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Abstract

Value chain analysis (VCA) has been increasingly recognized in recent years as an important tool in development and
environmental economics. However, the understanding of what a VCA comprises, and how to apply it, has dramati-
cally changed over time. Firstly, the spatial range of value chains has expanded due to the internationalization and
globalization process. Secondly, the increased integration of environmental research questions in the VCA requires
additional valuation techniques estimating environmental costs and benefits. Thirdly, environmental valuation tech-
niques are increasingly combined with socio-economic value chain tools providing comprehensive data, e.g., sustain-
ability analysis or costs and benefit analysis of certification programs. These developments have strong implications on
the choice of analysis method. This paper aims at providing an up-to-date and systematic overview of different ac-
counting methodologies related to value chain analysis. It provides a very good basis for identifying the right method-
ologies for answering urgent questions around environmental economics.

The variety of VCA application in the field of environmental economics reflects the greatest advantages of the pre-
sented methods which are flexibility and adaptability of value chain accounting. Depending on the field of interest,

environmental costs and benefits as well as physically measured flows can be assessed, integrated, and evaluated.

Keywords: value chain analysis, environmental economics, mapping, accounting, general equilibrium model.

JEL Classification: Q56, D57, D58.
Introduction

Value chain analysis (VCA) has been recognized in
recent years as an important tool in development and
environmental research. The peer-reviewed literature'
using any term related to ‘value chain’ in the title,
abstract or keywords increased steadily over the last
15 years’. This notable development of publications
signifies the growing interest in VCA. Almost 20%
of the papers published in the field of value chains in
2009 were directly related to the environment; 15%
covered the international scope of value chains. This
trend is assumed to continue.

In the past, the conventional analysis of value chains
focused mainly on calculating the value-added and
its distribution on different value chain actors.
Along with the internationalization, the need of
including linkages to up- and downstream value
chain stages has been recognized instead of focusing
only on a single stage or group of actors. Thus, the
spatial range of value chains has expanded consider-
ing both the local and global scale. Environmental
economics and natural resource management are
strongly associated with economic production high-
lighting the importance of integrating both in the
VCA. Hence, the consideration of value chain im-
pact on the environment requires additional valua-
tion methods to include environmental costs and
benefits or physical flows of natural resources.
Thereby, former economic as well as socio-economic
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! Scopus database of peer-reviewed literature including articles, confer-
ence paper, editorials and reports (wWww.scopus.com).

? From approximately 140 up to 5915 publications per year (1995-2009)
(Www.scopus.com).
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value chain tools were extended to integrate envi-
ronmental flows — monetary or physical — to esti-
mate the total economic value of a product instead
of only the market value. In contrast, environ-
mental VCA has been adjusted by a monetary
component to consider the economic valuation of
e.g., environmental impact in the value chain. The
purpose of such VCA is to offer comprehensive
data, e.g., sustainability analysis, costs and benefit
analysis of certification programs” or environ-
mental impact assessment on industrial as well as
policy level.

With the bearing of environmental concerns on cli-
mate change in recent years, methods for environ-
mental VCA have been designed. Tools such as life
cycle assessment or material flow analysis and its
derived indices like Ecological Footprint or Back-
pack® are applied very often in environmental re-
source and waste management as well as industrial
ecology. Especially in the field of product and proc-
ess certification, VCA is needed to assess all rele-
vant socio-economic and environmental impacts.

These summarized fields of application show that
VCA is not a precisely definable method; it is rather
a comprehensive concept for an entire field of dif-
ferent approaches. Indeed, many descriptive hand-
books on VCA have been published. Examples are

3 Certification programs are market-based instruments to achieve differ-
ent objectives such as environmental sustainability, ISO 14000, labor
welfare or food security. Especially environmental labelling often takes
separately into account production and processing stages, and a variety
of types of environmental aspects: resource and energy use emissions”
(Grote et al., 2007, p. 1).

* The Ecological Footprint and Backpack will be explained later in
chapter 1.3.1.



Kaplinsky and Morris (2002), Roduner (2004),
Schmitz (2005), the German International Agency
(GIZ) (GTZ, 2007), and the Foreign Investment Ad-
visory Service (FIAS, 2007). However, hardly any
review of quantitative measures in the field of VCA
is given. Single-step VCA are often based on econo-
metric methods such as the analysis of barriers to
entry with respect to certain production activities,
determinants of trade and trade intensity, or consumer
based surveys on willingness to pay for certified
products. This branch of literature is not considered
in this study; the same applies to supply chain man-
agement which focuses rather on business administra-
tion and logistics than on an economic point of view.

This paper aims at providing a systematic overview
of different accounting methodologies related to
VCA considering the environmental developments.
It is based on a critical review of an up-to-date litera-
ture from different disciplines. Section 1 classifies the
methods including four major parts: (1) value chain
mapping; (2) financial VCA by calculating the value
added; (3) national accounting tools and its environ-
mental extensions; and (4) environmental-oriented
methods resting upon physical accounting. Finally, in
the last section conclusions on application and meth-
odological progress are drawn.

1. Classification of value chain methodologies

The origin of VCA is discussed from two different
angles: the French ‘filiere concept’ developed in the
1960s and Wallenstein’s concept of a ‘commodity
chain’ evolved in the 1970s (Raikes et al., 2000; Bair,
2005). The ‘filiére concept’ targets a structured un-
derstanding of economic processes within production
and distribution systems (Raikes et al., 2000), though
limited to national boundaries (Lauret, 1983). In con-
trast, Wallenstein’s concept aims to explain the glob-
al dynamics of the distribution of value chain activi-
ties, in particular the international division of labor, in
a capitalist world economy (Bair, 2005).

Most cited is Porter’s value chain concept evolved
in the 1980. The aim was to identify specific activi-
ties through which companies may create value by
breaking down their activities into value-added to
increase competitiveness (Porter, 1985). Porter’s
concept is applied to the level of individual compa-
nies within national boundaries considering geo-
graphical agglomeration of interlinked firms and
institutions in a particular sector. Wallenstein’s
commodity chain formed the basis for Gereffi’s
global commodity chain in the 90s. Gereffi focused
on the balance of power embedded in the coordina-
tion of globally fragmented but interlinked produc-
tion systems (Gereffi, 2005). The recent concept
of the world economic triangle combines Gereffi’s
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governance and Porter’s cluster approach. The un-
derlying assumption that actors, governance and
regulation systems determine the scope of action is
augmented by a horizontal consideration of cluster
effects (Messner, 2002).

All mentioned concepts refer to pure economic
analysis of value chains. However, the integration of
natural resource consumption and chain-related emis-
sions has received growing attention. Terms like
‘greening the value chain’ or ‘environmental value
chain’ indicate the importance of environmental
issues integrated in the value chain framework (Ir-
land, 2007; Levner, 2007). This is not surprising
since all economic activities in value chains are
based on natural resources providing all essential
inputs as well as the capacity to dispose of emis-
sions and waste.

Kaplinsky and Morris (2002) defined a value chain as
a description of “the full range of activities, which are
required to bring a product or service from conception,
through the different phases of production (involving a
combination of physical transformation and the input
of various producer services), to delivery to final con-
sumers, and final disposal after use” (Kaplinsky and
Morris, 2002, p. 4). The analysis of input-output flows
occurs along the entire value chain at a product level or
if needed in a regional or national context at a spatial
level (Faruk et al., 2002):

¢ Product focus: analyzing the value chain based
on a defined functional unit of a good or com-
modity without being site-specific. The bounda-
ries are specified regarding the inclusion of fur-
ther up- and downstream value chain stages.

¢ Spatial focus: analyzing the value chain within a
definite regional economy, e.g., country, re-
gional, or village specific. The boundaries are
defined from a spatial perspective.

In addition to the spatial or product orientation,
VCA methods either take principally a (socio)-
economic or environmental focus. Economic tools
include economic and financial commodity chain
analysis as well as tools in the framework of na-
tional accounting. The evaluation occurs in mone-
tary terms. Socio-economic VCA additionally in-
corporates a distributional aspect, e.g., income dis-
tribution among households who are employed in a
value chain. In contrast to these monetary flows, the
environmental VCA measures input-output flows in
physical units including, e.g., life cycle assessment,
material flow analysis, or energy analysis. Figure 1
shows current VCA tools and its extensions and
indicated by crossings over the dashed lines.
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Fig. 1. Methodologies for value chain analysis

Altogether, these illustrated methods are pooled
under the umbrella of accounting and build the data
base for computable general equilibrium (CGE)
models. CGEs can be combined with game theoreti-
cal approaches and governance models to account
for institutional rules of behavior within the value
chain. They go beyond the linearity assumption of
accounting and allow comprehensive scenario analy-
sis for the value chain under certain policy changes.
Before accounting a value chain of interest, the val-
ue chain has to be defined and described, called
value chain mapping. This is compulsory for eco-
nomic, socio-economic and environmental VCA.

1.1. Value chain mapping. ‘Mapping’ the value
chain aims at giving an illustrative representation of
the identified chain actors and functions being the
first step of a VCA. Here, the scope of analysis — or
more precisely — the boundaries to other linked val-
ue chains are defined where in the actual VCA is
being done in the later step. The Food and Agricul-
tural Organization (FAO) (2005a) and Kaplinsky
and Morris (2002) describe the way of proceeding in
detail. The FAO provides a systematic concept for
value chain mapping denoted as a functional and
institutional analysis (FAO, 2005a). Herein, a ‘pre-
liminary map’ provides an overview of all chain
actors (institutional analysis) adding then the type of
interaction between them (functional analysis). The
procedure allows assessing the relative importance
of the different stages or chain segments (Rudenko,
2008). Kaplinsky and Morris (2002) propose an
‘initial map’ including chain boundaries, main ac-
tors, activities, connections and some initial indica-
tors of flows’ size. Different from FAO (2005a) is
the second step, in which the initial map needs to be
refined by quantifying key variables such as value-
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added and identifying strategic and non-strategic
activities. In practice, value chains are certainly
more complex compared to this linear conceptual
illustration. Multiple links within a chain and vari-
ous connections to other chains may exist. Some
actors may, e.g., collaborate with the same input
suppliers or traders denoted as a value chain net-
work (Roduner, 2004).

To assess the complexity of value chains, Clottey et
al. (2007) and Kim and Shin (2002) introduced So-
cial Network Analysis originated in social sciences.
This method is applied when the chain is more char-
acterized by a network than a linear vertical chain.
Special software is available to study the structure
of chain networks, e.g., Ucinet', AGNA? or R’. The
advantage of Social Network Analysis is to provide
not only visual and but also statistical analysis of
chain relationships and its strength among actors.

Environmental input-output flows should be also
considered in the course of mapping. The aim is to
take all requested impacts on natural resources or
human beings into account. Natural resources are
often considered as production inputs, e.g., energy,
water, agricultural land and biodiversity, as well as
output, e.g., possible wastes and emissions. Map-
ping of environmental flows is similar to the bound-
ary definition in Life Cycle Assessment and Mate-
rial Flow Accounting.

1.2. Economic and socio-economic value chain
analysis. Economic and socio-economic VCA are
related and thus discussed in one chapter. Whereas

! Ucinet: http://www.analytictech.com/downloaduc6.htm.
2 AGNA: http://www.geocities.com/imbenta/agna/.
3 R: http://r-project.org.



the economic VCA assesses the entire value added
generated and its impact on growth, the socio-
economic highlights distributional aspects within
the value chain for instance allocation of inputs for
production and distribution of income among the
participants. Environmental extensions will be inte-
grated later on to adjust the calculated value added —
which is the major indicator in a VCA — for positive
and negative environmental benefits and costs.

1.2.1. Financial and economic VCA. Financial and
economic VCA — elaborated by the FAO — accounts
for expenditures and revenue in all parts of the value
chain of interest, also denoted as commodity chain
analysis (2005b-c). Similar to the financial cost-
benefit analysis, financial VCA — conducted from
the perspective of individual agents — determines the
financial costs and benefits of the actors of interest.
In contrast, economic VCA — conducted from the
perspective of the overall economic system (national
economy or industrial sector) — analyzes the value
chain impact on the national welfare. Both types of
analyses are conducted for a defined period, usually
one year.

At the center of attention is the calculation of the
value-added interpreted as the creation of economic
wealth by one or more productive activities (FAO,
2005b). As the term ‘“value” implies, underlying
product and input prices are essential for the
analysis. While financial analysis is based on actual
market prices, economic analysis is based on
shadow prices. Consequently, if there are some
price distortions in the market, a difference in the
estimation between financial and economic analysis
will reflect this distortion.

From the calculated agent’s value-added several
indicators for financial analysis are derived. Important
to mention the fact that the overall value-added of the
chain is used to identify which stage contributes to the
highest share of value-added, which stage to the
lowest, and if there is an overall positive value-added.
Thereupon, the question may arise, how the created
wealth is distributed among the four fundamental
chain agents (e.g., the household, financial institutions,
government administration, and enterprises). This is a
main interest of policy makers, who often aim at
households receive a certain share of the profit. Other
outcomes are indicators of financial probability, over-
all efficiency of the chain, processes of price determi-
nation, and transfers among agents (FAO, 2005¢-d).

The economic impact analysis includes the investi-
gation of upstream-induced effects of productive
activities due to the demand for intermediate inputs
from the rest of the national economy. In this case,
the chain is viewed as an integral part of the national
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economy similar to input-output analysis. Indicators
are built to evaluate the chain impact in terms of
contribution to define development policy objec-
tives such as on wealth and growth. An overview of
the various indicators for economic impact analysis
is given in FAO (2005c).

Indicators of environmental integration and interna-
tional trade are not taken into consideration by the
FAO methodology. However, concepts to measure
costs of degradation as well as benefits summed up
in the total economic value of natural resources are
not necessarily difficult to integrate, as done in the
environmental cost benefit analysis (OECD, 2006).

In fact, the FAO methodology is not frequently cited
in empirical studies, but many calculations within
VCA are similar to FAO modules since the principle
of value-added is a widely applied economic con-
cept. Unfavorable is the fact that the economic im-
pact assessment focuses only on single indicators
representing economic importance. Hence, this ap-
proach is not able to assess consistently the interde-
pendencies between existing sectors in the econ-
omy. This can be achieved by input-output analysis
which is integrated in the system of national ac-
counting (Hecht, 2007; CEC et al., 1993).

1.2.2. Greening the national accounts. National
accounts contain a rich source of information for
economic VCA especially in input-output tables
depicting how industries interact with each other in
the production process. Input-Output Tables (IOT)
allow tracing monetary flows of all goods and ser-
vices between sectors and industries within an
economy. As an ex-post consideration IOT present
the database for an Input-Output Analysis (IOA)
consisting of a matrix depicting inter-industry rela-
tions of an economy. A given input, expressed in a
monetary value, is typically stated in the column
and its output, also expressed in a monetary value, is
listed in its corresponding rows. There are a number
of aggregate measures in the national accounts;
again, most notably are the value-added and the
Gross Domestic Product (GDP) obtained by the re-
spective industrial sectors — a widely used measure of
aggregate economic activity in a period. IOA in the
framework of national accounting is well-described
in the System of National Accounts (SNA) published
under the umbrella of the United Nations (CEC et al.,
1993; UN, 2008). The criticism concerning current
accounting conventions of SNA includes the absence
of any allowance for the depletion of natural re-
sources. Due to the absence of any adjustment for
degradation of environmental amenity, the GDP is
assumed to be overestimated. Thus, a first revision of
the SNA implements three possibilities to integrate
environmental accounting in the framework of na-
tional accounting (CEC et al., 1993, p. 634):
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1. Natural resource accounting: physical balancing
of natural capital (beginning stock, changes and
ending stock); it takes into account material, en-
ergy, natural resources and changes in quality
attributes.

2. Monetary satellite accounting: expenditures re-
lated to environmental protection. Together with
these the monetary values of natural resources
(such as fishes, forests) , may be derived in order
to determine the impacts resulting from a land use
change; the aim is the adjustment of the GDP.

3. Welfare oriented approach: targets the question:
Who is affected by changes in environmental
quality? Not only costs caused by polluters are
of interest but also costs borne by affected indi-
viduals and producers; the focus is on the well-
being of individuals.

Within the SNA framework the [...] assets of the
natural environment that are — directly or indirectly,
actually or potentially — affected by human activities
are called natural assets or natural capital” (United
Nations, 1993, p. 8); for example natural resource
stocks, land and ecosystems. If these “green” ele-
ments are valued in monetary terms, it implies addi-
tional costs with respect to production activities
resulting in the so-called EDP indicator (Environ-
mentally-adjusted Domestic Product), which de-
creases the value of the GDP. In contrast, physically
measured material flows only give information on
volume changes. This might sound as a disadvantage,
however, the evaluation of resource flows sometimes
is critical and miscalculation of the total economic
value or costs could lead to a bias. Hence, it might be
sometimes worthwhile to measure environmental
degradation or pollution only physically. VCA in the
scope of IOA is meaningful if sectoral effects need to
be considered. However, the high aggregation level
of such data might be crucial to researchers.

Three important assumptions constrain IOA. Firstly,
the method assumes one single production technol-
ogy for each product. Secondly, the production is
characterized by a linear fixed-coefficient produc-
tion function, which cannot be altered in any sce-
nario analysis later. Thirdly, IOA does not reflect
the distribution of the generated value-added among
the different institutional' agents: households, com-
panies, and government.

1.2.3. Environmental extended social accounting
matrix. In a social accounting matrix (SAM), these
agents are integrated in the input-output matrix re-

! In the context of social accounting matrices, the term “institutions” is
defined differently compared to the new institution theory. Here, in this
context, “institutions are categories of economic actors” (Taylor and
Adelman, 2006, p.15).
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flecting the interrelationship between income and
expenditure flow. This tool was developed in the
Seventies for policy analysis to monitor income
distribution and poverty reduction. Today it is a part
of the SNA. The SAM approach is appropriate for
analyzing value chain activities in their social set-
tings providing a consistent conceptual basis for
assessing both growth and distributional issues within
a single analytical framework. A crucial feature of
the SAM is the wide range of possibilities for ex-
panding or condensing the matrix in accordance with
specific needs. Besides the calculation of economic
indicators, SAM 1is used to predict the effect of
changes in one sector on others by changing the ex-
ogenous demand the so-called ‘multiplier analysis’.
Multipliers summarize the total impact that may fol-
low on a change in a given economic activity; for
example, a new manufacturing facility in a value
chain or an increasing export activity by a local trader
with respect to output, employment, income or value
added. The total multiplier effect comprises a direct,
indirect and induced component: e.g., a demand for
agricultural crops provides direct revenue for the
producing farmer in the following season. Second,
the farmer may spend the earnings to purchase neces-
sary inputs on the market for agricultural production;
the result of this economic activity is called an indi-
rect multiplier effect. In turn, the beneficiaries of
these direct and indirect economic activities spend
the additional income for unrelated items such as
food and non-food items or non-productive assets;
this is called the induced multiplier effect.

During the last two decades, researchers started to
augment SAMs by additional environmental accounts
denoted as, e.g., ‘greening the SAM’ or ‘environmen-
tally extended SAM’. In the environmental extended
SAM the focus is on environmental flows and implicit
transfers (externalities) not accounted for in the value
of monetary transactions (Shiferaw and Holden 2000).
In principle, extensions can be presented either in addi-
tional rows/columns, or in satellite tables (Alarcon et
al., 2000). Practical guidelines for environmental ac-
counting are given by the United Nations (United Na-
tions, 2003) on: (a) accounting for environmentally
related transactions; (b) the valuation of natural re-
source stocks; and (c) valuation techniques for measur-
ing degradation. Martinez de Anguita and Wagner
(2010) published a book on ‘environmental social
accounting matrices’ focusing on the integration of
forest and its costs and benefits of degradation on a
national level (see also, Alarcon et al., 2000). In this
regard the authors discuss also the role of the total
economic value and its difficulties in measuring.

A SAM can be developed either at national level
(macro SAM) or at local level (micro SAM). In-



deed, the SAM at local level is rarely applied, but
receives more and more attention due to its possi-
bilities to analyze household interdependencies and
their impacts on the environment and derived impli-
cations for poverty. The first application of a SAM
on village level published in Adelman et al. (1988)
with the analysis of the impact of migration on vil-
lage economies. With regard to the environmental
extension of a SAM, Shiferaw and Holden (2000)
developed a village SAM framework with the inte-
gration of accounts covering soil degradation and
external inter-temporal costs of agriculture.

A restrictive assumption of the SAM is that local
resources are supposed to be efficiently employed;
more precisely there is no underemployment of re-
sources. Secondly, the model assumes constant re-
turns to scale due to the underlying Leontief produc-
tion function depending linearly on the total output
variables. Hence, the amount of each input neces-
sary to produce one unit of a certain output is con-
stant. If the output level of a sector changes, the
input requirements change proportionally. Similar to
I0A, the linearity of SAM multipliers, their under-
lying assumption of a Keynesian, demand-driven
village economy without resource constraints, and
their absence of prices limit their usefulness for
many types of analysis. Scenarios with increasing
economies of scale or higher efficiency (altering
production functions) cannot be considered. In cases
where innovative technology allows either input-
substitution or greater efficiencies in the use of in-
puts, impacts to supplying sectors may be critically
over- or underestimated due to the assumption of
linearity. The same applies to environmental effects.

Consistent data such as social accounting matrices
are the basis for mathematical modeling. A notewor-
thy review on the design and use of village-wide
economic equilibrium models based on SAMs is
given by Taylor and Adelman (2006).

1.2.4. Computable General Equilibrium models.
With regard to VCA, computable general equilib-
rium (CGE) models are meaningful but complex
instruments to analyze multifaceted scenarios. Ex-
amples are altering production activities and institu-
tions in response to changes in economic, policy,
and environmental variables.

The focus here is on mathematical programming
tools covering optimization procedures in the
framework of General Equilibrium modeling. CGE
models represent the complete economy determin-
ing all transactions endogenously based on the so-
cio-economic structure of the SAM. The mathe-
matical model of an entire economic system may be
closed or related to external agents via trade. The
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benchmark situation describes an equilibrium point
of the system where all accounts are balanced and
all markets are cleared. The standard CGE explains
all the payments and receipts displayed in the SAM
by mathematical statements. Following the notation
of the SAM, the CGE is also characterized by its
flexible multi-product, multi-sector, multi-institution
disaggregation. Basically, CGE models have been
developed to explain the economic performance of
countries. Existing applications also cover single
regions, villages, or households (Taylor and Adel-
man, 2006). Impacts of resource constraints on
household farm decisions, nonlinearities of produc-
tion functions, and price effects capturing economic
linkages can be taken into account. The standard
model is specified in real terms; it is supposed that
agents base their multiple decisions on relative pric-
es. However, while the SAM-multiplier model is
completely demand-driven, and adjustments are
always linear in this model, the behavior of agents
might be specified quite differently within the CGE
model (Bohringer and Loschel, 2006). The CGE
may contain more sophisticated functional forms
and non-linear Engel curves that are more consistent
with empirical evidence. A further advantageous
feature of the CGE is the switch among different
activities due to technical progress, and the change
of the cost structure. This feature is supported by a
special solving procedure, the so-called “Mixed
Complementarity Program” (MCP). It notably fa-
cilitates modeling of the value chain, where fluctua-
tions and innovations are meaningful and require
permanent reorganizations of the chain (Nicholson
and Bishop, 2004).

For a comprehensive VCA at household level, Win-
ter et al. (2008) applied a CGE model at the village
level to analyze the impacts of an innovative energy
value chain on land use systems and degraded for-
ests in the Kakamega District of Western Kenya. A
value chain for different wood fuel substitutes such
as Jatropha curcas was implemented to analyze the
impact of its cultivation on the consumption of natu-
ral resources, and on income distribution and food
security within the village. Combined with a game
theoretical approach, simulations illustrate potential
benefits of cooperative forest and community land
management compared to a situation of unregulated
resource competition among stakeholders in the
Kakamega District.

In CGE models, often a given objective function has
to be optimized, e.g., gross margin or profit, GDP,
utility or minimized, e.g., costs or labor time, gener-
ating the best configuration under given constraints.
Objective functions are usually related to minimize
transportation or production costs or the consump-
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tion of scarce inputs such as natural resources or
maximize production efficiency and profit to increase
competitiveness. Traditionally, these problems are
solved using linear programming, e.g., simplex algo-
rithm, dynamic programming, or a mixed integer
linear programming (Geunes and Pardalos, 2005).

Equilibrium models have been augmented by a
game theoretic part in order to analyze governance
including the coordination of information and the
allocation of profit among actors which play an
important role in value chains. Game theory mod-
els reflect situations where players make decisions
to maximize their own utility, while taking into
account that other players are doing the same. This
is especially important in equilibrium models in-
cluding the usage of the global commons such as
natural resources or biodiversity or other ecosys-
tem services. Here, institutions (formal or infor-
mal) can be used to set constraints in the flow of
information, profit or price so that the equilibrium
may change compared to the benchmark situation
(Winter et al., 2008).

1.2.5. Global commodity chain sustainability analysis.
Governance is an important aspect depicting the
distribution of power in the value chain as shown
in the CGE model. This aspect has been considered
in the global commodity chain analysis (GCCA).
Governance is defined as “the exercise of political
authority and the use of institutional resources to
manage society’s problems and affairs” (World
Bank, 1991). GCCA seeks to explain the institu-
tional mechanisms and spatial organization through
which non-market coordination can be achieved
(Potts, 2006). The concept of governance itself
cannot be evaluated positively or negatively at all.
Governance structures are required to transmit
information on the settings and to enforce compli-
ance which is assumed to reduce transaction costs
among actors, e.g., due to fix contracts, premium
prices, or trust. In contrast, dominant actors might
also set specific requirements in terms of quality
standards or quantities, which might have effects
similar to market barriers, because some producers
are not able to fulfill the requirements. In order to
classify governance in value chains, Gereffi classi-
fied three variables: (a) complexity of transactions;
(b) the ability to codify transactions; and (c) the
extent to which suppliers have necessary capabili-
ties to meet buyers’ requirements (Gereffi et al.,
2005). However, measurable proxies or indicators
need to be specified by the researcher him- or her-
self. So, GCCA does not measure quantitatively
input and output flows at various stages of the life
cycle of products; instead, it rather evaluates quali-
tatively the social relationships and balance of

80

power between all actors involved in the chain
based on single indicators. In this context, the
global commodity chain framework has attracted
significant attention since the early 1990s (Gereffi,
2005; Raikes et al., 2000).

This rather behavioral concept has been recently ex-
tended to a ‘Global Commodity Chain Sustainability
Analysis’ (GCCSA). By determining the distribution
of decision-makers across global commodity chains,
“it will be possible to identify key leverage points for
stimulating changes in private behavior thereby ena-
bling more effective policy intervention” (Potts, 2007,
p. 2). The analysis of a GCCSA includes:

¢ Chain mapping.

Supply and demand patterns including trade flows.
Environmental impacts along the chain.

Social impacts along the chain.

International and national policy frameworks.
Supply chain structure including power relation-
ships along the chain.

¢ Policy analysis.

* & O o o

The underlying methods comprise GCCA, life-cycle
assessment (LCA), and ecological footprint analysis
(EFA). The last two methods LCA and EFA are
discussed in the next section under the umbrella of
environmental VCA.

1.3. Environmental value chain analysis. Envi-
ronmental VCA emphasize physical accounting in
contrast to economic VCA (Finnveden and Moberg,
2005). Methods to evaluate a potentially harmful
output of a value chain or its negative or positive
impact on the environment are highly demanded in
recent years. Material Flow Analysis including
Substance Flow Analysis as a subfield, Life Cycle
Assessment and Energy Flow Analysis are note-
worthy. The first tool accounts for the product-
related output of interest such as CO, emissions
whereof indicators such as the Material Input Per
Service unit or the Ecological Backpack and Foot-
print are derived. Energy accounting in particular
the analysis of energy flows is related to the value
chain activities.

1.3.1. Material flow analysis. Material Flow Analysis
(MFA) aims at assessing “the flows and stocks of
goods and substances in view of a sustainable use of
materials, that is, the least overall resource consump-
tion, waste generation, and environmental loadings”
(Brunner, 2011, p. 3). This tool is widely applied in the
industrial sector to evaluate and improve the resource
and waste management along the value chain but also
at government level for permissions to construct indus-
trial waste treatment plants (Brunner, 2011). European
Environmental Agency (EEA) established MFA in the



framework of the Driving Force-Pressure-State-
Impact-Response (DPSIR) scheme' developed by the
OECD (OECD, 2003).

Besides MFA focusing on all inputs needed to
produce a good or a service, the ‘Substance Flow
Analysis’ (SFA) aims at assessing specific —
mainly hazardous — substances, either within a
region or on a product level in a value chain.
However, the method of accounting physical
flows remains similar. A review paper has been
published by the OECD working group on environ-
mental information and outlooks (WGEIO, 2000).

Since MFA is a physically-oriented analysis, sev-
eral volume indicators can be quantified. Next to
input- or output-oriented indicators, consumption
indicators, balance or trade indicators as well as
efficiency indicators are applicable. These effi-
ciency indicators are relevant for estimating eco-
nomic performance in relation to material losses
to the environment. The reference point of calcu-
lation can be at a site level or product level. The
OECD provides an overview of possible indica-
tors and their field of applications (OECD, 2003).
For empirical examples conducting MFA, see
e.g., Dahlstrém and Ekins 2006.

Indicators based on the field of material account-
ing are, e.g., ‘the Material Input Per unit of Ser-
vice’ (MIPS). The MIPS concept was originally
developed by a team led by Schmidt-Bleek in the
1990s, which aimed at quantifying the use of nat-
ural resources during the production of a specified
product (Finnveden and Moberg, 2005). After
assigning the total material input to the five cate-
gories, the ecological backpack is derived. Fi-
nally, after accounting the total material input, the
indicator is divided by the number of service
units; for example the emissions of a car per driv-
en kilometer and driver.

A little different is the ecological footprint ap-
plied to both regional and product levels, devel-
oped by Rees and Wackernagel (2002), Wackernagel
et al. (2004). The indicator measures in adjusted
global hectares’ how much biologically produc-
tive land a human population requires to produce
its consumption and to absorb its waste under the

! “The extraction of resources on the input side and the release of
emissions and waste on the output side relate to environmental
pressures, (sectoral) activities represent driving forces, the flows
may change the state of environment which give rise to various
impacts and the societal or political response may influence the
metabolic situation towards sustainability” (OECD, 2003, p. 18).

% The global hectare is a measure of the average biocapacity of any
biologically productive areas on the planet. The sum of the world’s
biocapacity divided it by the number of hectares on the earth’s surface
results in the biocapacity of one global hectare (Wackernagel, 2004).
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prevailing technology®. The indicator often is used
as a simple information tool to show the unsustain-
able way of living and overconsumption of indi-
viduals, nations and production activities.

Critically is the fact that MFA is not yet a stan-
dard procedure. The terms ‘materials’, ‘goods’,
‘substances’, ‘materials flow analysis’ and ‘sub-
stance flow analysis’ are still used in differing
ways (Brunner, 2011). In terms of data uncertain-
ties in MFA, see Danius (2002). In particular,
system boundaries and the related processes are
chosen on a case by case basis which reduces the
comparability of studies. Also the way of meas-
urement of material flows is weakly described in
studies and hence decreases the traceability of
results (Brunner, 2011). As the next section
shows, the same problem occurs to LCA. Since
the MFA is applied to build volume indicators
assessing natural resource extraction, the method
itself is not a tool for impact assessment. Here,
LCA is a follow-up method of an MFA; the basic
accounting framework of input-output relations in
a MFA compared to LCA is very similar (Brunner,
2011). Though, the LCA includes an impact assess-
ment component, which is lacking in the MFA.

1.3.2. Life cycle assessment. In order to assess the
environmental impact of a value chain on product
level, the framework of LCA has been developed.
LCA, often denoted as ‘from the cradle to the
grave analysis’, represents an accounting frame-
work assessing environmental impacts attributable
to the value chain activities of a defined product.
The analyses focus on the link between the use of
inputs (e.g., natural resources) and the related
environmental outputs (emissions and waste) of
all value chain activities (production, processing,
transportation, consumption, and final disposal).
LCA is the basis in, e.g., technical, strategic, mar-
keting, and policy decisions (Faruk et al., 2002).
The purpose is to build impact indicators, which
identify and quantify possible environmental im-
pacts, e.g., the global warming potential, water
and land use, or ozone depletion of one unit of
production. On this basis, recommendations can
be made on which products should be promoted
or improved concerning, e.g., production effi-
ciency (Rebitzer et al., 2004). Important to high-
light are general problems related to data collec-
tion, time, and expertise.

* www.footprintnetwork.org.
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Fig. 2. Life cycle assessment framework

However, a major obstacle is the comparability of
different studies on the environmental impact of
certain products due to different underlying assump-
tions in the analysis similar to the MFA. Thus, there
have been various attempts on standardization and
harmonization of LCA. The most commonly applied
procedure of LCA — recommended by ISO through
its standard ISO 14040:2006 — is illustrated in Figure
2. The proceedings of the single steps according to
the ISO series is well described in Rebitzer et al.
(2004), Pennington et al. (2004), and Tukker and
Jansen (2006).

Applications of LCA are manifold and enjoy an
increasing popularity in recent years. For example,
keen interest arose with respect to the environ-
mental impact of bioenergy production and the
carbon footprint of energy products in general (see
Zhiyuan et al., 2004; Mattsson et al., 2000). LCA
is also applied to assess the environmental impact
of food chains. The focus is predominantly on the
carbon footprint (CF) to assess the impact on
global warming and climate change. Herva et al.
(2011) compiled a comprehensive review on envi-
ronmental indicators including the carbon foot-
print. The indicator is expressed in carbon dioxide
equivalents and quantifies the total greenhouse gas
emissions caused by, e.g., value chain activities.
Advantages such as simplicity and intuitiveness of
the CF also lead to drawbacks due to the absence
of information on other important environmental
impacts (Herva et al., 2011).

By definition, LCA does not address economic or
social impacts of a product chain. To fill this gap,
“Life Cycle Costing” (LCC) (Mearig et al., 1999)
and “Social Life Cycle Assessment” (SLCA) (Dreyer
et al., 2006) were developed, whereas the latter is
very rarely applied. In addition, “Life Cycle Energy
Assessment*“(LCEA), should be mentioned due to
the rising concerns of the environmental impact of
energy consumption in a value chain (Kuemmel et
al., 1999). LCEA can be interpreted as a variation of
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energy analysis within the boundaries of a tradi-
tional LCA; e.g., the assessments of energy effi-
ciency in production systems e.g. alternative water
supply systems (Stokes and Horvath, 2006).

Generally, LCA is evaluated as a “powerful and
fairly robust methodological framework™ (Rebitzer
et al., 2004), but nevertheless there are some critical
aspects related to the overall model (Lenzen, 2001;
Tukker and Jansen, 2006; Schaltenegger, 1997). LCA
is subject to some underlying assumptions; similar to
IOA and SAM. LCA is characterized being a strictly
linear and static accounting model. Therefore, envi-
ronmental outputs, e.g., waste and emissions are typi-
cally assumed to scale linearly related to the product
flows (Rebitzer et al., 2004). However, IOA and
LCA also differ in some characteristics (Table 1).

Table 1. Differences between life cycle assessment
and input-output analysis

Characteristics

Life cycle assessment

Input-output analysis

Data sources

Unit process data

Economic national
accounts

Way of Proceeding

Bottom-up approach

Top-down approach

Commodity unit flows

Physical flows

Monetary valued flows

Level

Micro level

Macro level

Covered life cycle stages

Complete life cycle

Pre-use and consump-
tion stages

Source: Rebitzer et al. (2004).

The importance of the definition of boundaries in the
life cycle system is noteworthy, because of having a
huge impact on the LCA results and thus on the com-
parability. Broader boundaries consider more indirect
input suppliers and hence, may lead to increasing envi-
ronmental impacts compared to a more narrow defini-
tion. Ignoring these indirect effects by defining rather
narrow boundaries can lead to an underestimation of
environmental impacts of the considered product. This
miscalculation is also denoted as truncation error. To
reduce the truncation error, Lenzen (2001) and Tukker
and Jansen (2006) suggest the combination of LCA
with an IOA, denoted as hybrid LCA approach or
input-output life cycle assessment (IO-LCA).



1.3.3. Input-output life cycle assessment. 10-LCA
is a specialized subset of the growing field of ‘in-
tegrated environmental and economic accounting’,
combining economic input-output data with envi-
ronmental and resource data from LCA (Rebitzer
et al., 2004). The approach is more complete in
terms of economy-wide system boundaries also
capturing interdependencies of different value chains.
However, it lacks process specificity and the dif-
ferentiation between similar products is very lim-
ited (Rebitzer et al., 2004). Therefore, suitable
applications for IO-LCA are research questions,
where the overall effect of new technologies on a
regional or national level has to be analyzed in-
cluding a rough estimation of the overall environ-
mental impacts. Overview articles worth mention-
ing are from Hendrickson et al. (1998). The Green
Design Institute developed a software tool to con-
duct an economic I0-LCA (EIO-LCA) based on a
database (www.eiolca.net) estimating the overall
economic and environmental impacts from producing
a certain dollar amount of almost 500 commaodities or
services. However, the tool is restricted to the United
States. The project aims to provide rough guidance
on the relative impacts of different types of products,
materials, services, or industries with respect to re-
source use and emissions throughout the U.S.

1.3.4. Exergy and emergy analysis. In general, gain-
ing more information on energy flows along the
value chain denoted as energy accounting, plays an
important role, e.g., to assess energy efficiency of
production activities (Finnveden and Moberg, 2005).
There are two important types of energy measures:
(a) exergy analysis; and (b) emergy analysis.

Exergy, defined as the quality of energy, measures
the ability of an energy source to produce a unit of
work. Thus, exergy refers to a thermodynamic unit
(e.g., joule) that gives a numerical value to present
energy quality (Apaiah et al., 2006). Traditional
applications of exergy analysis are focused on the
optimization of energy use and the decrease of
resource consumption. Calculated indicators are,
e.g., the ratio ‘exergy input’ / ‘exergy output’ as a
measure for energy losses associated with produc-
tion of an unit of product. Exergy input is the
exergy required to produce something, whereas
exergy output is the fraction of exergy still con-
tained in the produced substance (Szargut et al.,
1988). If exergy analysis is applied to the product
level, it is applicable in the boundaries of an LCA
(Finnveden and Ostlund, 1997). As exergy is al-
ways expressed in the same unit, e.g., ‘joule’,
energy inputs and outputs of each chain are easily
comparable. However, also here the same problem
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of comparability occurs if different value chain
boundaries are defined as in LCA studies.

The objective of emergy analysis is to quantify the
energy value of both direct energy supply and mate-
rial resources (interpreted as indirect energy sup-
ply). This implies that all required inputs of mate-
rial, information, and labor are aggregated using
emergy equivalents — expressed in the equivalent
solar energy — resulting in the accumulated energy
associated with a product (Castellini et al., 2006).
Emergy accounting has been developed in the last
three decades as a tool for environmental policy.
Based on the analysis, several indicators can be
developed, e.g., ‘transformity’, which measures how
much emergy is taken to generate one unit of output,
regardless of whether or not the input is renewable.
However, the indicator ‘renewability’ takes the per-
centage of renewable emergy into account used by
the system (Cavalett and Ortega, 2007). Studies on
emergy analysis have been published by Lefroy and
Rydberg (2003), and Cuadra and Rydberg (2006).

Conclusions

The integration of environmental economics in the
VCA is a major and important development of the
last decade. This fact underlines the motivation to
provide an up-to-date and systematic overview of
accounting methodologies related to VCA. This
paper discussed the application and extensions of
(1) value chain mapping as the overall start of a
VCA; (2) financial VCA; (3) national accounting
tools and their environmental extensions; and (4)
environmental emphasized methods resting upon
physical accounting such as material accounting,
life cycle assessment and energy accounting.

The literature review showed numerous examples
and approaches of how environmental research
questions may be integrated. On the one hand, pure-
ly economic tools became extended by environ-
mental cost and benefits analysis or physically
measured satellite systems. On the other hand, prin-
cipally environmental tools have been developed
and augmented by, e.g., a cost component. Even
within the GCCA of power distribution among
chain actors, environmental impact assessment has
been incorporated. The effects of the power relation
on value chains natural environment combined with
a life cycle approach are in the limelight.

The variety of VCA application in the field of envi-
ronmental economics reflects the greatest advantages
of the presented methods which are flexibility and
adaptability of value chain accounting. Depending on
the field of interest, environmental costs and benefits
as well as physically measured flows can be assessed,
integrated, and evaluated. Attention should be paid to
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the definition of the system boundaries of value chains.
Narrowing the boundaries of the value chain system
may eventually lower the costs of analysis but it also
affects the results negatively due to the problem of
truncation error. The same occurs with respect to the
level of aggregation. A high disaggregation level en-
ables a very detailed analysis of the value chain flows
and its impact, but also bears higher costs due to a
more comprehensive data collection. Here, the analyst
has to decide carefully on interests and relevance.

A major disadvantage in the accounting framework is
the underlying assumption of linearity which hampers
scenario analysis with respect to policy or technology
changes. Valuable solutions are the CGE models
where the data from input-output tables or social ac-
counting matrices are fed in. Although the difficulty to
program these models might scare some people, it
enables policy analysis enhanced by institutional set-
tings to allow for changing rules of market participa-
tion without following the linearity assumption.
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