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1. Abstract 
 
The BASF Eco-Efficiency Analysis method is not an alternative to a standard LCA study but 
rather an extension of it. The method comprises use of environmental impact data and cost 
data to calculate eco-efficiency. Eco-efficiency is defined as the ratio of economic creation to 
ecological destruction from the perspective of the end consumer.  
 
The environmental impact data is considered depending on its impact on the following six 
environmental impact categories.  
 

 Consumption of energy 
 Consumption of resources 
 Land use 
 Emissions into air, water and soil (wastes) 
 Toxic potential of used and released substances 
 Risk potential 

 
These categories are weighted depending on a scheme of societal and scientific weighting 
factors that when normalized and presented together with the cost data constitute the eco-
efficiency. Eco-efficiency is presented as a relation between the performance of two or more 
products or processes that fulfill the same function or customer benefit.  
 
The BASF Eco-Efficiency Analysis method has been applied on a study, performed at Akzo 
Nobel Product Stewardship & Sustainability, of the environmental impacts and 
environmental costs of two colorants and the raw materials used in these colorants, 
especially the surfactants Berol 09 and Bermodol SPS 2532 ( a product of Akzo Nobel 
Surface Chemistry, Cellulosic Specialties). Performing an eco-efficiency study on already 
prepared LCA data is not a time consuming task and could be a valuable addition to 
LCA studies performed at Akzo Nobel.  
 
The overall results from the new eco-efficiency study are very similar to the results of the 
original study, even though the BASF method and the method used in the original study 
consider different environmental impact categories.     
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1. Introduction 
 

1.1. Background 
 
BASF started to develop their method in 1996 and to date the BASF Eco-Efficiency group 
has used their method to investigate about 130 products and manufacturing processes. In 
BASF the method is used to decide which product lines and processes to target with future 
investments and which not to favor in this way. The BASF Eco-Efficiency Analysis method 
is certified by the Rhineland Technical Surveillance Association and BASF has developed a 
new label for products that has undergone an eco-efficiency analysis according to these 
criteria. 
 

.  
Figure 1. The label awarded to products that places first in a BASF eco-efficiency study [BASF Eco-
efficiency homepage 2004]. 

 

 
The method is available to customers and other companies, either as a service provided by 
the BASF Eco-Efficiency group or as a training seminar supervised by BASF where the 
participants get access to the excel tool to perform eco-efficiency analyses of their own 
[BASF Eco-Efficiency homepage 2004]. 
 
 

1.2. LCA methodology and the BASF method 
 
Life Cycle Assessment (LCA) is a method that attempts to account for the various 
environmental impacts that are associated with a product throughout its life cycle [ISO 
14040 1997]. In a full scale LCA, the life cycle consists of data from the “cradle” of a 
product, i.e. the extraction of natural resources, to its “grave”, i.e. the final step of waste 
management for the product. The LCA study described in chapter 4 is a cradle to gate LCA. 
In a cradle to gate study the focus is limited by the gates of the manufacturing company and 
the use and waste management steps are excluded from the study 
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Figure 2. A simplified lifecycle. Use of resources and emissions from the entire life cycle is included in 
the LCA. 

 
The BASF eco-efficiency method is not an alternative to a standard LCA but rather an 
extension of it. It uses data obtained through an LCA study and aggregates and presents 
these results together with data that is normally not included in a LCA, such as for example 
toxicology potential, risk potential and cost data. 
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2. The BASF Eco-Efficiency Analysis method 
 

2.1. Overview 
 
The BASF Eco-Efficiency Analysis method uses LCA data and cost data of a customer 
benefit1 to calculate its eco-efficiency. Eco-efficiency expresses the ratio of economic 
creation to ecological destruction [Saling & Kicherer et al. 2002]. The eco-efficiency is 
presented in a two-dimensional graph that combines the LCA and the cost results. The cost 
is shown on the x-axis and the environmental impact is shown on the y-axis. Since the scales 
are inverted the products with the lowest costs and least impacts on the environment, i.e. the 
products with the best eco-efficiency, are found in the upper right corner of the graph, while 
the products with high costs and large impact on the environment are found in the lower left 
corner of the graph. 
 

 
 
 
 
 

2.1.  
 
 
 
 
 
 
 
 
 
 
 

Eco-efficiency studies are always performed as a comparison of two or more alternatives 
that correspond to the same customer benefit. The BASF method is not suited to perform 
analyses on single products.  
 
Throughout this report, the term “Alternative” will be used to describe any product or 
process that fulfills the customer benefit in an eco-efficiency study. 
                                                 
1 The product or service that is evaluated by the study, in traditional LCA studies this concept is referred to as 
the functional unit. 

Figure 3. An example of a result from an eco-efficiency study.
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2.2. The BASF Eco-Efficiency tool 
 
The tool comprises the formulas, equations and factors that are needed to perform an eco-
efficiency analysis bases on a suitable set of LCA data. It consists of two excel workbooks. 
One workbook is used to store LCA data for the different customer benefits and the other 
performs the calculations and presents the results. It is possible to customize the eco-
efficiency analysis by using different relevance factors and weighting methods. One problem 
for an English-speaking user is that the excel templates are in German. Most of the cells are 
however self-explanatory and even with very limited understanding of German it is possible 
to navigate the pages.  
 
In addition to the equations the tool also contains numerical values for environmental 
properties of common emissions and resources needed to calculate the impact of the 
different environmental impact categories. Linking these values to the relevant equations is 
for the most part automated. 
 
 

2.3. Environmental impact 
 
The environmental impact considered in the BASF Eco-Efficiency Analysis method is 
divided into six impact categories that together yield an “ecologic fingerprint” [BASF Eco-
Efficiency homepage 2004]. The impact of each of these categories is normalized with 
respect to one another. The least favorable Alternative, according to a system that is specific 
to each category, is given the value 1 and the other Alternatives is given values between 0 
and 1 depending on their relative impact. The categories considered are: 
 

 Consumption of energy 
 Consumption of resources 
 Land use 
 Emissions into air, water and soil (wastes) 
 Toxic potential of the substances used and released 
 Risk potential 

 



 8

 
Figure 4. The ecological fingerprint of three different Alternatives. 

 

2.3.1. Consumption of energy 
 
The total amount of energy consumed by an Alternative throughout its entire life cycle is 
used to determine the impact of this Alternative in this category. If energy is renewable or 
non-renewable is not taken into consideration. Energy production that also consumes 
resources will influence the category “Consumption of resources” [Saling & Kicherer et al. 
2002]. 
 

2.3.2. Consumption of natural resources 
 
Consumption of resources with and without energy content is weighted according to the 
reserves of the resource. The reserves are based on the statistical calculations of the USGS 
[US Geological Survey 1997] and other sources. They predict for how long it will be 
economically viable to extract the resource assuming the consumption stays the same. The 
weighting factor is inversely proportional to the size of the reserves [Saling & Kicherer et al. 
2002]. 
 
Table 1. Weighting factors and years of reserve for some common natural resources [Saling & 
Kicherer et al. 2002]. 
 

 Years of reserves Factor 
Coal 160 6,3 
Copper 50 20 
Natural Gas 63 16 
Iron 72 14 
Limestone 500 2 
Lignite 390 2,8 
Nickel 35 29 
Crude Oil 42 24 

0,00

0,50

1,00
Energy consumption

Emissions

Toxicity potential

Risk potential

Resource consumption 

Area use 
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2.3.3. Land use 
 
Land is considered a finite resource and the BASF method thus includes land use as an 
environmental impact category. Land is then divided into six different sub-categories: 
natural, close to natural, semi-natural, far from natural, sealed, and sealed and splitting.  
 
Table 2. Weighting factors for different types of land [Saling & Kicherer et al. 2002]. 
 

 
 
Land use is weighted depending on what category the used land belonged to before being 
converted and what category it is converted to. This division of land use into multiple 
categories increases the demands on the LCA data that the eco-efficiency analysis is based 
on. 
 
 

2.3.4. Emissions into air, water and soil 
 
Initially, emission values are calculated in three separate categories: air, water and soil 
emissions. These categories are later aggregated by use of a weighting system that will be 
discussed further in chapter 2.4. 
 

Emissions to air 
 

Emissions to air are weighted depending on their contribution to four different categories: 
Global Warming Potential (GWP), Ozone Depletion Potential (ODP), 
Photochemical Ozone Creation Potential (POCP) and Acidification Potential (AP) [Saling & 
Kicherer et al. 2002]. These categories are aggregated using a weighting system discussed 
further in chapter 2.4. 
 

Emissions to water 
 
For emissions to water, there is at present time no comparable, standardized or scientifically 
documented method for calculating the impact potentials as for the emissions to air. 
Therefore, the method of critical volumes or critical limits for discharges into surface water 

Category Example Weighting factor 
Natural Unchanged ecosystems 0 
Close to natural Forestry use, organic agriculture 1 
Semi-natural Grassland, pasture 1,5 
Far from natural Arable farming 2,3 
Sealed Sealed off and run down land, industrial use 5,1 
Sealed and splitting Roads, railroads, canals 7,6 



 10

is used. Each pollutant emitted into water is assumed to contaminate water until the 
statutory limit for this substance is reached. 
 
Table 3. The limits used for the respective emissions to water [Saling & Kicherer et al. 2002]. 
 

 Limit Factor (1/limit) 
COD 75 mg/l 0,013 
BOD 15 mg/l 0,067 
N-tot 18 mg/l 0,056 
NH4

+ 10 mg/l 0,1 
P-tot 1 mg/l 1 
AOX 1 mg/l 1 
HMs 1 mg/l 1 
HC 2 mg/l 0,5 
SO4

2- 1000 mg/l 0,001 
Cr 1000 mg/l 0,001 

 
 
The greater the hazard posed by a substance, the lower its limit and the more water is 
needed to theoretically dilute the emission. The theoretical total amount of water needed to 
dilute all emissions caused by an Alternative is used to determine the relative environmental 
impact of the water emissions.  
 

Emissions to soil 
 
The waste is sub-categorized as either being municipal, special/chemical, construction or 
mining waste. As no other suitable criterion has been found the different categories of waste 
are weighted depending on the average cost of disposal of the wastes [Saling & Kicherer et 
al. 2002]. 
 

 

2.3.5. Toxic potential 
 
Effective toxicity is the product of potential toxicity and exposure. The exposure is evaluated 
from an end-user perspective which leads to the following weighting: the use phase is 
weighted to 70%, the production phase is weighted to 20% and the disposal phase is 
weighed to 10% [Saling & Kicherer et al. 2002]. 
 
 
The toxic potential of a substance is determined by the risk phrases of the substance. Based 
on a survey among toxicologists and toxicology students the risk phrases have been grouped 
in one of six different categories (valued at 100, 300, 400, 550, 750 and 1000) depending on 
the perceived seriousness of the different risk phrases.  
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Table 4. Examples of the BASF method evaluation of some risk phrases and some combinations of 
risk phrases. 

Risk phrase Effect Value 
20 Harmful by inhalation 400 
21 Harmful in contact with skin. 300 
22 Harmful if swallowed. 300 
23 Toxic by inhalation. 550 
24 Toxic in contact with skin. 400 
25 Toxic if swallowed. 400 
26 Very toxic by inhalation. 750 
34 Causes burns. 300 
35 Causes severe burns. 300 
36 Irritating to eyes. 100 
37 Irritating to respiratory system. 300 
38 Irritating to skin. 100 
41 Risk of serious damage to eyes. 300 
46 May cause heritable genetic damage. 750 
49 May cause cancer by inhalation. 750 
20/21 Harmful by inhalation and in contact with skin. 400 
26/27 Very toxic by inhalation and in contact with skin. 750 
39/26/27/28 Very toxic: danger of very serious irreversible effects through 

inhalation, in contact with skin and if swallowed. 
1000 

 
 
Any toxic substance that is in some way included in the production contributes to the 
toxicity of an activity, even if only the final product is released to the public. 
 

calculation
toxicity potential

example

R 26/27:750 points, 
highly toxic

R 35: 300 points, 
irritant

R 20/22:400 points, 
harmful to health

Substance 1

Substance 3

Substance 2
Substance 2 
R 35 
300 points

Pre chain: 0 P
Total 300 P

Substance 1 
R26/27 
750 points

pre-chain: 0 P
Total 750 P

Substance 3
R20/22
400 points

Pre chain:
375 + 150 = 525 P
Total:
400 + 525 = 925 P

Use: 0,5 kg 
factor:

0,5*750 = 375 P

Use: 0,5 kg 
factor:

0,5*300 = 150 P

Use:
400 points

Production:
925 points

 
 
Figure 5. A sample calculation, to explain how the toxicity potential of the production phase and the 
use phase is determined [BASF Eco-Efficiency Methodology Seminar 2003]. 
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The toxicity considered by the BASF method is primarily human toxicity. The toxic potential 
category does not at all consider eco-toxicological concerns. 
 
 

2.3.6. Risk potential 
 
Even though risk potential, strictly speaking, is not an environmental impact category it is 
included in the BASF method. The risk potential is defined as: 
 
Risk potential = Severity of consequences * probability of occurrence 
 
Calculation of the risk potential involves the following steps [BASF Eco-Efficiency 
Methodology Seminar 2003].  
 

•  Definition of the possible hazards of all Alternatives 
•  Itemizing the possible hazards into the production, use and recycling phases of the 

life cycle 
•  Determination of the severity of the consequences of the hazard (A) and the 

probability (E) of its occurrence 
•  Evaluation of the total risk potential of the Alternatives and comparison and 

normalization of the risk potential of the different Alternatives 
 
The possible hazards consist of any accident or mishap that might cause environmental 
damage or damage to human health. Some examples of possible hazards are: 
 

° Risk of explosion 
° Flammability 
° Storage accidents 
° Malfunctions in product filling/packaging 
° Transportation accidents 
° Malfunction in disposal 
° Self-ignition 
° Production malfunction with harm to humans 
° Production malfunction with damage to the environment 

 
Statistics can often provide necessary data to evaluate the probability of occurrence for a 
specific hazard. When comparing means of transportation, for example, statistics on the 
number of accidents per t*km of existing means of transportation can be used. When the 
statistic information is insufficient the risk of the Alternatives are ranked based on educated 
guesses [Grosse-Sommer 2004]. It is often necessary to normalize the values of different 
“risks” before adding them to obtain the lifetime risk potential. For example, it is possible to 
directly add the number of fatal accidents for production and transportation. However, other 
life cycle steps may undergo subjective ranking which would make it necessary to normalize 
the various risks before combining them into a lifetime risk potential. 
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The severity of the consequences can be similarly determined by interviews with toxicologist, 
employees and experts. Even though it is impossible to get an exact numerical value on the 
severity of the consequences, it is often enough to roughly rank the compared Alternatives. 
It is the possibility to include important hazardous properties of the different Alternatives in 
the study that is the main point of the risk potential assessment. Which hazards that should 
be included in the study and how they should be included vary depending on what factors 
are important in the specific case. Even if the results will not be fully correct from a 
scientifical point of view, it may still be better to include an estimation of the risk potentials 
of different Alternatives than to just neglect them altogether. As in the case of toxicity 
potentials, risks that affect the end consumer are weighted more heavily than risks in the 
production or waste management phases. 
 

2.4. Aggregating the impact categories 
 
After the results in the categories have been normalized, the different categories are 
combined using a set of two weighting schemes, the societal weighting factors and the 
scientific weighting factors. These schemes are supplied with the tool and are applied 
automatically to the results of the environmental impact categories. 
 
 

2.4.1. Scientific weighting 
 
The scientific weighting factors, referred to as relevance factors, indicate how important the 
individual environmental impact category is for a particular eco-efficiency study. This 
prevents categories that are relatively insignificant to the total impact of that category in a 
particular geographical region from affecting the end results of the study too much. The 
relevance factors are determined through the following equation [BASF Eco-Efficiency 
Methodology Seminar 2003]: 
 

categoryimpact  of Relevance
regioninimpacttalenvironmenTotal

optionan  ofimpact  talenvironmen Average =  

 
The total environmental impacts in Europe, Germany, Great Britain, Japan, Morocco and 
USA with respect to different environmental impact categories are incorporated in the BASF 
tool for eco-efficiency. 
 
For example: the total global warming potential (GWP) in Europe is 3 946 702 units 
according to the data set found in the BASF tool. If the impact of an Alternative in this 
category is 400 units, the relevance of the GWP category is: 
 

000101,0
3946702

400 =  
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The relevance of the different categories is normalized with respect to each other. This is all 
done automatically in the tool once a choice of which scientific weighting factors to use is 
made. 
 
 

2.4.2. Societal weighting 
 
The societal weighting factors are determined through surveys, polls and expert interviews 
that aim to describe public and expert opinions on the relative importance of different 
environmental impact categories. 
 

Energy consumption 20%

Weighting factors [%]

Toxicity potential 20%

Emissions 20%

Land use 10%

Resource consumption 20%

Risk potential 10%

Air emissions
50%

Water emissions
35%

Wastes
15%

Global warming potential 50%

Ozone depletion potential 20%

Photochemical ozone creation 
potential 20%

Acidification potential 10%

 
 
Figure 6. The BASF standard societal weighting factors [BASF Eco-Efficiency Methodology Seminar 
2003]. 
 
BASF uses the same societal weighting factors in all their eco-efficiency studies but 
encourages other companies and research groups to develop their own societal weighting 
scheme. 
 
Changing the societal factors changes the focus of the eco-efficiency study the effect on the 
results are still surprisingly small. A diagram that shows how the eco-efficiency results from 
the case study described in chapter 3 vary when using some of the different societal factors 
supplied with the tool is found as figure 11, section 3.1.3. These societal factors are meant to 
represent the views on environmental problems in different regions of the world. 
 

2.4.3. Overall weighting factors 
 
Multiplication of the calculated scientific factors and the societal weighting factors gives the 
total weighting factors. Since the scientific factors will change from study to study the overall 
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weighting factors will also be specific for each study. As an example, the overall weighting 
factor of the GWP category is made up of a scientific weighting factor, describing how large 
a part of the total GWP in a geographical area the Alternative cause and a societal weighting 
factor that describes society’s opinions about the severity of GWP in relation to other air 
environmental impacts.  As mentioned before these calculations are performed automatically 
in the tool once a region and a set of societal factors have been decided upon. 
 
 

Energy; 0,22

Resources; 0,24

Emissions; 0,24

Toxicity; 0,2

Risk; 0,1

Air; 0,74

Water; 0,1

Soil; 0,16

GWP; 0,54

ODP; 0,1

POCP; 0,18

AP; 0,18

0%

20%

40%

60%

80%

100%

 
 
Figure 7. The overall weighting factors in an eco-efficiency study performed by BASF on a study of 
indigo dying. As can be seen land use was not yet implemented in the method when this study was 
performed [Saling & Kicherer et al.2002]. 
 
 

2.5. Cost 
 
The costs considered by the BASF eco-efficiency method are any costs that the product 
causes for the end consumer. This includes the price of the product, any costs related to 
using the product and any costs that arise when the product is disposed [Saling & Kicherer 
et al.2002]. This cost, when normalized, is compared to the aggregated and normalized 
environmental impact to get the eco-efficiency of the product. Since the BASF method 
considers eco-efficiency from an end consumer perspective, a product that can fulfill the 
same customer benefit to a lower cost is preferable to a more expensive product. 
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3. Case study: eLCC and LCA on two colorants 
 
The Akzo Nobel case study [Bengtsson & Sjöborg 2004] focuses on the production of two 
colorants and their raw materials. A surfactant (Berol 09), used in the older colorant 
formulation, contains nonyl phenol ethoxylate which is a substance with potentially toxic 
properties. The newer colorant formulation contains another surfactant (Bermodol SPS 
2532, a product of Akzo Nobel Surface Chemistry, Cellulosic Specialties) that was developed 
as an environmentally favorable alternative to the other surfactant. 
 
The aim of the case study was to investigate the properties of the total accountable 
environmental costs in the producing chemical industries concerned by the study and to 
determine the relation between environmental impacts and the environmental costs of a 
chemical product [Bengtsson & Sjöborg 2004]. 
 
 

3.1. Using the BASF method 
 
The BASF method typically studies the total costs from the perspective of the end 
consumer, not the environmental costs used in the original case study. In this case, the 
environmental costs of the Alternatives are used instead of the price for the end consumer. 
Since the BASF eco-efficiency method uses normalized values the absolute results of the 
Alternatives do not say much. However, the relative position of the Alternatives to each 
other in the two methods is important. 
 
 

3.1.1. Preparations 
 
Before performing an eco-efficiency analysis on the LCA data of the colorants, the LCA data 
have to be revised to a certain extent. Environmental impact data in categories that are not 
considered by the original case study is prepared. Additionally, in cases where the BASF data 
requires more detailed data than the original case study provides, for example area use data, 
the LCA data of the original study is modified to fit into a suitable category of the BASF 
method. The completed LCA data and the cost data are then inserted in the appropriate 
fields of the tool and the eco-efficiency is calculated. 
 

3.1.2.  Original results 
 
In the original study [Bengtsson & Sjöborg 2004] the estimated total environmental costs, 
caused by the production of the colorants and their raw materials, was presented together 
with the environmental impacts from the entire cradle to gate life cycle to examine the 
relation between environmental costs and environmental impacts. 
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The EPS method [Steen 1999], that was used to aggregate the various environmental impacts 
to one common unit (ELU) in the original study, puts most of the weight on the depletion 
of energy resources and environmental impacts caused by large emissions to the air, such as 
global warming and depletion of the ozone layer. The environmental costs are slightly lower 
for the older colorant, mainly because of the relatively large impact of the development costs 
associated with the surfactant used in the new colorant, but the environmental impacts are 
also more severe.  
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Figure 8. Comparison of environmental costs and environmental impacts from the case study: 
Environmental costs and environmental impacts in chemical industries [Bengtsson & Sjöborg 2004]. 
 
 

3.1.3. Results using the BASF method 
 
When the BASF eco-efficiency method was used on the LCA data of the colorant study, the 
results were very similar to the results from the original study.  
 
The EPS method that was used to aggregate the LCA data in the original study and the 
BASF method do not weight different environmental impacts in the same way. However, it 
seems like the relation of the environmental impact of the two colorants to each other 
remains when the BASF method is used to aggregate impact data instead.  
 
Relevance factors from Europe and the BASF standard societal weighting factors were used 
to produce the eco-efficiency graph below. 
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In this study the relatively large use of crude oil and natural gas made the scientific weighting 
factors of the resource consumption category the most important, and since resource use is 
one of the categories with the most effect on the end results in the original aggregation 
performed with the EPS method, it is not surprising that the relation between the colorants 
remain roughly the same.  
 
 
 

Figure 9. Results from the BASF Eco-Efficiency Analysis method applied to the LCA results 
from the study of environmental costs and impacts of two colorants [Bengtsson & Sjöborg 
2004]. 
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Figure 10. The overall weighting factors in the BASF study of the colorants. 

 
 
The use of different societal factors affects the results but not enough to cause significant 
changes in this case. The results of the old colorant are clearly separated from the results of 
the new colorant regardless of the societal weighting factors used. 
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Figure 11. The effect of different societal weighting factors on the eco-efficiency results. 
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In chapter 3.2, the environmental impact categories considered in the two methods are 
studied in greater detail to determine the colorant’s performance in the environmental 
impact categories of the BASF method and to see where the results differ between the BASF 
Eco-Efficiency Analysis method and the EPS method. 
 
 

3.2. Environmental impact categories 
 
The figure below is referred to as “the ecological fingerprint” of the two colorants. The 
figure indicates the relative size of the environmental impact of the colorants in each of the 
environmental impact categories considered by the BASF Eco-Efficiency method. 
 

0,00

0,50

1,00
Energy consumption

Emissions

Toxicity potential

Risc potential

Resource consumption

Area use Old Colorant
New Colorant

 
 
Figure 12. “The Ecological fingerprint” of the two colorants.  

 
 

3.2.1. Energy consumption and resource consumption 
 
Energy consumption and resource consumption are combined into one category in the 
original study. The older colorant consumes more crude oil and natural gas as an energy 
resource and as a raw material for the glycol that is one of the main constituents of the 
colorants and that is the main cause of the differences between the colorants in this category 
both for the BASF Eco-Efficiency method and in the original study. 
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Figure 13. Resource consumption data from the original case study of the production of colorants 
[Bengtsson & Sjöborg 2004]. 
 
 

3.2.2. Area use 
 
Area use was not considered as an important environmental problem in the original study 
and the area use data of the old study is insufficient and not reliable. According to the 
available data, very little area is used during the life-cycle of the colorants. As can be seen in 
the ecological fingerprint (figure 11), the relative differences between the Alternatives are 
quite large. The scientific weighting factors are however small for area use, why they do not 
affect the end results of the eco-efficiency study in any significant way. If this category of the 
BASF method is to be included in eco-efficiency studies at Akzo Nobel, more extensive area 
use data must be acquired. 
 
 

3.2.3. Emissions 
 
This is the only category where the results of the BASF method and that of the original case 
study contradict each other. The main reason for the contradiction is the comparatively large 
weight that the BASF method puts on water emissions. LCA studies performed at Akzo 
Nobel are not focused on water emissions, since it is often difficult to come by reliable, 
detailed and thorough water emission data [Sanne 2004]. 
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Figure 14. Air emission data from the original case study of the production of colorants [Bengtsson & 
Sjöborg 2004]. 
 

3.2.4. Toxicity potential 
 
Toxic properties were not included in the original case study of the colorants. The potential 
toxicity of a raw material of the older colorant, nonyl phenol, was however a large part of the 
reason that the new colorant was developed. According to the BASF method it is another 
raw material, ethylene oxide, which is responsible for a majority of the toxicity potential. The 
reason that ethylene oxide contributes to a larger part of the toxicity potential is partly 
because it is used in larger amounts and partly since the BASF method, when determining 
toxicity potential, only considers the actual R phrases that is concerned with human 
toxicology of the substances.  Even though nonyl phenol has been debated, its R phrases2 
only mentions that the substance is harmful if swallowed, irritating to skin and that it may 
cause serious damage to the eyes. Compared to this, the R phrase3 of ethylene oxide 
mentions risk for cancer and heritable genetic damage. No ethylene oxide or nonyl phenol is 
included in the final product. The substances are used as raw materials for the constituents 
of the colorants. 
 
More ethylene oxide was however used for the production of the old colorant, why it is still 
considered to have a higher toxicity potential than the new colorant.  
 
 

                                                 
2 R22:   Harmful if Swallowed. 
  R38:   Irritating to skin. 
  R41:   Risk of serious damage to eyes.  
3 R23:   Toxic by inhalation. 
  R36/37/38 Irritating to eyes, respiratory system and skin. 
  R46  May cause heritable genetic damage. 
  R49  May cause cancer by inhalation 
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3.2.5. Risk potential 
 
No risk potential data was collected for the case study. None of the two products possesses 
any special properties that should indicate that one of them should have a significantly 
higher risk potential than the other. If risk assessment data were to be collected, contact with 
safety managers and transport coordinators could provide basic information on the risk 
potential of the examined products. In the case study however, both colorants were 
considered to have the same risk potential. 
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4. Discussion & Conclusions 
 

4.1. Using the BASF Eco-Efficiency Analysis method at Akzo 
Nobel 

 
An eco-efficiency analysis using the BASF method could be a valuable addition to any LCA 
study where the properties of two or more products or processes are compared. The method 
is developed and widely used by one of the largest chemical companies in the world and has 
gotten a lot of attention even outside of BASF. The eco-efficiency analysis provides the 
performer of the study with an easily understandable and intuitive figure that includes a lot 
of the properties that is normally included in an LCA study. The additional time needed to 
include an eco-efficiency analysis in the LCA study is entirely dependant on the time needed 
to gather information on the risk potential data. Even though land use data and toxicity data 
are not included in most of the LCAs performed at Akzo Nobel today, acquiring this 
information could be a simple matter of adding another box to an LCA questionnaire, or 
finding the R phrases for a couple of products and raw materials and inserting them into an 
equation. The risk potential is however more complicated as this data often require detailed 
knowledge about the products and the manufacturing processes needed. If inclusion of risk 
potential data is considered to not be worth the effort, a modified BASF Eco-Efficiency 
method can still be used by simply disregarding the risk potential category or by assigning it a 
societal factor of 0%. In most cases where the differences in risk potential of the 
Alternatives are relatively minor, this should not affect the overall results of the eco-
efficiency study much. To summarize, using the BASF method can be a good way for an 
LCA practitioner to present the results of a study. However, it puts higher demands on the 
environmental impact data that the study is based on.  
 
 

4.2. Evaluation of the case study using the BASF method 
 
The overall results from the BASF method resemble the results from the original case study 
where the EPS method was used.  The inclusion of additional environmental impact 
categories did not affect the relative results of the colorants significantly. If reliable LCA data 
is available in all the considered categories, application of the BASF Eco-efficiency tool can 
be considered a more complete illustration of the environmental ups and downs of the two 
Alternatives. 
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