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proach would require taking a social weighting factor for
economic facts into account as well. This could refer to
goods, which produce positive externalities and are there-
fore of higher importance for society. However, for the sake
of simplicity, this problem is ignored.

For the relation of environmental impact to economic costs,
the quotient of the average environmental normalization
factors and the average cost normalization factor is calcu-
lated (Eq. 4).

(4)
Rgc = Environment to cost relation for a complete
project
j = Number of products in the project (1,2,3...)

A R greater than 1 implies that the environmental impact
of the project is higher than its normalized costs, and vice
versa. Using the normalization procedure to conduct an eco-
efficiency analysis for strategic management decisions calls
for an appropriate kind of visualization. For this particular
reason Ry . and the eco-efficiency portfolio is proposed for
graphical presentation. More precisely, the EI, the NF. and
the R c are used to calculate the portfolio position. For a
discussion of different ways to present LCC results in a port-
folio, refer to [24]. In this paper, the EI and the NF, are
normalized to the average value in a first step and that is set
to 1 (Egs. 5, 6).

(5)
(6)
PPy, = Environmental impact portfolio position for prod-
uct o
] = Number of products under consideration
PP., = Cost impact portfolio position for product o

These preliminary positions (PP) are then improved by the
R factor, in order to get a new position (PP’) in which a
balance between environmental impacts and costs exists.
Based on the geometric theorem of Pythagoras and on the
cathetus theorem, the square root of the Ry - factor is used
for calculating these new positions (PP'). The difference be-
tween the environmental impact portfolio position of each
product to the environmental impact average is multiplied
with the square root of Ry, -and, respectively, the difference
between cost portfolio position of each product to the cost
average is divided by the square root of R . (Egs. 7, 8).

(7)

(8)
The corrected figures are then translated into a graphical

portfolio. The horizontal axis displays the range of the cost
figures and the vertical axis shows the environmental im-
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Fig. 1: Structure of an Eco-Efficiency Portfolio

pacts. Due to normalization, the middle of both axes is al-
ways set to 1. From an eco-efficiency point of view, the most
favorable products are located in the upper right corner,
whereas the least favorable will be lower on the left side.
Correspondingly, the distances of two products from the
diagonal can expressed as differences in the eco-efficiency
performance. Hence, product 8 in Fig. 1 would be consid-
ered less eco-efficient than product o — in a relative sense!

Such visualization allows for a dirty-but-quick insight into
the input data. As such, it converts rather complicated pro-
cedures into easy and comprehensive indicators of eco-effi-
ciency. It is for that reason that it paves the way for eco-
efficiency into strategic corporate decision-making. As Saling
et al. [8] point out, a portfolio presentation not only helps
to easily define research goal and alterations in the product
portfolio, but also to support communication with custom-
ers and other stakeholders.

2 Results: Quantitative Example

A numerical example demonstrates the method's reasoning.
The LCIA of painting a 1,000 m? wall! results in a GWP of
1,000 g of CO, equivalents for product A and 1,500 g of
CO, equivalents for product B. Accordingly, the denomina-
tor is a rather global figure, e.g. the total GWP for Germany
(1,010,000000 t) with respect to the number of inhabitants
(82,000,000) [25] following Eq. 1 one obtains (Eq. 9).

9)

Therefore, the painting of 1,000 m2 wall with product A
emits as much global warming gases as 8.1*10-5 inhabit-
ants of Germany emit on average per period of time. With
product B, the global warming equivalent of 12.1*10- in-

1 Because of the same durability of both products, a time period has not
been taken into account.
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Table 1: Numerical Example of Normalization Factors

Product o Product
NFawe [Inh] 8.1*107° 12.1*107°
NFyastes [Inh] 3*107° 1*10°

habitants is emitted. A similar procedure is performed to
calculate the normalization factor of waste generated by
painting 1,000 m?2 (Table 1).

The costs for the wall paints with paint o are 1.7 € per
1000 m?2 and, for product B, 1.5 € per 1000 m2. The Gross
Domestic Product of Germany without financial transac-
tion is 900-10°€ (Egs. 10, 11).

NE., = —2€__ £ 000.000 Inh =15,4-10~ Inh (10)
“7900-10°€
15€ i
. =——__.82.000.000 Inh =13,7-10"° Inh (11)
“900-10°€

Like Table 2 shows Ry, . is smaller than 1. That means that,
for this example, costs are more important than the envi-
ronmental impact by about a factor 2.

In the example in Table 2, the costs are, relatively speaking,
more important than the environmental impact. Using Eqgs.
(7) and (8) yields the corresponding portfolio position. The
respective numbers are presented in Table 3.

The new calculated values for PP’ y and PP’¢. , are then used
for the positioning of o in the eco-efficiency portfolio and
PP’ sand PP’ ; for product f (Fig. 2).

Fig. 2 shows, for the example discussed, that both products
have a similar eco-efficiency (the distance from the diagonal
line). As already explained in the introduction, this distance
indicates the eco-efficiency of the products as the balance
between costs and environmental impacts.

Table 2: Numerical Example
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Fig. 2: Eco-Efficiency Portfolio for Numerical Example

3 Discussion

Figures on environmental impact-to-costs relation numbers
have already been calculated for industrial purposes. In
Fig. 3, the relation of normalized environmental impact to
costs is shown for a number of projects evaluated by the
German chemicals company BASE. It can be seen, for about
20% of the projects, that the costs, relatively speaking, are
more important than environmental issues. In the other 80%
of the projects, the environment is more important. The av-
erage value is about two. Such an analysis is a precondition
for assessing eco-efficiency as costs directly affect the value
added per unit produced and, hence, influence the ratio of
environmental impact per monetary unit earned, i.e. its eco-
efficiency [1,7].

These facts are not very surprising as most of the projects
deal either with chemical raw materials or with processes
with relatively large environmental impacts like transporta-
tion or residential appliances. In that sense, they contribute

Product a Product
NFgwe [Inh] 8.1x107° 12.1x107°
Nfwastes [IN] 3x10° 1x107° Average
WF GWP (Germany) see [8] 62.5%
WF wastes see [8] 37.5%
(Germany)
El [Inh] 6.2x107° 7.9x10° | 7.05x10°°
NFc [Inh] 15.4x107° 13.7x107° | 14.6x107°
RE,C 0.48

Table 3: Final Results
Product a Product Average

El [Inh] 6.2x 107 7.9x107° 7.05x107°
PP 0.88 1.12 1
PPe 0.92 1.08 1
NF¢ [Inh] 15.4x107° 13.7x107° 14.6x10°
PPc 1.055 0.945 1
PPc 1.085 0.915 1

100
10
<
L
4
1 -
.|||||
20% 80%
1.2 1 0.8
Cost
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Table 4: Influence of Environment-to-Cost Relations

Project 1 Project 2
B Y 8
El [Inh] 3 1 0.3 0.1
PPe 1.5 0.5 1.5 0.5
NFc[Inh] 0.5 1.5 0.2 0.6
PPc 0.5 1.5 0.5 1.5
Rec 2 0.5
o B Y &'
PP’e 1.71 0.29 1.35 0.65
PP’c 0.65 1.35 0.29 1.71

more to global environmental impact numbers than other
products, which need less energy or smaller facilities.

For the implementation of the proposed product-oriented
eco-efficiency analysis, the integration of LCA and LCC has
to take data quality into consideration. The usefulness and
results of an LCA strongly depend on the quality of the data
and the use of inventory background data [7,13]. Using more
background inventory data can result in a decreasing over-
all quality of information in the analysis. This is especially
problematic for an eco-efficiency analysis, because data qual-
ity decreases disproportionally for the environmental and
economic figures. With the use of basic inventory data, only
LCA figures are affected, whereas LCC figures tend to be
based on more established measurement approaches with
data quality procedures.

The overall result of the eco-efficiency analysis can be im-
proved by using more precise and more accurate (instead of
average) figures. This is why the BASF method employs site-
specific data wherever possible [8]. As a consequence, any
product-oriented, eco-efficiency analysis should include data
quality information.

A scenario analysis shows the influence of Ry, ; on the result
in the portfolio presentation. Assume two different projects,
one with product oe and B, the other one with products y and
3. In Project 1, the environmental impact of o is three times
higher than that of B (EI, = 3 x El;), whereas f§ results in
costs that are three times higher (3 x NF., = NF¢).

The same is assumed for Project 2 (Table 4).

With that assumption, the PPy, is the same as PPy and PP ,
is the same as PP, but the Ry are different for both
projects. Ry ¢ for Project 1 is larger than one (2) and, for
Project 2 smaller than 1 (0.5). The positions in the portfolio
are therefore different for both projects (Fig. 4).

Fig. 4 shows that for Project 1, where the environmental
impact is more important (Rg - =2), product 3 is more eco-
efficient (distance from the diagonal line), as the environ-
mental benefit is much higher than the additional costs. For
Project 2, product y is more eco-efficient as the costs are
much more relevant there than is the environmental impact
(R =0.5). The environmental benefit is not worth the ad-
ditional costs.
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Fig. 4: Environment-to-Cost Relations for Different Projects

4 Conclusions

The described eco-efficiency method does not provide an
assessment of the absolute contribution to environmental
and economic goals. Rather, it determines relative contribu-
tions to eco-efficiency and allows assessing measures, which
contribute differently to eco-efficiency. The determination
of the eco-efficiency of products provides the management
with information necessary to achieve the largest environ-
mental benefit per Euro spent. In other words, it allows
management to achieve the largest contribution to a higher
eco-efficiency and a sustainable development of the com-
pany and society. The proposed approach makes the bridge
from these general considerations and shows how the eco-
efficiency of product systems can be calculated in practice.
This text discusses a well-developed and tested method of
product oriented eco-efficiency analysis to quantitatively link
LCA with LCC figures, with results shown in a portfolio.
The method has been applied successfully to more than 300
projects by BASE.

The calculation of a relevance factor between normalized
environmental impacts and normalized costs is a key for
this analysis and the essential basis for all further eco-effi-
ciency assessments and considerations.
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Abstract

Intention, Goal, Scope, Background. BASF has developed the tool
of eco-efficiency analysis to address not only strategic issues, but
also issues posed by the marketplace, politics and research. It was a
goal to develop a tool for decision-making processes which is use-
ful for a lot of applications in chemistry and other industries.
Objectives. The objectives were the development of a common
tool, which is usable in a simple way by LCA-experts and under-
standable by a lot of people without any experience in this field.
The results should be shown in such a way that complex studies
are understandable in one view.

Methods. The method belongs to the rules of ISO 14040 ff. Be-
yond these life cycle aspect costs, calculations are added and sum-
marized together with the ecological results to establish an eco-
efficiency portfolio.

Results and Discussion. The results of the studies are shown in a
simple way, the eco-efficiency portfolio. Therefore, ecological data
are summarized in a special way as described in this paper. It could

be shown that the weighting factors, which are used in our method,
have a negligible impact on the results. In most cases, the input data
have an important impact on the results of the study.

Conclusions. It could be shown that the newly developed eco-
efficiency analysis is a new tool, which is usable for a lot of prob-
lems in decision-making processes. It is a tool which compares
different alternatives of a defined customer benefit over the whole
life cycle.

Recommendations and Outlook. This new method can be a help-
ful tool in different fields of the evaluation of product or process
alternatives. It can be used in research and development as well
as in the optimization of customer processes and products. It is
an analytical tool for getting more sustainable processes and prod-
ucts in the future

Keywords: Decision making tool; eco-efficiency; eco-efficiency
portfolio; ecology fingerprint; life cycle assessment (LCA) life cycle
mamangement (LCM); sustainable development, metrics and mea-
surement
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