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Abstract

Companies wishing to realise broader societal and environmental objectives often chose Triple Bottom Line
(TBL) accounting as a reporting approach, covering social, economic and environmental indicators and thus
enabling decision-makers to quantify trade-offs between different facets of sustainability. Two issues are
critical when considering TBL accounting. First, indicators must include both the direct (on-site, immediate)
effects of the company as well as the indirect (off-site, upstream, embodied) effects associated with
purchasing from a potentially large and distant web of suppliers. The incorporation of all indirect or
upstream impacts removes problems related to the choice of boundaries. Second, it is important to address
the question of how to assign responsibility for the indirect impacts as they are shared between all partners
in a supply chain and must not be double-counted.

The research question of this work is therefore "how can corporate sustainability performance be quantified
and compared in practice, whilst taking into account the responsibility sharing nature of trading and
avoiding double-counting of impacts?". We a) describe the analytical approach to measure the indirect
impacts of a comprehensive Triple Bottom Line account of a producing entity, b) present a quantitative
concept of shared responsibility as a solution to assigning responsibility to both producers and consumers,
in a mutually exclusive and collectively exhaustive way, and c) demonstrate practical applications in
examples of quantification of indirect impacts, supply chain contributions and shared responsibility.

Keywords

Triple Bottom Line accounting, corporate responsibility, shared responsibility, sustainability reporting,
input-output analysis, benchmarking, supply chain analysis
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1. Introduction

1.1. Corporate Sustainability Reporting and the Triple Bottom Line

A broadly agreed definition of sustainability istaptices and development that meets the needseof th
current generation without compromising the abilitiy future generations to meet their needs (WCED,
1987). Although this definition has been widely ggied, applying it in a meaningful way to all levelf
society is a major intellectual and governancelehgk. Sustainability is ultimately an absolutediton: a
country, community or company is either sustainailét is not. However, un-sustainability may bede
recognisable over immediate or short time scalaséte at odds with the accepted principle of sueshality
defined in terms of future generations. Therefanean operational sense and with our current lichite
knowledge, sustainability is best viewed as a @mock is likely therefore that the sustainabilggal posts'
will be continually moved as our understanding e importance of social and natural capital inaeas
Whilst it is difficult to make an absolute assesstnef what sustainability means, proxy indicatofs o
sustainability, many of which are currently in ugee essential for determining relative performance

Corporations are beginning to apply the conceptsoétainability at a practical level in terms of
environmental and sustainability accounting anarépg (von Ahsen et al., 2004) (Schaltegger et24l06;
Taplin et al., 2006; Daub, 2007), thus addressing various "corporate sustainability challenges”
(Schaltegger et al., 2003). Since companies begditisping the first environmental reports in the¢ela
1980s, there has been "a clear tendency towardmthesion of societal, and sometimes also findncia
issues and benchmarking of performance" (Kolk, 2004rporate sustainability accounts and reportstmu
contain qualitative and quantitative informationtbe economic, environmental and social effectigsrand
efficiency and integrate these aspects in a suidity management system (Schaltegger and Wagner,
2006).

Companies wishing to realise broader societal awvit@mental objectives often chose Triple Bottomel
(TBL) accounting as a reporting approach, covedlhghree dimensions of sustainability and thusbéing
decision-makers to quantify trade-offs betweenedéht facets of sustainability. "Triple Bottom Line a
term originally coined by John Elkingtbim 1994 to describe corporations moving beyonarimg only on
their financial "bottom line" to assessing and mdpg on the three spheres of sustainability: ecainp
social and environmental. TBL can be viewed asponteng device (e.g. information presented in ahnua
reports) and/or an approach to improving decisi@king and the fundamental functioning of organcsai
(e.g. the provision of tools and frameworks for sidering the economic, environmental and social
implications of decisions, products, operationgjife plans, etc).

TBL provides a framework for measuring and repgrorporate performance against economic, socal an
environmental benchmarks. Reporting on the Tripletdn Line makes transparent the organisation’s
decisions that explicitly take into considerationpacts on the environment and people, as well as on
financial capital. The TBL process can reduce riagsist in delivering better outcomes for employees
shareholders, customers and clients, and enhapataten. These benefits can help to produce atheal
operating environment and a reasonable expectafi@ompany longevity past the quarterly report ey k
performance indicators. It has been recognisedtiaataging sustainability performance and succdgsful

1 His book “Cannibals with Forks: The Triple Bottom Line of 21% Century Business” (Elkington, 1997) introduced the

concept of the Triple Bottom Line to a wider audience, asking whether capitalism itself was sustainable and looking at
the ways in which TBL thinking would transform (financial) accounting.
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integrating social, environmental and economic cbjes in proactive operational strategies go harfthnd
with the competitiveness of the business (Schadteggal., 2006; Schaltegger and Wagner, 2006).

The concepts of TBL and associated systems andtmggpdrameworks are increasingly being taken up by
companies worldwide as the Global Reporting Iriit@{GRIf and the work of bodies such as the OECD
build momentum. In the wake of this work nationaddainternational regulations are changing and
companies are more and more required to repont éneironmental and wider sustainability performahc
This brings with it a need for standardisation of@unting frameworks (Steven, 2004). However, tlaee
no strict guidelines or standards yet with whickibasses have to comply. Although the GRI has chtise
notion of the Triple Bottom Line in laying the grmwork for such guidelines (Global Reporting Irtitia,
2002), the TBL accounting procedures envisagechby@RI are still fraught with inconsistencies, aggin
which is the so-called boundary problem (Global &@pg Initiative, 2005). This problem can be salvgy

a comprehensive input-output based life-cycle apgnahat can be integrated into a TBL framework and
applied to supply chain management issues at anaitge of organisational scales (Foran et al., 005

Accounting free of boundary problems and doubleating is particularly important when it comes to
guantifying environmental, social and economic inipaas corporate sustainability performance céy o
measured and compared if indicators can be quexdhiifi a robust and reproducible way (see also Kraj
Glavic, 2005). Two issues are particularly critiegthen considering quantitative TBL accounting. firs
indicators must include both the direct (on-sitemediate) effects of a company as well as the ewtlifoff-
site, upstream, embodied) effects associated witbhasing from a potentially large and distant veéb
suppliers. Only when adopting this life-cycle pesjve, accurate comparisons of performance become
possible. Problems related to the choice of boueslaan be avoided by incorporating all possibtgrect
or upstream impacts. Second, it is important taegklthe question of how to assign responsibitityttiese
indirect impacts as all partners in a supply ctai involved in their creation and reporting onntheust
avoid double-counting.

These two issues form the central theme of thisrifmrtion. We suggest to undertake an input-outpaged
life-cycle assessment across social, economic avidommental indicators spanning the entire sumbigin
of business operations in order to enumerate catpdrriple Bottom Line impacts in a holistic way.eW
describe the concept of 'shared responsibilitycti®e 1.2) and explain with a simplified supply tha
example how it can be applied in practical circuanses (Section 3.2).

Perhaps the first of such a consistent and compsareelife-cycle TBL study of the industrial sect@f an
entire economy is the analysis of the Australianneey (Foran et al., 2005b). This analysis — called
"Balancing Act" — uses the economic National Acdsurenvironmental accounts, physical satellite
accounts, and input-output techniques in ordeh#aracterise 135 industry sectors in terms of foaricial,
three social and four environmental indicators. €arh of the 135 sectors, every indicator is enatadrin a
supply-chain context, where all upstream impaatdraziuded.

Researchers at the University of Sydney have dpeelthe underlying methodology for the Balancing Ac
study and created a TBL software tool, termed Buolitee® ("BL-cubed")* A company’s financial accounts,
together with on-site impact data, act as inputftvoe outputs include aggregate figures, detailed
breakdowns and rankings of economic, social andr@mwental indicators. Sector benchmarking, stmadtu

2 http://www.globalreporting.org

The EU Accounts Modernisation Directive (AMD), for example, introduces requirements for (large) companies to
include a balanced and comprehensive analysis of the development and performance of the business in their
Directors’ Report. The analysis should “include both financial and, where appropriate, non-financial key performance
indicators relevant to the particular business, including information relating to environmental and employee matters”.
This part of the EU Accounts Modernisation Directive is effective for financial years beginning on or after 1 April 2005.

Currently, there is an Australian (www.bottomline3.com) and a United Kingdom version (www.bottomline3.co.uk) of
this tool available.

3
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path analysis (upstream supply chain analysis)paoduction layer decomposition are available foT&L
indicators. Quantification of shared responsibilgyrealised by delineating impacts into mutuabglasive
and collectively exhaustive portions of respongiptio be shared by all agents along a supply cHaithis
contribution we use example outputs from the taoldemonstrate how TBL impacts from a business'
operations can be quantified in a systematic angparable way.

The need for such robust tools and informationgigeintitative environmental and sustainability réiporis
growing rapidly and will persist in the future. A&caent report from the London-based environmental
consultancy Trucost, published by the UK Departmiamt the Environment, Food and Rural Affairs
(DEFRA, 2006), hints at significant gaps:

» “... there is still a lack of quantification in mosgporting. The Environment Agency study of Annual
Reports and Accounts of the FTSE All Share comsameted that the majority of reports lack depth,
rigour or quantification. The study concluded thaantified environmental disclosure levels in Arinua
Reports and Accounts were found to be low...” (padjeahd

* “Most business will have supply chain impacts thaty should understand and consider reporting.elher
is no single, quantifiable measure that comparéesuse as a KPI [Key Performance Indicator] for the
effect of their upstream supply chain on the emuinent.” (page 63).

In the following Section (1.2) we provide the readeith a background for the concept of shared
responsibility before we outline the purpose of thérticular work (Section 1.3).

1.2. The concept of shared responsibility

It is perhaps because of the tendency of econonlicypin market-driven economies not to interferighw
consumers’ preferences that the producer-centpecesentation is the dominant form of viewing the
environmental impacts of industrial production. dtatistics on energy, emissions, water etc, impas
almost always presented as attributes of industidessite’ or ‘direct’ allocation) rather than astributes of
the life cycles of products for consumers. On a llmnascale, most existing schemes for corporate
sustainability reporting include only impacts theaise out of operations controlled by the reporting
company, and not life-cycle / supply-chaimpacts (WBCSD and WRI, 2004). According to thisrld
view, “upstream and downstream [environmental] iotpare [...] allocated to their immediate producers.
The institutional setting and the different actapheres of influence are not reflected” (Spangenbed
Lorek, 2002, p.131).

On the other hand, a number of studies have higieldhthat final consumption and affluence, esplcial

the industrialised world, are the main drivers floe level and growth of environmental pressure.nEve
though these studies provide a clear incentivectomplementing producer-focused environmental policy
with some consideration for consumption-relateceatsy demand-side measures to environmental preblem
are rarely exploited (Princen, 1999, p.348).

The nexus created by the different views on impaetssed by industrial production is exemplified by
several contributions to the discussion about predwersus consumer responsibility for greenhowse g
emissions (Munksgaard and Pedersen, 2001; Bastiahah, 2004; Lenzen et al., 2004; Munksgaardl et

® The tool has also been applied in a number of case studies: (Wiedmann and Lenzen, 2006a; Wiedmann and Lenzen,

2006b; Lenzen, 2007; Wiedmann et al., 2007).

Note that the terms 'life-cycle’ and 'supply chain' do not mean exactly the same (Seuring, 2004, contains a suggestion
on how to distinguish between the two terms). For the purpose of this article we refer to 'life cycles' as life stages of a
good or service (e.g. "cradle-to-gate" or "cradle-to-grave") and we use this term in context with methodologies such as
LCA. When using 'supply chain' we explicitly refer to agents along an economic (supply) chain in order to demonstrate
that businesses (people) are involved with their decisions, activities, etc.

6
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in press). Emissions data are reported to the IREContributions of producing industries locatedain
particular country (Task Force on National GreerleoGas Inventories, 1996) rather than as embodément
in products consumed by a particular populatio®sipective of productive origin. However, espegiétr

open economies, taking into account the greenhgases embodied in internationally traded commalitie
can have a considerable influence on national fimese gas balance sheets (e.g. Peters and Hertwich,
2006a; Wiedmann et al., 2007a). Assuming consuesgransibility, exports have to be subtracted frand
imports added to national greenhouse gas investorie

Similarly, at the company level, "when adopting tbencept of eco-efficiency and the scope of an
environmental management system stated in for ebeal8@® 14001, it is insufficient to merely report the
carbon dioxide emissions limited to the judiciakders of the company" (Cerin, 2002, p.59). "Comeani
must recognise their wider responsibility and mantge entire life-cycle of their products ... Ingigtion
high environmental standards from suppliers andiremg that raw materials are extracted or produnexh
environmentally conscious way provides a start" Ifa/d, 1996). The need for capturing impacts actbss
entire upstream and downstream supply chain (thendery problem) is of particular importance and has
therefore been noted in the Guidelines of the Gl&®&porting Initiative (GRI) and by the World Busss
Council on Sustainable Development (Global Repgrtiitiative, 2002; Global Reporting Initiative, @9).

A life-cycle perspective is also taken in Exten@®edducer Responsibility (EPR) frameworks: "Prodsar
products should bear a significant degree of resipdity (physical and/or financial) not only fohe
environmental impacts of their products downstrdeom the treatment and disposal of their produat, b
also for their upstream activities inherent in sleéection of materials and in the design of proglU@DECD,
2001, p.21-22). "The major impetus for EPR camenfrirthern European countries in the late 1980s and
early 1990s, as they were facing severe landfdttsiges. [... As a result,] EPR is generally appt@g@ost-
consumer wastes which place increasing physicalfiaadcial demands on municipal waste management"
(EPA NSW, 2003, p.2-4).

As practical implementations of Extended Producesg®nsibility various environmental management
concepts have evolved that directly address thve diomaterial (and information) along life cyclessupply
chains and thereby relate to inter-organisationahagement aspects. According to (Seuring, 2004ethe
include "industrial ecology (IE), life-cycle managent, closed-loop supply chains, integrated chain
management and green/environmental or sustainabpplys chain management." Life-cycle wide
management based on Triple Bottom Line accountmgbe added to this list (Foran et al., 2005a).

The Chartered Institute of Purchasing and Supplyhake launched voluntary guidelines for environraknt
purchasing and recommends achieving seven god®s(1999; CIPS, 2000; CIPS, 2002): (1) establishmen
of a business case to make environmental purchasaide and part of day-to-day operations, (2) an
understanding of the environmental issues affectimg organisation and its supply chain, (3) the
development of a purchasing policy which addregsedronmental issues, (4) environmental criteria fo
ranking suppliers, (5) improved communication wstippliers, (6) suitable methods for collecting vale
information, and (7) agreed targets for furtherimmmental performance improvements.

Recently, a range of companies have implementddig®kthat are aimed at reducing £€nissions or other
environmental impacts from upstream suppliers. Thiseflected in recent conferences on the sulgéct
supply chain (carbon) impacts and managefmecase studies (e.g. Carbon Trust, 2006), Governhmen
guidelines (e.g. DEFRA, 2006, p.63) and developséntarbon footprint estimation methods (see thg.
discussion in Wiedmann and Minx, in press).

! E.g. 'ENDS Corporate Carbon Footprint Conference’, London, April 2007; 'Carbon Footprint Supply Chain Summit’,

London, May 2007 ; 'Corporate Climate Response’, London, May 2007; or ‘Measuring and Reducing Corporate
Carbon Across Your Product Lifecycle or Supply Chain Conference', Brussels, 2007.
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On the downstream side of a supply chain, the qunuieproduct stewardship "suggests that all pantigh

a role in designing, producing, selling or usingraduct are responsible for minimising the envirental
impact of the product over its life" (McKerlie €lt,a2006, p. 620). In practice, this "shared resgatity"
extends beyond the producers and users of a pramiratlude local governments and general taxpayérs
incur the expense of managing products at theiroddifie as part of the residential waste strearhisT
shared approach does not clearly designate regpldggio any one party, diluting the impetus tovadce
waste prevention. Indeed, at present, most of dritnesponsibility initiatives proceed in a morelass
gualitative and ad-hoc, rather than quantitativel agstematic way in selecting, screening, ranking o
influencing other actors in their supply chain. &amy case, credible ranking of suppliers and their
sustainability impacts is only impossible if a reband reproducible quantitative rating is at hand.

1.3. Purpose of this report

When thinking about environmental and wider sustaility impacts of producers and consumers, crucial
guestions arise such as: who is responsible fot,vainahow is the responsibility to be shared,tibl? For
example: Should a firm have to improve the ecaaftimess of its products, or is it up to the consuro

buy or not to buy? And further: should the firmhmdd responsible for only the downstream consecpgeot

the use of its products, or — through its procurgnaecisions — also for the implications of itsutgpfrom
upstream suppliers? And if so, how far should to&mstream and upstream spheres of responsibility
extend? Similar questions can be phrased for thielgon of deciding who takes the credits for jobatian

or successful abatement measures that involve pessiand consumers: Who has the best knowledge of,
the most influence over how to increase social fisnar reduce adverse impacts associated withrémsfer

of a product from producer to consumer?

The underlying research question of this work imwltan corporate sustainability performance be tifigah
and compared in practice, whilst taking into acd¢dbe responsibility sharing nature of trading funtand
across supply chains) and avoiding double-countihgmpacts?" This more technical question aims at
finding a consistent and reproducible method bycWtsustainability (TBL) impacts can be assigneé in
quantitative way to agents of trading transactiémshis contribution we therefore

» describe the analytical approach to measure thigestdmpacts of a comprehensive Triple Bottom Line
account of a producing entity,

* present a quantitative concept of shared respdihsibs a solution to assigning responsibility tothp
producers and consumers, in a mutually exclusidecatiectively exhaustive way, and

* demonstrate practical applications in examples whngjfication of indirect impacts, supply chain
contributions and shared responsibility.

The rest of the paper is organised as follows. @@ explains the methodology and provides further
references for the reader interested in mathenadietils. Section 3 introduces the concept of esthar
responsibility with a practical example and Sect#opresents and discusses the results of exempkicy
life-cycle assessments. Section 5 concludes.
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2. Methodology

2.1. Measuring all indirect impacts

In this study, the principle of the Triple Bottonnk (TBL) is assessed using input-output analyi€ig\).
Input-output analysis is a top-down economic tegh@j which uses sectoral monetary transactionstdata
account for the complex interdependencies of intkssin modern economies. The result of generalised
input-output analyses isfan matrix of TBL factor multipliers, that is embodints of f TBL indicators
(such as exports, labour, energy, etc.) per uniirai demand of commodities produced byindustry
sectors. A multiplier matriM can be calculated fromfan matrix Q containing the direct, sectoral TBL
indicator scores (e.g. from national economic, aoand environmental accounts), and from>a direct
requirements matriA according to

M= Q(-A)" Eq. (1)

wherel is thenxn unity matrix. For many countries, the direct regments matriXA can be compiled from
the input-output tables published by the natiotetistical agencies.

Thefx1 TBL inventoryF of a given sectoral final demand represented bylacommodity vectoy is then
simply

F = My Eq. (2)

An introduction into the input—output method arglapplication to environmental problems can be dioian
(Leontief and Ford, 1970; Proops, 1977; Miller &idir, 1985; Lenzen, 2001).

Input-output theory was pioneered by Nobel Prizaniwig economist Wassily Leontief in the 1940s and
applied by Herendeen and others (Herendeen, 19€8endeen, 1974; Herendeen and Sebald, 1975;
Herendeen and Tanaka, 1976; Herendeen, 1978; Heenil981) to many energy analyses problems from
the mid-1970s to today. It had always been Ledstiefention that IOA be extended from purely fioiah
considerations to a range of social and physieahehts (Leontief and Ford, 1970). However, sucthoust
have not been widely employed in government plapramd policy circles, except for the European
NAMEA movement, in which physical tables are setagpsatellite accounts to the National Accounts (de
Haan and Keuning, 1996; de Haan, 1999; Stahmef; 2Btatistisches Bundesamt, 2001). These physical
accounts as well as our work aim at integrating stracture and function of the financial economg (a
described by the national 10 tables) with otheiama social and environmental accounts such asggne
greenhouse emissions, water, land use, employmergaon.

There is a well-known precedent for IOA techniquegproving assessment processes: In life cycle
assessment (LCA), which aims to calculate the t&ronmental burdens associated with a prod@o, |
has experienced a significant role in overcomingwf known as the boundary problem, or the proldém
incompleteness of an LCA inventory due to the eabjt truncation of the system by a subjectively set
boundary (Suh et al., 2004), thus preventing dewisiakers from overlooking important hidden upstrea
impacts.
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In an empirical application the 10 formalism waskgd by researchers at the University of Sydney to
compile a comprehensive TBL account of the Austrabconomy. National- and state-level economimsect
level data for 344 sectors of the Australian ecoparare compiled, using input-output tables and taiatl
data. A part of these accounts are publi$hed contain information on the aggregate and geera
performance of 135 economic sectors for ten TBLicairs together with their main data sourt&he
synthesis of disparate data sources is a major aoemp of the development of a generalised I0OA
framework.

The Australian TBL sector accounts also describéand numbers economic, social and environmental
indicators against a common unit of one dollar in&lf demand. The latter constitutes a conveniedt an
meaningful numeraire, because it is the destinabib&DP, the common measure of national economic
performance, and as Adam Smith concluded alreadg7ir6, it is "the sole end and purpose of all
production”. Thus economic indicators of surplugats and imports can be reported as "dollarsigflas

per dollar of final demand". Social indicators swshemployment, wages and government revenue can be
described as "the minutes of employment generatedipllar of final demand”. Environmental indicator
such as greenhouse gas emissions, water requirameténd disturbance can be described as "kilogam
carbon dioxide equivalent emissions per dollaricilfdemand" or the like. However, the presentatbn
such complex analyses is always fraught with theiten between simplicity and complexity.

2.2. Unravelling supply chains

The boundary within which an organisation accodmtsts environmental, social and/or economic effas
usually defined as that over which the companydi@st influence and can exercise control. Howeseach

a definition faces a number of challenges. Thellef/éinfluence and control will vary from organigat to
organisation and from year to year, invalidatinghparisons within and between organisations. Morgove
extending the boundary beyond the immediate cowfrthe organisation still begs the question ofctlya
where to draw the line. Decisions will differ beeme organisations and over time. Establishing arclea
boundary for an analysis that is consistent acatyssdicators seems at first sight to be almogiassible.

Notwithstanding these challenges, the boundarylemelcan be solved by taking a full life-cycle persiive
and by taking into account the structure of theneatic system as described in the national inpupatut
tables. This structure is best depicted as an expanding "tree of interdependence” that starta at
particular economic entity, and stretches acrosdrei@m production layers, containing sectors deiht
production stages linked together by supply chalais a particular impact associated with a gooa or
service cascades from primary industries producimgmaterials, via secondary (manufacturing) intest
into the sector or company that delivers the fpralduct to the consumer.

The general decomposition approach described ifotlmaving was introduced into economics and region
science in 1984 under the name ‘structural pathysisa (Crama et al., 1984; Defourny and Thorbecke,
1984). In order to systematically determine envmentally important production chains, the totaltéac
multipliers derived in Eq. (1) can be decomposéd @ontributions from all input paths, by ‘unraved]’ the
Leontief inverse using a series expansion. A miigtipn, for industryi can then be derived, representing the

8 http://www.isa.org.usyd.edu.au/publications/balance.shtml, see also (Foran et al., 2005a; Foran et al., 2005b).

® The ten macro TBL indicators published were: primary energy, greenhouse gas emissions, water use, land
disturbance, value of imports, value of exports, surplus, government revenue, employment (hours) and income.
However, the extended data set features many more indicators than the published set: it also includes material flows,
the Ecological Footprint, emissions of more than 100 toxic, ozone-depleting, acidifying and eutrophicating substances
to air, water and soil, and two prominent Dutch LCA sets (the CML midpoint set and PRé’s endpoint Eco-indicator99).
In total the whole database distinguishes 1270 indicators for 344 industry sectors
(http://www.isa.org.usyd.edu.au/research/ISA_TBL _Indicators.pdf).
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sum over a direct factor inpgt, occurring in industry itself, and higher order input paths (for detaise
Lenzen, 2002; Lenzen, 2003).

Such a structural path analysis covers the enpstream supply chain. It "unravels" a company’sanip

into single contributing supply paths. It gives endive detail of the impact of a sector's or conymn
activities. It allows investigating the location iofipacts within the supply chain. In the case abmpany,

the control over the input procurement process fivemides the possibility of substituting impacteinsive

suppliers with more sustainable suppliers.

Detailed outputs derived from the application ofistural path analysis include:

» adescription of the path

» the path value (e.g. the greenhouse gas impacamsgyof CQ-equivalent per $ of final output of
business management services),

» the path order (that is, from which upstream supgjer the path originates),
» the path coverage, that is, the relative contrisufin %) to the total TBL impact of the company.

3. Assigning responsibility along supply chains

3.1. Full producer and consumer responsibility

Traditional company environmental reports and maticenvironmental statistics accounts are based on
producer responsibility perspective. Companies liysuaport on-site emissions to air and water atiten
direct impacts such as noise, waste, direct usm@fgy and resources etc (see e.g. DEFRA, 2006i. tha
same principles, the national Environmental Accewre compiled, summing up all the emissions, megou
use etc that can be directly attributed to spedifilustrial sectors (see e.g. ONS, 2007).

In the following example we compare this productibased approach with the consumption based
perspective taken in LCA. Consider the carbon diexémissions caused by one particular economiaichai
the production and consumption of glass contaiaig their food contents. This is a purely illustmt
example with fictitious numbers and for the sakeswhplicity we assume that the participants of this
economic chain do not supply anyone other tham thaicessor. According to the traditional perspectif
producer responsibility accounting, we note dowa tlirect (on-site) emissions of each member of the
supply chain (Figure 1 and Table 1). The final coner does not emit GOn this particular process and
therefore gets no emissions attributed.
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Figure 1: Example for a full producer responsibility account of direct CO, emissions along a supply chain.

Note that there would be double-counting if theducers of glass, containers and food used traditibGA

to calculate and publicise their @@missions. This is because the full ‘life cycledrh ‘cradle-to-gate’
would be taken into account. The emissions caugethé sand miner, the glass maker and the glass
container maker would appear in the food compa@¥ks emission account as they are all suppliers. Hence
the ‘embodied’ C@emissions of this final production stage, deribagdraditional LCA, would be 8400 t. It

is hence multiple-counted.

LCA is a method that assumes full consumer respoitgi In life-cycle thinking, the consumer is pled at
the very end of the supply chain. All impacts imedrduring production are heaped onto the conswier
products. Therefore, if double-counting is to beided, LCA can only be used for the final consuniierasn
economy: the impacts of any producer must be ZeFbis is a full consumer responsibility account as
depicted in Figure 2.

1% This is also the perspective taken by traditional Ecological Footprint estimates such as the National Footprint
Accounts (e.g. Lenzen and Murray, 2003; Wackernagel et al., 2005; Wiedmann et al., 2006; WWF et al., 2006).
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Figure 2: Example for a full consumer responsibility account of all CO, emissions along a supply chain.

A particular disadvantage of full producer or cansu responsibility is that neither allows for both
producers and consumers to evaluate their TBL imspadthout double-counting. Full producer and
consumer responsibility therefore appear somewhagalistic in their extremeness. Both producers and
consumers wish to report their respective parhefimpact, and it is intuitively clear that resporigy is
somehow to be shared between the supplier andettipignt of a commodity, because the supplier has
caused the impacts directly, but the recipientdeasanded that the supplier do so.

3.2. Quantifying responsibility shares

As with many other allocation problems, an accdptatbnsensus probably lies somewhere between
producer and consumer responsibility. In order $sign responsibility to actors participating in gbe
transactions, one has to know the respective sugipdyns or inter-industry relations. Hence, a peobl
poses itself in form of the question: "How can aeise an accounting method that allows apportgnin
environmental (or other TBL) impacts to both proghscand consumers while avoiding double-counting?”
This problem has been addressed in two recentqatitoins (Gallego and Lenzen, 2005; Lenzen et @072

The result is that in reality, both the final comsrs and their upstream suppliers play some rotaursing
environmental impacts: The suppliers use resouandsenergy in order to produce, and make decisiaons
how much and what type of resources and energy tisey Consumers decide to spend their money on
products coming from those upstream suppliers. &rid role-sharing probably holds for many more
situations in business and in life. The concepshadred responsibility recognises that there araysviwo
(groups of) people who play a role in commoditiesdoiced and impacts caused, and two perspectives
involved in every transaction: the supplier's ahd tecipient’s. Hence, responsibility for impacts de
shared between them. Naturally, this applies td thenefits and burdens, and therefore to all pesdind
negative TBL indicators.
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The idea of shared responsibility is not new. Hosvewshared responsibility has only recently been
consistently and quantitatively conceptualised bylego and Lenzen (2005).

Sharing impacts between each pair of subsequerlyswhain stages gets rid of the double-counting
problem described above. One question that remainegkolved in the exposition by Gallego and Lenzen
(2005) was in which proportion impacts should baret between supplier and recipient in an economic
chain. One possibility could be a 50%-50% spliteveh50% of an on-site impact is retained by thelypcer
and 50% is passed on to the producer’'s downstréiamt.cHowever, as outlined in Lenzen et al. (20Gv)
50%-50% share leads to a methodological incongigtethe part of the impact that is passed on and
eventually reaches the final consumer is dependerthe number of participants in a supply chainsTh
dependence of responsibility allocations on theéicadrintegration of sectors is inconsistent andasirable,
because it creates incentives for de-merging iorteg practice.

A solution to this problem, as suggested by Leneeral. (2007¥, is to peg the percentage split of
responsibility retained by the supplier @d-to a quantity that is independent of sector diassion. Value
added is such a quantity: No matter whether a sugmin is represented as many or few stages, \tata¢
added is always the same at the end of the chamedn et al. (2007) therefore propose to use

i ii Eq i (3)

wherev; is value added of industry seciprandx—T; is gross output minus intra-industry transactians,
other words net output. Intra-industry transactitnbave to be understood as transactions betweearefitf
branches of the same industry sector.

Using the supply chain from above, we apply Eq.wW8h example values for value added (VA) and net
output (NO) for each supplier as shown in Table 1.

Table 1: Quantitative example of allocating CO, emissions in a (hypothetical) supply chain by applying the shared
responsibility approach described in Lenzen et al. (2007).

GLASS
GLASS FOOD FINAL
SAND MINING MAKING CONTAINER PROCESSING CONSUMER
MAKING
Value added (VA) 0.4 1.6 2.1 16.0
[m$]
Net output (NO) 1.6 3.2 5.3 213
[m$]
1-a=VAINO 0.25 0.50 0.40 0.75
Responsibility 25% (retained)- 50% (retained)- 40% (retained)- 75% (retained)-
share 75% (passedon)  50% (passedon)  60% (passedon)  25% (passed on)
On-site CO>
L 2000 5000 1000 400
emissions [t]
CO;, received [t] 1500 3250 2550 738
CO;, retained [t] 500 3250 1700 2213 738
CO, passed on [t] 1500 3250 2550 738

1 See also (Rodrigues et al., 2006) for the definition of an indicator of environmental responsibility that accounts for
transactions between countries in a ‘fair’ manner and Lenzen et al. (2007) for a discussion.

12 See also (Lenzen, in press; Lenzen, submitted).
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Assume the sand mine supplies 1.6 million $ woftbamd to the glass maker, to which the latter awl#it.6

of value to produce m$3.2 worth of glass net outpatthis, the glass container manufacturer add®. Ingf
value, producing m$5.3 worth of glass containems.tfiis, the food manufacturer adds m$16 of value,
producing m$21.3 worth of food.

The sand mine adds 25% of value to sandstone myntuiit into sand. It will hence retain a shared
responsibility of 25% of their CQemissions (500 t of 2000 t) and send the remaif&g (1500 t) down the
supply chain to the glass manufacturer. The glaalsemwill add 50% of value to sand by turning itoin
glass. The glass maker is hence assigned 50% 6ftbb@es of C@passed down from sand, plus 50% of
5000 tonnes used while manufacturing glass. Theireter (3250 t) is passed on to glass containdrs. T
glass container manufacturer will add 40% of valogylass, and is thus assigned 40% of the emissions
embodied in glass containers, and so on. Finallg, food manufacturer adds 75% of value to glass
containers, and is therefore assigned 75% of eomssembodied in packed food. Final consumers
(households, the government) are at the end o$upely chain, and receive the remainder (738 t©f)C
This process of sharing responsibility by using/&A/NO allocation is depicted in Figure 3; the fimabults

are shown in Figure 4.
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Figure 3: Process of applying shared, value-added-allocated responsibility to CO, emissions in one particular supply
chain (blue columns = on-site impact; grey columns = share that is passed on from one supplier to the next;
purple columns = retained impact)
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Figure 4: Results of applying shared, value-added-allocated responsibility to CO, emissions in one particular supply

chain (identical to purple columns in Figure 3).

The logic of this allocation scheme (as opposed 50%-50% split) is that an organisation that austits
production to a high extent, retains a high shdréhe responsibility for the emissions. High cohtrar
influence over the product can be approximatedigl kalue added: Production processes that addta hi
percentage of value onto inputs usually transfdmeseé to a high extent, while low-value adding &git
operate more like an "agent" of their inputs.

4, Example analyses

At the University of Sydney, TBL accounting has dermulated as a quantitative framework using an
input-output-based LCA method. This framework hasrbapplied to dozens of organisations in repordimg
their sustainability performance — companies, gavent departments, NGGSExperiences were collected
in a 3-year pilot project. It became clear thatdh& collection burden for the organisation haset@as small
as possible. As a result, a software tool was dgesl in collaboration with the using organisatiarsbling
users to create a comprehensive sustainabilityrreyodely by importing their existing financial ammts.
This software tool is called Bottomlier short BE (“BL-cubed”).**

The model framework is described in (Foran et28lQ5b) with a summary available in (Foran et &1053).

A short summary of the methodology can also be daun(Wiedmann and Lenzen, 2006a). The IOA and
TBL framework of BL® can be adapted to any economy with adequate data &conomic and
environmental accounts. The UK version of Bottoidlirfor example, is based on a static, single-region,
open, basic-price, 76-sector industry-by-industiguit-output model of the UK economy, augmented &ith

13 hitp://www.isa.org.usyd.edu.au/research/tbl.shtml
1 http:/mww.bottomline3.com and http://www.bottomline3.co.uk.
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database of environmental, social and economicantdis. The TBL indicator set of BIUK features a
number of economic, social and environmental indisa including greenhouse gases; toxic, ozongiogga
acidifying and eutrophicating air pollutants; heangtals; energy and resource use; the EcologiaztpFat;

and material flows. In total the whole databas¢irdisishes well over 100 indicators. Financial s@ction
data are derived from UK National Accounts Suppld &se Tables (Wiedmann et al., 2006; ONS, 2006a),
employment data are from the UK Annual Businessiily’, sectoral emission and resource use data are
from UK Environmental Accounts (ONS, 2007), matefiaw data from (SEI et al., 2006) and Ecological
Footprint data per sector were derived by usingribehod described in (Wiedmann et al., 2006).

Two types of input data from the organisation undeestigation are required for the calculationTdL
impacts with Bottomling financial accounts and on-site impact data. Finaccounts include all
expenditure and revenue data from one year, ideallgetailed as possible. This consists of allnfired
transactions required to operate the business, forohasing of materials, goods and services tlirdag
financing and insuring. On-site data include flehd and resources directly used by the compagy tlee
consumption of fossil fuels needed for processhvegating and driving or direct (on-site) appropdatiof
built land. For the indicator 'employment’, the-%te impact' is the number people directly emptblpg the
company. On-site impact data should be in physinés (e.g. kilowatt-hours or litres of fuels orcteres of
built land).

Software outputs include aggregate figures, detaieeakdowns, sector benchmarking and rankings of
indicators into supply chain contributions. As a@mple of how results from a TBL analysis with ‘Bbok

like we show four results for a hypothetical foaimpany in the following graphs (note that this egbaris
different from the one in Section 3.2 as we nowkl@ a wider range of TBL impacts, not just CO
emissions, and at all possible supply paths tdabé company, not just the one delivering glasdaioers).

TBL impacts of the food company can be comparea imeaningful way with other enterprises in the same
sector if they are normalised to the business dihés can be done by dividing the absolute impaag. (
tonnes of C@emitted) by the company's total expenditure inghame time period (normally one financial
year). For benchmarking purposes the resulting ainjpdensities (e.g. in t CJ $) can be directly compared
to those from the sector-average. All necessartpseenchmark data are derived directly from thional
data inherent in the Bltool. Depicted in a spider diagram, the ratiodo$iness to sector intensities then
elegantly convey an overview of the business’ TRitfgrmance on a number of economic, social, and
environmental indicators in one visual representati he ratios divide business intensity by seictiemsity

for indicators that are deemed negative ("les®@ll e.g. C@emissions), so that better performance leads
to lower ratios. For indicators that are deemedtipes("more is good", e.g. employment), theseastare
inversed, so that better performance leads to loat@s'® The TBL spider diagram is hence — within limits
— interpretable as "dents are good, spikes are Badéxample spider diagram is shown in Figure 5.

15 http:/Avww.statistics.gov.uk/abi/whole _econ.asp

18 A similar representation is proposed by (Krajnc and Glavic, 2005, p.561). In their diagram, however, a larger ‘amoeba’
indicates a higher "probability of sustainable development".
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CO2 emissions (carbon footprint)

Contribution to GDP GHG emissions (climate footprint)

Profit Methane emissions

Employment Energy consumption

Material flow Ecological Footprint

Heavy metal emissions

=O=TBL performanc of food company  ===TBL performance of food sector

Figure 5: A spider diagram presentation of Triple Bottom Line performance of an example (food) company in key
financial, social and environmental indicators (red line). The central, regular polygon in the centre of the
diagram (thick black line) shows the average TBL performance of the economy-wide food sector, allowing a
benchmark comparison between the company and its sector. Indicators with above average performance
are closer to the centre, while below average indicators are positioned closer to the outside boundary, i.e.
the centre locates ten-times-better performance (not ten-times-lower), the outer rim ten-times-worse
performance (not ten-times-higher) (for an explanation of TBL indicators see (Foran et al., 2005b).

Figure 6 shows an example software output of thal tmaterial flows’ that are needed to sustain the
operations of an example company. Similar to thecedure explained in Section 3.2, the total impact
(which is the sum of on-site plus indirect impagtsbodied in upstream production) is divided inte part
that is retained by the company and another pattishpassed on further down the supply chair?. lBeaks
down further the latter part and distinguishes teoipients of impacts, the final consumer and other
businesses to which the company sells its products.

Y For an explanation of this indicator see e.g. (Eurostat, 2001; National Academy of Sciences, 2004).
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Figure 6: Responsibility shares of the material flow impact of an example (food) company. 1.5 kt (kilotonnes) of the
total impact of 2.6 kt are retained by the company whereas 1.1 kt are passed on further down the supply
chain (0.4 kt to other businesses and 0.7 kt to final consumers).

An analytical technique called Production Layer @raposition shows whether overall impacts are caused
directly by suppliers to the business (proximatiea$), or indirectly by suppliers of suppliers rfiate,
supply-chain effects). This is depicted for a hyyatical carbon footprint analysis of a food compamy
Figure 7. On-site impacts (layer 1, showing diissions from the company itself) amount to arobdd
COx-eg. and are allocated to the ‘Food’ category, beezour example company is part of this category.
Amongst the company’s direct suppliers (layer 2@jan emitters are within Agriculture, Fuels (refiies
and distribution), and Transport & communication.|ldyer 3, suppliers of suppliers to the companteen
the picture: Amongst them are for example servimwigers. One example for a contribution from lager
would be a sand mine supplying sand to a glass anynmaking bottles for the food company (our prasio
example from Section 3.2). Towards higher-ordeeiaycontributions to the total carbon footprintdmae
smaller and smaller and the total impact eventisgtyrates at around 220 t £€3.
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Figure 7: An example production layer diagram showing the direct and indirect carbon footprint (CF) as well as its

origin for a (fictitious) food company. ‘Layer 1’ stands for the company itself, i.e. it shows its direct CF

caused by direct emissions from heating and driving. ‘Layer 2’ represents the “suppliers” to the company,

‘Layer 3’ the “suppliers of the suppliers” and so on. In other words, Layers 2 to 8 show the indirect CF that
is embodied in the products and services purchased by the food company. In this example, main
contributors to the indirect CF are Agriculture, Fuels, and Transport & communication. This diagram looks

different for each TBL indicator.

Finally, a Structural Path Analysis unravels thérenTBL impact into single paths, that make up sheply-
chain system like branches make up a tree. Itagnbst detailed representation of a business' gughalin
impacts. Table 2 shows the twenty most importattigpthat contribute to the total Ecological Foatpfiof
a hypothetical food company. On-site impacts mgkahout half of the total Ecological Footprint doghe

consumption of fossil fuels.

Table 2: Results of a BL® structural path analysis of the Ecological Footprint of an example (food) company. The

total Ecological Footprint embodied in the supplies from upstream producers is broken down into
contributions from the supplying sectors (gha = global hectares). The list shows path values and orders (i.e.

how large and how far away the impacts are)

Rank Path Description
1 Company (on-site impacts)
2 Electricity > Company
3 Agriculture > Company
4 Food and drink > Company
5 Pulp and paper > Company

Path Value g:itgr Pei_:lcfont:ge
impact
29.6 gha 1 51.2 %
6.70 gha 2 11.6 %
4.85 gha 2 8.41 %
3.52 gha 2 6.10 %
1.97 gha 2 3.41 %

% For background information on this indicator see e.g. (Wiedmann et al., 2006).
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o pPath Pgrcentage

Rank Path Description Path Value Order in total
impact

6 Electrical machinery and equipment > Company 1.09 gha 2 1.88 %
7 Agriculture > Food and drink > Company 0.69 gha 8 1.19%
8 Pulp and paper > Pulp and paper > Company 0.48 gha 3 0.83 %
9 Gas distribution > Company 0.46 gha 2 0.79 %
10 Electricity > Food and drink > Company 0.38 gha 3 0.67 %
11 Fishing > Food and drink > Company 0.37 gha 3 0.65 %
12 Iron and steel > Electrical machinery and equipment > Company 0.37 gha 3 0.65 %
13 Pulp and paper > Food and drink > Company 0.34 gha 8 0.59 %
14 Electricity > Gas distribution > Company 0.32 gha 3 0.56 %
15 Oil and gas extraction > Gas distribution > Company 0.27 gha 3 0.46 %
16 ggnm-Lgrr]c;us metals > Electrical machinery and equipment > 0.26 gha 3 0.45 %
17 Food and drink > Food and drink > Company 0.26 gha 3 0.45 %
18 Plastic products > Food and drink > Company 0.24 gha 3 0.41 %
19 Electricity > Electrical machinery and equipment > Company 0.22 gha 8 0.39 %
20 Electricity > Electricity > Company 0.21 gha 3 0.36 %

These four examples show outputs that allow tordete

» which of the operating inputs embody the largegtaats,
» whether these impacts occur at direct supplierat arore remote supply chain locations,
» and which single input paths carry the largest ictgpé&hrough structural path analysis).

Especially the latter information is very helpfalinforming organisational planning and priorityttsey for
action towards financial, social and environmergastainability. The results show whether addressing
proximate impacts from the own company or from airsuppliers reaps more or less benefits than
addressing more distant supply-chain impacts tlergugh procurement decisions.

5. Conclusions

The methodology and the tool described in this warks developed to address a lack of accurate
quantification and comparability of impacts in corgte sustainability reporting. We are able to calte
TBL loadings amongst the actors of economic chainsjuding all producers and consumers of
commodities, in a mutually exclusive and collediivexhaustive way, that is without double-countiofy
any impacts. As a result we introduce the concémhared responsibility to the overarching theme of
corporate responsibility and demonstrate with jpcabexamples its applicability.

The main differences between the principle of gthaesponsibility, and that of either full producerfull
consumer responsibility are:

» In contrast to full producer responsibility, in sk responsibility, every member of the supply ohiai
affected by their upstream supplier and in ture&# their downstream recipient, hence it is iraelbrs’
interest to enter into a dialogue about what tot@amprove supply chain performance. There is no
incentive for such a dialogue in full producer msgibility. In shared responsibility, producers acg
alone in addressing the issue of TBL impacts, bee#ueir downstream customers play a role, too.
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* In contrast to full consumer responsibility, sharegponsibility provides an incentive for producensl
consumers to enter into a dialogue about what tt dimprove the profile of consumer products. e
consumers information about where the impacts at@airare embodied in the products they buy.

It is important to harmonise this analytical apmtmawith its strengths of integration and lack ofihdaries,
with international approaches rapidly gaining heaglhguch as ‘The Global Reporting Initiative’ anchér
Equator Principles’. These approaches have widadpsepport through many globalised companies and
national governments. However they are currentigntdated to a ‘within the factory fence’ approaltt do
acknowledge a number of higher order issues sutieasrigin of water and energy, and the labouctiras
used to supply intermediate inputs to productioart Bf the harmonisation process will require the
development of indicator datasets that match thairements of these initiatives, as well as coltabog in

the development of international software toolst t@able the fluent use of whole economy accounting
without boundaries.

The presented approach answers the research qupssted at the beginning. It is science-based stens
and robust. It uses regularly published, publichkitable National Accounts data. It ensures that rimal
bottom line is quantified, not a figure determingg an arbitrary cut-off point that could be diffatan
different organisations. Reporting on the real diottline can deliver the full benefits of TBL regad,
including: the ability to make comparisons withindabetween organisations; completely transparent
communication of an organisation’s impacts to tdkeholders; and detailed information across thelevh
supply chain as a basis for strategic decision ngald.g. environmental purchasing policies.

Numerate Triple Bottom Line accounting at the conyplkevel highlights a number of key issues impdrtan
to the sustainable development agenda. Especfally upstream impacts stemming from a web of syppl
chains are taken into account, new insights anfuuggormation for corporate decision-making cae b
gained. The TBL accounting framework presented his twork increases abatement options, enables
meaningful benchmarking, avoids loopholes in repgrand informs about real risk.
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