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Abstract

Sustainable Value Analysis (SVA) [F. Figge, T. Hahn, Ecol. Econ. 48(2004) 173-187] is a method for
measuring sustainability performance consistent with the constant capital rule and strong
sustainability. SVA compares eco-efficiency of a firm relative to some benchmark. The choice of the
benchmark implies some assumptions regarding the underlying production technology. This paper
presents a rigorous examination of the role of benchmark technology in SVA. We show that Figge and
Hahn’s formula for calculating sustainable value implies a peculiar linear benchmark technology. We
present a generalized formulation of sustainable value that is not restricted to any particular functional
form and allows for estimating benchmark technology from empirical data. Our generalized SVA
formulation reveals a direct link between SVA and frontier approaches to environmental performance
measurement and facilitates statistical hypotheses testing concerning the benchmark.
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Introduction

Sustainability is a multidimensional concept that entails economic, environmental, and social aspects.
Constanza et al. (1991) define sustainability as consumption that can continue indefinitely without
degrading the capital stocks, including natural, physical, human, and intellectual capital. The notions
of weak and strong sustainability can be distinguished according to the substitutability of different
forms of capital. Weak sustainability allows for substitution between all forms of capital; any loss in
one kind of capital can be substituted by a surplus in other. By contrast, strong sustainability assumes
non-substitutability of at least some forms of capital, or requires a certain critical level which must be
conserved to avoid irreversible losses.

Sustainable value analysis (SVA) developed by Figge and Hahn (2004, 2005) is a method for
measuring corporate contributions to sustainability based on the constant capital rule and strong
sustainability. A firm is said to create sustainable value whenever it uses its bundle of resources more
efficiently than another firm would have used it." In principle, reallocating resources from firms that
create negative sustainable value to firms that create positive sustainable value can increase the
economic welfare while keeping all stocks of capital in the economy at a constant level. Thus, firms
creating sustainable value would be able to compensate for any rebound effects that might occur.

In practice, sustainable value of a firm is measured by comparing eco-efficiency of the firm
relative to the eco-efficiency of some benchmark. The specification of the benchmark involves at least
three important choices:

¢ One common benchmark versus sector/firm specific benchmarks
¢ Ex ante imposed benchmark versus data driven benchmark
e Average practice benchmark versus best practice benchmark

Figge and Hahn (2004, 2005) advocate the use of a common, economy-wide benchmark that
represents the average practice and is imposed a priori. Van Passel et al. (2007) have used sector
specific benchmarks that are derived based on the average values in the data. Van Passel (2007) has
applied best-practice benchmarks that are firm-specific and estimated from the data. All different
approaches have their own merits as well as drawbacks. A common benchmark can be motivated by
the fact that firms of different sectors compete for the same pool of resources in the economy, and thus
performances of all firms should be assessed relative to one common performance target. In practice,
however, SVA can only take into account some limited subset of resources (for which data exist),
which may favor some sectors over others. Moreover, SVA does not take into account the price effects
of reallocations, which can bias the value added figures used for calculating sustainable value.
Estimating benchmarks from empirical data can result as more realistic performance targets, but the
estimation process involves its own complications. Finally, average practice benchmarks are typically
easy to identify, but outperforming the average is no guarantee of the optimal performance. The best
practice benchmarks are more tedious to estimate, but they can provide firms with right incentives to
continuously improve their performance and push the frontier further. >

The choice of this or that benchmark has always certain implications regarding the underlying
production technology; the production function implied by the benchmark is here referred to as the
benchmark technology. This paper presents a rigorous examination of the role of the benchmark
technology in SVA. We show that Figge and Hahn’s formula for calculating sustainable value implies
a peculiar linear benchmark technology. We then present a generalized formulation of sustainable
value that is not restricted to any particular functional form but allows for estimating benchmarks from
empirical data. We show that our generalized formulation has an opportunity cost interpretation
similar to the original SVA formula.

Our generalized SVA formulation has at least two types of methodological value. First, our
formulation reveals a direct link between SVA and the frontier approach to environmental
performance assessment (see e.g., Fire et al. 1996; Tyteca 1996, 1997; Callens and Tyteca 1999; Zaim

' By term “firm” we refer to any productive unit, which may be a private or public organization as well as an aggregated
entity such as an industry, sector or country.

% Ansell et al. (2003) present an illuminating discussion about the different perspectives to benchmarking prevailing in the
finance versus management literature.
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2004; Kuosmanen and Kortelainen 2005, 2007; Cherchye and Kuosmanen 2006; Coelli et al. 2007;
and references therein).>*

The rest of the paper is organized as follows. In the next section we formally introduce the SVA
method. Then we recast SVA in terms of a more general benchmark technology. Final section presents
some concluding remarks.

Sustainable Value Added

In this section we introduce SVA more formally. Consider a production process where R resources
(including natural, physical, human, and intellectual capital) are transformed into economic output,
measured in value added terms. The recourse use by firm i is characterized by vector X, =(x;;...x;5)",

and the value added of firm i is denoted by y,. According to Figge and Hahn (2004, 2005) (henceforth

FH), a firm creates sustainable value whenever it uses its bundle of resources more efficiently than
another firm would have used it. Another firm used as a reference for comparison is referred to as

benchmark; the value added and the resource use of the benchmark are denoted by y* and

X =(x...x;)", respectively. FH specify the benchmark values a priori (e.g., y* could be the GDP and

the total use of resource r in the economy); we consider the estimation of the benchmark in more detail
in Sections 3 and 4. Given these notations, FH define firm i ’s sustainable value (SV) in using resource
ras

(1) S‘/tr :[L_y_*jxlr

X, X

Note that expression (1) measures sustainable value in terms of a single resource r only. Therefore, we
will refer to (1) as partial sustainable value.
The rationale behind formulation (1) is the following. Ratio y,/x, can be interpreted as firm i’s

eco-efficiency in using resource r. Similarly, ratio y*/x. can be seen as eco-efficiency of the

benchmark. The expression within the brackets is referred to as value spread. If firm i creates value
added per unit of resource that is higher (lower) than the benchmark level, then the value spread is
positive (negative). To convert this efficiency measure into a monetary figure, the value spread is
multiplied by the total resource use x;.

Most economic activities involve multiple resources. To measure sustainable value of firm i in
terms of its total resource use, FH simply take the arithmetic average of all partial sustainable values:

R
) sV, :lz SV, .
R r=1

Given data of firm i and the benchmark, this sustainable value measure is easy to calculate; no
estimation of any kind is required. However, expressions (1) and (2) are ill-defined whenever firm
does not use one of the resources at all (i.e., x, =0 for some r would imply division by zero in

equation (1)). This can be a serious problem when a common economy-wide benchmark is applied
across all sectors, because a typical firm does not use each and every resource available in the
economy. Note that the zero values should not be simply omitted; firms deserve credit for not using a
scarce resource that benefits the economy as a whole (and hence the benchmark).

To pave a way for the production function interpretation of the next section, we note that
expression (2) can be harmlessly reorganized as

L&y
3) SV, =yi_EZ[y*inr .

r=1 r

Note that formulation (3) remains well defined even when vector x; contains zero elements; only the
benchmark resource vector x* must be strictly positive. Expression (3) also provides some further

3 See Fried et al (2007) for an up-to-date review of and introduction to the frontier estimation literature.

* The interface between the frontier approach and SVA has been first explored by Van Passel (2007), who has used best-
practice benchmarks estimated by stochastic frontier analysis method within the SVA framework. Our results establish a
more direct connection between the two approaches.
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intuition to SVA: the sustainable value can be interpreted as the difference between firm i’s value
added and the weighted average of the eco-efficiency ratios of the benchmark. We can further
rearrange (3) to the form

4) SV, = _*lZR:ﬁ = _y—*
TNTYIRE X % D*(x,,xR*"
R *
where DX (x,,x*) :lZ[ a J is the Russell distance measure between vectors (introduced by Fére
r=1 'xir

and Lovell 1978). Expression (4) reveals the alternative interpretation of sustainable value as the
difference between the observed value added of firm i and the benchmark value added, adjusted for
the resource use by firm i.

Production function interpretation of SVA
In this section we recast SVA in terms of a general benchmark technology and examine its properties.
Suppose the benchmark technology is characterized by a well-behaved production function

f:R®* >R, . That is, for a given resource vector x, the benchmark output is indicated by f(x).
Applying the analogous rationale as in equation (4), we interpret sustainable value as the difference
(5) SVi=y, = f(x).

It is easy to verify that FH’s formula (2) is the special case of (5) when the production function takes
the linear form

(6) fx=YBx,,

F

with fixed coefficients . = Y Expression (6) reveals that FH’s method is not free of assumptions

about the production technology: in fact, hidden underneath is a rather peculiar assumption about
linear production function, with the specific coefficients representing the eco-efficiency of the
benchmark (multiplied by 1/R).

Now, let us take a closer look at the opportunity cost interpretation of SVA. FH interpret the
ratio y*/x, as the opportunity cost of resource r. This is a heroic assumption: it implies that a z

percent increase of resource r while keeping all other resources at a constant level yields a z percent
increase in the value added. Clearly, this interpretation cannot hold simultaneously for all R resources.
In terms of the benchmark technology f, the opportunity cost of using one unit of resource r can

of (x)

X

r

resource r in its alternative use. Note that, if we assume the particular linear function of expression (6),

be correctly expressed as the partial derivative , which indicates the marginal value product of

*

the opportunity cost of resource r is actually . = ng_ ,not y"/x..In fact, the linear structure of FH’s

benchmark technology is a direct result of the strong assumption about the opportunity cost.
We can exploit the previous idea further and derive our generalized sustainable value formula

o (x)

r

cost (multiplied by R as in FH’s formula) to the partial sustainable value (1), we obtain

(5) from FH’s original proposal by means of the opportunity cost . Inserting this opportunity

(7) SV, :[L_R.M}Cﬂ.
xir axr
Thus, the total sustainable value (2) becomes
L&y of (x,)
8 SV, =— - —-R-—— |x, .
(8) =7 Z[x 5

Rearranging expression (8) similar to (3), we obtain
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9 SV,=y

R

By Taylor’s theorem, Z@
r=1 -xr
order Taylor series approximation of (5). Thus, we have shown that formula (5) has an analogous
opportunity cost interpretation as the original FH formulations (1) and (2).

Thus far we have considered sustainable value in absolute scale, measured in currency units.
Relative efficiency measures, expressed in percentage terms, can provide valuable complementary
information. FH (2005) have introduced the notion of sustainable efficiency, defined as the ratio:

(10) SE =—21

Y, =S8V,
If the sustainable efficiency takes a value greater (less) than one (100%), then firm i is more (less)
efficient than the benchmark. Applying our production function interpretation (5), we can rephrase
equation (10) as

(11) SE = Ji S/

Vi _(yi _f(xi)) f )
Thus, sustainable efficiency can be interpreted as the ratio of the observed and the benchmark outputs.
Interestingly, in the present single-output case, sustainable efficiency is equivalent to the classic
Shephard (1953) output distance function and the Farrell (1957) output efficiency measure. From
purely technical perspective there is little new in sustainable efficiency: this performance metric has
been known in the field of productive efficiency analysis for more than five decades.

x, = f(x;), which reveals that equation (9) can be seen as the first

Conclusions

We have considered the role of the benchmark technology in SVA from different perspectives. We
first showed that Figge and Hahn’s (2004, 2005) formulation for sustainable value implies a peculiar
linear benchmark technology. We therefore presented a generalized formulation of sustainable value
that is consistent with nonlinear benchmark technologies and facilitates estimation of the benchmarks
from empirical data.
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