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Abstract 
This thesis compares the Ecological Scarcity Method 2006, EPS 2000 and ReCiPe 2008, three 
contemporary methods for life cycle impact assessment, in order to provide a better 
understanding of what differentiates the methods, with regards to application and ideological 
standpoint. 

A basic understanding of the environmental situation, as well as life cycle assessment is given, 
and it is shown that life cycle impact assessments - attempts at quantifying the total 
environmental impact over the entire life cycle of a product or process - is  of relevance regarding 
the current environmental challenges. 

In a qualitative comparison, it is shown that, while the approaches to impact assessment differ, 
the methods follow over time increasingly similar mathematic formulas. 

A quantitative comparison between the models, where the total presumed effect of certain 
impact parameters is compared to that of carbon dioxide, shows that while several outliers are 
observed, similarities appear to be strongest across methods using either the midpoint or the 
endpoint approach. 

A case study of the estimated impact of each method using hard coal and peat, as well as nuclear 
power and wind power as energy resources, show that the results sometimes differ greatly. It is 
therefore concluded that knowledge about the methods is of great importance when choosing 
what LCIA method to use for certain applications. 

It is also concluded that the ecological scarcity method is most suitable for use when a strong 
connection to political targets is of importance. It is further found that the EPS method can 
provide valuable guidelines for policy makers and political activists. It is finally concluded that the 
greatest strength of ReCiPe is that it allows reviewing products with regards to different 
ideological perspectives. 

 

Keywords: LCA • LCIA • life cycle impact assessment • ECO • Eco-Scarcity 2006 • ecological 
scarcity • EPS • EPS 2000 • Environmental priority strategies in product development • ReCiPe 
2008 • single score • peat • hard coal • wind power • nuclear power • energy resources • midpoint 
categories • endpoint categories • hierarchist • individualist • egalitarian • case study  
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Sammanfattning 
Rapporten jämför aktuella metoder inom vad som kallas Life Cycle Impact Assessment (LCIA). 
De metoder som valts är Ecological Scarcity Method 2006, EPS 2000 och ReCiPe 2008, och 
dessa granskas i syfte att belysa likheter och skillnader i ideologiska utgångspunkter och utfall, 
samt för att bedöma mer eller mindre gynnsamma tillämpningsområden. 

En kort redogörelse för det aktuella miljöläget tillhandahålls, tillsammans med grundläggande 
teori inom livscykelanalys. Metoderna, vilka syftar till att kvantifiera total miljöpåverkan över hela 
livscykeln för en produkt eller process, visar sig därigenom utgöra relevanta redskap för att 
hantera rådande miljöproblematik. 

I en kvalitativ jämförelse visas att angreppssätten för att uppskatta miljöpåverkan skiljer sig åt, 
men att metoderna över tid har fått alltmer liknande matematiska formler. 

I en kvantitativ jämförelse mellan metoderna sätts den totala uppskattade miljöpåverkan för 
specifika parametrar (exempelvis utsläpp av en specifik substans) i relation till uppskattad total 
miljöpåverkan för koldioxid för respektive metod, varpå dessa utfall jämförs. Även om ett flertal 
avvikande utfall observeras, återfinns påtagliga likheter mellan metoder som använder antingen 
midpoint eller endpoint som angreppssätt. 

I en fallstudie används metoderna för att uppskatta total miljöpåverkan för stenkol och torv samt 
kärnkraft och vindkraft. Här visas att resultaten ibland skiljer sig påtagligt och slutsatsen dras att 
kunskap om metoderna är av stor vikt vid val av metod för specifika sammanhang. 

Slutsatsen dras också att Ecological Scarcity Method lämpar sig bäst för tillämpningar när starka 
kopplingar till politiska mål är av vikt. Vidare visar sig EPS kunna tillhandahålla värdefulla 
riktlinjer för politiska beslutsfattare. Slutligen dras slutsatsen att den största fördelen med ReCiPe 
är möjligheten den ger att utvärdera produkter utifrån olika ideologiska ståndpunkter. 
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1 Introduction 
This thesis compares three methods for life cycle impact assessment (LCIA). LCIA methods use data 
from life cycle assessment (LCA) to estimate total environmental impact as a single score. This 
section will provide a background to justify the study of this thesis, and a brief introduction to 
the subject of LCA and LCIA. The goal of the study is provided, and specifying research 
questions are presented. 

1.1 Background 
This section gives a basic understanding of today’s environmental situation, as well as a short 
introduction to LCA and LCIA. 

1.1.1 Current Environmental situation 
The increasing consensus about the severity of environmental impact calls for measures to handle 
the associated problems. According to Climate Change 2013: The Physical Science Basis, by the 
Intergovernmental Panel on Climate Change (IPCC), it is “virtually certain” that globally the 
troposphere has warmed since the mid-20th century. It is also “likely” that what is considered 
extreme weather and climate events have increased in the same time-period. (IPCC, 2013) 

A study made by the Institute of Physics (IOP), examining 11 944 abstracts of scientific literature 
regarding global climate change (global warming) between the years 1991 and 2011, found that 
97.1% of those expressing an opinion regarding anthropogenic global warming agreed that 
humans are causing global warming. (Cook et al., 2013) 

IPCC have furthermore concluded that the concentration level of greenhouse gases in the 
atmosphere have increased substantially since 1750. For example, CO2, CH4 and N2O which have 
high global warming potentials (GWP), have increased by about 40%, 150% and 20% respectively. 
(IPCC, 2013) 

According to The Economics of Climate Change: The Stern Review, the current levels of carbon dioxide 
amount to 430 ppm, in contrast to the pre-industrial level at 280 ppm. This has entailed a raise of 
the average global temperature of more than half a degree, and will continue to raise the 
temperature at least another half degree, given the inertia of the climate system. Furthermore, 
even if emissions would not increase, a level of 550 ppm would still be reached at 2050, which is 
about twice as high as the pre-industrial level. (Stern, 2007) 

However, according to the Stern Review, emissions are increasing, in particular as fast-growing 
economies build infrastructure which is highly based on carbon dioxide use, but also since 
demand for transportation and energy use increase on a global scale. Hence, a level of 550 ppm 
might be obtained already at 2035. Depending on the choice of model for prediction, this 
scenario would imply at least a 77%, but up to 99%, likelihood of exceeding a temperature rise of 
2 degrees in the average global temperature. Given the business as usual (BAU) scenario, the 
accumulation of greenhouse gases might triplicate or more within the current century. This would 
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entail a 50% risk of increasing the average global temperature more than 5 degrees. Such a 
scenario would imply significant changes of physical geography, and hence also greatly affect how 
and where people live. (Stern, 2007) 

The Stern Review uses the model PAGE2002 (Policy Analysis for the Greenhouse Effect) to 
conduct advanced estimates on the economics of risks related to climate change. Under the BAU 
scenario, the aggregate costs are estimated to be around 5-20% reduction in consumption per 
head. The authors advocate that the upper range of the interval is more realistic. Firstly, because 
more evidence of greater risks has been found, since models often have too narrow output 
measures, and secondly, because factors of which there is very limited knowledge about may 
carry significant but unknown risks. This cost is further to be compared with the cost of early 
measures to stabilize carbon dioxide levels at 500-550 ppm, which is estimated to be 1% of global 
gross domestic product by 2050. That is, the costs of taking immediate actions are estimated to 
be substantially lower than those associated with waiting. (Stern, 2007) 

The Stern Review concludes that taking proactive measures to mitigate climate change should not 
be viewed as a cost, but rather as an investment, since the benefits of taking early actions strongly 
outweigh the costs incurred by failing to act. (Stern, 2007) 

1.1.2 LCA and LCIA 
Given the environmental challenges of the consumer society at hand, life cycle assessment (LCA) 
has been developed to provide a tool to handle the aforementioned. (Baumann & Tillman, 2004) 
LCA includes extensive procedures in order to assess a product’s environmental impact in 
different respects. However, in everyday decision making within product design, there is also a 
need for methods which quickly provide a comprehensible and easily communicated result 
describing environmental impact to compare different products or processes (Steen, 1999). 

The results of LCA methods are often complex and therefore limited to LCA practitioners. 
Therefore, as a prolongation of LCA methods, life cycle impact assessment (LCIA) methods have 
been developed to weight and sum up different inventory results and their estimated impact on 
the environment to a single score, describing the total impact. Although there are actors which 
oppose the weighting of categories, claiming that they are subjective and depending on ideologies 
(Erlandsson, 2002), there are several approaches to this matter, and the applications of such 
models provide highly relevant opportunities regarding environmental challenges. 

The application of LCIA methods in different settings depend on their fit for the purpose, but 
also on their accuracy. For example, policies toward the polluter pays principle - making 
companies pay for externalities in their supply chains - are dependent on the accuracy of methods 
which estimate those costs in monetary terms. For companies themselves, holding a long term 
view of their strategy, there is also an interest in having methods to estimate externalities, in order 
to lower the business risk associated with future policies (KPMG, 2012). An example of 
sustainability strategy in business is PUMA’s initiative of reviewing their supply chain for 
externalities in an environmental profits and loss account, claiming that it was just the first step in 
order to account for both environmental but also social and economic impacts of the business 
(McGill, 2011).  
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1.2 Goal of Thesis 
The goal of this thesis is to provide a better understanding of what differentiates the Ecological 
Scarcity Method (ECO), the EPS 2000 method and ReCiPe, three popular LCIA methods, so as 
to give a better understanding of their appropriateness when applied in different situations and 
with different ideological standpoints. 

This thesis is a contemporary update to a report by Baumann & Rydberg (1994) in which three 
LCIA methods were compared, and it is aimed at contributing to a current project in 
monetisation, conducted in collaboration between IVL and KTH, including a focus on LCIA and 
resource use. 

1.3 Research Questions 
Questions this study provides answers to: 

• What are the major differences among three relevant and contemporary LCIA-methods? 
• How do these differences affect estimations of environmental impact? 
• How do these differences affect in what contexts the methods are more or less 

appropriate to use? 
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2 Methodology 
This section describes the methodology which was used in order to conduct a relevant study 
comparing three contemporary LCIA methods, as well as performing a case study in which the 
methods were used. 

2.1 Studies and selection of LCIA methodologies 
First, a basic understanding of LCA and LCIA were acquired, upon which a variety of LCIA 
methods were researched and considered for the comparison. The most important factor, when 
choosing methods, was their relevance and usage today. It, however, was also of importance that 
the methods chosen had clear differences when it came to approach. Furthermore, the methods 
that were compared in the 1994 report on impact analysis and evaluation by Henrikke Baumann 
and Tomas Rydberg were taken into consideration; the ecological scarcity (ECO) method and the 
environmental priority strategies in product design (EPS) method are found in both reports, 
while the environmental theme method from the 1994 report was not considered in this report. 
Instead, the more contemporarily relevant ReCiPe was chosen. 

2.2 Structural comparison of LCIA Methods 
Further studies were made on the three selected methods of LCIA; information regarding their 
respective approaches to LCIA was acquired, and for each method, mathematical formulas were 
found or created. The characteristics of each method were then compared in order to find key 
differences. 

Indices were also calculated for each method to compare the presumed environmental impact of 
a set of impact parameters, relative to the presumed environmental impact of carbon dioxide 
emissions to air. This was done by summarising the factors for a given impact parameter across 
all the impact categories it affects, and then dividing the sum with the one obtained for carbon 
dioxide. This means that the index for carbon dioxide is 1. 

Geographical factors for the world are used for all methods to enable relevant comparison. 

2.3 Case Study Comparison of LCIA Methods 
In order to get a better understanding of how the different methods of LCIA handle data in 
reality, and to get actual numbers on how much the they may differ in certain regards, two sets of 
energy resources were compared using the different methods. The compared sets of energy 
resources were wind power and nuclear power, and peat and hard coal. 

A single score was produced with each LCIA method for the four selected energy resources. 
Thereafter, the single score of wind power and nuclear power were compared to each other, and 
the scores for peat and hard coal were compared to each other. Similarities and differences were 
then explored between the results of both comparisons. 

Energy resources, as opposed to other products, were compared due to the assessment of impact 
during resource usage being a major focus of the project in monetisation that is conducted in 
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collaboration between IVL and KTH. The specific resources were chosen with regards to current 
trends in energy usage and environmental awareness. 

The inventory data of each energy resource was extracted from Miljöfaktaboken (2011) (Gode et 
al., 2011). Due to the limitations of its inventory, the LCIA scores extracted from this report’s 
calculations show how the methods compare with regards to indirect effects due to pollution, 
more so than direct environmental alteration, such as land use. 

Calculations were performed manually in Excel to provide more insight into the methods, and 
access to all data during analysis. Factors for all methods were acquired from lists within the 
software SimaPro 8.0.2, and in cases where the units did not match those of Miljöfaktaboken 
(2011), conversions were made. The conversation factors can be found in Appendix A. 

The world was used as the common geographical factor to enable relevant comparison across all 
methods. For the ReCiPe method, which allows for different weighing for different ideological 
perspectives, weighing factors were chosen so as to show the most ideologically driven versions 
of each perspective. 

In Excel, a tab for each method was created, wherein all factors, such as characterisation, 
normalisation and weighting for the impact parameters to be used in this study, were provided, 
each in columns of their associated impact category. Thereafter, impact parameters (inventory 
data) from Miljöfaktaboken (2011) were inserted, and each impact parameter was multiplied with 
its associated factors, for all impact categories. This provided the opportunity to identify major 
drivers of impact, and to summarize the impact for each specific impact category. It finally 
allowed for summarising the impact of all parameters across all categories, to obtain the single 
score of the method. 

Reviewed methods use different units for the single score. Therefore, the primary approach to 
comparison in the case study is, for each method, done using ratios of estimated impact between 
different energy resources. This procedure is also used in the report by Baumann & Rydberg 
(1994), and enables analysis of estimated impact across the methods. 

The scores were calculated in accordance with the formulas describing each method, but it may 
be noted that SimaPro 8.0.2 provides readily calculated Eco-factors for the ECO method. 

2.4 Assumptions 
In this section, miscellaneous assumptions as well as assumptions directly relating to the case 
study are presented. 

2.4.1 Miscellaneous 
Given the overall scientific consensus regarding anthropogenic climate change and environmental 
impact, both are assumed to occur in this thesis. Thereby, phrasing such as “presumed” 
environmental impact can in many cases be avoided. 
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Factors for methods obtained from SimaPro 8.0.2 are assumed to be correct in the sense that 
they are exhaustive of, and corresponding to, those proposed by the latest update of each 
method. 

2.4.2 Case Study 
In the case study, it is assumed that the life cycle inventory data obtained for various energy 
resources from Miljöfaktaboken (2011) is accurate enough for hard coal and peat as to enable a 
relevant comparison of methods. 

In the case study, it is assumed that the life cycle inventory data obtained for various energy 
resources from Miljöfaktaboken (2011) is accurate enough for nuclear power and wind power as to 
allow for some comparison of methods, and to confirm the results of hard coal and peat. 

 

2.5 Limitations & Scope 
Each method contains a substantial set of assumptions for providing factors for numerous 
impact parameters. Some examples include that average values are often used in specific contexts 
to simplify estimation of impact; assumptions about linearity are often made, as well as 
assumptions regarding the development of technology and how species react to environmental 
change. Exploring assumptions in methods on a more detailed level or digging deeper into the 
underlying theories of each method is however outside the scope of this thesis. 
Although the thesis is conducted in the field of LCA, it does not include performing life cycle 
assessments of products. Inventory results from existing studies are instead acquired and used as 
parameters in the case study. 
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3 Theoretical Framework 
This section provides further knowledge regarding LCA and LCIA. It also puts this thesis in 
context by providing information about the report by Baumann & Rydberg (1994) as well as 
more recent studies which shares characteristics with this thesis. This section goes on to give 
important information about each of the three LCIA methods which are compared in this thesis, 
and finally the LCA of Miljöfaktaboken (2011) is explained. 

3.1 LCA 
Within LCA, a system perspective is applied in order to analyse the entire industrial system, 
including production, use and recycling of a specific product or service. The product or service is 
commonly described as being followed from cradle to grave. 

LCA has several important applications. It can be used for finding opportunities for 
improvement in production processes, or to provide knowledge supporting policy making and 
regulatory measures. More specifically related to this thesis however, it can provide a basis for 
weighting environmental factors and provide an accessible indicator for decision-makers in 
product design, a signalling device for consumers and more. (Baumann & Tillman, 2004) 

Going into the procedure itself, the analyst first has to select a product subject to LCA, and 
decide on a purpose and scope for the study. Then, an inventory analysis is conducted to analyse the 
emissions which are produced, and the resources consumed over the products life cycle. After 
that, an impact assessment is made to assess the effect on different environmental aspects of the 
accompanying emissions and resource use.  (Baumann & Tillman, 2004) For an overview of the 
procedure, see Figure 3.1. 
 

 

Figure 3.1 The life cycle model and LCA procedure (Baumann & Tillman, 2004). 

Notice that inside the life cycle model (left), arrows are used to illustrate flows of matter and 
energy, whereas in the procedure, boxes instead imply procedural steps. Arrows indicate the 
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order in which these steps are conducted. However, iteration is often necessary between several 
steps. (Baumann & Tillman, 2004) 

To increase standardization and thereby increasing both quality and comparability between LCA-
studies, the ISO series 14040-14043 have been developed as international standards for LCA 
practice. Aside from general criteria regarding the structure and conduct within LCA, ISO 
standards also emphasise setting a clear definition of purpose of the LCA, be it analysing a 
specific environmental aspect in the production of a product, or comparing different products to 
one another. (Baumann & Tillman, 2004) (Technical Committee ISO/TC 207, 2000) (Steen, 
1999) 

3.2 LCIA 
In this section, the overall procedure of LCIA, as well as the characterisation procedure is 
presented. 

3.2.1 Overall Procedure 
LCIA methods weight different environmental impact categories, using parameters which are 
first obtained from the inventory analysis of the LCA. 
 
After inventory parameters have been acquired, they are generally sorted into groups depending 
on characteristics; each group is assessed for its relative impact on their associated impact category 
(for example on acidification or eutrophication). This activity is referred to as characterisation, and 
enables aggregating the different inventory contents of a group to a total impact potential for that 
particular impact category. (Baumann & Tillman, 2004) 

Thereafter, relative weights are assigned to each impact category, and their weighted inventory 
results are added up to arrive at a single score estimating the total environmental impact. An 
example is illustrated in Figure 3.2. 

 

Figure 3.2 Aggregation and weighting of results retrieved from LCA  (Baumann & Tillman, 2004). 
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3.2.2 Characterisation 
In order to assess the total impact of for example a product, different categories of impact are 
addressed within the methods of LCIA. A method generally focuses on either midpoint categories, 
which describes direct environmental change, such as differences in radiative forcing, or endpoint 
categories, which explains what effect the environmental change has on for example human health 
(Jane C. Bare et al., 2000). 

To enable aggregation of inventory results in each category, impact parameters are often given a 
factor of characterisation, describing the relative impact of the specific impact parameter. 
Emissions are for example commonly described in carbon dioxide equivalents when calculating 
the effect on GWP or radiative forcing. 

Characterisation methods differ among methodologies for LCIA, as well as impact categories, 
since the complexity of environmental systems are open to several approaches. In general 
however, methods for characterizing impacts relating to emissions have been further developed 
than for example those related to land use or toxic substances. (Baumann & Tillman, 2004) 

The evaluation of resources also generally differ substantially between methodologies in LCIA, 
where resource depletion are in some methodologies viewed as an environmental problem in and 
of itself, while the de facto effects of resource depletion is the focus of others (Baumann & 
Tillman, 2004). They can also be categorized as either renewable or non-renewable (Lindfors et 
al., 1995), or biotic and abiotic (CML, 2002). 

3.3 Similar Studies 
In this section, the study by Baumann & Rydberg (1994), which this thesis provides a 
contemporary update to, is presented, as well as other relevant and more recent studies. 

3.3.1 Baumann & Rydberg (1994) 
In the report, Life cycle assessment: A comparison of three methods for impact analysis and evaluation, by 
Baumann & Rydberg (1994), the ECO method, the EPS method, and the environmental theme 
(ET) method for LCIA are compared; background information, as well as information about the 
approaches and formulas for each method are presented, in order to provide an understanding of 
what differentiates the methods. (Baumann & Rydberg, 1994) The formulas are shown in Table 
3.1.i 

  

                                                 
i For a more in-depth explanation of the factors, refer to the original report by Baumann & Rydberg (1994). 
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ECO 𝑻𝑰(𝑬𝑪𝑶) = �𝒆𝒄𝒐𝒇𝒂𝒄𝒕𝒐𝒓𝒋 ∙ 𝑳𝒐𝒂𝒅𝒋
𝒋

 ( 1 ) 

 𝑒𝑐𝑜𝑓𝑎𝑐𝑡𝑜𝑟𝑗 =
𝐿𝑜𝑎𝑑𝑗,𝑡𝑜𝑡

𝐿𝑜𝑎𝑑𝑗,𝑐𝑟𝑖𝑡
∙

1
𝐿𝑜𝑎𝑑𝑗,𝑐𝑟𝑖𝑡

∙ 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 ( 2 ) 

EPS 
𝑻𝑰(𝑬𝑪𝑶) = �(𝒆𝒎𝒊𝒔𝒔𝒊𝒐𝒏 𝒊𝒏𝒅𝒆𝒙𝒋 ∙ 𝑬𝒎𝒊𝒋)

𝒋

+ �(𝒓𝒆𝒔𝒐𝒖𝒓𝒄𝒆 𝒊𝒏𝒅𝒆𝒙, ∙ 𝒓𝒆𝒔𝒐𝒖𝒓𝒄𝒆 𝒖𝒔𝒆𝒋)
𝒌

 

( 3 ) 

ET 𝑻𝑰(𝑬𝑻) = �(𝑾𝒊 ∙ 𝑰𝑭𝒊)
𝒎

𝒊=𝟏

 ( 4 ) 

 𝐼𝐹𝑖 =
∑ 𝐿𝑜𝑎𝑑𝑗 ∙ 𝐸𝑞𝑣𝑖,𝑗
𝑝
𝑗=1

∑ 𝐿𝑜𝑎𝑑𝑘,𝑡𝑜𝑡 ∙ 𝐸𝑞𝑣𝑖,𝑘𝑟
𝑘=1

 
( 5 ) 

Table 3.1 The formulas for the ECO- EPS- and ET method, as provided in Baumann & Rydberg (1994) 

A case study, using the methods to compare the single score of two different kinds of milk 
packaging (1 litre brick shaped cartons, and refillable polycarbonate bottles), is also presented, 
and the ratios between the impact of the two products are found not to differ by much between 
the methods; the ratios are 0.98, 1.14 and 1.00 for the ECO method, the EPS method, and the 
ET method respectively. (Baumann & Rydberg, 1994) 

Further, the report presents a set of environmental indices relative to carbon dioxide, to show the 
differences of the methods. (Baumann & Rydberg, 1994) Examples are shown in Table 3.2. 

Substance ECO EPS ET 
Carbon Dioxide (CO2) 1 1 1 
Sulphur Dioxide (SO2) 197 151 218 

Nitrogen Oxides (NOx) 254 6130 348 

Table 3.2 Environmental indices for the ECO- EPS and ET method, relative to CO2 = 1. 

3.3.2 More Recent Studies of the LCIA-methods at hand 
Among other more recent studies, the following contains at least 2 of the methods examined in 
this thesis. 

In the report, Comparative LCA of ethanol versus gasoline in Brazil using different LCIA 
methods (2011) by Cavalett et al., ReCiPe E,H and ECO give opposite ratios when comparing 
the single scores for gasoline and ethanol. ReCiPe is the only one among four methods which 
imply that gasoline yields a greater environmental impact than ethanol. The authors give the 
method credit for being the only method demonstrating “the benefits of the ethanol life cycle in 
relation to gasoline as an alternative transport fuel”. 

In another report, Impacts of “metals” on human health: a comparison between nine 
different methodologies for Life Cycle Impact Assessment (LCIA) (2010), by Pizzol et al, 
the estimated impact of various metals on human health and human toxicity are investigated for 
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several methods. ReCiPe endpoints and EPS have a considerable spread in the percentage of 
impact attributed to metals. EPS shows significantly lower values, and the authors refer to a lack 
of characterisation factors for metals in EPS. However, the authors do not pronounce which 
perspective is used for ReCiPe. 

3.4 LCIA Method 1: Ecological Scarcity Method 2006 
In this section, an overview of the Ecological Scarcity Method 2006 is provided. 

3.4.1 Introduction 
The Swiss ecological scarcity (ECO) method, commonly referred to as Eco-scarcity, was first 
introduced in 1990 (Ahbe et al, 1990) and has since then been updated twice, in 1997 (BUWAL, 
1997) and 2006 (Frischknecht et al, 2006). The earlier versions included similar mathematical 
formulas as the ones in the 2006 version (Frischknecht et al, 2006). However, the terms in the 
latter is rearranged in accordance with the ISO 14042 standards (Frischknecht et al, 2006), which 
aims to encourage a better understanding of relative magnitudes (Technical Committee ISO, 
2000). 

The ECO method has been used most commonly in Switzerland, but several other nations, such 
as Sweden, are following suit (Frischknecht et al, 2006). 

3.4.2 Specifics 
The ECO method is based on a distance-to-target principle, where the current environmental 
situation is related to political goals and laws in the area of interest. The ECO method also 
utilises a midpoint approach. (Frischknecht et al, 2006) 

3.4.3 Formulas 
The total impact received using the ECO method is calculated with the following formula: 

where: 
Term Description Unit 
TI(ECO) Total Impact using the ECO method 𝐸𝑃 

Eco-factori Eco-factor for pollutant or resource i 
𝐸𝑃

𝑢𝑛𝑖𝑡 𝑜𝑓 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙
𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑓𝑜𝑟

𝑝𝑜𝑙𝑢𝑡𝑎𝑛𝑡 𝑜𝑟 𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒 𝑖

�
 

Fi Flow of pollutant or resource i 
𝑢𝑛𝑖𝑡 𝑜𝑓 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙

𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑓𝑜𝑟
𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡 𝑜𝑟 𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒 𝑖

 

(Frischknecht et al, 2006) 

  

 𝑇𝐼(𝐸𝐶𝑂) = �(𝐸𝑐𝑜 − 𝑓𝑎𝑐𝑡𝑜𝑟𝑖 ∙ 𝐹𝑖)
𝑖

 (6 ) 
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The formula to determine the eco-factor for a specific environmental impact is defined as 
follows: 

where: 
Term Description Unit 

Eco-
factori 

Eco-factor for pollutant or resource i 
𝐸𝑃

𝑢𝑛𝑖𝑡 𝑜𝑓 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙
𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑓𝑜𝑟

𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡 𝑜𝑟 𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒 𝑖

�
 

Ki Characterisation factor of pollutant or resource i (𝑢𝑛𝑖𝑡𝐾𝑖) 

Fni 
Normalisation flow: current annual flow within 
selected country, for pollutant or resource i 

𝑢𝑛𝑖𝑡 𝑜𝑓 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙
𝑖𝑚𝑝𝑎𝑐𝑡 𝑓𝑜𝑟

𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡 𝑜𝑟 𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒 𝑖
 

Fci 
Current flow: current annual flow in the reference 
area, for pollutant or resource i 

𝑢𝑛𝑖𝑡 𝑜𝑓 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙
𝑖𝑚𝑝𝑎𝑐𝑡 𝑓𝑜𝑟

𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡 𝑜𝑟 𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒 𝑖
 

Fki 
Critical flow: critical annual flow in the reference 
area, for pollutant or resource i 

𝑢𝑛𝑖𝑡 𝑜𝑓 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙
𝑖𝑚𝑝𝑎𝑐𝑡 𝑓𝑜𝑟

𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡 𝑜𝑟 𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒 𝑖
 

Ci Constant = 1012 𝐸𝑃 

and: �unitKi� =
unit of environmental

impact for
pollutant or resource i

𝑢𝑛𝑖𝑡 𝑜𝑓 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙
𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑓𝑜𝑟

𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡 𝑜𝑟 𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒 𝑖
�  

(Frischknecht et al, 2006) 

The total impact of the ECO method is described in eco points (EP), called umweltbelastungspunkten 
(UBP) in the Swiss version, and provides the single score of for example a product. (Frischknecht 
et al, 2006) 

The flow of a specific pollutant or resource refers to the inventory result of a product. 
(Frischknecht et al, 2006) This is experessed in units of environmental pressure, such as 𝑔𝑆𝑂2 
(gram SO2). 

The normalisation-, current- and critical flows are expressed in units of environmental 
impact, such as 𝑔𝐶𝑂2−𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 (gram CO2-equivalent). 

The Eco-factor describes the environmental effect of a pollutant or resource. Worth noting is 
that the Eco-factor is in many cases provided, and must therefore not be calculated by LCIA 
practitioners. 

The characterisation factor allows different pollutants or resources, with a common 
environmental impact, to provide eco-factors on the same scale. For example, when calculating 
the eco-factor for global warming, methane will get a factor based on its impact relative to carbon 

 
𝐸𝑐𝑜 − 𝑓𝑎𝑐𝑡𝑜𝑟𝑖 = 𝐾𝑖⏟

𝐶ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑧𝑎𝑡𝑖𝑜𝑛

∙
1
𝐹𝑛𝑖�

𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛

∙ �
𝐹𝑐𝑖
𝐹𝑘𝑖

�
2

�����
𝑊𝑒𝑖𝑔ℎ𝑡𝑖𝑛𝑔

∙ 𝐶𝑖⏟
𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡

 ( 7 ) 
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dioxide’s. (Frischknecht et al., 2006) This factor is optional when the unit of environmental 
impact is the same as the unit of environmental pressure. 

Normalisation adjusts the eco-factor to the nationwide emissions. 

The weighting is dimensionless and determined by the squared relation between the current and 
the critical flow. In effect, this result in an increasingly high number, the more political goals are 
exceeded. (Frischknecht et al., 2006) 

The value of the constant is the same for all eco-factors, and aims to make the factor more 
presentable. (Frischknecht et al., 2006) 

3.5 LCIA Method 2: EPS 2000 
In this section, an overview of the EPS 2000 method is provided. 

3.5.1 Introduction 
The Environmental priority strategies in product development (EPS) method was originally 
developed by the Swedish Environmental Research Institute (IVL) in collaboration with The 
Swedish Federation of Industries and Volvo Car Corporation 1991 (Ryding & Steen, 1991). Since 
then, it has been refined multiple times with the involvement of several different companies. EPS 
2000 is the latest version, and unique to it is the reconstruction putting it in agreement with the 
ISO 14040-43 standards (Steen, 1999). 

3.5.2 Specifics 
The EPS method uses an endpoint approach, and is based on the willingness to pay (WTP) to avoid 
changes. WTPii is measured for the OECDiii population, applying it to those who would be 
affected by the change. The endpoint is divided into the categories, human health, ecosystem 
production, biodiversity, cultural values and abiotic resources. (Steen, 1999) 

3.5.3 Formulas 
The total impact received using the EPS method is calculated with the following formula: 

 

                                                 
ii Note that WTP is to be distinguished from willingness to accept (WTA), which may give misleading results since 
people often rather endure environmental degradation than restore them at an unreasonably high cost when the 
damage has already been inflicted (Steen, 1999). 
iii Organisation For Economic Co-Operation and Development; an international economic organisation, consisting 
of 34 countries, including mainly high-income countries. (The Organisation for Economic Co-operation and 
Development, n.d.) (The World Bank, 2012) 

 𝑇𝐼(𝐸𝑃𝑆) = ��𝑖𝑗 ∙ 𝑘𝑗𝑘 ∙ 𝑣𝑘
𝑗𝑘

 ( 8 ) 
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where: 
Term Description Unit 
TI(EPS) Total Impact using the EPS method 𝐸𝐿𝑈 

ij Inventory result for intervention j 
𝑢𝑛𝑖𝑡 𝑜𝑓 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙

 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒
𝑓𝑜𝑟 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛 𝑗

 

kjk 
Characterisation factor between intervention j 
and impact indicator k 

(𝑢𝑛𝑖𝑡𝐾𝑗𝑘) 

vk Weighting factor for impact indicator k 
𝐸𝐿𝑈

𝑢𝑛𝑖𝑡 𝑜𝑓 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙
 𝑖𝑚𝑝𝑎𝑐𝑡

𝑓𝑜𝑟 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛 𝑗

�
 

 

and: (𝑢𝑛𝑖𝑡𝐾𝑗𝑘) = �
𝑢𝑛𝑖𝑡 𝑜𝑓 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙

𝑖𝑚𝑝𝑎𝑐𝑡
𝑓𝑜𝑟 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛 𝑗

𝑢𝑛𝑖𝑡 𝑜𝑓 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙
 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒

𝑓𝑜𝑟 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛 𝑗
� � 

(Steen, 1999) 

The total impact of the EPS method is described in environmental load units (ELU), where 1 ELU 
is to be interpreted as 1 EURO, and provides the single score of for example a product (Steen, 
1999). 

The inventory result is derived from the LCA and shows the size of the intervention, e.g. the 
amount of carbon dioxide released into the air (Steen, 1999). This is expressed in units of 
environmental pressure, such as 𝑔𝑆𝑂2 (gram SO2). 

The characterisation factor allows different pollutants or resources, with a common 
environmental impact, to be used on the same scale. This is expressed in units of environmental 

impact per environmental pressure. E.g. 
𝑔𝐶𝑂2−𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑔𝑆𝑂2  � (gram CO2-equivalents per gram 

SO2). 

The weighting factor is based on the WTP principle and provides the multiplier for the specific 
endpoint effect (impact indicator) towards the single score of the total impact (Steen, 1999). 

 
3.6 LCIA Method 3: ReCiPe 2008 
In this section, an overview of the ReCiPe 2008 method is provided. 

3.6.1 Introduction 
The Dutch publication in 1992 of the Centrum voor Miliekunde Leiden LCA-guide (CML) 
quickly gained a strong position in the scientific field due to its progressive methodology using 
the midpoint approach. (Gabathuler, 1997) (Goedkoop M.J. et al., 2013) 
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A later, also Dutch, method of life cycle impact assessment is the Eco-indicator 99 (later version 
of the Eco-indicator 95), which is one of the most widely used methods of today (PRé, n.d.). This 
method uses the endpoint approach. (Goedkoop M.J. et al., 2013) 

After discussions in 2000 concerning the strengths and weaknesses of midpoint- and endpoint 
approaches, the basis for the ReCiPe method was formed. The idea was to harmonise the CML 
and Eco-indicator 99 into one all-inclusive methodology, and it was realized through a re-design 
of almost all midpoint- and endpoint characterisation models. (Goedkoop M.J. et al., 2013) 

3.6.2 Specifics 
ReCiPe 2008 allows for results on both the midpoint- and endpoint levels, as show in Figure 3.3. 
The endpoint categories are human health, ecosystem diversity and resource availability. A single score 
value can be extracted from both levels separately, or combined.  (Goedkoop M.J. et al., 2013) 

 

Figure 3.3 Flow chart for ReCiPe  (Goedkoop M.J. et al., 2013) 

ReCiPe aims at delivering objective factors, but in cases of uncertainty the user is given the 
choice of three perspectives – individualist, hierarchist and egalitarian – which impact what single score 
the LCIA produces. The perspectives are based on assumptions of the following sorts: 

• The individualist perspective is based on short term interests and technical optimism, while 
mainly caring for undisputed types of impact 

• The hierarchist perspective is based on the most common policy principles 
• The egalitarian perspective is based on long term precaution and with a better-safe-than-

sorry attitude towards not fully established impact types 

(Goedkoop M.J. et al., 2013) 
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3.6.3 Formulas  
The total impact received at the midpoint level using the ReCiPe method is calculated with 
the following formula: 
 

where: 
Term Description Unit 

TIm(ReCiPe) Total Impact at the midpoint level, using the 
ReCiPe method 𝑃𝑜𝑖𝑛𝑡𝑠iv 

Im Indicator result for midpoint impact category m 𝑢𝑛𝑖𝑡 𝑓𝑜𝑟
𝑚𝑖𝑑𝑝𝑜𝑖𝑛𝑡 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 𝑚 

Normalisationm Normalisation for midpoint impact category m 𝑢𝑛𝑖𝑡𝑙𝑒𝑠𝑠 
(Goedkoop M.J. et al., 2013) 
 
The total impact received at the endpoint level using the ReCiPe method is calculated with 
the following formula: 
 

where: 
Term Description Unit 

TIe(ReCiPe) Total Impact at the endpoint level, using the 
ReCiPe method 𝑃𝑜𝑖𝑛𝑡𝑠 

Ie Indicator result for endpoint impact category e 𝑢𝑛𝑖𝑡 𝑓𝑜𝑟
𝑒𝑛𝑑𝑝𝑜𝑖𝑛𝑡 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 𝑒 

Normalisatione Normalisation for endpoint impact category e 𝑢𝑛𝑖𝑡𝑙𝑒𝑠𝑠 
Weightinge Weighting for endpoint impact category e 𝑢𝑛𝑖𝑡𝑙𝑒𝑠𝑠 
(Goedkoop M.J. et al., 2013) 

The indicator result received at the midpoint level is calculated as follows: 

  

                                                 
iv This unit constitutes a merge of the units received when summarising the impact categories, for either the 
midpoint- or endpoint approach. 

 𝑇𝐼𝑚(𝑅𝑒𝐶𝑖𝑃𝑒) = �𝐼𝑚
𝑚

∙ 𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑠𝑎𝑡𝑖𝑜𝑛𝑚  ( 9 ) 

 𝑇𝐼𝑒(𝑅𝑒𝐶𝑖𝑃𝑒) = �𝐼𝑒 ∙ 𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑠𝑎𝑡𝑖𝑜𝑛𝑒 ∙ 𝑊𝑒𝑖𝑔ℎ𝑡𝑖𝑛𝑔𝑒
𝑒

 ( 10 ) 

 𝐼𝑚 = �𝑄𝑚𝑖 ∙ 𝑚𝑖
𝑖

 ( 11 ) 
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where: 
Term Description Unit 

Im Indicator result for midpoint impact category m 𝑢𝑛𝑖𝑡 𝑓𝑜𝑟
𝑚𝑖𝑑𝑝𝑜𝑖𝑛𝑡 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 𝑚 

Qmi 
Characterisation factor between intervention i 
and the midpoint impact category m 

𝑢𝑛𝑖𝑡 𝑓𝑜𝑟 𝑐ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑠𝑎𝑡𝑖𝑜𝑛
 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛 𝑖

 𝑎𝑛𝑑 𝑚𝑖𝑑𝑝𝑜𝑖𝑛𝑡 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 𝑚
 

mi Magnitude of intervention i  
𝑢𝑛𝑖𝑡 𝑜𝑓 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙

 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒
𝑓𝑜𝑟 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛 𝑖

 

(Goedkoop M.J. et al., 2013) 

The indicator result received at the endpoint level can be extracted in two ways. One is to 
calculate the indicator result at the endpoint level based on the indicator result at the midpoint 
level: 

where: 
Term Description Unit 

Ie Indicator result for endpoint impact category e 𝑢𝑛𝑖𝑡 𝑓𝑜𝑟
𝑒𝑛𝑑𝑝𝑜𝑖𝑛𝑡 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 𝑒 

Qei 
Characterisation factor between intervention i 
and the endpoint impact category e 

𝑢𝑛𝑖𝑡 𝑓𝑜𝑟 𝑐ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑠𝑎𝑡𝑖𝑜𝑛
 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛 𝑖

 𝑎𝑛𝑑 𝑒𝑛𝑑𝑝𝑜𝑖𝑛𝑡 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 𝑒
 

mi Magnitude of intervention i  
𝑢𝑛𝑖𝑡 𝑜𝑓 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑎𝑙

 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒
𝑓𝑜𝑟 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛 𝑖

 

(Goedkoop M.J. et al., 2013) 
 
The other way is through bypassing the midpoints and calculate the indicator result based on 
the intervention: 

where: 
Term Description Unit 

Ie Indicator result for endpoint impact category e 𝑢𝑛𝑖𝑡 𝑓𝑜𝑟
𝑒𝑛𝑑𝑝𝑜𝑖𝑛𝑡 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 𝑒 

Qem 

Characterisation factor between the midpoint 
impact category m and the endpoint impact 
category e 

𝑢𝑛𝑖𝑡 𝑓𝑜𝑟 𝑐𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑠𝑎𝑡𝑖𝑜𝑛
 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑚𝑖𝑑𝑝𝑜𝑖𝑛𝑡
𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 𝑚, 𝑎𝑛𝑑 

 𝑒𝑛𝑑𝑝𝑜𝑖𝑛𝑡 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 𝑒

 

Im Indicator result for midpoint impact category m 𝑢𝑛𝑖𝑡 𝑓𝑜𝑟
𝑚𝑖𝑑𝑝𝑜𝑖𝑛𝑡 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 𝑚 

(Goedkoop M.J. et al., 2013) 

  

 𝐼𝑒 = �𝑄𝑒𝑖 ∙ 𝑚𝑖
𝑖

 ( 12 ) 

 𝐼𝑒 = �𝑄𝑒𝑚 ∙ 𝐼𝑚
𝑚

 ( 13 ) 
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The connection between the midpoint and endpoint levels is as follows: 

The normalisation of the respective mid- and endpoint category adjusts the indicator result to 
the result of the region of interest (for example, the world), and it varies depending on ideological 
perspective (Goedkoop et al., 2013). 

The weighting  of the endpoint impact categories also varies depending on the ideological 
perspective (Goedkoop et al., 2013). 

The characterisation factors between an intervention and a mid- or endpoint allows different 
interventions, such as carbon dioxide or methane, which affect the same impact category, to be 
compared on the same scale. Methane will for example be characterised in carbon dioxide 
equivalents when calculating the indicator result for climate change. (Goedkoop et al., 2013) 

The magnitude of an intervention refers to the inventory result of a product. (Goedkoop et al., 
2013) This is experessed in units of environmental pressure, such as 𝑔𝑆𝑂2 (gram SO2). 

3.7 Life Cycle Inventory Data from Miljöfaktaboken 2011 
Miljöfaktaboken 2011 provides life cycle inventory data for different energy resources, allowing for 
a case study comparison between the different LCIA methods. Following are four energy 
resources of interest, as provided in Miljöfaktaboken 2011. 

3.7.1 Energy Usage: Hard Coal  
The data for hard coal is based on life cycle analysis for utilisation in large-scale combined power and 
heating plants (CHP) in Denmark. The hard coal itself is reviewed from cradle to grave, including 
production, distribution and final utilisation in CHP. Hard coal is energy-rich, and is the type of 
coal most commonly used in Sweden. (Gode et al., 2011) 

The hard coal is acquired from several countries, most of it coming from Colombia and Russia. 
Transport includes train to England, where the coal is loaded onto barges to be transported to 
each facility. Overall, the life cycle emissions for hard coal are dominated by emissions to air 
during the combustion. Furthermore, both the extraction with its accompanying emissions and 
transportation of the coal has substantial implications for the environment. On the other hand, 
the building of facilities constitute a minor part of emissions. (Gode et al., 2011) 

  

 𝑄𝑒𝑖 = �𝑄𝑒𝑚𝑄𝑚𝑖
𝑚

 ( 14 ) 
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Energy Resource: Hard coal 
Facilities: Large-scale CHPs in Denmark  
Life Cycle: Cradle to Grave (mining, distribution, utilisation) for both hard coal and facilities 
Assumptions & Limitations: Electricity required for the facilities are valued equal to self-
produced electricity. Electricity is delivered to industry with a 4.7% loss, and heat is delivered 
to the local district heating system at a 10% loss. 
(Gode et al., 2011) 

3.7.2 Energy Usage: Peat (from Cultivated Peatland) 
The life cycle inventory data for peat refers to energy peat used in CHPs with a large-scale 
fluidised bed boiler. The environmental impact of peat depends, among other factors, on how it 
is grown. One way is through cultivated peatland. (Gode et al., 2011) 

Several life cycle studies have been conducted regarding the environmental impact of peat, in 
particular focusing on greenhouse gas emissions. Given a lack of emission parameters, only 
greenhouse gas emissions are taken into consideration in the life cycle inventory data. Restoration 
of land is not included. However, emissions from for example transport and harvesting 
machinery are included. Over the life cycle, emissions are largest during the combustion phase, 
and in the same order of magnitude as for coal. (Gode et al., 2011) 

Energy Resource: Energy peat from cultivated peatland from southern Sweden 
Facilities: CHP with large-scale fluidised bed boiler 
Life Cycle: Growth, harvest, transportation and combustion for peat. Construction and 
demolition of facilities. 
Assumption & Limitations: Nordic electricity mix has been used for supporting energy. 
Greenhouse gases are provided in inventory data, while effects of land use are not included. 
(Environmental impact and fuel extraction has production has been calculated for each 
supplier, and has been weighted in proportion to the fuel mix for 2005. Total environmental 
impact has been allocated between generation of electricity and heat.) 
(Gode et al., 2011) 
 

3.7.3 Electricity Generation: Wind Power 
For wind power, emissions and resource use in scarification, and construction of the wind 
turbines constitute major parts of environmental impact. Important aspects include soil 
conditions at the sites, selection of construction materials, local wind conditions, installed power, 
number of operational hours per year and expected lifetime for the turbine. (Gode et al., 2011) 

Energy Resource: Wind 
Facilities: Wind farms owned by Vattenfall at the time of late 2008, which were built during 
the period 1997-2008. 
Life Cycle: From cradle to grave, including inspections, reparations and waste management. 
Distribution of electricity is also included, and the life cycle of the grid is taken into account. 



20 
 

Assumption & Limitations: Wind farms are assumed to have a lifetime of 20 years. The data 
is only representative of a small fraction of the growing Swedish wind farm. Electricity 
supporting wind farms are assumed to be provided by the wind farms themselves, and a 
different assumption may impact results. Distribution of electricity to industry is assumed to 
yield a 5% loss. Operational data is based on a yearly average from construction to late 2008. 
Data belonging to a category of impact constituting less than 1% of estimated environmental 
impact has also been omitted in the provided life cycle inventory data.  
(Gode et al., 2011) 

3.7.4 Electricity Generation: Nuclear Power 
The resource use related to nuclear power utilisation is mostly set during the construction of the 
power plants. Emissions to air and water are most present during the fuel cycle, where uranium 
fuel is extracted from mines and open casts, and enriched. Although uranium is a non-renewable 
resource, and despite the fact that uranium ore must first be enriched, the energy exchange per 
unit weight is substantially higher than that of other fuels. For example, 0.05 mg of uranium ore 
is required in order to generate 1 kWh of electricity in the nuclear plant at hand. Enrichment is 
often done using centrifugal techniques, and the procedure constitutes a significant fraction of 
the total environmental impact. (Gode et al., 2011) 

Energy Resource: Nuclear fission of uranium (where uranium was acquired from Namibia and 
Australia) 
Facility: Electricity generating boiling water reactor using centrifuge enrichment. Built 1985. 
Life Cycle: Cradle to grave, including extraction, transportation and nuclear fission of uranium 
and production of supporting resources. As for the nuclear plants and facilities related to waste 
management, construction and deconstruction is included, as well as management of nuclear 
waste and other wastes.  
Assumption & Limitations: A technical lifetime of 50 years is assumed for the power plant. 
Supporting electricity for the nuclear plants is assumed to be provided by the plants themselves. 
Distribution of electricity to industry is assumed to yield a 3% loss. The life cycle of the grid is 
accounted for. 
(Gode et al., 2011) 

3.7.5 Limitations of Miljöfaktaboken (2011) 
The LCAs provided by Miljöfaktaboken (2011) are not exhausting of every inventory data 
considered for all LCIA methods; the book is focusing on a certain set of parameters, for 
example excluding direct effects on biodiversity and land use. (Gode et al., 2011) Taking into 
consideration the specific inventory data of Miljöfaktaboken (2011), the LCIA scores are likely to 
more accurately describe the impact of the resource consuming energy resources. This is 
especially true for the carbon based ones, where fuel consumption during energy conversion is a 
greater part of the life cycle, as opposed to for example wind power, where production materials 
and land use play a greater role. 
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4 Results and Discussion 
In this section, an overview of the approaches of each method is presented and discussed. The 
mathematical formulas for each method are addressed, as well as their relative weighting indices 
for several impact parameters. Thereafter, the results from the case study are presented and 
analysed.  

4.1 Comparison of Specifics 
The methods use fundamentally different approaches to estimate environmental impact and an 
overview which simplifies comparison is provided in Table 4.1. 

Specifics ECO EPS 
ReCiPe 

Midpoints 
ReCiPe 

Endpoints 
Midpoint Approach X   X   
Endpoint Approach   X   X 
Distance-to-Target X       

WTP to avoid changes   X     
Ideological Perspectives     X X 

Table 4.1 Comparison of Methods 

Though both the midpoint- and endpoint approaches result in a single score, there are 
advantages and disadvantages to each approach; the endpoint categories can seem more relatable 
to the average person, since they for example consider human health. The midpoint categories, 
on the other hand, are theoretically more likely to provide accurate data with less room for 
subjectivity. 

The EPS method and ReCiPe, E might therefore be more useful from a consumer perspective, 
while the ECO method and ReCiPe, M could prove stronger in expert environments and for 
policy makers. 

One risk for the EPS method is that the lack of an explicit midpoint approach could cause a loss 
in credibility. There is, however, potential if LCIA methods to a greater extent are to be targeted 
towards the average person. In the latter scenario, the ECO method might find some challenges. 

ReCiPe has an obvious advantage regarding midpoint- and endpoint approaches, in that it 
provides access to both. 

The distance-to-target principle used by the ECO method may prove to be an edge when 
corporations want to account for externalities that are considered to be of relevance to the policy 
makers in the specific region. If monetary incentives are the main driving force behind this, and 
therefore only region specific policies are accounted for, the corporations at hand must also stay 
aware of future changes in the policies. 
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The EPS method, which bases its weighting factors on the willingness to pay by OECD 
inhabitants, may share a similar advantage to that of the ECO method. However, since the 
policies do not always reflect the OECD inhabitant’s WTP, the EPS method will likely prove 
most useful for consumers or consumer interactions, and for actual policy makers. 

While being concrete, both the distance-to-target- and the WTP principle could be considered 
lacklustre in cases where the people do not have perfect information about what effects 
environmental change may have, both now and in the future. 

In this context, the biggest edge of the different ideological perspectives (egalitarian, hierarchist 
and individualist) for ReCiPe might lie in the egalitarian perspective, which allows for a sort of 
worst case scenario and for example giving voice to those not yet born. However, since ReCiPe 
provides multiple choices, the less cautionary choices will in many cases likely be the ones used, 
especially since they better reflect current policies and values. 

The fact that ReCiPe provides several perspectives could be seen as an indirect advantage, in that 
there is no value built into the method itself, and although it acknowledges the hierarchist 
method as the one based on most the common policy principles, the other perspectives are 
allowed to strife from the norm of LCIA methods, and thereby might avoid biases caused by a 
belief that all methods worth noting should give similar results. 

4.2 Comparison of Formulas 
Table 4.2 shows the formulas for deriving the total impact of each method. 

ECO 𝑻𝑰(𝑬𝑪𝑶) = �(𝑬𝒄𝒐 − 𝒇𝒂𝒄𝒕𝒐𝒓𝒊 ∙ 𝑭𝒊)
𝒊

 (6 ) 

 𝐸𝑐𝑜 − 𝑓𝑎𝑐𝑡𝑜𝑟𝑖 = 𝐾𝑖 ∙
1
𝐹𝑛𝑖

∙ �
𝐹𝑖
𝐹𝑘𝑖

�
2

∙ 𝐶𝑖 ( 7 ) 

EPS 𝑻𝑰(𝑬𝑷𝑺) = ��𝒊𝒋 ∙ 𝒌𝒋𝒌 ∙ 𝒗𝒌
𝒋𝒌

 ( 8 ) 

ReCiPe 
(midpoint) 

𝑻𝑰𝒎(𝑹𝒆𝑪𝒊𝑷𝒆) = �𝑰𝒎
𝒎

∙ 𝑵𝒐𝒓𝒎𝒂𝒍𝒊𝒔𝒂𝒕𝒊𝒐𝒏𝒎 ( 9 ) 

 𝐼𝑚 = �𝑄𝑚𝑖 ∙ 𝑚𝑖
𝑖

 ( 10 ) 

ReCiPe 
(endpoint) 

𝑻𝑰𝒆(𝑹𝒆𝑪𝒊𝑷𝒆) = �𝑰𝒆 ∙ 𝑵𝒐𝒓𝒎𝒂𝒍𝒊𝒔𝒂𝒕𝒊𝒐𝒏𝒆 ∙ 𝑾𝒆𝒊𝒈𝒉𝒕𝒊𝒏𝒈𝒆
𝒆

 ( 11 ) 

 𝐼𝑒 = �𝑄𝑒𝑖 ∙ 𝑚𝑖
𝑖

 ( 12 ) 

 𝐼𝑒 = �𝑄𝑒𝑚 ∙ 𝐼𝑚
𝑚

 ( 13 ) 

 𝑄𝑒𝑖 = �𝑄𝑒𝑚𝑄𝑚𝑖
𝑚

 ( 14 ) 

Table 4.2 Formulas of each LCIA-method 

It is apparent that the formulas of each method are presented differently. However, from a user 
perspective, they do not differ as much as could be expected when taking the differences in 
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approach into consideration; each inventory parameter is multiplied with one to three other 
factors for the impact categories it affect, upon which all the scores are added to one single score 
(given that the Eco-factor for the ECO method is provided). This similarity seems to be due to 
the in place ISO standards for LCIA methodologies. 

The ECO method’s formula differs the most in that it is not characterised towards an impact 
category, but rather the inventory parameter itself. This is due to the method’s distance-to-target 
approach, where the target is for example often set in terms of atmospheric carbon dioxide more 
so than in numbers of radiative forcing. 

Also worth noting is that the weighting factors of the ECO method are squared, which results in 
an increasingly high number for pollutants or resources, the more political goals are exceeded. 
This should mean that the method for example accounts for increasingly high taxation and will in 
certain cases have an effect when comparing the single score of the ECO method with the single 
scores of the other methods, which use a linear proportionality to their respective approaches in 
regards to weighting. 

ReCiPe is unique in that it provides both a midpoint- and an endpoint approach, which is a 
strong suit in that it may be relevant for a wider spread of uses than the methods only taking one 
of the mentioned approaches into consideration; specific data and statistics can be extracted from 
the midpoint level, while the endpoint level may allow for easier-to-understand information for 
an average person. 

While ReCiPe generally seem to aim at being impartial in giving the user all ideologically driven 
choices, the endpoint weighting can still be considered to some extent arbitrary. 

The EPS method, while presented different, is structurally similar to the ReCiPe endpoint 
formula, with the exception that the EPS method is the only method which provide no explicit 
factor for normalisation. A normalisation factor would, however, serve little to no purpose given 
the method’s WTP approach. 

4.3 Comparison of Relative Weighting 
In Table 4.3 weighting indices relative to carbon dioxide emissions to air are provided for the 3 
different methods in the study. At this point, only the hierarchist perspective of ReCiPe is 
provided, as it is based on the most common policy principles, thereby highlighting the 
differences between the methods, rather than the perspectives. The different perspectives are 
instead discussed under the case study section. 

  



24 
 

Primary Energy; Non-Renewable ECO EPS 
ReCiPe 

M,H 
ReCiPe 

E,H 
Oil 1.16E-02 1.16E-01 1.21E-01 1.34E-01 

Natural Gas 1.13E-02 2.25E-01 1.15E-01 1.27E-01 
Hard Coal 6.89E-03 1.60E-02 1.21E-01 1.34E-01 

Brown Coal 3.74E-03 1.13E-02 1.21E-01 1.34E-01 
Peat 5.02E-03 1.40E-01 1.21E-01 1.34E-01 

Uranium 5.97E+03 2.42E-02 1.91E+03 3.13E+02 
  

  
  

 Emissions to Air 
  

  
 Carbon Dioxide (CO2) 1.00E+00 1.00E+00 1.00E+00 1.00E+00 

Methane (CH4) 2.29E+01 9.73E+00 2.62E+01 2.50E+01 
Nitrous Oxide (N2O) 2.97E+02 3.51E+02 2.98E+02 2.98E+02 

Carbon Monoxide (CO) 1.58E+00 3.03E+00 5.53E+00 1.14E-03 
Nitrogen Oxides (NOx) 1.45E+02 2.18E+01 3.67E+02 3.68E+01 
Sulphur Dioxide (SO2) 9.68E+01 3.00E+01 2.89E+02 3.41E+01 

Ammonia (NH3) 1.86E+02 2.66E+01 6.86E+02 5.36E+01 

Table 4.3 Environmental indices for 4 approaches relative to CO2 = 1 of selected impact parameters. E,H 
refers to the endpoint approach using the hierarchist perspective. M,H refers to the midpoint approach using 

the hierarchist perspective. “–“ means that the impact parameter is not accounted for in the method. 

Observing these indices, it is important to take into account that the weightings are observed 
relative to the methods weighting of carbon dioxide, which means that a difference in weighting 
of carbon dioxide will affect the absolute values of the other impact parameters. 

ECO is observed to put more weight on uranium, relative to CO2, compared to the other 
methods, although ReCiPe M,H is somewhat closer. It can be noted that the method, which 
punishes being above political goals increasingly harsh, yield a significantly higher weight (relative 
CO2) than the lower weight of EPS being based on the willingness to pay of OECD-inhabitants. 
Further studies need to be made in order to find out if the reason is a discrepancy between the 
valuations of depletion of uranium based on political targets and the willingness to pay, or if this 
is for example due to the squared weighting factor in the Eco-factor formula. For the remaining 
primary energy parameters, ECO is observed to weight them significantly lower than remaining 
methods. This may indicate that the current flows related to depletion of the given non-
renewable energy resources is not far enough above critical levels to yield weights corresponding 
to those of the other methods, when put in relation to carbon dioxide. 

For EPS, CO2 may carry relatively high weight, yielding smaller values for remaining impact 
parameters. For example, hard coal, brown coal and uranium are weighted lower relative to CO2, 
compared to the other methods. 

For ReCiPe using the hierarchist perspective, the midpoint approach is observed to have 
heavier weights for emissions, compared to the other methods. Regarding the weights of the 
endpoint approach carbon monoxide is observed to be significantly lower compared to the other 
methods. However, ignoring outliers, the endpoint approach mainly carry weights very similar to 
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the other methods, and regarding emissions, the method particularly share similarities to EPS, 
both being endpoint approaches. 

Overall, there are both significant similarities and differences across methods. While several 
outliers were observed, similarities appear to be strongest across methods using either the 
midpoint or the endpoint approach. The differences across methodologies may be exploited by 
users in contexts where there are incentives to obtain a favourable score for a given purpose. 
This is unless regulations are in place, for example proclaiming which method to apply in a 
particular context. 

4.4 Case Study 
In this section, results from the case study are presented and discussed at the aggregated level. 
Thereafter, major drivers of impact in the study are provided. Lastly, more specific reviews of the 
results of midpoint- and endpoint approaches are provided. 

4.4.1 Comparison of Aggregated Results 
Results of ratios for total environmental impact of different methods are shown in Figure 4.1 and 
Figure 4.2 for the three methods, (using the hierarchist perspective for both the midpoint and 
endpoint approach of ReCiPe). The values can be found in Appendix D. 

 
Figure 4.1 The total impact of Hard Coal divided by the total impact of Peat 

 
Figure 4.2 The total impact of Nuclear Power divided by the total impact of Wind Power 

As seen in both figures, all methods result in ratios which are in a similar range, despite being 
based on fundamentally different approaches for weighting. 
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For the ratio received when dividing the total impact for hard coal with the total impact for peat 
(Figure 4.1), all methods suggest that given the estimate, using hard coal yields larger 
environmental impact than peat. However, ReCiPe E,H estimates the difference in proportion to 
be significantly higher than the ECO method. That is, it estimates the impact of using hard coal 
to be about twice as high as peat, per unit energy. Furthermore, ReCiPe’s hierarchist perspective 
yield significantly higher ranges both when using the midpoint and the endpoint approach. While 
all methods provide values above 1, the result for the ECO method is not in itself sufficient to 
draw any concrete conclusions as to whether hard coal yields a larger impact than peat, given the 
accuracy level of LCIA-methods. 

While the inventory data for the ratio received when dividing the total impact for nuclear power 
with the total impact for wind power (Figure 4.2) is somewhat less reliable, it nevertheless 
provides another example of that methods result in similar ranges, but with a considerable 
spread, thereby reducing concerns that it is only a matter of coincidence. Since the ratio ranges 
from roughly 340 to 500, there are no doubts that all methods suggest that nuclear power yield 
substantially greater environmental impact than wind power.  

4.4.2 Major Drivers of Impact 
Looking at the major drivers of impact in the case study and for the methods at hand, Table 4.4 
provides an overview of the impact parameters constituting the largest fractions of total impact 
for each method and energy resource (using the hierarchist perspective for both the midpoint and 
endpoint approach of ReCiPe). 

Peat ECO  EPS ReCiPe M,H ReCiPe E,H 

Greatest Contributors 
CO2 74% 
NH3 10% 
NO 8% 

CO2 92% 
SO2 3% 
NH3 2% 

CO2 48% 
NH3 24% 
SO2 14% 

CO2 89% 
NH3 3% 
SO2 3% 

       
Hard Coal      

Greatest Contributors 
CO2 65% 
NO 19% 
SO2 6% 

CO2 71%  
Hard Coal 11%  
Natural gas 7% 

Hard Coal 30% 
CO2 26% 
NO 19% 

Hard Coal 51% 
CO2 39% 

Oil 3% 
       

Wind Power     

Greatest Contributors 
CO2 61% 
NO 19% 
SO2 13% 

CO2 86% 
SO2 6%  
NO 4% 

CO2 34% 
NO 27% 
SO2 22% 

CO2 85% 
NO 7% 
SO2 6% 

       
Nuclear Power      

Greatest Contributors 
CO2 38% 
NO 28% 
SO2 24% 

CO2 72% 
SO2 14% 
NO 8% 

NO 38% 
SO2 38% 
CO2 20% 

CO2 67% 
SO2 15% 
NO 13% 

Table 4.4 Overview of major drivers of impact for each energy resource and method  (CO2 denotes carbon 
dioxide, SO2 sulphur dioxide, NO nitric oxide, and NH3 ammonia. All refer to emissions to air. Percentages refer 
to the impact parameters fraction of total impact for the method, in the case study, including the impact parameters in 

all impact categories of the method at hand.)  
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An overall tendency is that carbon dioxide emissions to air dominate in a large fraction of all 
cases. Another tendency is that the midpoints approaches often put less relative weight on 
carbon dioxide, in particular ReCiPe M,H. 

Regarding peat, the methods all agree that carbon dioxide is the largest contributor to impact. In 
accordance with the general tendency, carbon dioxide holds a smaller fraction for midpoint 
methods. Although all methods except the ECO method show that sulphur dioxide and 
ammonia are among the 2 and 3 largest contributors, the methods provide considerably different 
fractions. 

For hard coal, both approaches for ReCiPe estimate the usage of hard coal itself to constitute 
the greatest fraction of impact. All methods, however, put emphasis on the impact of carbon 
dioxide. Both midpoint approaches estimate that nitric oxide contributes with around one fifth of 
total impact. The ECO method, which is based on the distance-to-target principle, does not 
include hard coal as one of the major drivers of impact. 

For wind power, carbon dioxide is dominant for all methods except for ReCiPe M,H, for which 
it is still the greatest contributor. All methods estimate nitric oxide and sulphur dioxide to be the 
second or third greatest contributor, although fractions differ significantly. 

For nuclear power, midpoint approaches once again weight carbon dioxide lower. For ReCiPe 
M,H, the substantially lower weighting of carbon dioxide makes it the only method where it is 
not the greatest contributor. The methods all agree on which impact parameters are the 3 greatest 
contributors to impact. 

In conclusion, there appears to be a tendency in that carbon dioxide carries heavier weightings at 
the endpoint level than at the midpoint level. This might indicate that the weights in the endpoint 
categories, such as climate change, reflect people’s fears of future impacts including risks, 
whereas on the midpoint level, objective and less disputable facts is observed.  Furthermore, it is 
noticeable that a large fraction of the impact is attributed to only a few impact parameters, such 
that a single score close to the ones obtained could be provided by addressing only a few of the 
major impact drivers. Therefore, if carbon dioxide emissions constitute the major impact driver 
of for example a product, the spread across methods in how they weight carbon dioxide, in 
particular between midpoint and endpoint approaches, may yield considerably different results. 

4.4.3 Comparison of Methods which use the Midpoint Approach 
This section provides a more specific analysis of the midpoint approaches, including the different 
ideological perspectives of ReCiPe. Figure 4.3 show the results for the ratio received when 
dividing the total impact for hard coal with the total impact for peat and Figure 4.4 show the 
results for the ratio received when dividing the total impact for nuclear power with the total 
impact for wind power. This is done for ECO as well as ReCiPe including its 3 perspectives, 
egalitarian, hierarchist and individualist. The values can be found in Appendix D. 
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Figure 4.3 Midpoints: Total impact of Hard Coal divided by total impact of Peat 

 
Figure 4.4 Midpoints: Total impact of Nuclear Power divided by total impact of Wind Power 

Observing these figures, there appears to be a tendency in that ECO provide ratios more similar 
to that of the egalitarian perspective. This does not reflect that the hierarchist perspective is 
stated to be based on common policies, which implies that the results would be closer to those 
reflecting political targets in ECO. Worth noting though, is that ReCiPe does in all cases provide 
ratios larger than the ECO method. This is especially true in the more reliable comparison of peat 
and hard coal, and it shows that ReCiPe, when being unbiased regarding ideological perspectives, 
find greater dispersions between the energy resources at hand. 

The two methods use very different types of impact categories which prohibits a direct 
comparison at the category-specific level. Instead, results are provided for each perspective of 
ReCiPe, broken down into impact categories as shown in Figure 4.5. This enables analysis of 
what is causing the tendency at hand. 
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Figure 4.5 Impact of hard coal using ReCiPe midpoints with different perspectives. (Midpoint impact 
categories without estimated impact given the inventory data have been excluded. These categories did not 

result in impact for other energy resources either.)  

The figure show results for hard coal, but is representative for the perspectives across all energy 
resources in the study, since all impact categories which yielded impact across all midpoint 
approaches are included, and since relative weights remain the same for perspectives and thereby 
provide the same trends. The most significant difference lies in the category climate change, 
which differs greatly across perspectives. This includes carbon dioxide which is also in Table 4.4 
shown to often be a major driver of the total impact. 

For both the ratios received when dividing the total impact of hard coal with the total impact of 
peat, and the ratios regarding nuclear power and wind power, it holds that for the midpoint 
approach of ReCiPe, carbon dioxide constitutes a larger fraction of total impact in the 
denominator than in the numerator. This explains that while going from the more short-term 
individualist perspective, towards the more long-term, precautionary egalitarian perspective, as 
carbon dioxide is weighted up, the ratio is driven down. 

ReCiPe provides larger ratios in both cases, thereby suggesting a greater difference in 
proportionality between both pairs of energy resources. Across perspectives, although they are 
based on different ideologies, it is clear which energy resource is estimated to yield the greatest 
impact. This aspect may be exploited by users wanting to advocate a particular road of action. In 
the same sense, ECO may be favoured in cases where it is in the interest of an actor to show that 
hard coal does not yield significantly higher environmental impact than peat. The spread also 
indicates that one or both methods may provide misguiding estimates. 
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4.4.4 Comparison of Methods which use the Endpoint Approach 
Figure 4.6 and Figure 4.7 show ratios for endpoint approaches. The values can be found in 
Appendix D. 

 

 
Figure 4.6 Endpoints: Total impact of Hard Coal divided by total impact of Peat 

 

 
Figure 4.7 Endpoints: Total impact of Nuclear Power divided by total impact of Wind Power 

Roughly similar ratios are observed except for the fact that the hierarchist perspective for ReCiPe 
provides a higher hard coal/peat-ratio. As shown in Table 4.4, ReCiPe is the only method which 
estimates the depletion of hard coal itself to be a major driver of impact for the energy resource, 
hard coal. 

Going on, Table 4.5 shows the weights of endpoint impact categories for ReCiPe. 

Perspective Ecosystems 
Human 
health Resources Total 

Individualist 250 550 200 1000 
Hierarchist 400 300 300 1000 
Egalitarian 500 300 200 1000 

Table 4.5 Endpoint impact category weights for ReCiPe (PRé, 2014) 

As observed, the hierarchist perspective weights the resource category significantly higher than 
the other perspectives. This partly explains why the ratio, having nuclear power including the 
depletion of hard coal as a major driver of impact in the numerator, is higher for the hierarchist 
perspective. 
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In contrast to the midpoint approaches in the study, the endpoint approaches have impact 
categories which are highly comparable. Table 4.6 and Table 4.7 show the results for the impact 
categories of each method, before added into the single score.  

EPS Peat Hard Coal Ratio 
Human health [ELU] 1.32E-02 1.25E-02 0.94 

Ecosystem prod. capacity [ELU] -1.97E-04 -1.64E-04 0.83 
Abiotic stock resources [ELU] - 3.83E-03 - 

Bio-diversity [ELU] 1.57E-04 1.47E-04 0.93 

    ReCiPe E,E       
Human health [DALYv/MJ fuel] 5.08E-03 4.84E-03 0.95 

Ecosystems [Species yr.vi/MJ fuel] 4.24E-04 4.01E-04 0.95 
Resources [$vii/MJ fuel] - 3.47E-03 - 

    ReCiPe E,I       
Human health [DALY/MJ fuel] 5.56E-03 5.27E-03 0.95 

Ecosystems [Species yr./MJ fuel] 2.83E-04 2.66E-04 0.94 
Resources [$/MJ fuel] - 2.71E-03 - 

    ReCiPe E,H 
   Human health [DALY/MJ fuel] 3.86E-03 3.67E-03 0.95 

Ecosystems [Species yr./MJ fuel] 3.96E-04 3.72E-04 0.94 
Resources [$/MJ fuel] - 5.20E-03 - 

Table 4.6 Category-specific ratio of nuclear power / wind power for endpoint approaches EPS as well as 
ReCiPe using its different perspectives. 

  

                                                 
v Disability-Adjusted Life Years, which is a sum of years of life lost and severity-weighted years of life disabled, for 
humans 
vi Damage to ecosystem diversity in numbers of lost species during a year 
vii Increased cost due to damage to resource availability 
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EPS Wind Power Nuclear Power Ratio 
Human health [ELU] 1.89E-03 6.48E-01 342 

Ecosystem prod. capacity [ELU] -2.33E-05 -6.86E-03 294 
Abiotic stock resources [ELU] 2.07E-06 8.22E-03 3972 

Bio-diversity [ELU] 2.09E-05 5.79E-03 277 

    ReCiPe E,E 
   Human health [DALY/kWh 

electricity] 7.01E-04 2.26E-01 323 
Ecosystems [Species yr./ kWh 

electricity] 5.71E-05 1.68E-02 294 
Resources [$/kWh electricity] 6.09E-07 5.22E-05 86 

    ReCiPe E,I 
   Human health [DALY/kWh 

electricity] 7.96E-04 3.13E-01 394 
Ecosystems [Species yr./ kWh 

electricity] 3.82E-05 1.22E-02 321 
Resources [$/kWh electricity] 4.75E-07 4.14E-05 87 

    ReCiPe E,H 
   Human health [DALY/kWh 

electricity] 5.48E-04 2.02E-01 369 
Ecosystems [Species yr./kWh 

electricity] 5.36E-05 1.67E-02 311 
Resources [$/kWh electricity] 9.13E-07 7.88E-05 86 

Table 4.7 Category-specific ratio of hard coal / peat for endpoint approaches EPS as well as ReCiPe using 
its different perspectives. 

Significant similarities are observed in that several impact categories have similar ratios across 
methods and perspectives. Human health yields very similar values for the ratio of total impact 
for the case with hard coal and peat. For nuclear power and wind power, roughly the same ratio 
is observed for methods and perspectives. 

The category ecosystems, for ReCiPe, is explained as the “damage to ecosystem diversity” 
(Goedkoop M.J. et al., 2013). Further investigation would be required to know more precisely 
how ReCiPe accounts for the two more specific categories of EPS (ecosystem production 
capacity and bio-diversity), however, roughly similar ratios are observed across all of them.  

For the resources category, peat does not consume any resources accounted for in the inventory 
data from Miljöfaktaboken (Gode et al., 2011). Methods account for depletion of peat, but the case 
study specifically selected peat from cultivated peatland. This explains the absence of values for the 
resource category for peat.  

For nuclear- and wind power, there is a significant gap between the resource ratios of the 
different methods. This might, however, mostly be due to the methodology, where the numbers 
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taken from Miljöfaktaboken (2011) do not account for the resource use of nuclear power and wind 
power as well as with peat and hard coal. Since the way methods account for usage of resources 
often differ significantly, this is also the category most likely to give incorrect numbers in the case 
of nuclear- and wind power.  

Additional data for the endpoint perspectives of ReCiPe, similar to Figure 4.5 for the midpoint 
perspectives is provided in Appendix C.  

4.5 Comparison to Prior Studies 
In this section, this study, including the qualitative and quantitative comparison of the methods, 
is related to the selected previous studies. 

Comparison with the 1994 Report by Baumann & Rydberg 
In comparison to the formulas found in the 1994 report by Henrikke Baumann and Tomas 
Rydberg, the ECO- and EPS methods (ReCiPe was not part of the 1994 study) share similarities 
due to their approaches, but they have received a revamp with respect to the newer ISO 
standards, as shown in Table 4.8 and Table 4.9. 

ECO (1994) 𝑻𝑰(𝑬𝑪𝑶) = �𝒆𝒄𝒐𝒇𝒂𝒄𝒕𝒐𝒓𝒋 ∙ 𝑳𝒐𝒂𝒅𝒋
𝒋

 ( 1 ) 

 𝑒𝑐𝑜𝑓𝑎𝑐𝑡𝑜𝑟𝑗 =
𝐿𝑜𝑎𝑑𝑗,𝑡𝑜𝑡

𝐿𝑜𝑎𝑑𝑗,𝑐𝑟𝑖𝑡
∙

1
𝐿𝑜𝑎𝑑𝑗 ,𝑐𝑟𝑖𝑡

∙ 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 ( 2 ) 

ECO (2014) 𝑻𝑰(𝑬𝑪𝑶) = �(𝑬𝒄𝒐 − 𝒇𝒂𝒄𝒕𝒐𝒓𝒊 ∙ 𝑭𝒊)
𝒊

 (6 ) 

 𝐸𝑐𝑜 − 𝑓𝑎𝑐𝑡𝑜𝑟𝑖 = 𝐾𝑖 ∙
1
𝐹𝑛𝑖

∙ �
𝐹𝑖
𝐹𝑘𝑖

�
2

∙ 𝐶𝑖 ( 7 ) 

Table 4.8 The formula for the ECO method as presented in the report by Baumann & Rydberg (1994), 
as well as the formula presented in this report (2014).  

EPS (1994) 
𝑻𝑰(𝑬𝑪𝑶) = �(𝒆𝒎𝒊𝒔𝒔𝒊𝒐𝒏 𝒊𝒏𝒅𝒆𝒙𝒋 ∙ 𝑬𝒎𝒊𝒋)

𝒋

+ �(𝒓𝒆𝒔𝒐𝒖𝒓𝒄𝒆 𝒊𝒏𝒅𝒆𝒙, ∙ 𝒓𝒆𝒔𝒐𝒖𝒓𝒄𝒆 𝒖𝒔𝒆𝒋)
𝒌

 
( 3 ) 

EPS (2014) 𝑻𝑰(𝑬𝑷𝑺) = ��𝒊𝒋 ∙ 𝒌𝒋𝒌 ∙ 𝒗𝒌
𝒋𝒌

 ( 8 ) 

Table 4.9 The formula for the EPS method as presented in the report by Baumann & Rydberg (1994), 
as well as the formula presented in this report (2014) 

The flow factors of the ECO formula has been moved to show the normalisation and 
weighting, and the characterisation factor has been added. The latter allows for more versatility in 
cases where there are not political goals set up for every pollutant or resource. In cases where the 
Eco-factor (ecofactor) is provided, these changes are not very noticeable from a user perspective. 

The EPS formula has been reworked the most, the main change being that in the newer version 
it counts both emissions (Emi) and resource use into the one category, interventions. This has 
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resulted in an easier to use formula, both for manual calculations and for third party programs, 
such as SimaPro. The respective emission indices are in the newer version explained in terms of 
characterisation and weighting. 

The weighting of substances relative to carbon dioxide show that sulphur dioxide is today 
considered to be less harmful than it was considered to be in 1994 by both models. Nitrogen 
oxides, which in the 1994 study is found to be considerably more harmful by EPS than by the 
compared methods, now also see lower numbers by both methods, this time with the EPS 
method estimating it the lowest. This is illustrated in Table 4.10.  

Substance ECO (1994) ECO (2014) EPS (1994) EPS (2014) 
Carbon Dioxide (CO2) 1 1 1 1 
Sulphur Dioxide (SO2) 197 96.8 151 30.0 

Nitrogen Oxides (NOx) 254 145.2 6130 21.8 

Table 4.10 The weighting of substances relative to carbon dioxide for the ECO method and the EPS 
method, as presented in the report by Baumann & Rydberg (1994) and this report (2014). 

Given that the numbers for both sulphur dioxide and nitrogen oxides has gone down in relation 
to carbon dioxide, this could also partially be true due to a heavier weighting of carbon dioxide. 

As illustrated in Table 4.11, the greatest difference in the ratios received, when comparing two 
ways of packaging milk, that were found in the 1994 report was the difference between the ratios 
of the ECO- and EPS method. The ratios were 0.98 and 1.14 respectively, which means that the 
ratio of the EPS method was around 16% higher than the ratio of the ECO method.  

The ratios for the same methods, when in this report comparing hard coal and peat as energy 
resources, are 1.08 and 1.24 for the ECO- and EPS method respectively. This means that the 
ratio of the EPS method in this report was around 15% higher than the ratio of the ECO 
method. 

When comparing nuclear- and wind power the EPS method gives a lower ratio than the ECO 
method. This should, however, most likely be contributed to the lesser accuracy of the inventory 
data for these energy resources. 

Compared Products  ECO EPS Ratio of Ratiosviii 
Milk Packaging (-94) 0.98 1.14 1.16 

Hard Coal and Peat (-14) 1.08 1.24 1.15 
Nuclear Power and Wind Power (-14) 466 346 0.74 

Table 4.11 The ratios between the different products examined in the report by Baumann & Rydberg 
(1994), and this report (2014), as well as the ratios between the ratios provided by the methods. 

                                                 
viii Note that the ratios could just as well have been inverted, had the products been divided in reversed order. It is 
simply the size of the distance from 1 in the ratio of ratios, which is relevant when comparing the two studies. 
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The greatest spread between ratios found in this report, for hard coal and peat, was that between 
the ECO method and ReCiPe E,H, where the ratio of the former was 1.08, and of the latter 2.17, 
which means that the ratio provided by ReCiPe was around 101% higher than that provided by 
the ECO method.  

4.5.1 Comparison of Results to the More Recent Studies 
In the report Comparative LCA of ethanol versus gasoline in Brazil using different LCIA 
methods, by Cavalett et al. (2011), ReCiPe E,H and ECO resulted in opposite ratios. It is 
interesting to notice that in the case study of this 2014 thesis, for the ratio of impact between 
hard coal and peat, ReCiPe E,H resulted in the ratio 2.17 whereas ECO resulted in 1.08. This is a 
significant spread, but the value for ECO also imply that, given minor changes in inventory data, 
the method could provide values below 1 and hence provide the opposite conclusion to ReCiPe 
with regards to environmental impact. EPS was however closer to ECO, at a ratio of 1.24. In the 
2011 report, ReCiPe was the only method among four to advocate the opposite alternative, 
providing a ratio of ~2 in contrast to ECO at ~0.7. 

For hard coal and peat in this thesis, there is hence a similar tendency as observed in the 2011 
report, in that ReCiPe constitute somewhat of an outlier. While this may be a sign of inaccuracy, 
it may also be a sign that the ReCiPe method is bold enough to position itself outside 
conventional ranges. It could also be that, as proposed in the case study of the 2011 report, 
ReCiPe better accounts for the environmental damage of certain impact parameters (Cavalett et 
al., 2011), and therefore provides a more accurate score. 

The more specific reasons for the spread between ReCiPe E,H and other methods should be 
taken into consideration by decision makers, for example by using ReCiPe in combination with 
other methods, and there would be value in further investigating the reasons for the observed 
discrepancy to mitigate confusion when methods arrive at different answers. 

The study, Impacts of “metals” on human health: a comparison between nine different 
methodolog ies for Life Cycle Impact Assessment, by Pizzol et al. (2010), showed a 
significant spread between ReCiPe and the EPS method, and explained this with a lack of 
characterisation factors in the latter. The metals described in the study from 2010 are however 
not given focus in this 2014 thesis. 

Although the 2010 study focused on metals, and this 2014 thesis do not, it is worth noting that, 
in the latter, no particular lack of characterisation factors is observed for EPS, when relating it to 
the other methods. 

Lastly, while the authors of the 2010 study did not declare which perspective was used for 
ReCiPe, and did not include the midpoint approach, this report provides analysis across all 
perspectives for both the midpoint and endpoint approach. 
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5 Conclusions 
In this thesis, it is found that the three contemporary methods, ReCiPe, EPS and ECO, use very 
dissimilar approaches towards LCIA. However, the mathematical formulas for using the methods 

have converged over time, in accordance with ISO standards. 

While not resulting in vastly different results, it is still found that choosing the right method can 
be of major importance for practitioners; the spread found in the case study is big enough to 
show that it could affect decisions in situations where the severity of the environmental impact of 
different alternatives are of importance. The size of the spread is of particular relevance when 
other factors are at play, such as quality or economics. 

It is found that the ECO method is most suitable for use when a strong connection to political 
targets are of importance, such as in situations where monetary value can be found in adhering to 
rules and regulations in a specific area. 

The EPS method is found to have its strong suit in that it reflects the OECD population’s WTP, 
which means it can provide valuable guidelines for policy makers and political activists. 

The greatest strength of ReCiPe is found to be the allowing of actors to look at environmental 
impact with regards to different ideological perspectives. This is of use when an actor wants to 
follow a particular ideological trajectory. 

Finally, it is concluded that knowledge about the different methods is of importance in order to 
allow usage of a method that correctly describes the practitioner’s values and principles. For 
companies using LCIA as a part of their sustainability strategy, knowledge and careful selection 
of methods is important, since using a method includes placing a bet regarding which approach 
best reflects future policies. 

This report contributes to the academic field of LCIA by providing an update to the report by 
Baumann & Rydberg (1994). It also provides a more thorough and accessible description of the 
three relevant and contemporary methods of LCIA, than other reports in the field. 
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6 Future Research 
In this report, carbon dioxide is observed to constitute a larger fraction of the estimated total 
impact for the endpoint approaches, than to that of the midpoint approaches. This is true, both 
within ReCiPe, and when including the ECO method and the EPS method. Further research as 
to whether this holds true for other methods of LCIA is therefore of interest. If so is the case, 
examining the reason would provide a better understanding of different methods, particularly 
with respect to the discussion regarding midpoint and endpoint approaches. 

For hard coal and peat, representing the more reliable data in the case study of this thesis, ReCiPe 
is observed to provide quite different values from the other methods. In an earlier report 
including four methods, ReCiPe was also observed to be the outlier, being the only method 
providing the opposite ratio. Further research could be conducted to clarify this tendency in a 
broader sense, in order to provide more knowledge regarding when ReCiPe is more or less 
appropriate to use, and how to interpret results when ReCiPe differs much from other methods. 

This report compare two methods, using a distance-to-target principle (ECO) and WTP (EPS) 
respectively, and it is found that they approach LCIA in different factions. The case study also 
showed different results from using these methods. It would be of future interest to delve deeper 
into the relation between political targets and the willingness of populations to pay to avoid 
changes, as this would give a better understanding of the appropriateness of using the different 
approaches in LCIA methods. 

A potentially important use of LCIA methods is that of corporations, seeking to stay within, or 
ahead of, political guidelines regarding environmental impact, for monetary reasons. Further 
studies into how well the different methods reflect current monetary incentives, as well as 
potential changes regarding future incentives, is therefore of value for these actors. A more 
specific question would be how well the ECO method, based on the distance-to-target principle, 
also reflects monetary incentives. 

The methods of LCIA are becoming increasingly usable for different actors. This is partially due 
to ISO guidelines and the general progression regarding presentation within the field, which 
allows for third party programs to provide access to several methods, as well as automatic LCIAs, 
given impact parameters. Another reason is that the scientific data regarding environmental 
impact is becoming more accurate over time. Further research into what the next step for the 
field of LCIA is, and how the field can progress and gain influence, could therefore now be of 
use for the creators of LCIA methods to know how best to further progress.  



38 
 

References 
Ahbe S., Braunschweig A., Müller-Wenk R. (1990), Methodik für Ökobilanzen auf der Basis 
ökologischer Optimierung, Schriftenreihe Umwelt Nr. 133, Bern: BUWAL  

American Physical Society (n.d.), Energy Units. Available at: 
http://www.aps.org/policy/reports/popa-reports/energy/units.cfm (Accessed: 20 Mars 2014) 

Baumann H., Rydberg T. (1994), Life cycle assessment: A comparison of three methods for impact analysis 
and evaluation, Göteborg: Chalmers University of Technology 

Baumann H., Tillman A.M. (2004), The Hitch Hiker’s Guide to LCA: An orientation in life cycle 
assessment methodology and application, Lund, Sweden: Studentlitteratur 

BUWAL Dokumentationsdienst (1997), Bewertung in Ökobilanzen mit der Methode der 
ökologischen Knappheit, Bern: BUWAL  

Cavalett O., Chagas M., Seabra J., Bonomi A. (2011), Comparative LCA of ethanol versus gasoline in 
Brazil using different LCIA methods, Brazil: Faculdade de Engenharia Mecânica 

Cook J., Nuccitelli D., Green S., Richarson M., Winkler B., Painting R., Way R., Jacobs P., Skuce 
A., (2013), Quantifying the consensus on anthropogenic global warming in the scientific literature, United 
Kingdom: IOP Publishing 

CML (2002), Handbook on life cycle assessment. An operational guide to the ISO standards. Guinée J., 
Centrum Milieukunde Leiden (CML), Leiden University, NL. Kluwer, Dordrecht, NL 

EIA (n.d.), Approximate Heat Content of Natural Gas. Available at: 
http://www.eia.gov/totalenergy/data/monthly/pdf/sec13_4.pdf (Accessed: 20 Mars 2014) 

Erlandsson M. (2002), Miljöbedömningsmetod baserad på de svenska miljökvalitetsmålen – visionen om det 
framtida hållbara folkhemmet, Stockholm, Sweden: IVL Swedish Environmental Research Institute 

Frischknecht R., Stelner R., Jungbluth N. (2006), The Ecological Scarcity Method - Eco-Factors 2006, 
Bern: Federal Office for the Environment 

Gabathuler H. (1997), LCA History: Centrum voor Milieukunde Leiden (CML), Landsberg, 
Landsberg, Germany: Ecomed 

Gode J., Martinsson F., Hagberg L., Öman A., Höglund J., Palm D., (2011), Miljöfaktaboken 2011 
- Uppskattade emissionsfaktorer för bränslen, el, värme och transporter, Stockholm: Värmeforsk 

Goedkoop M., Heijungs R, Huijbregts M., De Schryver A.;Struijs J., Van Zelm R. (2013), ReCiPe 
2008, A life cycle impact assessment method which comprises harmonised category indicators at the midpoint and 

http://www.aps.org/policy/reports/popa-reports/energy/units.cfm
http://www.eia.gov/totalenergy/data/monthly/pdf/sec13_4.pdf


39 
 

the endpoint level; First edition Report I: Characterisation, Netherlands: Ministerie van Volkshuisvesting, 
Ruimtelijke Ordening en Milieubeheer 

Hugh D. Young, Roger A. Freedman, A. Lewis Ford (2012), Sears and Zemansky's University Physics 
- With Modern Physics - Thirteenth Edition, United States: Pearson Education 

Jane C. Bare, Patrick Hofstetter, David W. Pennington, Helias A. Udo de Haes (2000), Life Cycle 
Impact Assessment Workshop Summary - Midpoints versus Endpoints: The Sacrifices and Benefits, Landsberg, 
Germany: Ecomed 

KPMG (2012), Expect the Unexpected: Building business value in a changing world, KPMG International 

Lindfors L., Christiansen K., Hoffman L., Virtanen Y., Juntilla V., Hanssen O., Rønning A., 
Ekvall T., Finnveden G. (1995), Nordic guidelines on life-cycle assessment. Nord 1995:20, The Nordic 
Council of Ministers, Copenhagen, Denmark: Nord 

McGill A., (2011), Puma’s reporting highlights global business challenges, United Kingdom: PwC  
 
PRé (n.d.) Contribution to Impact Assessment Research. Available at: http://www.pre-
sustainability.com/contribution-to-impact-assessment-research (Accessed: 19 Mars 2014) 

PRé (2014) SimaPro (Version 8.0.2) [Computer Program] Available at http://www.pre-
sustainability.com/simapro-installation (Accessed: 1 April 2014) 

Pizzol M., Christensen P., Schmidt J., Thomsen M. (2010), Impacts of “metals” on human health: a 
comparison between nine different methodologies for Life Cycle Impact Assessment (LCIA), Denmark: 
Department of Development and Planning, Aalborg University, Aalborg, and Department of 
Policy Analysis, National Environmental Research Institute (NERI), Aarhus University, Roskilde 

Princeton University (n.d.), Bituminous coal. Available at: 
http://www.princeton.edu/~achaney/tmve/wiki100k/docs/Bituminous_coal.html (Accessed: 
20 Mars 2014) 

Ryding S.-O., Steen B. (1991), The EPS System: A PC-based system for development and application of 
environmental priority strategies in product design---from cradle to grave. IVL report B1022, Stockholm, 
Sweden: IVL Swedish Environmental Research Institute 

State Government Victoria (n.d.) – Department of State Development, Business and innovation, 
Energy and Earth Resources, Lignite / Brown Coal. Available at: 
http://www.energyandresources.vic.gov.au/earth-resources/victorias-earth-resources/coal 
(Accessed: 20 Mars 2014) 

Steen B. (1999), A systematic approach to environmental priority strategies in product development (EPS). 
Version 2000 – General system characteristics, Göteborg: Chalmers University of Technology 

http://www.pre-sustainability.com/contribution-to-impact-assessment-research
http://www.pre-sustainability.com/contribution-to-impact-assessment-research
http://www.pre-sustainability.com/simapro-installation
http://www.pre-sustainability.com/simapro-installation
http://www.princeton.edu/~achaney/tmve/wiki100k/docs/Bituminous_coal.html
http://www.energyandresources.vic.gov.au/earth-resources/victorias-earth-resources/coal


40 
 

Stern N. (2007), The Economics of Climate Change: The Stern Review, Great Britain: Cambridge 
University Press 

Stocker T., Qin D., Plattner G-K., Tignor M., Allen S,. Boschung J., Nauels A., Xia Y., Bex V., 
Midgley P., (2013), Climate Change 2013 – The Physical Science Basis, Cambridge, New York, 
Melbourne, Madrid, Cape Town, Singapore, São Paolo, Delhi, Mexico City: Cambridge 
University Press 

Technical Committee ISO (2000), Environmental management - Life cycle assessment - Life 
cycle impact assessment, Switzerland: ISO 

The World Bank (2012) Countries and Economies. Available at: http://data.worldbank.org/country 
(Accessed: 4 April 2014) 

The Organisation for Economic Co-operation and Development (n.d.), Countries. Available at: 
http://www.oecd.org/ (Accessed: 4 May 2014) 

World Energy Council (2013), Peat. Available at:  
http://www.worldenergy.org/wp-content/uploads/2013/09/WER_2013_6_Peat.pdf (Accessed: 
20 Mars 2014) 

  

http://data.worldbank.org/country
http://www.worldenergy.org/wp-content/uploads/2013/09/WER_2013_6_Peat.pdf


41 
 

Appendix A - Conversion Factors for 
Mismatching Units 
Below, the conversion factors used to convert impact parameters to match the units required by 
each method, are shown. 

Oil 41.868 MJ/kg (American Physical Society, n.d.) 
Natural Gas 38.16 MJ/(m^3) (EIA, n.d.) 
Hard Coal 29.5 MJ/kg (Princeton University, n.d.) 
Brown Coal 27 MJ/kg (State Government Victoria, n.d.) 
Peat 21 MJ/kg (World Energy Council, 2013) 
Uranium 81000000 MJ/kg (Hugh et al., 2012) 
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Appendix B - Additional midpoint data from 
the case study 
Below, category-specific results from the case study are shown for each midpoint approach and 
energy resource. 

Eco-Scarcity 
Wind 

Power 
Nuclear 

Power Ratio 
Emission into air [EP] 7.29E+00 3.33E+03 456 

Emission into surface water [EP] 2.69E-01 1.99E+02 742 
Emission into ground water [EP] - -  - 

Top soil [EP] - - - 
Energy resources [EP] 5.66E-04 1.21E-01 213 

Natural resources [EP] - - - 
Deposit waste [EP] - - - 

    ReCiPe M,E       
Climate change [kg CO2 eq/kWh electricity] 2.73E-06 8.00E-04 2.93E+02 

Ozone depletion [kg CFC-11 eq/kWh electricity] - - - 
Terrestrial acidification [kg SO2 eq/kWh electricity] 1.34E-06 1.06E-03 7.93E+02 

Freshwater eutrophication [kg P eq/kWh electricity] 6.26E-07 6.26E-07 1.00E+00 
Marine eutrophication [kg N eq/kWh electricity] 3.62E-07 1.22E-04 3.37E+02 

Human toxicity [kg 1.4-DB eq/kWh electricity] - - - 
Photochemical oxidant formation [kg NMVOC/kWh 

electricity] 7.81E-07 4.85E-04 6.21E+02 
Particulate matter formation [kg PM10 eq/kWh 

electricity] 9.76E-07 7.52E-04 7.70E+02 
Terrestrial acidification [kg 1.4-DB eq/kWh electricity] - - - 

Freshwater eutrophication [kg 1.4-DB eq/kWh electricity] - - - 
Marine eutrophication [kg 1.4-DB eq/kWh electricity] - - - 

Ionising radiation [kBq U235 eq/kWh electricity] - - - 
Agricultural land occupation [m2a/kWh electricity] - - - 

Urban land occupation [m2a/kWh electricity] - - - 
Natural land transformation [m2/kWh electricity] - - - 

Water depletion [m3/kWh electricity] - - - 
Metal depletion [kg Fe eq/kWh electricity] 2.50E-13 1.04E-08 4.17E+04 
Fossil depletion [kg oil eq/kWh electricity] 3.50E-09 3.01E-07 8.58E+01 
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ReCiPe M,I       
Climate change [kg CO2 eq/kWh electricity] 1.60E-06 4.83E-04 3.02E+02 

Ozone depletion [kg CFC-11 eq/kWh electricity] - - - 
Terrestrial acidification [kg SO2 eq/kWh electricity] 1.44E-06 1.16E-03 8.01E+02 

Freshwater eutrophication [kg P eq/kWh electricity] 6.26E-07 6.26E-07 1.00E+00 
Marine eutrophication [kg N eq/kWh electricity] 3.62E-07 1.22E-04 3.37E+02 

Human toxicity [kg 1.4-DB eq/kWh electricity] - - - 
Photochemical oxidant formation [kg NMVOC/kWh 

electricity] 7.81E-07 4.85E-04 6.21E+02 
Particulate matter formation [kg PM10 eq/kWh 

electricity] 9.76E-07 7.52E-04 7.70E+02 
Terrestrial acidification [kg 1.4-DB eq/kWh electricity] - - - 

Freshwater eutrophication [kg 1.4-DB eq/kWh electricity] - - - 
Marine eutrophication [kg 1.4-DB eq/kWh electricity] - - - 

Ionising radiation [kBq U235 eq/kWh electricity] - - - 
Agricultural land occupation [m2a/kWh electricity] - - - 

Urban land occupation [m2a/kWh electricity] - - - 
Natural land transformation [m2/kWh electricity] - - - 

Water depletion [m3/kWh electricity] - - - 
Metal depletion [kg Fe eq/kWh electricity] 2.50E-13 1.04E-08 4.17E+04 
Fossil depletion [kg oil eq/kWh electricity] 3.50E-09 3.01E-07 8.58E+01 

    ReCiPe M,H       
Climate change [kg CO2 eq/kWh electricity] 2.21E-06 6.67E-04 3.02E+02 

Ozone depletion [kg CFC-11 eq/kWh electricity] - - - 
Terrestrial acidification [kg SO2 eq/kWh electricity] 1.35E-06 1.08E-03 8.01E+02 

Freshwater eutrophication [kg P eq/kWh electricity] 6.26E-07 6.26E-07 1.00E+00 
Marine eutrophication [kg N eq/kWh electricity] 3.62E-07 1.22E-04 3.37E+02 

Human toxicity [kg 1.4-DB eq/kWh electricity] - - - 
Photochemical oxidant formation [kg NMVOC/kWh 

electricity] 7.81E-07 4.85E-04 6.21E+02 
Particulate matter formation [kg PM10 eq/kWh 

electricity] 9.76E-07 7.52E-04 7.70E+02 
Terrestrial acidification [kg 1.4-DB eq/kWh electricity] - - - 

Freshwater eutrophication [kg 1.4-DB eq/kWh electricity] - - - 
Marine eutrophication [kg 1.4-DB eq/kWh electricity] - - - 

Ionising radiation [kBq U235 eq/kWh electricity] - - - 
Agricultural land occupation [m2a/kWh electricity] - - - 

Urban land occupation [m2a/kWh electricity] - - - 
Natural land transformation [m2/kWh electricity] - - - 

Water depletion [m3/kWh electricity] - - - 
Metal depletion [kg Fe eq/kWh electricity] 2.50E-13 1.04E-08 4.17E+04 
Fossil depletion [kg oil eq/kWh electricity] 3.50E-09 3.01E-07 8.58E+01 
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Eco-Scarcity Peat Hard Coal Ratio 
Emission into air [EP] 4.66E+01 4.56E+01 0.98 

Emission into surface water [EP] - 2.08E+00 - 
Emission into ground water [EP] - - - 

Top soil [EP] - -  - 
Energy resources [EP] - 2.58E+00 - 

Natural resources [EP] - -  - 
Deposit waste [EP] - -  - 

    ReCiPe M,E       
Climate change [kg CO2 eq/kWh electricity] 2.03E-05 1.92E-05 9.48E-01 

Ozone depletion [kg CFC-11 eq/kWh electricity] - - - 
Terrestrial acidification [kg SO2 eq/kWh electricity] 9.40E-06 5.92E-06 6.30E-01 

Freshwater eutrophication [kg P eq/kWh electricity] - 6.09E-07 - 
Marine eutrophication [kg N eq/kWh electricity] 1.41E-06 9.01E-06 6.38E+00 

Human toxicity [kg 1.4-DB eq/kWh electricity] - - - 
Photochemical oxidant formation [kg NMVOC/kWh 

electricity] 1.58E-06 3.94E-06 2.49E+00 
Particulate matter formation [kg PM10 eq/kWh 

electricity] 4.62E-06 4.72E-06 1.02E+00 
Terrestrial acidification [kg 1.4-DB eq/kWh electricity]  - - - 

Freshwater eutrophication [kg 1.4-DB eq/kWh 
electricity] - - - 

Marine eutrophication [kg 1.4-DB eq/kWh electricity] - - - 
Ionising radiation [kBq U235 eq/kWh electricity] - - - 

Agricultural land occupation [m2a/kWh electricity] - - - 
Urban land occupation [m2a/kWh electricity] - - - 

Natural land transformation [m2/kWh electricity] - - - 
Climate change [kg CO2 eq/kWh electricity] - - - 

Ozone depletion [kg CFC-11 eq/kWh electricity] - 5.91E-11 - 
Terrestrial acidification [kg SO2 eq/kWh electricity] - 2.00E-05 - 
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ReCiPe M,I       
Climate change [kg CO2 eq/kWh electricity] 1.19E-05 1.12E-05 9.41E-01 

Ozone depletion [kg CFC-11 eq/kWh electricity] - - - 
Terrestrial acidification [kg SO2 eq/kWh electricity] 9.79E-06 6.11E-06 6.24E-01 

Freshwater eutrophication [kg P eq/kWh electricity] - 6.09E-07 - 
Marine eutrophication [kg N eq/kWh electricity] 1.41E-06 9.01E-06 6.38E+00 

Human toxicity [kg 1.4-DB eq/kWh electricity] - - - 
Photochemical oxidant formation [kg NMVOC/kWh 

electricity] 1.58E-06 3.94E-06 2.49E+00 
Particulate matter formation [kg PM10 eq/kWh 

electricity] 4.62E-06 4.72E-06 1.02E+00 
Terrestrial acidification [kg 1.4-DB eq/kWh electricity] - - - 

Freshwater eutrophication [kg 1.4-DB eq/kWh 
electricity] - - - 

Marine eutrophication [kg 1.4-DB eq/kWh electricity] - - - 
Ionising radiation [kBq U235 eq/kWh electricity] - - - 

Agricultural land occupation [m2a/kWh electricity] - - - 
Urban land occupation [m2a/kWh electricity] - - - 

Natural land transformation [m2/kWh electricity] - - - 
Climate change [kg CO2 eq/kWh electricity] - - - 

Ozone depletion [kg CFC-11 eq/kWh electricity] - 5.91E-11 - 
Terrestrial acidification [kg SO2 eq/kWh electricity] - 2.00E-05 - 

    ReCiPe M,H       
Climate change [kg CO2 eq/kWh electricity] 1.64E-05 1.55E-05 9.41E-01 

Ozone depletion [kg CFC-11 eq/kWh electricity] - - - 
Terrestrial acidification [kg SO2 eq/kWh electricity] 9.16E-06 5.72E-06 6.24E-01 

Freshwater eutrophication [kg P eq/kWh electricity] - 6.09E-07 - 
Marine eutrophication [kg N eq/kWh electricity] 1.41E-06 9.01E-06 6.38E+00 

Human toxicity [kg 1.4-DB eq/kWh electricity] - - - 
Photochemical oxidant formation [kg NMVOC/kWh 

electricity] 1.58E-06 3.94E-06 2.49E+00 
Particulate matter formation [kg PM10 eq/kWh 

electricity] 4.62E-06 4.72E-06 1.02E+00 
Terrestrial acidification [kg 1.4-DB eq/kWh electricity] - - - 

Freshwater eutrophication [kg 1.4-DB eq/kWh 
electricity] - - - 

Marine eutrophication [kg 1.4-DB eq/kWh electricity] - - - 
Ionising radiation [kBq U235 eq/kWh electricity] - - - 

Agricultural land occupation [m2a/kWh electricity] - - - 
Urban land occupation [m2a/kWh electricity] - - - 

Natural land transformation [m2/kWh electricity] - - - 
Climate change [kg CO2 eq/kWh electricity] - - - 

Ozone depletion [kg CFC-11 eq/kWh electricity] - 5.91E-11 - 
Terrestrial acidification [kg SO2 eq/kWh electricity] - 2.00E-05 - 
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Appendix C - Additional endpoint data from 
the case study 
Below, results from the case study for the different perspectives of ReCiPe using the endpoints 
approach are shown for each energy resource, the sum being the single score. 

Hard Coal 

 

Peat 

 

0.00E+00

1.00E-03

2.00E-03

3.00E-03

4.00E-03

5.00E-03

6.00E-03

Human health Ecosystems Resources

Ca
te

go
ry

 sp
ec

ifi
c 

im
pa

ct
 

Egalitarian Hierarchist Individualist

0.00E+00

1.00E-03

2.00E-03

3.00E-03

4.00E-03

5.00E-03

6.00E-03

Human health Ecosystems Resources

Egalitarian

Hierarchist

Individualist



47 
 

 

 

Nuclear Power 
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Appendix D - Ratios for each method 
Below, the single scores of the total impact for each method are shown, as well as the ratios 
between the energy resources. 

 
EPS [ELU] ECO [EP] 

ReCiPe M,H 
[Points] 

ReCiPe E,H 
[Points] 

Wind Power 1.89E-03 7.56E+00 6.31E-06 6.02E-04 
Nuclear Power 6.55E-01 3.53E+03 3.11E-03 2.19E-01 

Ratio 346 466 493 364 

     

 

ReCiPe M,E 
[Points] 

ReCiPe M,I 
[Points] 

ReCiPe E,E 
[Points] 

ReCiPe E,I 
[Points] 

Wind Power 6.82E-06 5.79E-06 7.59E-04 8.34E-04 
Nuclear Power 3.22E-03 3.00E-03 2.43E-01 3.26E-01 

Ratio 472 518 320 390 

     

 
EPS [ELU] ECO [EP] 

ReCiPe M,H 
[Points] 

ReCiPe E,H 
[Points] 

Peat 1.32E-02 4.66E+01 3.32E-05 4.26E-03 
Hard Coal 1.63E-02 5.03E+01 5.94E-05 9.24E-03 

Ratio 1.24 1.08 1.79 2.17 

     

 

ReCiPe M,E 
[Points] 

ReCiPe M,I 
[Points] 

ReCiPe E,E 
[Points] 

ReCiPe E,I 
[Points] 

Peat 3.73E-05 2.93E-05 5.51E-03 5.84E-03 
Hard Coal 6.34E-05 5.56E-05 8.71E-03 8.24E-03 

Ratio 1.70 1.90 1.6 1.41 
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Appendix E - Sensitivity Analysis 
All acquired inventory data were provided by Miljöfaktaboken (2011) with 3 significant digits. Since 
the methods use a substantial number of parameters, scenario analysis was used. In the first 
scenario, all parameters were subtracted by 0.005EXX, where XX corresponds to the magnitude 
of the parameter. In the same sense, 0.005EXX was added in the second scenario. 

Although some parameters actually yielded negative estimated impact (thereby being “favourable 
for humanity”) for particular impact categories, they never yielded negative impact while 
summarised across all categories. Therefore, only subtraction was used for all parameters in the 
first scenario, and addition for the second scenario to provide worst case scenarios with respect 
to sensitivity. Table 0.1 show the results for all methods, perspectives and energy resources. 

 
Peat   Hard Coal Wind Power Nuclear Power 

EPS -0.431% 0.431% -0.431% 0.431% -0.313% 0.313% -0.135% 0.135% 
Eco-Scarcity  -0.377% 0.377% -0.400% 0.400% -0.264% 0.264% -0.162% 0.162% 

ReCiPe E,E -0.437% 0.437% -0.249% 0.249% -0.365% 0.365% -0.128% 0.128% 
ReCiPe E,I -0.402% 0.402% -0.452% 0.452% -0.400% 0.399% -0.139% 0.139% 

ReCiPe E,H -0.409% 0.409% -0.453% 0.453% -0.389% 0.388% -0.138% 0.138% 
ReCiPe M,E -0.317% 0.317% -0.394% 0.394% -0.222% 0.222% -0.181% 0.181% 
ReCiPe M,I -0.282% 0.282% -0.384% 0.384% -0.198% 0.198% -0.188% 0.188% 

ReCiPe M,H -0.306% 0.306% -0.391% 0.391% -0.212% 0.212% -0.183% 0.183% 

Table 0.1 Worst case scenarios with respect to accuracy of inventory data, assuming 3 significant digits. (The 
left column for each energy resource shows the scenario using subtraction, whereas the right column shows 
addition.) The colour scale used red to indicate larger deviations, and green for small deviations from the 

originally estimated result of total environmental impact.  

Several trends may be observed, for example that deviation is somewhat higher for peat and hard 
coal, but also higher for endpoint approaches compared to midpoints approaches. However, 
while the largest spread is found to be +/-0.453%, the overall conclusion is that the accuracy 
assuming 3 significant digits is very high in relationship to the spread of using different methods 
for estimation. 
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Table 0.2 shows a scenario analysis of subtracting and adding 10% to all conversion factors 
which were used when units for inventory data did not match factors in the methods. The left 
column for each energy resource show deviation from the original single score for a given model 
when 10% were subtracted from all conversion factors, whereas the right column shows the 
corresponding deviation while adding 10%. 

 
Peat Hard Coal Nuclear Power Wind Power 

ECO 0.000‰ 0.000‰ 0.000‰ 
-

0.001‰ 0.000‰ 
-

0.003‰ 0.001‰ 
-

0.007‰ 
ReCiPe E,E 0.000‰ 0.000‰ 0.000‰ 0.000‰ 0.000‰ 0.000‰ 0.000‰ 0.000‰ 
ReCiPe E,I 0.000‰ 0.000‰ 0.000‰ 0.000‰ 0.000‰ 0.000‰ 0.000‰ 0.000‰ 

ReCiPe E,H 0.000‰ 0.000‰ 0.000‰ 0.000‰ 0.000‰ 0.000‰ 0.000‰ 0.000‰ 
ReCiPe M,E 0.000‰ 0.000‰ 0.000‰ 0.000‰ 0.000‰ 0.000‰ 0.000‰ 0.000‰ 
ReCiPe M,I 0.000‰ 0.000‰ 0.000‰ 0.000‰ 0.000‰ 0.000‰ 0.000‰ 0.000‰ 

ReCiPe M,H 0.000‰ 0.000‰ 0.000‰ 0.000‰ 0.000‰ 0.000‰ 0.000‰ 0.000‰ 

Table 0.2 Scenarios for subtracting and adding 10% on conversion factors 

As shown, unless conversion factors differed greatly from the ones used in the study, converting 
will not have constituted a significant source of deviation from the estimated score intended by 
methods. For EPS no conversion was needed, and for ReCiPe, only uranium needed to be 
converted. If as for ECO, hard coal would have been converted for ReCiPe as well, this would 
have entailed a larger deviation in the scenario analysis given that hard coal constituted a major 
impact driver for ReCiPe. 

Another scenario analysis is to assume a certain percentage of variation in inventory data. In the 
case study calculations, there were in all cases a linear proportion between the inventory data and 
said data’s impact on the single score. Hence, algebraically, a deviation of +20% on all inventory 
parameters entail a +20% deviation for the single score obtained from all methods, approaches 
and perspectives.  

While knowing neither the actual accuracy of inventory data nor that of methods, it is still most 
likely that the assumptions and approaches used by the different LCIA methods constitute a 
significantly higher variation. 
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