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ABSTRACT Ecological footprint, proposes a kind of “ecdtmaj balance” that assesses and
compares biologically productive area supply anthaled. If the success of this index at a

national level is proven, we assume that, to halgheorganisation or person to apprehend its
own contribution to ecological footprint, it can helpful to develop methods of estimation of

ecological footprint at organisational level.

For a given sub national system two methods camndaeel to have an idea of its ecological
footprint: (1) The national account based appraadbased on the corrections of factors from
the national averages of consumptions., (2) Thepoont-based approach is based on an
inventory of the consumptions and wastes genelatatie observed system, the calculation of
standards or specific transfer coefficients. Thethrod seemed to the authors more appropriate.
However, it requires several methodological adagiatto the classical ecological footprint
methods and it presents some limitations.

In order to precise these adaptations requiremanid limitations, we developed and
experimented such a component-based approach ea aase. Our application field is a road
work.

Keywords: environmental evaluation, ecological footpringlustrial activity, methodology ,
embodied energy

Introduction

Since the beginning of the 90s, in France, evalnas becoming a "necessary modality " of a "
sustainable public action", according to the vagioaference texts that define the field and
principles of sustainable development (Goxe et Reais, 2006).

Among the methods and instruments that were mediliand experimented within the
framework of environmental evaluation, the ecolagifootprint holds attention of various
actors and notably of some local authorities (Bod{@2003).



1- Zoom on the general structure of the calculatios of the Footprint
1-1- Definition

By the consumption of natural resources, the prooiicand the use or of products and
services, and the generation of wastes, humanHhasdn impact on the natural capital. Up to
a certain point, the natural resources have thsilpiity to regenerate themselves. In theory
they can satisfy our needs, as long as theserdastare not superior to the natural capacity of
regeneration (biocapacity) (Wackernagel and MordretD03). Ecological footprint analysis
makes possible the representation of biologicallgdpctive areas that are necessary to
produce the resources that are consumed and whatese generated by a given population.
The classical method of ecological footprint cadtidn is based on the calculation of
equivalence and yield factors thanks to nationafistics of areas and tons of productions
(Wackernagel et Ress, 1999hen, statistics of national consumptions (takdo eccount
production, importations and exportations of prdadua@are translated into global hectares
representing global average biologically productareas that are necessary to produce the
resources that are consumed and the wastes thgereeated by each population.

This method presents various interests by aimingbjective the representations of
durability as well as the human demand on the ¢jloaiural capitalOn the other hand,
we attribute him some disadvantag8shaefer and al, 2006):

- The nature has no significant absorptive capafiity several important environmental
problems: example the pollution by heavy metaldio@ctive materials or persistent synthetic
compounds. That means that substances without rafisgont absorption or regenerative
capacity cannot be covered by the ‘Ecological FaotfBiocapacity’ accounts.

- The analysis relies on having access to a religolvironmental database. But available
statistics contain missing values, which call fome kind of imputation technique to estimate
them. Often data gaps are filled under the use\ariety of different sources with different
guality standards. So, the margin of error of EF/8@ounts based on shortcomings of the
data sources is hard to quantify.

"The ecological footprint is a simple tool whichvgs a report of the human impacts (or the
use of the ecological services) "(Chambers, Simmbhgackernagel, 2000).

Some authors consider it as an indicator of dutgbil'the ecological footprint is an indicator
of durability which expresses the relation betwélea consumption of a society and the
natural environment” (Barrett, Cherret, Birch, 2D04 endeavours to express the level of
overshoot of ecological capacity, within the prastthnological and social organisation
conditions: if global demand exceeds global sumblpiologically productive area, the well-
being of the humanity will not be able to be maima and development cannot be
considered as “sustainable” (Boutaud, 2003).

Ecological footprint, at a national and global ley@oposes a kind of “ecological balance”
that assesses and compares biologically produatea supply and demand. (Wackernagel,
2005). If the success of this index at a natioeakl is proven (living planet reports, for
example), we assume that, to help each organisaiioperson to apprehend its own
contribution toecological footprint, it can be helpful to developgethods of estimation of
ecological footprint at organisational level.

1-2- Two methods of calculation
The concept of the ecological footprint was laumtché the beginning of 1990. During this
decade, the method of the national calculationslesn stabilized. On the other hand, to



estimate ecological footprint at a local level fftery or organization), twenethods can be
used :

X The “national account based approach’% based on national statistical data published by
international organizations such as the FAO, foaneple. The missing data are collected
among statistics issued from governmental, asseeiat academic organizations. For a local
system, the use afdjusting factors allows the correction of the ecologicabtfint of the
system that is studied according to its levels aisumption (below or above the average
national consumption) for a chosen set of data.

Principle of calculation of the National Account Baed Approach

As the objective of this article is not to re-ddéiserin detail this approach (described in
(Wackernagel and Monfreda,, 2005), for exampleg, phinciple of calculation is briefly
commented.

The ecological footprint assumes that every (maltexhd energy) consumption requires a
certain quantity of bioproductive areas to suppgbe movements of the resources and the
absorption of the waste of this consumption.

To organize the data collection and allow its asialy the ecological footprint method
distributes the various surfaces according to twesa

v’ Categories of consumptions

The consumptions are organized in five categoriesd, accommodation, transportation,
goods and services. This distribution allows tovshioe contribution of each category to the
total ecological footprint.

The national annual consumptions (= production pdrtation — exportation) are inventoried
and quantified, then they are converted in equitakurfaces, by means of yield and
equivalence factors (figure 1).

Consumption National
(production + importation — Yield factor | , | Equivalence Factc | Ecological
exportation) ! ( t/halyear) (gha/ha) ) Footprint
(tlyear) (ghalyear)

Fig.1. Representation of the modalities of calculationhef hational ecological footprint (according to
Wackernagel and Monfreda, 2005)

v/ Bioproductive Areas

The method of calculation of ecological footprirdr fnations distributes the ecological
footprint according to six land type (Wackernagad &ees, on 1999):

- Cropland: used to produce fruits, vegetablesaleetc.

- Permanent pasture: intended for the productfoneat and dairy products;

- Forest: notably for the wood production;

- Marine: they cover 2/3 of the planet;

- Built-up: Unproductive area following the artifddisation by human constructions, erosion,
etc.



-Energy (fossil fuel) : It is the necessary bioproiive area to absorb the CO2 freed by the
combustion of fossil resources (oil, natural gasl; so that there is no increase of CO2
(hypothesis of climatic stability)

x The component-based approach or "bottom - dglLewan and Simmons, 2001) is based
on an inventory of the various consumptions andtegagenerated by the observed system,
the calculation of standards or specific (when ddad factors are not available) transfer
coefficients. These factors can be based, for elgmop life-cycle analysis studies.

1-3- Limits of the use of the " National Accounts "method for an industrial activity

For an organisation whose consumptions are vefgrdiit from an average household, this
method does not appear to be satisfy(Ngackernagel, Monfreda, 2005). The national
accounts method applies essentially to territord@sintries, regions, cities, etc. Besides the
problems that also arise for use in decision-makindocal or regional authorities: lack of
data and comparability of results (Wiedmann et 2006), the estimation of ecological
footprint of an industrial activities presents sfiecproblems. For example, the types of
consumptions of an industrial activity are too eliént from national averages of consumption
per capita to use adjusting factors. Specific fastoorresponding to specific consumptions
must be calculated.

2- Objectives of a calculation of ecological footfmt at the scale of an individual activity.

Our main assumption is that it is justifiable tg¢ to adapt the method of calculation of
footprint to the industry.

Indeed, Ecological footprint presents strong edanat and communication interests. It can
easily be understood by the general public andresgnts an interest in term of arising
environmental consciousness.

The results of the national ecological footprinpogs show that it is necessary, for
developed countries, to reduce their ecologicatgoot. With this in mind, two levels of
actions are necessary: act on the political, stratand economic organization of the society
and encourage all the individual agents to reduusr tfootprint at the level of their
organization and individual way of life. This seddevel of action will be facilitated if every
individual actor can estimate, at the level of tiiganization (company, household, etc.) his
own ecological footprint. So, companies could emplwe ecological footprint to represent
the impacts of their industrial activities on thatural capital. Indeed, this indicator could
allow an organization to :

« follow the evolution over several years of itsgmére on the natural capital and to measure
the efficiency of the investments which are madatrmimising these environmental impacts,
* identify, for a product or an activity, the disution of the various pressures that are
exercised on the natural capital,

 identify possibility of economy of consumptions ehergy, water, and other natural
resources,

e compare the environmental impacts between variodsstrial sitesor between several
systems of production,

The used rate conversion is : 1tC /ha /an [IPCC, 001

2 Developed in the United Kingdom by Best Foot Fooarww.bestfoodforward.com

% See for example the Living Planet Report publiséesty two years by the World —Wide Fund, the Global
Footprint Network, UNEP Conservation Monitoring Centinhttp://www.panda.org/livingplanet

4 Sarl Empreinte Ecologique’ in France, to refethie web site :
http://www.empreinteecologique.com/introduction_eeipte_eco.html




« inform in a synthetic and rigorous way on the emwinental pressures that it exercises.

In the previous chapter, we approached two metboddliculation of ecological footprint:
The national account based approasid the component-based approach. This last one
consists in modelling in a systematic way the olesgisystem, by tracking its various streams
of material and energy. The input data are based dinect inventory of the consumptions.
They can arise from dashboards of company or afgpewentory and assumptions (for the
unavoidable lacking data). Then, these consumptiata are multiplied by transfer
coefficients , issued from scientific articles atata of LCA, in order to obtain a final result in
global hectares.

This "component-based” approach is a method closindt of a life cycle assessment. It
seems to us, more suited for calculations of foot@t the level of an organization.

However, it requires methodological adaptationsntake more reliable the small-scale
calculations. In particular, it requires developiagiata base of transfer coefficients of the
studied activities.

Such an adaptation arises methodological questionsrder to precise these adaptations
requirements and limitations, we developed and mxmated such a component-based
approach on a real case. Our application field ieaal work on the RN7 — RN 82 to turn a
section into a 8 km four-lane road, between Cosmelsire and Balbigny in France This

operation concerns a site of 50 hectares. Thispartcularly complex case as it involves
several participants (the Loire’s departmental iseror equipment is the prime contractor,
the works are done by private companies) and istitated by various very different phases
of activity (earth-works, road way constructiorg. gt

The first goal of this study is to complete an egadal footprint calculation in order to
identify the type of conclusions that could be tedrom such studies as well as to recognize
the specificities and limits of the method that dexeloped. The second goal is to propose a
systematic framework of identification and folloys-of the various impacts that contribute to
the ecological footprint of such an activity.

2-1- Methodological contribution for the calculation of footprint by the "component-
based" approach: application to road works

a. Principle of calculation of the "component-basetl approach

The ecological footprint is assessed from a quatité data collection from the direct
inventory of the consumptions made on the studied mass [kg or t / year] or volume [m 3/
year] for the material, [KWh or GJ / year] for terergy. These values are converted at first
into bioproductive areas, expressed in hectaras/o¢ means of a Conversion Factor (in ha /
Unities of consumption) specific to each type ofimemption and areas (Wernert, 2004). This
area is then adjusted by means of the yield faqteR) and Equivalence Factors (FE), to
express an average global surface at the world lékie ecological footprint in gha.

The method of calculation is based on simple catauis that aim to multiply specific
“consumptions” data for the studied site by gendata “transfer coefficients” (figure2).



- Conversion Facteurs yield factors Equivalence
consumption O| (halunities of consumption) by type of r Factors
areas (ha/gha

Surfaces corresponding to the consumptions by dfpeea

Total surface in global hectares (sum of surfacegvery type ¢
area)

Fig.2. Principle of calculation of the approach "rmponent-based "

Followed methodology

The methodology of calculation we propose consifts stages:

- Definition of the perimeter of the studied systeéaclarify to where we have to take into
account the impact of the system and determinértties of the consumptions which enter
into the calculation.

- Inventory of the available data of consumptiontfee studied activity.

- Definition of the transfer coefficients corresplang to the collected data.

- Calculations of the footprints of the consumpsi@md addition of the various posts.

- Analysis of the results

e Definition of the transfer coefficients

The input data of the calculation are consumptidets.. The output data are surfaces (global
hectares). Transfer Coefficients allow the conwersf the collected data into surfaces. The
transfer coefficients correspond to the type ohdhat were collected (types of material that
are used, for example) on the studied site, buyt éne generic (based on scientific literature)
and are supposed to be able to be used on seitesal s

For the categories of consumption, several transfefficients were compared from various
data bases on references in term of embodied en@gngynly expressed there GJ / t or MJ /
Kg) concerned of materials and emissions CO2. bisparison allowed us to bring to light
the differences of hypotheses in the LCA. Thesteifices can be explained by differences
within the process of manufacturing of each maliehbiat also by diverging assumptions that
were made inside the life-cycle analysis. Durings tvork, we were developed a non-
exhaustive data-base of embodied energies corrdsgpio the materials susceptible to be
met within the main categories of our studied aigtivsome examples are presented in table 1.
The standards of ecological footprint calculatidhat advise to choose the weakest values
(Global Footprint Network, 2006) when several agstioms can be made in order to enhance

® The energy that is embodied by a product, the gwdhe service, can be defined as the total enemyired for its
construction, since the extraction of raw materiaisil the assembly of by-products, by way of theeimediate
phases of conversion, treatment, manufacturingdiioning and transport of intermediary productsl dimished
product. This approach is valid afterward for canables, infrastructures, industrial plants andisess



the strength of the ecological footprint messagey (@ontestation of the method can only
contribute to increase the final footprint). Theref, we choose the values of the weakest
embodied energies to have a less important rektdbiprint.

The borders of the analysis of the embodied energie rarely clearly defined within the
literature. Besides, they are generally given with@ny indication of their level of
uncertainty. Generally, the more a product undesgofetransformations before taking its
definitive shape, the higher is embodied energy.

Carbon Energy balance
balance (embodied energy according to various LCA)
(ADEME
, 2007)
(Maximum
LCA data-base data-base data-base value -
software Negawatt Equef GFN Minimum
Gabi4 value)/
Average
Ceq
Material | Emissions EF MJ/Kg | EF | MJ/Kg EF | MJ/Kg EF |MJKg |EF MJ/Kg |EF
factor (gm2/ (gm2/ (gm2/ (gm2/ (gm2/ (gm2/
(teqCr) kg) kg) kg) kg) kg) kg)
Paper | 0,55 53 16,5 1,3 36,4 2,9 - - 35 2,8 0,68 1,3
Concrete | 0,055 0,5 - - - - - - 15 0,1
PVC 0,51 51 16,7 1,3 70 5,6 75 6 - - 1,08 1,4
Copper |0.80 7,8 36,7 2,9 70,6 5,6 125 10 1,13 1,0

Table.1.Examples of embodied energies of some m@iatadcording to various sources

e Examples of calculation of transfer coefficient&ind possible methods
Calculation of ‘CO, areas’footprint

The standard ecological footprint calculation methmnsiders that the footprint that is
associated to the direct or indirect energy congiompgorresponds to the surface of forest
that is necessary to absorb the emitted CO2 andhwiki not absorbed by the oceans. By
hypothesis, the produced energy results from thabostion of fossil resources, except
particular cases like hydroelectricity that candaéculated differently. The calculations rely
on the characteristic values of oil that is consideas "average" fuel compared to the
intensity of emission of CO2 towards the other iledsiels (coal and natural gas).

The ecological footprint which translates the egecgnsumption is expressed in term of
surface of C@areas. The conversion Factor between the consemerdy and the surface of
forest, is called the carbon sequestration fadtois expressed in m 2 of forest by ton
COZ.quivaient He can be calculated for each type of fossil gn€m2/MJ) according to the
emissions of carbon of these various fossil fuEle general formula for this calculation is
the following one :

® http://ww.negawatt.org (consulted in 2004)
7 http://www.izuba.frlequer.htrfconsulted in 2005)




Carbon Sequestration Factor [m2/MJ]= Carbon emisisitensity[tC/GJ])/ 1000[MJ/GJ] *
(1-fraction absorbed by ocean)/ Sequestration R@tka] * 10 000 [ha/m2]

Equation 1: carbon Sequestration factor by foréstdhe combustion of fossil fuels

The oil presents an intensity of emission of carbgual to 0,02 tC / GJ (HEFC RP, on 2003).
Based on IPCC data, the Global Footprint Netwonksaers that 29 % of the emitted carbon
is stored by the oceans (national calculations, GEMN)1).On the same IPCC basis, it also
assumes that one hectare of average forest camalate approximately 1 ton of carbon a
year (IPCC, on 2001). Thus, the Carbon sequestrédictor for the use of oil is 0,14 m2 / MJ.
The equivalence factor o€O, areas'’is equal to that of ' forest area ', i.e. 1,38 gm2.
Generally, the equivalence [EF] factors are idestfor all the countries for definite year
(Wackernagel and Monfreda, 2005) and the yield [fé€}ors are variable from a country to a
country for definite year.

Ecological footprint foilCO, areaggha] = area necessary for the carbon sequestratidh*
EF [gm2/m2]* YF /10000[gm2/gha]

Equation 2: ecological footprint ' energy (fossief)i expressed from an energy balance

Therefore, the global carbon sequestration fastGri9 gm?/ MJ.

Two methods are possible to determine the "enefggtprint that is associated to energy
consumptionenergy balance or carbon balance

Energy balance method This assessment is based on a value of embodiedyebg mass,
expressed in gigajoules by ton (or MJ / Kg) of eaddterials that are used. It implies to know
approximately the quantity of material that is dflesthe various products that are used. Thus,
this value can be multiplied by the consumptionhef material that is considered, then by the
carbon sequestration factor oil, to obtain a global surface.

CO, areas[gha] = Consumption [kg]* embodied energy (MJ/Kg¥arbon sequestration
Factor [m2/MJJ*Equivalence Factor [gm2/m2]* Yield&or /10000[gm2/gha]

Equation 3: Surface of ' energy (fossil fuel)' egsed from an energy balance

Carbon balance method:

This method is based on values of Carbon equivaleigsion, expressed in ton of Ceq by ton
of product. Thanks to the rate of absorption of forests, ¢tbeesponding surface can be
obtained. This surface is then multiplied by theieglence factor [gm 2/m 2] which allows to
transform hectares into global hectares, as itdicated in Equation 4:

8 The factors of emission used generally arise filoenCarbon balance method of the ADEME, France (ABEM
2007)



CO, area<cological footprint [gha] = Consumption [t] * Ensisn factor [tC/t] *
(1- fraction absorbed by ocean) / Sequestratide R@/ha] * EF [gm2/m2]

Equation 4:CO, areasecological footprint expressed from a ‘carbon bada method’
b. Application in the road of ‘Vendranges’
e Definition of the perimeter

The first phase of the study consists in defining perimeter, which is the border of the
studied system: activity under study, period oncliiihe data are collected.

We choose to limit our study to the phases of "egalnexcavations " and "pavement phase" to
calculate the ecological footprint of the road wodf Vendranges, This choice was made
because of the availability of data only for thgaeases and because of their strong
responsibility within the total footprint of thead works.

Our calculation of the ecological footprint is tham estimation of the impact on natural
resources of road works on the global environm@uitr main objective is methodological.
Indeed, the environmental impacts of such a roakwary considerably according to the
characteristic of the site and the chosen techsigfieonstruction.

Road works are seen as an entity, which uses aircestirface of productive area that is
necessary to supply the resources that are conswanddto assimilate the wastes which it
generates and which are reintroduced in the natimalonment. The main elements that are
taken into account within the analysis are theagma$ that are mobilized for the construction
of the road, the consumables, infrastructures addstrial machines that are used in this
activity.

Certain elements are not taken into account dukedack of data: for example, the fuel that
was used to transport consumables that were usetheosite (Explosives, fuel used by
machines, materials used by asphalt station ptajfoflso, the transportation of employees
and materials were not taken into account for tkeaeations phase. For tlgavement
phase the ecological footprint of the transportationesfiployees, of building materials and
fuel (for the machines and tlhsphalt station platform) were taken into account.

¢ Inventory of the data of consumption

The first condition for the footprint’s calculatiésto access to a rather precise qualitative and
guantitative knowledge about the consumption anstevaf the studied site. For the present
study, some of these data arise from the envirotehanalysis of the road (CESAME, 2004);
the others were obtained from the Transports afrddtiuctures service of the DDE of the
Loire, which is in charge of the operation, as vasllits subcontractors (the " FOREZIENNE "
and "MALET" companies).

Adaptation of the consumption categories

In order to simplify the data collection and toalethe ecological footprint, the five following
consumption categories have been defined:

- Consumables (which replaces the food categoiy)ekample: water, fuel used on ttead
works concrete for sanitization pipes, explosives, etc.

- Infrastructures (instead of the shelter categdfg)y example: offices, networks, energy, etc.
- Mobility (during the pavement phase): transpditemployees and agents, but we also
included in this phase the transport of buildingterials (whereas only the transport of
persons is considered in the traditional footpstandards)

- Goods and equipments: For example: constructiachines.



- Services: For example: waste water treatmerti@bffices or telephone service.
The various land types to be considered

The land types of our study are consistent withNBdonal Footprint Accounts:

- CO, areas correspond to the area of forests that dessary to absorb the CO2 that is
directly emitted by the activity, and indirectlyrdlughout the life cycle of consumables.

- Built-up areas: are lands that became biologicatiproductive, either because they have
been covered for the human needs, or because dveybleen exploited in extraction activities

(mines, careers, etc.), or because they have hm#@aminated by pollutants which alter the

productivity (Wackernagel, 2005). In the case ob&d , the following elements were taken in

account: the road right-of-way, the necessary sarfar the clearing/ballast storage as well as
for the temporary installation of offices and trecessary surface for the production of certain
materials produced outside of the local road-wdeksmple of the concrete).

- Forests: Theses areas correspond to the woodelugiron (for the manufacturing of the

paper).

As fishing grounds did not seem relevant to thelistl activity (because of the lack of fish
consumption ), we proposed a new land type moapiad to this activity:

- The Aquatic areas that takes into account thdogaal footprint associated with the

consumption of water on the construction site, #nredimpact of the roadworks on the rivers
and water resources. The following types of watamsamptions were taken into account:
sanitary drinking water, water in bottle, non-diimk water for track watering and the
quantity of water used to make certain constructioaterials, notably concrete, for

sanitization pipes and the installation of castigutters.

- In the case of roadworks, the contribution oftfsmt on cropland and grazing areas is
considered as immaterial because the consumptidndamn produces (employee’s

alimentation) have not been taken in account.

e Examples of calculations

- Example of the footprint of the ‘consumables' cgiary: example of fuel, concrete and
paper.

* Ecological footprint of Fuel use
Appropriation of CQ areas

The ecological footprint takes into account themrfaiel consumptions (direct use of fuel by
construction machines and asphalt station platfoBo)h calculation methods of the footprint
due to the energy consumptions (energy and carbtamtes) are applied for the calculation
of footprint of the fuel.

The energy balance method is based on a value lnddigd energy of diesel. This embodied
energy value is multiplied by the diesel consumptim the construction site, then by the
carbon sequestration factor for the oil, in oraeolbtain a surface.

Its conversion to global surface is done by thetiplidation by the yield and equivalence
factors as explained in equations 2 and 3 (equ&lion

Surface of CQ@ areag,e [M2] = Consumption [L]* Density of the diesel [kdf diesel
embodied energy (MJ/Kg]* Carbon sequestrationétdotr the Oil [m2/MJ]

Equation 5.a : Surface of G@reasye expressed from an energy balance

10



Ecological Footprintmwuran{gha] = Surface of C@areaq, [M2] * Equivalence Factor
[gm2/m2]* Yield Factor /10000[gm2/gha]

Equation 5 .b CGO; areas ecological footprint for the fuel

The CQ areadootprint of fuel, by the carbon balance methodidkulated from the equation
4, by considering the value of G@mission factor (ADEME, 2007): 0,95 tons of C by tuf
diesel.

The built-up area related to fuel extraction anfinreg has been considered as immaterial
with relation to the appropriation O, area.

This approach is consistent with the National Footgalculations. However, it presents the
disadvantage not to take into account any othermahpf fuel combustion except global
change (for example, local pollution, environmeirgbacts of the fuel extraction, etc.).

* Ecological footprint of Concrete use
Appropriation of CQ areas

Energy balance method: the quantity of concretéhefsanitization pipes which have been
installed during the excavations, as well as thantjty of concrete which have been used
during the embankment phase (for the installatioimemches for example): 5168 tons.

A value of embodied energy of 1.2 GJ by ton of eceteewas chosen (Chappat and Bilal, on
2003) in order to apply afterward the equation®@ & for the calculation of energy footprint

of the concrete that has been used on the constsite.

Carbon balance method: the tonnage of concretiegistly translated intenergy footprint
from the equation 4 by considering the value ofssion factor (ADEME, 2007): 0,055 tons
of C by ton of concrete.

Appropriation of built-up areas

The main materials consumed for the road building aggregates, concrete (sanitization
pipes for example) and the asphalt.

Due to the lack of precise data on the productibthese materials, only the footprint in
built-up areas for the concrete has been considé@dthat purpose, the number of
degraded hectares for producing one ton of conbtiteébeen estimated.

About 400 Mt of aggregates is produced in FranE&l, 2006). On average, we consfder
that it requires degraded 57 143 hectares: 700@.t

The various sorts of aggregates in France (UNICERD04) are distributed there:

118 Mt of eruptive rock (approximately 16 857 ha)

105 Mt of calcareous rock (approximately 15 000 ha)

142 Mt of alluvium (approximately 20 285 ha)

20 Mt of sands (approximately 2 857 ha)

6 Mt of marine aggregates (approximately 857 ha)

Considering hectares degraded to produce theseugatypes of aggregates and taking into
account the quantities of main necesSamggregates to produce one ton of concrete, we

® these estimation are based on former figuresdfdmithe work " The industry of careers and susiaii
development ".
10 conference MESH-MALO (November 8th and 9th, 2005)
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obtain a value about 0,0013 ha / ton of concregd.us again note that this estimation does
not take into account the impact on the environnoéthe quarries.

* Paper

Appropriation of CQ areas

Energy balance methodhé tonnage of paper that has been used in theesffar these
road works. Equation 3 is then used to calculagzgnfootprint of the paper.

Carbon balance method: The energy footprint ofpgher is calculated from equation 4, by
considering the value of G@mission factor (ADEME, 2007): 0.55 tons of Ceqtby of
paper.

Let us note that this footprint does not take iatmount the exploitation conditions of the
forest useful for the paper production. It alsoleety the area necessary to the papermaking
process.

Appropriation of forest areas: calculations of nessary surface of forest areas for the
extraction of the pulp for paper production (papef offices)

The calculation of surface of forest ardasthe wooden production rests, in our case, en th
guantity of wood that has been used for paper mtimlu There are two methodologies:

- The first one consists of calculating the foatprof the paper according to the yield of

French forests. This choice, which has been adppieds the weakest result of footprint. In

fact, it is supposed that the paper that is conguthaeing the building is produced from wood

exclusively issued from French forests. For thikwation, the following parameters have

been used: the yield of French forests equal t8@ %3 of wood per hectare, the wooden
tonnage for one ton of paper equal to % lthe density averages of wood and the yield
Factor of forests areas for France (equation 6):

Surface of forest areas [gha] = paper Consumpt]dryleld [m3 of wood/ ha] * tonnage of
wood for one ton of paper[t wood/t paper] / Densityhe wood [t bois/m3 bois] *
Equivalence Facteur of forest area [gm2/m2]*Yiatteur of forest area for France

Equation 6: Forests areas of the paper

- The second one consists of calculating from tbedvglobal average yield of forests . This

choice could be adopted if we do not know exadtly drigin of paper. The same reasoning of
the equation 6 is applied for this calculation lonsidering the global average yield of 1,51
m® of wood per hectare (GFN) and the yield Factdoodsts areas all over the world.

- The example of the footprint of the ' equipmentsategory: the example of machines
used on the road-work
Appropriation of CQ areas

Energy balance Method: the road building requihesuse of various equipments. Tonnages
can be obtained, thanks to the data of the manufxst concerning the various machines
used during the construction process (total of 296 Shovels, bulldozers, articulated

1 http:/iwww.ciments-calcia.fet www.creargos.com
12 http://cerig.efpg.inpg/lgc/dossiers/papier
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autodriving tipcart, stiff autodriving tipcart, gtars, wagon of drilling, compactor, machines
under treating, etc. This number is then dividedtlyy average life of these machines, by
considering that every machine has been used duapmgoximately one year on the
construction site (and that every machine will @ietyy be used somewhere else after this road
building).

then, this value is multiplied by the embodied ggefassuming 100 GJ by ton of industrial
machine (GFN)), then by the carbon sequestratiotorfdor the oil and then by the yield and
equivalence factors:

CO; area Ecological footprintaustrial equipment[dha] = Consumption [kg] / Life expectancy
averages equipments * Industrial equipment embodatrgy (MJ/Kg] * Carbon
sequestration Factor of oil [m2/MJ]* Equivalencectéa [gm2/m2{o, aek Yield Factor
/10000[gm2/gha]

Carbon balance Methode chose the emissions factors of (ADEME, 200a%),the main
materials used for the manufacturing of a vehiélere ton (plastic, aluminium, glass, steel,
rubber, liquids, electronic materials). These fexctan be translated directly into surface by
CO, areas to calculate the footprint of a vehicle dbm Afterward, the obtained result (the
footprint of a vehicle of a ton) was multiplied liye total tonnage of machines used on the
construction site, divided by the average life exaecy of machines.

- The example of the footprint of the 'Services' egbry: the example of Wastewater
Treatment of the living-base buildings (offices)
Appropriation of built-up areas

To determine the footprint of built-up areas of teagter, we propose to estimate the built
hectares corresponding to 1m3 of wastewater.

We thus consider that wastewater living-base ispitetaly treated in water-treatment Station
by lagooning. We refer to the parameters relate@d s&tation of 250 000 m3 per year of
capacity and which extends over 7 hectdrést be an average of 0,000028 ha per m3 of
wastewater treated by lagooning. These hectarethanemultiplied by the yield and the two
equivalence factors.

Zoom on the main results

The first step was to calculate the partial foatfwifor each consumption category for each
stage of roadworks (earthwoks, asphalt paving).ade the various posts of both stages to
obtain the total footprint (table 2 ). This resdties not include certain data either because
they were difficult to find and to estimate (exampf the transport of the phase excavation),
or due to the lack of certain transfers coefficgetexplosives for example). So, this lack of

availability of certain data reduces the resulfooftprint of the roadworks.

13 \www.enseeiht.fr (Example of the lagooning statiéti Casie ", France)
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EF (gha) General| EF (gha) asphalt Total Footprint
excavations paving (gha)

Consumption| Energy| Carbon| Energy| Carbon| Energy| Carbon| Difference

category balance balance| balance balancg balance| balance| between
energy
and
carbon
balance
method

Consumables 1828 2003 1409 1021 3238 3024 7%

Infrastructures 132 122 116 123 247 245 1%

Mobility _ _ _ 110 _ 110 _

Goods and 233 183 143 59 376 242 36 %

equipments

Services 0 _ 0 _ 0 _ _

Total 2193 2308 1668 1313 3861 3621 6 %

Table.2. Distribution of the ecological footprintthe road ‘Vendranges’ according to various
consumptions categories and the stages of roadwork

A difference is observed between the two methods wWe used to evaluate the C@rea
(Energy balance and Carbon balance). This can jpleierd by the differences on the transfer
coefficients that were chosen according to the @ouspecific LCA or carbon balance
(ADEME, 2007). We also noticed that, when sevdfaldycle analysis were available, their
results could largely differ. These differences barexplained by differences within the LCA
assumptions but also to real differences accorthnipe process of manufacturing of every
material that were studied (tablel).

Following Global Footprint standards (Global FoatprNetwork, 2006), when several
hypotheses were possible, we choose the optiongthes the weakest result of footprint in
order to give more weight to the final result (thesult is a minimal figure which under
respect the reality).

If we observe the distribution of contributions the total ecological footprint of the

construction of the road according to the variopsnsling categories, we find that the
ecological footprint is mainly due to the consuneabtategory (essentially, fuel and building
materials " concrete, aggregates, asphalt ") (Fig 3
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Goods and
equipment
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Services
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Mobility
3%

Infrastructure
6%

Consumables
82%

Fig. 3. Distribution of the ecological footprint amaling to the various categories of
consumption of the road of Vendranges during thesphtd construction (general excavations
and asphalt paving stages)

The results obtained from the footprints estimatibthe category ‘consumables’ at the level
of the studied road during both stages of consbtmgctshow that theb main ecological
footprint is exerced on the G@rea land type ( Fig 4 ):
These energy consumptions are the consequence dértipe quantity of fuel and materials
(generally the products of career) used on the voa#ts.

Fuel consumptions are placed within the "consunsdldategory because they concern both
the necessary energy to extract the excavated ialatercrush and transport these materials
to build and stabilize the road embankments aridéainavoidable storage zones.

The quantity of fuel consumed by the asphalt stagitatform is added. The information on
the used quantity of fuel for the transport of mate was not available comparing to the
construction activity.

3500

3000

2500

2000
gha

1500

1000

500

= = -
CO2 areas aquatic areas Forests built-up areas

Fig.4. Distribution of the partial footprint of theonsumables category, the road in phase of
construction (general excavations and pavementghaseas according to the various land

types
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Our study put in evidence the respective impactsedfain consumptions that may have been
able a priori neglected such as the embodied enefrgynstruction machines used on the
road (The footprint of the goods and equipmentgmteon CQ areasamounts to 30

gha /km). It is due to the important number of niaek used for these road works in phase of
construction.

Conclusion

This study confirms that the component-based agpriavery close to a life cycle assessment
although its processing may be simpler and fastat eonsiders a smaller number of impacts.
Ecological footprint computations are based on riodg in a systematic way, the object of
study in order to describe the various fluxes otemal and energy. It can be applied to various
activities.

As it takes into account all the detailed datahaf perimeter of study, the component-based
approach gives the closest result to the realitywéler, a combination of both methods can
sometimes be necessary. This approach is namediS¢emethod (Alberdi, 2006). It consists
in using acomponent-based approachvhen the local data exist andchational account based
approach otherwise. The two approaches are then complemye{R®A, DEFRA, 2005).

Our main results of footprint computation for thesed works is the fact that certain
consumptions that would have been able to be aiéwceived as unimportant (bound to the
energy and the material necessary for the manufagtwf the machines of construction site
and the sanitization pipes for example) presenteswnportant impacts. Beside this, one of the
main advantages of the ecological footprint is ntegrate some other factors than the,CO
emitted throughout the life cycle of the considepdduct. For example, the surface that is
necessary for the production of the wood usedHerpaper as well as the surface necessary for
the production of building materials (the concrieteexample) or for the water treatment can be
taken into account.

In addition to this, thanks to this work, two medisahat can proposed for footprint estimation
were compared.

This study showed that this tool could be used gwbal environmental impacts management
chart in order to track the main consumptions dotdaj impacts of an activity (the case of the
studied road). The footprint in that case of stwtyld give a systematic framework to the
follow-up of energy consumptions, consumables, gaot services.

However, certain methodological limits can be obedrfrom the use of ecological footprint at
the level of an organization or of an activity:

- The unavailability of certain data must be unided(example of the embodied energy of
explosives) or consumption data of the activity t4¢dan employees transportation for
example).The cost related to the acquisition ohgleta (time needed) may be important.

- The data of ecological footprint are given, astmoment, without any indication on their
level of uncertainty. This can be explained byftdw that for national calculations, the statistics
are diffused without indication of any uncertair(t§/ackernagel and Monfreda, 2004). The
knowledge of the levels of uncertainty related ke ttransfer coefficients (for example,
embodied energies are given without any indicatoto their level of uncertainty) and the
collected data could make a first contribution tte estimation of the level of uncertainty of
ecological footprint, which is especially used ingaalitative way and in communicative
purpose. If it isused as decision-making tool,feecgion on its sensibility and uncertainty turns
out necessary.

- Without ignoring the variability on the convemifactors according to chosen sources (table
1), the application of several methods for the walion of footprint of certain consumption
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categories gives variations between 1 % and 36 8&daem the results of footprint of these
consumption categories (for example, Energy Balane¢hod and Carbon Balance method,
table 2). But, one of the basic principles of th&ualations of ecological footprint, when several
hypotheses appear, is to choose the option whidsdghe weakest result of footprint in order to
give more strength to the message (Wackernageh)20@ve estimate the minimal ecological
footprint of the organization in question ".

- In theory and from national calculations, the poment-based approach supplies more precise
and detailed results than the National-account dasgproach (with adjusting factors).
However, this precision is limited because the laé@ number of conversion coefficients are
limited and the missing coefficients are mostlycaédted by considering essentially (but not
only) the energy constituent of the footprint ahdg its CQ area.

- There does not exist any " standard " and offitédabases about the embodied energy and the
environmental impacts of the various materialssTbblem, which is also present within LCA
or carbon balance analysis, makes difficult the gamnson between different studies. In addition
to this, the results vary according to the assumngtithat are made. this makes necessary the
creation, for each new study, of a database ofctmversion factors (example of embodied
energies) of the materials that are involved. Withur study, we choose to confront various
sources within this database to evaluate the vammtbetween the results (some examples are
presented in the table 1).

The embodied energies for the same material vamy wWie various possible circuits of
production. According to countries and processes #ne involved, these embodied energies
and thus the conversion factors can strongly wahjch leads to difficult comparisons between
various systems. Thus, it can be questioned whethsrpreferable to build a common and
international database of conversion factors aebuwild appropriate databases for each country
and even for each system under study, in ordeaki® into account the disparities at the level of
the circuits of production and distribution.

- The determination of the ecological footprint thie fossil energy, which only takes into
account the necessary surface to absorb the COZrjtus, leaves aside numerous greenhouse
gases and other pollutants and considers that @hree orest area cannot fill functions of
absorption of greenhouse gases and wooden productio

- We make the hypothesis that 1/3 of the CO2 isrdiesl by the ocean, but this 1/3 may turn to
0 in a long period of time because of the possjbilf the biosphere saturation with regard to its
absorption capacities (Canadell, Pataki, on 20@i7)his case, the CCfootprint will be much
higher.

- Toxicological aspects and the use of the nuckargy are not taken into account in a
satisfactory way: the nuclear energy is countedef@mple in the same way as the fossil fuels
while the effects of these two fuel sources arey \dgifferent. Wackernagel and al. (2005)
recognize this weakness and defend the idea ti&ftpossible to quantify the effects of the
radioactive waste in terms of surface because &r@as a capacity of assimilation almost null.
Instead of deciding not to count this energy, thefer to consider it as the fossil energy.

Definitions :

* Biocapacity. is the counterpart of the Footprint, or the pfigle. A nation’s total Biocapacity
is the sum of its bioproductive areas, also expekss global hectares (gha). Each
bioproductive area is transformed into global hesstdy multiplying its area by the appropriate
equivalence factor and the yield factor specifith@t country (Wackernagel and al, 2005).
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*Transfer Coefficient: is the product of the conversion, yield and egléuce Factors. This
coefficient is specific in every article of consutiop and waste, and allows to convert directly
the data of inventory of consumption in global laees of ecological footprint.

* Conversion Factor. factor allowing to convert the consumptions amnface of productive
areas, the considered country.

* Equivalence Factor represents the world's average potential prodifgtiof a given
bioproductive area relative to the world averagéepiial productivity of all bioproductive
areas. Cropland, for example, is more productiam thasture, and so has a larger equivalence
factor than pasture.

* Yield Factor: describes the extent to which a biologically prcttke area in a given country
is more (or less) productive than the global averafjthe same bioproductive area. Each
country has its own set of yield factors, one factetype of bioproductive area. Each year the
yield factor is calculated anew. Specifically, thield factor is the ratio between the area a
country uses in the production of all goods in\egicategory calculated with national yields,
and the area that would be required to producsadah®e goods with world average vyields.
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