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Abstract

This paper draws on Environmental Management Aciogi{EMA) literature and cost driver theory to dyu
the nature and role of environmental cost drivévare specifically, two types of operations relattd
environmental protection were empirically examindgtle removal of asbestos from buildings and soil
remediation. Findings from a series of case stualiepresented and discussed. The paper contritougegsting
literature in three ways: (1) by testing the adhifityg of cost drivers typologies in a non-traditi, non-
industrial setting (2) by proposing a more dynanigon of the cost of social and environmental ceibility

of the firm, and (3) by shedding light on the coexpinterrelationships of environmental cost drivers

Keywords: Environmental Management Accounting, Cost Driveri§l & Environmental Responsibility.

Résumé:

Reposant sur le cadre de 'EMArvironmental Management Accounifind'une part, et sur la littérature
relative aux inducteurs de co(ts d’autre part, agicle s'intéresse aux caractéristiques et auesrdles

inducteurs de co(ts environnementaux. Au travegtudes de cas menées sur des opérations de désaymiah

de dépollution des sols, cette recherche a perh)islé tester les typologies des inducteurs de abéits des

situations non conventionnelles et non marchan@sge proposer une vision plus dynamique du ceitad

responsabilité sociale et environnementale despmses, et (3) de mettre au jour les interactimoraplexes

existantes entre les inducteurs de colts enviroan&ux.

Mots clés :EMA, inducteurs de colts, RSE.



INTRODUCTION

Since the 1970s, the subject of environmental atooy generates numerous debates within
our scientific community. During the various stagésicturing the notion of environmental
accounting, the phase of formalization of this nmstentation began in the 1990s (Gray,
2002). In France, the Accounting National Count@dnseil National de la Comptabilité”)
sketched, from 1980, the beginnings of an enviranaidalance sheet. But it is only in 1996
that the Order of the Chartered accountants (“Od#i® Experts Comptables”) proposes a
classification of the environmental allowances il $hat the first work on “green”
accounting is published (Christophe, 1995). At Eheopean level, it is as well during this
decade that the System of Economic and EnvironrhAotaunting (SEEA) is created.

These attempts of instrumentalisation of the soarma environmental responsibility of the
company constitute a means to bring a quantifieddid calculated of the commitment
(Burnett and Hansen, 2007; Lehman, 1999), to petfecdecision process (Kitzman, 2001),
to legitimize the organization towards its enviremh (Cho and Patten, 2007; Larrinaga-
Gonzalez and Bebbington, 2001) or still to imprdiae performance of the organization
(Clarkson et al. 2008; Cormier and Magnan, 2007).

However, if they symbolize a necessary evolution aifcounting to integrate the

environmental and societal dimensions, these ademursystems also face numerous
challenges. If an easy consensus exists as soitnsaa question of saving the planet, the
situation becomes more difficult when it comes &y fhe price or to assign the efforts to the
various stakeholders. But how much costs the ptiote®f our environment and on what

depend these costs? What are the factors thatenwieonmental costs?

From these two questions, we developed a reseaminé two major environmental
problems: soil remediation and asbestos removat taildings. On these two problems, the
costs depend on such a large number of factorgast ‘drivers” that it seems important to
identify and to analyze better the underlying caasé-effect relationships. The necessary
financial sums to protect the environment are vergortant and have to be the object of
massive budgetary funding. But these costs argineh data; they are constructs which can
be more or less important according to the chomade and the options retained. It is thus
important to wonder about the dynamics of thesersittad costs.



The problem of the cost of environmental protectiand more widely of environmental
accounting, has already been the object of sevesdarches. The ensuing Environmental
Management Accounting (EMA) framework supplies afuls approach to understand,
measure and report environmental costs. Howevercontribution tries to go beyond, in
order to understand environmental cost driverstaett interrelationships so as to be able to

manage them efficiently.

The rest of the paper is organized as follows. i&ed defines Environmental Management
Accounting. Section 2 presents the various streaintiserature on the concept of cost driver.
Section 3 describes the typology of environmentadt adrivers which we used for our
empirical study. Section 4 deals with the methodiglal aspects. Section 5 presents the main

results stemming from our case studies. Finallgtiee 6 discusses these results.

1. ENVIRONMENTAL MANAGEMENT ACCOUNTING

The integration of environmental problems in thenagement of companies came along with
a crucial debate concerning the cost of this irtiégn. The question being: How much costs
the protection of environment? This role of codtuelkation was logically devolved to the
accounting function. But to calculate an environtakoost puts difficulties, both on technical
and on cognitive aspects. Furthermore, the vagegccounting forms (financial, managerial)
brings the question to know where to place theutalon of environmental costs.

Bartolomeo et al. (2000) show that there are withiganizations two accounting systems for
environmental aspects. They build their reasonimghe classic dichotomy based on the type
of accounting information users: internal vs. ex#égrusers. For internal users such as
managers, the system used to manage environmeasd$ ¢s called “Environmental
Management Accounting” (EMA). For external usershsas shareholders, the system used is
called “Environmental Accounting” (EA). In the albse of a well developed framework,
several academic and professional initiatives htned to clarify the notion of EMA.
Therefore, several definitions of this concept barfound as shown in Table 1 below.

From table 1 it appears that the EMA concept isewahd rather loosely defined. This
ambiguity comes from the fact that EMA and EA ao¢ always easily distinguished as they
share some common topics. Another source of anmtpiguthe nature of the information to be

measured, which is in itself quite ambiguous.



Table 1: Definitions of EMA (adapted from BurritticaSaka, 2005)

Sources Definitions

Academic

Graff et al. (1998) Environmental management actingris the way that businesses account for the
material use and environmental costs of their lassnMaterials accounting is a
means of tracking material flows through a facilityorder to characterize inputs ang
outputs for purposes of evaluating both resourfieieficy and environmental
improvement opportunities.

Environmental cost accounting is how environmeataits are identified and allocated
to the material flows or other physical aspecta §fm'’s operations.
Xiaomei (2004) It is a new branch of accountingabhis under the direction of sustainable economic
development goal, using the basic accounting thandymethod to recognize measure
and report the environmental management systenth@nehvironmental impact of
economic activities of a business.

Schaltegger and EMA is defined in a narrower sense to include dhlyenvironmentally induced
Burritt (2000) financial aspects of accounting that help manatgensake decisions and be
accountable for the outcome of their decisions.

Bennett and James | The generation, analysis and use of financial amdfmancial information in order to

(1998) optimise corporate environmental and economic perdmce and to achieve
sustainable business.
Jasch (2003) EMA, Environmental management accogimépresents a combined approach which

provides for the transition of data from finan@akounting, cost accounting and
material flow balances to increase material efficie reduce environmental impact
and risk and reduce costs of environmental praiecti

Professional
International [Environmental management accounting is] the mamage of environmental and
Federation of economic performance through the development apteimentation of appropriate

Accountants (2005) | environment-related accounting systems and practibéile this may include
reporting and auditing in some companies, envirartalenanagement accounting
typically involves life-cycle costing, full cost esunting, benefits assessment, and
strategic planning for environmental management.

United Nations Environmental management accounting serves as hanisen to identify and

(2001) measure the full spectrum of environmental costsuofent production processes an
the economic benefits of pollution prevention @atler processes, and to integrate
these costs and benefits into day-to-day businesisidn-making.

j®N

For that reason, Burritt et al. (2002) integrate tiotions of monetary information and
physical information to refine the concepts of EMAd EA. For these authors, monetary
information concerns “environmentally related imggamn the economic situation of
companies”, while the physical information concerfompany related impacts on
environmental systems” (Burritt et al., 2002, p).4lheir reasoning ends in the positioning of
EMA according to two predefined dimensions: “usefrshe information” and “nature of the

information” (see figure 1 below).

The present paper addresses issues and questainbetbng to Monetary Environmental
Management Accounting (“MEMA”). According to Buiriet al. (2002), MEMA Yeals with
environmental aspects of corporate activities egpeel in monetary units and generates

information for internal management use (e.g. co$tiénes for breaking environmental laws;



investment in capital projects that improve theiemment). In terms of its methods MEMA
is based on conventional management accounting thaextended and adapted for

environmental aspects of company activities

Figure 1: Environmental accounting systems framdéwBurritt et al., 2002)
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In conclusion, academic and professional works e EMA concept have attempted to
explain its scope, peculiarities, various dimensiand characteristics, and finally its borders
with other forms of accounting. More particularlstudies emanating from professional
organizations have tried to propose systems oragoes allowing to identify and to classify

200%¢vertheless,

Management Accounting research has so far remaatedst silent on the question of

environment-related costs (Jasch, 2003; Gale, Environmental
environmental cost drivers. For that reason, wektltihat the cost driver literature is the most
suited to answer the research questions raisetienintroduction of the paper. The next

section will present such a literature.

2. COST DRIVER LITERATURE

As noted by Banker and Johnston (2007), there isingle, widely accepted and unifying
theory or taxonomy of cost drivers. In a recenteevof the cost driver literature, these two
authors identify at least three streams of resedeating with this concept, explaining that

“the early publications in the management accogntesearch literature making the case for



understanding cost driver relationships in gredegail and complexity [...] included Kaplan
(1983, 1984), Miller and Vollmann (1985), CooperKaplan (1987), Shank (1989), and
Shank and Govindarajan (1989) who drew particulappn Porter's (1985) strategic cost
analysis and management framework” (Banker andstohn2007, p. 532). Table 2 below

presents three major cost driver taxonomies stefnam these various research streams.

Table 2: Comparison of cost driver taxonomies (Bau& Johnston, 2007, p. 533)

Porter (1985) Riley (1987) Cooper & Kaplan (1998)
Scale Structural drivers Manufacturing stage of value itha
Learning and spillovers Scale Unit-level

Capacity utilization Scope Batch-level

Linkages between activities acrogsExperience Product-sustaining

value chain (within firm, across | Production technology, across theFacilities-sustaining
extended value chain) value chain Rest of firm value chain
Linkages with business units Product line complexity Customer-sustaining

within the firm Executional drivers Product-line sustaining
Timing (first/late movers) Workforce commitment to Brand-sustaining

Policy choices (product design andcontinuous improvement Channel-sustaining

mix (scope), service levels, Quality management Location-sustaining
investments, delivery times, Capacity utilization Corporate-sustaining
distribution channels technology, | Plant layout efficiency Extended value/supply chain
materials quality) Product design configuration Vendor-sustaining
Geographic locations Linkages with suppliers and

Institutional factors (regulation, customers (extended value/supply

tariffs, unionization) chain)

Porter (1985, p. 63), articulating a strategic ngamaent framework grounded in industrial
economics theory, was one of the first to use thecept of “cost drivers”, defined as the
structural determinants of the costs of organiratioactivities. According to Porter, the
degree of control which a firm possesses on itwiies’ cost drivers is variable. The cost
“position” of a firm depends on the behavior of tsom each of the value-creating activities
performed. In turn, the behavior of costs depends a@ertain number of structural factors
which Porter calls “cost drivers”. Several driveesn combine in order to determine the cost
of a given activity. The nature of the most impottaost drivers can vary across firms and
industries, especially if the value chains areedédht. The relative position of a firm with
regard to the costs of a given value-creating agtdepends on the way it stands in the face

of its most important cost drivers.

Drawing on the work of Porter (1985), Riley (198&#pposes a typology distinguishing two
categories of cost drivers: “structural” driversddiexecutional” drivers. The first category -
structural drivers - is inspired by industrial ongaation literature. In this perspective, the firm

has to make at least five strategic choices conugrits economic structure, these choices



being determinants of the company’s cost level stnacture. These five choices deal with

scale, scope, experience, technology, and complexit

The second category corresponds to executionaldcvgrs. As their name indicates it, these
drivers represent the way a firm “executes” mordess efficiently its operational activities.
While the structural drivers are not necessarilyalated in a positive and linear way with the
firm’s performance (there may be diseconomies alesfor example), executional drivers are.
In Riley's (1987) typology, these include work fermvolvement and participation, Total
guality management, capacity utilization, plantolatyefficiency, product configuration, and

the exploitation of linkages with suppliers andZastomers, per the firm’s value chain.

As Banker and Johnston (2007, p. 534) relate: ‘tBog upon their own observations, as well
as those of Miller & Vollmann (1985), Cooper & Kapl (1987) began to build a model in
which the characteristics of products and productpocesses, especially product line
diversity and production process complexity, indted, or in addition to, output volumes,
cause transactions or activities, which in turnseaar drive manufacturing overhead costs.”
This model took the names of Activity-Based Costi(§BC) and Activity-Based
Management (ABM). Later on, Cooper and Kaplan (}%tended ABC/M to other stages

of the value chain such as marketing, selling dasttidution, R&D and so on (see table 2).

The vocabulary used in the initial ABC literaturancbe seen as a little bit confusing
regarding the concept of cost driver. Cooper angdl&a(1998) addressed this issue later on
by using the term “process driver” instead of “cosiver’ so as to distinguish it from
“resource” and “activity” drivers. .The two authgtsstified this change in vocabulary with
the following arguments: “The CAM-I model introduta process view as a horizontal axis
at the activity level. The process view introdueedifferent type of cost driver, which we
shall call a process driver. Process drivers hegxplain the quantity of resources, and hence
the cost, required to perform an activity. [...] R¥ss drivers relate to the efficiency of
performing the activity. Any activity could haveveeal process drivers associated with it.”
(Cooper & Kaplan; 1998, p. 280)

Approximately at the same time of the developmehttte ABC model, Shank &
Govindarajan (1989) defined what they called “stgat cost analysis” as the process of 1)
defining a firm’s value chain and assigning costd assets to its value-creating activities, 2)

investigating the cost drivers “regulating” eadhctivity, and 3) using cost behavior



information to analyze alternative means for adnmigvcompetitive advantage, by either

controlling cost drivers or reconfiguring the valtlain.

Specifically with respect to cost driver analysghank (1989) and Shank & Govindarajan
(1993) argued that understanding cost behaviori@spinderstanding “the complex interplay
of the set of ‘cost drivers’ at work in any givatuation (Shank, 1989, p. 55) — as opposed to
the independence and mutually exclusive partitigneflected in traditional cost accounting
systems and design of ABC systems emerging atrtiee t

Shank (1989, p. 50) defines “Strategic Cost ManagdinSCM) as “the managerial use of
cost information explicitly directed at one or mooé the four stages of the strategic
management cycle”. For him, SCM results form a tileg of three underlying themes that
are each taken from the strategic management tliteravalue chain analysis, strategic
positioning analysis and cost driver analysis. Reigg cost driver analysis in SCM, “it is

acknowledged that cost is caused, or driven, byynfactors that are interrelated in complex
ways. Understanding cost behavior means undersiguide complex interplay of the set of
‘cost drivers’ at work in any given situation.” (&fk, 1989, p. 55)

Like Riley (1987), Shank makes a distinction betwstuctural and executional cost drivers
when he states that “cost is a function of stratedioices about the structure of how to
compete and managerial skill in executing the agfiatchoices” (Shank, 1989, p. 62). Aware
that any typology of cost drivers is subject tocdssion regarding the drivers it lists and the
one it does not, Shank synthesize the main issuessb driver analysis in four points. First,

for strategic analysis, volume is usually not thestnuseful way to explain cost behavior.
Second, what is more useful in a strategic sense explain cost position in terms of the

structural choices and executional skills whichpghthe firm’s competitive position. Third,

not all the cost drivers are equally importanttladl time, but some of them are very probably
very important in every case. And four, for eacktdlriver there is a particular cost analysis

framework which is critical to understanding thesitioning of a firm (Shank, 1989, p. 58).

Embracing these remarks, the present paper caedmeas an attempt to develop a particular
framework for environmental cost analysis and &nidy the most important environmental
cost drivers. Drawing on the different streams a$tcdriver literature the first step in our
empirical research was to develop a typology ofiremmnental cost drivers. The next section

will present such a typology.



3. ATYPOLOGY OF ENVIRONMENTAL COST DRIVERS

Anderson (2007, p. 493-494) notes that “much of liteeature on sustainability concludes
that a necessary condition for strategic manageroemnvironmental and social costs is
increased visibility of the full costs (and bengfiof a firm’s operations.” However, Joshi et
al. (2001) provide strong evidence showing thattncost accounting systems obfuscate the
magnitude of costs associated with environmentahpdiance. Moreover, as noted in the
introduction of this paper, Environmental Managetm&ccounting literature is almost silent

on the topic of environmental cost drivers.

In order to address the research questions ramsé#teiintroduction of this paper, and in the
absence of previous research on the same topidyawe developed our own typology of

environmental cost drivers. The starting point lof tprocess was the typology of Porter
(1985) further refined by Riley (1987) and Shank &ovindarajan (1993) as discussed in the
previous section of the paper. However, as noteBjbsnenak (2000) in his study of the cost
drivers of Norwegian public schools, these refinetaavere all based on inductive analyses
of private sector case studies, which may explaenexclusion of institutional factors from

their list of cost drivers. Hence, the lists andupings developed so far in the cost driver

literature were not found to be fully compatiblegiwihe context of environmental costs.

Table 3: Proposed typology of environmental costeis

Cost driver Cost driver name Cost driver name in Cost driver name in
category (our typology) Porter’s (1985) typology Riley’s (1987) typology
Structural Scale Economies of scale, interrelationshipsScale (including
cost drivers with other business units horizontal integration)
Scope Level of vertical integration Scope
Experience Learning & spillovers Experience
Production technology NA Production technology
Service line complexity Policy choices Product lamnplexity
Location Location NA

Executional | Work force involvement

Policy choices

Work forceatvement

cost drivers | Linkages along the
extended value chain
(suppliers, customers an

within the firm)

3|

Linkages within the value chain, with
suppliers & with distribution channels

Linkages with suppliers
and/or customers, within
the firm

Timing of the job Timing NA

Discretionary policies Policy choices NA
Institutional | Legislation Institutional factors NA
cost drivers | Market development NA NA

Y In our study, the relevant cost object is the =jite. asbestos removal jobs or soil remediations) rather

than the product.




The refinement shown in table 3 above was founietonore useful. The list is informed by
the cost driver concept developed by Porter (198%) the subsequent refinements in the
SMA literature (see Section 2). However the adaptibthe concept is adjusted to the context
discussed, i.e. environmental costs and more s$pabyf soil remediation and asbestos

removal from buildings.
Structural drivers are related to deliberate sgiatehoices made by the firm in several areas:

e Scale: How big an investment to make in resourael as manufacturing or R&D;

» Scope: Degree of vertical integration. Horizontdégration is more related to scale;

* Experience: How many times in the past he firmdlesady done what it is doing;

e Production technology: What technologies are usedeh step of the value chain;

e Service line complexity: How wide a line of prodsictr services to offer to customers;

e Location: Location of the company in relation witie performed jobs’ location.
Executional drivers are related to how efficieritlg firm is executing its activities:

e Work force involvement: Work force commitment tanéaual improvement;

» Linkages along the extended value chain, i.e. gekawith suppliers, with distribution
channels/customers and between the internal aetwf the firm;

e Timing of the job: depending on capacity utilizatiof the whole industry (match
between offer and demand at industry level), pradesged for a job may vary;

e Discretionary policies regarding all other execnéibissues within the firm.

Finally, institutional drivers are related to ldgison aspects on the one hand and to market

development (number of companies, level of comipetitetc.) on the other hand.
4. METHODOLOGY

To answer our research question, we first idemtifiee major environmental problems which
companies face today: asbestos removal, the difingmdf ships, soil remediation, high
environmental quality and environmental managensgystems. Nevertheless, we chose to
focus only on the problems of asbestos removalsaidemediation for three reasons. First,
the empirical material for these two problems iailable in greater volume than for the other
themes, notably because of the reproduction ofkihi$ of operations over the past few years.

Secondly, these two types of operations preseatdsting similarity in the sense that they are
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environmental problems which come downstream te Lfycles because they concern
damages already done to the environment (contraryigh environmental quality and
environmental management systems which concermtesbethe preventive aspect). Finally,
the nature of these operations is convenient &iudy on cost drivers because the calculation

of the costs and the identification of the drivars facilitated by the job/project organization.

In order to perform the study, we used the cas#ystwethod. For the removal of asbestos, we
chose operations of different complexity level:iBdussieu University, a tower of big height,
a hospital still in service during the removal jab well as more simple jobs on disused
buildings. In total, seven operations of asbhestosoval were studied. For the remediation of
soils, we concentrated on pyrotechnic pollution® ¢ases of grounds polluted by the two
World Wars) and chemical pollutions (two grounddlyged chemically). Table 4 below

summarizes the various case studies performedhiforésearch.

Throughout the field work, we adopted an exploratnd qualitative methodology based on
interview guides and questionnaires built afterattentive study of the public data on such
operations. In every case study, we had accessttlatl cost calculations. Unfortunately,

this information were always presented accordinggecific formats thus not allowing an

immediate comparison across the cases. Our appad@aeu essentially at the description and
at the interpretation of the processes which enthenconstruction of an environmental cost.
While doing so, an identification of the main elwvimental cost drivers was made possible

thanks to the various interviews performed.

For every case, the method of data collection wastical and followed the following steps:
familiarization with the problem, writing of a quEsnaire sent before the interview,
interview with one or several persons in chargeth@d operation, collection of written
information on the costs, write-up of the case aisdsubmission to the interviewees,
comparison of the cases. In the end, the varieth@ftase studies allowed us to obtain very

rich data and interpretations regarding environ@esdsts and their drivers.

Table 4: Summary of case studies performed

Asbestos removal Soil remediation
Number of case 7 jobs of various complexity + analysis of the 24 case studies + analysis of the
studies available literature available literature

Nature of the| Paris-Jussieu University campus; A tower of big Soils pyrotechnically polluted during

case studies height; A hospital still in service during the revab the two World Wars (22 cases)

job; Four buildings with a simple structure (low| Soils chemically polluted (2 cases
complexity removal jobs)

11



5. RESULTS

In this section, we will present the main resultsoor empirical study by category of cost

drivers, i.e. structural, executional and instdafl drivers.

5.1. Structural drivers

Six structural drivers were retained in our typglogf environmental cost drivers: scale,

scope, experience, technology, service line conifglexd location.

5.1.1. Scale

This cost driver concerns economies of scale. Isehote first of all that the size of the
operation is indeed an evident explanatory factdh® total cost of the project. However, the
relevant question is: How does the size of the atjpmr impact the cost per square or cubic
meter cleaned up? The data which we collected $eeshow a slight positive effect even if

the interviews did not mention it.

A first effect of distribution of the fixed costver a larger volume explains this decline. So
for example, in the case of the removal of asbeswsy construction site must be equipped
with sophisticated showers, whatever the size @biberation. So, the bigger the building will
be, the more the part of this fixed cost will dee in the total cost per square meter cleaned
up. The same type of effect is observable in tlee ad soil remediation. The data collected
indicate that for a surface of 20,000 m? the clgaownst is about €2 per m2. For a surface of
60,000 m 2, the cost decreases to €1.35 per meédrila surface of less than 200 m2 the cost
jumps to €90 per m2. These savings are due howessgntially to capacity optimization

issues and to the spreading of fixed costs oveora important volume.

5.1.2. Scope

This driver makes reference, in our example, toitheact on the operation’s costs of the
variety of the pollutions found on a site. It emesdrom our study that the more important the
variety of the buried pyrotechnics/chemicals or there the asbestos to be treated is of
different nature, the higher will be the total costhe operation. Moreover, we observed very

little synergies stemming from the treatment cdr@ér number of pollutants.

12



5.1.3. Experience

This cost driver insists on the learning effect sgoutive to the realization of several
successive cleanup operations. The markets ofesoidiation and asbestos removal being at
present under construction in France (see 85.&@grience seems to have little effect on the

cost of the operations studied in this research.

The markets of asbestos removal and soil remediatte young markets in the course of
institutionalization. On the chemical cleanup markiee professional union accounts for 30
companies distributed on the French territory artdtal number of 1,500 employees. The
labor is quite highly qualified because this typk abeanup presents characteristics in
connection with the training of engineers. The pgehnic cleanup market groups together
less than ten companies in France. The qualifiedrlaomes mainly from the military sector.
On the asbestos removal market, there are justvactenpanies because of the necessary

gualifications. It can even be considered as agopblistic market.

In front of the relative youth of these markets tmpact of experience on environmental
costs is threefold. At a first level, companies hoiit experience need time to integrate
statutory standards and the related legislatiamtimeir operating processes. At a second level,

companies without experience tend to propose |qriees.

Finally, experience seems to play a main role m pheparation phase of the operation, as
shown in the Balard case study where a particuleoiynpetent subcontractor was able to

substantially lower costs thanks to its past exgmee of similar projects.
5.1.4. Technology

Technology is a very important environmental castet in the cases of asbestos removal

and soil remediation. Upstream to the operatiothécase of asbestos removal, the choice of
encapsulate the Balard building allowed to manag#easant surprises such as the discovery
of asbestos unexpected from the beginning. On ther dvand, on the sites of Paris-Jussieu
University and Bégin hospital, the engineers ditl us®e the same technique, which lowered

costs but at the risk of finding unexpected aslsesto

Regarding soil remediation, the initial stage ofl smalysis can be handled through three

different processes involving different technolagienagnetometer, electromagnetism and
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georadar imaging. The first two methods allow a samy detection of the metallic masses
buried in the ground while georadar imaging all@awsharper characterization of the metallic
masses found. The technology used to perform tagndsis has a strong influence on the
cost of the operation. Georadar imaging is the rempensive solution in terms of diagnosis

but may reduce the costs of operating the latgiestaf the soil remediation.

During the operation, and even if the modalitie®xécution are strongly framed by the law,
the cost is mainly driven by the environment of diperation. For the removal of asbestos, the
cost will be different whether the job is made orampletely empty or disused building
(Balard case) or on a building that (partly) stay$unctioning (Paris-Jussieu University and
Begin hospital case studies). A building that i gbartly) in service poses several logistic
problems such as waste handling and disposal glgiaecess to the building.

The case study of the Begin hospital shows the rmapbrole that the direct environment of
the job can play (tranquility of the patients, aaxéo the car park, information systems that
must be kept in working order). This variation e tcost results from the cohabitation of two
potentially contradictory objectives: continued usfethe building and its cleanup. As an
interviewee of the Balard case told us: “An askbesémoval job, it's 75% logistics and 25%
works”. We have observed the same potential imp&@n operation’s environment in the

cases of soil remediation studied.

Downstream to the operation, technology choices maycern, for example, the final
handling and disposal of toxic waste. For asbestaste can be buried or vitrified. Regarding
soil remediation, ammunitions can be treated in@iton another site. The choices made have

a clear impact on the cost.

5.1.5. Service line complexity

This driver analyzes the complexity of the operaioof asbestos removal and soll
remediation. We identified three main sources ahglexity: the variety of pollutants, the

conditions of the operation and the uncertaintpafutants.

Variety of pollutants: For soil remediation, theansity of the pollution explains partially the
cost of the operation. This intensity results fridma type of pollutant, from its concentration,
from its seclusion and from the nature of the grbults one interviewee mentioned: “It is

very difficult to estimate the cost of a cleanugdngse every construction site is really very
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particular. It depends on local conditions, on laéure of the pollution, and on quantities of

ammunitions expected to be found.”

Conditions of the operation: For the removal ofessbs, the complexity results from the
building’s characteristics. Is it occupied or nét@w big is the height of the building? Is it

necessary to plan a rehousing? All these charatitsrhave a big impact on the cost.

Uncertainty of pollutants: For the removal of asbesthe uncertainty comes from the
unpredictable nature of the building and the randastribution of the pollutant. Furthermore,
the asbestos can be located in places that a@cnessible by workers, inside the building or
outside on more or less crisp facades. These aties can have a big impact on the cost.
For example, if the asbestos is on the facadelseobtilding, it will be necessary to build an

outside structure on which the seclusion will rest.

For the remediation of soils, the diagnosis stagesdnot allow to identify exactly all the
targets to be cleaned up. So, during the operatien,targets will appear, new treatments will
be made and the global cost of the operation wdtease. Furthermore, the reaction of the
ground during the operation is particularly difficto forecast. As one interviewee explained:
“The difficulty in the methodological approach cosrfeom the understanding of the complex
system that constitutes the soil. It is a compdidateactor which possesses a dynamic
variability, with regard to pollutants. It is nesasy to understand the soil as a living system
that evolves over time and to adopt a long ternomisf it”.

5.1.6. Location

This last structural driver describes the impacthaf location of the cleanup operations on
their costs. At first glance, this driver seem$&ve no impact. Indeed, the studied cases are
static, contrary to the dismantling of ships folaewle. However, the operations of waste
treatment could take place outside the pollutegl #is indicates the following excerpt from
an interview, this is rarely the case because tis¢ @f this operation is not significant: “The
cost of the cleanup of a ground also raises thbl@no of the outsourcing of certain activities
like the treatment of waste. At present, we donatice an increase of these costs, and this in

spite of the evolution of the legislation, thankigtie competition between subcontractors.”

Nevertheless, by widening our perspective, locakiag an impact on the costs. The location

of the operation, and its environment, can indeggerder important additional costs. For a
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soil remediation job near a city center (as indase of AZF), the conditions of access to the
site or still for an operation of asbestos remdr@h an hospital, the geographical situation of
the job can complicate the operations and thugasa the costs.

5.2. Executional drivers

Executional cost drivers include work force invatvent, linkages along the extended value

chain, timing and discretionary policies.
5.2.1. Work force involvement

The intensity of the work does not seem to counthmn the explanation of costs. The work
force can work more or less fast but their efficigms very constrained by regulations. The
entrance and the exit of the decontamination hatthan asbestos removal site can take
several hours. Additional to that is the hardndsthe work. Not much time is left to work
effectively. Besides, the workers are paid the munn legal wage. When all these factors are

taken into account, there is not much room leficiust variations or cost savings.

5.2.2. Linkages along the extended value chain

This driver makes reference to the sequencing tvites within the value chain and their
interrelationships. In both type of operations,estbs removal and soil remediation, various

types of actors are going to influence each otheradter the other as the job progresses.

For the removal of asbestos, several actors inmetveroject owner, project owner delegate,
the firm in charge of the diagnosis, operators andcontractors. The work of the actors
intervening at the beginning of the value chaigagng to impact the cost of the operations
performed afterwards. The Balard asbestos remowsk ds a good example of that
phenomenon. A decision had to be made whether sulzing the whole building or not. In
the end, it was decided to do so thanks to thecadwiithe delegated project owner.

Other similar examples were found. The risk of diypaealized diagnosis often translates into
significant additional cost because the envisag#dtisns show themselves unsuitable, or

because more labor hours are necessary in th@eathbve some undetected asbestos.
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5.2.3. Timing

Timing is an important cost driver both for the @ral of asbestos and soil remediation. Its
impact is twofold. First, timing is interrelated tivithe market. As the number of available
subcontractors is very small, a bad timing of tbb [i.e. during a shortage of service

capacity) will result in a longer cycle time andreased costs.

Second, timing is associated with the duratiorhefjbb. For the removal of asbestos, the cost
of the move, of the rehousing and of the immobdizequipment entail an important
additional cost. Furthermore, as already mentiatex/e, the schedule of the job can undergo
important changes because of unforeseen difficultieor example, some asbestos not
identified at first can be found and their handlwdl slow down the overall project. The
building can so remain immobilized during severng.

For the remediation of soils, the negotiation betwvéhe various actors concerned by the area
and its treatment lengthens considerably the deeslliFurthermore, the publication of the
decree number 2005-1325 of October 26th, 2005 laagublication of the orders of January
23rd, 2006 inferred a strong increase of the pmingstimes of the pollution. Finally, a
ground can remain polluted because its cleanup isosiot bearable for its owner. For

example, the cleanup of groundwater can last skyesaas up to 10 or even 20 years.

Indirectly, “timing”, as an important environmentabst driver, highlights the practical
difficulties of implementing the EMA framework inrgctice. Indeed, the formalizations
proposed by the EMA framework do not clearly stiéiese opportunity costs driven by the

timing of the operations.

5.2.4. Discretionary policies

The political choices influence strongly the coktie operations. Even if these markets are
strongly framed by the law, the intervening actbesre some room to maneuver. This
freedom can explain part of the variation of th&alt@ost. The first question which arises is
the one to make or not to make the cleanup. Ragatte removal of asbestos, the legislation
can oblige to remove all the asbestos, in partioutzen the building is sold. However, if the
building is not sold, the actors can choose to #eahsbestos. This latter solution is cheaper

and can prove to be safer.
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The second question concerns the degree of cledsiimecessary to clean up completely or
only partly? The question is justifiable in the €@ the presence of asbestos in glues of stone
floor. Such a case does not present immediate datfmvever, during every future
maintenance operation, if some asbestos remaiesayions that amount to a removal of the
asbestos will have to be taken, thus inflating tientenance costs. Some cost savings can
thus be made on one-shot asbestos removal jobsthbae savings will be negatively
compensated by additional maintenance costs. Thaskto-estimate additional costs are
completely attributable to the asbestos removallpolb they will appear only a long time after
the end of the operation. For soil remediation, degree of cleanup depends strictly on the
future use of the site. For a pedestrian usageclganup will be made on a less important
depth than for a road usage. In the same way,dheentrations of pollutants will have more

important thresholds for a landscaped usage thaa fioban one.

The third question concerns the stakeholders ofojmeration. For example, the asbestos
removal from Paris-Jussieu University is in theteemf numerous stakeholders’ concerns.
These stakeholders include a Minister that gradu&tem this university, world-renown

professors, an “anti-asbestos committee”, etc. emeral way, the presence of numerous

stakeholders with divergent goals can stop theeptdpr a few months and increase its costs.

5.3. Institutional drivers
This latter category includes two cost driversidigion and market.
5.3.1. Legidation

As we have already mentioned it, asbestos remawadlsail remediation jobs are heavily

constrained by regulations.

The legislation regarding the removal of asbestas bhanged a lot and will doubtless
continue to evolve a lot in the future. These ratiahs are plentiful and prescribe the
behavior to be adopted, i.e. the precautions reduw clean up. The main texts that constitute
the French legal framework of this activity are tbBowing ones: the order of January 2nd,
2002, that of August 22nd, 2002, the public heafthestos code (diagnosis and location), the
order of March 6th, 2003 (analysis of samples),stamdard NFX 46-020 (location prior to
removal job), the decree 2006-1072 of August 28806 (the “Asbestos Technical File”), the

1st chapter of the title Il of the book Il of teenployment code of laws, the section number

18



5bis entitled “particular measures of protectiomingt asbestos related risks”, the order of
February 22nd, 2007 (compulsory qualification ¢iedie of the executing company) and the
modified order of May 14th, 1996 (demolition, withdval or seclusion plan).

In the same way, the legislation relative to therapons of pyrotechnic cleanup evolves
continuously while balancing the precautionary gipie and economic capacity. The main
legal texts framing this activity in France are thowing ones: the decree number 76-225
(which sets the respective attributions of Homer&acy and Minister of Defense in terms of
research, neutralization, removal and destructfoanamunitions and explosives), the decree
number 2003-451 and 452 of May 19th, 2003, theuctibn DEF/SGA of July 28th, 2006
(relative to safety regulations that should be &eldpy the military and civil staff of the
Ministry of Defense during a pyrotechnic cleanupg decree n°2005-1325 of October 26th,
2005 and the orders of January 23rd, 2006 (thattHfex rules to calculate the isolation
distances for pyrotechnic cleanup sites and déteritine level of required knowledge and
medical competencies to be held by the person amgehof pyrotechnic safety, by the site
manager and by the persons that will execute the jo

5.3.2. Market

The markets of asbestos removal and soil remediatie new, under-construction markets.
There are very few companies that can take carthede operations. This characteristic
engenders opportunistic behavior in the relatigmshbetween customers and suppliers.
Service providers thus have a true market powerpatehtial customers are price takers. So,
as any market, the market of asbestos removal bgeduto the variations of offer and
demand. The price charged (and hence the coshéocltent) for a specific job is largely
going to depend on the available offer (i.e. cayaavailable for the supplier). In the future,
the cost of asbestos removal will depend on théugea of the market and on the number of
companies entering and quitting this market. Inghd, the market of asbestos removal will
eventually disappear when there will remain no njoketo perform (as the use asbestos is
now forbidden for the construction of new buildings

6. DISCUSSION

Three types of contribution can be drawn from tinelihgs of our case studies on asbestos
removal and pyrotechnic pollution cleanups. Thst fmontribution relates to cost driver theory
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in general. The second contribution consists inetteb understanding of the drivers of
environmental and social responsibility of the fimnmore dynamic perspective than in the
current EMA framework. Finally, the third contrilbort highlights the way in which the

various environmental cost drivers are interrelated

Table 5: Overview of results

Cost driver Impact degree
category Cost drivers (1 = weak, Cost variation factor
3 = strong)
Total surface or volume to be cleaned ug
Scale 1 X
as expressed in m2 or m3
Scope NS Diversity of pollutants
Market in the process of
Structural Experience 1 institutionalization, still too early for any
drivers significant return of experience
Technology 3 Technology_choice has a strong impact on
the diagnosis and execution stages
Service line complexity 3 Pollutants’ charactedstand complexity
Location 2 Geographical environment of the site
Work force involvement NS None
Linkages along the extended 5 Degree of coordination between the
value chain various actors intervening on a site
Balance between offer and demand
Executional Timing 3 Length of a job depends on unexpected
drivers events and goal congruence of actors
Make or buy?
. . - Clean up of the whole site/pollution or
Discretionary policies 3 .
only part of it?
Influence of stakeholders
Institutional Legislation 3 Degree of freedom left
drivers Market 1 Market power of subcontractors

6.1. Contribution to cost driver theory

Our observations allow a better understanding ef ridlative importance of cost drivers
usually presented in the literature. By leadingualg in a new field (environmental costs) we
indeed enrich our understanding of the cost driugtsencing a given operation. Our results
allow then to widen the traditional industrial asmmmercial perspectives of cost calculations

The operations which we studied are highly uncetyaand visible from the public. Many

interviewed people quote spontaneously the goodagement of the value chain, in

particular the quality of the diagnosis, as an irgott factor allowing to reduce and to pilot
better the costs in an uncertain context. The migfine uncertainty, the more crucial are the
upstream phases.
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The studied operations are also highly visible fritv@ public and hence are the subject of
strong pressures from the stakeholders. “Political™discretionary cost drivers, not much
taken into account so far in the cost driver litera (Bjornenak, 2000), appear in this study as
the most important cost drivers. For example, end¢hse of asbestos removal, it is necessary
to distinguish the cost of the operation strictiyeaking from costs of the secondary
operations which can represent much more in the #nthus asks the question of the
perimeter of the costs to be taken into account.

The CSR raise problems of performance measurenikrstrated by the notion of triple
bottom line. These are still badly institutionatizeractices. The less these practices are
institutionalized, the higher the costs are becaisthe political and discretionary choices.
Furthermore, for these badly institutionalized epens), cost drivers related to the
development state of the market are key to explenvariation of the costs across different
cleanup jobs. So, companies experienced with yipis bf operations are not still numerous.
Besides, the market is often narrow and the fewt#g companies are price makers. Finally,
the fact that the operation takes place in thesRaga or somewhere else is also important as

there are more companies competing for jobs irPdrés area, which lowers prices.

Finally, in business sectors highly regulated igirtiexecutional process as the ones studies in
this paper, some structural and executional casemd are of little importance. Scale and
scope, for example, were not found to be playingnaportant role (but more observations
would be necessary). Workforce involvement and lgfut are highly constrained by the
regulations. Also, what is striking is that the Redris at the same very regulated for safety

reasons and very weakly institutionalized becadi$s gouth.

In the end, the cleanup operations studied in flaiper are quite different from classic
industrial settings, which could thus require tle@&lopment of new cost drivers typologies

based on the characteristics of the operationsristiddy.

6.2. Contribution to social & environmental respongility theory

This paper is theoretically anchored in the EMArfeavork. Indeed, this study addresses one
of the objectives assigned by Gray et al. (1993 MA, i.e. to identify in a autonomous way

environmental costs and revenues the environmeotiside the traditional financial
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accounting system. More exactly, our aim was taotiflecost drivers in order to shed light on

the complexity of a standardization process of mmmental cost.

Our data allow a critical discussion of the accountapproaches of the social and
environmental responsibility of the firm. In spibé the interest of an environmental costs
classification by the EMA framework, such an apptoeemains static. Only a few categories
of costs are accounted for, whose environmentalreatoes not really raise problem. But as
shown in our study, this vision is too positivistdadoes not take into account some very
important costs because of their ambiguous linkhwite environment. For example, the
Canadian Order of Chartered Accountants suggeassifyfing environmental costs into five
categories (Farley et al., 1997): evaluation, pnéwe, correction, control and image. Does
the use of this typology allow assessing exactéypghrimeter of an environmental cost? Our
case studies indicate that several costs wouleasity fill into this typology while they are
directly linked to the cleanup costs. Opportunibgts are examples of such costs: an unusable
building or ground, or a decrease in efficiency doeelocation engenders additional costs
rarely integrated into the classic perimeter oféhgironmental cost.

Furthermore, this cost is strongly dependent oretits expressed by the actors. The question
to know if a cost is an environmental cost doesdegend on its nature but on the reasons
that lead to bear this cost. The example of theingoeost in the case of asbestos removal is a
good example. If the move is only driven by the ogal of asbestos then the cost of moving
should be considered as an environmental coshelfmiove is made independently then the
cost does not fit into the environmental categdvi find here the same result as in Herbohn
(2005): although the EMA framework improves theidgi®n process, its implementation is
complicated by technical problems (the integratdrexternalities) and management issues
(difficulty to convince all the stakeholders angks of information manipulation). Our study
helps in going from a static report to a proactmanagement of environmental costs by
highlighting their specificities. We supply a sketof the control levers that may be used to
act on the costs and not simply on their recording.

Environmental costs are driven by the uncertaintg ahe complexity of the cleanup
operations, their weak degree of institutional@atiand by the end usage of the cleaned
building or soil. These drivers, while certainlytrspecific to environmental costs, have only

been little investigated in the literature so féhe study of the costs of environmental and
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social responsibility of the firm allows highlighy specific drivers to this domain and so

allows us to understand better this phenomenon.

To finish, our case studies confirm some limitsvpyasly highlighted in the literature when it
comes to implement the EMA framework within orgatians. We find two of the failure
factors identified by Gray and Bebbington (2001575): the endless search for precision and
the impossibility to obtain all the costs. It seeimpossible to list all the constituents of an
environmental cost. The results of the study brug to revise the purpose of an
environmental accounting system. It indeed seemss tthat such a system should not try to
“freeze” environmental costs, as in Xiaomei (2004)United Nations (2001), but on the

contrary try to assess their dynamics.
6.3. Environmental cost drivers’ interrelationships

It seems that there is a kind of path-dependenalydiganizes the relationships between the
various environmental cost drivers. This study ¢sitwo new lightings. First, it contributes
to the development of cost drivers typologies. Tiamsfer of Porter's (1985) and Riley’s
(1987) typologies to environmental issues turnedtowe delicate. Some drivers turned out
to be non relevant and others, not much develapdki previous typologies, turned out to be

very important, as for example the complexity andastainty of the cleanup operations.

Second, as Banker and Johnston (2007, p. 552) f8xdene researchers have recognized that
many costs and revenues, as well as some of thearsl involve simultaneous relationships,
that is, they are, or should be, simultaneous mtlyodetermined by managerial decisions
and/or external forces. When this is the cass, iihportant for researchers to develop models

that capture the rich, underlying complex set gidtiresized relationships...”

Indeed, links exist between the various cost dsivéentified in this paper. Some drivers may
reinforce each other’'s impact on the total costhefjob whereas others will tend to have a
mitigating effect. For example, the legal envirominean provoke an increase of the cost, this
increase being compensated by the choice of thésideanakers to implement a non

expensive technology. On the contrary, the smathler of third parties making up the soil

remediation market adds up with a very constraitgggslation for an increase of the cost of
such cleaning operations. Figure 2 below presentengative model that captures the

relationships between the different environmenbat drivers that were studied in this paper.
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Figure 2: Environmental cost drivers and their imationships
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