros.
However, rail transportation does not have the flexibility of road transpora-
tion; and so, a combined transportation appears a good solution. Combined
transportation means the combination of at least two transportation modes
for the same supply chain in which there is no transshipment and most of
the transportation is realized by rail, waterways or short-distance maritime
ways. In fact, only the good is transferred from a mode to another one as
shown in figure 3.11.

According to ADEME, combined transportation is well adapted to dis-
tances superior to 600 km and transportation axes where there are massive
flows of goods. [4]
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Figure 3.11: The principle of combined transportation [4]
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3.3 The ten most emission intensive imported
goods

Million tons TOTAL TOTAL TOTAL HH
CO2 emitted IMPORT IMPORT + DOM i
Manufacture of refined petroleum products 147 93% 38% 025%
Extraction of crude petroleum and natural gas; service activities incidental to oil and gas extraction 119 7 E% 31% 021%
|Agriculture, hunting, trapping and related service activities 110 7 0% 28% 0.19%
Manufacture of other food products 1,10 7 0% 28% 0.19%
Mining of coal and lignite; extraction of peat 055 G 0% 25% 0.16%
Production, processing and preserving of meat and meat products ngz h.2% 21% 0.14%
€ of phar ttical dicinal chemicals and botanical products 064 41% 1.7% 011%
Manufacture of beverages 057 36% 15% 0.10%
Manufacture of furniture 055 35% 14% 0.10%
Manufacture of dairy products 054 34% 14% 0,09%
Total 10 products 853 6 5% 231% 156%

Table 3.10: The ten most emission intensive imported goods and their share
of total emissions associated with household consumption

As shown on table 3.10, these ten goods represent as much as 23 % of
the total emission driven by the transportation of goods and 1,5 % of total
GHG emissions associated with French household consumption. This is par-
ticularly interesting since the figures presented in table 3.10 are only related
to imports.

The following subsections present a analysis concerning each of these
goods regrouped according to their supply chain, for example petroleum
products and food products.

Otherwise, the analysis follows the same structure:

e Presentation of the ten sectors which are the main consumer of the said
good. This is done by analyzing the monetary flow matrix Z.

e Presentation of the ten sectors for which the good represents a high
share of the direct purchase. This is done by analyzing the technology
coefficient matrix A.

3.3.1 The petroleum products

Table 3.11 shows that two third of the crude petroleum is transformed into
refined petroleum to feed transportation sectors (road freight and air trans-
portation). Once again, this demonstrates how much the transportation by
road is carbon intensive.
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Extraction of crude petroleum and natural gas; service activities incidental to oil and gas extraction

Manufacture of refined petroleum products 67 2%
Gas, steam and hot water supply 5910 222%
Manufacture of basic inorganic chemicals 1 4598 EE%
Sale, maintenance and repair of motor vehicles and motorcycles, retail sale of automotive fuel 560 21%
Construction and installation of buildings 210 08%
Wholesale trade and ission trade 171 06%
Civil engineering works 103 0.4%
Extraction of crude petroleum and natural gas; service activities incidental to oil and gas extraction 5 0.2%
First processing of iron and steel 15 01%
Manufacture of pulp, paper and paperboard 15 0,1%

Table 3.11: Ten most consumer sectors of refined petroleum products

Manufacture of refined petroleum products |

Manufacture of refined petroleum products 2744 99%
Freight transport by road or via pipelines 2579 9.3%
Manufacture of basic organic chemicals 2279 8.2%
Wholesale trade and ission trade 1878 6.8%
Retail trade, repair of personal and household goods 1258 45%
Agriculture, hunting, trapping and related service activities 1237 458%
Air transport 912 33%
Civil engineering works a76 32%
Public administration and defence 789 27%
Construction and i llation of building: | =ixta] 25%

Table 3.12: Ten most consumer sectors of crude petroleum and gas extraction

The fact that "Air transport" also belongs to the top ten of "Manufac-
ture of refined petroleum products" consumers" could seem surprising when
having in mind that the share of tonnes or tkm transported by air is small.
Nevertheless, "Air transport" also include passenger travels made by plane
which are often used for distances less than 1 000 km, when the emission fac-
tor is the highest, 4,7 times greater than the road factor for transportation
of goods.

One can also notice that the petroleum sectors consumes output of its
own sector. This is probably related to the production pattern of the sector
though no policy recommendations can be done on this special point without
a closest examination by the means of a physical LCA for example. However,
this internal loop shows that reducing dependency on petroleum products
will benefit from a double reduction. As such, table 3.12 shows that modal
transfer from road and air to low carbon intensive transporation mode will
reduce the reliance on the "Manufacture of refined petroleum products", a not
so efficient sector since 9,9 % of its output need to be reused as input. This
transfer will have a double impact: the reduction of the direct emission from
the transportation sector and the reduction of indirect emissions associated
with the production and transportation of petroleum products to refineries.
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Concerning the sector "Extraction of crude petroleum and natural gas",
one should not forget that extraction of gas is included. This explains the
fact that 22 % of the flows correspond to the "Gas, steam and hot water
supply" sector. Reduction in gas consumption could then be made through
a better use of the water heating systems by households or the replacement
of current heating systems by solar based ones. [25]

Manufacture of refined petroleum products

Mining of metal ores 14 0%
Freight transport by road or via pipelines 120%
Manufacture of basic organic chemicals 1M17%
Manufacture of refined petroleum products 70%
Air transport 5.8%
Water transport 5,0%
Fishing, fish farming and related service activities 4 6%
Activities of travel agencies and tour operators; tourist assistance activities n.e.c. 25%
Extraction of crude petroleum and natural gas; service activities incidental to oil and gas extraction 24%
Other mining and quarrying 23%

Table 3.13: Ten sectors with highest direct purchase share dedicated to re-
fined petroleum products

Extraction of crude petroleum and natural gas; service activities incidental to oil and gas extraction

Manufacture of refined petroleum products 45 3%
Gas, steam and hot water supply INT%
Manufacture of basic inorganic chemicals 212%
Extraction of crude petroleum and natural gas; service activities incidental to oil and gas extraction 87%
Sale, maintenance and repair of motor vehicles and motorcycles, retail sale of automotive fuel 14%
Civil engineering works 0,26%
Manufacture of pulp, paper and paperboard 0,18%
Casting of metals 0,17%
Construction and installation of buildings 0,14%
Wholesale trade and ission trade 0,12%

Table 3.14: Ten sectors with highest direct purchase share dedicated to crude
petroleum and gas extraction

In term of direct purchase, the assessment of "Manufacture of refined

petroleum product" is less dramatic since only 7 % of the direct purchase are
dedicated to the internal loop.
Nevertheless, refined petroleum products still represents a high share direct
purchase of the based transportation mode such as road, air and water, be-
tween 5 and 12 %. This expressed a high sensitivity of these modes to the
oil price.

Since 2004, the oil price has been raising from 40 $ the barrel to 130 $
the barrel. [32] Firstly, this increase has a huge economical impact with
an increase in price for special sectors as agriculture and freigh transport
via road. Consequently, road transporters and farmers started protestations
against the increase in price. [33|
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This demonstrates the new fragility of an oil based economy and the
problem in term of national security generated by a high dependency on
foreign resources such as oil. When the oil crisis took place in 1973, France
decided to launch an ambitious nuclear program for the national security
reason described above. In conclusion, this new oil crisis makes the shift from
road to rail, waterway and maritime transportation even more attractive and
a combination of road with those modes will be a smooth way to profundly
change freight transportation by road while avoiding social conflicts. [4]
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3.3.2 Mining of coal and lignite; extraction of peat

Mining of coal and lignite; extraction of peat

Manufacture of coke oven products and processing of nuclear fuel 18 9%

First processing of iron and steel 7 14.3%
istration and defi 3 B 0%

le trade and ission trade 13 27%

Gas, steam and hot water supply 11 22%
Manufacture of basic inorganic chemicals o9 19%
Construction and installation of buildings 09 19%
Manufacture of ceramic goods, products for construction purposes and other non-metallic mineral products o7 1.4%
M facture of structural metal products o7 14%

Table 3.15: Ten most consumer sectors of coal

Half of the "Mining of coal and lignite; extraction of peat" is consumed by
the top ten sectors and one third by "Manufacture of coke oven products and
processing of nuclear fuel" and "First processing of iron and steel". As such,
considering the high emission factors associated with indirect consumption
of coal, efforts should be made to reduce the dependency of these two sectors
on coal. (see figure 3.13)

Mining of coal and lignite; extraction of peat

Manufacture of coke oven products and processing of nuclear fuel 9 18 9%
First processing of iron and steel 7 14.3%
Public inistration and def 3 B 0%
Whol le trade and ission trade 13 27%
Gas, steam and hot water supply 11 22%
Manufacture of basic inorganic chemicals o9 19%
Construction and installation of buildings 09 19%
Manufacture of ceramic goods, products for construction purposes and other non-metallic mineral products o7 1.4%
M facture of structural metal products o7 14%

Table 3.16: Ten sectors with highest direct purchase share dedicated to coal
mining

The main outcome of table 3.16 is that for each of the ten sectors, "Mining
of coal and lignite; extraction of peat" represents an incredibly low share of
direct purchase compared to the emission driven. This point could justify
a carbon tax for this particular sector since the increase in price will not
provide huge changes in financial budgets. (see figure 3.14)

3.3.3 The food sectors

Five of the ten most emission intensive imported goods are related to food
products. As such they represent 11 % of the total emission driven by the
transportation of goods and 0,7 % of total GHG emissions associated with
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French household consumption. The shares respectively reach 29 % and 1,9
% if one adds the domestic transportation of these goods. This demonstrates
the importance of these sectors whose main consumers and direct shares are
presented in appendix G.

The analysis of these data show that the direct consumers of food are
either food sectors or services sectors dedicated to people such as health,
education, hotel and restaurants. Actually, the supply chain summarized in
figure 3.12 shows a three level supply chain. At the basis is the "Agriculture
sector" of which 45 % of the ouput goes to the production of meat, dairy
products and other food products. Then, at the second level, the food manu-
factures along with the manufacture of beverages exchange their product (17
% of their output) and supply the third level of the supply chain, made of the
three consumers: health, education and restaurants (19 % of their output).

Restaurant E .
ducation Health
q
Meat food T V!
—,._I beverages—— dairy

WV

Agriculture

Figure 3.12: The supply chain of food products
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In term of direct purchase, the conclusion remains the same, the flow
between the food sectors representing 10 % of their purchase whereas the
purchase of food products by restaurant, health and education institutions
represents 5 % of their direct purchase.

An effective way of reducing emissions from the food sectors would be to
concentrate efforts on the following points:

e In the case of food product, the final consumers are either private
(hotel and restaurant) or collective (heath and education institution)
consumers. There is a real difficulty to obtain emission reduction from
a private consumption all the more since restaurant is perceived as a
leisure activity. On the opposite, effective efforts can be made by the
government to ensure an environmental friendly diet in schools and
hospitals where they have a direct decision on the purchase.

e The obesity in France is increasing and at the current rate, 20 % of the
French population might be obese in 2020 [34]. This national health
problem comes from unbalanced diet and lack of physical activity. a
part of these unbalanced diet is due to the overconsumption of meat
products. Consequently, reduction in meat consumption will provide
benefits both in improving health and reducing CO; emissions. In con-
clusion, it appears that the government should encourage an environ-
mental and heath friendly diet in schools and hospitals and provide an
education on food and its consequences on health and the environment.

e At the basis of the food chain lies the agriculture sector already re-
sponsible for 11 % of the total emission driven by the transportation of
goods associated with French household consumption (domestic trans-
portation included). When the emissions from production are added,
the share of the sector grows to 34 % of the total indirect GHG emis-
sions associated with French household consumption as shown on figure
3.2. So, future studies should study in detail this sector in order to find
the most emittive consumption and production patterns and propose
evolutions towards an agriculture based on practices respectful of the
environment and human health.
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3.3.4 Manufacture of pharmaceuticals, medicinal chem-
icals and botanical products

Manufacture of pharmaceuticals, medicinal chemicals and botanical products

Non-Market Human health 10.4%
Market Human health 1757 9.1%
Agriculture, hunting, trapping and related service activities B55 34%
Wholesale trade and ission trade 47 3.4%
Investigation and security activities, industrial cl ing and miscell busi activities n.e.c. 498 25%
Veterinary activities 442 2.3%
Social work activities 2RR 1.4%
Manufacture of other food products 282 13%
Market Research and development 246 1,3%

Table 3.17: Ten most consumer sectors of medicinal products

35 % of the "Manufacture of pharmaceuticals, medicinal chemicals and
botanical products" are consumed by the top 10 sectors ; and without sur-
prise, animal, people healthcare and agriculture together with other food
products are the main contributive sectors.

Manufacture of pharmaceuticals, medicinal chemicals and botanical products

Veterinary activities 229%
Manuf: e of phar ical dicinal chemicals and b ical products 17 7%
Non-Market Human health 39%
Market Human health 29%
Market Research and development 21%
Manufacture of grain mill products, starches and starch products, prepared animal feeds 1.5%
Social work activities 1.3%
[ fi e of agro-chemical products, paints and other chemical products 11%
Extraction of crude petroleum and natural gas; service activities incidental to oil and gas extraction 1,00%

f e of hasic organic chemical 0,99%

Table 3.18: Ten sectors with highest direct purchase share dedicated to
medicinal products

In term of direct purchase shares, two sectors are particularly dependant

on pharmaceuticals, medicinal chemicals and botanical products: "veterinary
activities" and "Manufacture of pharmaceuticals, medicinal chemicals and
botanical products".
Firstly, This means that though the internal loop is small, pharmaceuticals,
medicinal chemicals and botanical products are among the expensive input
products purchased by the sector. Then, in term of emission reduction, a
carbon tax would mean a high increase in prices for vetinary activities and
relatively less for human healthcare.

Nevertheless, healthcare as education and food supply is a fundamental
need for every human being and as such, increase in prices in these sectors
must be analysed under the scruting eye of social equity.
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3.3.5 Manufacture of furniture

Manufacture of furniture

Public administration and defence

Manufacture of furniture 297 B,1%
Manufacture of parts and accessories for motor vehicles 199 4 1%
Non-Market Human health 188 3.9%
Hotels and restaurants 164 3.4%
Retail trade, repair of persenal and household goods 131 27%
Market Human health 130 27%
Manufacture of aircraft and spacecraft 128 2B%
Wholesale trade and ission trade 111 2.3%

Table 3.19: Ten most consumer sectors of furniture

36 % of "Manufacture of furniture" are consumed by the top ten sec-
tors, public administration and healthcare being the main consumers. One
can also notice an internal loop of 6 % which is also found in table 3.20
concerning direct purchase share. Nevertheless, the direct purchase share of
"Manufacture of furniture" remains low for all sectors.

Manufacture of furniture |

Manufacture of furniture 258%
Manufacture of motor vehicles, bodies and trailers 17%
Manufacture of parts and accessories for motor vehicles 068%
Manufacture of railway and tramway locomotives and rolling stock 0,40%
Non-Market Human health 0,37%
Building and repairing of ships and boats 0,35%
Manufacture of aircraft and spacecraft 0,35%
Motion picture, video, radio and television activities 0,34%
Manufacture of electrical equipments and apparatus n.e.c. 0,32%
Manufacture of optical instruments, photographic equipment, watches and clocks 0,31%

Table 3.20: Ten sectors with highest direct purchase share dedicated to fur-
niture

Reducing emissions from the manufacture sectors could then be made the
following ways:

e Buying local: actually, only 56 % of the furniture are domestically
produced and though some furniture designs only exist abroad, there
is here a possibility to increase the domestic share and this way reduce
the tkm driven and emission associated.

e Furniture are transported either by road or plane, the two most carbon
intensive transportation mode. This is rather dramatic when consider-
ing 60 % of the emission of imported furniture take place inside Europe
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and 50 % in the EU15, the rest being mainly covered by Asia, 18 % and
other America, 12 %. Once again, this demonstrates the urgent need
for shifting from road and air transportation to low carbon intensive
transportation modes.
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3.4 The effects of a carbon tax

thousand tons CO2/million euros
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Figure 3.13: The direct eco-efficiencies factors related to indirect consump-
tion of households of 18 sectors
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Figure 3.13 presents the eco-efficiencies factors related to indirect con-
sumption of households for 18 sectors in term of kg CO2 per euro. In fact,
these sectors are those of figure 3.2 with "manufacture of intermediate goods"
and other energy sectors presented on a more disaggregated level.

Three sectors are low efficient and efforts to reduce emission should focus
on them:

e "Agriculture, forestry, fishing": 96 % of the emission per euro produced

is due to production. So, for this sector, efforts to increase eco-efficiency
should focus on production patterns.
Nevertheless, one can notice that 85 % of the 4 remaining percent are
realised by imported transportation. So, if only focusing on emission
reduction from transportation, efforts should be made on the import
share.

e "Mining and quarrying except energy producing materials, manufac-
turing of other non-metallic mineral products": the share between
transportation is more equilibrate for this sector: 53 % for produc-
tion against 47 % for transportation. Nevertheless, one can note that
87 % of the transportation share comes from imports. So, if only focus-
ing on emission reduction from transportation, efforts should be made
on the import share.

e "Mining of coal and lignite; extraction of peat": Transportation repre-
sents the main share of the emission per euro, 81 % against 19 % for
production. Of these 81 %, 76 % are related to importation of goods.
Once again, it appears that when focusing on emission reduction from
transportation, efforts should be made on the import share.

Finally, it should be noted that coal consumers are siderurgy manufac-
tures and coal power plants for the production of electricity and though
projects of clean coal power plant are under study, the emissions of this
sector concentrates in the transportation sector, 81 % against 19 % for the
production phase. As a result, efforts to reduce emissions should focus on
the transportation sector. In fact, 63 % of the coal tons consumed by French
households are produced domestically and 38 % are imported, but in term
of emission associated with the transportation of those tons, importation
raises up to 88 % which demonstrates that France is currently supplied by
far away countries. Actually, of the 6,4 millions imported tons of coal as-
sociated with the French household consumption, 29 % comes from Europe,
23 % from Oceania, 17 % from other America, 14 % from Africa, 11 % from
north America and 7 % from Asia. Inside Europe, the main contributor is
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the new ten countries of the European Union, 12 %. But when it comes to
the GHG emission, the share of Europe is only 10 % compared to 38 % for
other America, 21 % for Oceania and 14 % for Africa. As such, shifting to
european or local coal mines would seem a way to reduce emissions.

Nevertheless, this might not be the case since inside the EU 15, 69 % of
the coal tons are transported by road whereas 98-100 % of the tons from other
America, Oceania and Africa associated with the French household consump-
tion are transported via maritime and water ways which emit respectively 40
times and 6 times less carbon dioxide per tonne-kilometer transported than
road transportation. So, there is a trade-off on which future studies should
focus between the reduction of tonne-kilometers provided by shifting to local
sources of coal and the reduction in carbon efficiency associated with shifting
from water to road transportation.

In conclusion, figure 3.13 emphazises a low eco-efficiency associated with
transportation of imported goods. So, emission reduction through a carbon
tax for example will be an option to take into account in order to enforce
better eco-efficiency by increasing the cost.

Figure 3.14 presents the increase in cost due to a 50 euros per ton C'O,
emitted tax.
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Figure 3.14: Increase in cost due to a 50 Euros per C'O, tons tax

Firstly, the advantage of the tax is to keep track of the eco-efficiency
factor. Actually, the increase in cost is predominant in the same sectors as
in figure 3.13.

Then, the tax does not seem a efficient way to reduce emission for all sec-
tors. For example, in the recent atmosphere of food price rising, an increase
in cost of 85 % in the agriculture sector is not acceptable. This would par-
ticularly be harmful to the poors and bad for exportations, making French
agriculture lose its competitiveness. Nevertheless, the agriculture sector is
mainly european since 76 % of the imported tons come from Europe and 69 %
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from the EU 15 alone. In term of non-european countries, other America is
the only signficant country representing 11 % of the imported tons.

In fact,the best solution will be to only tax transportation.

This reduces the increase in cost in the agriculture and manufacture of food
to respectively 3,5 % and 8,3 %. In the meantime, a tax concerning only
transportation gives an increase in price of 250 % for "Mining of coal and
lignite; extraction of peat" and 36 % for "Mining and quarrying except energy
producing materials, manufacturing of other non-metallic mineral products".
In conclusion, a tax on transportation will be really efficient in isolating the
coal sector, providing high increase in price for it meanwhile not giving high
increase in other sectors.

Production should be addressed on another level. Coming back to figure
3.2, one can see that domestic production is at the core of the agriculture,
hunting and forestry emission level. Therefore, technical or logistic improve-
ments are needed. Perhaps, a shift in consumption pattern can be of interest
if the high emission level is linked to a natural cause such as methane emis-
sion from cows. As an example, the food-mile study made in the US [13]
shows that it was more efficient to consume less red meat than buying lo-
cal, meaning that as in the case of France, production is the main emission
driver. Comparing results, the share in emission associated with production
is even larger in France than in the US since for france, 97 % of the C'O,
emissions are associated with production compared to 83 % in the US. As
a result, the interest of reducing our consumption of red meat and dairy
products, two products having their main emission associated with the pro-
duction phase [13] appears even higher in France than in the US.Nevertheless,
a more detailed study on food products should be done to provide further
understanding of a change in consumption pattern.

Overall, food policies should promote health through a balanced diet
without overconsumption of meat and ensure best environmentally practices
in the production phase.
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Conclusion

The average French household emits 22,4 tons. Of these, 7 % comes from
the transportation of goods, 40 % being imported and 60 % domestically
produced. The analysis shows a distinction between European Union and
the rest of the world. The EU 15, France included, represents 92 % of
the tons consumed by French households and 78 % of the C'O, emissions
associated with their transportation. They are mainly transported by road
which emits 40 times more carbon dioxide per tonne-kilometer transported
than maritime transportation, the main mode used for the transportation of
goods coming from non-european countries.

Consequently, the analysis demonstrates the potential emission reduction
associated with shifting from road to other low carbon intensive terrestrial
mode such as rail and waterways, up to 1 % of total emissions driven by
household consumption and 15 % of those associated with the correspond-
ing transportation of goods. In term of infrastructure, this would mean to
develop combined transportations by improving the rail and waterway net-
works, notably connections with the border countries of France which are
the main trade partners (Germany, Italy, Belgium, Luxembourg, Nether-
lands and Spain).

Furthermore, the study shows that the main contributing sectors in term
of emission are petroleum related sectors, food sectors and coal sector. Con-
sequently, the study provides policy recommendations for reduction in these
sectors.

Firstly, the main emissions associated with petroleum sectors come from
the production phase and refined petroleum products are mainly consumed
by the road and air transportation sectors. This implies that France should
reduce its dependency on petroleum products, a foreign energy source. This
could be done by shifting from road transportation to rail an important share
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of the tonne-kilometers driven inside the EU 15 and develop low carbon in-
tensive alternative fuels for the non shiftable share of road transportation.

Then, concerning the emission associated with food sectors, they mainly
come from the production phase made of a three level supply chain.

At the basis lies the agriculture sector whose emissions are concentrated
in the production phase. A carbon tax of 50 euros per ton C'O, will provide
a 85 % increase of cost for this sector. As a result, a carbon tax for this
partcular sector would be particularly unpopular and compete with the no-
tion of social justice since a huge increase in cost will particularly be harmful
to the poors. The reduction in the agriculture sector should then be based on
the development of the best practices and a change in consumption pattern
which might be driven by a carbon tax adapted to particular products, for
example meat and dairy products.

The second level of the food supply chain concerns manufature sectors of
beverages, dairy products and other food products along with the process-
ing of meat products. In fact, meat represents as much as 5 % of the total
emission associated with transportation of goods for French household con-
sumption and 1 % of the total emissions associated with French household
consumption. As obesity increases in France, concerns about heath should
correspond to a shift in consumption pattern, meat and dairy products be-
ing less consumed. Nevertheless, transportation already accounts for 34 % of
the indirection emission associated with the consumption of meat by French
households and as such, emission reduction are achievable in this particular
sector. Actually, of these 34 %, 20 % corresponds to domestically produced
meat of which 84 % are transported by road and 14 % to imported meat of
which 69 % are transported via maritime transportation against 23 % for the
40 times more carbon intensive transportation mode, road.

The main consumers of the food products are hotel and restaurant, health
and education institutions. As restaurant corresponds to a leisure and a per-
sonal activity, reduction in emission would difficultly be achievable in this
sector. This not the case for public institutions where the goverment can
ensure a balanced and environmentally friendly diet by reducing consump-
tion of meat, fighting against obesity, buying local and from lower carbon
intensive agriculture (organic food).

Finally, it should be noted that coal consumers are siderurgy manufac-
tures and coal power plants for the production of electricity and though
projects of clean coal power plant are under study, the indirect emissions of
this sector concentrates in the transportation sector, 81 % against 19 % for
the production phase.
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As a result, efforts to reduce emissions should focus on the transportation
sector. In fact, 63 % of the coal tons consumed by French households are
produced domestically and 38 % are imported, but in term of emission asso-
ciated with the transportation of those tons, importation raises up to 88 %
which demonstrates that France is currently supplied by far away countries.
Actually, of the 6,4 millions imported tons of coal associated with the French
household consumption, 29 % comes from Europe, 23 % from Oceania, 17 %
from other America, 14 % from Africa, 11 % from north America and 7 %
from Asia. Inside Europe, the main contributor is the new ten countries of
the European Union, 12 %. But when it comes to the GHG emission, the
share of Europe is only 10 % compared to 38 % for other America, 21 %
for Oceania and 14 % for Africa. As such, shifting to european or local coal
mines would seem a way to reduce emissions.

Nevertheless, this might not be the case since inside the EU 15, 69 % of
the coal tons are transported by road whereas 98-100 % of the tons from other
America, Oceania and Africa associated with the French household consump-
tion are transported via maritime and water ways which emit respectively 40
times and 6 times less carbon dioxide per tonne-kilometer transported than
road transportation.

So, there is a trade-off on which future studies should focus between the
reduction of tonne-kilometers provided by shifting to local sources of coal
and the reduction in carbon efficiency associated with shifting from water to
road transportation.

In conclusion, many possibilities exist to provide reduction of the emis-
sions associated with the transportation of goods consumed by French house-
holds: shift in consumption pattern, shif to local source ; but they all urge
for an increase in the carbon efficiency of the transportation inside the EU
15 and mostly inside France and its border countries which are French main
trade partners. Actually, road is currently the main transportation mode
used in these countries ; and an ambitious policy of transfer to rail, water
or maritime ways is needed through the development of the appropriate in-
frastructure and the combination of the advantages of the different modes,
flexibility of the road transporation associated with mass and environmen-
tally friendly transportation of rail, waterway and maritime modes.
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Appendix A

Description of the SITRAM data
base

This appendix describes the SITRAM database and list the products missing
in the analysis.

A.1 Description of the SITRAM database

The SITRAM database is developped by the MEDAD and concerns the trans-
portation of goods.

The goods are classified according to the statistic nomenclature of trans-
port whose most disaggregated level (176 products) is shown in appendix.

TRANSPORT SOURCE CUSTOM SOURCE

National transportation, impoert, export, transit nd e
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Figure A.1: Structure of the SITRAM database
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There is two sources of data available in the SITRAM Database:

e Transport source for which the vehicle transporting the goods is tracked
down

e Custom source for which the goods is tracked down

The differentiation between the two sources is important since the def-
initions of national and international transportation differ according to the
source.

Actually, if the vehicle is tracked down, the national transportation cor-
responds to a vehicle staying on the national territory whereas international
transportation happens when the vehicle goes across the border. On the
other hand, if the goods are tracked down, international transportation con-
cerns all goods designated to imports or exports.

For this thesis, the analysis of the consumption pattern being the main in-
terest, the national transportation concerns goods produced in France whereas
international transportation concerns goods imported.

As such, the Custom source is the one to use to describe international
transportation and the Transport Source the one to descibe national trans-
portation, assuming that vehicles delivering goods from France to France
never go accross the border.

Nevertheless, according to the SITRAM database documentation, a risk
of double counting can occur when compiling data from the two different
sources. For example, a good transported by truck from Paris to Le Havre,
unloaded in the port and then loaded on a boat to be exported to another
country will be taken into account both in the Transport Source as natioanal
road transportation and in the Custom source as maritime transportation.

As only imports are of interest here, the example given previously for
exportation is of no appliance. Besides, the data for imports are given in
tons and the transformation in tkm is done manually by multiplying the tons
entering the French territory by the distance between the area of production
and the region of France where the good imported is consumed.

The only risk of double counting would be for goods domestically pro-
duced and dedicated to export ; but this can be taken as a part of national
transportation since the good is first loaded and unloaded in France where
it impacts the infrastructure even if the consumption occured abroad. The
differentiation betwen consumption would be then a result of a differentiation
between the final demands of the IO model.
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TRM file TRM stands for Transport Routier de Marchandises (Road Trans-
portation of Goods). Data consist in an annual survey which concerns
motor vehicles registered in France since 1996. In 2002, in order to be
consistant with an universal definitionof heavy trucks, it was decided
a new field compared to the 1996 one. The differents between the two
fields were found small.

e trucks whose Total Permitted Weight (PTAC in French) is supe-
rior to 3,5 tons and inferior to 32,6 tons whatever the liveload
is and whose age, considering difference between the year of first
circulation and the year of the survey, is inferior or equal to 15
years old. Before the field was: truck with at least 3 tons liveload,
age inferior to 15 years old and maximum TPW of inferior to 36,6
tons.

e road tractors whose TPW is superior or equal to 5 tonnes and
inferior or equal to 44,5 tons and whose age, considering difference
between the year of first circulation and the year of the survey, is
inferior or equal to 15 years old. Before the field was: truck age
inferior to 15 years old and maximum TPW between 4,9 tons and
44,6 tons.

As explained in Section E.2, the light vehicles whose TPW is inferior to
3,5 tons are not taken into account in the analysis. This is a part of the
uncertainties introduced by the utilisation of the SITRAM database.

The transport is classified according to the nature of the transporation
made by the vehicle concerned by the enquiry:

e transport for other account: Paid transportation of goods for
a tierce account.

e transport for own account: all transportation which is not
accounted as transport for other account.

The survey is based on a sample of vehicle followed during one week.
The transportation is then mesured in tons and tkm and the sample
error is also reported. (see Section E.2)

SNCF file SNCF stands for Société Nationale des Chemins de Fer (National
RailWay Society). Data describe national and international transporta-
tion realized by complete wagon.

Weapon and ammunition transportation is exluded as parcels transpo-
ration made by the SERNAM.
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Since 1993, the file used in SITRAM database is an exhaustive file
whereas before, SITRAM gave results based on a sample and a exhaus-
tive file for heavy transportation.

Up to 1998, the distinction between national and international trans-
portation was made by tracking down the goods: a good loaded and
unloaded in France but circulating with a international way bill was
considered as international transportation. Now it is possible to define
the national transportation by tracking down the wagons in coherence
with TRM and VNF files.

This file is the one used in the thesis, tracking the goods being done
by using the Custom source.

VNF file VNF stands for Voies Navigables de France. Data describe na-
tional and international transportation for own and other accound
made under French and foreign flags.

Results include internationally regulated traffic on the Rhine and the
Moselle, which means interior and internaional traffic on the hine be-
tween Basle and Lauterbourg and on the Moselle between Metz and the
border, excluding traffic on this two ways coming from or destinated
to other waterways.

This trafic is low in case of interior transportation.

The overall documentation on the Sitram database is available on the
ministry website [18].
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A.2 Missing data and hypothesis made for the
analysis

The following tables present the goods for which an error or a personal judge-
ment had to be made. They are given in the orginal nomenclature of the
Sitram database, the NST one along with the corresponding NES sectors.
As shown by the tables, there are three type of errors or biases:

e absence from domestic data: Five products are missing in the domestic
database. As a result, the results might not be as exhaustive as wanted.
The Uncertainties related to the missing products is addressed in ap-
pendix E.2.

e absence from import data: Eight products are missing in the import
database. Five of them are the same as the one missing from do-
mestic database. The Uncertainties related to the missing products is
addressed in appendix E.2.

e hypothesis: Seven product were missing from the correspondance table
between CPA 2008 and NST. As a resultn hypothesis were made which
stands as follows:

— Mine wood (code NST 52): same Structure as code NST 51

— Steel hoop and strip, tinplate (Non-ECSC) (code NST 546): same
structure as code NST 545

— Phosphates Salt, Crude, Natural (code NST 713): same structure
as 711

— Dephosphorisation scories (code NST 721): same structure ascode
NST 711

— old package (code NST 991): the NST sector 991 matches perfectly
with sector 38 of CPA 2008 nomenclature

— old construction firms’ material, old circus car and materials
(code NST 992): the NST sector 992 matches perfectly with sector
38 of CPA 2008 nomenclature.

— Moving out furniture (code NST 993): the NST sector 993 matches
perfectly with sector 49 of CPA 2008 nomenclature.
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SITRAM Code | NES code Nature of uncertainty

052 GAO01 Hypothesis 4 absent from Import Data
GAO02
GN22
GN23
GN24
GN25
GN32
GN33

SITRAM Code | NES code Nature of uncertainty
327 GC31 Absent from Import Data
GC32
GE11
GE12
GE13
GE14
GE32
GF12
GF21
GF22
GF23
GF31
GF32
GF33
GF41
GF42
GF43
GF44
GF45
GF46
GF51
GF52
GF53
GF56
GF61
GG11
GG14
GG15
GG2A
GG2B
GN34
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SITRAM Code | NES code Nature of uncertainty
330 GC31 Absent from Import Data
GC32
GF41
GF42
GF43
GF44
GG11
GG12
GG14
GG15
GG2A
GG2B

SITRAM Code | NES code Nature of uncertainty

452 GC41 Absent from Import and Domestic Data
GC42
GC43
GE21
GE22
GF11
GF51
GF52
GF53
GF54
GF55
GG13
GG14
GG15

SITRAM Code | NES code Nature of uncertainty

467 GBO01 Absent from Import and Domestic Data
GBO02
GBO03
GB04
GBO05
GC31
GC32
GC41
GC42
GC43
GF41
GF42
GF43
GF44
GG14
GG15
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SITRAM Code | NES code | Nature of uncertainty
546 GC41 Hypothesis
GC42
GC43
GE21
GE22
GF51
GF52
GF53
GF55
GF56
GG14
GG15

SITRAM Code | NES code Nature of uncertainty
622 GF12 Absent from Import and Domestic Data
GG11

SITRAM Code | NES code Nature of uncertainty

711 GBO01 Absent from Import and Domestic Data
GBO02
GBO03
GB04
GBO05
GC31
GC32
GC41
GC42
GC43
GF41
GF42
GF43
GF44
GG14
GG15

SITRAM Code | NES code | Nature of uncertainty
713 GF12 Hypothesis
GG11

SITRAM Code | NES code | Nature of uncertainty
721 GF12 Hypothesis
GG11
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SITRAM Code | NES code Nature of uncertainty

831 GBo01 Absent from Import and Domestic Data
GB02
GBO03
GBo4
GBO05
GC31
GC32
GC41
GC42
GC43
GF41
GF42
GF43
GF44
GG14
GG15

SITRAM Code | NES code | Nature of uncertainty
991 GC12 Hypothesis
GC31
GC32
GE11
GE12
GE13
GE14
GE32
GF12
GF21
GF22
GF23
GF31
GF32
GF33
GF41
GF42
GF43
GF44
GF45
GF46
GF51
GF52
GF53
GF56
GF61
GG14
GG15
GG2A
GG2B
GN34




70 APPENDIX A. DESCRIPTION OF THE SITRAM DATA BASE

SITRAM Code | NES code | Nature of uncertainty
992 GC12 Hypothesis
GC31
GC32
GE11
GE12
GE13
GE14
GE32
GF12
GF21
GF22
GF23
GF31
GF32
GF33
GF41
GF42
GF43
GF44
GF45
GF46
GF51
GF52
GF53
GF56
GF61
GG14
GG15
GG2A
GG2B
GN34

SITRAM Code | NES code | Nature of uncertainty

993 GKO01 Hypothesis
GKO02
GKO03
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Actually, since 1790, France has been divided into 95 metropolitan départe-
ments and four overseas départements.

Each département is run by its own local council, the "conseil général”
which has its headquarters in the principal town ("le chef-lieu du départe-
ment”).

Every départment has a code number which appears as the first two
figures of postcodes and, which is more interesting in our case, the last two
figures on vehicle registration plates.

The thesis focuses on the metropolitan territory meaning that overseas dé-
partements (DOM) and overseas territories (TOM) are considered as foreign
countries. This approach is constistent with the one taken by the MEDAD.
The following tables show the repartion of the metropolitan départements by
region and the SITRAM code associated. Then, figure B.1 allows the reader
to situate each region on the French map.

| Regions | Département [ Regional code in SITRAM database |
ile de France Paris (75) 11
Seine-et-Marne (77)
Yveline (78)

Essone (93)
Hauts-de Seine (92)
Seine-Saint-Denis (93)
Val-de-Marne (94)
Val-d’Oise (95)
Champagne-Ardenne Ardennes (08) 21
Aube (10)
Marne (51)
Haute-Marne (52)

Table B.1: Breadown of French regions in départements and their SITRAM
code (1/3)
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Regions

Département

Regional code in
SITRAM database

Picardie

Aisnes (02)
Oise (60)
Somme (80)

22

Haute-Normandie

Eure (27)
Seine-Maritime (76)

23

Centre

Cher(18)
Eure-et-Loir (28)
Indre (36)
Indre-et-Loire (37)
Loir-et-Cher (41)
Loiret (45)

24

Basse-Normandie

Calvados (14)
Manche (50)
Orne (61)

25

Bourgogne

Cote-d’Or(21
Nievre (58)
Saone-et-Loire (71)
Yonne (89)

26

Nord-Pas-de-Calais

Nord (59)
Pas-de-Calais(62)

31

Lorraine

Meurthe-et-Moselle (54)
Meuse (55)
Moselle (57)
Vosges (88)

41

Alsace

Bas-Rhin (67)
Haut-Rhin (68)

42

France-Comté

Doubs (25)
Jura (39)
Haute-Saone (70)
Territoire de Belfort (90)

43

Pays-de-la-Loire

Loire-Altantique (44)
Maine-et-Loire (49)
Mayenne (53)
Sarthe (72)
Vendée (85)

52

Table B.2: Breadown of French regions in départements and their SITRAM

code (2/4)
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Finistére (29)
[lle-et-Vilaine (35)
Morbihan (56)

Regions Département Regional code in
SITRAM database
Bretagne Cote-d’Armor (22) 53

Poitou-Charentes

Charente (16)
Charente-Maritime (17)
Deux-Sévres (79)
Vienne (86)

54

Aquitaine

Dordogne (24)
Gironde (33)
Landes (40)

Lot-et-Garonne (47)
Pyrénées-Atlantiques (64)

72

Midi-Pyrénées

Ariége (09)
Aveyron (12)
Haute-Garonne (31)
Gers (32)

Lot (46)
Hautes-Pyrénées (65)
Tarn (81)
Tarn-et-Garonne (82)

73

Limousin

Corréze (19)
Creuse (23)
Haute-Vienne (87)

74

Rhone-Alpes

Ain (01)
Ardéche (06)
Drome (26)

Isére (38)

Loire (42)
Rhone (69)
Savoir (73)

Haute-Savoie (74)

82

Table B.3: Breadown of French regions in départements and their SITRAM

code (3/4)
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Cantal (15)
Haute-Loire (43)
Puy-de-dome (63)

Regions Département Regional code in
SITRAM database
Auvergne Allier (03) 83

Languedoc-Roussillon

Aude (11)

Gars (30)
Hérault (34)
Lozére (48)

Pyrénées-Orientales (66)

91

Provences-Alpes-
Cote-d’Azur
(PACA)

Alpes-de-Haute-Provence (04)
Hautes-Alpes (05)
Alpes-Maritimes (06)
Bouches-du-Rhone (13)
Var(83)

Vaucluse (84)

9C

Corse

Corse-du-Sud (24A)
Haute-Corse (2B)

9C

Table B.4: Breadown of French regions in départements and their SITRAM

code (4/4)
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Figure B.1: The French départements



Appendix C

Countries classification

The classification of the countries is based on the SITRAM nomenclature
concernings customs and updated in 2005.
This nomenclature consist in 4 levels:

e Level P1 in 4 divisions: European Union, Europe except EU, Other
continents and New 10.

e Level P2 in 21 divisions: 9 divisions for EU 15 -+ 10 divisions for new
EU 10, 5 for the rest of Europe and 6 for the other continents

e Level P2 in 47 divisions: All EU countries (15+10), 10 divisions for the
rest of Europe and 20 for the other continents

e Level P2 in 230 divisions: it is the county level
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P1

1= European Union

P2

O1=Benslux

O2mGarmany

03=ltaly

Od=United Kingdem-lreland

05=Denmark

06=Greece

07=lberian Peninsula

08=Austria

09=Sweden and Finland

P

011=Balglum-Luxembaurg

012<Natharlands

02 1=Germany

031=Haly

04 1=United kingdam

042=lreland

051=Denmark

DB1=Greece

07 1=Spain

0F2=Partugal

081=Ausirla

091=Sweden

092=Finland

DEDB-Ueigaim-Luxembourg
O210-Belgmm
0220-Lusembow g

z0b-letherianis

A0 HEG
ARODDLRLG,
1300-Genmany

050D-Haky

OEI0=United Kingdam

0620-h wland

OT0b-Nenmark

ABNsGreece

1410-Spain

orzrortugal

OERO-Ausliia

[T R

0E30- inland

introduced in database since 196
introduced in database since 196

Up to 1988
Up to 1989
wince 19499

San Maring inelicles up to 1933

Figure C.1: the EU countries breakdown
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P1 P2 P3 P

2=Europe except EU
21=Switzerland and Lischtenstein
210=Switzerland and Llechtensteln

DS witzertand Lischtenstein intluded up to 1994
VB30~ Switzer land wince 1995
OB -Limctenstuin wince 1995
22=Northern Europe
#71=Northerm Furope
A betlarway Sualbard ineluted up to 1994
3a0-Swalbard {archipelago) since 1935
F22=0ther Europe
003 Faeore Islands
OT0d-teuland
23=Countries of Old USSR
#31=01d USSR up to 1991
A0SR
#32=Saoviet Union
1005<Sovier Union in 1992
233-Baltlc States
1002 -Estonia since 1992 up (o 30 april 2004
1003 -Latvia since 1992 up (o 30 april 2004
1004-Litlmania since 1992 up (o 30 april 2004
234=01d URSS . Fastein Furope
A00EAlkcraing alnee 1991
00T-Dpelorussia since 1533
100B-Moldaia since 1933
1008-Hussia since 1933
235=0ld URSS - Caucasus and Asia
1010-Georgia wince 1943
A0 =i wince 1991
A0 PeAzeshaidjan alnee 1991
A0 2eKazakhatan alnee 1993
1018 Turkmenistan since 1933
AN sUzbekistan since 1933
1016- Tadzhikistan since 1933
101 T-Kirghizia wince 1943
24=Central and Eastern Eurcpe
241=01d Crechoslovakia
A30-Czeehanlovakia up o 1993, inehicles Crech Republie and Shovakia in 1993

AHA=Creeh Republic

ainee 1994 up ta 30 apeil A4

AMEsiovakia since 1934 up to 30 april 7604
242=0ther Central Europe
1100-Palaml Up to 30 apil 2009
1320 -Hungary Up to 30 apil 2009
243=Castern Curepe
A330-Ramania
133 «Bulgaria
26=Southern Europe
251=01d yugoslavda
1530= Yugoslavia up to 1992
1531 -Slovenia since 1993 up to 30 april 2004
1832-Croatia wince 1943
1534-Yuposlavia. Macedania in 1993
anel
A536=Terrony ex-Macedonia since 1934
252=Rest of Eurape
150l
0501-Vatican
0502-5an Masing wince 1944
A4t =Anddarra
A4 Petibratiar
A520=Turkey
1550-Malta up to 30 april 2004

Figure C.2: the Europe except EU countries breakdown



P1

3=Other Continents (1/4)

P2

31=Africa

Figure C.3: the Africa countries breakdown

I1=Nerthem Africa

N 2-Westem Africa

I3=Southem Central Africa

314-Eastern Africa

1610-Morvsso

1620~ Algeria

1630~ Tumisia
A642=Canary bslamds
1643-Lybia

A64-Egypt.
1618=Coula_snd_Malilla
1650-Mays vl

AT01 ~Mausitania
1702-Sumegal

AT03-Mali

AT04=Garnibia

AT06-Guinea Bissau
AT0T-Republic of Cape Verde
A6~ Guinea

AT T=Siwrra Leone

1121=Buskina Faso
AT22-Ghana

1723 Toge
AT24-Bunin
AT26-Higeria
AT26-Higer
AT27=Chad

2-Contral Aflrican Republic
1013-Equatorial Guinea
W a=Gabon

WiL=Conge (Urazzaville}

TWIE=Saink Helena and dependencies

Wzz=5h0 Tomé and Principe
WI-Angols

W32=Lambia

WII=Hamibia

TWI0=Republic of South Afrika
WA =Republic of Uotswana
1W42=Kingdom of Lesotho
1W43=Kingdom of Swaziland

1911=kingdom of Sudan
19IE=Lthbopia
1911=50malia
1918=Lritrea
191Djibouti
1921=Kemm
19zE=Uganda

192 1=Rwanda
192a=Burundi
1925=Tanzania
1926=Malawi
1921-Mozambique.
1920= Zimbabwe
1940-Madagascar
1M =Comoros

1952=Mauritius

1951=5eychelles and dependencies

1954=Uritish territories of Indian Ocean

since 1990

inchsded Namibia up to 1999
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P2 P3 P

32=North America
321=USA
2002-USA and Puerto Rico
322=Canada
2100-Canada
2101=Greenland
33=0ther America
331=Central America
2210=Mexico
2213-Bermuda
2213-Bahamas

2215

2221=Guatemala

2223=Honduras

2224=F| Salvador

2225

caragua

2226=Costa Rica

2227=Panama up to 1980
2228=Canal area up to 1980
2229-Panama (canal included) since 1981
2231=Cuba
2232=Haiti

2233=Dominican Republic
2234=Jamaica
2236=Barbados

2237=Turks and Caicos Islands

2238=Cayman Islands

2240=Virgin Islands of the USA

2241=Trinidad and Tobago

2201=Grenada

2243=01d West Indies from 1980 to 1982
2244=Dominica since 1980
2245=Saint-Lucia

2246=Saint Vincent and the Grenadines

2247=West Indies from 1983 to 1985

2248=Antigua and Barbuda

2249=Saint Kitts and Nevis in1936

2250=Hew West Indies in 1986
2251=Anguilla since 1987
2252=British Virgin Islands-Montserrat from 1987 to 1994
2253=British Virgin Islands since 1995
2254=Montserrat since 1995

332=,

ic South America
2310=Colombia
2320=Venezuela
2330=Guyana
2331=Suriname
2332-01d Hetherlands Antilles up to 1986
2333=Aruba since 1987
2334-Hetherlands Antilles
2340-Brazil
2350=Paraguay
2360=Uruguay
2370=Argentina
2371=Falkland Islands and dependencies
333=Pacific South America
2410=Ecuador
2420-Peru

2430=

2440=Chile

Figure C.4: the America countries breakdown
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P2 P3 P4
34=Asia
341=Near East
2510=Cyprus up to 30 april 2004
2520=Syria

2530=Lebanon

2540=Israel

25T0=Gaza and Jericho since 1995
342=Middle East

2610=Iraq

2620=Iran

2630=Kuwait

2640=Jordan

2650= Saudia Arabia

2651=Dubai up to 1987
2652=Abu Dhabi up to 1987
2660=Yemen since 1991
2661=Horth Yemen up to 1990
2662=South Yemen up to 1990

2663=Bahrain

2672=0atar
26T4=Arabic states under treaties up to 1987
2675=0man
2676=United Arab Emirates since 1988

343=Indian Ocean
2T11=India and Sikkim
2712=Pakistan
2T5=Bangladesh
2720=Afghanistan
2T31=Maldives
2740=5ri Lanka
2751=Hepal
2754=Bhutan
2T60=Myanmar Old Burma
344=Eastern South Asia
2810=Thailand
2820=Laos
2830=Cambodia old Kampuchea
2840=Vietnam
2851=Malaysia
2852=Brunei
2853=Singapore
2860=Indonesia
28T0=Portuguese Timor since 2003
2§75=Macau
2880=Philippines
345=Japan
2900=Japan
346=0ther Asia
3010=China
3020=Taiwan
3030=Mongolia
3041=Horth Korea
3042=5outh Korea

3051=Hong Kong

Figure C.5: the Asia countries breakdown
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P1 F2 P o

3=0ther Continents (4/4)
38=0ceania

¥ 1-Australia - New Zealand
Err——"
Mo Tastand

F52=lest Dewania
I =lev Cuirea aeed Papua
Err—
I3 At atian Ocasnis

393 Baw Tesland Gesanis

TAsheAmerican Dceania (inchading Micrsnesial wpio 1991
Ml =Arrerican Deearia sinee 1943
NP eFederated States of Micronesia sinee 197
B ahall Intande. ainea 193
T 84-Mssisnna baland of llorth winca 1894

eeviously incsded in American cearnss

M =Fip.

82 Tomgpa

MEI-Galemnen Ialinda

A Tarsa

S50 Kiriba n 158
kKbl sinee 1881
VTRt bt sinee 1581
BB Vsmsstu (eemuar o Mabridan) sinca 1984

ITWamtarn Samea
F6=Countries not classified by continent
FEA-DOM foverseas department of Framce)

152-TOM [overseas tenitorlal collectivities of France)

FrEr—
R-Guadelope
A eeFrench Guiana

ArTEeMptle
7Iiakek Plaara snd Migalen

2251 -Hew Calodonia and depandencies.
A52wWalls and Futuna islinds
F283eFrench Pobmesas

D=0 B Helnides

olR-Trance - Monacs
A0et<Franee reimpon of national gaads
3302-trohen vegions

AM=Couniies no daailied chewer

AMB-Hefusling. 1rading post third curry

3311-Refusling. trading post. member couriries of U

Figure C.6: the Oceania countries breakdown

mcluied in French dépmtement sisoe 1997
ncluded in Franch départsment since 1991
inclued in Franch digarenvent sive 1317
ineluded in Franch département since 1997

i 1587



P2 P3 P4
26=New 10
261=New 10
1002=Estonia
1003=Latwia
1004=Lithuania

1100=Poland
1311=Czech Republic
1312=5lovakia
1320=Hungary
1531=5lovenia
1550=Malta

2510=Cyprus

since 1 mai 2004
since 1 mai 2004
since 1 mai 2004
since 1 mai 2004
since 1 mai 2004
since 1 mai 2004
since 1 mai 2004
since 1 mai 2004
since 1 mai 2004

since 1 mai 2004

Figure C.7: the new ten countries breakdown
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CHRONOLOGY OF THE EUROPEAN C( RUCTION
mar =57 I Signature of the treaties at Rome I CREATION OF THE EUROPEAN ECONOMIC COMMUNITY
mar =57 The six become EUROPE OF 6  Belgique Thelzim)
France (France)
Italig (llaly)
Luxembourg
jan -73 Entrance of three new countries  — EUROPE OF ¢ Ot
Ifande (irel
Rayaume Uni (L
jan -81 Entrance of one new country »> EUROPE OF 10
Jan 86 Entrance of two new countries > EUROPE OF 12
Coming mio effect of the frealy R/ \ OF FEU PE ] |
nov-93 on the EU at Maastricht CREATION OF THE EUROPEAN UNION
jan 95 Entrance of three new countries > EUROPE OF 15 Belgique
Danemark
Ifande
Royaume Uni
Gréce
Espagne
Portugal
mai-04

Entrance of ten new countries » Estonie
lettonie |

Lituanie (L1

pre (pa
Maite a

Finlande

Estanie

Chypre (partie grecoue)

Figure C.8: the construction of the European Union



Appendix D

Emaission factor

The emission factors used in the thesis all come from the ADEME software.
First, this appendix presents by transport mode the changes made to the
initial emission data given by the software. Then, the appendix presents the
domestic and the import emission factor used in the thesis.

D.1 Transformation of emission factor

D.1.1 Road emission factor

One of the main difficulties assessing the road emission factors is to take into
account the various types of vehicules.

The Ademe software gave emission factors for seven types of vehicles with
17 % of uncertainty concerning the emission factor.

ROAD THANSFORTATION snands for mititon
% unlondad |ovarage tonnoga| kg COZ-e | kg COZ | uncenainty | lewer imit| upper limit | Tolal Mikm | % tkm | Coniribution | Total Mikm % thm Contribution
travel per loaded France France to overall France France 1o averall

wvehicule other account| other account |emission factor| own accoun! 1) own account | emission factor

TPW 1.5 to 2.5 t (diesal) 0% 0.21 111 1.550 1] 0% o 1] 0% a

TEW 26 to 3.4 1 [dwesel) 0% [EL] 0,833 1,163 1] 0% 1] 1] 0% 1]

TPW 1.5 tonnes % 0.42 0.820 1144 25 [ 0000150 a4 [ETEY 0,00309

TPW B.1 to 10,9 1annns 19% 1,65 0,363 0507 ma 1885 000720 ey 385% 00158

TPW 11 1o 19 lonnes 18% 424 0,189 0,263 114187 6T,36% 0,152 s0203 570 0,103

TPW 19.1 to 21 tonnes 15% ol 0.253 1583 A 000254 1455 2A1% 0.00306

TPW 21 10 32,6 tonnes I 8,47 [Nl 0278 BOTLA 2030% 00585 L 5] e 0,095

fiond tractors ne 1431 oo LALIE] o 0% o Lt 1k 1]

Table D.1: Breakdown of Road emission factor

Table D.1 shows that the classifaction is based on the Total Permitted
weight of the vehicles.
Furthermore, there is initially no distinction between other and own account.
In order to take into account all these differentiations, an allocation was made

85



86 APPENDIX D. EMISSION FACTOR

on the basis of the vehicle park for the two kind of account.

One should note that as the Sitram database does not include light ve-
hicles (TPW >3.,5 tons), their emission factor was set to zero. In the same
way, as the road tractors were absent from the data on vehicles park, their
emission factor was set to zero.

The following tables present the vehicles park and the percentage associ-
ated by type of account.

OTHER ACCOUNT
in miffion tkm
Distance Categories TPW classes (in tonnes)

Loaded (in km) 36tto 6,0t 61tto 10,9t 11,0tto 19,0t 19,1tto 21,0t |21,1 t and more Total
<25km o0 63 1693 03 Q035 10848
From 25 km to 50 km 15 16,4 266,0 13 5240 8093
From 50 km to 100 km 02 394 7332 26 451 7 12331
From 100 km to 150 km 03 556 9693 113 3684 1 4054
From 150 km to 200 km 0E 34 9439 15,0 3033 13093
From 200 km to 300 km [} £2,2 145940 406 5346 2233
From 300 km to 400 km o0 143 11118 407 3542 1550,8
From 400 km to 500 km o0 10,1 11194 200 3534 148328
From 500 km to 1000 km [} 75 37504 E7E 937 2 48427
1000 km and more [} 0.0 8033 0.0 2281 1033
All distances 2,6 281,9 11 472,7 199,3 50744 17 031,0

Source : MTETMISESP, survey TRM 2004

Table D.2: Breakdown of vehicle park per tkm driven for other account

OWN ACCOUNT
Distance Categories TPW classes (in tonnes)
Loaded (in km) 36tto6,0t 6,1tto 10,9t 11,0t to 19,0t 191tto 21,0t (21,1t and more Total

<25 km 0,20% 267% 30.25% 0,45% 66 43% 100,00%
From 25 km to 50 km 0,21% 3 44% 3280% 0,79% 62 76% 100,00%
From 50 km to 100 km 0,29% 409% 46 35% 0,58% 48 40% 100,00%
From 100 km to 150 km 0,10% 4.94% 45 45% 1,60% 37 85% 100,00%
From 150 km to 200 km 0,06% 4.70% 55.90% 2,59% 36,75% 100,00%
From 200 km to 300 km 0,87% 366% &1 ,68% 262% 2855% 100,00%
From 300 km to 400 km 0,00% 3I71% 57 56% 263% 36,058% 100,00%
From 400 km to 500 km 0,00% 167% 51,85% 0,00% 46 45% 100,00%
From 500 km to 1000 km 1,54% 115% 63 49% 1,07% 3275% 100,00%
1000 km and more 0,00% 251% 54 B4 15,28% 27 56% 100,00%
All distances 0,31% 3,85% 45,T8% 1,4H% 48,64% 100,00%

Table D.3: Breakdown of vehicle park per tkm driven for other account (%)
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OWN ACCOUNT
in miifion tha
Distance Categories TPW classes (in tonnes)

Loaded (in km) 3,61t0 6,01 6,1tto 10,91 11,0tto 19,0t 19,1tto 21,0t |21,1t and more| Total
<25 km 53 T7a &T6 S 124 19247 28973
From 25 km to 50 km 4.5 74,3 7074 170 13538 21570
From 50 km to 100 km 6,2 ST 9956 16,8 103935 21478
From 100 km to 150 km 1.7 2,0 9218 26,6 629,3 16619
From 150 km to 200 km 07 ara 6835 M4 4526 1236
From 200 km to 300 km 154 1K 9595 40,7 4485 15554
From 300 km to 400 km 00 235 3650 16,7 2285 5341
From 400 km to 500 km 00 48 1524 0,0 1386 2934
From 500 km to 1000 km 72 54 2976 50 1535 aga,7
1000 km and more 00 26 56,5 158 25 103,4
All distances .4 506,5 6 020,58 1855 6 396,1 13 150,7

Source : MTETM/SESP, survey TRM 2004

Table D.4: Breakdown of vehicle park per tkm driven for other account

OWN ACCOUNT
Distance Categories TPW classes (in tonnes)
Loaded (in km) Jhtto 6,0t 6,1tto 10,9t 11,0tto 19,0t 191tto 21,0t |21,1tand more Total

<25 km 0.20% 267% 30,25% 0.45% 66 43% 100,00%
From 25 km to 50 km 021% 344% 32,80% 079% 62 76% 100,00%
From 50 km to 100 km 0.29% 4,09% 46,35% 0.88% 48 .40% 100,00%
From 100 km to 150 km 010% 4,94% 55 48% 1.60% 37 88% 100,00%
From 150 km to 200 km 0,08% 4,70% 55 90% 259% 36, 75% 100,00%
From 200 km to 300 km 097 5,86% B1 B69% 2B2% 28 85% 100,00%
From 300 km to 400 km 0,00% 371% 57 5% 265% 36,08% 100,00%
From 400 km to 500 km 0,00% 167% 51 5% 0,00% 46 45% 100,00%
From 500 km to 1000 km 1,54% 1,15% B3,49% 107% 3275% 100,00%
1000 km and more 0,00% 251% 54 B4% 15,28% 27 56% 100,00%
All distances 0,31% 3,85% 45,78% 1,41% 48,64% 100,00%

Table D.5: Breakdown of vehicle park per tkm driven for other account (%)

Tables D.2 to D.5presents the tkm by vehicles weight along with the dis-
tance driven.
As a allocation by distances was not feasible, the allocation by TPW for all
distances was the one used and is reported in table in tableD.1.

Finally, combining the results issued from the previous table and summa-
rized in table D.1, the road emission factors stands as follows:

lower limit| upper limit
Owerall kgCO2 per t-km (other account) 0,183 0,258
Owverall kg CO2 per t-km {own account) 0,184 0,260

Table D.6: The road emission factors
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D.1.2 Railway emission factor

RAILWAY TRANSPORTATION kg CO2-e uncertainty | lower limit | upper limit
per t-km (emission
factor)
Train in France, average 10% 0,0063 0,0083
Train in France, electric traction 10% 0,0017 0,0021
Train in France, diesel traction 10% 0,050 0,061
Train in Germany 20% 0,026 0,038
Train in Austria 20% 0,010 0,015
Train in Belgium 20% 0,015 0,022
Train in Denmark 20% 0,030 0,045
Train in Spain 20% 0,028 0,041
Train in Finland 20% 0,016 0,024
Train in Greece 20% 0,036 0,053
Train in Ireland 20% 0,047 0,070
Train in ltaly] 20% 0,023 0,035
Train in Luxembourg 20% 0,020 0,030
Train in Norway 20% 0,0066 0,0099
Train in Netherlands 20% 0,024 0,036
Train in Portugal 20% 0,036 0,053
Train in UK | 20% 0,033 0,049
Train in Sweden 20% 0,0034 0,0051
Train in Switzerland 20% 0,0029 0,0044
Train in Europe (Average EU-17) 20% 0,018 0,027

Table D.7: The rail emission factors

Table D.7 presents the emission factors of train for the european coun-
tries.
For France, three emission factors are given, making the difference between
electric and diesel traction.

For the purpose of this thesis, the type of train used for the transportation
of each good being unknwown, the average emission factor has been taken
into account.

Concerning countries outside the range of data provided here, typically
non European countries, it was assumed the average EU-17 factor emission.
This hypothesis is quite high since the emission factor can vary significantly
according to the energy source: from high for coal-based electricity to low
for nuclear and hydropower based electricity (case of France).
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D.1.3 Waterway emission factor

kg COZ-& uncertainty | lower limit — Jupper limit
per t-km (erission
factor)
|A\rerage hoat 20% 0,03012927| 0,04519391

Table D.8: The waterway emission factor

Only one emission factor was given in the ADEME database for waterway
transportation.
As a result, it was assumed that the waterway emission factor was the same
for import and domestic transportation and the same for own and other
account.

D.1.4 Maritime emission factor

MARITIME TRANSPORTATION

Tons of Tons of Deadweight Loading Speed kg CO2-e | uncertainty lower limit | upper limit
Heavy fuel gazoline tonnage rate (knot) per tkm (emission
per day per day (DWT) (% of DWP) factor)
[cargo multi-purpose (roll-on roll-off ferry incl 27 2,0 20 000 60% 17 20% 0,008 0,012
cargo multi-purpose (roll-on roll-off ferry mcluded) 18 20 20 000 0% 15 20% 0,006 0,009
Tons of Tons of max carried Loading Speed kg CO2-e |uncertainty| lower limit | upper limit
Heavy fuel gazoline tonnage rate (knot) per t-km (emission
per day per day (% of max. tonnage|
Bulk carrier handysize 1970 30,0 1.5 20000 80% 13 0,009 0,013
Bulk carrier handysize 1980 29,0 1,5 20 000 80% 13 0,008 0,012
Bulk carrier handysize 1990 21,0 1,5 20 D00 80% 13 0,0061 0,0091
Bulk carrier handymax 1980 30,0 1,5 40 000 80% 14 0,0040 0,0059
Bulk carrier handymax 1990 225 1,5 40 D00 80% 14 0,0030 0,0045
Bulk carrier Panamax 1970 50,0 2,0 70 000 80% 14 0,0037 0,0056
Bulk carrier Panamax 1980 36,0 2,0 70 D00 80% 15 0,0025 0,0038
Bulk carrier Panamax 1990 32,0 2,0 70 000 80% 15 0,0023 0,0034
Bulk carrier Capesize 1970 65,0 2,0 150 000 80% 15 0,0021 0,0031
Bulk carrier Capesize 1980 50,0 20 150 000 80% 15 0,0016 0,0024
Bulk carrier Capesize 1990 47,5 2,0 150 000 80% 15 0,0015 0,0023
Table D.9: The maritime emission factors
Two set of data exist for the maritime transportation. One is concerning
the cargo multi-purpose and the other is concerning bulk carriers as shown
in table D.9.
The non-availability of data about the park of bulk carriers and cargo and
the repartition of the tkm along the categories presented in table D.9 being
unknown, the following average value was assumed for all type of maritime
transportation:
F __ 1,040,841,141,0+0,764-0,49+0,384-0,47+0,324-0,284-0,26+0,20+4-0,19 O 0056
€Oz — 1300 -
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D.1.5 Air emission factor

AIR TRANSPORTATION kg COZ-e uncertainty | lower limit | upper limit
per t-km (emission
factor)
Short-distance aircraft (< 1000 km) 20% 0,822 1,233
Middle-distance aircraft (1000 a 4000 km) 20% 0,797 1,196
Long-distance aircraft (> 4000 km) 20% 0,385 0,577
cargo 20% 0,520 0,780

Table D.10: The air emission factors

The air emission factors concerns four types of transportation as shown
in table D.10.

As no information were available on the use of cargo, it was assumed that
the air transportation of goods was only made by the aircraft transportation.
Then, based on the average distance between the countries and France, one
of the three aircraft categories was assigned to the imported goods.

One should note that no air emission factor or maritime transportation is
included in the domestic emission factors; Actually, only the terrestrial trans-
portation was taken into account for the evaluation of the impact driven by
domestic transportation of goods.

In the same way, only values regarding terrestrial transporation were avail-
able for assessing the consistency of the data used in the analysis. (see E)

A special note can also be specified regarding air emission. In the ADEME
database, only the six main GHG are taken into account, those regulated by
the Kyoto protocol. Consequently, Nitroux oxide NO, are not taken into
account in the emission factors. This seems to be of a relevant importance
for air emission as shown by figure D.1.

The following pages presents the emission factors used in the analysis.
(see C for explanations about reference countries)
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Commercial Light Vehicule - PTAC 15435t
Air <1000 km B

Air between 1000 = 4000 km

Adr = 4000 km 18

Heavy truck - PTAC 6,1 24 10,9t ——— 435
Heavy truck - PTAC 11 8 211

Heavy truck - PTAC 21 a2 3261t

Train Traction diesel

Average boat |

Train electric Traction

0 500 1000 1500 2000 2500 3000 3500
In red when NOx is taken into account gCco2/tkm

Figure D.1: Emission factors including NO, emissions
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D.2 Emission factors used in the thesis

D.2.1 Domestic emission factors

5 CO02_tkm_dom kg COZ-e lower limit | upper limit
per t-km
Road (other account) 0,18 0,26
Road (own account) 0,18 0,26
water (other account) 0,030 0,045
water (own account) 0,030 0,045
Rail 0,0068 0,0083
D.2.2 EU countries emission factors
5 C0Z2_tkm_Belgium kg COZ-e lower limit | upper limit
er t-km
Sea transportation 0,0044 0,0067
Railway transportation 0,015 0,022
Air transportation 0,822 1,233
Road transportation 0,18 0,26
Waterway transportation 0,030 0,024
Other transportation mode 0 0
S_CO2_tkm_Netherland kg CO2Z-e lower limit | upper limit
er t-km
Sea transportation 0,0044 0.,0067
Railway transportation 0,024 0,036
Air transportation 0,822 1,233
Road transportation 0,18 0,26
Waterway transportation 0,030 0,024
0 0

Other transportation mode
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5 CO02_tkm_Germany kg COZ2-e lower limit | upper limit
er t-km
Sea transportation 0,0044 0,0067
Railway transportation 0,026 0,038
Air transportation 0,822 1,233
Road transportation 0,18 0,26
Waterway transportation 0, I]3l] 0,024
Other transportation mode 0
5 _C02_tkm_haly kg COZ2-e lower limit | upper limit
er t-km
Sea transportation 0,0044 0,0067
Railway transportation 0,023 0,035
Air transportation 0,822 1,233
Road transportation 0,18 0,26
Waterway transportation 0, I]3l] 0,024
Other transportation mode 0
5 C02 tkm UK kg COZ-e lower limit | upper limit
er t-km
Sea transportation 0,0044 0,0067
Railway transportation 0,033 0,049
Air transportation 0,822 1,233
Road transportation 0,18 0,26
Waterway transportation 0, l]3l] 0,024
Other transportation mode 0
5 CO2 tkm_Ireland kg COZ-e lower limit | upper limit
er t-km
Sea transportation 0,0044 0,0067
Railway transportation 0,047 0,070
Air transportation 0,822 1,233
Road transportation 0,18 0,26
Waterway transportation 0, l]3l] 0,024
Other transportation mode 0
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5 C02_tkm_Danemark kg COZ-e lower limit | upper limit
er t-km
Sea transportation 0,0044 0,0067
Railway transportation 0,030 0,045
Air transportation 0,797 1,196
Road transportation 0,18 0,26
Waterway transportation 0,030 0,024
Other transportation mode 0 0
5 C02_tkm_Greece kg COZ-e lower limit | upper limit
er t-km
Sea transportation 0,0044 0,0067
Railway transportation 0,036 0,053
Air transportation 0,797 1,196
Road transportation 0,18 0,26
Waterway transportation 0,030 0,024
Other transportation mode 0 0
5 C02 tkm_Spain kg COZ-e lower limit | upper limit
er t-km
Sea transportation 0,0044 0,0067
Railway transportation 0,028 0,041
Air transportation 0,822 1,233
Road transportation 0,18 0,26
Waterway transportation 0,030 0,024
Other transportation mode 0 0
S C02 tkm Portugal kg COZ-e lower limit | upper limit
er t-km
Sea transportation 0,0044 0,0067
Railway transportation 0,036 0,053
Air transportation 0,797 1,196
Road transportation 0,18 0,26
Waterway transportation 0,030 0,024
Other transportation mode 0 0
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5 CO02 tkm_Austria kg COZ-e lower limit | upper limit
er t-km
Sea transportation 0,0044 0,0067
Railway transportation 0,010 0,015
Air transportation 0,797 1,196
Road transportation 0,18 0,26
Waterway transportation 0,030 0,024

Other transportation mode 0 0

5 C02 tkm Sweden kg COZ-e lower limit | upper limit
er t-km

Sea transportation 0,0044 0,0067

Railway transportation 0,003 0,005

Air transportation 0,797 1,196

Road transportation 0,18 0,26

Waterway transportation 0,030 0,024

Other transportation mode 0 0

5 CO2 tkm Finland kg COZ-e lower limit | upper limit
er t-km

Sea transportation 0,0044 0,0067

Railway transportation 0,016 0,024

Air transportation 0,797 1,196

Road transportation 0,18 0,26

Waterway transportation 0,030 0,024

Other transportation mode 0 0
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D.2.3 New ten emission factors

Other transportation mode

5 €02 _tkm_Lituania kg COZ-e lower limit| upper limit
er t-km
Sea transportation 0,1765 0,2647
Railway transportation 0,018 0,027
Air transportation 0,797 1,196
Road transportation 0,18 0,26
Waterway transportation 0,030 0,024
0 0

D.2.4 Europe except EU countries emission factors

5 C02_tkm_Switzerland kg COZ-e lower limit | upper limit
er t-km
Sea transportation 0,0044 0,0067
Railway transportation 0,003 0,004
Air transportation 0,822 1,233
Road transportation 0,18 0,26
Waterway transportation 0,030 0,024
Other transportation mode 0 0
S_CO2_tkm_Norway kg CO2Z-e lower limit | upper limit
er t-km
Sea transportation 0,0044 0.,0067
Railway transportation 0,007 0,010
Air transportation 0,797 1,196
Road transportation 0,18 0,26
Waterway transportation 0,030 0,024
Other transportation mode 0 0
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5 CO2 tkm Iceland kg COZ-e lower limit | upper limit
er t-km
Sea transportation 0,0044 0,0067
Railway transportation 0,018 0,027
Air transportation 0,797 1,196
Road transportation 0,18 0,26
Waterway transportation 0,030 0,024
Other transportation mode 0 0
S CO2_tkm_Russia kg CO2-e lower limit | upper limit
er t-km
Sea transportation 0,0044 0,0067
Railway transportation 0,018 0,027
Air transportation 0,797 1,196
Road transportation 0,18 0,26
Waterway transportation 0,030 0,024
Other transportation mode 0 0
5 CO2 tkm_Azerbaidjan | kg CO2-e lower limit | upper limit
er t-km
Sea transportation 0,0044 0,0067
Railway transportation 0,018 0,027
Air transportation 0,797 1,196
Road transportation 0,18 0,26
Waterway transportation 0,030 0,024
Other transportation mode 0 0




APPENDIX D. EMISSION FACTOR

98
5 CO2 tkm_Roumania kg COZ-e lower limit| upper limit
er t-km
Sea transportation 0,0044 0,0067
Railway transportation 0,018 0,027
Air transportation 0,797 1,196
Road transportation 0,18 0,26
Waterway transportation 0,030 0,024
Other transportation mode 0 0
S CO0Z2 tkm_Croatia kg CO2-e lower limit| upper limit
Sea transportation 0,0044 0,0067
Railway transportation 0,018 0,027
Air transportation 0,797 1,196
Road transportation 0,18 0,26
Waterway transportation 0,030 0,024
Other transportation mode 0 0
S_CO2_tkm_Turkey kg COZ2-e lower limit| upper limit
er t-km
Sea transportation 0,0044 0,0067
Railway transportation 0,018 0,027
Air transportation 0,797 1,196
Road transportation 0,18 0,26
Waterway transportation 0,030 0,024
Other transportation mode 0 0
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D.2.5 Africa emission factors

5 COZ _tkm_Algeria kg COZ2-e lower limit| upper limit
er t-km
Sea transportation 0,0044 0,0067
Railway transportation 0,018 0,027
Air transportation 0,797 1,196
Road transportation 0,18 0,26
Waterway transportation 0,030 0,024
Other transportation mode 0 0
5 CO0Z tkm_IvoryCoast kg COZ2-e lower limit| upper limit
er t-km
Sea transportation 0,0044 0,0067
Railway transportation 0,018 0,027
Air transportation 0,385 0,577
Road transportation 0,18 0,26
Waterway transportation 0,030 0,024
Other transportation mode 0 0
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S CO2 _tkm_Angola

Sea transportation
Railway transportation
Air transportation

Road transportation
Waterway transportation

Other transportation mode

S CO0Z2 tkm_Madagascar

Sea transportation

Railway transportation

Air transportation

Road transportation

Waterway transportation

Other transportation mode

kg CO2-e lower limit| upper limit
0,0044 0,0067
0,018 0,027
0,385 0,577
0,18 0,26
0,030 0,024
0 0
kg COZ2-e lower limit| upper limit
0,0044 0,0067
0,018 0,027
0,385 0,577
0,18 0,26
0,030 0,024
0 0
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D.2.6 America emission factors
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S CO2 _tkm_US kg COZ-e lower limit| upper limit
er t-km
Sea transportation 0,0044 0,0067
Railway transportation 0,018 0,027
Air transportation 0,385 0,577
Road transportation 0,18 0,26
Waterway transportation 0,030 0,024
Other transportation mode 0 0
S CO02 _tkm_Canada kg COZ-e lower limit| upper limit
er t-km
Sea transportation 0,0044 0,0067
Railway transportation 0,018 0,027
Air transportation 0,385 0,577
Road transportation 0,18 0,26
Waterway transportation 0,030 0,024
Other transportation mode 0 0




102

5 €02 _tkm_Mexico
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Sea transportation

Railway transportation

Air transportation

Road transportation

Waterway transportation

Other transportation mode

S CO02_tkm_Argentina

Sea transportation

Railway transportation

Air transportation

Road transportation

Waterway transportation

Other transportation mode

S _CO2_tkm_Peru

Sea transportation

Railway transportation

Air transportation

Road transportation

Waterway transportation

Other transportation mode

kg COZ-e lower limit| upper limit
er t-km
0,0044 0,0067
0,018 0,027
0,385 0,577
0,18 0,26
0,030 0,024
0 0
kg COZ-e lower limit| upper limit
er t-km
0,0044 0,0067
0,018 0,027
0,385 0,577
0,18 0,26
0,030 0,024
0 0
kg CO2-e lower limit| upper limit
0,0044 0,0067
0,018 0,027
0,385 0,577
0,18 0,26
0,030 0,024
0 0
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D.2.7 Asia emission factors

S COZ_tkm_Liban kg COZ2-e lower limit| upper limit
er t-km
Sea transportation 0,0044 0,0067
Railway transportation 0,018 0,027
Air transportation 0,797 1,196
Road transportation 0,18 0,26
Waterway transportation 0,030 0,024
Other transportation mode 0 0
S CO02_tkm_SaudiaArabia kg COZ2-e lower limit| upper limit
Sea transportation 0,0044 0,0067
Railway transportation 0,018 0,027
Air transportation 0,385 0,577
Road transportation 0,18 0,26
Waterway transportation 0,030 0,024
Other transportation mode 0 0
5_CO02_tkm_India kg CO2-e lower limit| upper limit
er t-km
Sea transportation 0,0044 0,0067
Railway transportation 0,018 0,027
Air transportation 0,385 0,577
Road transportation 0,18 0,26
Waterway transportation 0,030 0,024
Other transportation mode 0 0
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S CO2_tkm_Thailande
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Sea transportation

Railway transportation

Air transportation

Road transportation

Waterway transportation

Other transportation mode

S CO2_tkm_Japon

Sea transportation

Railway transportation

Air transportation

Road transportation

Waterway transportation

Other transportation mode

5 C02 _tkm_China

Sea transportation

Railway transportation

Air transportation

Road transportation

Waterway transportation

Other transportation mode

kg CO2-e lower limit| upper limit
er t-km
0,0044 0,0067
0,018 0,027
0,385 0,577
0,18 0,26
0,030 0,024
0 0
kg CO2-e lower limit| upper limit
0,0044 0,0067
0,018 0,027
0,385 0,577
0,18 0,26
0,030 0,024
0 0
kg CO2Z2-e lower limit| upper limit
er t-km
0,0044 0,0067
0,018 0,027
0,385 0,577
0,18 0,26
0,030 0,024
0 0
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D.2.8 Oceania emission factors

S_CO0Z_tkm_Australia

Sea transportation

Railway transportation

Air transportation

Road transportation

Waterway transportation

Other transportation mode

S_C02_tkm_Fidj

Sea transportation

Railway transportation

Air transportation

Road transportation

Waterway transportation

Other transportation mode

5 C02 tkm_FrenchGuyana

Sea transportation

Railway transportation

Air transportation

Road transportation

Waterway transportation

Other transportation mode

105
kg COZ2-e lower limit| upper limit
er t-km
0,0044 0,0067
0,018 0,027
0,385 0,577
0,18 0,26
0,030 0,024
0 0
kg COZ-e lower limit| upper limit
0,0044 0,0067
0,018 0,027
0,385 0,577
0,18 0,26
0,030 0,024
0 0
kg COZ-e lower limit| upper limit
er t-km
0,0044 0,0067
0,018 0,027
0,385 0,577
0,18 0,26
0,030 0,024
0 0
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5 C02 tkm_NouvelleCalédonie
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Sea transportation

Railway transportation

Air transportation

Road transportation

Waterway transportation

Other transportation mode

S_CO02_tkm_Monaco

kg COZ-e
er t-km

lower limit

upper limit

Sea transportation

Railway transportation

Air transportation

Road transportation

Waterway transportation

Other transportation mode

0,0044 0,0067
0,018 0,027
0,385 0,577
0,18 0,26
0,030 0,024
0 0
kg CO2-e lower limit| upper limit
er t-km
0,0044 0,0067
0,006 0,009
0,822 1,233
0,18 0,26
0,030 0,024
0 0




Appendix E

Uncertainties

The emissions are estimated using the following formula:

fco, = Fco, * Foum * L * Y = Fco, * Foom * X = Feo,, * foaom  (E.1)

Consequently, the uncertainties associated are given as follows

Af002 _ AFC()2 + AFtkm + Ax

fco, Fco, Fixm X (E.2)

So, there are three types of uncertainties. One corresponds to the un-
certainty associated with the emission factor, another to the uncertainty
associated with the calculation of the tkm driven and the last one to the

uncertainty associated with the output run by the model.

E.1 Emission factor

The uncertainty associated with each emission factor is given in detail in the
appendix D concerning emission factor.

For the purpose of the calculation conducted here, a basic estimate of the
uncertainties, I only take into account the uncertainty associated with road
transportation since it is the main mode used in transportation of goods. For
this mode ADEME provide a 64 % confidence interval.

As a result, AFFCO2 = 40,17
COq9

The uncertainty associated with emission factors is of the random type,
meaning that it is not possible to exactly know the error associated with the
emission factor. For some transportation mode, the real emission factor can
be larger than the one used in the thesis and lower for other transportation
mode. Nevertheless, the error is included in the range £17%

107
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E.2 tkm factor

As two dataset are taken from the SITRAM database, the uncertainty asso-
ciated with the tkm depends on them.

e the SITRAM data concerning domestic transportation are already given
in tkm so that the comparison with reference data is feasible directly.

e the SITRAM data concerning import are given in tonnes and euros.
A first comparison is feasible at that level. Then the tons data are
multiplied by the distances between regions and countries in order to
obtain the tkm driven.

E.2.1 Uncertainty associated with transportation of do-
mestic goods

Thrm i biilian thm

Domestic Reference | Model values | percentage
Road own accourt  Tkm 304 304 100,0%
Road other account Tkm 1489 14849 100,0%
Waterway Tkm 42 42 100 0%,
Rail Tkm 24 3 26 B 109, 2%,
Total Tkm 207 7 210,0 101 1%,

Table E.1: Evaluation of consistency of the domestic data

The previous table E.1 shows that the five products missing in the anal-
ysis does not count for much since the comparison with the reference value
argues in favor of a 100 % match.

Actually the reference values are taken from the following table E.2 in
which national transportation is the sum of national values and the cabotage
value.

Cabotage refers to the transportation entirely made on the territory of one
country (here France) by a vehicle registered in another country.
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As such, one can see that in table E.1 are not included the cabotage and
the road transportation made by vehicles of which the Total Weight Permit-

ted is inferior to 3,5 tons.

The following table E.3 presents a synopsi
the thesis.

Terrestrial interior transportation of goods

of the

domestic data used in

In bitlion thm

1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
Railway transportation (1) 57,7 561 52,7 52,7 529 537 522 524 51,2 456 489 483 501 542 541 545 ST 51,7 51,3 481 463 407 M2
National 346 342 3289 331 325 323 &5 M7 303 28T W4 263 BT B0 W5 285 298 26/5 285 /2 M43 ME 28
International 174 163 143 140 148 157 150 148 145 123 142 144 147 160 171 165 185 170 170 158 156 133 132
Transit 57 55 55 57 56 57 57 58 63 G073 75 @7 102 &5 @2 83 @2 78 71 G5 52 48
Road transportation 1259 1284 1346 1445 1611 1686 1939 1996 2050 2014 2137 2274 2MA 2382 2465 2603 2665 2737 2770 2788 3014 2992 3105
French Flag (2) 147 1164 1214 1302 1453 1547 1558 1599 1637 1582 1667 1789 80,1 1836 1898 2010 203,0 2085 2087 2099 2185 2145 2184
National TPUA=3,5t) 940 948 983 1060 1178 1231 1232 1260 1280 1234 1288 1411 1421 1443 1495 1588 1630 1687 1700 4712 1792 1774 1609
Own gccount (9) 366 349 34 305 246 a4 A8 37 404 02 36
Other account(d) 1055 094 1181 1284 1345 1383 1342 1394 1489 1472 1494
International (TR 5t) ag 82 87 108 134 144 168 170 183 170 ABF 195 188 208 245 227 207 198 181 477 17@ 154 154
Mational (TPA#<3 5t) M7 123 128 133 140 143 145 153 158 161 165 168 170 174 180 185 188 185 200 WE A0 M3 AT
Transit 13 16 17 47 15 14 11 11 0 03 05 05 05 04 04 03 03
Foreign Flag (3) 12 120 132 144 158 169 380 397 M2 428 470 483 509 546 567 593 635 652 663 G689 629 847 921
Transit (4] 208 225 240 252 XH 288 303 324 30 M4 365 IW\T 404 407 505 508 562
International (5) 112 120 132 144 158 168 172 173 172 1TE 184 184 206 222 237 233 248 237 245 M4 X5 2191 A0
Cabotage (5) 00 00 00 00 00 o0fg 00 00 00 00 00 00 00 00 60 1§ 22 28 34 38 48 43 50
Waterway transportation(7) 80 76 70 67 66 68 72 63 69 60 56 59 57T 57 62 68 13 67T 69 69 13 19 80
National 50 45 41 38 37 38 43 43 43 35 31 32 32 31 35 41 41 36 39 40 42 45 4F
International 30 31 29 28 30 28 289 25 27 25 24 27 25 35 38 27 31 31 30 29 32 32 33
0il pipelines (8) 259 241 210 253 293 230 196 225 234 233 222 223 219 221 26 213 21,7 221 21,0 221 206 209 218
Produits: finis 53 s1 s 55 53 S§ 57 &3 5§ 54 sS4 61 66 GBS B7 BT 67 71 70 B8 B8 63 -
Procuits bruts 206 19) 214 198 239 174 139 166 177 179 168 162 153 156 149 145 150 150 140 153 138 139 -
TRANSPORTATTION
ALLTOGETHER MT,4 262 2213 2292 2500 2521 2729 2014 2864 2759 2903 3036 3089 3203 3284 3430 3531 3543 3562 3559 37156 3687 3014
NATIONAL 1453 1459 1487 1562 1681 1735 1735 1773 4783 1697 1770 1674 1891 1929 1984 245 2181 2210 2238 2248 2336 2299 2351
INTERNATIONAL B6,4 B47 670 673 763 738 706 742 761 734 768 783 79T 337 867 869 857 858 836 829 846 825 846
TRANSIT 57 56 55 57 58 57 28 299 330 328 5 308 401 437 433 4B 464 474 488 482 514 563 614

Sowrces: SNCF, ERC, lYéolia Cargo, WNF, Observatoire de FEnergie, MEDAIVSESP, Eurostatcaicnls MEDAVSESP

TR stands for Total Permitted Weight and corresponds to PTAC In French

(1) inciding rew railway operatedr for the total network, oply SNCF far the decarmposition. For SNCF, the taxed on
network, Incloding goods coming from other network, transportation by wagon, Including vehicle senvices and non-
Incliding personal emply wagor, road ransport and expeditions.

(2) Infand transportation of car with 2 French number, Total itted Welght greater than 5,5 tons and being
fess thar 15 years ofd (at least five logd of 3 tons wp o 2000) except for the “National” line (TPW=3.5 t), estimated fram
Trafic assesment. Series several times retropolated | to take into account maodfications in TRM survey

(3} infand tranpsportation by car with @ hor-French registration number and with 8 TWP greater tharn 3.5 tons.

(4} Evoiution 2006 estimate from pariial trimestrial resaits of eurapean TRM surveys. Works conducted in 2007 in the
perspective of & rebasement Dive level superior to 60 Billion thim.

(5) Evoiution 2006 estimate from pariial trimestrial resaits of eurapean TRM surveys. Works conducted in 2007 in the
perspective of @ rebasement pive g level of to 46,3 billion thr.

() Estimation 2006 protective: similar evolution to the one of French heavy ek at national level

(7) Except thenish transit

(8) Temporary 2006 Data

(9) Serles relropolatd on the basls of TRM sunveys since 1996,

Table E.2: terrestrial transportation
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tonhaoges in Million tans, Tk in biflian thm, distance In K

Domestic Model values
Road own account Tonnages alE 5
Tkm 30,4
Average distance aryr
Road other account Tonnages 1200 2
Tkm 145849
Average distance 124 0
Waterway own account Tonnages 4.1
Tkm a4
Average distance a6 .5
Waterway other accoumt  Tonnages 234
Tkm 3,8
Average distance 1609
Rail Tonnages 742
Tkm 266
Average distance 3a7 9
Total Tonnages 2108 5
Tkm 2100
Average distance 996

Table E.3: The domestic data
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E.2.2 Uncertainty associated with transportation of im-
ported goods

Foreign Trade by Transport mode tonnages In Million tons, vaive In Billion eyros
1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1::;3 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Imports CIF
Maritime UE{15) Tonnsges | 224 258 305 33,8 353 3,8 36,2 330 277 288 M7 M4 IS5 345 357 3IEE 3BT 45 355 340 325 323 200 ME 200
Walue 90 114 135 164 181 137 152 157 179 194 195 195 17§ 191 203 2G5 252 267 280 351 322 314 294 M2 326
Others  Tonnages 1551 1397 1194 1191 1183 122,5 1171 123,2 1355 140,8 1461 141,2 1376 141,01 1388 1371 1426 1503 1351 1389 1280 1241 1265 130,8 1440
Walue 35 38 35 38 380 268 263 272 326 333 352 262 332 340 351 370 406 392 M5 581 550 554 541 60,4 73N
Ral  UE(15) Tonnages | 144 133 129 142 132 11,3 104 105 107 105 96 &5 65 &0 74 7.2 &1 92 94 105 91 &4 80 85 73
Walue 63 76 78 &1 82 77 74 B 94 90 &2 60 47 55 66 68 75 90 93 111 108 100 95 87T G&E
Others  Tornages | 17 16 19 16 17 17 15 14 16 20 22 35 07 06 07 08 08 11 08 14 038 11 12 08 07
Walue 121 142 141 142 15 14 13 15 17 16 16 15 08 08 08 10 0% 08 08 10 10 10 0&F 08 09
Road UE.(13) Tonnages [ 331 345 3589 363 3589 #16 455 502 560 601 G617 G613 579 635 645 661 714 750 7583 8489 790 736 775 83,2 809
Walue 33 40 45 51 574 630 684 760 &71 90,6 905 S70 793 900 959 99,3 1053 1148 1179 1332 1298 1287 1255 138,9 1429
Others  Tornages | 39 38 39 45 58 72 94 83 141 104 83 83 60 92 82 74 77 &8 100 107 104 1041 110 11,3 118
Walue 72 87 97 ME 131 143 160 184 225 246 257 267 167 193 204 M2 250 265 M3 37T 3940 395 M3 M6 504
vater LUE(15) Tonneges | 58 59 58 63 58 58 7.8 60 61 63 57 52 33 42 44 42 41 44 42 44 38 33 33 37 3E
Walue 054 095 108 127 12 10 10 10 12 42 10 08 05 06 08 07 07 07 06 10 08 33 07 08 10
Others  Tornages | 43 45 42 40 44 45 42 45 63 &5 61 65 09 08 05 04 04 06 0OF 08 14 17 17 29 24
Walue 0g0 08% 100 107 10 08 07 0% 10 09 08 08 02 o1 o1 01 04 01 04 02 02 02 01 03 03
Air UE(1% Tormages |00 OO0 o4 OO0 00 00 00 01 00 o0 OO0 OO0 OO0 OO0 0@ o0 o1 o4 o041 04 o1 01 00 00 00
Walue 19 20 23 27 24 22 27 43 45 35 29 38 30 41 35 40 49 54 52 70 67 G5 69 62 73
Others Tormages | 02 02 02 02 02 02 02 02 03 02 02 02 02 02 03 03 03 03 03 03 03 03 03 04 04
Walue 94 897 115 143 168 151 183 167 165 11,3 186 175 192 186 203 214 245 281 5 397 371 351 30 328 333
Total UE(15) Tonnages | 859 &80 931 975 999 954 1036 103,2 1042 109,5 1133 111,8 1036 1152 117,7 1195 1258 1289 1336 141,2 1308 1310 1311 148,5 1567
Walue 52 B4 71 & 888 856 955 1069 1223 1256 1244 1195 1060 120,3 1317 134,1 1455 1586 164,3 1921 1854 1819 1804 194,0 2043
Others  Tonnages [170,8 1557 1355 1366 1416 150,2 1457 1535 1703 175,7 1513 177,2 1635 171,5 169,2 1665 174,2 1843 174,3 1766 1631 1612 1623 172,3 1631
Walue 547 599 GO0 R0 724 GO0 BRT BOS S45 8B4 70 885 09 840 &7 920 1072 1155 1265 1628 1653 1543 1465 1547 1731
Sowrce: MEDAIVSESP - SITRAM Database according to DGO0 data
(1) Change In information gathering method In EU and change of mode inition for the other

(2) The mode “others” fpipelines, own propalsion, etc.) non shown above are included in the total

Table E.4: References values for import data

The values given in table E.4 are the references values for the year 2004
and the comparison with the data used for the analysis are shown in table

Once again, the eight products missing in the analysis of import data
does not look significant for the main mode of transportation. Actually, the
missing products seems to aggregate in the other transportation mode for
which emission factor was settled equal to zero.
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Imports CIF Reference Model values Pourcentage
Maritime W.E.(15) Tonnages 31,8 31,2 95 3%
Value 2 30 99 5%
Others Tonnages 1308 1236 94 5%
Value 604 5589 97 6%
Rail LLE.(15) Tonnages 85 85 100,0%
Value 87 a7 100,0%
Others Tonnages 05 (IR 100,0%
Value 0,5 05 100,0%
Road WE.(15) Tonnages G832 831 99 9%
Value 1384 13549 100,0%
Others Tonnages 11,3 11,3 100,0%
Value 44 5 44 B 100,0%
Water W.E.{15) Tonnages 3,7 3,7 100,0%
Value 049 09 100,0%
Others Tonnages 28 28 100,0%
Value 0.3 03 100,0%
Air WE.(15) Tonnages o0 oo 935%
Value B2 B2 100,0%
Others Tonnages 04 04 101,1%
Value 325 328 100,0%
Total LLE.(15) Tonnages 1485 1350 90 9%
Value 1940 1918 95 9%
Others Tonnages 1723 141 4 52 0%
Value 1547 1493 95 5%

Table E.5: Evaluation of consistency of the import data
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The following tables E.6 and E.7 present respectively a synopsis of the
import data and the distance between countries and regions used in the

thesis.

tonnages in Million tons, Thin In billion the, distance in ki

Imports CIF
Maritime U.E.(15)

Others

Rail U.E.(15)

Others

Road U.E.(15)

Others

Water  ULE.(15)

Others

Air U.E.(15)

Others

Other U.E.(15)

GOthers

Total W.E.(15)

Others

Tonnages

Tkm

Average distance
Tonnages

Tkm

Average distance
Tonnages

Tkm

Average distance
Tonnages

Tkm

Average distance
Tonnages

Tkm

Average distance
Tonnages

Tkm

Average distance
Tonnages

Tkm

Average distance
Tonnages

Tkm

Average distance
Tonnages

Tkm

Average distance
Tonnages

Tkm

Average distance
Tonnages

Tkm

Average distance
Tonnages

Tkm

Average distance
Tonnages

Tkm

Average distance
Tonnages

Tkm

Average distance

Model values
31
20
ES1
124
523
azay
a3
48
ZEE
0g
14
2281
53
54
E47
11
36
335
37
18
492
24
21
727
0,04
0,04
965
04
25
FOB2
g4
a1
B11
23
48
2080
135
25
B35
141
a8
HE2

Table E.6: The Import data
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Table E.7: Distances between countries and regions
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The distances have been taken if possible from only one data source.
However, Monaco was absent from the web distance calculator and the dis-
tances given for Lithuania were wrong since the calculator gave distances up
to 5 000 km. As a result, another web distance calculator has been used for
those two countries. The capitals were taken as the reference cities but in
the case of Lithuania, Vilnius was not available for the distance with Poitiers
and Kaunas was taken for this special distance as the reference city. (in red
on the table)

Finally, Mappy was used for the distance between Poitiers and Monaco. (in
yellow on the table)

The distances do not correspond to the real one driven by goods but is
an average. Consequently, there is an uncertainty associated with them. I
assume a 10 % for the uncertainty associated with distance.

As a result,
AFIT% = —0,02 or Ag% = —0, 18 if other mode is taken into account.

The uncertainty associated with tkm is of the systematic type since it
corresponds to missing data in the database.

E.3 Economic factor x

The economic output x is given by the model and the comparison with the
initial output g gives an idea of the uncertainty introduced by the model.
The difference is really small since it accounts for 1,1510716.

As a result, the economic error introduced by the model is considered equal
to zero in section E.4 which combines all uncertainties together.

E.4 Overall uncertainty

Combining all the uncertainties, we find that
Afco,

— 40,17+ —0,02 + 0 = {—0,19; +0, 15}
fco,

Nevertheless, these uncertainties only concerns the running of the model.
For example, they do not take into account the absence in the calculation
of the transportation made by vehicles of which TPW is inferior to 3,5
tons.Based on table E.2, this transportation can be estimated to 21 Gtkm
with an emission factor varying between 0,998 and 1,331 kg CO, per tkm.
This corresponds to between 356 and 470 kg C' O, per capita.
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Appendix G

Results

The results as generated by the model are presented in the attached file
"results.xls". The following tables corresponds to the Z and A analysis of
the food sectors.

Agriculture, hunting, trapping and related service activities

Production, processing and preserving of meat and meat products 236%
Manufacture of dairy products 5 760 136%
Manufacture of other food products 4 005 8,1%
Manufacture of grain mill preducts, starches and starch products, prepared animal feeds 3274 6.6%
Wholesale trade and ission trade 2433 4 9%
Hotels and restaurants 2080 4 2%
Civil engineering works 961 19%
Retail trade, repair of personal and household goods 885 1.8%
Construction and installation of building: 550 1,1%

Table G.1: Ten most consumer sectors of agriculture products

Manufacture of other food products

Manufacture of other food products 17 4%
Manufacture of dairy products 6.2%
Wholesale trade and ission trade 58%
Manufacture of grain mill preducts, starches and starch products, prepared animal feeds 4.2%
Retail trade, repair of personal and household goods 28%
Agriculture, hunting, trapping and related service activities 25%
Manufacture of beverages 25%
Market Human health 21%
Non-Market Education 19%

Table G.2: Ten most consumer sectors of other food products
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Production, processing and preserving of meat and meat products

Hotels and restaurants 188%
Non-Market Education 751 11, 1%
Wholesale trade and ission trade 443 B 5%
Retail trade, repair of personal and household goods 240 35%
Market Education 221 33%
Non-Market Human health 176 2 b%
Market Human health 180 22%
Manufacture of leather and leather products and footwear 85 1.2%
Manufacture of other food products g3 1,2%

Table G.3: Ten most consumer sectors of meat products

Manufacture of beverages

Manufacture of heverages 1776 221%
Manufacture of dairy products 291 3 6%
Wholesale trade and ission trade 267 32%
Manufacture of other food products 209 2B%
Retail trade, repair of personal and household goods 179 22%
Market Human health 142 18%
Investigation and security activities, industrial cleaning and miscell busi activities n.e.c. 132 16%
Construction and installation of buildings 124 15%
Manuf: e of phan I dicinal chemicals and b ical products 100 1.3%

Table G.4: Ten most consumer sectors of beverages

Manufacture of dairy products

Hotels and restaurants 1169 18,1%
Manufacture of other food products 816 12.7%
Wholesale trade and ission trade 354 5 5%
Retail trade, repair of personal and household goods 240 37%
Manufacture of grain mill products, starches and starch products, prepared animal feeds 237 37%
Market Education 27 34%
Market Human health 214 33%
Production, processing and preserving of meat and meat products 205 32%
Manufacture of beverages 144 22%

Table G.5: Ten most consumer sectors of dairy products

Agriculture, hunting, trapping and related service activities

Production, processing and preserving of meat and meat products 42 6%
Manufacture of dairy products 338%
Manufacture of grain mill products, starches and starch products, prepared animal feeds 250%
Agriculture, hunting, trapping and related service activities 16,7%
Manufacture of other food products 9.8%
Preparation and spinning of textile fibres, weaving and finishing of textiles 47%
Hotels and restaurants 28%
Manufacture of rubber products 2b%
Civil engineering works 24%
Manuf: e of beverages 20%

Table G.6: Ten sectors with highest direct purchase share dedicated to agri-
culture products



120 APPENDIX G. RESULTS

Manufacture of other food products

Ten sectors with highest direct purchase share of "Manufacture of other food products”

% of direct purchase

Manufacture of other food products

Hotels and restaurants

Manufacture of grain mill products, starches and starch products, prepared animal feeds
Manufacture of dairy products

Manufacture of tobacco products

Manufacture of beverages

Manufacture of basic organic chemicals

Market Education

Manufacture of man-made fibres

Social work activities

7 3%
55%
55%
53%
2,1%
16%
14%
12%
11%
1.0%

Table G.7: Ten sectors with highest direct purchase share dedicated to other

food products

Production, processing and preserving of meat and meat products

Ten sectors with highest direct purchase share of "Production, processing and preserving of meat and meat products™

% of direct purchase

Production, processing and preserving of meat and meat products

Manufacture of leather and leather products and footwear

Hotels and restaurants

Market Education

Non-Market Education

Manufacture of grain mill products, starches and starch products, prepared animal feeds

Manufacture of wearing apparel; dressing and dyeing of fur

Manufacture of soap and detergents, cleaning and polishing preparations, perfumes and toilet preparations
Non-Market Human health

Wholesale trade and ission trade

7 1%
24%
17%
13%
083%
051%
039%
035%
034%
030%

Table G.8: Ten sectors with highest direct purchase share dedicated to meat

products

Manufacture of beverages

Ten sectors with highest direct purchase share of "Manufacture of beverages”

% of direct purchase

Manufacture of heverages

Hotels and restaurants

Manufacture of dairy products

Market Education

Manufacture of other food products

Other entertainment, cultural and sporting activities library, park)
Manufacture of pulp, paper and paperboard

Manufacture of grain mill products, starches and starch products, prepared animal feeds
Manufacture of industrial process control equip instr and appli for measuring,

g. testing, ig.

Manuf: e of office hinery and I

B E%
3E%
1 5%
0159%
051%
037%
035%
035%
031%
029%

Table G.9: Ten sectors with highest direct purchase share dedicated to bev-

erages
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Manufacture of dairy products
Ten sectors with highest direct purchase share of "Manufacture of dairy products™ % of direct purchase
Manufacture of dairy products 77 %
Manufacture of other food products 20%
Manufacture of grain mill products, starches and starch products, prepared animal feeds 18%
Hotels and restaurants 1 6%
Market Education 1.3%
Production, processing and preserving of meat and meat products 0,75%
Manufacture of beverages 055%
Social work activities 0,40%
Market Human health 0,35%
Wholesale trade and commission trade 0,24%

Table G.10: Ten sectors with highest direct purchase share dedicated to dairy

products
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Bridges and Initial 10 matrix

The Z matrix, the bridges and the files used for their construction are given
in attached files.
Only the bridge used for domestic railway is shown as an example here.

122



NST_10_sectors

BRIDGE FOR DOMESTIC DATA (RAILWAY)
r [

NES_116 sectors 0 1 F 3 4 5 6 7 8 9
GAD 054 020 000 ono 0,00 oo 0,00 000 000 000
GAD2 0,10 0,00 0,00 oo 0,00 ooo 0,00 0,00 0,00 000
GAD3 0,00 0o 0,00 oo 0,00 o000 0,00 0,00 0,00 0,00
GBO1 0,01 o007 0,00 ooo 0,00 o000 0,00 0,00 00 0,00
GB02 0,01 0,04 0,00 ooo 0,00 o000 0,00 0,00 0,00 0,00
GB03 0,02 0,18 0,00 ooo 0,00 o000 0,00 0,00 0,02 0,00
GB04 a0 0,09 0,00 i} 0,00 [iful} 0,00 000 0,0 0,00
GBo5 0,05 035 0,00 i} 0,00 [iful} a0 000 0,03 0,00
GB06 000 003 000 ono 0,00 oo 0,00 000 000 000
&CN 001 0,00 0,00 oo 0,00 ooo 0,00 0,00 0,00 003
Ge12 0,00 0,00 0,00 oo 0,00 o000 0,00 0,00 0,00 005
BC20 0,00 0,00 0,00 ooo 0,00 o000 0,00 0,00 0,00 002
GC31 0,01 0,00 0,00 oo 0,01 o000 0,00 0,08 0,07 0,00
BC32 0,01 0,00 0,00 oo 0,01 o000 0,00 0,06 0,07 0,00
GCAl 0,00 0,00 0,00 i} 0,00 [iful} 0,00 000 0,0 004
GCaz2 0,00 0,00 0,00 i} 0,00 [iful} 0,00 000 0,01 002
6C43 000 0.0 000 ono 0,00 oo 0,00 000 o0m 004
GC44 0,00 0,00 0,00 oo 0,00 ooo 0,00 0,00 0,00 001
BC45 0,00 0,00 0,00 oo 0,00 o000 0,00 0,00 0,00 0,00
BC4§ 0,00 0,00 0,00 ooo 0,00 o000 0,00 0,00 0,00 001
GO0t 0,00 0,00 0,00 ooo 0,00 o000 0,00 0,00 0,00 001
G002 0,00 0,00 0,00 ooo 0,00 o000 0,00 0,00 0,00 001
GE1l 0,00 0,00 0,00 i} 0,00 [iful} 0,00 000 0,00 a0t
GE12 0,00 0,00 0,00 i} 0,00 [iful} 0,00 000 0,00 0,00
GE13 000 0.0 000 ono 0,00 oo 0,00 000 000 000
GEM 0,00 0,00 0,00 oo 0,00 ooo 0,00 0,00 0,00 002
GE21 0,00 0,00 0,00 oo 0,00 [faj] 0,00 0,00 0,00 001
BE22 0,00 0,00 0,00 ooo 0,00 001 0,00 0,00 0,00 002
GE23 0,00 0,00 0,00 ooo 0,00 o000 0,00 0,00 0,00 002
GE24 0,00 0,00 0,00 ooo 0,00 o000 0,00 0,00 0,00 002
GE25 0,00 0,00 0,00 i} 0,00 [iful} 0,00 000 0,00 a0t
GE26 0,00 0,00 0,00 i} 0,00 [iful} 0,00 000 0,00 a0t
GE27 000 0.0 000 ono 0,00 oo 0,00 000 000 003
GE28 0,00 0,00 0,00 oo 0,00 ooo 0,00 0,00 0,00 000
GE3 0,00 0,00 0,00 oo 0,00 o000 0,00 0,00 0,00 001
GE32 0,00 0,00 0,00 ooo 0,00 o000 0,00 0,00 0,00 0,00
GE33 0,00 0,00 0,00 ooo 0,00 o000 0,00 0,00 0,00 0,00
GE34 0,00 0,00 0,00 ooo 0,00 ooo 0,00 0,00 0,00 001
GE35 0,00 0,00 0,00 i} 0,00 [iful} 0,00 000 0,00 a0t
GF11 0,00 0,00 0,00 i} 0,34 [iful} 0,00 000 0,00 0,00
GF12 000 0.0 007 ono 0,00 oo 060 032 000 000
GF13 0,00 0,00 0,00 om 0,00 ooo 0,08 0,00 0,00 002
GFH. 0,00 0,00 0,00 o0z 0,00 o000 024 0,00 0,00 008
GF21 0,08 0,00 0,00 ooo 0,01 o000 0,00 0,00 0,00 003
GF22 0,02 0,00 0,00 ooo 0,00 o000 0,00 0,00 0,00 001
GF23 0,01 0,00 0,00 ooo 0,00 ooo 0,00 0,00 0,00 001
GF3 0,05 0,00 0,00 i} 0,00 [iful} 0,00 000 0,00 005
6F32 000 0.0 000 ono 0,00 oo 0,00 000 00z 002
6F33 000 0.0 000 ono 0,00 oo 0,00 000 0,04 008
GF41 001 0,00 001 002 0,02 ooo 00 013 0,13 000
GF42 0,01 0,00 0,00 om 0,02 o000 0,00 010 0,10 0,00
GF43 0,02 0,00 0,01 003 0,04 o000 0,01 025 027 001
GF44 0,00 0,00 0,00 ooo 0,01 o000 0,00 0,03 0,03 0,00
GF45 0,00 0,00 0,00 ooo 0,00 ooo 0,00 0,00 0,00 000
GF46 0,00 0,00 0,00 i} a,01 [iful} 0,00 000 0,00 0,00
GF51 000 0.0 000 ono 0,10 043 0,00 000 00z 002
6F52 000 0.0 000 ono 0,08 027 0,00 000 o0m 002
GF53 0,00 0,00 0,00 oo 0,05 022 0,00 0,00 o0m 001
GF54 0,00 0,00 0,00 oo 0,00 [faj] 0,00 0,00 0,00 002
GF5S 0,00 0,00 0,00 ooo 0,00 002 0,00 0,00 00 005
GF56 0,01 0,00 0,00 oo 0,08 o000 0,01 0,00 00 002
GF61 0,00 0,00 0,00 ooo 0,00 ooo 0,00 0,00 0,00 003
GF62 0,00 0,00 0,00 i} 0,00 [iful} 0,00 000 0,00 0,00
GG 000 0.0 033 011 0,00 oo 003 002 000 000
GE12 000 0.0 000 013 0,00 oo 0,00 000 000 000
GE12 0,00 0,00 0,00 oo 0,05 ooo 0,00 0,00 0,00 000
GE1 0,00 0,00 035 041 0,02 [faj] 0,00 001 0,02 0,00
GG1S 0,00 0,00 017 021 0,01 001 0,00 001 00 0,00
BE2A 0,00 0,00 0,00 ooo 0,00 o000 0,00 0,00 0,00 0,00
GG2B 0,00 0,00 0,00 i} 0,00 [iful} 0,00 000 0,00 0,00
6622 0,00 0,00 0,00 i} 0,00 [iful} 0,00 000 0,00 0,00
GHO1 000 0.0 000 ono 0,00 oo 0,00 000 000 000
G6HO2 000 0.0 000 ono 0,00 oo 0,00 000 000 000
GJ10 0,00 0,00 0,00 oo 0,00 ooo 0,00 0,00 0,00 000
GJ20 0,00 002 0,00 oo 0,00 o000 0,00 0,00 0,00 0,00
G430 0,00 0,00 0,00 ooo 0,00 o000 0,00 0,00 0,00 0,00
GKol 0,00 0,00 0,00 ooo 0,00 o000 0,00 0,00 0,00 001
K02 0,00 0,00 0,00 i} 0,00 [iful} 0,00 000 0,00 002
K02 0,00 0,00 0,00 i} 0,00 [iful} 0,00 000 0,00 a0t
6K04 000 0.0 000 ono 0,00 oo 0,00 000 000 000
6K0S 000 0,00 000 [af} 0,00 (it} 0,00 000 0,00 000
6K07 0,00 0,00 0,00 oo 0,00 ooo 0,00 0,00 0,00 000
Ko 0,00 0,00 0,00 oo 0,00 o000 0,00 0,00 0,00 0,00
GKES 0,00 0,00 0,00 ooo 0,00 o000 0,00 0,00 0,00 0,00
GLO1 0,00 0,00 0,00 ooo 0,00 o000 0,00 0,00 0,00 0,00
GL02 0,00 0,00 0,00 i} 0,00 [iful} 0,00 000 0,00 0,00
GLO2 0,00 0,00 0,00 i} 0,00 [iful} 0,00 000 0,00 0,00
GMO1 000 0.0 000 ono 0,00 oo 0,00 000 000 000
GMO2Z 000 0,00 000 [af} 0,00 (it} 0,00 000 0,00 000
GN10 0,00 0,00 0,00 oo 0,00 ooo 0,00 0,00 0,00 000
GN21 0,00 0,00 0,00 ooo 0,00 000 0,00 0,00 0,00 001
GNZ2 0,00 0,00 0,00 ooo 0,00 o000 0,00 0,00 0,00 0,00
GNZ3 0,00 0,00 0,00 ooo 0,00 o000 0,00 0,00 0,00 0,00
GN24 0,00 0,00 0,00 i} 0,00 [iful} 0,00 000 0,00 0,00
GN25 0,00 0,00 0,00 i} 0,00 [iful} 0,00 000 0,00 0,00
GN31 000 0.0 000 ono 0,00 oo 0,00 000 000 000
6N32 000 0,00 000 [af} 0,00 (it} 0,00 000 0,00 000
6N23 0,00 0,00 0,00 oo 0,00 ooo 0,00 0,00 0,00 000
GN34 0,01 0,00 0,00 oo 0,13 000 00 0,00 0,03 003
GN4A 0,00 0,00 0,00 ooo 0,00 o000 0,00 0,00 0,00 0,00
GNAB 0,00 0,00 0,00 ooo 0,00 o000 0,00 0,00 0,00 0,00
GP10 0,00 0,00 0,00 i} 0,00 [iful} 0,00 000 0,00 0,00
GP21 0,00 0,00 0,00 i} 0,00 [iful} 0,00 000 0,00 0,00
GP2A 000 0.0 000 ono 0,00 oo 0,00 000 000 000
GP2B 000 0,00 000 [af} 0,00 (it} 0,00 000 0,00 000
GP31 0,00 0,00 0,00 oo 0,00 ooo 0,00 0,00 0,00 000
GP32 0,00 0,00 0,00 ooo 0,00 000 0,00 0,00 0,00 0,00
GQIA 0,00 0,00 0,00 000 0,00 0oo 0,00 0,00 0,00 0,00
GQIB 0,00 0,00 0,00 000 0,00 0oo 0,00 0,00 0,00 0,00
GR2A 0,00 0,00 0,00 [} 0,00 [t} 0,00 000 0,00 0,00
Q2B 0,00 0,00 0,00 [} 0,00 [t} 0,00 000 0,00 0,00
Ga2c 000 000 000 0n0 000 000 0,00 000 000 000
a0 0,00 0,00 0,00 opoo 0,00 ooo 0,00 0,00 0,00 000
GE2E 0,00 0,00 0,00 opoo 0,00 ooo 0,00 0,00 0,00 000
GR10 0,00 0,00 0,00 ooo 0,00 000 0,00 0,00 0,00 0,00
GR20 0,00 0,00 0,00 i} 0,00 000 0,00 0,00 0,00 0,00
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