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Abstract 

Life Cycle Sustainability Assessment (LCSA) is often described as the most advanced approach 

for sustainability assessment, as its implementation allows for identifying trade-offs between 

the environmental, social and economic dimension. Yet, shortcomings for its practical imple-

mentation exist, as the three related methods – Life Cycle Assessment (LCA), Social Life Cycle 

Assessment (SLCA) and Life Cycle Costing (LCC) – do not have the same level of methodolog-

ical and practical maturity. While LCA is widely implemented and standardized through the 

ISO-series 14040 and 14044, consensus on how to implement SLCA and LCC is missing.  

In this context, the discussion on adopting the commonly followed structure of LCA for SLCA 

and LCC plays a key role. While LCA includes well defined characterization models, SLCA 

misses concrete impact category definitions and LCC lacks an impact level at all. This further 

leads to inconsistent assessment approaches for SLCA and LCC. In addition, lacking guidance 

on the indicators´ and impact categories´ selection creates further obstacles for practical im-

plementation. All this impairs the achievement of methodological improvements. 

Therefore, this thesis pursues a twofold approach by addressing both – the lack of guidance 

as well as the methodological shortcomings of SLCA and LCC. An in-depth review of existing 

LCSA indicators and impact categories is carried out, which builds the basis for the methodo-

logical developments addressing relevant topics of the social and economic dimension. In a 

first step, a criteria-based selection of impact categories and indicators is provided for the 

three methods – LCA, SLCA and LCC. The considered criteria are: practicality, relevance and 

method robustness.  

The resulting Tiered approach concept includes a hierarchical structure guiding practitioners 

through LCSA. Therefore, the basic ‘sustainability footprint’ at Tier 1 provides a starting point 

with simple but meaningful indicators – including global warming potential for the environ-

mental dimension, fair wages for the social dimension, and value added for the economic 

dimension. Consecutively, additional impact and cost categories are implemented towards a 

comprehensive assessment level. Tier 2 in this context broadens the assessment by including 
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indicators suggested by relevant institutions, such as the Joint Research Centre of the Euro-

pean Commission. Tier 3 also includes challenging indicators worth future consideration, such 

as land use and cultural heritage. Although, the implemented hierarchy itself provides focus 

on which impact categories and indicators to consider, it hardly contains solutions for the 

inherent methodological challenges. Yet, the Tier 1 level provides the basis for the methodo-

logical improvements targeted within this work.  

To tackle methodological differences and to align the three LCSA methods, it is focused on 

the different demands of SLCA and LCC. For SLCA concrete characterization models and im-

pact descriptions are needed, while LCC requires the definition of an impact level in the first 

place. Accordingly, for SLCA a characterization model for fair wages is developed by also ad-

dressing the related impact pathway. With regard to the economic dimension, a new frame-

work for economic assessments by means of Economic Life Cycle Assessment (EcLCA) is sug-

gested defining different economic impact categories, followed by the development of a spe-

cific characterization model considering value added at Tier 1. 

With the fair wage characterization model a consistent and quantitative way of determining 

a specific set of social impacts along a product’s life cycle is presented. The inclusion of fair 

wages at the midpoint level allows to account for workers´ economic situation and embodies 

a necessary requirement for an adequate living standard. The performed case studies con-

firmed the general applicability of both the fair wage method and the associated database. 

Certain specifics of the characterization model require further investigations, such as the in-

cluded inequality factor and the results´ relation to the functional unit. 

With the definition of the EcLCA framework and the coherent economic midpoint and end-

point impact categories as well as economic areas of protection, a broader perspective for 

the economic dimension within the LCSA framework is provided. Relevant relations between 

the midpoint and endpoint level are displayed through the defined impact pathway, e.g. the 

connection between a product´s or organization’s value added and an economy´s prosperity 

is addressed. Following on the conceptual nature of the EcLCA approach and enabling the 

development of concrete characterization models, a starting point is provided with a defined 
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impact category ‘profitability’, which connects the value added indicator to an economic im-

pact pathway. The developed characterization model allows for displaying economic impacts 

by means of the value added along a product´s life cycle. Therewith, the different production 

locations can be compared and differences and imbalances between them can be displayed. 

Nonetheless, the performed case studies revealed some challenges with regard to the reflec-

tion of producers far up- or downstream the supply chain. While primary data can typically 

be gathered for the direct producer, no economic secondary database has so far been estab-

lished reflecting the up- or downstream supply chain.  

Despite those challenges, the impact categories considered within the ‘sustainability foot-

print’ represent crucial topics of production processes, by including global warming potential 

representing an important environmental concern, fair wage representing the workers´ situ-

ation, and profitability addressing the organizations´ performance. Furthermore, the Tiered 

approach as well as the methodological developments show that an alignment of the differ-

ent maturity levels of LCA, SLCA and LCC (by means of EcLCA) is possible. Moreover, it shows 

that quantitative and applicable characterization models can be achieved for SLCA and that 

impact categories as well as characterization models can be defined for the economic dimen-

sion of LCSA. 

 

Keywords: life cycle sustainability assessment, life cycle assessment, social life cycle assess-

ment, life cycle costing, economic life cycle assessment, tiered approach, impact pathway, 

impact category, characterization model 
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1 Introduction 

Global recognition of sustainability started to appear with the release of the book “The Limits 

to Growth” (Meadows et al. 1972). Its authors were among the first to demand a shift away 

from today´s growth-oriented economy towards a more balanced consideration of environ-

mental, social and economic issues. The Brundtland Commission (United Nations 1987) with 

its definition of Sustainable Development raised the points of inter-generational equity. Fi-

nally, the Rio Summit (UNCED 1992) underlined that the sustainable development concept 

must go beyond pure economic or environmental considerations. Since then, consensus has 

been achieved regarding the inclusion of three dimensions – environment, economy and so-

ciety – when measuring progress towards sustainable development (Finkbeiner et al. 2010; 

Hacking and Guthrie 2008; Heijungs, Huppes, and Guinée 2010). This balancing of the three 

dimensions offers an extension to conventional growth-oriented development targets 

(Sneddon, Howarth, and Norgaard 2006).  

However, more than 40 years later there is still an ongoing discussion on how to achieve a 

sustainable development and on how to exactly measure progress towards it. Especially the 

‘how to measure’ gains relevance under the viewpoint of sustainable production and the as-

sessment of products. In current assessment practice most of the existing life cycle based 

methods focus on one of the three dimensions only – mostly the environmental dimension 

by means of Life Cycle Assessment (Klöpffer and Grahl 2014) – or are insufficient from a meth-

odological point of view, as the case with most resource efficiency approaches, which only 

include economic and environmental aspects (Schneider et al. 2013). In this context, the Life 

Cycle Sustainability Assessment (LCSA) framework has been established including the three 

sustainability dimensions through Life Cycle Assessment (LCA), Life Cycle Costing (LCC) and 

Social Life Cycle Assessment (SLCA) (Finkbeiner et al. 2010; Klöpffer 2008). The framework 

has also been promoted by the UNEP/SETAC life cycle initiative as a feasible framework to 

measure impacts on the three sustainability dimensions (Valdivia et al. 2012; UNEP 2012). 
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Although LCSA is often described as the most advanced approach in terms of sustainability 

assessment (Zamagni, Pesonen, and Swarr 2013) and its implementation (theoretically) al-

lows to identify trade-offs between the social, environmental and economic dimension 

(Heijungs, Huppes, and Guinée 2010); it still harbors a number of implementation obstacles. 

Practical implementation is challenging and shortcomings exist, as the three related methods 

– LCA, LCC and SLCA – do not have the same level of maturity due to their different evolu-

tionary stage (Valdivia et al. 2012). While, LCA is already a standardized method (ISO 14044 

2006), no consensus has yet been achieved with regard to LCC and SLCA which impairs the 

methodological robustness. Both aspects hinder LCSA´s practical implementation and the 

even consideration of impacts within the three dimensions. In addition, guidance on which 

impact categories or indicators to include is missing, which create further obstacles for prac-

tical implementation. Niemeijer and de Groot, (2008) conclude that the bottleneck for assess-

ments is not the lack of good indicators or good science, but rather the lack of a clear indicator 

selection process. A clear selection process can also initiate the kickoff for the needed meth-

odological improvements and is therefore seen as essential.   

Therefore, five main objectives are defined for this thesis. Starting from a review of LCSA´s 

literature, through the development of a clear selection process, finally targeting the en-

hancement of LCSA´s methodological robustness and applicability. The objectives and sub-

targets are described as follows:  

1. Review of LCSA´s status  

a. Identification of methodological and application-specific challenges 

b. Identification of relevant topics within LCSA 

2. Development of a selection process by means of a conceptual approach 

a. Ranking of the relevant LCSA topics 

b. Guided selection of impact categories and indicators to enable a stepwise im-

plementation of LCSA  

3. Enhancements of LCSA´s methodological robustness 

a. Initiate methodological developments based on the guidance provided within 

the conceptual approach  
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b. Focus on enhancing SLCA´s and LCC´s maturity  

4. Refinement of the conceptual approach considering the methodological develop-

ments 

5. Exemplary case studies for testing LCSA´s stepwise implementation based on the re-

fined conceptual approach   

Based on the objectives defined, the thesis contains five main parts, which can be taken from 

Figure 1. Four journal and three conference publications provide essential content for the 

core chapters of this thesis.  

Neugebauer et al. 2015. 
Enhancing the practical 
implementation of Life cycle 
sustainability assessment – 
proposal of a Tiered approach. 
JClP 102: 165-176

Neugebauer et al. 2014. 
Impact pathways to address 
social well-being and social 
justice in SLCA – Fair wage and 
Level of education. 
Sustainability 6(8): 4839-4857

Neugebauer et al. 2016. 
Calculation of Fair wage 
potentials along products´ life 
cycle – introduction of a new 
midpoint impact category for 
SLCA. JClP (in press)

Neugebauer, Forin, and 
Finkbeiner 2016. From Life 
cycle costing to Economic life 
cycle assessment. 
Sustainability 8(5): 428

Life Cycle 
Sustainability 
Assessment

(thesis chapter 2)

Conceptual 
approach

(thesis chapter 3)

Methodological 
developments

(thesis chapter 4)

1

2

3

4

Refined conceptual 
approach

(based on 1-3)
(thesis chapter 5)

5

Case study 
application

(based on 4)
(thesis chapter 6)

Journal Publication Thesis Structure

Peukert, …, Neugebauer et al. 
2015. Addressing sust-
ainability and flexibility in 
manufacturing via smart 
modular machine tool fra-mes 
to support sustainable value 
creation. CIRP 29: 514-519

Benecke, Neugebauer et al. 
2015. Sustainability assessment 
of wireless micro systems in 
smart manufacturing 
environments. EcoDesign 2015. 
Tokyo, Japan. 

Neugebauer et al. 2013. Life 
Cycle Sustainability 
Assessment & Sustainable 
Product Development: A Case 
Study on Pedelecs. 11th 
GCSM. Berlin. Germany. ISBN: 
978-3-7983-2608-8  

Conference Publication

1

2

3

4

 
Figure 1: Thesis structure based on the defined objectives in relation to the journal publi-
cations. Yellow framed boxes relate to SLCA, red framed to LCSA and blue framed to LCC. 
Solid lines indicate main contributions. Dashed lines indicate supporting information used 
to answer the objectives of this thesis. 

The content of the first and second part of this thesis is mainly taken from the second journal 

publication (according to Figure 1), which provides background information on LCSA and in-

troduces the conceptual approach. Both parts are complemented by a literature review and 
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findings in connection with the other journal publications named. In this context, three ex-

planatory text boxes serve as an additional source of information describing the requirement 

of LCSA´s impact models, indicators and categories in more detail. The methodological devel-

opments of the third part of this thesis are an integral part of the third and fourth journal 

publication (see Figure 1), which address methodological developments in the context of 

SLCA and LCC. The first publication provides background information on SLCA and the meth-

odological developments implemented. The fourth part of this thesis is based on findings of 

the previous parts and partly on the third and fourth journal publication. The case studies of 

part five are initially based on three conference publications (compare Figure 1), which are 

complemented and adapted based on the methodological extensions of the third and fourth 

part of this thesis.  

Finally, the abstract, introduction, conclusion and outlook complete the thesis by providing 

background, summary and further research directions. The published or submitted versions 

of all journal publications can be found in the Annex. 
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2 Life Cycle Sustainability Assessment 

With LCSA a framework has been established, which (theoretically) covers all three dimen-

sions of sustainability. Practical implementation however is still lacking due to missing con-

sensus on and unclear definitions of the impact models, categories and indicators defined. 

Following on the defined research objectives of this thesis, this chapter addresses the first 

one (‘Review of LCSA´s status’) and aims at comprehensively displaying the background of the 

LCSA framework. After an overview of LCSA´s status and its related methods (see section 2.1), 

general implementation challenges and available LCSA impact models (including impact cat-

egories and indicators) are introduced in section 2.2.  

The findings of the four journal publications mentioned in the Introduction are displayed 

within this second chapter of this thesis and are supported by additional research. A compre-

hensive review on LCSA´s background and status has been performed within the paper of 

Neugebauer et al. (2015), article sections 1 and 2, to reveal the main challenges and obstacles. 

The findings of the cited paper are summarized; reprinted and partly adapted with permission 

of Elsevier B.V. (https://www.elsevier.com/about/company-information/policies/copyright). 

This methodological review is complemented by the introductory sections of three other jour-

nal publications, which address SLCA (Neugebauer et al. 2014; Neugebauer et al. 2016) and 

LCC (Neugebauer, Forin, and Finkbeiner 2016). Therefore, the LCSA background is comple-

mented by specific background on SLCA and LCC. Furthermore, latest studies on LCSA are 

regarded complementing the subsections 2.1.1 to 2.1.3 to comprehensively display the status 

of the three related LCSA methods. In section 2.1.1 a short overview of LCA´s status and back-

ground is provided based on key literature, like Klöpffer and Grahl 2014; Finkbeiner et al. 

2014; Reap et al. 2008 and others. Section 2.1.2 represents the main findings from 

Neugebauer et al. (2014); article section 2 (reprinted and partly adapted with permission of 

MDPI AG - http://www.mdpi.com/2071-1050/6/8/4839) as well as from Neugebauer et al. 

(2016); article section 1 (reprinted and partly adapted with permission of Elsevier B.V. 

(https://www.elsevier.com/about/company-information/policies/copyright). Section 2.1.3 

mainly displays the findings of Neugebauer, Forin, and Finkbeiner (2016); article section 2 

https://www.elsevier.com/about/company-information/policies/copyright
http://www.mdpi.com/2071-1050/6/8/4839
https://www.elsevier.com/about/company-information/policies/copyright
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(reprinted and partly adapted with permission of MDPI AG - http://www.mdpi.com/2071-

1050/8/5/428).      

2.1 Methodological background and status 

The evolution of the LCSA framework has been initiated with the development of the “Prod-

uct Portfolio Analysis” (PROSA; German: Produktlinienanalyse) (Öko-Institut 1987; 

Grießhammer et al. 2007). Within PROSA an assessment of all three sustainability dimensions 

– environment, economy and society – is performed and reflected against the background of 

a utility analysis1 (“Nutzenbewertung”). Therefore, the PROSA approach can be seen as key 

contribution leading towards LCSA (Klöpffer 2008; Finkbeiner et al. 2010). In addition, in the 

mid-nineties the Social and Environmental Life Cycle Assessment (SELCA) approach (O’Brien, 

Doig, and Clift 1996) introduced the three ring model (compare Figure 2), in connection with 

sustainable development (SD), expressing the three sustainability dimensions. A similar ap-

proach was and is still followed within the LCSA framework. 

 

Figure 2: Three ring model commonly used in LCSA (adapted from Giddings, Hopwood, 
and O’Brien 2002) 

                                                      
1 The utility analysis complements the sustainability assessment by including three types of utility – functional 
utility, symbolic utility and societal utility/public values. More details on the different types of utility can be 
taken from the Glossary.  

http://www.mdpi.com/2071-1050/8/5/428
http://www.mdpi.com/2071-1050/8/5/428
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With this consideration of the three sustainability dimensions the LCSA framework reflects 

the core concept of SD to a great extent (Giddings, Hopwood, and O’Brien 2002; Singh et al. 

2012). LCSA follows the triple bottom line of sustainability (initially introduced by Elkington 

1998) by integrating Life Cycle Assessment (LCA) (Finkbeiner et al. 2006) to represent the 

environmental dimension, Life Cycle Costing (LCC) to represent the economic dimension 

(Hunkeler, Rebitzer, and Lichtenvort 2008) and Social Life Cycle Assessment (SLCA) to repre-

sent the social dimension (Benoit and Mazijn 2009). LCSA is clearly life cycle based (Klöpffer 

2008), which leads to a similar modelling structure of the three integrated methods LCA, LCC 

and SLCA. The (theoretically) resulting advantage of LCSA is transparency, as it allows to iden-

tify trade-offs between the social, environmental and economic dimension (Heijungs, 

Huppes, and Guinée 2010).  

The related methods of the LCSA framework consistently state to follow the structure of LCA, 

which has already been standardized by ISO 14044, (2006). The Guidelines of SLCA accord-

ingly suggest to follow the ISO 14044, (2006) structure (Benoit and Mazijn 2009). According 

to Swarr et al. (2011) the same should apply to for LCC. These parallels in structure provide a 

common ground for the assessment of the three dimensions, such as consistent system 

boundaries and a uniform functional unit. However, the three methods have different target 

functions – e.g. environmental protection or social well-being – as they observe the same 

system from different perspectives (Wood and Hertwich 2012; Heijungs, Huppes, and Guinée 

2010). Furthermore, the three methods do not have the same level of maturity (Valdivia et 

al. 2012). Considering the long history of LCA and the fact of its standardization, it is the most 

advanced method of the three. LCC (Hunkeler, Rebitzer, and Lichtenvort 2008) is relatively 

new within the sustainability assessment framework and therefore not as sophisticated as 

LCA, even though it has long been used in the field of business administration. The interest in 

SLCA (Benoit and Mazijn 2009) has been growing since its creation; however missing consen-

sus and data hinder its comprehensive implementation (Benoît et al. 2013; Dreyer, Hauschild, 

and Schierbeck 2010; Jørgensen et al. 2010; Hunkeler 2006; Weidema 2006). 

Background and status of the three methods – LCA, SLCA and LCC – are provided in the fol-

lowing subsections (see section 2.1.1 to 2.1.3). The different perspectives and objectives as 



 Life Cycle Sustainability Assessment 

8 
 

well as obstacles (especially for the SLCA and LCC) are described, which lead to the general 

implementation challenges (addressed in section 2.2).  

2.1.1 LCA – status and implementation 

Since the publication of the ‘Guidelines for Life Cycle Assessment: A Code of Practice’ in 1993 

(SETAC 1993), LCA successively attained maturity and over the years developed towards “(…) 

best framework for assessing the potential environmental impacts of products currently avail-

able.” (European Commission 2015). With its standardization (latest version: ISO 14044 2006) 

last steps have been taken for reaching international acceptance and, currently, LCA is widely 

used to investigate the potential environmental impacts of products and processes (Klöpffer 

and Grahl 2014). Over the years several books and guidelines have been published guiding 

practitioners through LCA´s structure and fostering its implementation by also providing 

background information on usage scenarios (see e.g. Klöpffer and Grahl 2014; JRC 2010b; 

Baumann and Tillmann 2004; Guinée 2002). Broadly addressed topics in this context are: nat-

ural environment, and resource impacts (Pennington et al. 2004; UN 2007; UNEP 2012). 

LCA is generally performed through a systematic evaluation of potential environmental im-

pacts. Environmental impacts are normally determined through impact models, which are 

based on physical cause-effect chains (environmental mechanism) and follow a defined struc-

ture (compare Figure 3 and Box 2.1). 

Inventory 
indicator

SO2

Midpoint impact 
category

SO2 eq.
Classification 

Characterization

Inventory result Acidification

Endpoint impact 
category

Biodiversity loss

Potentially 
disappeared 

fraction (PDF)

Aggregation

Area of 
protection

Ecosytem quality

Extinction of 
species

 

Figure 3: Exemplary impact pathway (cause-effect-chain) of LCA adopting the specifica-
tions of ISO 14044 2006; JRC 2011; and JRC 2010a   

Impact models have for instance been developed by the Institute for Environmental Sciences 

(CML), Leiden University (Guinée 2002), or by the working group creating the ReCiPe method 

(Goedkoop et al. 2009). Box 2.1 describes the general structure of those impact models. 
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Numerous indicators relating to the impact models have been defined and implemented, de-

termining impacts on climate change, eutrophication and acidification etc. Several institu-

tions provide pre-selections of impact categories and indicators, e.g. UNEP or JRC (JRC 2011; 

UNEP and SETAC 2011; Jolliet et al. 2014).  

 

Box 2.1: Impact (characterization) models in LCA and LCSA  

All related methods of LCSA reportedly follow the structure of ISO 14044, (2006) (Benoit and 

Mazijn 2009; Swarr et al. 2011; Hunkeler, Rebitzer, and Lichtenvort 2008). Even though impact 

assessment is not mandatory according to ISO 14044, (2006) (except for studies, which are in-

tended to be used in comparative assertions and/or disclosed to the public), within LCA and 

LCSA it can be seen as targeted. The consideration of impacts provides information on the rel-

ative importance of emissions or consequences (within social or economic considerations) re-

sulting from certain actions at a proceeded stage of the cause-effect-chain (Vanclay 2002).  

Following the suggestions of ISO 14044, (2006), the impact assessment phase shall include: im-

pact categories, category indicators and characterization models (as stated in section 4.2.2 

‘Mandatory elements of LCIA’ within ISO 14044, 2006). Furthermore, environmental (social or 

economic) mechanisms shall be represented through those impact categories, category indica-

tors and characterization models. Therefore, in LCA usually a structure of midpoint and end-

point impact categories is adopted, which results from a continuous process supported by sev-

eral authors and working groups (compare e.g. Haes et al. 2002; Jolliet et al. 2004; Klöpffer and 

Grahl 2014). Inventory results are therefore connected with impact categories (usually de-

scribed as midpoint impact categories) and category endpoints (usually described by endpoint 

impact categories) (JRC 2010a). For adapting the same structure to SCLA and LCC (in the context 

of LCSA), social and economic mechanisms (often represented by means of impact pathways, 

see Jolliet et al. 2004; Jørgensen et al. 2010) should be followed. Characterization is required 

to aggregate inventory results within impact categories (midpoint or endpoint) to a common 

metric (Hunkeler 2006; ISO 14044 2006). Characterization shall be done based on scientific find-

ings following identifiable mechanisms, reproducible empirical observations or international 

agreements. The resulting characterization models may, if unavoidable, contain value-choices, 

if those reflect “environmental (social and economic) issues related to the product system being 

studied” (ISO 14044 2006). 
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Furthermore, related databases have already been established, like GaBi or ecoinvent (UNEP 

and SETAC 2011). Most of the prevailing impact categories and indicators are connected to 

the three so-called areas of protection (AoPs)2: ecosystem quality (also listed as natural envi-

ronment), resources (also named natural resources) and human health (Goedkoop et al. 

2009; JRC 2010b). Human health was originally considered within LCA. However, it may rather 

be included in SLCA, as described by Hacking and Guthrie, (2008) and UNEP, (2012). It has 

further been addressed within studies determining social risks and impacts (Norris 2006; 

Feschet et al. 2013; Chang et al. 2015; Traverso et al. 2012). Therefore, human health within 

this thesis will be attributed to SLCA to avoid double-counting and to ensure an analogous 

allocation of topics to the respective dimension. 

LCA is not perfect, even though there can be hardly any doubt about its application readiness. 

Some topics are still challenging, like toxicity (Reap et al. 2008), or not even addressed by 

impact models or indicators, like biodiversity (Klöpffer 2008). Two years ago, Finkbeiner et al. 

(2014) published a comprehensive analysis of remaining gaps and challenges in LCA, which 

relate to both scientific robustness but also implementation and preciseness. Indeed, the LCA 

method can still be improved. Nevertheless, the level of perfection LCA has reached by far 

exceeds the status of SLCA and LCC. Within this thesis, LCA will thus be considered as suffi-

cient and focus will be set on initiating further developments for SLCA and LCC to enable 

coherent enhancement of LCSA.      

2.1.2 SLCA – status and implementation 

The topic of SLCA appeared in the mid-1990s in connection with the proposed Social and 

Environmental Life Cycle Assessment (SELCA) approach (O’Brien, Doig, and Clift 1996). Later 

in the early 2000s, social aspects in context of SLCA have been addressed by several authors 

(Grießhammer et al. 2006; Dreyer, Hauschild, and Schierbeck 2006; Hunkeler 2006; 

Labuschagne and Brent 2006; Weidema 2006; Jørgensen et al. 2008) resulting in the ‘Guide-

lines of Social Life Cycle Assessment of products’ released in 2009 (Benoit and Mazijn 2009).  

                                                      
2 Areas of protection are typically understood as targets and/or objects of protection. Further information can 
be taken from the Glossary.  
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As specified by the Guidelines (Benoit and Mazijn 2009), SLCA assesses the potential social 

impacts of products in relation to the different stakeholder groups affected by the products´ 

manufacturing. Those social impacts and stakeholder groups normally relate to social AoPs. 

A commonly known and used AoP is human well-being3 (Benoit and Mazijn 2009; Jørgensen 

et al. 2008; Dreyer, Hauschild, and Schierbeck 2006; Weidema 2006), defined as the central 

goal of human activity and targeting people´s happiness, satisfaction and good living stand-

ard. The earlier mentioned LCA-related topic human health is often seen as an essential part 

of social well-being (Dreyer, Hauschild, and Schierbeck 2006; Feschet et al. 2013; Benoit and 

Mazijn 2009).      

With the Guidelines of SLCA (Benoit and Mazijn 2009) a first framework has been provided, 

defining different stakeholder groups (including related subcategories) as well as impact cat-

egories. Five stakeholder groups have been listed relating to different parts of societal sys-

tems – workers, consumers, local communities, society and value chain actors. The related 

subcategories per stakeholder group can be taken from Figure 4.  

In addition to the stakeholder groups and subcategories, two types of impact categories have 

been defined either relating to the stakeholder groups or following social impact pathways 

based on the LCA and ISO 14044 (2006) framework. In relation to stakeholder groups, six 

impact categories have been defined – human rights, working condition, health and safety, 

cultural heritage, governance and socio-economic repercussions. In relation to social impact 

pathways another two types of impact categories are distinguished – midpoint and endpoint 

categories. At the endpoint level human capital, cultural heritage and human well-being have 

been named (Benoit and Mazijn 2009). At the midpoint level health, autonomy, safety, secu-

rity, equal opportunities, participation and resource productivity have been mentioned 

(Benoit and Mazijn 2009). However, neither the stakeholder nor the pathway related impact 

categories have thoroughly been described or justified. 

                                                      
3 Often also referred to as social well-being (Benoit and Mazijn 2009) or human dignity (Dreyer, Hauschild, and 
Schierbeck 2006). 
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Figure 4: Stakeholder groups and related subcategories according to the SLCA -Guidelines, 
slightly adapted from Benoit and Mazijn (2009)  

Prior and/or in addition to the Guidelines, several authors proposed impact categories or im-

pact models (e.g. Jørgensen et al. 2008; Labuschagne and Brent 2006; Hutchins and 

Sutherland 2008; Jørgensen, Lai, and Hauschild 2010). Different paths have been explored 

trying to further develop the SLCA method. A review of SLCA studies4 revealed that commonly 

three types of social impact assessment can be distinguished – termed here as Type I, II and 

III (see Figure 5 and Figure 6).  

Type I: This approach mainly results from the stakeholder concept followed within the 

‘Guidelines for Social Life Cycle Assessment of Products’ (Benoit and Mazijn 2009). It 

focuses on so-called performance reference points to aggregate indicator results of sub-

categories, which influence different stakeholder groups (Parent, Cucuzzella, and 

                                                      
4 Respective references of the reviewed studies can be taken from the following paragraphs.  



 Life Cycle Sustainability Assessment 

13 
 

Revéret 2010; Wu, Yang, and Chen 2014). Those performance reference points “may 

be internationally set thresholds, goals or objectives according to conventions and best 

practices, etc.” (Benoit and Mazijn 2009). The performance reference points are used 

within a scoring and/or weighting system, which allow for the aggregation to 

subcategories, impact categories or even single-score values. The Type I approach has 

been addressed by e.g. Dreyer, Hauschild, and Schierbeck (2010) and included in case 

studies by e.g. Ekener-Petersen and Finnveden 2013; Martínez-Blanco et al. 2014.  

Type II: This approach follows the ‘classical’ LCA approach according to ISO 14044 (2006) 

and in the context of SLCA seeks to represent social mechanisms. It therefore follows 

the commonly adopted structure of LC(S)A (Parent, Cucuzzella, and Revéret 2010; Wu, 

Yang, and Chen 2014), as addressed in detail within Box 2.1 at the end of section 2.1.1. 

The adopted structure includes impact pathways as well as midpoint and endpoint im-

pact categories, as defined by e.g. JRC 2010a; or Jolliet et al. 2004. That implies that 

characterization models are of quantitative character to convert inventory data into 

category indicator results, i.e. into social impacts. Type II approaches are therefore es-

pecially relevant in the context of LCSA for ensuring a consistent assessment practice 

for all related methods. This type of assessments has been adopted by Hunkeler (2006) 

translating labor hours into the capacity of employees to afford housing, health care, 

education and necessities. It can also be found in e.g. Neugebauer et al. (2014), who 

provide a qualitative characterization model for fair wage as a midpoint impact cate-

gory, and in Kruse et al. (2009), who include different additive and descriptive indica-

tors targeting a decent life style. 

Type I
(stakeholder 
orientation)

Type II
(impact 

pathway)

Inventory 
indicators

Sub categories
Stakeholder 
categories

Aggregation Aggregation

Inventory 
indicators

Midpoint 
categories

Endpoint 
categories

Causal 
relation

Causal 
relation

 

Figure 5: Type I and Type II assessment structure according to Parent, Cucuzzella, and 
Revéret 2010; Wu, Yang, and Chen 2014  
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Those two assessment types (Type I and II) have earlier been discussed by Parent, Cucuzzella, 

and Revéret (2010) and again by Wu, Yang, and Chen (2014). Besides the Type I and II assess-

ment, which start from the inventory towards the stakeholder or impact category level; an-

other type of assessment practice can be described, which is newly defined within this thesis 

as Type III assessment. Those Type III assessments have firstly been implemented by Norris 

(2006) and Hutchins & Sutherland (2008) determining social impacts on human health result-

ing from a change in products´ life cycles. 

Type III: Social impact assessments of this type link socio-economic pathways through 

simplified economic modelling techniques to social endpoint impacts. Therefore, an 

empirical correlation between two parameters of interest is established in a first step 

(e.g. between income inequality and human health). In a second step, a potential social 

impact is predicted resulting from a change in a product´s life cycle (microeconomic 

level) that affect a national indicator of social sustainability (such as human health or 

social equity) based on the earlier determined empirical correlation. The approach thus 

contains aspects of consequential modelling and is to be differentiated from the classi-

cal attributional approach normally followed within LCSA. An example of this Type III 

approach has been applied by Feschet et al. (2013), who use the so-called Preston curve 

describing an empirical correlation between growth in income (measured as GDP per 

capita) and improvements in the health of a country’s population (measured as life ex-

pectancy at birth). They then apply their impact pathway to predict the potential im-

pact of a change in income levels (expressed as GDP per capita) – itself caused by a 

modification of the functioning of one product chain –  upon the health status of the 

population where this change occurred. Another study following the same modelling 

type has been presented by Bocoum, Macombe, and Revéret (2015) by using the so-

called Wilkinson pathway, which establishes a relationship between income inequality 

and health. 
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Figure 6: Type III assessment, as defined within this thesis, displaying the determination 
of social impacts through economic modelling  

All three approaches provide benefits for different cases of application. Yet, when considering 

SLCA in the context of the LCSA framework, SLCA should preferably follow the commonly 

adopted structure of LCA (JRC 2010a; Jolliet et al. 2004) in order to maintain a certain degree 

of consistency and comparability among the LCSA sub-methods (LCA, LCC and SLCA). Further-

more, a product-related approach bears advantages when aiming at the quantification of so-

cial impacts along the supply chain of a product.  

While, Type I assessments seem suitable to assess social risks for different stakeholder groups 

on a country or sectoral level; they hardly provide direct product relations and generally ne-

glect causal relations along an impact pathway. Type III assessments with their inclusion of 

correlations may appear as if they provide causal relationships. However, a correlation does 

not necessarily equal a causal relation (to differentiate from the defined Type II approach), as 

it can be random, coincidental or depending on a confounding variable not included in the 

original correlation.5 For instance, the correlations presented by Feschet et al. (2013) and 

Bocoum, Macombe, and Revéret (2015) cannot automatically be assumed causal, as they ne-

glect control variables, such as additional socioeconomic variables e.g. education, as well as 

control studies.6 Therefore, correlations can only be used for determining causal assump-

tions, if the bundle of studies performed is big enough, control studies7 are performed and 

long-term investigations are included (Goldin 2015; Adolphus, Lawton, and Dye 2013; 

                                                      
5 Further explanation and examples can be found in Goldin (2015).  
6 Picket and Wilkinson (2010) within their study on income inequality already identified education as a mediate 
factor influencing health. Braveman et al. 2005; and Geyer et al. 2006 in this context address the hen-egg-prob-
lem of the triangle income-education-health, which leads to the conclusion that correlations between two of 
those three factors cannot be investigated independently or easily. Fuchs (2004) points out that the interactions 
between health and other socio-economic variables must be investigated carefully and that hasty assumptions 
of the relation between income and health must be avoided.  
7 Control studies take into account two comparable groups or situations, which preferably differ in only one 
aspect, e.g. two groups of people are comparable in behavior, but contain two different sets of experience. If 
the results obtained through correlations are substantially different, the differences in experience may have 
caused the different outcome. (Goldin 2015)   
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Babones 2008). Another limitation of Type III assessments is that they are only useful for 

comparative assessments of products, which have a considerable share in the economic ac-

tivity of a certain country (as e.g. explicitly stated by Feschet et al. 2013). Type II assessments, 

following the traditional LCA-inspired approach, are thus more suitable for corporate or prod-

uct-related social assessments. They also target the inclusion of causal relations due to the 

followed social mechanisms. They allow for determining the social performance of products 

along the life cycle and relate inventory data on the product’s life cycle to social impacts with-

out having specific restrictions regarding the contribution of the product to the overall econ-

omy. Therefore, within this thesis the achievement of Type II approaches is targeted.  

2.1.3 LCC – status and implementation 

LCC8 was first used in the mid-1960s by the United States Department of Defense. Twenty 

years later it was taken up by the construction industry to assess building investments (in-

cluding also energy and disposal costs and setting it into an environmental context). LCC was 

originally developed to rank different investment options, but did for a long time not consider 

operating costs occurring during the product´s life time (Gluch and Baumann 2004). 

A first international standard addressing LCC was published in 2008 with ISO 15686-5 that 

defines LCC as “a technique which enables comparative cost assessments to be made over a 

specified period of time, taking into account all relevant economic factors both in term of ini-

tial costs and future operational costs” (ISO 2008). ISO provides, despite its focus on buildings 

and construction assets, comprehensive guidance on how to conduct an LCC throughout a 

product´s life cycle, including costs for the operation and end-of-life (EoL) phase.  

A similar structure has been followed within the ‘manual’ for LCC, the ‘Environmental Life 

Cycle Costing’ book published by Hunkeler, Rebitzer, and Lichtenvort (2008). It includes pro-

ducers, suppliers, consumers and EoL actors in the assessment reflecting costs associated 

                                                      
8 In literature a heterogeneous terminology is featured and LCC is inter alia referred to as Life Cycle Costing, 
Whole-Life Costing or Total Cost of Ownership (Settanni et al. 2014). However, within this thesis LCC is used as 
an umbrella term for economic life-cycle based assessment methods.    
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with a product´s life cycle. These life cycle related cost categories have already earlier been 

proposed by Grießhammer et al. (2007) differentiating different actors and/or fields. 

Hunkeler, Rebitzer, and Lichtenvort (2008) differentiate between three types of LCC – con-

ventional LCC, environmental LCC and societal LCC (see Figure 7). Conventional LCC sets the 

focus on (“real”) internal costs9, which are associated with a product´s life cycle. Environmen-

tal LCC goes beyond and includes also external costs, which are likely to be internalized in the 

decision-relevant future. In addition, within environmental LCC taxes and subsidies are con-

sidered and in parallel non-monetized LCA results can be included. Societal LCC goes even 

further by regarding all costs carried by anyone in the society, whether today or on the long-

term, through the inclusion of all external costs in a monetized form (Hunkeler, Rebitzer, and 

Lichtenvort 2008). 

R&D costs Production costs
Use & 

maintenance 
costs

EoL costs

Internal costs

External costs to be internalized

Further external costs

Societal LCC

Environmental LCC

Conventional LCC

 

Figure 7: The three types of LCC according to Hunkeler, Rebitzer, and Lichtenvort (2008) 
(slightly adapted) 

In practical application, LCC is performed from ‘cradle to grave’; and, typically, research and 

development (R&D) costs, production costs, use and maintenance cost as well as end of life 

(EoL) costs are included (Curran, Raghunathan, and Price 2004; Hunkeler, Rebitzer, and 

                                                      
9 Internal and external costs have been distinguished by Hunkeler, Rebitzer, and Lichtenvort (2008), as described 
in Box 2.3 in section 2.2.2. 
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Lichtenvort 2008; Swarr et al. 2011). Ristimäki et al. (2013) additionally mentions an interpre-

tation phase similar to LCA, addressing significant costs and aspects of uncertainty. Although 

relevant costs groups have been defined by Hunkeler, Rebitzer, and Lichtenvort (2008) and 

others, practical implementation is not straightforward and costs and related data sources 

included in case studies show inconsistencies (Wood and Hertwich 2012; Gluch and Baumann 

2004). Gluch and Baumann (2004) and also Bubeck (2002) in this context name several con-

cepts, like ‘total cost accounting’ or ‘full cost accounting’, which follow very similar ap-

proaches but foster practitioner’s uncertainty on which one to use. The cost term as such is 

not sovereign and different cost types can be differentiated, Box 2.2 gives an overview of the 

different types of  cost and defines the cost concept commonly included in LCC. 

 

Box 2.2: Types of costs included in LCC 

Generally , in accordance with definition of Hunkeler, Rebitzer, and Lichtenvort (2008), ‘Environ-

mental LCC’ only includes costs, which are connected to real money flows along the life cycle of 

a product. Therefore, the earlier mentioned external costs (compare Box 2.3) are only regarded, 

if those are to be internalized in the decision-relevant future. The types of cost commonly re-

ferred to in LCC can be described as financial costs (German: pagatorische Kosten). Financial costs 

clearly focus on real payments and therefore consider purchases as the solely relevant values 

(Bubeck 2002). Grießhammer et al. (2007) in this context mention that relevant cost data for 

upstream processes are hard to gather. They therefore conclude that in LCC assessments pur-

chase prices may be used as an approximation for costs.  

Within accounting practice, prices usually reflect the aggregated costs, which are based on the 

quantity of goods and time consumed. Those accounting costs are typically value-based and nor-

mally correspond with financial costs. However, accounting costs can also include opportunity 

costs, which broaden the cost concept and add a decision-oriented dimensions. Opportunity 

costs do not necessarily lead to expenses (e.g. when considering imputed depreciations) and can 

be used to evaluate the value of the best alternative (Bubeck 2002). They are therefore if at all 

part of societal LCC, as environmental LCC is normally limited to occurring expenses.    

http://www.linguee.de/englisch-deutsch/uebersetzung/sovereign.html
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Generally, no impact level has been considered in current assessment practice, even though 

Hunkeler, Rebitzer, and Lichtenvort (2008) earlier mentioned first impact categories – namely 

‘economic prosperity’ and ‘economic resilience’ in connection with GDP/GNP changes and 

value added. Similar to SLCA, the suggested impact categories miss further definition and de-

scription. Additionally, no impact pathway has yet been defined, which describes economic 

interrelations or connects economic impacts (e.g. at the midpoint level) to (not yet defined) 

economic AoPs (Wood and Hertwich 2012; Gluch and Baumann 2004; Neugebauer et al. 

2015; Curran, Raghunathan, and Price 2004).  

Addressing the lack of impact categories at the midpoint and endpoint level, some studies 

tried to implement a broader economic perspective compared to the restricted focus on 

costs. To name just a few: May and Brennan (2006) include value added as an economic indi-

cator and relate it to wealth generation; Kruse et al. (2009) and Thomassen et al. (2009) con-

sider value added as an (additive) economic indicator; Heijungs, Settanni, and Guinée (2012) 

calculate the value added for all processes within a product´s life cycle. Jeswani et al. (2010) 

state, that LCC allows for hotspot identification by considering the value added. Wood and 

Hertwich (2012) go even beyond and connect value added to GDP by using economic model-

ling (input output analysis) approaches and extend the classical LCC framework by drawing 

the connection between costs on the microeconomic level and effects at the macroeconomic 

level.  

Despite these first approaches to broaden LCC (also often in connection with LCSA), consen-

sus has not yet been achieved on whether and how to re-structure LCC. Discussions are on-

going if LCC´s limitation to the cost level is sufficient, especially in the context of sustainability 

(and LCSA). Although Swarr et al. (2011) stated that there is no need for characterization (as 

performed in LCA) in LCC, since costs already comprise a unit of measure; others have ad-

dressed the need for going beyond pure cost assessment. Grießhammer et al. (2007) in this 

context mention obstacles of this unit of measure due to different currencies and different 

production locations. Adding up costs across national borders does not make sense without 

accounting for the different economic situations or cost of living (when considering the em-

ployees´ perspective). Furthermore, the delineation between costs and other governmental 
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pricings, such as subsidies or different rates of interest, is not trivial. Grießhammer et al. 

(2007) therefore stress the need for including a critical review, when performing and publish-

ing a LCC study. Curran, Raghunathan, and Price (2004) criticize the classical LCC for ignoring 

causalities. Gluch and Baumann (2004) criticize the one-dimensional unit (by means of mon-

etary values) as an insufficient assumption for expressing economic sustainability. Hall (2015) 

and Wood and Hertwich (2012) agree with that view and stress that the values transported 

by LCC are not in line with the sustainability concept, as they do not capture the complete 

economic dimension of sustainability, as defined by e.g. the Rio declaration (UNCED 1992)10. 

Heijungs, Settanni, and Guinée (2012) conclude that especially in the context of sustainability 

the limitation to costs is like “(…) narrowing the environmental analysis to waste.” They add 

that further aspects, such as value added, growth, trade balance etc., are of higher interest 

in this context.   

2.1.4 Concluding remarks on LCSA´s status 

To summarize section 2.1, differences exist between the three methods LCA, SLCA and LCC. 

Those differences relate to the scientific maturity, which also influences the status of 

method´s implementation. Following previous statements in section 2.1.1, LCA contains no 

general obstacles for application; thus, is will not be further addressed within this chapter 

and no methodological developments are foreseen for LCA within this thesis. A different pic-

ture appears for SLCA and LCC. The main (methodological) differences of the three LCSA-

methods identified in section 2.1, which serve as a basis for further investigation, can be taken 

from the illustration in Figure 8. To name the most important ones: Whereas LCA already 

contains justified impact pathways, implemented characterization models and therefore 

needed indicators and described AoPs; SLCA partly contains roughly defined impact catego-

ries, described AoPs and draft versions of characterization models. For LCC consensus on how 

                                                      
10 Within the Rio declaration already trade liberations and a more equitable multilateral trading system were 
mentioned, which go beyond monetary concerns and rather focus on the establishment of non-discriminatory 
market situations around the globe. In chapter 33 of the declaration capacity-building and technical cooperation 
have been named in the context of developing countries´ equality.  
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and if to include an impact level is missing. It accordingly lacks defined AoPs and includes only 

draft versions of impact categories. 

LCA

SLCA

LCC

LCSA

Availble inventory 
indicators

Roughly defined 
impact categories Described AoPs

Justified impact 
pathways

Implemented 
characterization 

models

 

Figure 8: Methodological and implementation-related differences of the three LCSA-
methods11 

Addressing these different perspectives as well as obstacles (especially for SLCA and LCC), the 

following section will address the general implementation challenges occurring for the three 

LCSA methods.   

2.2 General implementation challenges 

By addressing the general implementation challenges for LCSA, this section takes up the first 

sub-target of the first research objective defined within this thesis (‘Identification of method-

ological and application-specific challenges’). Adding up on the differences in maturity dis-

played in Figure 8, the different concepts and assessment approaches led to inconsistent def-

initions of impact models (SLCA) or models of calculation (LCC) (as shown in section 2.1.2 and 

2.1.3). The methodological shortcomings of the methods at the same time hinder their broad 

implementation, as they trigger uncertainties on how to use them. Furthermore, definitions 

has to be specified, if the requirements of ISO 14044, (2006) should be met and the commonly 

adopted structure of LCA should be transferred to SLCA and LCC. The earlier introduced Box 

2.1 takes up this topic and addresses the steps necessary for upgrading SLCA and LCC to align 

                                                      
11 Note that the figure only addresses the methodological differences of the three methods. Differences with 
regard to data availability will be addressed in section 2.2.  
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it with the common practice adopted for LCA based on ISO 14044, (2006) as well as the ILCD 

handbooks and others (Jolliet et al. 2004; JRC 2010c; JRC 2010b; JRC 2011).  

Correspondingly, differences in practicality of LCA, SLCA and LCC result due to the amount of 

studies, as well as the consistency and sufficiency of application. While the standardized LCA 

method is widely used, the practical implementation of SLCA and LCC still appears challeng-

ing. SLCA´s lack of practical implementation mainly has two reasons: lacking consensus and 

unclear research directions, as indicated through the various approaches followed for SLCA 

(Type I, II and III – compare section 2.1.2). While different approaches also apply for LCC (e.g. 

total cost accounting, cost-benefit analysis), two additional reasons can be noted: Although, 

LCC case studies might exist on firms´ level, published studies are often missing due to confi-

dential data and high uncertainties of related data (Grießhammer et al. 2007; Bubeck 2002). 

Furthermore, several authors criticized the narrow perspective of LCC as insufficient (com-

pare section 2.1.3). As a result for both methods SLCA and LCC, no noteworthy progress has 

been made since the release of the Guidelines of SLCA (Benoit and Mazijn 2009) and the En-

vironmental LCC book (Hunkeler, Rebitzer, and Lichtenvort 2008). Heijungs, Huppes, and 

Guinée (2010) in that context mention the importance of a science-based theory, which con-

tains well recognizable aspects (e.g. crucial topics on the microeconomic or business level) to 

avoid a stalemate in improvement and implementation.  

Before mitigation of methodological differences and stimulation of LCSA´s practicality can be 

achieved, specific implementation challenges of SLCA and LCC need to be identified. On this 

basis, the following subsections display challenges related to impact models and indicators 

for SLCA and LCC. The findings serve as the basis for section 2.3, where relevant topics of LCSA 

are discussed. The identified topics will then be used for setting a criteria-based hierarchy of 

impact categories in section 3.2. 

2.2.1 Specific implementation challenges of SLCA 

Following on the findings presented in section 2.1.2, two main reasons for SLCA´s deficiencies 

could be identified: lacking consensus on which assessment approach to implement and re-

sulting confusion on which research direction to follow. In fact, the different approaches 
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(within this thesis referred to as Type I, II and III) foster inconsistencies, as the results of dif-

ferent studies can be quite contradictory. Focus has mostly been set on the representation of 

stakeholder groups without bridging the gap towards impact assessment (see e.g. Martínez-

Blanco et al. 2014). With regard to Type I assessments, clear definitions and relations between 

stakeholder groups, subcategories and impacts have so far been neglected. Thus, the pro-

posed impact categories can only be taken as first suggestions, as they are not consistent or 

applicable. Furthermore, regarding the within this thesis targeted Type II assessments, impact 

category´s assignment to the midpoint and endpoint level remains unresolved. Impact cate-

gories and AoPs lack sufficient definition and practical indicators are missing (Neugebauer et 

al. 2015; Parent, Cucuzzella, and Revéret 2010; Jørgensen et al. 2008). Consequently, due to 

this confusion of assessment approaches, databases barely include social indicators and – if 

at all – include rather risk factors than to express impacts (see e.g. SHDB 2013). Databases 

providing secondary background data are missing; although they would be necessary for 

modelling supply chain impacts in relation to products´ manufacturing.   

Furthermore, the selection of suitable impact categories and category indicators, which can 

be used to express and quantify social impacts at the midpoint and endpoint level, remains 

one of the major challenges of SLCA (Moriizumi, Matsui, and Hondo 2010; Heller and Keoleian 

2003; Bienge et al. 2009; Jørgensen et al. 2008). The definition of such indicators is a prereq-

uisite for developing characterization models, for designing social impact pathways linking 

midpoint and endpoint indicators, and for providing applicable impact assessment methods 

for SLCA (Niemeijer and de Groot 2008).  

The deficiencies identified not only prevent a broad and consistent implementation of SLCA 

but also of LCSA. Especially in connection with the LCSA framework, the question of which 

SLCA approach to follow becomes fundamental. As earlier stated in section 2.1.2, the Guide-

lines of SLCA supposedly follow the structure of ISO 14044 2006.  Following the earlier sug-

gestion of Klöpffer (2008), the same holds true for LCSA. Furthermore, consistent LCSA´s re-

sults somehow require similar styles of measurement for the three related methods. Based 

on the assumption that LCSA and SLCA follow the ISO 14044 (2006) structure, future SLCA 

approaches should logically consider this structure. Thus, further development will focus on 
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the earlier defined Type II assessments, which are based on social mechanisms or cause-ef-

fect-chains (similar to LCA), as already described in section 2.1.2. As indicated within Box 2.1, 

this also includes the consideration of midpoint and endpoint impact categories towards so-

cial AoPs. Nevertheless, the interrelations between the different midpoint and endpoint cat-

egories defined have not yet been clarified (Jørgensen, Lai, and Hauschild 2010; Dreyer, 

Hauschild, and Schierbeck 2006; Weidema 2006; Labuschagne and Brent 2006). The in section 

2.1.2 identified Type III assessments, even though they do not provide causal relations as 

such, can be of help to determine impacts at the endpoint level, as soon as the bundle of 

correlations is big enough and shows consistent evidence.  

2.2.2 Specific implementation challenges of LCC 

Although relevant costs groups have been defined by Hunkeler, Rebitzer, and Lichtenvort 

2008; and Swarr et al. 2011, the types of costs and related data sources included in case stud-

ies show inconsistencies (Wood and Hertwich 2012; Gluch and Baumann 2004). Notwith-

standing these different approaches, LCC in industry is still perceived as infrequently imple-

mented due to methodological confusion and the variety of defined concepts12, and missing 

targets (Settanni et al. 2014; Hochschorner and Noring 2011; Wood and Hertwich 2012; Hall 

2015; Gluch and Baumann 2004; Bubeck 2002; Hoogmartens et al. 2014). This becomes cru-

cial with the limitation to short-term considerations (Seuring and Müller 2008; Settanni et al. 

2014) as well as the discounting of future costs (Gluch and Baumann 2004; Grießhammer et 

al. 2007; Hochschorner and Noring 2011).  

The discussion on whether or not to include external costs13 reinforces the uncertainties. The 

discussion gained momentum for several reasons: the risk of double-counting, the unclear 

system boundary definition and the unresolved internalization approach (Rebitzer and 

                                                      
12 Gluch and Baumann (2004) name several concepts, like ‘total cost accounting’ or ‘full cost accounting’, which 
follow very similar approaches but foster practitioner’s uncertainty on which one to use. Already earlier, Bubeck 
(2002) in his dissertation mentioned similar challenges for the LCC concept and referred to the inconsistencies 
of different cost groups included depending on the approach followed. Hoogmartens et al. (2014) refer to con-
fusions in business and policy decisions due to conflicting assessment results achieved through similar but dis-
parate tools, like LCC and cost-benefit analysis.  
13 A distinction between external and internal costs is presented within Box 2.3. 
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Hunkeler 2003). Double-counting may occur when summing up costs of different perspec-

tives. For instance, consumption costs (by means of purchase prices) already include manu-

facturing and material costs and therefore cannot be summed up with calculated production 

costs for double-counting reasons. In this context, Heijungs, Settanni, and Guinée (2012) 

stress that caution is needed when considering different perspectives. Caution is needed, 

when displaying the results of the LCC, by either displaying the different perspectives sepa-

rately or by accounting for the overall value added, as suggested by e.g. Heijungs, Settanni, 

and Guinée (2012).  

 

Double-counting may also occur in the context of LCSA, as soon as e.g. environmental bur-

dens are accounted for in LCA but also in LCC via the inclusion of external costs. With this 

inclusion of external costs also an adaption of the product-related system boundaries would 

be needed, which can blur the transparency of the product system. Furthermore, there is no 

agreed practice established on how to internalize external costs in LCC, which feeds the un-

certainties through inconsistent approaches.     

Although some authors (Hunkeler and Rebitzer 2005) earlier stated that LCC is on a relatively 

fast track towards a comprehensive implementation; databases for LCC are so far not availa-

ble, except for the building and construction sector (European commission 2007; Agyapong-

Box 2.3: Internal and external costs in LCC 

Hunkeler et al. (2008) within the ‘Environmental LCC manual’ distinguish between internal and 

external costs. In this context, internal costs are understood as costs, which are directly linked 

to in the life cycle involved stakeholders. These internal costs therefore can be connected to 

the direct costs of business resulting from the processes involved in the product´s production. 

On the contrary, external costs are understood as costs, which are not directly linked to the 

product´s life cycle. External costs often relate to environmental and social impacts and lay 

typically outside the system boundary. They may therefore affect stakeholders, who have no 

direct relation to the product of consideration. Nevertheless, as soon as they are assumed to 

be internalized, e.g. due to government pricing like taxes a company has to pay, they shall be 

regarded in the assessment.  
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Kodua, Wahid, and Weston 2011). Grießhammer et al. (2007) mention the following obstacles 

for data availability: cost data are often confidential and not publicly available; management 

accounting systems are not transparent nor fully integrated in the assessment process. This 

further impedes LCC´s broad implementation, which partly explains the lack of published case 

studies in this field (Bubeck 2002; Grießhammer et al. 2007). Nevertheless, existing LCA da-

tabases (e.g. the GaBi 6.0 database) slowly start to include costs. Furthermore, management 

accounting systems may provide a limited basis for costs needed in LCC (Heijungs, Settanni, 

and Guinée 2012). In both cases, the direction of the results is not clear, as the created costs 

for one stakeholder embody benefits for another one. Especially in this context the definition 

of targets (by means of economic AoPs) would clarify the results´ direction and the perspec-

tival confusion.  

In response to all the above-mentioned challenges, the need for LCC to even exist has been 

discussed, especially within the LCSA framework. Jørgensen et al. (2013) and Rebitzer and 

Hunkeler (2003) suggest to only use LCC in the context of LCSA and to focus on the monetary 

gains and losses for the poor. Klöpffer and Ciroth (2011) in their answer to an editorial letter, 

clearly pointed out that LCC, referred to as environmental LCC, must be part of LCSA, as eco-

nomic aspects have ever played and will always play a crucial role within sustainable devel-

opment.  

The general view to include economic aspects in the LSCA framework is supported, however 

a revisited form of LCC is needed to more adequately display the economic dimension of sus-

tainability for complementing the social and environmental considerations of SLCA and LCA. 

Further discussions are ongoing regarding LCC´s limitation to the cost level, which has been 

challenged by several authors (e.g. Hall 2015; Wood and Hertwich 2012; Gluch and Baumann 

2004), as already mentioned in section 2.1.3. LCC in its current form can lead to misinterpre-

tation as it is assumed that lower costs are always beneficial and a relation to the production 

location is often neglected (Grießhammer et al. 2007; Bubeck 2002)14. This further leads to 

                                                      
14 Examples can be taken from Ristimäki et al. 2013; Woon and Lo 2016; Amienyo and Azapagic 2016; Ilg, 
Hoehne, and Guenther 2015. 
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wrong assumptions when comparing the costs per life cycle stage, as it limits the results´ in-

terpretability to the perspective of the study-executing producer. Furthermore, this narrow 

perspective of LCC together with its earlier addressed methodological challenges (as summa-

rized in section 2.1.4 and the beginning of section 2.2) hinder the comparability of achieved 

results of the three LCSA methods. Therefore, by following the assumptions presented in Box 

2.1, environmental LCC in connection with LCSA has to adopt a cause-effect-structure, which 

would require the definition of an impact level. The identification of relevant economic as-

pects plays a key role to enforce further developments, as no impact categories and AoPs 

have yet been defined. 

2.2.3 Summary of LCSA´s challenges and further research directions 

The two previous subsections displayed the challenges of SLCA and LCC in the context of 

LCSA´s implementation. Table 1 summarizes the main shortcomings. It is differentiated be-

tween methodological inconsistencies and insufficiencies, implementation obstacles and 

challenges for data availability. All identified challenges and obstacles hinder a broader prac-

tical implementation and further development of LCSA. 

Table 1: Summary of challenges and implementation obstacles for SLCA and LCC in the 
context of LCSA 

 SLCA LCC 

Methodological inconsistencies  Lacking consensus on 

which approach to follow 

(within this thesis defined 

as Type I, II and III) 

 Inconsistencies due to 

several approaches (e.g. 

total cost accounting, 

cost-benefit analysis)  

Methodological insufficiencies   Missing definitions of sub-

categories (Type I assess-

ments) 

 Missing definitions of im-

pact categories (Type I, II 

and III assessments) 

 Missing impact level 

 Missing definitions of eco-

nomic AoPs 

 Unresolved internaliza-

tion approach 

Obstacles for implementation  Inconsistent implementa-

tion of indicators and/or 

subcategories 

 Missing definitions of 

practicable indicators 

 Inconsistent implementa-

tion of cost categories 

 Unclear direction of indi-

cators due to very narrow 

perspective 
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 SLCA LCC 

Challenges for data availability  Limited secondary data 

sources in databases 

 Available databases ra-

ther provide risk factors  

 Limited secondary data 

sources in databases 

 Confidential data – just a 

few published studies 

Practical LCSA case studies are often incomplete, due to the challenges and obstacles identi-

fied within Table 1. As a result, case studies may not cover all three dimensions, they may not 

include the complete life cycle of products, they may neglect some impacts, or may not even 

state the relation between indicators and impacts (similar have been observed by Moriizumi, 

Matsui, and Hondo 2010; Heller and Keoleian 2003; Bienge et al. 2009; Heijungs, Settanni, 

and Guinée 2012). Only few LCSA studies have been conducted (e.g. Martínez-Blanco et al. 

2014; Traverso et al. 2012), which contain inconsistencies due to different approaches fol-

lowed within SLCA and LCC. This further leads to an apparently random selection of indica-

tors. In addition, data gaps occur, which are based on incomplete databases or missing data 

sources for SLCA and LCC (compare section 2.2.1 and 2.2.2). They cause further obstacles for 

LCSA´s implementation due to missing secondary data needed for practical assessments, as 

indicated by Finkbeiner et al. (2010). 

Following on the in Table 1 summarized obstacles of implementation, the selection of practi-

cal indicators can be seen as a prerequisite for a successful implementation of assessments. 

Indicators are something representing the state of a certain aspect or effect, which are used 

to measure a progress towards a stated goal, within life cycle based methods typically ad-

dressed through AoPs (compare section 2.1) (Turnbull et al. 2010; Parris and Kates 2003).  

Taking into account the role of indicators within LCSA as described in Box 2.4, besides the 

general selection of suitable indicators, the chosen level of indicators matters. Generally, in-

ventory, midpoint or endpoint indicators can be differentiated following the rationale pre-

sented in Box 2.1. According to the identified methodological challenges, especially the com-

prehensive inclusion of impact indicators (by means of midpoint and endpoint indicators) re-

quires further developments in for SLCA and LCC. 
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Targeting the alignment of the three dimensions by means of methodological developments, 

differences between the indicator levels need to be considered. Advantages and disad-

vantages can be named for the different category levels. Details can be taken from the excur-

sus presented in Box 2.5 containing a general evaluation of midpoint and endpoint impact 

categories, but also remarks for the approach followed within this thesis. This sets the basis 

for the followed direction within section 2.3 and its subsections, which also functions as a 

prerequisite for chapter 3. 

Box 2.4: Indicators within LCSA 

Indicators in general can function as variables, parameters, measures, measurement endpoints 

or thresholds and go normally beyond pure measurements or values (Heink and Kowarik 2010). 

Niemeijer and de Groot, (2008) collected different classifications and frameworks for defining 

indicators, which are quite diverse. Nonetheless, indicators have been mostly described as an 

instrument to measure a causal effect. Furthermore, indicators should be measurable, (policy) 

relevant, universally applicable and analytically resilient. 

Considering LCSA, challenges emerge, as the process related nature of indicators shows tremen-

dous differences. Whereas within LCA and LCC, indicators are almost solely of quantitative na-

ture, indicators within SLCA can be qualitative, semi-quantitative or quantitative. Particularly, the 

first one provides challenges when targeting impact models following the rationale presented in 

Box 2.1. Therefore, inventory, midpoint and endpoint categories shall be differentiated for LCSA 

describing different stages along a cause-effect-chain. The related category indicators express 

the different categories by providing concrete quantitative measures. Accordingly, qualitative in-

dicators may not apply for this purpose. 
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Considering the rationale of Box 2.5 and referring to the challenges with regard to LCA, which 

is the most advanced method within the LCSA framework (compare section 2.1); even greater 

obstacles can be expected for SLCA and LCC. For complex models like LCSA, the determination 

of quantitative endpoint categories and indicators appears challenging due to unclear inter-

relations along the impact pathways (Ingwersen et al. 2014). Bare et al. (2000) in this context 

stress that transparency is needed regarding the proven/agreed interrelations but also the 

value-choices made for determining the endpoint damage level. Midpoint categories and in-

dicators for LCSA impact a variety of endpoints, e.g. damage to human health, even though 

concrete pathways are not necessarily characterized or known (Hutchins and Sutherland 

2008; Jolliet et al. 2004). Accordingly, transparency (and knowledge) tends to be higher at the 

midpoint level compared to endpoint approaches, as they are closer to the activities of stake-

holders (Grießhammer et al. 2006). Therefore, the research and methodological develop-

ments of this thesis focus on the midpoint level, which will be further addressed in the fol-

lowing section.  

Box 2.5: Midpoint and endpoint categories within LCA and LCSA 

Following the commonly adopted practice of LCA (compare Box 2.1), impact categories within 

life cycle based methods should cover the complete impact pathway by including inventory indi-

cators, midpoint and endpoint categories (Bare et al. 2000; JRC 2010a). Inventory indicators are 

defined as simple variables (e.g. SO2 emissions), whereas midpoint impact indicators are seen as 

parameters in the environmental (social, economic) mechanism network (Bare et al. 2000). End-

point impact indicators are understood as measurement endpoints determining damage levels 

(Jolliet et al. 2004).  

Nevertheless,  controversial discussions are ongoing, whether the inclusion of midpoint or end-

point impacts is expedient (Hutchins and Sutherland 2008). Within LCA, midpoint impact catego-

ries and indicators are commonly understood as scientifically valid and easier to measure, but 

lack informative values. In contrary, endpoint impact categories and indicators display tangible 

aspects (damage levels) and results (concrete amount of damage), but face challenges with re-

gard to scientific validity (Bare et al. 2000; Hutchins and Sutherland 2008; Jolliet et al. 2004; Reap 

et al. 2008; Grießhammer et al. 2006; Jørgensen et al. 2008). 
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2.3 LCSA topics covered in impact categories and indicators 

Based on the findings presented in section 2.2.3, it appears plausible concentrating on the 

selection and definition of meaningful midpoint categories and the development of related 

midpoint indicators for all three dimensions of sustainability and their respective assessment 

tools. Therefore, within this section the second sub-target of the first research objective of 

this thesis is pursued (‘Identification of relevant topics within LCSA’).  

Prior to the development of application-oriented concepts and the promotion of methodo-

logical developments to enhance LCSA´s implementation, (inventory) indicators, impact cat-

egories and models available need to be classified. Clustering of relevant topics (e.g. global 

warming, education or value-added) for the three methods – LCA, LCC and SLCA – is therefore 

required. Especially, topics for LCC and SLCA, even if broadly discussed, are rather vague and 

often not covered by impact categories or indicators, e.g. no concrete indicator for assessing 

fair wages nor a concrete impact category for covering economic value added exist. Thus, 

prioritization potentially helps to identify further research directions targeting the alignment 

of LCSA´s related methods. The identified impact categories and indicators out of the follow-

ing sections 2.3.1 to 2.3.3, will serve as the basis for the criteria-based hierarchy in section 

3.2 and the Tiered approach concept developed and introduced in chapter 3, which provides 

guidance on indicators and impact categories and serves as the basis for the pending research 

demands of LCSA. 

2.3.1 Addressed impact categories and indicators in LCA 

Various institutions (e.g UNEP 2013; Stocker et al. 2013; WMO 2013; OECD 2008b) address 

environmental topics, which have already been covered in environmental impact categories. 

Topics in LCA normally reflect environmental concerns affecting humans, animals and plants 

(Jolliet et al. 2004). More specifically, topics, like human health (in this thesis and connected 

to SLCA – see section 2.1.2), biotic natural environment and resources (addressing the species 

occurrence and dynamics), abiotic natural environment and resources (including non-living 

materials like water and mineral resources) are addressed. Jolliet et al. (2004) further list 

man-made (biotic and abiotic) environments covering e.g. agricultural and mining activities.  
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Several sub-topics have been identified describing pollution and preventative actions and de-

termining relevant aspects and effects of the topics listed. Those include broadly known and 

accepted global warming considerations, which e.g. affect humans (through impacts on hu-

man health), biotic environments (through biodiversity loss) as well as biotic and abiotic re-

sources (through decreased availability of resources); but also consider subordinated topics 

like ionizing radiation, which may affect man-made environments and is especially relevant 

for countries depending on nuclear-power-based electricity production (Jolliet et al. 2014).  

Many of these topics have been implemented in common assessment practice by means of 

defined impact categories. Pre-selections of impact categories and indicators have been pro-

vided by several institutions and authors, like JRC (2011), UNEP & SETAC (2011), and Jolliet et 

al. (2014). As most of the defined midpoint impact categories and indicators are already in-

cluded in common assessment practice, their application is not challenged in the context of 

this thesis.15 The prevailing indicators are connected to the three AoPs of LCA: ecosystem 

quality (also listed as natural environment), resources (also named natural resources) and 

human health (Goedkoop et al. 2009; JRC 2010b). Table 2 displays a compilation of common 

midpoint impact categories of LCA, which are addressed within this thesis, including related 

indicators and impact models.16  

Table 2: Exemplary selection of impact categories (including related indicators and im-
pact models) at the midpoint level of LCA  

Impact level Impact category Indicator & Indicator results Impact model 

Midpoint 
impact cate-
gories of 
LCA 

Global climate change: Global 
warminga or Climate changeb  

Increase of infrared radiative 
forcingc & global warming po-
tential [kg CO2 eq.]a,b 

IPCC 2007d 

Stratospheric ozone depletion: 
Ozone depletiona,b,c 

Increase of stratospheric ozone 
breakdownc or concentrationb & 
ozone depletion potential [kg 
CFC-11 eq.]a,b 

WMO 1999 modele 

Acidificationa,b,c 
Increase in base satura-
tiong/proton release (H+)c & 
acidification potential [kg SO2 

Various, e.g. RAINS10 
or IIASAa, ReCiPeb, 
Seppäläf 

                                                      
15 The focus within this thesis is set on developing the assessment practice and methodological robustness of 
SLCA and LCC.  
16 As pointed out in Box 2.5, endpoint categories and indicators provide several challenges. Therefore, the se-
lection and development of proper endpoint categories and indicators will not be part of this thesis. 
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Impact level Impact category Indicator & Indicator results Impact model 

eq.]a,b or accumulated exceed-
ance (AE)f 

Eutrophicationa: Terrestrial and 
aquaticb eutrophication 

Increase of nitrogen concentra-
tion/algae growthg & eutrophi-
cation potential [kg PO4 eq.]a / 
[kg P/N eq.]b or accumulated ex-
ceedance (AE)f 

Various, e.g. CMLa, 
ReCiPeb, Seppäläf 

Ozone formation: Photo-oxi-
dant formationa or Photochemi-
cal oxidant formationb 

Tropospheric ozone formationa / 
concentration increaseg & pho-
tochemical ozone creation po-
tential [kg C2H6 eq.]a/Ozone for-
mation potential [kg NMVOC 
eq.]b 

Various (but similar 
approaches), e.g. 
UNECE trajectory 
modela or LOTOS- EU-
ROS modelb 

Ecotoxicological impacts: fresh-
water ecotoxicityh 

Average sensitivity of species 
(HC50 based on EC50) & Ecotoxi-
city potential [CTUe]h 

Scientific consensus 
model: USEtoxh  

Resource depletion: Abiotic re-
source depletiona 

Decreased resource availability 
& Abiotic depletion potential [kg 
Sb eq.] 

Various (due to un-
clear resource defini-
tion), e.g. USGS eco-
nomic reservea  

Particulate matter 
Intake fraction for fine particles 
[kg PM2.5 eq.] 

RiskPoll modelg 

Water use: Water footprinti  
Vulnerability of basins to fresh-
water depletioni & water deple-
tion index [m³depleted/m³consumed]i 

Various, e.g. WAVE 
modeli 

Land use 
Changes in soil organic matterj & 
deficit of soil organic matter 
[Mg/year) 

Model based on soil 
organic matter 

   

a (Guinée 2002)  b (Goedkoop et al. 2009)  c (ISO 14047 2002) d (IPCC 2007) 
e (WMO 2013)  f (Seppälä et al. 2006)  g (JRC 2011)  h (Rosenbaum et al. 2008) 
i (Berger et al. 2014) j (Milà i Canals et al. 2007) 
 

Even though for LCA a broad range of impact categories and indicators is available, some 

topics have not yet been sufficiently addressed or covered within life cycle impact assessment 

(LCIA). Primarily, this accounts for resource, land use and biodiversity impacts (Pennington et 

al. 2004; UN 2007; UNEP 2012). Especially the latter lacks proper definition and coverage 

(Klöpffer 2008; Curran et al. 2011; Souza, Teixeira, and Ostermann 2015). Further, consensus 

is missing regarding biodiversity´s allocation to the midpoint or endpoint level (UNEP 2012; 

JRC 2010a). Unlike biodiversity, resources and land use have been covered, but the methods 
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available do not comprehensively include all relevant aspects. Similar accounts for ionizing 

radiation, where a first model with regard to human health has been suggested (Frischknecht 

et al. 2000; JRC 2011), but ecosystems have not yet been addressed. Therefore, within this 

thesis ionizing radiation is solely represented in context of human health in SLCA.  

2.3.2 Addressed impact categories and indicators in SLCA 

Review of current SLCA studies showed, that important and often considered topics refer to 

workers or working condition (often by studying working hours, child and forced labor, as 

addressed by e.g. Hauschild, Dreyer, and Jørgensen 2008; Dreyer, Hauschild, and Schierbeck 

2006; Bienge et al. 2009; Ekener-Petersen and Finnveden 2013; Jørgensen, Lai, and Hauschild 

2010). In this context, wage levels (by e.g. Kruse et al. 2009; Neugebauer et al. 2014; Musaazi 

et al. 2015) and health17 (Norris 2006; Dreyer, Hauschild, and Schierbeck 2006; Bocoum, 

Macombe, and Revéret 2015) are usually named. Moreover, education (Weidema 2006; 

Neugebauer et al. 2014; Labuschagne and Brent 2006) and human rights, often in connection 

with gender equality and diversity, as pointed out by Bienge et al. 2009; Kruse et al. 2009, are 

mentioned, but have not yet been included into SLCA practice (Hutchins and Sutherland 

2008). Institutions, like The World Bank 2015; ILO 2008; and OECD 2008b, broadly address 

those topics as well, which underlines the need to consider them within SLCA.  

For covering those topics within SLCA, impact models and categories are needed. Although, 

the Guidelines of SLCA (Benoit and Mazijn 2009) name several impact categories, such as 

health or working condition etc. (compare section 2.1.2), their definition is vague. The cate-

gories proposed can only be understood as first suggestions and are therefore discussed 

within this section, as neither concrete definitions nor further description have been pro-

                                                      

17 Health provides some challenges with regard to its assignment to the midpoint or endpoint level. It can be 
reflected at both impact levels (midpoint and endpoint) displaying different impact and damage levels of human 
health (Goedkoop et al. 2009; JRC 2010a). As defined earlier within this thesis focus is set on midpoint impact 
categories and indicators. Therefore, health is primarily addressed in that context. Nevertheless, connections to 
the endpoint level of health are mentioned in the later context of methodological developments in chapter 4.  
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vided. It remains undefined how to characterize midpoint and endpoint categories and indi-

cators. Accordingly, hardly any quantitative impact model has been provided, in accordance 

to the requirements presented in Box 2.1.  

Some of the proposed impact categories relate to crucial topics of SLCA, which suggest their 

further consideration. The following paragraphs will clarify, which of those impact categories 

qualify for further consideration. Considering the above-mentioned studies, assignment to 

the midpoint level (according to the definitions presented in Box 2.5) is found to be justified 

for the following categories: working condition (following the definitions of Dreyer, Hauschild, 

and Schierbeck 2010; Kruse et al. 2009), fair wage (mainly following the suggestions of 

Neugebauer et al. 2014), health (following common LCA metrics like e.g. Rosenbaum et al. 

2008),  and education (mainly following the suggestions of Neugebauer et al. 2014). Even 

though human rights have not been included within an impact category, it has been broadly 

addressed in context with equality, dignity and diversity (Bienge et al. 2009; Kruse et al. 2009; 

Dreyer, Hauschild, and Schierbeck 2006; Jørgensen et al. 2008). Therefore, human rights 

should also be covered within a separate midpoint category, as it has been identified as im-

portant by several studies.  

Further impact categories, such as equal opportunities, safety, cultural heritage or govern-

ance (Benoit and Mazijn 2009) need further contemplation regarding their general consider-

ation and allocation to the midpoint or endpoint level. Although, equal opportunities are an 

important aspect of social considerations, those may be inherently covered within other im-

pact categories following the definition of Blok et al. 2013, e.g. education, fair wage or human 

rights. Therefore, the topic of equal opportunities is not included as a separate midpoint cat-

egory.  

Safety, if related to working environments, mostly describes health aspects due to accidents 

or hazardous materials and further aspects, such as hygiene and accident prevention. There-

fore, it can better be covered within the categories working condition or health to avoid dou-

ble-counting. In contrast (social) security considerations, which currently are also summa-

rized under safety should be covered in a separate impact category. (Social) security consid-

erations are described in the convention of the International Labour Organization (1952) and 
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address aspects, like insurances, sickness and unemployment benefits. In accordance with 

the definitions of Bienge et al. 2009 and Weidema 2006, social security includes work related 

issues, like contracts, but also social services, like pensions and further social provisions. 

Therefore, it is defined as an additional midpoint impact category, even though further con-

siderations will be necessary.  

Socio-economic repercussions have been mentioned in connection with HIV/AIDS (Isaksen, 

Songstad, and Spissoy 2002) or climate change (IPCC 2007). Both topics, in the context of 

SLCA, are closely related to aspects of human health. Thus, socio-economic repercussions can 

be covered within the impact category health. Therefore, within this thesis no standalone 

impact category for socio-economic repercussions is defined.   

Cultural heritage, even if broadly discussed, has only rarely been included in case studies. Yet, 

Ekener-Petersen and Finnveden (2013) address it within their social hotspot analysis of laptop 

computers. They consider connections to resource extraction, refining and recycling. 

Hunkeler, Rebitzer, and Lichtenvort (2008) mention cultural heritage in connection with in-

frastructural projects. Weidema (2006) refers to cultural heritage in connection with migra-

tion and man-made environment. Therefore, cultural heritage is included as a midpoint cat-

egory for SLCA, as it describes impacts on local communities, which in its severity is not the 

case for any other midpoint impact category defined for SLCA.   

A compilation of all SLCA midpoint categories considered within this thesis can be taken from 

Table 3. The table also includes available indicators and impact models. Respective sources 

can be taken from the table footnotes. 

Table 3: Exemplary selection of impact categories for SLCA (including available indicators 
and impact models) at the midpoint level  

Suggested midpoint  

impact category 

Potential (quantitative) 

indicators 
Impact models available 

Impact pathway  

definition 

Healtha 

Various, e.g. Humantox-
icity potential [CTUe]b or 
Ionizing radiation poten-
tial [man*Sv]c 

Various, e.g. Ionizing radia-
tion modelc or scientific 
consensus model USEtoxb 

Various, e.g. ReCiPec 
or LIMEd 
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Suggested midpoint  

impact category 

Potential (quantitative) 

indicators 
Impact models available 

Impact pathway  

definition 

Fair wage 

Relative indicator compar-
ing lowest/highest wage 
with minimum wage and 
living wagee or absolute 
fair wage value depending 
on expenses to be cover-
edg 

Relative scaling modele First qualitative impact 
pathwayse,f 

Education 

Absolute sub-indicators 
determining different lev-
els of educatione or corre-
lation-based necessity in-
dicator expressed in 
working hours neededh 

Qualitative impact modele First qualitative impact 
pathwayse 

Working condition 

Descriptive indicators de-
scribing societal values re-
lated to working condi-
tionsg or labor rights and 
indicators reflecting is-
sues like overtime, bene-
fits etc.i,j are available  

None None  

Human rights 
Qualitative indicators re-
ferring to discrimination, 
forced labor etc.j 

None 

Exemplary considera-
tion of human right as-
pects within impact 
pathways, e.g. by 
means of equality or 
discriminationj 

(Social) security None None None 

Cultural heritage  None None None 

a As described in the previous section, but also in section 2.1.2 human health aspects are included in SLCA. Earlier 
developed LCA-based impact categories can in this context serve as first approximations, as long as no compre-
hensive SLCA-based impact categories will have been achieved.  
b (Rosenbaum et al. 2008)  c (Goedkoop et al. 2009)   d (Pennington et al. 2004) 
e (Neugebauer et al. 2014)  f (Jørgensen 2010)   g (Kruse et al. 2009) 
h (Hunkeler 2006)   i (Dreyer, Hauschild, and Schierbeck 2010)   j (Jørgensen et al. 2008) 

Unlike the midpoint categories defined within LCA, which have been defined in characteriza-

tion models and addressed in case studies, most of the named midpoint impact categories 

within the SLCA Guidelines (Benoit and Mazijn 2009) have never been defined in detail nor 

have they been mentioned by SLCA case studies. Therefore, within this thesis these suggested 

midpoint categories (resource productivity, autonomy, participation and governance) are ne-
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glected. Resource productivity has been excluded, as resource aspects should rather be cov-

ered within LCA or LCC (see section 2.3.1 and 4.2.3.1). Autonomy according to Guidelines of 

SLCA (Benoit and Mazijn 2009) relates to human rights and should thus be indirectly covered 

within this impact category. Participation, even though it is relevant for workers’ motivation 

on the corporate level; its relevance and modelling aim remain unclear. So far, participation 

has only been connected to the representation of stakeholder positions but not yet to any 

social impacts (Grießhammer et al. 2007). Therefore, participation is not regarded as an ad-

ditional impact category within this thesis. The same applies to governance, which has neither 

been included in existing SLCA studies nor have related assessment targets or scope been 

defined. Following the description within the methodological sheets (Benoît et al. 2013) gov-

ernance can be either regarded within the impact category ‘working condition’, but may also 

apply to the economic dimension of LCSA.   

2.3.3 Addressed cost categories and indicators in LCC 

Unlike LCA and SLCA, impact categories have not yet been defined for LCC nor implemented 

in common assessment practice. Instead, different cost categories are generally considered 

in LCC practice (compare section 2.1.3). Those cost categories can reflect different life cycle 

stages and different perspectives addressing the different stakeholders within the supply 

chain. Commonly included in LCC (e.g. by Ristimäki et al. 2013; Martínez-Blanco et al. 2014; 

Traverso et al. 2012) are: production costs (often including material, manufacturing and labor 

costs), consumer costs (commonly including usage and maintenance costs) and EoL costs (in-

cluding dismantling cost and costs for further treatments). Further costs, such as R&D or in-

vestment costs may not as frequently be included. Yet, published case studies exist, which 

include R&D costs, e.g. as shown by Ilg, Hoehne, and Guenther (2015). The same applies to 

costs, like subsidies or capital costs, which have been included, e.g. by Woon and Lo (2016). 

Furthermore, the consideration of internalized external costs in case they are expected to be 

decision relevant (e.g. taxes), as stressed by e.g. Klöpffer (2008), has been performed by e.g. 

Bovea and Vidal (2004). Yet, in current assessments implementation of these costs remains 

unclear due to inconsistent definitions. In addition to those common cost categories, several 

authors included value added as an additive economic indicator broadening the view of LCC 
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(Kruse et al. 2009; May and Brennan 2006; Heijungs, Settanni, and Guinée 2012; Thomassen 

et al. 2009; Jeswani et al. 2010; Wood and Hertwich 2012). Value added in this sense could 

be understood as a first impact indicator, also following the definition of Hunkeler, Rebitzer, 

and Lichtenvort (2008) and the understanding of Wood and Hertwich 2012; and May and 

Brennan 2006. Even though no impact level or categories have officially been implemented 

for LCC, economic resilience and economic prosperity have been already named as economic 

impacts by Hunkeler, Rebitzer, and Lichtenvort (2008) (see Table 4). The same can be said of 

economic target functions, as May and Brennan (2006) described wealth generation as a tar-

get for economic assessments.  

Table 4 summarizes the cost categories used, and impact categories and target functions 

named for LCC and ranks them according to their status of implementation. Due to the dif-

ferent approach of LCC in comparison to LCA and SCLA, a different structure is presented 

within this table. While LCA already includes sufficient impact categories and characterization 

models and SLCA contains different proposals for impact categories, LCC is limited to different 

cost categories included in common assessments. Therefore, the table provides the cost cat-

egories commonly regarded within assessments, as well as first proposals of impact catego-

ries and target functions for future reference, which will again be taken up within the meth-

odological developments in chapter 4.   

Table 4: Representation of cost and impact categories and one target function for LCC  

 Implemented within assessments Proposed for future reference 

Cost categorya 

Production costs, normally including ma-
terial, manufacturing and labor costsb  

Consumer costs, normally including usage 
and maintenance costsc  

EoL costsd  

R&D costse  

Further costs (including subsidies, capital 
costs etc.)f 

 

Internalized external costs (e.g. through 
taxes)g 

 

Value addedh  
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 Implemented within assessments Proposed for future reference 

Potential impact cate-
gory   

 Economic resiliencei 

 
Economic prosperityi (GDP/GNP 
changes) 

Potential target function  Wealth generationj 

a The cost categories considered follow the structure of Hunkeler, Rebitzer, and Lichtenvort (2008).     

b Broadly considered e.g. by Ristimäki et al. 2013; Kruse et al. 2009; Amienyo and Azapagic 2016; Martínez-
Blanco et al. 2014; Traverso et al. 2012 
c Addressed e.g. by Ilg, Hoehne, and Guenther 2015; Ristimäki et al. 2013; Kruse et al. 2009. 
d Addressed e.g. by Ilg, Hoehne, and Guenther 2015; Amienyo and Azapagic 2016 
e Addressed by e.g. Curran, Raghunathan, and Price 2004; Ilg, Hoehne, and Guenther 2015 

f Considered e.g. by Martínez-Blanco et al. 2014; Woon and Lo 2016 
g Considered e.g. by Bovea and Vidal (2004), and somehow addressed e.g by Erlandsson and Borg 2003; 
Hofstetter and Müller-Wenk 2005 
h Suggested by Kruse et al. 2009; May and Brennan 2006; Heijungs, Settanni, and Guinée 2012; Thomassen et al. 
2009; Jeswani et al. 2010; Wood and Hertwich 2012 
i Hunkeler, Rebitzer, and Lichtenvort (2008) proposed the two impact categories, without providing further de-
scription or definition. 
j Wealth generation in context of LCC has been mentioned by May and Brennan (2006). 

2.3.4 Concluding remarks on LCSA´s covered topics 

After identifying LCSA´s implementation challenges and summarizing specific obstacles of 

SLCA and LCC in Table 1 of section 2.2.3, such as lacking consensus on the common approach 

or inconsistent implementation of indicators, the thorough selection of indicators has been 

identified as an important step towards LCSA´s enhancement. By means of a thorough selec-

tion of impact categories and indicators, the entrance level of LCSA can be lowered, which 

has been identified as an important aspects for its practical implementation (Finkbeiner et al. 

2010; Pesonen and Horn 2012). Finkbeiner et al. (2010) state that there is a need for simpli-

fying the access to LCSA for increasing its usage. Pesonen and Horn (2012) agree with this 

view and stress that the complexity of existing methods is the main obstacle for industry de-

cision makers to implement life cycle based methods for assessing sustainability. 

On this basis, section 2.3 served as a prerequisite by displaying available or described impact 

categories for LCA and SLCA as well as cost categories for LCC. The identified impact/cost 

categories and indicators serve as the basis for the criteria-based hierarchy in section 3.2 and 

the Tiered approach concept developed and introduced in chapter 3, by which suggestions 

are provided on how to lower the entrance level of LCSA.  
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3 Tiered approach concept 

After introducing the idea and concept of the Tiered approach, a criteria-based indicator hi-

erarchy is presented based on the identified impact and cost categories of section 2.3. There-

fore, within this chapter the second research objective of this thesis (‘Development of a se-

lection process by means of a conceptual approach’) is addressed. A prioritized selection of 

categories and indicators and is presented in section 3.2 functioning as a prerequisite for the 

indicator hierarchy. Therewith, the first sub-target of the second research objective (‘Ranking 

of relevant LCSA topics’) is pursued. The LCSA impact/cost categories and indicators are then 

assigned to three tiers, by which means the second sub-target (‘Guided selection of impact 

categories and indicators to enable a stepwise implementation of LCSA’) is addressed. At the 

end of this section, remaining methodological challenges are named, introduced by 

Neugebauer et al. (2015) and others, laying the foundation for the methodological improve-

ments of chapter 4. 

The Tiered approach concept is part of the publication of Neugebauer et al. (2015), article 

section 3. The findings of the cited paper; reprinted, partly adapted, updated and comple-

mented with permission of Elsevier B.V. (https://www.elsevier.com/about/company-infor-

mation/policies/copyright); are summarized in this chapter. The achieved results are based 

on the original article complemented by new findings in accordance to latest studies pub-

lished.  

3.1 Idea and development of the Tiered approach concept 

With the Tiered approach concept and its indicator hierarchy in three tiers, a first step in 

solving the dilemma of indicators´ selection in LCSA can be undertaken. Therewith, the Tiered 

approach allows for a structured implementation of LCSA, which can lead to a more con-

sistent and quicker implementation-related and methodological-wise enhancements. A thor-

ough selection of topics representing the three dimensions and considering defined impact 

categories, indicators and data available appears to be crucial in the context of those en-

https://www.elsevier.com/about/company-information/policies/copyright
https://www.elsevier.com/about/company-information/policies/copyright
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hancements. Assuming that at least (inventory) indicators are available for all three dimen-

sions, the judgement of  Niemeijer and de Groot, (2008) appears valid, who conclude that the 

bottleneck for assessments is not the lack of good indicators or good science, but rather the 

lack of a clear selection process. This selection process should also include consideration of 

available data sources, as needed data are sometimes not or only partly available (Finkbeiner 

et al. 2010). 

In accordance with the second research objective of this thesis, the two main targets of this 

section are: 

1. To provide a thorough selection of impact categories and indicators for LCSA represent-

ing the three dimensions, and 

2. To ensure data availability for the selected impact categories and indicators.  

The currently occurring lack of focus on certain (most relevant) aspects leads to shortcomings 

in target oriented method development (Niemeijer and de Groot 2008). The prioritization in 

three tiers subsequently to the impact/cost categories´ selection allows for this focus, which 

indicates directions for further methodological-wise enhancements. Therefore, a subordi-

nated target, which is linked to but goes beyond the Tiered approach and relates to the third 

objective of this thesis (see Introduction), can be defined:  

3. Initiate related method developments with regard to impact and characterization mod-

els. 

Following on the first and second target, the Tiered approach strives to enhance LCSA´s as-

sessment practice towards a more holistic approach and away from single dimension assess-

ments. Under the assumption that assessments subsist on continuity, a stepwise approach 

such as the Tiered approach allows for a simplified access into LCSA. Similar could been ob-

served for LCA. Popularity and propagation of the simplified Carbon Footprint method pro-

moted LCA by lowering the entrance level and by providing incentives for the consideration 

of further environmental aspects (Finkbeiner 2009). Afterwards, the achieved simplification 

can serve as a starting point for stepwise methodological enhancements.  
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Therefore, the differentiation in three tiers was found suitable for achieving the above-men-

tioned targets. The tiers are defined starting with easy but meaningful indicators on Tier 1 

(‘sustainability footprint’), proceeding with a state-of-the-art indicator set at Tier 2 (‘best 

practice’), concluding with a comprehensive set of indicators at Tier 3 (‘comprehensive as-

sessment’) (see Figure 9). Accordingly, Tier 1 assessments are the easiest to implement, Tier 

2 already provides some challenges and Tier 3 cannot be applied without further efforts to 

tackle data gaps and prevalent drawbacks of the LCSA framework. To provide an example: 

global climate change is easier to assess within an LC(S)A study than ecotoxicity impacts, due 

to its high data availability, high public awareness and the maturity of its characterization 

method 

Tier 3
Comprehensive assessment

Tier 2
Best practice

Tier 1
Sustainability Footprint

 Comprehensive indicator coverage
 Reflection of new topics

 State-of-the-art indicators
 Consideration of complete supply chain

 Globally relevant indicators
 Low-entry level and high practicality

 

Figure 9: Tiered approach structure including significant characteristics of the three tiers   

The so-called ‘sustainability footprint’18 considers all three sustainability dimensions by in-

cluding a limited number of indicators (more detailed descriptions follows in section 3.3). The 

‘sustainability footprint’ targets the inclusion of highly practical indicators to ensure its im-

plementation. After the first step in LCSA has been mastered, Tier 2 and 3 successively com-

plete the assessment by adding more indicators.  

The next section provides a criteria-based indicator hierarchy. Thereafter, the identified indi-

cators and respective impact categories are classified in three tiers in accordance to the cri-

teria-based evaluation. Based on this guidance methodological developments (if needed) can 

                                                      
18 In general a footprint can be described as a measure of how human activities create different kinds of burdens 
(Čuček, Klemeš, and Kravanja 2012). Enlarged for LCSA, the environmental, economic, and social dimension 
need to be included. Accordingly, for the sustainability footprint it is focused on the principle followed by the 
carbon footprint approach: Simple but valid and applicable indicators should be included.  
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be initiated, which then allows for a stepwise implementation of LCSA. Based on the defini-

tion of the three tiers a discussion and critical reflection of the concept is applied, followed 

by the identification of further research needs to enable LCSA´s implementation. 

3.2 Criteria-based hierarchy of impact and cost categories 

The criteria-based indicator hierarchy embodies the heart of the Tiered approach concept. 

The impact categories and indicators identified in section 2.3 are ranked through a criteria-

based ranking. Focus is set on midpoint categories, or respectively cost categories for LCC, 

following the rationale of Box 2.5. For enabling a meaningful ranking and subsequently rea-

sonable assignment to the three tiers within the Tiered approach concept, three criteria are 

included:  

1. Practicality of the indicator representing the impact category 

2. Relevance of the impact category  

3. Method robustness of the impact category and/or indicator  

Similar criteria have already been proposed by Jolliet et al. (2014) within their ‘Global guid-

ance on environmental LCIA indicators (…)’. Therein, they define the criterion Applicability 

(here named Practicality) by considering if inventory data are available. Relevance is de-

scribed through the importance of overall (environmental) impacts. The criterion Scientific 

validity (here called Method robustness) describes the maturity of science behind the 

method. 

In the context of this thesis, those criteria are now applied to the LCSA context, going beyond 

LCA. Therefore, Practicality refers to data availability and/or the societal awareness of the 

method. Relevance describes the relative importance of the impact category (additionally 

considering the suggestions of Niemeijer and de Groot 2008), which can be measured by the 

citation of topics by international organizations and institutions. Method robustness evalu-

ates the scientific validity of the impact and characterization models available. The ranking of 

the impact categories and indicators is performed by determining the general fulfillment of 

the criteria. Three degrees of fulfillment are defined: high, medium and low accordance.  
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As the practical implementation of LCSA has been described as a major target, ‘practicality’ 

embodies the most important criterion.19 As social and economic topics are not comprehen-

sively covered within impact models, the measuring of ‘method robustness’ includes short-

comings. The same applies for ‘relevance’ criterion in the context of LCC. LCC´s relevance and 

methodological improvements is difficult to determine, as impact models are missing and 

related topics are rarely discussed. Therefore, focus is set on the practicality of the different 

cost categories identified. The focus according to Hunkeler, Rebitzer, and Lichtenvort (2008) 

is to be set on such costs, which are important to assess the economic performance of prod-

ucts and processes. Generally, the impact categories´ and indicators´ practicality decreases 

from Tier 1 to Tier 3. The same does in general apply for the other two criteria Method ro-

bustness and Relevance.  

The following subsections display the criteria-based indicator ranking respectively for the 

LCA, SLCA and LCC. The findings are mainly based on the supplementary material presented 

in the study of Neugebauer et al. (2015). The results can be taken from the following tables 

(Table 5 to Table 7). Further and more detailed descriptions are provided within the sections 

3.3 to 3.5.  

3.2.1 Criteria-based ranking of impact categories in LCA 

This section contains the hierarchy of impact categories for LCA, which was first presented 

within the supplementary material of Neugebauer et al. (2015). The criteria-based ranking is 

performed through a colored gradation. Green coloring shows a high correspondence; light 

green coloring indicates a lower correspondence. Blue coloring shows a medium correspond-

ence, light blue coloring lower medium correspondence and so forth. Table 5 displays the 

ranked LCA midpoint impact categories starting with the most important ones.  

                                                      
19 Note that impact categories rated with high practicality do not automatically contain mature methods (which 
is rated under method robustness), but rather promising conditions data-wise. Thus, for performing a consistent 
assessment, in accordance with the description of Box 2.1, still some methodological improvements are neces-
sary. 
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Table 5: Criteria-based indicator hierarchy for the LCA midpoint impact categories 

Impact category Practicalitya Relevancea Method robustnessa 

Global climate 
change 

Overall high awareness, 
e.g. through carbon foot-
print approaches 

Data and LCI in many LCA 
software tools available 

Addressed within the sus-
tainable development 
goalsb 

Confirmed relevance due 
to Kyoto protocolc 

Classified as highly rele-
vant by e.g. UNEPd, 
OECDe, WMOf, WRIg, 
EEAh, EPAi, UBAj 

 

Overall consensus about 
IPCC2007k model 

Ranked as Level I by the 
ILCD handbookl 

Stratospheric ozone 
depletion 

Broad awareness, e.g. due 
to UBAj campaigns 

Data and LCI in many LCA 
software tools available 

Confirmed relevance due 
to Montreal protocolm 
and Gothenburg proto-
coln 

Classified as relevant by 
e.g. WMOf, UNEPd, 
OECDe, EPAi, EEAh 

Overall consensus about 
WMO1999o model  

Ranked as Level I by the 
ILCD handbookl  

Ozone formation 

Broad awareness, e.g. due 
to UBAj campaigns and sea-
sonal information (summer 
smog)  

Data and LCI in many LCA 
software tools available 

Confirmed relevance due 
to Gothenburg protocoln 

Represented within air 
quality indices (compare 
Kyrkilis et al.)p 

Classified as relevant by 
e.g. WHOq, UNEPd, 
UNECEr, EPAi, EEAh, UBAj 

Different but similar 
characterization models 
available (compare Ta-
ble 2 and ILCD hand-
bookl) 

Ranked as Level II by the 
ILCD handbookl 

Eutrophication 

Increasing awareness ac-
cording to Rönnberg, Sel-
man and Greenhalgh, and 
Carvahlos 

Data and LCI in many LCA 
software tools available 

Confirmed relevance due 
to Gothenburg protocoln 

Classified as relevant by 
e.g. UNEPd, OECDe, WRIg, 
UNECEr 

Identified as relevant for 
agricultural processes by 
e.g. Tynkkynen et al, 
Velthof et al. and Khant  

Characterization models 
available, but no consen-
sus (compare Table 2) 

Ranked as Level II by the 
ILCD handbookl 

Acidification 

Awareness due to past acid 
rain cases (EPAi, EEAh).  

Data and LCI in many LCA 
software tools available 

Confirmed relevance due 
to Gothenburg protocoln 

Implemented in the Di-
rective on “Ambient Air 
Quality and Cleaner Air 
for Europe”u  

Characterization models 
available, but no consen-
sus (compare Table 2) 

Ranked as Level II by the 
ILCD handbookl 
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Impact category Practicalitya Relevancea Method robustnessa 

Classified as relevant by 
e.g. OECDe, UNECEr, EPAi, 
EEAh 

Particulate matter 

Increasing awareness ac-
cording to EPAi and UBAj 

Few data and LCI in LCA 
software tools available, 
but with uncertainty 

Defined air quality limits 
by i.a. the European 
Commissionu 

Identified as relevant by 
e.g. EPAi, EEAh, UNEPd 

Characterization models 
available, but no consen-
sus (compare Table 2) 
and a certain inherent 
uncertainty 

Ranked as Level I by the 
ILCD handbookl 

Ecotoxicological im-
pactsv 

Lacking awareness due to 
missing assessment prac-
tice 

Data are partly provided 
within LCA software, 

Risk of neglecting sub-
stances  

Part of the Reach pro-
gram and the Basel Con-
ventionw 

Identified as relevant by 
e.g. EPAi, EEAh, UNEPd, 
UBAj 

Somehow consensus on 
USEtox modelx, even 
though the model con-
tains a certain inherent 
uncertainty 

Ranked as Level II to III 
by the ILCD handbookl 

Land use 

Lacking awareness due to 
missing assessment prac-
tice 

Data are partly provided 
within LCA software, 

Risk of neglecting sub-
stances 

Indirectly addressed 
within the sustainable 
development goalse 

Addressed by Kyoto pro-
tocolc 

Part of the REED pro-
grammey 

Identified as relevant by 
e.g. UNz, FAOaa, EEAh 

First (inconsistent) (char-
acterization) models 
(e.g. Mila i Canals et 
al.)bb 

Ranked as Level III by 
the ILCD handbookl 

Water use 

Increasing awareness due 
to the efforts of the water 
footprint network (Hoeks-
tra et al.)cc 

Data are partly provided 
within LCA software 

Identified as relevant by 
e.g. UNz, FAOaa, OECDe, 
UNEPd, UBAj, EPAi, 
UNECEo. 

Characterization models 
available (e.g. Berger et 
al.)dd   

WULCA consensus 
model in progressee 

Resource depletion 

Data are partly provided 
within LCA software, 

Risk of neglecting sub-
stances 

Adressed within the Pro-
gRess programff 

Forest, fishery and en-
ergy resources identified 
as relevant by OECDe, 
UNEPd  

Unclear impact category 
definition and considera-
tion of different re-
source types (compare 
ILCD handbookl) 

Ranked as Level II by the 
ILCD handbookl 

a Criteria gradation in high, medium and low correspondence through coloring including nuances.  
b (UN 2016a)  c (United Nations 1998)   d (UNEP 2012; UNEP 2013)   e (OECD 2008b)   
f (WMO 2013)   g (Watson et al. 2005)   h (EEA 2005)       i (EPA 2012)    
j (Schwermer 2007; Graff et al. 2014)     k (IPCC 2007)       l (JRC 2011)   
m (UNEP 2007)  n (UNECE 2012)     o (van der Voet, De Bruyn, and Tukker 2009)    
p (Kyrkilis, Chaloulakou, and Kassomenos 2007)  q (Mücke 2008)      r(UNECE 2016c)  
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s (Rönnberg and Bonsdorff 2004; Selman and Greenhalgh 2009; Carvalho and Moss 1995) 
t (Tynkkynen et al. 2014; Velthof et al. 2014; Khan and Mohammad 2014)   u (EC 2005)     
v Humantoxicological impacts are included in SLCA, as the display impacts on human health.  
w (Basel Convention 2011; European Chemicals Agency 2016)       x (Rosenbaum et al. 2008) 
y (UNEP 2016)     z (United Nations 2012)    aa (FAO 2014)    bb (Milà i Canals et al. 2007) 
cc (Hoekstra et al. 2009) dd (Berger et al. 2014)    ee (Boulay et al. 2016) ff (UBA 2012) 

3.2.2 Criteria-based ranking of impact categories in SLCA 

This section contains the hierarchy of impact categories for SLCA, first presented within the 

supplementary material of Neugebauer et al. (2015). The criteria-based ranking is performed 

through a colored gradation. Green coloring shows a high correspondence; light green color-

ing indicates a lower correspondence. Blue coloring shows a medium correspondence, light 

blue coloring lower medium correspondence and so forth. Table 6 displays the ranked SLCA 

midpoint impact categories representing the social dimension of LCSA.  

Table 6: Criteria-based indicator hierarchy for the SLCA midpoint impact categories 

Impact category Practicalitya Relevancea Method robustnessa 

Fair wage 

Overall high awareness, 
e.g. through Sweat free 
communities and Wagein-
dicator Foundationb 

Data are provided by e.g. 
ILO, The World Bank, and 
WSIc 

Applicability is straightfor-
ward, as wage assessment 
consists on a limited num-
ber of values. 

Indirectly addressed 
within the sustainable de-
velopment goalsd 

Addressed by e.g. the Fair 
Wage Networke 

Identified as relevant by 
e.g. The World Bank 
(2014), ILO (ILO et al. 
2012), UNEP/SETAC 
(2009)f 

Qualitative characteriza-
tion model available 
(compare Table 3) 

Health  

High awareness, but miss-
ing consensus on which 
health aspects to consider 

Data are partly provided by 
LCA software and UNECE, 
World Bank and WHOg 

High risk of neglecting 
health aspects 

Addressed within the sus-
tainable development 
goalsd 

Identified as generally 
relevant by e.g. WHO, 
OECD, UBAh  

Identified as relevant in 
connection with safety & 
health and working envi-
ronments by ILOi  

LCA-based characteriza-
tion models available 
(compare Table 3); how-
ever, those mostly con-
tain uncertainties e.g. 
Humantoxicity  

Education 
High awareness, but miss-
ing consensus on how to 
determine education 

Addressed within the sus-
tainable development 
goalsd 

Identified as relevant by 
e.g. The World Bank, ILO, 

Qualitative characteriza-
tion model available 
(compare Table 3) 
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Impact category Practicalitya Relevancea Method robustnessa 

Data are provided by e.g. 
UNESCO, The World Bank, 
OECD, ILOj 

Relation to functional unit 
seems challenging 

OECD, UNESCO, UNECE, 
AERAk 

Working condition 

High awareness, but miss-
ing consensus on how to 
determine working condi-
tion 

Data are mostly limited to 
working hours and are pro-
vided by ILO and The World 
Bankl  

Aspects, like child labor, 
forced labor or accidents 
tend to be randomly con-
sidered. 

Addressed within EURO-
FOUNDm and UN Global 
compactn 

Identified as relevant by 
e.g. ILO, The World Bank 
and OECDo 

No characterization 
model available, but 
first indicators relating 
to working condition 
and labor rights (com-
pare Table 3) 

(Social) security 

Awareness due to govern-
mental actions (e.g. social 
security administration of 
the USA)p  

Partly, data can be taken 
from e.g. ILOq  

Relation to functional unit 
seems challenging 

Indirectly addressed by 
UNECE within the proto-
col of civil liabilityr  

Addressed by ILO via 
safety at work and social 
security and by World 
Bank via social protection 
and labors 

No characterization 
model available (com-
pare Table 3) 

Human rights 

High awareness, but vari-
ous aspects to be consid-
ered, which may also be 
based on value choices 

Labor related data can be 
taken from e.g.  ILOt 

Relation to functional unit 
seems challenging 

Addressed within UN 
Global compactn 

Identified as relevant by 
Human Rights Watch and 
Amnesty International 
and the UNu 

No characterization 
model available (com-
pare Table 3) 

Cultural heritage 

Awareness appears to be 
low (from a European point 
of view) 

Data sources are hard to 
determine 

Relation to functional unit 
seems challenging 

Addressed in programs 
like JPI Cultural Heritagev 

Addressed by govern-
mental organizations, e.g. 
Ministry for Cultural her-
itage NZ and by UNESCOw 

No characterization 
model available (com-
pare Table 3) 

a Criteria gradation in high, medium and low correspondence through coloring including nuances. 
b (University of Amsterdam 2014; SweatFree 2013)   c (ILO 2010c; Schulten 2014; The World Bank 2015) 
d (UN 2016a)   e (FWN 2016)   f (ILO et al. 2012; The World Bank 2014b; Benoit and Mazijn 2009) 
g (The World Bank 2016b; WHO 2016; UNECE 2016c)  h (UBA 2016; WHO 2016; OECD 2016) 
i (ILO 2011b)    j (ILO 2010a; UNESCO 2011; OECD 2012; The World Bank 2013) 
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k (AERA 2016; UNECE 2016b)     l (The World Bank 2016a; ILO 2011b) 
m (Eurofound 2013)  n (UN 2016b)   o (OECD 2008b)   p (United States 2016)   
q (ILO 2016b)   r (UNECE 2016a)  s (The World Bank 2016d)       
t (ILO 2016a)    u (Human Rights Watch 2016; Amnesty International 1998; UN 2016b)      
v (JPI Cultural Heritage 2016)     w (UNESCO 2016b; UNESCO 2016a; NZ Government 2016) 

3.2.3 Criteria-based ranking of cost categories in LCC 

This section contains the indicator hierarchy, which was first presented within the supple-

mentary material of Neugebauer et al. (2015). The criteria-based ranking is performed 

through a colored gradation. Green coloring shows a high correspondence; light green color-

ing indicates a lower correspondence. Blue coloring shows a medium correspondence, light 

blue coloring lower medium correspondence and so forth. Table 7 displays the ranked LCC 

cost categories representing monetary aspects of the economic dimension of LCSA. The two 

criteria ‘method robustness’ and ‘relevance’ are hard to determine or more specifically are 

not applicable, as no impact level has been included and no justification has been provided 

by the scientific community, yet. An exception is provided by the earlier mentioned value 

added (compare sections 2.1.3 and 2.3.3), which has a certain relevance in connection with 

economic performance (compare e.g. May and Brennan 2006; Wood and Hertwich 2012). It 

is thus additionally included, even though it has not been part of the original article of 

Neugebauer et al. (2015). The change will be further justified in section 3.3, where also the 

value added term is described in more detail.  

Table 7: Criteria-based indicator hierarchy for the LCC (impact) and cost categories 

Impact category Practicalitya Relevancea Method robustnessa 

Value added 

Data are provided by man-
agement accounting prac-
ticeb and partly by The 
World Bankc 

Economic values are e.g. 
addressed by the Global 
Reporting Initiative and 
the International Mone-
tary Fundd 

No characterization 
model available, but first 
(impact) indicators for 
value added have been 
proposed (compare Ta-
ble 4, section 2.3.3). 

Production cost (in-
cluding e.g. mate-
rial, manufacturing 
and labor costs) 

Data are provided by man-
agement accounting prac-
ticeb 

Not applicable Not applicable 

Consumer costs 

Data are available through 
purchase prices; however, 
price volatility can provide 
challengese 

 Not applicable Not applicable  
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Impact category Practicalitya Relevancea Method robustnessa 

EoL costs 

Data may be available 
through waste manage-
ment and recycling man-
agement documents, but 
are usually not included in 
the pricef 

Not applicable  Not applicable  

R&D costs 

These costs are not directly 
related to the production 
and thus assumedly harder 
to assessg 

Not applicable Not applicable 

Further costs (in-
cluding subsidies, 
capital costs etc.) 

These costs are not directly 
related to the production 
and thus assumedly harder 
to assess (compare Table 4) 

Relation to functional unit 
seems challenging 

Not applicable Not applicable  

Internalized exter-
nal costs (e.g. 
through taxes) 

These costs are not directly 
related to the product (e.g. 
taxes) and thus assumedly 
harder to assess (compare 
Table 4) 

Relation to functional unit 
seems challenging 

Risk of double-counting 
may occur 

Not applicable Not applicable  

a Criteria gradation in high, medium and low correspondence through coloring including nuances. 
b (Bovea and Vidal 2004; Heijungs, Settanni, and Guinée 2012) 
c (The World Bank 2016c) 
d (Global Reporting Initiative 2013; Bems and Johnson 2015) 
e (Heijungs, Settanni, and Guinée 2012) 
f (Klöpffer 2008) 
g (Rebitzer and Hunkeler 2003) 

3.3 Tier 1 

Following the findings of the previous section and the targets defined in section 3.1, Tier 1 of 

the Tiered approach concept targets to lower the entrance level of LCSA and should consider 

impact categories or at least (inventory) indicators for all three dimensions. A lowering of the 

entrance level is likely to be achieved by focusing on the applicability of impact categories 

and indicators. Thus, indicators with high practicality (according to the criteria-based hierar-

chy presented in section 3.2.1) and good data availability are to be selected. Accordingly, the 

‘sustainability footprint’ includes well-known impact categories and indicators also easing the 
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understanding for non-expert practitioners. The indicator hierarchy presented in section 

3.2.1 provides the necessary basis for choosing suitable impact and cost categories.  

Global climate change as a midpoint impact category was found suitable for representing the 

environmental dimension within Tier 1. The impact category ‘global climate change’ showed 

high correspondence with all three criteria, as shown in section 3.2.1. Especially, practicality 

can be rated as high through broadly applied carbon footprint methods (compare e.g. 

Wiedmann and Minx 2008 or Dalgaard et al. 2014), but also relevance, as indicated by the 

Kyoto protocol (United Nations 1998) and others (e.g. IPCC 2013).  

According to Wiedmann and Minx 2008; Galli et al. 2012; Lam, Varbanov, and Klemeš 2010, 

climate change has become one of the most important environmental topics and indicators. 

In addition, the sustainable development goals (UN 2016a) define climate change as a global 

challenge underlining the pressing need to consider it within assessments. This need is further 

emphasized by various organizations, such as the Intergovernmental Panel on Climate 

Change (IPCC 2013), the World Meteorological Organization (WMO 2013), the Organisation 

for Economic Co-Operation and Development (OECD 2008a), or the United Nations Environ-

ment Programme (UNEP 2014). Correspondingly, high awareness (and also knowledge) 

across stakeholder (groups) underpins the good applicability of global climate change indica-

tors. Inventory data and characterization factors for those indicators are widely available 

(Goedkoop et al. 2009; Guinée 2002) and have already been implemented in common LCA 

software (e.g. GaBi 6.0) and carbon footprint calculators (e.g. provided by the WWF)20. 

Even though the general importance of global climate change is convincing, some cases can 

require additional considerations. Agricultural processes are for instance rather driven by 

phosphorus and nitrogen emissions through fertilizer use (Velthof et al. 2014; Tynkkynen et 

al. 2014). Thus, ‘eutrophication’ as an impact category may be more suitable for such cases 

instead of climate change and should be additionally considered at Tier 1. Although eutroph-

ication’s practicality and method robustness lies beneath that of global climate change, gen-

                                                      
20 The calculator can be accessed under http://footprint.wwf.org.uk  

http://footprint.wwf.org.uk/
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eral awareness of its risks and causes have been generally increasing in recent years. Eutroph-

ication is one impact driver in agricultural production and also functions as an indication for 

biodiversity loss (Hodgson et al. 2014; Jolliet et al. 2014). Applicability is ensured through 

common LCA software tools. Inventory data and characterization factors for related indica-

tors are also available (Goedkoop et al. 2009; Guinée 2002).  

Fair wage as a midpoint impact category appears to be suitable for representing the social 

dimension within Tier 1. It showed high compliance with two of three criteria21 (compare sec-

tion 3.2.2), which is the highest ranking of the social midpoint impact categories considered. 

Especially, for practicality reasons the midpoint category provides benefits, as fair wages can 

be calculated by using quantitative measures and by including a limited number of values 

(compare Neugebauer et al. 2014). Furthermore, fair wages have a certain relevance for pov-

erty alleviation, as indirectly stated by the sustainable development goals (UN 2016a) and 

indicated by The World Bank (2014). 

Through ‘fair wage’ the wage level of workers can be set in context to the required minimum, 

living or non-poverty wage (e.g. Schulten 2014). Fair wages thus play an essential role in sat-

isfying the workers´ basic needs, such as stable living conditions (Kenrick et al. 2010; Benoît 

et al. 2013). Although, the idea of wages enabling an individual or a family to have an ade-

quate living standard is not new (Anker 2011), a uniform definition or comprehensive cover-

age in SLCA is still missing. However, the wage discussion has gained new momentum and is 

increasing in relevance due to widening wage inequalities and low paid work situations 

(Bennett 2014). 

An respective midpoint impact category would allow for determining the time a person has 

to work to secure food, housing and education (Klöpffer 2008). Therefore, ‘fair wage’ goes 

well in line with Maslow´s pyramid of needs (Maslow 1954; Maslow 1943), describing the 

fundamentals of prosperity. Wage related data are provided by i.a. The World Bank and ILO. 

                                                      
21 As shown in the sections 2.1.2, 2.2.1 and especially 2.3.2, social impacts have only conceptually been covered 
within impact models and characterization models are broadly missing. Thus, the criterion ‘method robustness’ 
somehow lacks foundation.  
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A first qualitative characterization model to include fair wages in SLCA studies has been pro-

vided by Neugebauer et al. (2014).  

Following on the findings of 3.2.3, the two criteria ‘method robustness’ and ‘relevance’ are 

not applicable for current LCC cost categories. Those cost categories are hardly reflected 

within local or global discussions and there are no specific characterization models available 

for their calculation. Some may argue this simplicity is beneficial from a practical point of 

view; however, it also prohibits drawing conclusions on the sustainability performance of 

products due to unclear relevance and missing targets (compare section 2.2.2). Addressing 

the findings of section 2.1.3 and 2.3.322, only value added considerations partly allow for a 

criteria-based classification. Therefore, value added is chosen as an indicator for Tier 1 by 

representing a slightly broader perspective of LCC towards economic impact assessment.23  

Value added as an indicator has already been mentioned by Hunkeler, Rebitzer, and 

Lichtenvort (2008) in the context of production costs. Value added in economic considera-

tions is typically determined through revenues, costs and benefits, as e.g. defined by 

Thomassen et al. 2009; Figge and Hahn 2004; Azapagic and Perdan 2000. The value added 

can be calculated per unit, process, company or even country. This allows for determining the 

value added for different producers along the supply chain as well as for the complete life 

cycle as displayed by Wood and Hertwich 2012; Heijungs, Settanni, and Guinée 2012. On the 

corporate or product level the value added can be used as a measure for determining the 

business success and thus the economic performance (Ingwersen et al. 2014; Azapagic and 

Perdan 2000), which broadens the scope of LCC.24 It can therefore function as an indicator to 

set costs into perspective when assessing products along their life cycle (Thomassen et al. 

2009; Figge and Hahn 2004). Heijungs, Settanni, and Guinée (2012) and Hochschorner and 

                                                      
22 The value added has already been taken up as an extension of LCC by several authors (e.g. Kruse et al. 2009; 
May and Brennan 2006; Wood and Hertwich 2012). 
23 In the original manuscript (Neugebauer et al. 2015) ‘production costs’ have been included representing LCC 
within Tier 1. However, considering further studies, value added appears to be a good option for initiating eco-
nomic impact assessment. Data-related requirements have to be fulfilled, so that no shortage in practicality is 
expected.  
24 Wood and Hertwich (2012) in this context stress that the consideration of life cycle cost alone can never serve 
this purpose of determining economic well-being.  
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Noring (2011) point out that the data requirements for value added calculations do not sig-

nificantly differ from those of LCC, which qualifies the indicator for the Tier 1 level, as Bovea 

and Vidal (2004) describe these costs as conventional costs, which are easy to assess.    

The described midpoint categories of LCA and SLCA, and respectively the cost category in-

cluded for LCC, representing Tier 1, can be taken from Table 8. 

Table 8: Proposed set of impact and cost categories for Tier 1 (‘sustainability footprint’) 
within the Tiered approach.  

Impact and cost categories of Tier 1 

LCA SLCA LCC 

Global climate Change Fair wages (economic) value added 

*if assessing agricultural prod-
ucts use Eutrophication in addi-

tion 

comparison to minimum, living & 
non-poverty wages 

including e.g. expenses for 
manufacturing, labor & 

maintenance  

To summarize, Tier 1 consists of three categories representing the three sustainability dimen-

sions but also reflecting different perspectives of production processes. Therefore, value 

added addresses the producer’s perspective complementing the environmental perspective 

(by means of global climate change) and the social (worker´s) perspective (by means of fair 

wage). Furthermore, the selected indicators are generally relevant for production processes. 

However, the indicators representing the three categories do not yet follow comparable mod-

elling approaches; therefore, the indicator results must be displayed transparently and sepa-

rately. 

3.4 Tier 2 

Tier 2 broadens the ‘sustainability footprint’ defined at Tier 1. Accordingly, Tier 2 includes a 

broader variety of impact and cost categories reflecting current state-of-the-art assessment 

practices. Therefore, suggestions of international institutions and common guidelines are 

considered representing the state of the art for LCA, LCC and SLCA.  
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For LCA the handbook of the International Reference Life Cycle Data System (ILCD) describes 

different assessment stages by including different levels for midpoint impact categories (JRC 

2011). Three levels are distinguished: level I – recommended and satisfactory; level II – rec-

ommended but in need of some improvements; level III – recommended, but to be applied 

with caution. The defined impact categories on level I and II go well in line with the criteria-

based hierarchy of section 3.2.1. Therefore, the transition between level II and III serves as a 

cut-off between Tier 2 and 3. 

Tier 2 accordingly includes midpoint impact categories classified as level I and/or II. Common 

assessments normally include these indicators. They reflect the common best practice in LCA 

(Rebitzer et al. 2004). Through the extension further environmental aspects can be consid-

ered going beyond the globally relevant climate change and including also locally relevant 

impacts, such as acidification and eutrophication, or seasonal ones, like ozone formation 

(summer smog). All included impacts are covered within characterization models and have 

widely been accepted within the LCA community (Pennington et al. 2004; Jolliet et al. 2014).  

For SLCA no handbook is available providing a clear order on which impact categories to in-

clude. However, the criteria-based ranking in 3.2.2 reveals implementation potentials for the 

impact categories identified. According to this ranking, health, education and working condi-

tion appear to be more likely implemented than (social) security, human rights and cultural 

heritage. For the former three (qualitative) characterization models (health and education) 

or concrete indicators have been suggested. Furthermore, data are available due to interna-

tional organizations (compare section 2.3.2 and 3.2.2). Hence, the social pillar of Tier 2 addi-

tionally includes the midpoint categories health, education and working condition. Health has 

been broadly addressed within SLCA literature (compare sections 2.1.2 and 2.3.2), within LCA 

literature (Jolliet et al. 2014) and by numerous institutions, like WHO (2016) or OECD (2016). 

An impact and characterization model comprehensively covering health aspects in SLCA is still 

missing. Therefore, as indicated in section 2.3.2, health is considered through two midpoint 

impact categories originally located within the LCA framework. Humantoxicity, as introduced 

by (Rosenbaum et al. 2008) within the Usetox (UNEP/SETAC) toxicity model, allows for deter-

mining toxicity-related health impacts of cancer and non-cancer effects. In addition, ionizing 
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radiation (JRC 2010a) may be considered, if required due to relevant circumstances like high 

dependencies on nuclear power. Furthermore, ionizing radiation can be of importance in the 

context of mining processes, as e.g. uranium miners face an increased risk of different types 

of cancer due to radioactive radiation (Zaire et al. 1997; Möhner et al. 2006).  

Just as health, education has been broadly addressed within SLCA and LCSA literature (com-

pare sections 2.1.2 and 2.3.2). Weidema 2006 and Klöpffer 2008 describe education as rele-

vant for future sustainable development. The United Nations recently addressed it within the 

sustainable development goals (UN 2016a). Therefore, education should be considered 

within SLCA studies. A first (qualitative) characterization model has been proposed by 

Neugebauer et al. (2014). Even though no quantitative characterization has been performed, 

it includes qualitative inventory indicators as a first proxy addressing equal opportunities, lit-

eracy rate or finished degrees. Data on education are provided by different organizations, e.g. 

ILO (2010), The World Bank (2013) and OECD (2013). 

Working condition as a midpoint category is also included in Tier 2, since numerous SLCA 

studies have considered aspects formally related to working conditions (compare sections 

2.1.2 and 2.3.2). ILO 2011 and The World Bank 2016a already earlier addressed several of 

those aspects, so do different trade unions (e.g. Ver.di 2016). ILO (2011) mainly defines good 

working conditions through working time and compliance with labor laws. First descriptive 

indicators, included by Dreyer, Hauschild, and Schierbeck 2006; Kruse et al. 2009; Jørgensen 

et al. 2008, take up those points by regarding societal values related to labor rights and re-

flecting issues like overtime or benefits. Relevant data are provided by ILO (2011).  

For LCC no handbook is available providing a clear guidance on which cost categories to in-

clude. LCC´s exclusion of impact categories provides further challenges, which hinder a sound 

evaluation of relevant topics. However, as an immediate remedy of those shortcomings is 

unlikely, as already indicated in section 2.2.2, an alternative approach is needed. Therefore, 

it is proposed to at least cover different perspectives, when applying LCC. Therefore, Tier 2 

additionally includes consumer and EoL costs. It is assumed that production costs are already 

covered within the value-added considerations; thus, this cost category (as included in Table 

7) is not additionally considered, as it would lead to double-counting. Consumer costs and 
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EoL costs have already been included in LCC studies and implementation is quite straightfor-

ward (compare section 2.3.3). Consumer costs normally include purchase prices25, costs for 

energy and usage, and maintenance. Energy costs can be difficult to assess, as they strongly 

depend on the user’s behavior. EoL costs include monetary expenses for final waste and re-

cycling treatments. 

The described midpoint categories for LCA and SLCA, and respectively the cost category in-

cluded for LCC, representing Tier 2, can be taken from Table 9. 

Table 9: Proposed set of impact and cost categories for Tier 2 (‘best practice’) within the 
Tiered approach. Additions to Tier 1 are highlighted in red.  

Impact and cost categories of Tier 2 

LCA SLCA LCC 

Global climate change Fair wage (economic) value added 

Stratospheric ozone deple-
tion 

comparison to minimum, living 
& non-poverty wages 

including e.g. expenses for 
manufacturing, labor & mainte-

nance 

Ozone formation Health Consumer costs 

Eutrophication 
considering Humantoxicity im-

pacts and Ionizing radiation 
impacts 

including e.g. purchase prices, 
energy, usage costs 

Acidification Education EoL costs 

Particulate matter 
addressing e.g. equal opportu-
nities, literacy rate or finished 

degrees 

including monetary expenses 
for final waste and recycling 

treatments 

 Working condition  

 
including e.g. working hours 
and existence of labor laws 

 

To summarize, Tier 2 represents a broader view on LCSA topics by including additional impact 

and cost categories. Those allow for a more detailed picture on environmental, social and 

                                                      
25 Caution is needed in this context, as purchase prices inherently cover production costs. Therefore, the costs 
included for the different perspectives cannot be summed up.  
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economic aspects representing different concerns (e.g. local vs. global environmental im-

pacts), stakeholder groups (e.g. workers and society member), or perspectives (e.g. producer 

vs. consumer perspectives). Yet, as not the same number of categories is considered and still 

different modelling principles are followed, a transparent and separate consideration of indi-

cator result remains important.  

3.5 Tier 3 

Even though with the inclusion of Tier 2 a broad coverage of topics and perspectives have 

been reached, some topics remain unconsidered. These topics contain an inherent complex-

ity (e.g. in case of land use or toxicity impacts), missing consensus (e.g. in case of resource 

depletion) or missing definition (e.g. in case of human rights). Therefore, with the inclusion 

of those categories into Tier 3 incentives for further developments are provided. Accordingly, 

Tier 3 also provides methodological and data related challenges for practitioners; since, it 

aims at a comprehensive coverage of relevant topics within LCSA.26   

With regard to LCA, environmental issues at Tier 3 should be presented in a preferably holistic 

manner. Correspondingly, the additionally included midpoint categories address (eco-)tox-

icity aspects (e.g. Rosenbaum et al. 2008), land use (e.g. Milà i Canals et al. 2007), water use 

(e.g. Berger et al. 2014), and resource consumption (e.g. Guinée 2002). All named impact 

categories face challenges in scientific validity, even though characterization models have 

been established. Those models tend to be limited to certain aspects, e.g. the model on land 

use of  Milà i Canals et al. (2007) solely focuses on soil organic matter. At the same time, those 

topics contain a certain relevance, as indicated in section 3.2.1, for current, but also future 

generations. Therefore, they are included in Tier 3 of the Tiered approach concept.  

Similar to the environmental dimension of LCSA, SLCA impacts at Tier 3 should ensure a rather 

holistic perception of the social dimension. Building on the findings of the sections 2.3.2 and 

3.2.2, human rights, (social) security and cultural heritage are added to the social dimension 

                                                      
26 The coverage of impact/cost categories and indicators orientates on the identified ones, which have been 
listed in the sections 2.3 and 3.2. This thesis therefore does not raise a claim on absolute completeness, but 
targets the reflection of crucial topics for all three sustainability dimensions.    
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of Tier 3; even though, comprehensive impact or characterization models have not yet been 

defined. Within SLCA Human rights normally address subtopics, like child labor, forced labor, 

diversity, discrimination and equity (compare e.g. Jørgensen et al. 2010; Martínez-Blanco et 

al. 2014; Hauschild et al. 2008). Institutions, like Human Rights Watch 27  and Amnesty 

International (1998), further underline the relevance of human right considerations. Target-

ing the inclusion into future SLCA practice, the qualitative indicators or risk potentials ran-

domly considered (compare section 2.3.2) can serve as a basis for further developments. Data 

can be taken from ILO (2010c), The World Bank (2014a) and the United Nations (UN 2016c).  

The same goes for (social) security considerations. To achieve practical impact models, the 

(qualitative) indicators, e.g. described by Bienge et al. 2009 and Weidema 2006, can serve as 

a basis for further developments. Considerations addressed by several governmental institu-

tions (e.g. United States 2016) and data provided by e.g. ILO (2016b) may also be helpful.  

The inclusion of cultural heritage into future SLCA appears even more challenging. Even 

though it has often been mentioned qualitatively in the SLCA context, neither a clear outline 

nor a concrete definition has been agreed upon. However, a strong relation to local commu-

nities and different societal groups is commonly implied (compare section 2.3.2). Just a few 

institutions28 addressed cultural heritage in detail, and even fewer case studies. Nonetheless, 

background information can be taken from the Journal of Cultural Heritage, which can serve 

as a basis for a clearer impact definition. 

In addition to the different perspectives covered within Tier 2, Tier 3 targets the coverage of 

rarely considered cost categories, which contribute to significant monetary expenses in cer-

tain cases. Thus, costs for research and development (R&D), capital and infrastructure are 

added.29 In addition, internalized external costs should be considered, which relate to acci-

dents or environmental damages and which have not been considered within social or envi-

ronmental assessments. For instance, as long as e.g. health impacts have not been regarded 

                                                      
27 http://www.hrw.org/de  
28 Cultural heritage is broadly addressed by e.g. Cultural Heritage without Borders (http://chwb.org/).  
29 In this context, also the inclusion of discount rates can be relevant, as indicated by e.g. Dong et al., (2014). 
Choosing the “correct” discount rate is however controversial. Further information can be taken from the Glos-
sary.  

http://www.hrw.org/de
http://chwb.org/
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within SLCA, they should be expressed in monetary terms if possible to ensure integrity of the 

LCSA model. Here the earlier mentioned unresolved internalization approach (Rebitzer and 

Hunkeler 2003) should be part of further research directions. Data for these costs categories 

are harder to gather, as they are not easily available within management accounting systems. 

The described midpoint categories for LCA and SLCA, and respectively the cost category in-

cluded for LCC, representing Tier 3, can be taken from Table 10. 

Table 10: Proposed set of impact and cost categories for Tier 3 (‘comprehensive assess-
ment’) within the Tiered approach concept. Additions to Tier 2 are  highlighted in red. 

Impact and cost categories of Tier 3 

LCA SLCA LCC 

Global climate change Fair wage (economic) value added 

Stratospheric ozone deple-
tion 

comparison to minimum, living & 
non-poverty wages 

including e.g. expenses for 
manufacturing, labor & 

maintenance 

Ozone formation Health Consumer costs 

Eutrophication 
considering Humantoxicity im-

pacts and Ionizing radiation im-
pacts 

including e.g. purchase prices, 
energy, usage costs 

Acidification Education EoL costs 

Particulate matter 
addressing e.g. equal opportuni-
ties, literacy rate or finished de-

grees 

including monetary expenses 
for final waste and recycling 

treatments 

Ecotoxicological impacts Working condition R&D costs 

Land use including e.g. working hours and 
existence of labor laws 

Capital & infrastructure 
costs 

Water use Human rights including also e.g. subsidies 

Resource depletion including e.g. diversity, forced la-
bor and discrimination 

(Internalized) external 
costs 

 (Social) security including e.g. taxes 

 including e.g. contracts, pensions 
and further social provisions  
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Cultural heritage  

 including e.g. aspects of migration 
and man-made environment rela-

tions 
 

In summary, Tier 3 complements the impact and cost categories addressed within LCSA. 

Therefore, even categories are included, which contain shortcomings with regard to applica-

bility. As the implementation of those categories likely provides challenges, they require ad-

vanced practitioners and/or method developers. With Tier 3 an even broader consideration 

of different impacts and aspects would be achieved; however also greater uncertainty in re-

sults can be assumed. The differences in maturity between the different categories increased 

for both within and between the methods. Furthermore, given that not the same number of 

categories is considered and still different modelling principles are followed, a transparent 

and separate consideration of indicator result remains important.  

3.6 Discussion of the Tiered approach conc ept 

The Tiered approach concept provides a hierarchical structure guiding practitioners through 

LCSA. Successively, additional impact and cost categories are implemented towards a com-

prehensive assessment level starting from the basic ‘sustainability footprint’. With this sim-

plification of LCSA by means of the ‘sustainability footprint’ (Tier 1), deficiencies in results´ 

robustness may occur, as results at Tier 1 potentially contradict with results at Tier 3. Thus, 

an as beneficial identified product option at Tier 1, might turn out less sustainable after the 

Tier 2 or 3 assessments. Conclusions therefore must consider these potential uncertainties.30 

A straightforward solution to this challenge cannot be provided, as simplified approaches are 

often accompanied by a lack of informative value or at least contain limitations, as indicated 

by e.g. European Commission 2009; Pesonen and Horn 2012; Jolliet et al. 2003; Milà i Canals 

et al. 2007. Yet, correlations between different indicator results can minimize shortcomings 

which come along with simplified approaches, as shown by Berger and Finkbeiner (2011).   

                                                      
30 Similar has broadly been recognized within LCA practice, as carbon footprint results may be as well contradic-
tory in comparison to full LCA results. 
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The Tiered approach promotes the idea of getting started instead of getting lost in perfec-

tionism. The same principle has already been stated at the United Nations Conference 

(UNCED 1992). For facilitating this practical orientation of the Tiered approach concept, Tier 

1 includes impact categories, which do not require an exorbitant amount of data, which em-

body relevance in the respective dimension and which (even if not consistently) have already 

been included in case studies. At the same time, shortcomings in methodological maturity 

are accepted, which mainly apply for impact and cost categories within SLCA and LCC. While 

the LCA impact category global climate change assigned to Tier 1 has reached consensus and 

is scientifically substantiated, the two indicators fair wage (identified for the social dimension) 

and value added (representing the economic dimension) have not yet reached the same suf-

ficiency, but indicate benefits in data requirements and case study appliance.  

Naturally, the practicality decreases for Tier 2 and 3 and several challenges occur, such as 

problems in delineating between the different impact categories. For instance, health and 

working condition may contain overlaps, if their scope is not carefully defined. The same ap-

plies to equity, as it can in its different manifestations be relevant for education (as indicated 

by Neugebauer et al. 2014), but also has a certain linkage to human rights (according to e.g. 

Bienge et al. 2009). Further research therefore must also focus on the clear differentiation of 

the different impact categories defined.    

Furthermore, impact categories´ relation to the functional unit can be challenging especially 

for Tier 3 categories. Especially, SLCA and LCC include topics with societal relevance, but ra-

ther limited product relevance, e.g. social security and internalized external costs. The extent 

to which this obstacle can be solved need to be part of further research by considering also 

new approaches, such as organizational LCA (Martínez-Blanco, Finkbeiner, and Inaba 2015) 

and Social organizational LCA (Martínez-Blanco et al. 2015).  

Although, the criteria-based ranking has been performed according to best knowledge; fur-

ther research and practical case studies are needed to enable verification of the chosen im-

pact categories and indicators. Additionally, the transitions between the tiers are not very 

strict and require confirmation of practical case studies. By this means adjustments are pos-
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sible, considering that the Tiered approach concept allows for adapting new findings and in-

clusion of additional impact categories. Consequently, additional impact categories and indi-

cators are to be included, whenever new research findings are made and confirmed.  

The differences in maturity further provide some obstacles for LCSA´s interpretation, as off-

setting or compensation of results within the different dimensions is not expedient. The 

Tiered approach concept, even though it does not present solutions for the interpretation 

challenges, allows for transparently displaying the results gathered within the three methods. 

3.7 Conclusion and critical reflection of the Tiered approach concept  

The criteria-based hierarchy of the Tiered approach concept strives to enhance practical im-

plementation and further developments of the LCSA framework. The Tiered approach there-

fore functions as a prototypical selection procedure towards integrated LCSA focusing on 

practicality by means of data availability and readiness of implementation. Nevertheless, 

(methodological) challenges within the LCSA framework remain and need to be tackled, if a 

thorough and consistent assessments practice is targeted (compare Box 2.1). Those chal-

lenges have conceptually been addressed within section 2.2 and mainly result from the dif-

ferences in maturity of LCA, SLCA and LCC (Niemeijer and de Groot 2008; Pesonen and Horn 

2012). Solving those challenges is however not aimed at by means of the Tiered approach, as 

it is rather focused on initial guidance and selection of LCSA topics. 

Explicitly, the Tiered approach concept assists in:  

 Provision and ranking of relevant topics in LCSA 

 Performance of simplified LCSA assessments by means of the ‘sustainability footprint’ 

at Tier 1 

 Implementation of additional indicators through a step-by-step guidance 

By means of this simplification and guidance, methodological shortcomings (e.g. with regard 

to impact assessment) and research needs (e.g. with regard to delineation and definition of 

impact categories) can be identified. Yet, the Tiered approach does not target: 

 Tackling of those methodological shortcomings, 
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 the provision of solutions for the research needs identified, 

 the presentation of solutions for the interpretation challenge of LCSA. 

Therefore, further research focuses on those last three bullet points. Relevant research direc-

tions will be identified within the next section.  

3.8 Identified research directions  

Based on the findings in the previous section, tackling of the methodological shortcomings 

within SLCA and LCC seems to be a logical next step. It appears fundamental for this purpose 

to achieve first impact models for SLCA and LCC for aligning the assessment practice of the 

three dimensions (Hacking and Guthrie 2008). The focus of the following chapter 4 is there-

fore laid on the implementation of advanced social and economic impact models not only 

covering risk factors or cost categories, but considering interrelations along impact pathways. 

Indicators, which have already been part of practical case studies and which contain a certain 

applicability appear to be a promising basis for developing such impact models. Therefore, 

the indicators identified in section 3.3 at the Tier 1 level are selected following on the discus-

sion in section 3.6. They can assist in dissolving the methodological vacuum, in which SLCA 

and LCC seem to be trapped. 

 The different demands of SLCA and LCC are considered (as shown in the previous sections, 

mainly 2.1, 2.2 and 0). Whereas for SLCA impact categories and first impact pathways are 

available, LCC lacks both and only provides first concepts for including impacts, such as value 

added. Accordingly, different approaches are followed for aligning the LCSA methods. Devel-

opments in SLCA primarily concentrate on the achievement of concrete impact definitions 

and characterization models (focusing on Tier 1). Developments with regard to LCC have to 

previously focus on aligning its structure to the rationale of Box 2.1. Therefore, impact path-

ways for displaying economic mechanisms should be included together with suitable impact 

categories in accordance with ISO and ILCD. Concrete impact definitions and characterization 

models (also focusing on Tier 1) will then be the next step.  

Being specific, in context of the Tiered approach concept SLCA developments within this the-

sis initially focus on developing a practical but also substantiated method for determining fair 
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wage impacts based on previous work, mainly presented by Neugebauer et al. (2014). In con-

trast, LCC developments initially concentrate on proposing a new structure for economic as-

sessments in LCSA and the achievement of an economic impact pathway and related impact 

categories, before a suitable Tier 1 impact category can be defined, focusing on the identified 

indicator value added.   
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4 Methodological developments supporting the Tiered ap-

proach concept  

Building on the presented Tiered approach concept providing structure for LCSA topics, dif-

ferent methodological developments will be initiated in the following sections fostering 

LCSA´s implementation and aligning LCA, SLCA and LCC. As indicated in the previous section 

3.8  the methodological challenges are quite different for SLCA and LCC. Whereas for SLCA an 

initial classification of topics has already been achieved, LCC still faces the discussion on 

whether and which impacts categories to define. Therefore, the followed approach in the 

subsequent sections is different for the two methods. Accordingly, three main targets can be 

defined for this chapter: 

1. Fostering SLCA´s implementation through selected quantitative characterization mod-

els for assessing fair wage impacts 

2. Adapting LCC´s structure for alignment with LCA and SLCA 

3. Fostering LCC´s implementation through selected quantitative characterization mod-

els for assessing value added impacts 

Therewith, the third research objective of this thesis (‘Enhancements of LCSA´s methodologi-

cal robustness’) and the related sub-targets (‘Initiate methodological developments based on 

the guidance provided within the conceptual approach’ and ‘Focus on enhancing SLCA´s and 

LCC´s maturity’) are taken into consideration. Focus is set on the first tier for two reasons – 

firstly, the included impact and cost categories are promising for a straightforward implemen-

tation, and secondly, methodological improvements are favored due to previous work and 

studies addressing fair wages and value added. As soon as those methodological improve-

ments are achieved, the provided indicator hierarchy of the Tiered approach concept will be 

refined in chapter 5. The newly defined characterization models of the refined Tier 1 are then 

tested within the exemplary case studies in chapter 6. 

As LCA has already reached a valid and application-ready state not only for the impact cate-

gory identified within Tier 1 (global climate change), but also for various others, broad imple-

mentation and investigation of different products and processes is enabled (compare section 
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2.1.1). Therefore, LCA is not further addressed within this chapter and focus is set on meth-

odological developments of SLCA and LCC. 

4.1 Methodological developments for SLCA 

Following the Tiered approach hierarchy by particularly addressing ‘fair wage’ and displaying 

its importance, a section on the history of ‘fair wage’ within the SLCA context is included prior 

to the impact category development, to consider the related impact pathway and to define a 

suitable characterization model. The impact category ‘fair wage’ and its accompanying meth-

odological developments have been investigated within the journal publication of 

Neugebauer et al. (2016). The main findings are presented in subsection 4.1.1, reprinted and 

slightly adapted with permission of Elsevier B.V. (https://www.elsevier.com/about/company-

information/policies/copyright). 

Following from a detailed definition and description of the ‘fair wage potential’ as the social 

indicator included at the Tier 1 level, a outlook is presented addressing the latest status and 

further research needs of social impact categories for Tier 2 and 3. Therefore, the findings of 

the subsection 4.1.2 are partly based on the journal publication of Neugebauer et al. (2014); 

sections 4.2 and 5.2, reprinted and slightly adapted with permission of MDPI AG 

(http://www.mdpi.com/2071-1050/6/8/4839). Subsection 4.1.2 further considers research 

from other authors relating to health and working condition. Section 4.1.3 is complemented 

by displaying latest research results within the field of SLCA addressing (social) security, hu-

man rights and cultural heritage. 

4.1.1 Tier 1 assessment – A new characterization model for Fair wage 

This section introduces a new midpoint impact category and characterization model for fair 

wages. The considerations and requirements are therefore displayed regarding general un-

derstanding of different wage classifications used within literature and the achievement of 

first approaches within SLCA. Later a first qualitative impact pathway is presented connecting 

the proposed midpoint category to potential endpoint impacts. Although, endpoint modelling 

is not part of this thesis (as stated in chapter 2), the identification of endpoint categories was 

https://www.elsevier.com/about/company-information/policies/copyright
https://www.elsevier.com/about/company-information/policies/copyright
http://www.mdpi.com/2071-1050/6/8/4839


Methodological developments supporting the Tiered approach concept 

69 
 

found relevant for reflecting comprehensive impact models. Therewith, potential linkages 

can be indicated between the developed characterization models at the midpoint level and 

the endpoint level as well as AoPs. Yet, the considerations are limited to the identification of 

qualitative linkages, as a quantitative coverage of endpoint indicators would require further 

methodological improvements. Even for LCA still not all interrelations towards the endpoint 

level are qualified or known. Therefore, the development of quantitative endpoint categories 

and indicators will not be part of this thesis. 

4.1.1.1 Relevance and classification of wages in the context of SLCA  

Wages, income and salaries have already been mentioned by several authors and institutions 

in connection with SLCA (e.g. Anker 2011; Bennett 2014; Guzi and Kahanec 2014; Benoit and 

Mazijn 2009). In this context, the terms ‘non-poverty’ and ‘living wages’ have been broadly 

discussed. A ‘non-poverty wage’ guarantees living at a basic level of economic security above 

the poverty line, including low cost nutrition and minimum non-food necessities (Guzi and 

Kahanec 2014; Anker 2006).  

The living wage concept goes beyond that by including aspects of human dignity, as well as 

by covering not only the worker’s needs, but also basic necessities of his or her family (Anker 

2011; Benoît et al. 2013; ILO 1970). The idea of the living wage concept enabling an individual 

and his/her family to achieve an adequate living standard is not new. It has already been 

mentioned in 1894 by Ada Nield Chew, a working class mother, and was taken up again by 

the International Labour Organization (ILO), who addressed ‘living wages’ in their Constitu-

tion of 1919 (Bennett 2014; Anker 2011). A century later, a uniform definition is still missing; 

yet the living wage discussion has gained new momentum due to widening wage inequalities 

and low paid work situations (Bennett 2014). Broad consensus has been achieved that living 

wages should ensure a decent life style. Dreyer, Hauschild, and Schierbeck (2006) state in 

their study that “at least three important prerequisites for a good and decent life can be iden-

tified, ‘human health’, to live a healthy and naturally long life; ‘human dignity’, to (…) enjoy 

respect and social membership; ‘basic needs fulfillment’, to have access to food, water, 

clothes, medical care (…)”. Some even state that living wages should enable the healthy and 

educational development of related children and a decent participation in the community 
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(Anker 2011; Guzi and Kahanec 2014). According to Anker, (2011) the level of living wages 

required varies significantly depending on the country of interest and the time of inquiry. This 

is because living costs and minimum living standards are influenced by the economic devel-

opment status within a given region, as well as by prevalent societal values, such as intensity 

of consumption.  

In connection with SLCA, it is often referred to the term ‘fair wages’ or ‘fair salaries’ (Parent, 

Cucuzzella, and Revéret 2010; Klöpffer 2008; Benoit and Mazijn 2009).31 Similar to living 

wages, fair wages are often understood as essential for satisfying a worker´s and his/her fam-

ily´s basic needs to ensure stable living conditions (Kenrick et al. 2010; Benoît et al. 2013). The 

World Bank, (2014) declares fair wages as a prerequisite to poverty alleviation. Much like 

living wages, the value of fair wages is highly variable and strongly  dependent on a country’s 

situation, but also on the situation within a sector and/or organization (Neugebauer et al. 

2014).   

All three wage concepts – non-poverty, living and fair wages – can be classified by means of 

Maslow´s pyramid of needs. Living wages and fair wages go beyond non-poverty wages by 

not only fulfilling the physiological needs of workers and their families (e.g. shelter, water, 

food), but also addressing aspects of safety (see Figure 10).    

                                                      
31 Even though the Guidelines of SLCA referred to ‘fair salary’, within this thesis the term ‘fair wages’ is used to 
avoid confusion. The term ‘wages’ is commonly used in connection with labor and often understood as an "um-
brella" term for employees´ monetary compensation. Salary sometimes only covers the compensation agreed 
on for a weekly/daily work independent from time actually worked. Wages instead are often related to pieces 
or hours (Anker 2006). 
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Figure 10: Classification of wages based on Maslow´s Hierarchy of Needs (Maslow 1943)  

The delineation between living wages and fair wages is not as straightforward, because both 

concepts consider similar aspects of what guarantees a decent living. Consequently, both 

terms are often used synonymously. Yet, SLCA literature makes a clear distinction between 

both concepts. According to ‘The Methodological Sheets for Sub-categories in SLCA’ (Benoît 

et al. 2013) and other studies (Anker 2011; Giddings, Hopwood, and O’Brien 2002; Akerlof 

and Yellen 1990; Neugebauer et al. 2014; Musaazi et al. 2015; Bennett 2014) the fair wage 

concept should consider working time and equal remuneration in addition to living wage val-

ues. Working time or the (overtime) hours worked have a certain relevance in the fair wage 

context, as it is often the case that workers in developing countries work longer hours without 

being sufficiently compensated for the additional work (Anker 2011). Many studies, consid-

ered within the comprehensive review of Anker (2011), concluded that a living wage should 

be earned within the normal working time.  

Summarizing the findings of this section the different wage concepts can be ranked as dis-

played in Figure 11.  
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Figure 11: Interlinkage between different wage concepts  

Assigning income or wages to a specific impact category within SLCA provided some chal-

lenges. No consensus has so far been achieved on whether fair wages should be classified as 

an inventory result or ascribed to a midpoint impact category (Norris 2006; Hauschild, Dreyer, 

and Jørgensen 2008; Jørgensen et al. 2008). First approaches considering ‘wages’ within SLCA 

have previously been mentioned by Neugebauer et al. (2014) and Kruse et al. (2009). Further 

approaches considering income levels include that of Feschet et al. (2013) with their cross-

sectional empirical relationship between growth in income (measured as GDP per capita) and 

improvements in the health of a country’s population (measured as life expectancy at birth) 

to design their “impact pathway” for social impact assessment. Yet, the effect of income on 

population´s total health differs depending on the location of consideration. While the found 

correlation is strong for developing countries with a comparably low level of average income, 

a similar increase in health cannot be observed for developed countries, where the average 

income is generally higher (Fuchs 2004).  Extending the work of Feschet et al. (2013), Bocoum, 

Macombe, and Revéret (2015) used the so-called Wilkinson pathway, which establishes a re-

lationship between income inequality and health, describing an additional pathway for SCLA.  

Following on the earlier classification in Type I to III assessments (see section 2.1.2), the above 

mentioned approaches are quite different. Neugebauer et al. (2014) or Hunkeler 2006; 

Weidema 2006; and Kruse et al. 2009 represent the Type II approach by including social im-

pact pathways and social impacts in their considerations. Within this thesis the mentioned 
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approaches of Feschet et al. (2013) and Bocoum, Macombe, and Revéret (2015) have been 

classified as Type III approaches. Summarizing the argumentation in section 2.1.2, Type II as-

sessments follow the traditional LCA-inspired approach. They target the inclusion of causal 

relations for SLCA by considering social mechanisms and they determine the social perfor-

mance of products along their life cycles and relate inventory data to social impacts. There-

fore, the Type II approach is followed for defining a new impact category and characterization 

model for fair wages quantifying impacts at the product or corporate level in section 4.1.1.2. 

In addition, potential social impacts towards the endpoint along an impact pathway are dis-

cussed in section 4.1.1.3. While the first step embodies the core of this impact category de-

velopment, the second step rather provides tasks for further research, as quantifying impacts 

at the endpoint level is not the aim of this chapter. The basis for both – a characterization 

model for fair wage and a related impact pathway – has been provided by Neugebauer et al. 

(2014). The presented impact pathway includes two endpoints (economic welfare and human 

health) and two AoPs (social well-being and social justice). This pathway functioned as the 

conceptual basis for their qualitative characterization model developed. The characterization 

model includes several cost categories, e.g. costs for housing or food, which are then used to 

calculate a living wage value. Different ‘performance ranks’ were defined, which relate living 

wage values with minimum wages and the lowest and highest income paid to the workers. 

The qualitative approach of Neugebauer et al., (2014) provides the conceptual basis for the 

work done here, which aims to develop a quantitative characterization model. 

4.1.1.2 Quantitative fair wage characterization at the midpoint level 

To transfer the initially proposed qualitative midpoint impact from Neugebauer et al. (2014) 

into a quantitative one, a new characterization method, by means of ‘fair wage potentials’ 

(FWP), is proposed within this section. The method is proposed following on the methodo-

logical classification of section 4.1.1.1. It includes the relevant factors of a given product, 

which affect the FWP, according to the categorization of wages presented in the previous 

section. Possible links between corporate decisions at the micro (midpoint) level (e.g. work-

ers’ remuneration) and social damage factors at the macro (endpoint) level (e.g. damage to 
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human health) are shortly discussed in section 4.1.1.3 introducing first aspects for a compre-

hensive (qualitative) impact pathway. 

Following on the wage categorization in the previous section and Figure 11, determination of 

fair wages mainly depends on three country/region-specific and/or product-specific parame-

ters: 1) living wages, 2) working time and 3) income (in-)equality. For developing a character-

ization model, characterization factors for these parameters have to be operationalized and 

included in a formalized relationship. Thereby remuneration aspects of the inventory along a 

product’s life cycle (inventory data) can be transformed into FWPs. For each process n of the 

respective production location regionalized characterization factors have to be calculated 

representing a country´s and/or sector´s situation. The three parameters identified have been 

operationalized as follows:  

1) Minimum living wage: Living wages can only apply, if they are tailored for the respec-

tive situation in a certain country or region. Therefore, minimum living wages (MLWs) 

are defined describing the country-/region-specific minimum level of remuneration re-

quired to enable a decent life style for the worker and/or his/her family. Those MLWs 

ensure that costs for housing, food, health and education and further necessities can 

be covered. To determine the underlying MLWs, mainly two sources are considered 

(Guzi and Kahanec 2014; City and County of San Francisco 2014) which both cover var-

ious country situations setting a basis for the fair wage characterization.     

2) Working time: For operationalizing working time, it has to be distinguished from un-

paid overtime in order to relate time paid to time worked. Through the inclusion of 

different aspects of working time, excessive unpaid or unrewarded working hours or 

overtime can be accounted for if occurring on a regular basis. Regionalized or sector-

specific time factors allow for expression of the product-specific situation. Therefore, 

the normal contracted working time follows statutory regulations, which are depend-

ing on countries, regions or sectors (Anker 2006).  

3) Income equality: Income-related inequalities at the workplace are addressed by de-

scribing unequal pay with regard to gender or race, but also considering the total in-
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come inequality within an organization, sector or country. For this characterization fac-

tor the organizational perspective is added, as inequality can e.g. occur on a sectoral 

level, but not on an organizational level and vice versa. Ideally, this factor should func-

tion as a measure for income inequality on an organizational32 or sector level. If those 

specific measures for income inequality are not available, the income related Gini co-

efficient – available for various countries – can be used as a proxy reflecting the coun-

try-specific income distribution.  

The above considerations led to the definition of the following equations to calculate the ‘fair 

wage potential’ (FWP) expressed in ‘fair wage equivalents’ (FWeq.). In Equation 1 the region-

alized characterization factors (CFFW) are multiplied with the inventory results (by means of 

real wages (RWn) and real working time (RWTn) per process). Equation 2 provides an overview 

of the characterization factors considered for calculating the ‘fair wage equivalents’. 

Equation 1: 𝑭𝑾𝑷𝒏 =
𝑹𝑾𝒏

𝑹𝑾𝑻𝒏
× 𝑪𝑭𝑭𝑾,𝒏  

Equation 2:  𝑪𝑭𝑭𝑾,𝒏 =  
𝟏

𝑴𝑳𝑾𝒏
 × 𝑪𝑾𝑻𝒏 ×(𝟏 − 𝑰𝑬𝑭𝒏

𝟐)  

Boundary condition: (1-IEFn²) is only considered, if RWn ≤ average wage per country or sector  

FWPn – Fair wage potential [expressed in FWeq.] representing process n within a prod-

uct´s life cycle taking place at a defined location 

RWn – Real (average) wage [€/month calculated over one year], which are paid to the 

worker employed in process n 

RWTn – Real working time [hours/week] of workers performing process n (including 

vacation days and unpaid overtime) 

CFFW,n – Fair wage related characterization factor [month/€] for process n representing 

the country, region, or sector specific conditions 

                                                      
32 The organizational level included in this characterization factor has not been regarded for the factors 1) and 
2) for the following reasons: MLWs are dependent on the country or regional situation, but are independent 
from the organizational situation; the statutory working time should be regarded on a sector or country level 
and is therefore independent from the organizational policy.   
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MLWn – Minimum living wages by country, region or sector [€/month], which have to 

be paid to the worker to enable an adequate living standard for an individual and/or 

family in the respective country or region, where process n is performed 

CWTn – contracted working time [hours/week] for workers performing process n (in-

cluding vacation days) 

IEFn – (squared) inequality factor [expressed in percentages] of the organization, region 

or country where process n is performed 

With Equation 1 and 2 the above mentioned factors for determining the FWP are set in a 

formal relationship. Inventory results relating to the actual (average) remuneration and work-

ing time for the unit process n are therefore multiplied with the regionalized characterization 

factor CFFW of the same unit process. Each process-specific CFFW is threefold consisting of the 

living wage (MLWn), which characterizes the real wage (RWn); the contracted working time 

(CWTn) characterizing the inverse fraction of real working time RWTn; and a squared income 

inequality factor (IEFn), which independently from remuneration and working time accounts 

for great differences in income. The first (MLWn) and second (CWTn) characterization factor 

embody a self-evident relation to fair wage, as both characterization factors ensure the very 

basis of a fair wage, as discussed in detail within the previous section. For instance Anker 

(2011) in his investigations already pointed out the importance of minimum living wages, 

which depend on the country´s situation, as well as working time, by means of normal work-

ing time contracted. Yet, the relation between the third characterization factor (IEFn) and fair 

wages is not as straightforward and rather of normative character based on ethical values 

that suggest a wage significantly higher or lower than a societal norm is perceived as unfair. 

Based on the normative character, those inequalities only play a subordinated role within the 

fair wage considerations; therefore, they are squared to avoid exaggerated influence on the 

total result. 

Remuneration levels along the supply chain are set in relation to the characterization factors 

(CFFW), which allow for determining the distance from the required fair wage. Hereby, FWP 

values greater than one are superior over values below one. An accumulation of FWP values 

lower than one within a certain region or sector may indicate regular cases of underpayment 
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per year in those regions or sectors. Thus, the determined distance from fair wage can func-

tion as a suitable category indicator for the impact category ‘fair wage’ (compare Table 11). 

Excessive working hours and high inequalities in wages function as additional factors comple-

menting the fair wage considerations (like indicated in section 4.1.1.1). Excessive working 

hours may additionally contribute to the cases of underpayment through time lost to replace 

the lack of income. Great income inequalities may foster the imbalance between richer and 

poorer society members. Both working time and inequality aspect lead to a downwards cor-

rection of the total FWP. Especially the IEF should only be applied, if the real wage paid to the 

worker is equal or below the average wage (also following on the argumentation above). 

Therewith punishment of companies paying better than their competitors is avoided. Further 

weaknesses of these parameters as measures of the different factors considered in the defi-

nition of fair wages will be discussed in section 4.1.1.4.  

Equation 1 and 2 orientate on the “classical” characterization procedure of life cycle impact 

assessment (LCIA) like defined within ISO 14044 (2006): “Characterization models reflect the 

(environmental) mechanism by describing the relationship between the LCI results, category 

indicators and, in some cases, category endpoint(s).” 

This logic is transferred to SLCA by establishing a relationship between real wages at the social 

life cycle inventory (SLCI) level and fair wages at the midpoint level expressed in units of FWeq. 

(category indicator result) in accordance to the rationale presented in Box 2.1. Therefore, 

Equation 1 and 2 aim to express midpoint related consequences of wages, present a numer-

ical indicator result by means of FWeq. and provide a method to carry out social impact as-

sessment. In addition to the general LCIA requirements and recommendations, a regionalized 

characterization model is proposed, which is essential in the context of wages especially 

MLWs.  

Summarizing the developed characterization model, Table 11 provides an overview of the 

proposed midpoint impact category ‘fair wage’ for SLCA. 
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Table 11: Clarification and classification of terms for the proposed ‘fair wage’ midpoint 
category 

Impact category Fair Wage  

Inventory result Real (average) wages paid to the workers per month and year 

and real working time per worker 

Characterization model Proposed model within this thesis and the related publication 

of Neugebauer et al. 2016 

Category indicator Distance from fair wage 

Characterization factor Fair wage potential (FWP) for each group of workers per pro-

cess [FWeq / group of worker] 

Category indicator result Fair wage equivalents per process and/or functional unit 

Category endpoint Social well-being by means of Social Equity, Economic welfare, 

Human Health (qualitative relations are introduced in section 

4.1.1.3) 

Social relevance The cases of underpayment function as a proxy for poverty al-

leviation and a decent life style. 

The presented impact category and the introduced FWP may serve as a measure of the social 

sustainability performance of a product and/or company. Thus, FWPs can provide a decision 

support with regard to social impacts on workers along a product´s life cycle. With the FWPs, 

hotspots along a product´s life cycle can be identified. By averaging the single FWPs of the 

different worker groups and life cycle stages, the fair wage impact of product A can be com-

pared with the one of product B.  

The developed characterization model will be tested in three exemplary case studies in chap-

ter 6 addressing tomato production, pedal electric cycles and modular machine tool frames. 

The in the original article of Neugebauer et al. 2016 (see Annex) included comprehensive da-

tabase allows for the calculation of regional characterization factors (CFFW) and includes sec-

ondary wage data. Thus, the FWPs for the three case studies can be calculated along their life 

cycles. The included data tables can be downloaded under https://www.see.tu-ber-

lin.de/menue/forschung/ergebnisse/fair_wage_aequivalente/. 

 

https://www.see.tu-berlin.de/menue/forschung/ergebnisse/fair_wage_aequivalente/
https://www.see.tu-berlin.de/menue/forschung/ergebnisse/fair_wage_aequivalente/
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4.1.1.3 Qualitative fair wage characterization towards the endpoint level  

To provide qualitative relations between the introduced midpoint category and the social 

mechanisms towards the endpoint level, a qualitative impact pathway is introduced. By this 

means interlinkages to social endpoint categories as well as AoPs are provided to qualitatively 

address important impacts, which may result from unfair/insufficient wage levels. This link-

age between midpoint impacts and endpoint damages is especially in SLCA not straightfor-

ward as no social mechanisms (equivalent to environmental mechanisms in LCA) have yet 

been defined. However, the earlier introduced Type III models (e.g. Hutchins and Sutherland 

2008; Norris 2006; Feschet et al. 2013; Bocoum, Macombe, and Revéret 2015), which con-

sider empirical relations focusing on social aspects, may be used for developing such social 

mechanisms. In addition, relevant studies on fair wages are included as well as socio-eco-

nomic studies which add up on the discussion within the SLCA community. It is important to 

point out, that the aim hereby is not to present a finalized social pathway and an aggregation 

model which translates midpoint impacts into social damages at the endpoint level. The con-

crete determination of those social damages as well as the concrete aggregation will be part 

of further research. The aim of this section is to suggest and discuss possible (endpoint) ef-

fects which may result from the midpoint impact category ‘fair wage’ and to present a con-

ceptual qualitative social mechanism that could serve as a basis for future impact model de-

velopment.   

Hutchins and Sutherland (2008) underline the general relevance of (fair) wages within the 

societal context by referring to the UN division on sustainable development, which also re-

leased the sustainable development goals (UN 2016a). Those include social considerations on 

poverty, living conditions, nutritional status, and life expectancy etc., which all to a certain 

extent depend on the economic resources available to a family and, thus, on the wage that 

the working family members receive. Flows, such as employees’ wages are therefore linked 

to social sustainability indicators at the endpoint level (Hutchins and Sutherland 2008). Ac-

cording to the suggestions of Neugebauer et al. (2014) and the findings of sections 4.1.1.1, 

three potential endpoint categories and two areas of protection (AoPs) were found relevant 

for the impact pathway originating from the midpoint indicator fair wage potential: human 
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health, economic welfare, and (social) equity as endpoint indicators; and social well-being 

and social justice as AoPs (see Figure 12).  

Human health as an endpoint indicator has been part of the LCSA framework for a long time 

(compare section 2.1.1 and 2.1.2). It is one of the classical three endpoints evaluated in envi-

ronmental LCAs and for consistency reasons, several authors have suggested to instead con-

sider it within SLCA. In this context, A close connection between social well-being and human 

health has been determined by several authors (e.g. Norris 2006; Dreyer, Hauschild, and 

Schierbeck 2006). The relevance of fair wage appears straightforward, as insufficient wages 

determine the nutritional status and the life expectancy, which can negatively influence pop-

ulation´s health (Neugebauer et al. 2014). Hutchins and Sutherland (2008) draw first empirical 

relations with regard to SLCA, indicating that changes in corporate supplier decisions e.g. with 

regard to labor equity (using wages and compensation packages as a unit of measure) influ-

ence populations health on a broader scale (using infant mortality as a unit of measure). A 

similar approach has been followed by Bocoum, Macombe, and Revéret (2015), who link in-

come distribution/inequality and population´s health status through a simplified empirical 

regression model based on the Wilkinson pathway (Picket and Wilkinson 2010). They more 

specifically determine how changes in a product's supply chain can result in changes in the 

income distribution of the affected population, and in return, in its health status. 

Neugebauer et al. (2014)  propose economic welfare as a second endpoint category address-

ing the interlinkage between social and economic topics. They indicate a connection between 

fair wages and welfare mainly through the work of Atkinson 1970; De Maio 2007; Zieschank 

and Diefenbacher 2012; Talberth, Cobb, and Slattery 2007; and Costanza et al. 2004, who all 

conclude that the level of income and its distribution should be part of welfare considera-

tions. For instance, Zieschank and Diefenbacher (2012) find that the more unequal the in-

come distribution the lower the National Welfare Index (NWI) (if all other conditions remain 

the same). The German Enquete Commission on growth, wealth and life quality (Deutscher 

Bundestag 2013) defines the NWI as a complementing measure of welfare. With the enlarged 

GDP, the Commission addresses the need to broaden the common GDP indicator and its clas-

sical focus on absolute income and growth. Still the average gross income determines the 
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material prosperity, yet it is complemented by nine sub-indicators addressing different socio-

economic, economic and environmental concerns, e.g. income inequality determining socie-

tal participation. In fact, according to the Commission, the distribution of income is of great-

est importance, as it significantly influences the standard of living and therewith populations´ 

health and education as well as crime rates (which was also investigated by Picket and 

Wilkinson 2010). Earlier, Akerlof and Yellen (1990) within their study on fair wages address 

the connection of fair wages and equity and point out that work efforts and quality correlate 

with equal remuneration. They therewith underline the influence of fair wages on economic 

welfare, as a drop in work efforts and quality may also lead to a decrease in welfare in the 

long-term. Economic welfare can also be interpreted in the context of prosperity, which to a 

certain degree depends on economic resources available to a family and thus on fair wages, 

as indicated by Hutchins and Sutherland (2008). If Pradhan and Ravallion (2011) are right and 

the poverty line or respectively the fair wage considerations are indeed a measure of individ-

ual´s economic welfare, then it should be possible to determine an impact on the macro-level 

resulting from the earlier presented FWP. Therefore, economic welfare would be (beside 

other factors as addressed by German Enquete Commission) influenced by the absolute level 

of income, the inequality in income, but also the time spent for generating this income, which 

are all factors regarded within the FWP.   

Extending the work of Neugebauer et al. (2014), (social) equity is proposed as an additional 

AoP following on the principles of the Brundtland Commission (United Nations 1987) and the 

Rio Summit (UNCED 1992). Even though both sources did not directly link equity and income, 

they call for fairer distribution of income and for considering the poverty line when determin-

ing an individual´s remuneration. In the social sustainability context, Hutchins and Sutherland 

(2008) take up on that by connecting poverty and income inequality to the defined endpoint 

indicator equity. In the fair wage and SLCA context, Musaazi et al. (2015) address the call for 

re-considering distribution by designing a cause-effect relation between workers´ wages and 

social equity impacts. Giddings et al. (2002) define five equity principles, in which procedural 

equity addresses fair treatment of people including also wage levels. Anker (2011) adapts this 

view to the living wage concept and mentions equity in the context of overall repercussions 
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on country´s employment. Therefore, (social) equity may be influenced by the absolute level 

of income, the inequality in income, but also the region of income, which is all regarded within 

the FWP. 

These potential endpoint categories, identified within this section, indicate a certain rele-

vance for the different AoPs defined for SLCA. Human health has already been connected to 

social well-being (compare e.g. Dreyer, Hauschild, and Schierbeck 2006). (Social) equity indi-

cates a certain relevance in the context of social justice, which has been proposed as an AoP 

for SLCA by Neugebauer et al. (2014) and includes aspects like equal opportunities, security 

and freedom. ILO (2008) in this context underlines that social justice is essential for “universal 

and lasting peace (…)”. Earlier Nussbaum (2003) referred to social justice in connection with 

equality and gender equity. Economic welfare as an endpoint may potentially influence both 

AoPs, as it applies to aspects of prosperity and well-being but also equity and distribution.   

Figure 12 displays the potential interlinkages of the defined midpoint category representing 

fair wages with the indicated endpoint categories along the qualitative impact pathway. 

Those endpoint impact categories and AoPs are neither exclusive nor quantitatively defined. 

To enable an aggregation of the midpoint indicator ‘fair wage potential’ to useful and mean-

ingful endpoint indicators further research is needed. However, those investigations are not 

part of this thesis.  

Fair wage

Fair wage potential

Midpoint category Endpoint category

Human health

 (Social) equity

Area of protection

Social well-being

Social justice

Inventory indicator

Real wage

Real working time

Paid vacation days

Economic welfare

Small grey box = impact category

White box = category indicator 

Big grey box = AoP

Solid arrows = quantitative linkage

Dashed arrows = qualitative linkage
 

Figure 12: Impact pathway originating from the midpoint impact category ‘fair wage’ 
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4.1.1.4 Discussion and critical reflection of the fair wage characterization model 

A consistent and quantitative way to calculate FWPs along a product´s life cycle has been 

presented enabling the determination of social impacts along a product’s life cycle. Further-

more, it allows for independent non-comparative conclusions, as the FWeq. values alone indi-

cate insufficient remuneration levels of processes in relation to the product considered. 

Therewith, hotspots along the life cycle can be determined, which makes the fair wage ap-

proach beneficial for improving a product’s social sustainability by indicating optimization po-

tentials e.g. target upstream suppliers paying a fair wage. With the fair wage characterization, 

a way of determining corporate social impacts along a products supply chain has been intro-

duced following a similar path than the earlier proposed social organizational approach of 

Martínez-Blanco et al. (2015). A direct relation to the functional unit was not (yet) provided 

for two reasons: 1) remuneration of workers is initially independent from the product pro-

duced and rather depending on the country, sectoral and/or organizational situation, 2) a 

relation to the functional unit e.g. by multiplying the FWPs with the process working time 

may distort the results, as it attributes higher relevance to the processes requiring more 

working time. Therefore, further research will be performed to find a suitable relation to the 

functional unit and/or to explore the social organizational approach further. 

In addition to the challenge of FWPs relation to the functional unit, the expression of an ag-

gregated FWP over the product’s life cycle needs further consideration. The initial suggestion 

of averaging the single process-specific as well as working group-related FWPs over the prod-

uct´s life cycle enables a comparison basis between different products. Yet, by unifying the 

single FWPs negligence or underestimation of the different groups of workers may occur. For 

instance, if the overall workforce is dominated by laborers, who tend to earn lower wages, 

averaging of the overall FWP displays a more balanced view. On the contrary, if the workforce 

is dominated by service providers, who tend to be overpaid, underpaid workers along the 

supply chain face the risk to be disregarded. Therefore, when aggregating the single FWPs, 

sensitivity analyses emphasizing the different groups of workers should be applied for guar-

anteeing an equitable perspective.   
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For the method development, a midpoint category was defined, which sets workers’ remu-

neration into context with the working situation and the required living standard within the 

region of consideration. From an organizational point of view, the informational value of 

FWPs may be more important and helpful than the determination of an endpoint damage. 

Nevertheless, ways on how conditions at the product or corporate level – expressed as fair 

wage potential – cause broader social impacts at the endpoint level along a social impact 

pathway have been postulated. The earlier mentioned approaches of Hutchins and 

Sutherland 2008; Feschet et al. 2013 and Bocoum, Macombe, and Revéret (2015) may help 

to determine quantitative endpoint (damage) levels for SLCA.  

Even though the composition of the characterization model itself has been justified through 

the findings presented in the section 4.1.1.1, single aspects such as the practical inclusion of 

the Gini-coefficient as an inequality measure may be discussable. The Gini-Index has been 

utilized to indicate the income inequality for a certain country/region for two reasons: 1) it is 

commonly known as a measure for income inequality of countries; 2) the data for worldwide 

Gini-coefficients are readily available. Accordingly, the Gini values have mainly been used for 

practical reasons. Nonetheless, it is well-recognized that using a national-level indicator of 

income inequality to calculate a midpoint indicator at the product or corporate level repre-

sents an inconsistency. For future studies, a company-specific income inequality measure is 

proposed that better serves the purpose but will require higher data collection efforts. A po-

tential approach has earlier been introduced by Hutchins and Sutherland (2008), who use the 

ratio of the average hourly labor cost (including benefits and taxes) to the total compensation 

package (converted to an hourly measure) for the company’s highest paid employee. They 

conclude that the closer this ratio is to one, the greater the compensation equity within the 

company. The Gini-coefficient can serve as a secondary indicator of income inequality, if pri-

mary company-specific data are not available. In that specific cases, the calculated FWPs must 

be interpreted with caution as the used inequality measures does not purely represent a 

product or corporate perspective. Yet, considering the boundary condition defined with re-

gard to the IEF, future research should also investigate, if there is an optimum level of income 

equality and what are potential targets in this context. While there is little doubt on the fact 
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that a more equal distribution of income in most societies will foremost have positive im-

pacts, from a certain point on an absolute equality of income might also create reverse ef-

fects. In this context, it can also be recommended to consider different inequality measures 

in a sensitivity analysis, in order to determine the order of magnitude. There is a broad range 

of inequality measures available, which are more sensitive to changes at the bottom or top 

of the income spectrum, e.g. the Palma ratio (Cobham and Sumner 2013), the Atkinson index 

(Atkinson 1970), the Theil index (Bellù and Liberati 2006), the Kakwani progressivity index or 

the Robin Hood Index (De Maio 2007). Additional inequality factors, which e.g. address dis-

crimination of gender or certain groups of society can also be possible and necessary and will 

be part of further development of the fair wage impact category.  

Going beyond the composition of the characterization model at the midpoint level, in addi-

tion, the interrelations along a qualitative impact pathway have been indicated to also ad-

dress the potential effects on category endpoints and AoPs. The mentioned combination Type 

II and Type III approaches show some potential for quantifying complete impact models. Sim-

plified empirical relations however may not in any case solve the challenges of determining 

valid social mechanisms, as those contain some shortcomings regarding the artificial disen-

tanglement of normally interlinked aspects or the negligence of reverse causalities. For in-

stance, higher per capita income does not only result in better health (as stressed by Feschet 

et al. 2013) but also the other way around, as e.g. discussed by Bloom and Canning (2007). In 

addition, focus on detached interlinkages, like performed by Bocoum, Macombe, and Revéret 

(2015) with regard to the Wilkinson pathway must be considered with caution, as further 

important factors (e.g. unequal opportunities) named in the original book publication (Picket 

and Wilkinson 2010), are neglected. Thus, for establishing a thorough connection between 

fair wages at the midpoint level and health at the endpoint level further research is needed. 

The additional consideration of social determinants through sociology, politics and history 

may be helpful in this context. 

4.1.2 Outlook Tier 2 assessment – Health, Education and Working condition 

Even though focus of this chapter 4 is set on a suitable and practical midpoint characterization 

model for the social impact category identified within Tier 1, a brief outlook with regard to 



Methodological developments supporting the Tiered approach concept 

86 
 

Tier 2 is provided for the sake of completeness. Yet, the remarks and explanations presented 

in the following subsections are neither mature nor do they provide a final solution. They 

rather indicate possible and future research directions. In accordance to section 3.4 of this 

thesis, Tier 2 assessments include health, education and working condition as impact catego-

ries for SLCA.  

4.1.2.1 Health 

Assessing human health impacts at the midpoint level is not straightforward. First and fore-

most, health-related impacts are difficult to assess because they are relevant on different 

levels – worker, community, society. While the societal level can be expressed at the endpoint 

level using DALYs, worker´s and community member´s health can also be affected by different 

incidents, e.g. accidents or chronical diseases, which are better assessed at the midpoint 

level. Humantoxicity (which has been suggested by Neugebauer et al. 2015) as a first approx-

imation does not cover all midpoint related health aspects. Impact categories like ionizing 

radiation or particulate matter also apply to assess health impacts at the midpoint level, as 

indicated in section 3.4. Furthermore, Finkbeiner et al. (2014) with their review on LCA, iden-

tified several fields of research with regard to health, such as direct health effects (e.g. ad-

dressed by Henderson et al. 2012) or nanomaterials (e.g. addressed by Birnbaum and Jung 

2011). Despite these attempts within the LCA framework, health considerations within SLCA 

are mostly covered by displaying risk instead of impacts, as shown by the Social Hotspot Da-

tabase (SHDB 2013). In her work about sustainability assessment along automotive supply 

chains, Karlewski (2015) determined rather health risk than impacts. She indicates several 

fields of relevance relating to health aspects of products, which may be helpful for developing 

additional characterization models accounting for health impacts, such as addressing the se-

verity of accidents or the impacts resulting from indoor emissions.  

Summarizing the findings, health is not easily coverable in one midpoint impact category, as 

the fields of relevance as well as aspects are quite diverse. Proper characterization models 

are so far missing, e.g. for expressing health impacts resulting from accidents, direct or indoor 

emissions. Further research is needed to enable a sufficient coverage of health at the mid-

point level, which can partly be based on the existing studies. Once a suitable coverage of 
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health aspects at the midpoint level is ensured, the aggregation to DALYs at the endpoint 

level will become more convincing and informative.         

4.1.2.2 Education 

Education, even though broadly discussed within SLCA, has not yet been covered within a 

quantitative midpoint impact category. Hunkeler (2006) defines education as a midpoint im-

pact and proposes to determine education, health care and housing, through working hours 

needed to afford it. Labuschagne and Brent (2006) name access to education without speci-

fying concrete measures. Neugebauer et al. (2014) provide a qualitative characterization 

model considering inventory indicators with regard to primary, secondary and tertiary edu-

cation levels, which are then categorized and linked to defined endpoint categories, such as 

economic welfare. They further consider aspects of gender discrimination, literacy rate or 

access barriers.  

However, even though the study of Neugebauer et al. (2014) provides a basis, further re-

search is needed for establishing a quantitative characterization model to include education 

into SLCA studies. Socioeconomic studies on human capital and education, e.g. presented by 

Blundell et al. 1999; and Montenegro and Patrinos 2014, can help to bridge the gap towards 

quantitative characterization models, as they provide correlations between years of school-

ing and returns to schooling (by labor market earnings) for 160 economies. Further studies 

with regard to child development e.g. presented by Chang, Schneider, and Finkbeiner (2015) 

may help to address children’s needs in connection to education.         

4.1.2.3 Working condition 

Working condition embodies one of the core concerns within SLCA and has been broadly 

mentioned by several studies (compare sections 2.3.2 and 3.4). The considerations are how-

ever limited to a qualitative level through the inclusion of descriptive indicators, included e.g. 

by Dreyer, Hauschild, and Schierbeck 2006; Kruse et al. 2009; Jørgensen et al. 2008. No char-

acterization model is available, partly because consensus on the scope of the impact category 

is missing as ‘working condition’ are not easily separated from other impact categories. For 

instance, accidents are often covered under working condition, but could also be covered 
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within the impact category ‘health’. In the same way that working condition is difficult to 

distinguish from human health, the boundary between working condition and human rights 

is also unclear, as both address aspects like child or forced labor.  

Therefore, further research should focus on a clear delineation between the different cate-

gories. For instance, only cover clearly working environment related aspects under working 

condition, such as contract and employment situations, labor rights and regulations. Those 

aspects could then be characterized by setting it in relation to specific minimum standards, 

like indicated by Seuring (2013). 

4.1.3 Outlook Tier 3 assessment – Human rights, (Social) security, and Cultural her-

itage 

Even more challenging than the development of characterization models for Tier 2, is the 

definition of characterization models at Tier 3. A brief outlook with regard to Tier 3 is pro-

vided. Yet, the remarks and explanations are to be taken as a first indication of possible re-

search directions and do not provide a final solution.  

4.1.3.1 Human rights 

Similar to the challenges identified in connection with the impact category ‘working condi-

tion’, Human rights provided severe challenges due to unclear definitions, qualitative nature 

of indicators and a great number of other aspects. Nevertheless, the qualitative indicators or 

risk potentials considered already in some SLCA studies (compare section 2.3.2) serves as a 

basis for further developments targeting the future design of characterization models. Focus 

should be set on aspects like equality, dignity and diversity (as mentioned by e.g. Bienge et 

al. 2009; Kruse et al. 2009; Dreyer, Hauschild, and Schierbeck 2006; Jørgensen et al. 2008). Of 

assistance in this context can be the considerations of Anand and Sen 2000 and Diener and 

Seligman 2004 in connection with welfare and well-being determinations, as well as the min-

imum standards defined for companies by Amnesty International (1998). 
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4.1.3.2 (Social) security 

(Social) security considerations broaden the impact category working condition and cover ad-

ditional aspects, such as social services, pensions and further social provisions (e.g. maternity 

benefits). To achieve practical characterization models, the (qualitative) indicators, e.g. de-

scribed by Bienge et al. 2009 and Weidema 2006, serve as a basis for further developments. 

For achieving a quantitative characterization model or at least quantitative indicators the 

comprehensive database of ILO (2016b) provides relevant information and aspects. Further 

the ILO convention No. 102 can be of assistance for setting a minimum standard for social 

needs regarded within the characterization.    

4.1.3.3 Cultural heritage  

Cultural heritage is considered a quite specific topic within SLCA, which may or may not be of 

great relevance for specific studies. For instance, considering a newly build production loca-

tion in the Peruvian Amazon, which may threaten the local indigenous population. Such con-

flicts are not expected for the same production location in the German Ruhr area. It has been 

qualitatively addressed by Ekener-Petersen and Finnveden (2013) within their social hotspot 

analysis of laptop computers. Weidema (2006) refers to cultural heritage in connection with 

migration and man-made environment. As not even concrete qualitative indicators have yet 

been defined, further research should focus on these aspects, prior to the development of 

complete characterization models. Of assistance could be the institutions, which deal with 

issues of cultural heritage, such as Cultural Heritage without Borders 33  or the UNESCO 

(2016a).  

4.2 Methodological developments for LCC 

The previous chapters and especially section 2.1.3 and 2.2.2 displayed the current status and 

challenges for LCC, which have been summarized in Table 1. The often criticized limitation of 

LCC to the financial cost level (e.g. by (Grießhammer et al. 2007; Curran, Raghunathan, and 

Price 2004; Heijungs, Settanni, and Guinée 2012; Hall 2015; Wood and Hertwich 2012; Gluch 

                                                      
33 http://chwb.org/  

http://chwb.org/


Methodological developments supporting the Tiered approach concept 

90 
 

and Baumann 2004) is accompanied by further challenges, such as missing targets (by means 

of economic AoPs) and lacking definition of economic impact levels. Therefore, two paths will 

be followed in this section. Prior to a detailed definition and description of a suitable midpoint 

impact category for Tier 1 (by means of value added, as identified in section 3.3), a new struc-

ture for LCC is proposed, which provides a basis for impact assessment in LCC (following the 

definition presented in Box 2.1). This new structure includes suggestions for economic AoPs, 

a comprehensive economic impact pathway and impact categories on the midpoint and end-

point level. Therewith, the original focus of this thesis on midpoint impact categories is broad-

ened in order to also indicate the potential linkage to the endpoint level. Yet, the develop-

ment of quantitative endpoint categories and indicators goes beyond the scope of this thesis 

(compare also section 4.1.1). Subsequently, those developments are then transferred to the 

earlier developed Tiered approach.  

The redefinition of LCC within the LCSA context has been investigated by Neugebauer, Forin, 

and Finkbeiner (2016). The main findings are presented in the following subsections, re-

printed and slightly adapted with permission of MDPI AG (http://www.mdpi.com/2071-

1050/8/5/428). 

4.2.1 From LCC to Economic Life Cycle Assessment  

Following on the previous argumentation, it appears important to redefine LCC, as economic 

activities have a wide range of positive and negative consequences. Those consequences may 

affect the other dimensions of sustainability that cannot be represented by means of mone-

tary values only (Hall 2015; Singh et al. 2012). Therefore, a redefinition should broaden the 

current view especially in the context of LCSA (compare Box 2.1) and may also provide alter-

natives to conventional growth-oriented development targets (Sneddon, Howarth, and 

Norgaard 2006). The redefined economic assessment approach should include already 

named economic impacts, such as value added and economic resilience, as well as aspects, 

which are generally perceived important, such as the stability of economic systems (European 

Commission 2014; IMF 2015; Jackson 2011). In this relation, within this thesis a new frame-

work by means of Economic Life Cycle Assessment (EcLCA) is proposed going beyond the clas-

sical LCC approach to more comprehensively represent the economic pillar of LCSA by also 

http://www.mdpi.com/2071-1050/8/5/428
http://www.mdpi.com/2071-1050/8/5/428
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including non-monetary values and going beyond the narrow comparison of costs and bene-

fits. Environmental LCC is considered as the basis for further developments. The re-structur-

ing process towards EcLCA will presented in the following section.  

4.2.1.1 Introducing Economic Life Cycle Assessment 

An adaption of the economic pillar in LCSA requires, following on the rationale presented in 

Box 2.1 and the challenges summarized in Table 1, the inclusion of economic mechanisms, 

which represent a causal chain by means of economic impacts and AoPs. LCC in its current 

form does not fulfill this purpose, due to the missing impact level and its limited perspective, 

as pointed out by e.g. Hall 2015; Wood and Hertwich 2012; Gluch and Baumann 2004. There-

fore, linking of product-specific (inventory) data to microeconomic categories and, in the fol-

lowing step of the impact pathway, connecting those categories to macroeconomic “dam-

ages” is proposed.34 Thus, enhancements focus in the first instance on: 

(i) identifying relevant economic categories for broadening the scope within LCSA’s eco-

nomic pillar (also considering the ones suggested in former studies, see section 2.3.3);  

(ii) defining relevant economic target functions (by means of AoPs);  

(iii) defining relevant impact categories and interlinking them within an economic path-

way.  

Further considerations should be taken into account, in addition to the aspects named under 

the points (i) to (iii). Wood and Hertwich 2012; Boons et al. 2013; and Zamagni et al. 2013 in 

this context require a comparison between the user´s targets (typically minimization of costs) 

and broader socio-economic goals (e.g. maximization of value added). Furthermore, Settanni 

et al. (2014) propose to put the customer point of view more into focus by defining products 

as value deliverables. Wood and Hertwich (2012) additionally differentiate between short-

term economic cost and long-term economic sustainability by identifying aspects, like invest-

ments, labor productivity, and geographical specifications as influencing factors for economic 

strength. The aspect of human resources can also play an important role in contradicting the 

pure profit view. Some authors (Hill, Wial, and Wolman 2008; Ștefănescu-Mihăilă 2015) even 

                                                      
34 The differentiation in micro- and macroeconomic considerations will further be justified in the following sec-
tion.  
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state that growth, mostly measured in terms of GDP, cannot be the only goal or factor within 

economic assessments.  

With the proposal of the new EcLCA, aspects mentioned in former studies are considered, 

like value added or productivity, but also economic impacts defined earlier, such as ‘economic 

prosperity’ or ‘economic resilience’. In addition, input output (I/O) approaches like the one 

presented by Wood and Hertwich (2012), can assist in relating aspects on the microeconomic 

(e.g. productivity) with aspects on the macroeconomic level (e.g. contribution to GDP), similar 

to the Type III approaches in SLCA, which may be of help for the determination of endpoint 

impact categories. Yet, beyond the qualitative linkage of the microeconomic to the macroe-

conomic level, input output analysis is not significant in the context of this thesis. As pointed 

out by e.g. Majeau-Bettez et al. (2016), input output analysis is more a top-down than a bot-

tom-up method, including highly aggregated date and considering effects on the macro level 

rather than considering product-related issues. Therefore, the general usefulness of input 

output analysis with regard to LCSA and EcLCA can be questioned. From a microeconomic life 

cycle perspective, it appears to be more logical to start from the process level. In this thesis, 

the design and implementation of impact pathways is therefore targeted in order to relate 

microeconomic activities to macroeconomic consequences and economic targets (by means 

of economic AoPs).  

4.2.1.2 Economic impact pathway 

When describing economic activities, the classification into micro- and macroeconomic as-

pects is broadly supported within economic research (Hill, Wial, and Wolman 2008; Bleaney 

1996; Briguglio et al. 2009; OECD 2001). Generally, microeconomic actions (striving to im-

prove market efficiency) to a certain extent determine the macroeconomic performance, 

which leads to an increased or decreased economic stability and wealth (OECD 2001; Malizia 

and Ke 1993; Oxenburgh, Marlow, and Oxenburgh 2004; Simmie and Martin 2010; Vargo and 

Lusch 2008). Consequently, one of the core questions is: How do microeconomic activities 

and macroeconomic effects influence each other and how can those effects be measured? 

Within this thesis, this question is answered on a conceptual level through the identification 
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of relevant micro- and macroeconomic categories and their interrelation. Therefore, a con-

sideration of microeconomic effects at the midpoint level and macroeconomic effects at the 

endpoint level are proposed and discussed for future use in the new EcLCA approach. 

The influences of small components like product systems on the functionality of an economic 

system are hard to grasp (Wood and Hertwich 2012). Nevertheless, micro- and macroeco-

nomic studies, which will be presented in the subsequent sections, determine crucial factors 

connecting the corporate or organizational level with economy-wide effects. On this basis, an 

impact pathway is developed, which strives to better represent the economic dimension 

within LCSA. Therefore, economic aspects like financial costs should be connected to resulting 

impact and damage categories (see Figure 13). The linkage between an economic midpoint 

impact and endpoint damage level can succeed by considering the micro- as well as the mac-

roeconomic level. The defined midpoint categories therefore describe important aspects for 

microeconomic market efficiency. The endpoint (or damage) categories aim at the determi-

nation of impacts on the macroeconomic level, which are interlinked with the defined mid-

point categories. Additionally, two economic areas of protection have been defined, describ-

ing target values by which economic activities are assessed. 
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Figure 13: Impact pathway representing the economic dimension of sustainability within 
LCSA 

To summarize the findings displayed in Figure 13: ‘economic stability’ and ‘wealth generation’ 

are essential targets for today’s economic systems (IMF 2015; European Commission 2014; 

Wood and Hertwich 2012; Anand and Sen 2000; Felipe and Hidalgo 2015; Offer 2007). They 

appear therefore suitable to be defined as economic areas of protection. While the latter 

rather represents the classical orientation on growth and prosperity, the first adds an addi-

tional perspective by bringing in aspects, which go beyond the growth concept, such as the 

resilience of economic systems. Accordingly, two crucial aspects affecting the two areas of 

protection are: ‘economic prosperity’ and ‘economic resilience’. The latter describes the 

shock resistance and long-term functionality of an economic system, which influences its sta-

bility (Hill, Wial and Wolman 2008; Briguglio et al. 2009; Simmie and Martin 2010). The former 
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is more oriented towards the classical economic growth paradigm generating a macroeco-

nomic ‘value added’, which affects wealth (Curran, Raghunathan and Price 2004; Ștefănescu-

Mihăilă 2015; Blok et al. 2013). These two endpoint categories are determined by several 

midpoint categories describing microeconomic activities and targets. Within this thesis the 

microeconomic activities and targets identified as relevant for economic impact assessment 

at the midpoint level are: profitability, understood as microeconomic value added (Settanni 

et al. 2014); productivity, understood as output in connection with employee participation 

and human development (Blundell et al. 1999); consumer satisfaction, representing a prod-

uct’s utility from a consumer perspective (Jonkman, van Gelder, and Vrijling 2003); business 

diversity, understood as region-specific corporate diversity (Simmie and Martin 2010); and 

long-term investments, determining the long-run success and survival in the market 

(Ștefănescu-Mihăilă 2015) and including dependencies on different types of capital (The 

World Bank 2011). Microeconomic aspects like profitability, productivity, consumer satisfac-

tion, and long-term investments have earlier been addressed within the Oxfam Poverty Foot-

print (Oxfam International 2009). Thus, the defined midpoint categories are not only relevant 

for developed economies, but also for the developing world. 

To follow the Tiered approach presented in chapter 3, core considerations within this thesis 

are limited to midpoint impact categories and more specifically to the Tier 1 level. The same 

applies for the developments in connection with EcLCA. Consequently, detailed descriptions 

of the related endpoint impact categories as well as the AoPs can be taken from the original 

article included in the Annex, but are not further addressed within this thesis. The defined 

midpoint categories are in more detail described in the following sections 4.2.2 to 4.2.4. As 

the focus is set on the definition of a characterization model for Tier 1, value added, as de-

fined within section 3.3 and included within the midpoint category ‘profitability’, plays a key 

role in the following considerations.  

With the pathway and the new EcLCA approach the reality of economic systems may better 

be accounted for in economic assessments. It was initially focused on achieving a conceptual 

framework addressing possible and considerable interlinkages between the micro- and the 
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macroeconomic level. Relations between economic activities and resulting consequences 

have been displayed going beyond the narrow perspective of LCC.  

4.2.1.3 Utilization of the defined EcLCA approach within the Tiered approach  

Within the Tiered approach, presented in chapter 3, classical LCC has been considered by 

ranking different cost categories. With the development of the EcLCA approach, those cost 

categories are replaced by the newly defined midpoint categories described in the related 

article of Neugebauer, Forin, and Finkbeiner (2016) in order to align the economic assess-

ments practice with LCA and SLCA. Considering the followed approach of section 3.2 the sug-

gested impact categories are ranked as shown in Table 12. Therefore, the criterion ‘practical-

ity’ is again treated as superior compared to the other two.  

Table 12: Criteria-based indicator hierarchy for the EcLCA impact categories 

Impact category Practicalitya Relevancea Method robustnessa 

Profitability 

Data are available through 
management accounting 
practiceb and partly by The 
World Bankc 

Economic values are e.g. 
addressed by the Global 
Reporting Initiative and 
the International Mone-
tary Fundd 

No characterization 
model available, but 
concrete indicator pro-
posals for value added 
are available - compare 
section 4.2.2. 

Linkage to the endpoint 
level seems possible - 
compare section 4.2.2. 

Productivity 
Data are available through 
management accounting 
systemsb and otherse 

Productivity is addressed 
by e.g. OECD and The 
World Bankf 

No characterization 
model available, but 
concrete indicator pro-
posals are available - 
compare section 4.2.3.1. 

Customer satisfac-
tion 

Data are partly available 
through management ac-
counting systemsb  

Customer satisfaction is 
commonly part of the 
Balanced scorecardg 

No characterization 
model available, but 
concrete indicator pro-
posals are available - 
compare section 4.2.3.2. 

Business diversity 

Data may be available 
through management doc-
uments; however second-
ary data sources are re-
quired for assessments.  

Relevance in connection 
with economic resilience 
and stability identified by 
several authorsh  

No characterization 
model and no concrete 
indicator proposed. First 
coverage within the 
Product complexity in-
dexi  
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Impact category Practicalitya Relevancea Method robustnessa 

Long-term invest-
ments 

Data may be available 
through management doc-
uments; however concrete 
data requirements are not 
clear at this point. 

Identified as relevant by 
e.g. The World Bank and 
the GRIj 

No characterization 
model and only qualita-
tive indicatork proposed. 

a Criteria gradation in high, medium and low correspondence through coloring including nuances. 
b (Bovea and Vidal 2004; Heijungs, Settanni, and Guinée 2012) 
c (The World Bank 2016c) 
d (Global Reporting Initiative 2013; Bems and Johnson 2015) 
e Psacharopoulos 1994 and Montenegro & Patrinos 2014 
f (OECD 2001; The World Bank 2011) 
g (Hansen and Schaltegger 2016) 

h (Felipe et al. 2012; Hausmann et al. 2013) 

i (Hausmann et al. 2013)  
j (The World Bank 2011; Global Reporting Initiative 2013) 
k (Zadek and Tuppen 2000) 

A detailed description of the single midpoint categories can be taken from the subsequent 

sections. Justification for the ranking can also be found in the following subsections. 

4.2.2 Tier 1 assessment – A characterization model for profitability by means of 

value added 

Following on the findings of the earlier sections 2.1.3 and 2.2.2 and the specifications of the 

Tiered approach concept as well as the EcLCA framework, ‘profitability’ measured by means 

of value added is set on Tier 1. Through the value added determination different purposes 

can be served (compare section 3.3), as it typically includes revenues, costs and benefits and 

provides linkage to the broader economic performance. Those purposes will be discussed in 

the following sections including a concrete proposal for a characterization model and provid-

ing linkage to the endpoint level. The general relevance of the value added concept is inves-

tigated in the next section. The considerations presented within the related article 

(Neugebauer, Forin, and Finkbeiner 2016) are complemented by additional definitions to pro-

vide an applicable characterization model.  

4.2.2.1 Relevance and classification of value added and profitability  

Most firms and organizations still have a strong focus on profit margins, which is mainly sub-

stantiated in current market situations and growth-driven economic systems. Two terms are 

broadly used when assessing products and services: profitability and/or value added. Those 
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product values are usually described as a mix of value creation, revenue, costs, and benefits 

(Aspromourgos 2013; Boons et al. 2013). Referring to the findings of section 2.1.3 and 2.2.2, 

the value added term has already been taken up by several authors, mainly with the target 

to extend the current LCC practice. While Hunkeler, Rebitzer, and Lichtenvort (2008) already 

mention value added in the context of LCC and suggest to also include benefits in addition to 

costs, practical LCC studies often omit benefits´ inclusion (compare e.g. Hochschorner and 

Noring 2011; Woon and Lo 2016; Ilg, Hoehne, and Guenther 2015).35 Hunkeler, Rebitzer, and 

Lichtenvort (2008) refer to limitations in practicality as the main reason for frequently ne-

glecting revenues within LCC. Moreover, the broader perspective transported with the inclu-

sion of valued added, as e.g. indicated by Heijungs, Settanni, and Guinée (2012) with their 

supply chain related value added, is often neglected. In addition, although value added has 

already been identified as relevant for LCC (compare section 3.3), only few studies provide a 

linkage to the broader economic perspective, as e.g. indicated by Wood and Hertwich (2012). 

Hardly any study differentiates between inventory, midpoint, or endpoint (damage) levels (as 

required for the adaption of LCC following on the rationale in Box 2.1). 

With the introduction of the new EcLCA approach, a clear assignment of different economic 

aspects to midpoint and endpoint impact categories has been conducted according to the 

presented impact pathway in the previous section. With this regard, value added as a cate-

gory indicator is now assigned to the midpoint level, as it describes an important part of firms’ 

efforts to succeed in microeconomic markets. Addressing the profit but also the operating 

efficiency, which is doubtlessly an important aspect of microeconomic activities, the new mid-

point category is related to ‘profitability’. It covers the value added concept for ensuring busi-

ness success and delivery of product values. 

When going beyond the theoretical definition of ‘profitability’ as a midpoint category, the 

definition of specific indicators contains further challenges. The perception of product values 

was evaluated as important to properly define an understanding of added value. Commonly, 

                                                      
35 Note that it is only referred to published studies, as no statement on internal studies is possible in the context 
of this thesis. Yet, experience in assessment practice indicates that a broad range of confidential LCC exists, 
which may already consider revenues and benefits in addition to costs.  
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different value concepts are distinguished depending on the point of view and target group 

(compare Box 4.1).  

 

The differentiation between both value concepts enables a logical allocation of aspects to the 

identified midpoint categories and indicators. Following the definitions of Aspromourgos 

(2013), value-in-exchange is in line with the ‘value added’ concept and is therefore assigned 

to the defined midpoint category ‘profitability’. Aspects relating to the value-in-use instead 

address aspects of customer and business relations, as well as services and reputation, and 

are therefore assigned to the later introduced midpoint category ‘customer satisfaction’. 

4.2.2.2 Quantitative profitability characterization at the midpoint level   

Following the value-in-exchange concept according to the descriptions in Box 4.1, a midpoint 

indicator representing the category ‘profitability’ includes the value added concept for dis-

playing firms’ efforts to succeed in microeconomic markets. This is normally done by including 

costs, benefits, and revenues. Thus, the value added indicator considers the difference be-

tween value sold and inputs purchased for products manufacturing, as described in Equation 

3 (in line with the definitions of Azapagic and Perdan 2000 and May and Brennan 2006): 

Box 4.1: Value-in-use vs. value-in-exchange 

Broadly, there is a differentiation between value-in-use and value-in-exchange. Value-in-ex-

change describes value from a neoclassical point of view and expresses the purchasing power 

measured through monetary values, e.g., prices. Value-in-use generally describes customer’s util-

ity during use and thus the relation between the consumer and the object consumed.  

Often, products with a high value-in-use, e.g., water, have a low value-in-exchange. A similar dy-

namic applies for value-in-exchange, e.g., diamonds have a high value-in-exchange, but a rather 

low value-in-use (Lindgreen et al. 2012). This simplification does, however, not generally hold 

true, e.g., houses at the same time contain a high value-in-use (especially for homeless people) 

but also high value-in-exchange (especially for investors). Thus, those two types of value are mu-

tually dependent on each other, as there can hardly be value without exchange and there can be 

no value without utility (Vargo and Lusch 2008; Azapagic and Perdan 2000). 
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Equation 3:   𝑽𝑨(𝒑) =  ∑ ∑ {𝑺𝒄.𝒍 −  [𝑶𝒄,𝒍 + 𝑴𝒄,𝒍]}𝑪
𝒄=𝟏

𝑳
𝒍=𝟏  

where L, C ∊ ℕ and VA(p) equals the value added of product p 

Sc,l – represents total (or assumed) income of product p in life cycle stage l produced 

by company c 

Oc,l – represents total operating costs for producing product p in company c at life 

cycle stage l  

Mc,l – represents total material costs needed by company c in life cycle stage l for 

producing product p.  

all values are provided in monetary units.  

A product’s value added36 is consequently dependent on income through sale (S) minus op-

erating (O) and material (M) costs. Labor costs are therefore included in the total sum of op-

erational costs (and thus the value added calculation). Capital costs are excluded here, as they 

are accounted for within the impact category ‘long-term investments’ (see section 4.2.4.2). 

The product-related value added equals the total sum of the unit process´ value added in-

volved in the product’s life cycle within the system boundary.  

Thus, the sum of all product-related VA(p) would represent the value added of the respective 

organization. The relation to the endpoint (damage) level can accordingly be drawn through 

the contribution of product-/company-specific VA(p)s compared to all (gross) value added 

within a defined economic system. Assumedly, as pointed out by several studies, these gross 

value aggregated of all sources should equal the GDP of the respective economy (Nehru, 

Swanson, and Dubey 1995; May and Brennan 2006; UN 2007; Hall 2015). Thus, product´s or 

company´s influence on the total GDP may be determinable. Therefore, ‘profitability’ partly 

                                                      
36 A products value added is to be differentiated from the also often applied contribution margin. While the 
contribution margin calculation commonly includes revenues and variable costs (Torspecken 1999), the value 
added considers revenues and operating as well as material costs (compare Azapagic and Perdan 2000). Oper-
ating costs typically cover fixed and variable costs (Department of Economic and Social Affairs 2013). Therefore, 
the value added goes beyond the contribution margin by including a broader range of expenses (note that both 
terms are not sovereign). Inconsistencies occur in relation to labor costs, which are sometimes not covered 
under operating costs (e.g. compare Constable and Little 2000; May and Brennan 2006). Yet, within this thesis 
operating costs also incorporate labor costs.  
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determines the defined category ‘economic prosperity’ at the endpoint level. Whereas prof-

itability’s influence on the AoP ‘wealth generation’ may be overridingly positive, it can cause 

negative impacts for the AoP ‘economic stability’ if the focus on profits is too strong and limits 

in resources are neglected. 

A summarized overview of the defined midpoint category can be taken from Table 13. 

Table 13: Clarification and classification of terms for the proposed profitability midpoint 
category 

Impact category Profitability  

Inventory result Revenues and costs per life cycle stage and/or product  

Characterization model Proposed model within this thesis and the related publication 

of Neugebauer, Forin, and Finkbeiner 2016 

Category indicator Value added per product (group)  

Characterization factor Value added (VA(p)) per process unit 

Category indicator result Total value added per process and/or functional unit 

Category endpoint Wealth generation and economic stability by means of eco-

nomic prosperity (the qualitative relations have been intro-

duced in section 4.2.1.2) 

Economic relevance The market performance functions as a proxy for microeco-

nomic market success. 

4.2.2.3 Discussion and critical reflection of the profitability (value added) concept 

Profitability sets firm´s economic performance in relation to endpoint categories, which de-

termine the effects on a macroeconomic level through the linkage with economic prosperity 

by means of the (enlarged) GDP. Therewith, the value added is related to the two defined 

AoPs ‘wealth generation’ and ‘economic stability’, by which means the detached economic 

indicator has been linked to an economic mechanism.37 Furthermore, the value added can be 

displayed along the life cycle of a product, which sets different production locations in per-

spective and displays imbalances between them. This goes beyond common LCC practice, 

where the final producer’s perspective is typically considered and life cycle costs are summed 

                                                      
37 For further background information, also consider the original article of Neugebauer, Forin, and Finkbeiner 
(2016), which can be found in the Annex. 
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up through prices of intermediate products representing the upstream supply chain. The new 

characterization model therefore provides a basis for comparison of the different life cycle 

stages comparable to midpoint indicators in environmental LCA. A direct relation to the func-

tional unit is ensured, as all costs can directly be linked to the product.  

Yet, the single components of the value added indicator may require further investigation. 

For instance, while one could assume the cost reduction and revenue maximization will gen-

erally increase the overall value added, labor costs embody a special-case. It may not always 

be beneficial to lower the labor costs, as it can cause negative drawbacks for the overall eco-

nomic prosperity. The relation between labor costs and value added should in this connection 

be further investigated also with regard to the defined endpoint level. Different value added 

concepts38, like the earlier introduced sustainable value added by Figge and Hahn (2004), can 

provide promising directions with regard to economic prosperity measures, such as the en-

larged GDP.  

Addressing the practicality of the value added indicator, the needed data are normally avail-

able through management accounting systems, as only monetary values (costs and revenues) 

are required to calculate the VA(p). Yet, for comprehensively calculating the value added 

along a product´s supply chain also secondary data sources would be required. Especially, as 

revenues and benefits are often sensitive from a company´s perspective. Thus, the earlier 

addressed LCC problem of confidential data39 as well applies for value added calculations. 

Thus, while ‘profitability’ theoretically enables assessing of relevant processes along a prod-

uct´s life cycle and allows for accounting of a product´s or firm´s economic situation, which 

determines the survival and success in the market, the lack of secondary data sources may 

hinder its straightforward implementation. Yet, promising starts have been introduced by e.g. 

                                                      
38 Descriptions of different value added concepts, such as the sustainable or green value added, can be taken 
from the Glossary.  
39 Grießhammer et al. 2007; Bubeck 2002 and also Hunkeler, Rebitzer, and Lichtenvort 2008 already raised the 
issue of data confidentiality with regard to management accounting data or firm specific data for LCC or reve-
nues and benefits. 
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Shafiee, Brennan, and Espinosa (2015) with their study on offshore wind farms. Further con-

clusions with this regard will be drawn in chapter 7 following on the exemplary case studies 

in chapter 6. 

4.2.3 Refinement Tier 2 assessment – Productivity and Customer satisfaction 

Even though the original focus of this chapter 4 is to present suitable and practical midpoint 

characterization models for the impact categories identified within Tier 1, through the EcLCA 

development also possible midpoint impact categories for Tier 2 could be identified. There-

with, a discrepancy40 to the approach followed for SLCA can be recognized, where solely a 

brief outlook has been provided for the in section 3.4 identified midpoint categories. Follow-

ing on the EcLCA approach and the ranking presented in section 4.2.1.3, Tier 2 includes the 

newly developed midpoint categories ‘productivity’ and ‘customer satisfaction’.  

4.2.3.1 Productivity 

“Productivity is commonly defined as a ratio of a volume measure of output to a volume 

measure of input use” (OECD 2001).41 While there is consensus on this general understanding 

of the term, the measurement and definition of productivity differ broadly depending on the 

type of application and point of view. Productivity measures can be used to track technolog-

ical improvements, efficiency, or cost savings, but also for benchmarking or determining the 

level of living standards (OECD 2001).  

Considering classical LCC, Thomassen et al. (2009) already defined labor productivity as one 

economic indicator for the life cycle based assessment of dairy farms. However, no economic 

impact category has yet been defined addressing aspects of productivity. Productivity 

                                                      
40 The discrepancy results from the initial situations of SLCA and LCC, by which means different paths have been 
followed with regard to the methodological developments.  
41 Some may argue that there is no clear delineation between productivity and profitability. Yet, productivity is 
a measure of (physical) output independent from prices, while profitability clearly depends on (input and out-
put) prices (Ha, Strappazzon, and Fisher 2001). Productivity can affect total profitability; however, the relation 
is not straightforward. While e.g. productivity gains through technical changes influence profitability, training 
related gains in productivity may rather lead to an increase in wages than an increase in profitability (Blundell 
et al. 1999; Anker 2011). Furthermore, productivity gains can only result in profitability gains under the bound-
ary condition of a certain growth level. As soon as economies stop expanding, productivity gains may lead to a 
reduction in total value added (Jackson 2011). Therefore, a separate consideration of both categories seems 
essential in the context of this thesis.  
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measures are normally based on economic theory and can be defined in a narrow sense when 

limited to output per working hours, but also in a very broad sense, when including intangible 

or even natural capital (Vargo and Lusch 2008).  

Natural capital typically includes natural resources, such as forests, sub-soil assets, agricul-

tural land and protected areas. It can have an important influence on the total wealth and 

can be transformed into other forms of capital (Hamilton et al. 2006). Yet, in the context of 

LCSA most aspects of natural capital are covered in LCA. Therefore, it is neglected in connec-

tion with productivity to avoid double-counting.   

Intangible capital is commonly understood as the share of production that is usually neglected 

within the estimates of produced and natural capital. Generally, this covers the knowledge 

and skills of the labor force (Hamilton et al. 2006). According to broader interpretations, it 

can also cover information stored in humans, species, or ecosystems (Costanza et al. 1997). 

Furthermore, intangible capital also covers aspects of social capital and governance (Hamilton 

et al. 2006). Social capital and governance aspects, however, remain unconsidered within this 

thesis, as they were not found to be relevant from a product perspective.  

Needless to say, one crucial component of intangible capital is human capital. Human capital 

(or employee relations) to a large extent determines the productivity within an organization. 

The productivity level rises and falls with employees’ satisfaction, safety, skills, and 

knowledge (Diener and Seligman 2004; Blundell et al. 1999; Oxenburgh, Marlow, and 

Oxenburgh 2004). Blundell et al. (1999) point out that higher skills and knowledge within an 

organization’s workforce positively influence the general speed, but also the flexibility and 

variety of production. Often education and training are listed as a way to improve employees’ 

skills and knowledge levels. The absolute effect of education and training is, however, broadly 

challenged and ranges from high to no influence on productivity (Blundell et al. 1999). There-

fore, aspects of training are not addressed any further and rather focus is set on education 

(assuming that it provides a first measure for skills and knowledge) in the subsequent consid-

erations. Accordingly, the midpoint indicator contains two parts. The first one addresses the 

usual productivity measures; the second one accounts for the human capital aspects of 

productivity. 
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While the linkage between total output and business success is relatively obvious, the eco-

nomic consequences resulting from using or providing different types of capital is harder to 

grasp. Yet. some studies draw a relation between intangible and human capital and prosperity 

and the generation of wealth in the long term (Ștefănescu-Mihăilă 2015; Offer 2007; Blundell 

et al. 1999; Hamilton et al. 2006; Diener and Seligman 2004; Jamal and Saif 2011). On this 

basis, ‘productivity’ is defined as a new midpoint category, translating output and labor 

productivity into a midpoint impact, which positively or negatively affects ‘economic prosper-

ity’ and ‘wealth generation’. Therefore, the suggestion of The World Bank (2011) is followed, 

by which productivity on the corporate level is determined by intangible capital (dominated 

by human capital), total factor productivity (linked to technological status and change as well 

as natural capital), and institutional quality.  

Going beyond the conceptual level, indicators are needed to determine the impact. There-

fore, beside the total factor productivity, which goes in line with the output-oriented defini-

tion of productivity, the different types of capital must be considered. An earlier scheme pro-

vided by Hamilton et al. (2006) is followed, relating the different components of productivity 

with wealth generation (see Figure 14). Of particular interest are the components of intangi-

ble and its sub-part human capital, which are hard to determine but significantly affect the 

level of productivity (Diener and Seligman 2004; Blundell et al. 1999; Oxenburgh, Marlow, 

and Oxenburgh 2004). 
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Figure 14: Productivity related components of wealth generation (adapted according to 
Hamilton et al. (2006)). 

Usual productivity measures relate the gross value added (Thomassen et al. 2009) or volumes 

(IMF 2015) to the amount of labor needed to create a defined output. Adding to this, the 

Organization for Economic Co-operation and Development (OECD 2001) introduces multifac-

tor productivity measures, which are either based on the value added or on gross output. To 

avoid double-counting with the proposed value-added-based midpoint indicator addressing 

the category ‘profitability’, within this thesis gross output is included for describing ‘produc-

tivity’ at the midpoint level (see Equation 4):  

Equation 4:    𝑷𝑳(𝒑) = ∑ ∑
𝑮𝑶𝒄,𝒍

𝑳𝒄,𝒍

𝑪
𝒄=𝟏

𝑳
𝒍=𝟏  

where L, C ∊ ℕ; PL(p) equals the total productivity of product p;  

GOc,l – represents the gross output in life cycle stage l for the process performed in 

company c (measured in total units of output) 

Lc,l – represents the labor (measured in terms of labor costs) needed by company c in 

life cycle stage l for producing product p.  
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To include the human capital aspect into the determination, productive hours or total person 

hours worked, as defined by OECD (2001) and Oxenburgh et al. (2004), can be used as a proxy 

for labor needed or labor services provided. Productive hours describe the total hours paid 

by the employer less hours not actively producing, which include injuries, illness, training, 

vacation, and other. Equation 4 would accordingly be transformed to: 

Equation 5:    𝑷𝑳(𝒑) = ∑ ∑
𝑮𝑶𝒄,𝒍

𝑳𝒄,𝒍− 𝑾𝑳𝒄,𝒍

𝑪
𝒄=𝟏

𝑳
𝒍=𝟏  

where WLc,l represents the work loss (hours not actively producing) within company c and 

life cycle stage l. 

Yet, Equation 5 does not indicate any effects resulting from workers’ skills, satisfaction, or 

knowledge. Considering e.g., studies from Jamal & Saif 2011 and Baxter & Matear 2004, the 

inherent complexity of human capital contributes to this dilemma. Therefore, to enable a first 

coverage of human capital aspects within the productivity indicator, an education measure is 

included, assuming that it serves as a first indication for overall knowledge and skills within 

the workforce. However, the equation presented below only serves as a first suggestion and 

further improvements are needed to cover a broader range of human capital aspects. 

Wößmann (2000) suggests a simplification by focusing on a human capital related rate of 

return (HCRR) expressed within an exponential relation changing with an efficiency function, 

which weights the different years of schooling differently assuming a decreasing rate of re-

turn on education with additional schooling. It expresses the rate of return depending on 

years of schooling. As a first proxy the suggestions of Wößmann (2000) are followed, ex-

pressed in the following Equation: 

Equation 6:    𝑯𝑪𝑹𝑹 = 𝒆𝒇(𝑳𝑼) 

 f(LU) in its simplest form is defined according to the following equation: 

Equation 7:    𝒇(𝑳𝑼) =  𝒓𝒆×𝒂𝒔 

where f(LU) reflects the efficiency of a unit of labor (LU) with s years of schooling, re is 

the rate of return on education, and as is the years of schooling.  
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First measures of rates of return on education, both social and private, are provided by 

Psacharopoulos 1994 and Montenegro & Patrinos 2014. However, organizations should de-

termine their own rate of return depending on their human capital to more accurately reflect 

the organization’s performance.  

Although Wößmann (2000)  considers the macro-level rather than the micro-level of eco-

nomic consequences, the related function could be translated into a corporate or even prod-

uct context, reflecting firm´s inherent human capital potential. Consequently, the final 

productivity indicator function would be defined as follows: 

Equation 8:     𝑷𝑳(𝒑) = ∑ ∑ {
𝑮𝑶𝒄,𝒍

𝑳𝒄,𝒍− 𝑾𝑳𝒄,𝒍
×𝑯𝑪𝑹𝑹𝒄,𝒍}

𝑪
𝒄=𝟏

𝑳
𝒍=𝟏  

where HCRRc,l describes the rate of return be defined as follows of company c in life cycle  

stage l.  

In its final version, it is fair to assume that the suggested midpoint indicator ‘productivity’ 

influences ‘economic prosperity’ at the endpoint level due to the incorporated labor produc-

tivity. It may further affect ‘economic resilience’ due to the incorporated human resources.42 

How the aggregation from the midpoint towards the endpoint level is performed goes beyond 

the scope of this thesis and will be part of further research. The presented studies of Hamilton 

et al. 2006; OECD 2001; and Ștefănescu-Mihăilă 2015 can therefore serve as starting points. 

In addition, further investigations are needed for clearly delineating ‘profitability’ and 

‘productivity’. The core question here is if and to what extent labor costs can be regarded in 

both midpoint categories without causing double-counting. 

4.2.3.2 Customer satisfaction 

Customers including consumers embody the target groups of most business activities (Payne, 

Storbacka, and Frow 2008). Consequently, customer relations and customer satisfaction are 

important for a business’s success and should not be neglected within economic assessments 

(Vargo and Lusch 2008; Baxter and Matear 2004). Customers’ value and utility are crucial for 

                                                      
42 Economic resilience is normally described through three aspects: shock resistance, state of equilibrium and 
long-term considerations. The latter one addresses i.a. aspects of human resources and knowledge (Simmie and 
Martin 2010; Wood and Hertwich 2012; UNEP 2010; Briguglio et al. 2009), which in this thesis are assigned to 
the midpoint impact category ‘productivity’. Compare also Neugebauer, Forin, and Finkbeiner (2016). 



Methodological developments supporting the Tiered approach concept 

109 
 

ensuring that products give prolonged satisfaction (Bovea and Vidal 2004). Customer utility 

is generally described through product’s use and thus the relation between the consumer and 

the object consumed (Lindgreen et al. 2012). The core question according to Ehrenfeld (2005) 

is: Does a product create authentic satisfaction or does it just deliver momentary relief? It is 

assumed that only the former creates benefits for long-term business success. In this context, 

authentic satisfaction can be understood as value-in-use (introduced in Box 4.1). 

In classical LCC studies, the customer is only regarded through the price he/she has to pay for 

receiving the desired product or service (Hunkeler, Rebitzer, and Lichtenvort 2008; Klöpffer 

and Ciroth 2011). Grießhammer et al. (2007) go beyond this interpretation of a customer’s 

involvement by also addressing utility. c in this context named the customer’s willingness-to-

pay (WTP) for increasing products’ value, which may be a reflection of the utility perception 

of the customer (ICAEW 2006). The WTP thus indirectly provides information on long-term 

business success and may according to Grießhammer et al. (2007) also serve as a proxy for 

customer´s acceptance. It also, according to Jonkman et al. 2003 and Hacking and Guthrie 

2008, enables valuation of goods and services or even externalities by means of future costs, 

which are not ordinarily monetized within the market. Furthermore, the WTP enables focus 

on the customer, as proposed by Settanni et al. (2014).  

Therefore, ‘consumer satisfaction’ is defined as a new midpoint category to cover aspects of 

utility and of value-in-use as well as customer relations within EcLCA. Consumer satisfaction 

may contribute to determine an organization’s market success as well as indicates the cus-

tomer’s factual utility. Its contribution to prosperity and thus wealth is not as straightforward, 

as the a positive individual utility does not automatically result in a positive societal utility as 

pointed out by Grießhammer et al. (2007).  

The abovementioned approach of Bovea and Vidal (2004) for including the WTP in the assess-

ment is promising when going beyond the conceptual level towards indicator development, 

in particular as value-in-use (as introduced in Box 4.1) is by definition hard to grasp. Some 

interpret value-in-use as future attributable cash flows (Smals and Smits 2012). Often, value-

in-use is also understood as value-based selling, considering product design, services and sup-

port, and reputation (Zadek and Tuppen 2000; Felipe et al. 2012). The customer would then 
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react to those offers from the selling organization with emotion, cognition, and certain be-

haviors, which could result in a transaction of goods and services (Bovea and Vidal 2004). 

Grießhammer et al. (2007) in this context distinguish between the functional utility of prod-

ucts, the symbolic utility and the societal utility.43 The different utilities may also express dif-

ferent aspects of the value-in-use. Yet, the determination of those utilities is not straightfor-

ward as especially the symbolic utility contains highly subjective elements depending on cus-

tomer’s life style and situation. In both ways of understanding the value-in-use, the cus-

tomer’s willingness-to-pay (WTP) can be a suitable measure, even though it may not be per-

fect. 

Accordingly, a first midpoint indicator representing the category Consumer satisfaction is de-

fined by including a customer’s WTP. The approach of Bovea and Vidal (2004) is followed by 

also including the internal costs of the same product option to calculate the total customer’s 

value.44 It is understood as a maximizing function and has been described in the following 

equation:  

Equation 9:     𝑪𝑽 = 𝒎𝒂𝒙{𝑾𝑻𝑷𝒊 −  𝑰𝑪𝒊} 

where CV equals the customer’s value, WTPi the Willingness-to-pay for product op-

tion i, and ICi the internal or production cost (IC) of the same product option.  

Through the combination of the WTP and the IC the product’s and/or firm’s performance can 

be tracked and the definition of value is broadened. Both can be relevant for economies 

value-added at the macroeconomic level and may therefore affect the defined endpoint ‘eco-

nomic prosperity’ and the AoPs ‘economic stability’ and ‘wealth generation’. However, the 

detailed determination of the endpoint effects is beyond the scope of this thesis but should 

be part of further research.  

 

 

                                                      
43 Details on the different utility concepts can be taken from the Glossary.  
44 Note that the WTP does not necessarily equal the price or revenue accounted for in the midpoint category 
‘profitability’, as both terms are achieved based on different rationales. The WTP rather reflects the utility per-
ception of the customer, as described by Grießhammer et al. (2007). 
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4.2.4 Refinement Tier 3 assessment – Long-term investments and Business diversity 

Following on the outlook provided with regard to Tier 2, a brief outlook with regard to Tier 3 

is introduced within this section. According to the ranking presented in section 4.2.1.3 (justi-

fication for the ranking can be found in the following subsections), Tier 3 includes ‘business 

diversity’ and ‘long-term investments’. For enabling practical application of those impact cat-

egories, further research is needed to foster necessary improvement and go beyond the sta-

tus quo of today. 

4.2.4.1 Business diversity 

Diversity has been determined as a crucial factor to ensure functioning economies (Attaran 

1986; Malizia and Ke 1993). Diversity is important for two reasons: economic resilience and 

economic prosperity. This becomes obvious, as more complex or diverse products45  can 

mostly be found within high-income countries with higher prosperity levels, whereas the least 

complex products can be found in low-income countries (Hausmann et al. 2013; Bowen and 

Wiersema 2005). Simplistically said: the more diverse the product portfolio within a certain 

economy, the higher the prosperity level. Thus, diversity may influence economic prosperity, 

as addressed by Malizia and Ke 1993; Briguglio et al. 2009; and Hausmann et al. 2013.  

At the same time, diversity appears to be important to prevent and recover from external 

economic shocks46 on both the economy and the firm level (Malizia and Ke 1993). For in-

stance, an organization dependent on an industry that is likely to experience shocks is at risk 

of being hit by such a shock (Hill, Wial, and Wolman 2008). Within classical LCC, diversity has 

earlier been mentioned in the context of economic resilience (Hunkeler, Rebitzer, and 

Lichtenvort 2008). However, neither an impact category nor an indicator has yet been defined 

to address diversity on the corporate level. Nevertheless, economic studies often confirm the 

                                                      
45 Note that, the two terms diversity and complexity describe the same cause according to Felipe and Hidalgo 
2015; Felipe et al. 2012; and Hausmann et al. 2013. 
46 An economic shock is normally described as something, which affects the economy unexpected and unpre-
dictable from the outside causing negative drawbacks for this economy and the related society. More infor-
mation can be taken from the Glossary.   
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relationship between diversity and economic resilience. Thus, a link between diversity and 

the defined endpoint category of ‘economic resilience’ can be justified.  

Business diversity typically addresses the microeconomic level, mainly following the research 

of Hill et al. 2008 and Felipe et al. 2012. It thus accounts for the diversification rate of organ-

ization’s partners (Hill, Wial, and Wolman 2008) and/or the complexity of organization’s prod-

ucts (Felipe et al. 2012). This also addresses the earlier required trade balance, which was 

mentioned by Heijungs, Settanni, and Guinée 2012; and UNCED 1992 in the context of eco-

nomic assessments. Therefore, ‘business diversity’ is defined as a new midpoint category for 

EcLCA. Clearly, the complexity of products within an organization is linked to the knowledge 

and skills stored and mobilized within an organization (Hausmann et al. 2013). To avoid dou-

ble-counting between this midpoint category and the earlier defined category ‘productivity’, 

within ‘business diversity’ knowledge is only addressed in relation to the intricate structure 

of organization’s products. Within productivity knowledge and skills are linked to human cap-

ital related aspects, e.g., for indicating how knowledge influences the workforce and perfor-

mance (see 4.2.3.1).  

A firm’s diversification is especially relevant for highly specialized industries and sectors, like 

mining or agriculture. Those industries are highly dependent on natural resources, weather 

conditions, and market demand. All those aspects together may be more likely to result in 

business or external shocks, due to changing demands, weather disasters, and unsustainable 

resource management (Malizia and Ke 1993; Felipe and Hidalgo 2015). 

Measuring business diversity strictly at the product or corporate level appears challenging. 

Even though Hausmann et al. (2013) earlier suggested a product complexity index (PCI), which 

covers a variety of products and also considers their intricate structure. It does, however, not 

give an indication of if and when a firm’s diversity is sufficient, as it rather displays a country’s 

situation. A closer relation to the corporate and product level has been provided by Bowen 

and Wiersema (2005). They define a firm’s optimal level of diversification by accounting for 

its strategic response resulting from competitive pressure (transaction cost theory) and re-

source based relatedness (resource based theory). They furthermore identify different varia-

bles influencing a firm’s diversity, like resource-based dependencies, firm size, and export and 
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import intensities. They, however, fail to address product’s complexity (as suggested by 

Hausmann et al. (2013)). Thus, the combination of both approaches was found promising to 

comprehensively cover ‘business diversity’ at the midpoint level. However, a more thorough 

investigation, which goes beyond the scope of this thesis, is needed to develop a meaningful 

EcLCA indicator. Furthermore, the differentiation between the midpoint and macroeconomic 

(endpoint) level is straightforward for ‘business diversity’, as the defined category could gen-

erally reflect both levels. Business diversity can describe a company’s as well as a region’s 

level of diversity. However, as the resulting level of diversity heavily affects the two defined 

endpoints of economic prosperity and stability, here ‘business diversity’ is defined as a mid-

point category reflecting the corporate level. 

4.2.4.2 Long-term investments 

Economic development can only be sustainable if constant capital stocks or at least constant 

capital services are ensured over a longer time period (Hamilton et al. 2006; The World Bank 

2011). This is particularly important for organizations involved in natural resource business. 

Those resources must be carefully managed to avoid the “resource curse”, which would hin-

der long-term development and thus prosperity (Hamilton et al. 2006; The World Bank 2011). 

Thus, long-term considerations influence the success and survival of an organization in the 

market and ensure corporate self-reliance (Bleys 2013; Ștefănescu-Mihăilă 2015; The World 

Bank 2011). Long-term considerations also appear relevant in connection with agricultural 

products, as soil fertility determines a business’s success in the long term (Casson 2003). Ac-

cording to the Global Reporting Initiative 2013; The World Bank 2011, and others (Talberth, 

Cobb, and Slattery 2007; Zadek and Tuppen 2000), such long-term considerations should in-

clude general investments, reproducible capital, longevity, and technical developments. They 

furthermore identify investment grants, subsidies leading to capital accumulation, and genu-

ine savings as crucial in the long term. Some (Nehru, Swanson, and Dubey 1995) even count 

human capital investments as crucial for growth and wealth in the long term; however, to 

avoid double-counting, within this thesis it is only referred to human capital in the context of 

productivity.  
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Although, Hunkeler, Rebitzer, and Lichtenvort (2008) already mentioned long-term costs and 

stresses that consideration have to exceed monetary considerations, within classical LCC the 

aspect of long-term economic development and thus long-term investment has mostly been 

neglected. Naturally, investment costs have been considered by targeting cost savings 

throughout a product’s life cycle. However, aspects like the abovementioned have not yet 

been included, nor were impact levels defined. Furthermore, according to Casson (2003), 

risky economic conditions often hinder the consideration of long-term investments. 

To cover issues mentioned above, ‘long-term investments’ as a new midpoint category is pro-

posed, as it tends to be important for microeconomic market efficiency in the long run. This 

midpoint also affects ‘economic resilience’ at the endpoint (macroeconomic) level, as it influ-

ences economies’ stability by covering the aspect of capital accumulation. This may have pos-

itive effects on import and export diversification important for resilient economies (Briguglio 

et al. 2009; Felipe and Hidalgo 2015; Hill, Wial, and Wolman 2008). In addition, long-term 

investments influence economic prosperity as genuine savings may positively contribute to a 

firm’s success and thus to economies´ value added (Talberth, Cobb, and Slattery 2007; Zadek 

and Tuppen 2000).  

Quantitative measures for the defined midpoint category are hard to define; however, Zadek 

and Tuppen (2000) proposed a qualitative indicator addressing long-term investments. They 

described a classification and categorization of different investment decisions, like capital in-

vestment (e.g. plants), knowledge investment (e.g. research and development), or acquisi-

tion. Defining a practical indicator on long-term investments is not trivial, as its link to the 

product level is challenging plus it requires retrospective and assumed prospective time series 

along an organization’s existence (Hamilton et al. 2006). Therefore, for now only the qualita-

tive indicator level is considered. However, the development of quantitative indicators is of 

utmost importance, especially as long-term considerations have far-reaching effects within 

and beyond economies (Zadek and Tuppen 2000). 
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4.2.5 Critical reflection and outlook of the EcLCA approach 

With the definitions of first endpoint and midpoint categories as well as economic AoPs for 

EcLCA, new considerations and aspects are provided for the representation of the economic 

pillar within the LCSA framework. Relevant relations between the midpoint and endpoint 

level have been displayed through the defined impact pathway by which means economic 

mechanisms are indicated. Through this a more comprehensive structure for LCSA’s eco-

nomic pillar has been achieved, displaying relevant aspects of economic activities. Further-

more, the new structure better copes with the rationale presented in Box 2.1 and commonly 

targeted within the LCSA framework. Therewith, the earlier addressed challenges for LCC 

(compare points (i) to (iii) in section 4.2)47 have been addressed and partly resolved or at least 

mitigated. Furthermore, the earlier by Wood and Hertwich (2012) named contradiction be-

tween the individual user perspective, which mainly considers the minimization of costs, and 

the broader socio-economic perspective, which targets the maximization of value added, has 

qualitatively been addressed through the presented impact pathway, which also indicates 

possible consequences at the endpoint level. For the determination of concrete measures at 

the endpoint level, future research may also consider broader economic assessment ap-

proaches, like ecological economics, which can provide helpful insights.  

Yet, the complexity of the EcLCA approach in comparison to LCC, may at the same time add 

benefits and obstacles for common assessment practice. Through the inclusion of targets and 

impact categories a more comprehensive assessment level can be achieved, which has been 

required by several authors (e.g. Settanni et al. 2014; Hochschorner and Noring 2011; Wood 

and Hertwich 2012; Hall 2015; Gluch and Baumann 2004; Bubeck 2002; Hoogmartens et al. 

2014). Thus, the new EcLCA may enhance the willingness to perform economic assessments. 

However, it requires additional data beyond monetary values, which may impede a straight-

forward implementation given the fact of lacking secondary data sources. While the classical 

                                                      
47 The identified challenges refer to the identification of economic impact categories, economic target functions 
(AoPs) and their interlinkage through an impact pathway.  
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LCC cannot compete to this level of comprehensiveness, it may provide benefits in practical-

ity, as less data is required and costs provide a simpler unit of measure.48  

The identified Tier 1 level with its inclusion of ‘profitability’ may ease the transition from LCC 

to EcLCA by providing a bridge between both assessment types, as it is based on monetary 

values, but provides linkage along an economic impact pathway. Moreover, the additional 

categories defined go beyond that classical cost-orientated view, by also considering non-

monetary measures, e.g. gross output and years of schooling for ‘productivity’. Both catego-

ries ‘profitability’ and  ‘productivity’ are not entirely new within business accounting practice, 

but have not been considered within the classical LCC framework, nor have their implications 

towards an economic endpoint level and economic AoPs been addressed. With the two im-

pact categories ‘business diversity’ and ‘long-term investments’ the scope of classical LCC has 

further been broadened, through the inclusion of product complexity measures, export and 

import intensities and export diversification parameters.  

The different perspectives typically regarded within LCC assessments (e.g. producer and con-

sumer) are now reflected within the defined impact categories, as e.g. ‘profitability’ and 

‘productivity’ display producers´ performance along the life cycle and ‘customer satisfaction’ 

addresses consumers´ view on certain products or services. Those midpoint and endpoint 

categories should preferably account for all relevant aspects along a product’s life cycle. In 

this context, it is also worth mentioning that the list of possible and suitable midpoint and 

endpoint categories is not necessarily limited to the ones presented here. For instance, addi-

tional impact categories may be expedient, e.g. to better address the influence of govern-

mental systems on the economic situation, as policy actions can have a crucial influence on 

the macroeconomic performance (Briguglio et al. 2009; Simmie and Martin 2010; Bleaney 

1996). Furthermore, coverage of socioeconomic aspects, neither covered in SLCA nor in the 

new EcLCA, can be required, such as intangible capital.  

With regard to the endpoint level, the growth paradigm has been questioned several times 

with the argument of finite resources and unsustainable consumption patterns, which may 

                                                      
48 Although, LCC also faces shortcomings in practical implementation, as summarized in Table 1.  
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e.g. lead to irreversible environmental damage and resource depletion (Jackson 2011; Daly 

1994; Meadows et al. 1972; Meadows, Meadows, and Randers 2004). Therefore, additional 

endpoint categories and/or AoPs can become meaningful in future considerations. However, 

some aspects of the growth criticism can already be covered under the endpoint category 

‘economic resilience’. For instance, irreversible depletion of all oil resources in a highly oil 

depending system may lead to a collapse of its economy. The economic resilience of the same 

system would be accordingly low and can thus serve as a first indication for its unsustainabil-

ity.  

Further emphasizing the conceptual nature of the presented EcLCA approach, all proposed 

categories and indicators are understood as starting points that need further investigation 

and adaption. Similar accounts for establishing a measurable linkage between midpoint and 

endpoint indicators, as within this thesis a rather qualitative relation was targeted and focus 

has clearly been set on the definition of first midpoint indicators representing the categories. 

Nevertheless, further research should include the definition of comprehensive characteriza-

tion models, which have not been targeted within this thesis, but are essential for future ap-

plication of the EcLCA approach. Therefore, accompanying obstacles and challenges of the 

different categories require consideration. To start with the already in section 4.2.2.3 identi-

fied challenges addressing ‘profitability’, data availability and confidentiality appear to be a 

crucial concern, which can hinder the categories implementation or at least usage in case 

studies. Yet, as soon as data are available but confidential, internal assessment can still be 

performed, which has already been explored by Grießhammer et al. (2007) in the context of 

LCC. They referred to the performance of critical reviews, which can ensure both discretion 

but also credibility. Furthermore, publication of average data may help to publish EcLCA re-

sults.  

Going beyond the Tier 1 category ‘profitability’ and the general data challenge, additional 

challenges can be identified for the Tier 2 and 3 categories. With regard to the midpoint cat-

egory ‘productivity’ the inclusion of the human (or even intangible) capital component may 

require further consideration. Even though the initial indicator proposal includes human cap-

ital aspects via the human capital rate of return, the linkage between years of schooling and 
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value of human capital is not in any case supported by strong correlations. Mulligan and Sala-

i-Martin (1997) in their study point out that under certain conditions both factors can increase 

without affecting the other. Therefore, different ways of determining the influence of human 

capital on productivity should additionally be evaluated. Several authors investigated the in-

fluence and scope of human capital aspects, e.g. Jamal and Saif (2011) considering human 

capital management scores, or Blundell et al. (1999) determining the contribution of human 

capital to national economic growth at the macroeconomic level. Further development of the 

midpoint category ‘productivity’ should consider those different approaches addressing the 

category development itself but also its potential linkage to the endpoint level.   

Addressing the midpoint category ‘customer satisfaction’ the willingness-to-pay was found a 

suitable approximation for customer´s acceptance. Yet, WTP measures contain shortcomings, 

as an inherent requirement is that everybody has perfect knowledge. Thus, prices assumed 

through WTP would be very different, if the inconsistencies in knowledge were eliminated 

(Costanza et al. 1997). Rüdenauer and Grießhammer (2014) within their study point out that 

those inconsistencies often result from the negligence of future costs and therefore suggest 

to provide life cycle costs to customers e.g. at the selling point of household appliances. In 

addition, the WTP contains values choices, which further impedes the objectivity of the meas-

ure (Grießhammer et al. 2007). To mitigate shortcomings of the WTP concept and to better 

determine the consumers´ behavior, the mental accounting49 approach can be of assistance. 

In addition, further consideration should orientate on utilizing the value-in-use and value-

based-selling concepts in order to improve the indicator composition of the midpoint cate-

gory. Further challenges occur for the latter categories proposed for Tier 3. Especially their 

adoption to a life cycle perspective may provide challenges, as existing indicators for both 

categories rather address an organization´s or even economy´s perspective.  

 

 

                                                      
49 Mental accounting describes consumers´ behavior from a behavioral economics perspective and therewith 
helps explaining anomalies in classical economic theory. Further information can be taken from the Glossary. 
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4.3 Thematic classification of the methodological developments  

Building on the presented Tiered approach concept of chapter 3, different methodological 

developments have been initiated for aligning the maturity of LCA, SLCA and LCC. Therefore, 

different paths have been followed for SLCA and LCC. While the focus for SLCA was set on the 

development of a characterization model for the midpoint category ‘fair wage’, for LCC firstly 

a more broaden framework was developed by means of EcLCA, followed by the development 

of a characterization model including value added as a midpoint indicator. Therewith, the 

three targets defined at the beginning of this chapter as well as the third overall objective of 

this thesis (‘Enhancements of LCSA´s methodological robustness’) have been addressed. 

Within the following chapter 5, the Tiered approach is now updated based on the methodo-

logical developments achieved.  

In advance, within this section the general LCSA structure is shortly discussed against the 

background of the new EcLCA approach. Klöpffer (2008) originally defined LCSA through the 

three methods LCA, SLCA and LCC through the well-known formula: 

Equation 10:   LCSA = LCA + LCC + SLCA 

Yet, as discussed in the earlier chapters of this thesis, especially the representation of the 

economic dimension by means of LCC has caused controversies. Several authors agree that it 

has been defined too narrow to comprehensively represent the economic dimension of sus-

tainability (compare section 2.1.3 and see e.g. Wood and Hertwich 2012; Hall 2015; Gluch 

and Baumann 2004; Curran, Raghunathan, and Price 2004; Heijungs, Settanni, and Guinée 

2012), which has also already been indicated by the Rio declaration (UNCED 1992). Several 

studies therefore considered further aspects going beyond the classical framework of 

Hunkeler, Rebitzer, and Lichtenvort (2008) (compare section 2.1.3 and 2.3.3). With the devel-

opment of the new EcLCA framework those developments have been addressed and further 

extended for also meeting the requirements of the rationale presented in Box 2.1. Therewith 

the original formula of Klöpffer (2008) would accordingly transform in:  

Equation 11:   LCSA = LCA + EcLCA + SLCA 



Methodological developments supporting the Tiered approach concept 

120 
 

With the new structure, economic midpoint impact categories instead of cost categories are 

regarded representing the economic dimension. Accordingly, the midpoint categories devel-

oped will be included in the Tiered approach concept. Based on the in section 4.2.1.3 imple-

mented ranking of the economic impact categories, the tables representing the three tiers 

will be updated in the next chapter. The in the previous section discussed discrepancy be-

tween LCC´s “handiness” and simplicity compared to the more complex nature of the EcLCA 

may partly be resolved through the inclusion of the category ‘profitability’ at Tier 1 bridging 

the transition between both approaches (compare section 4.2.5). The updated Tier 1 level 

will then be tested by applying the ‘sustainability footprint’ in the exemplary case studies in 

chapter 6. 
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5 Tiered approach 2.0 

Based on the methodological developments of the previous chapter 4, this chapter presents 

the updated Tiered approach in the following two subsections. Therefore, it addresses the 

fourth research objective of this thesis (‘Refinement of the conceptual approach considering 

the methodological developments’). First, the methodological developments with regard to 

Tier 1 will be summarized in the next section. Second, going beyond the Tier 1 level, the main 

refinements relating to the economic dimension of the LCSA framework will be addressed in 

section 5.2.    

5.1 Tier 1 revisited  

The earlier stressed focus on Tier 1 enabled the development of specific characterization 

models, which allow for initiating a broader general application of LCSA. It includes the same 

topics than in the initial version of the Tiered approach, even though changes in methodolog-

ical content have been implemented. The ‘sustainability footprint’ therefore still contains the 

carbon footprint representing LCA, fair wage representing SLCA and profitability (by means 

of value added) representing EcLCA (see Table 14). Although, only minor changes apply on 

first sight, the previously rather vague definitions of value added and fair wages have now 

been described in concrete characterization models. Therewith, the three indicators of the 

‘sustainability footprint’ now follow comparable modelling approaches, which enhances their 

consistency and comparability. Furthermore, Tier 1 describes the contradiction between the 

environment, the producing economy and the society, as the three indicators representing 

the different sustainability dimensions address those different perspectives. Yet, different ap-

proaches, such as reflecting the same perspective for all three dimensions, may also provide 

certain benefits and will be discussed in chapter 7.      
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Table 14: Impact categories representing Tier 1 of the Tiered approach 2.0 concept  

Impact categories of Tier 1 (Tiered approach 2.0) 

LCA SLCA EcLCA 

Global climate Change Fair wage Profitability 

*if assessing agricultural products 
use Eutrophication in addition 

including minimum living wages, 
working time and income ine-
quality like defined in section 

4.1.1 

including product-related 
value added like defined in 

section 4.2.2  

Table legend:  italic impact categories indicate new developments compared to the initial Tier 1 presented in 
section 3.3. 

The absolute range of the improvements are indicated in Figure 15. The status of the identi-

fied categories within the initial Tiered approach concept is therefore compared with the 

achieved status through the methodological developments (indicated through TA 2.0). The 

one to five scaling is based on the five steps of methodological maturity defined within sec-

tion 2.1.4, Figure 8 – the steps can be listed as follows:  

1) available indicators;  

2) roughly defined impact categories;  

3) described AoPs;  

4) implemented characterization models;  

5) justified impact pathways.  

Improvements of the climate change category (representing Tier 1 for LCA) were not part of 

this thesis. Foremost, as the impact category has already reached a mature level, like indi-

cated within sections 3.2 and 3.3. Therefore, two identical green bars are displayed within 

Figure 15. Focus has been set on the social and economic dimension and methodological im-

provements has been achieved. For the impact category fair wage, which has initially been 

part of the Tiered approach concept, the new characterization model enhanced the method-

ological maturity. Based on the methodological developments a ready-to-use characteriza-

tion model is available, like required by step 4 (compare yellow bars in Figure 15). For the 

economic dimension even more significant improvements could be achieved, based on the 

development of a completely new structure by means of the EcLCA approach. Therefore, the 
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initially defined indicator value added included in the Tiered approach concept was trans-

ferred into a characterization model, also including the definition of economic AoPs (compare 

blue bars in Figure 15).  

 
*the maturity levels have been defined based on Figure 8 displayed in section 2.1.4 

Figure 15: Implemented methodological improvements comparing the Tiered approach 
concept and the Tiered approach 2.0  

5.2 General refinement of the Tiered approach concept 

Even though the focus has been set on Tier 1, some developments could be achieved for Tier 

2 and 3. Especially, the development of the new EcLCA framework led to a shift away from 

cost towards midpoint impact categories. With regard to SLCA, additional research directions 

have been identified within section 4.1.2 and 4.1.3, even if no concrete proposals for quanti-

tative characterization models have been included.  

For Tier 2 significant changes are considered, as the economic dimension by means of EcLCA 

has been revised. Based on the newly developed economic impact categories a shift from 
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cost towards impact categories is proposed. Furthermore, additional aspects and/or research 

directions are proposed for the social impact categories. Therefore, Tier 2 has been adapted 

like shown in Table 15. 

Table 15: Impact categories representing Tier 2 of the Tiered approach 2.0 concept  

Impact and cost categories of Tier 2 

LCA SLCA EcLCA 

Global climate change Fair wage Profitability 

Stratospheric ozone deple-
tion 

including minimum living wages, 
working time and income inequal-

ity like defined in section 4.1.1 

including product-related 
value added like defined in 

section 4.2.2  

Ozone formation Health Productivity  

Eutrophication 

including Humantoxicity impacts 
and Ionizing radiation impacts; 

further consideration of e.g. acci-
dents should be part of further re-

search like indicated in section 
4.1.2.1 

including human capital re-
lated labor-productivity like 

defined in section 4.2.3.1 

Acidification Education Customer satisfaction 

Particulate matter 

addressing e.g. equal opportuni-
ties, literacy rate or finished de-
grees; further consideration to-

wards quantitative characteriza-
tion models should be part of fur-
ther research like indicated in sec-

tion 4.1.2.2 

including cost corrected will-
ingness-to-pay like defined in 

section 4.2.3.2 

 Working condition  

 

including e.g. employment situa-
tion and labor laws; further re-

search should focus on a clear de-
lineation between the different 

categories like indicated in section 
4.1.2.3 

 

Table legend:  italic impact categories indicate new developments compared to Tier 2 presented in section 3.4; 
red impact categories are additional compared to Tier 1. 

No changes for the environmental dimension have been implemented, as further develop-

ments of the LCA impact categories were not part of this thesis (compare section 2.1.1).  For 

the social dimension, the Tier 2 considerations were limited to suggestions for the further 

developments of the already defined impact categories. For the economic dimension the 

methodological maturity has been improved by defining midpoint impact categories and eco-

nomic AoPs as well as first indicators within the new EcLCA framework. Thereby, the overall 
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maturity of the social dimension (by means of SLCA) and the economic dimension (by means 

of EcLCA) could be aligned (see Figure 16).  

 

Figure 16: Methodological maturity levels of the Tiered approach 2.0 for LCA, SLCA and 
EcLCA 

Similar to Tier 2, for Tier 3 the economic dimension is updated by means of impact categories 

implemented in EcLCA. Furthermore, the suggestions for the social dimension have been lim-

ited to additional research directions. Therefore, Figure 16 as well applies for Tier 3. Tier 3 of 

the Tiered approach 2.0 has been adapted, as shown in Table 16.  

Table 16: Impact categories representing Tier 3 of the Tiered approach 2.0 concept  

Impact and cost categories of Tier 3 

LCA SLCA EcLCA 

Global climate change Fair wage Profitability 

Stratospheric ozone de-
pletion 

including minimum living wages, 
working time and income inequal-

ity like defined in section 4.1.1 

including product-related 
value added like defined in 

section 4.2.2  

Ozone formation Health Productivity  

Eutrophication 
including Humantoxicity impacts 
and Ionizing radiation impacts; 

including human capital re-
lated labor-productivity like 

defined in section 4.2.3.1 
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further consideration of e.g. acci-
dents should be part of further re-

search like indicated in section 
4.1.2.1 

Acidification Education Customer satisfaction 

Particulate matter 

addressing e.g. equal opportuni-
ties, literacy rate or finished de-
grees; further consideration to-

wards quantitative characteriza-
tion models should be part of fur-
ther research like indicated in sec-

tion 4.1.2.2 

including cost corrected will-
ingness-to-pay like defined in 

section 4.2.3.2 

Ecotoxicological impacts Working condition Business diversity 

Land use 

including e.g. employment situa-
tion and labor laws; further re-

search should focus on a clear de-
lineation between the different 

categories like indicated in section 
4.1.2.3 

including corporate diversity 
like defined in section 4.2.4.1 

Water use Human rights Long-term investments 

Resource depletion 

including e.g. equality, dignity and 
diversity; further research should 

include welfare and well-being de-
terminations like indicated in sec-

tion 4.1.3.1 

including capital and 
knowledge investment like de-

fined in section 4.2.4.2 

 (Social) security  

 including e.g. contracts, pensions 
and further social provisions; fur-
ther research should orientate on 
the requirements provided by ILO 

like indicated in section 4.1.3.2 

 

 Cultural heritage  

 including e.g. aspects of migration 
and man-made environment rela-
tions; further research should ori-
entate on the requirements pro-

vided by UNESCO like indicated in 
section 4.1.3.3 

 

Table legend:  italic impact categories indicate new developments compared to Tier 3 presented in section 3.5; 
red impact categories are additional compared to Tier 2. 

The general refinements of the Tiered approach 2.0, as applied within this section by consid-

ering the previously implemented methodological developments, will be discussed in chapter 

7. The developed characterization models representing Tier 1 have been assigned to the 
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Tiered approach 2.0 in the previous section and will be tested within the exemplary case stud-

ies of chapter 6. Following on chapter 6 and 7, the conclusion and outlook in chapter 8 will 

provide a retrospective of the achieved accomplishments, which also set the basis for further 

research directions. 
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6 Exemplary case study application 

Through case study applications the applicability of the developed midpoint impact indicators 

is tested, in accordance to the last and fifth research objective of this thesis (‘Exemplary case 

studies for testing LCSA´s stepwise implementation based on the refined conceptual ap-

proach’). Focus is set on the Tier 1 level of the Tiered approach 2.0. Therefore, the three di-

mensions are considered through the three midpoint indicators – global warming potential 

(LCA), fair wage (SLCA), and profitability (EcLCA). Three exemplary case studies are selected 

demonstrating three different fields and development stages of products.  

An exemplary case study on German tomatoes is included, which has partly been considered 

within the article submitted by Neugebauer et al. (2016). The second and the third case study 

emerged within a collaborative research center project and have already been part of three 

conference proceedings (compare Neugebauer et al. 2013; Peukert et al. 2015; Benecke et 

al. 2015). With the chosen case studies three different fields of study are addressed covering 

agricultural as well as technical concerns. While the first case study examines an existing ag-

ricultural food product of a German company, the second case study focus strives to assess a 

part of a new Pedelec prototype, which is still under development, and the third case study 

even considers a new technology within its development phase.  All case studies cover the 

national as well as international level. Therewith, different fields of application are tested, 

which allow for a more valid statement on the general practicality of the newly developed 

Tier 1 characterization models and midpoint indicators. All exemplary case studies have 

therefore been slightly adapted to properly express the impact categories representing the 

‘sustainability footprint’ (Tier 1).    

6.1 Case study on tomatoes produced in Germany 

To test the methodological developments on Tier 1 level for an existing product, an exemplary 

case study is performed using the example of German tomatoes. The case study was selected 

for two reasons: (1) primary data are available through contact to a German tomato producer 

(especially with regard to the impact categories ‘fair wage’ and ‘profitability’), and (2) the 
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product is of regional relevance without being too complex, which qualifies for a simplified 

assessment.  

6.1.1 System boundaries and functional unit 

All relevant processes along the supply chain of the tomato production from cradle-to-gate 

(Figure 17) have been considered including materials´ production for the greenhouse con-

struction with parts from Germany, Netherlands and China; seeds´ and seedlings´ production 

in the Netherlands; substrate from India; pesticides and fertilizer from the Netherlands and 

CO2 for the enrichment of the greenhouse air from Germany; the greenhouse operation using 

electricity and water produced in Germany; related management processes located in Ger-

many; packaging with packaging materials from Germany, Italy, Turkey, Netherlands and 

China; and the transport processes in all related countries. 

 

Figure 17: Cradle-to-gate LCSA system boundary for the German tomato production 
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While an overall system boundary for LCSA is set, the system boundaries of the three meth-

ods LCA, SLCA and EcLCA are set slightly different due to process´ relevance for the three 

methods.50 Whereas for SCLA the process ‘Management and Administration’ is included in 

the system boundaries, no impacts are expected from an economic and environmental per-

spective. Similar accounts for seed and seedling production, which may cause social and eco-

nomic impacts, but rather minor environmental impacts. 

The functional unit has been set to 1 kg of tomatoes produced. For calculating the reference 

flow the yearly production yield of the considered production site is used to calculate the 

cultivation area needed to produce the functional unit (for the German production site this is 

0.02 m² per kg tomatoes). All input and output flows are scaled down to that unit (compare 

also Martínez-Blanco et al. 2014). 

6.1.2 LCA results 

For the environmental dimension the global warming potential is calculated by considering 

five main processes – the greenhouse structure, the tomato cultivation, the fertilizer produc-

tion, the greenhouse operation and the transport processes (compare Table 17). The main 

materials for the greenhouse are concrete, Aluminum, Steel, Polypropylene (PP), Glass and 

Polyvinylchloride (PVC). The respective life times of the materials have been considered for 

the calculation of the amount needed per functional unit (FU). Within the tomato cultivation 

process mainly Cocos substrate and water are required, as well as the fertilizer needed. For 

those process parameters, seasonal amounts have been considered for calculating the 

amount per FU. Within the greenhouse operation the electricity and the packaging materials 

have been included. With regard to packaging two main material types are included – poly-

                                                      
50 Klöpffer (2008) stresses that the system boundaries of the related LCSA methods should be consistent or 
ideally identical. During LCSA´s further development this view has been challenged, especially in connection with 
case study applications. Martínez-Blanco et al. (2014) in their study on fertilizer point out that consistent does 
not mean identical and that it is of greater importance that unit processes that have at least a meaningful impact 
on one of the three sustainability dimensions are included. This is also in accordance with the UNEP/SETAC Life 
Cycle Initiative (2011). This view is supported by several authors, e.g. Kruse et al. 2009; Wu, Yang, and Chen 
2014; Traverso et al. 2012. Therefore, within this thesis an overall system boundary is defined including all rel-
evant processes, yet the system boundaries of the different methods are not fully identical.   
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styrene and card board. An equal share of both materials has been assumed. Re-used ship-

ping materials, such as standardized boxes from Europool or Ifco, were neglected assuming a 

closed-loop system by which primary burden can be neglected (compare closed-loop recy-

cling systems according to ISO 14044 2006; and ISO 14040 2006). Transport processes are 

distinguished according to upstream material shipping and downstream distribution.  

Table 17: Considered processes for the German tomato production including the coun-
tries of origin 

Main process Sub-process Country of origin 
Amount per FU 

(kg/kWh/l)  

Greenhouse structure 

Concrete  Germany 0.0554 

Aluminum  China 0.0009 

Steel  Germany 0.0075 

Polypropylene Netherlands 0.0006 

Glass Germany 0.0185 

Polyvinylchloride Netherlands  0.0009 

Tomato cultivation 
Cocos substrate  India  0.0115 

Water Germany 19.85 

Fertilizer production 

Nitrogen Netherlands  0.0120 

Kalum  Netherlands  0.0058 

Phosphorus  Netherlands  0.0035 

CO2 production for air 
enrichment  

Germany 
0.0163 

Greenhouse operation 

Electricity Germany  0.021 

Packaging materials (Pol-
ystyrene & card board) 

Netherlands, Italy, 
Turkey 

0.02 

Transport 
Materials´ shipping 

Germany, Nether-
lands, China, India 

- 

Distribution Germany - 

Based on the given values per functional unit within Table 17 the global warming potential is 

calculated for all projects steps. Therefore, the GaBi database (Thinkstep 2015) and the CML 

method of the Institute for Environmental Sciences (Leiden University 2013) have been used. 
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Even though fertilizer usage can be seen as a part of the tomato cultivation process, it is sep-

arately listed here, as it contributes a significant impact. The detailed results can be taken 

from Figure 18.    

 

Figure 18: Global warming potential51 for the German tomato production; the results dis-
play the processes of Table 17 considering the materials and energy used to fulfill the 
functional unit 

Although, only the functional unit related share of materials needed for the greenhouse struc-

ture have been considered, the materials still contribute significantly to the overall impact. 

The biggest share however results from the fertilizer production, more specifically the nitro-

gen based fertilizer used within the tomato cultivation, and from the packaging material 

made from Polystyrene. Further materials, such as the used substrate, or sources of energy 

(e.g. electricity) contribute in an expected and moderate amount to the overall impact.  

6.1.3 SLCA results 

For the social dimension, it is focused on the groups of workers, who are expected to contrib-

ute the greatest share of working hours, such as operators or technicians, due to the exem-

plary nature of the case study. In a more comprehensive consideration further groups of 

                                                      
51 While the definition of Tier 1 suggests to include eutrophication in addition to global warming, if agricultural 
products are assessed, within this exemplary case study the considerations are limited to GWP in order to ensure 
consistency with the other two case studies. Foremost, as the eutrophication results correlate with the GWP 
results – details can be taken from the Annex.  
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workers need to be included, such as workers performing mining operations for generating 

the raw materials needed. The considered groups are summarized in Table 18. 

Table 18: Considered groups of workers for the German tomato production including field 
of work and country of production 

Group of workers Field of work Countries of process operation 

Agricultural workers 

Seed and seedling production Netherlands 

Substrate production India 

Tomato cultivation Germany 

Workers in greenhouse manage-
ment 

Office management & distribu-
tion 

Germany 

Workers in manufacturing 

Steel & glass parts greenhouse 
structure 

Germany 

Aluminum parts greenhouse 
structure 

China 

Plastic parts and heating system 
greenhouse structure 

Netherlands 

Workers in chemical industry 

CO2 production for air enrich-
ment within tomato cultivation 

Germany 

Pesticide/fertilizer production Netherlands 

Workers in electricity/water pro-
duction 

Electricity needed for green-
house operation  

Germany 

Workers in packaging industry 
Packaging materials for toma-

toes 
Germany, Netherlands, Italy, 

Turkey, China 

Workers in transportation 

Transportation processes per-
formed for all needed materials 
plus final transports to distribu-

tion 

Germany, Netherlands, Italy, 
Turkey, China, India  

 

Based on the introduced method in section 4.1.1, FWPs are calculated for all listed groups of 

workers and processes (compare Figure 19). Primary data on real wages and working time 

have been provided by the German tomato producer for the processes tomato cultivation, 

office management & distribution52, which are performed in Germany. As the tomato pro-

duction in Germany can be seen as a seasonal industry, monthly remuneration is considered 

calculated for a 12-month period, following the recommendations of Anker (2011): “Every 

                                                      
52 Please note, that the primary data presented here may not represent the general situation in the German 
tomato production, but rather reflect the situation at the considered location of production.  
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industry that is not essentially seasonal should pay enough to its workers to maintain them 

through the slack season and through short periods of sickness.” This is especially important 

to the workers in the tomato cultivation, as they are normally employed from March to No-

vember. Further data covering the supply chain are the taken from secondary data sources53. 

In addition, further sources (see Table 26 to Table 28) are considered for including more case 

specific data. With regard to data quality, only data are included which are not older than ten 

years. The achieved results are displayed in Figure 19. 

 
a Values ≥ 1 are interpreted as fair, as the potentially actual wage fits or even exceeds the required MLW; values 
<< 1 are considered as insufficient and contribute to the cases of underpayment per year, as worker’s family 
would be unable to achieve an adequate living standard or would even live in poverty 
b All calculated values are based family size of the respective country (by means of country-specific fertility 
rates). 
c The abbreviations stand for: Agricult. – agricultural workers; Management – workers in greenhouse manage-
ment; Manufact. – workers in manufacturing for the greenhouse structure; Chem. Ind. – workers in chemical 

                                                      
53 Relevant data sources have been listed in a database, which has been established in connection with the 
article of Neugebauer et al. (2016) and can be downloaded from https://www.see.tu-berlin.de/menue/for-
schung/ergebnisse/fair_wage_aequivalente/.  

https://www.see.tu-berlin.de/menue/forschung/ergebnisse/fair_wage_aequivalente/
https://www.see.tu-berlin.de/menue/forschung/ergebnisse/fair_wage_aequivalente/
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industry; Electric. – workers in German electricity production; Packag. – workers in packaging industry; Transport 
– workers in transportation. 
d The detailed calculation including data and related sources can be taken from the Annex. 

Figure 19: Fair wage potentials for the German tomato production; the results display 
the processes of Table 18 

Figure 19 shows that no significant impacts are expected for German, Dutch and Italian work-

ers. Yet, the FWPs calculated for Chinese and Turkish workers indicates a great distance from 

the MLW and thus cause negative impacts for the workers and their families. Furthermore, 

the appearing inequality fosters the resulting negative impacts. The results for Germany and 

Netherlands are comparable, even though the FWPs for the Dutch workers are slightly lower. 

The differences for the agricultural workers may result from the different data source, as for 

the German production primary data were available. For the Dutch workers, secondary aver-

age data have been used. Considering the values calculated for the Indian workers, no signif-

icant impacts are expected.  

6.1.4 EcLCA results 

For the economic considerations of the German tomato production consider the defined 

value added indicator of the midpoint category ‘profitability’. Therefore, the results are ex-

pressed from the perspective of the tomato producer located in Germany. Profitability im-

pacts of upstream processes performed by different producers, such as material production 

or production of tomato seedlings, are not part of this thesis due to missing secondary data 

sources, which would allow for considering the complete supply chain. Three main categories 

are distinguished for the value added determination – income, material costs and operating 

costs. Main processes and sub-processes are allocated to the different categories orientating 

on the different steps of the tomato production (compare Table 19). The given monetary val-

ues are calculated per functional unit.    

Table 19: Considered cost categories for calculating the value added of the German to-
mato production  

Category Main process Sub-process Euro (€) per FU  

Income Average purchase price 
Price paid by food re-

tailer 
0.76 

Material costs Greenhouse structure Aluminum  0.002 
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Category Main process Sub-process Euro (€) per FU  

Concrete 0.0035 

Steel  0.002 

Polypropylene 0.0006 

Glass 0.018 

Polyvinylchloride 0.0004 

Packaging materials 
Polystyrene 0.005 

Card board 0.05 

Operating costs 

Tomato cultivation 

Cocos substrate  0.01 

Tomato seedlings 0.11 

Water 0.0004 

Fertilizer 0.02 

CO2 production for air 
enrichment  

0.01 

Greenhouse operation 
Electricity 0.042 

Labor 0.38 

Transport Materials & Distribution 0.006 

Based on the values presented in the Table the value added representing the impact category 

‘profitability’ is calculated according to Equation 3 defined within section 4.2.2.2. Therefore, 

all relevant process costs are characterized into two value added values. Primary data on all 

costs categories included have been provided by the German tomato representing processes 

in the previous Table.54  

Based on this, the two different value added are calculated. The red dots within Figure 20 

represents the value added including infrastructure costs for the greenhouse on the left side 

and excluding the infrastructure costs for the greenhouse on the right side55. The values are 

calculated based on the averaged purchase price, functioning as the product-related charac-

                                                      
54 Please note, that the presented primary data may not represent the general situation in the German tomato 
production, but rather reflect the situation at the considered location of production.  
55 The greenhouse structure was subsidized by the European Union and is therefore not part of the expenses to 
be tackled by the tomato producer. However, the second value added was included to display the situation 
without subsidies.  
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terization factor, displayed in the positive green bars of Figure 20. The negative values con-

stitute the costs spend to produce 1 kg of tomatoes (again including or excluding the infra-

structure costs for the greenhouse).  

 

Figure 20: Value added for the German tomato production; the results display the cate-
gories and processes of Table 19 considering the monetary values per functional unit  

By little surprise the labor costs significantly influence the value added, followed by the costs 

occurring for the tomato seedlings needed to produce one kg of tomatoes. Furthermore, the 

packaging material and electricity, needed to run the greenhouse, contribute a certain share 

to the overall impact. Nevertheless, in both cases (including or excluding the greenhouse 

structure) the value added constitutes a positive value, which means that the achieved value 

added contributes to the microeconomic market success as defined in section 4.2.2.2. 
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6.1.5 Interpretation and critical reflection 

With the Tier 1 assessment all three dimensions of sustainability could be considered. The 

global warming potential provided little to no implementation challenge and could be trans-

parently displayed for all related processes. By means of the case study, also the applicability 

of the newly developed fair wage method as well as of the product related valued added 

characterization could be proven. Yet, some challenges occurred.  

The FWPs could be determined for all relevant groups of workers by using primary as well as 

secondary data. However, some data uncertainties apply for the case study. For instance, the 

FWPs calculated for the Indian workers showed no significant negative impact. Yet, the 

measures may contain some uncertainty, as the median56 of average country wages was used 

in absence of more specific wage data. Further uncertainties may result from the average 

sector data, as e.g. manufacturing of the greenhouse structure and the processes that relate 

to chemicals and packaging are based on the same sector data. However, the results provide 

a good first impression of fair wage impacts for the related life cycle of the German tomato 

production and indicate hotspots, which are worth further investigation. A detailed case 

study should cover additional or preferably all relevant groups of workers along the supply 

chain.57 Yet, as soon as all groups of workers are considered within a comprehensive case 

study further investigations of the earlier within section 4.1.1.4 discussed calculation of an 

overall FWP should be undertaken, e.g. by means of building a working time corrected aver-

age over all calculated FWPs. For this exemplary case study, the FWeq. are rather expressed 

per group of workers.  

The calculation of product related value added appeared to be more challenging, as no insight 

in the sub-suppliers’ business practice could be provided by the German tomato producer 

and no database has so far been created providing secondary data sources. While the value 

added for the core producer (the German tomato producer) could be calculated, it could not 

be determined for any upstream or downstream suppliers. This embodies a similar challenge 

                                                      
56 The median is included instead of the average, as it is often used as the basis for determining living wages 
(Anker 2011).  
57 It should be noted that the characterization model for fair wage only represents workers, but does not directly 
address further stakeholder groups, such as consumers or local communities. 



Exemplary case study application 

139 
 

as in LCC, where costs categories are typically calculated from the perspective of the producer 

or consumer, but does not account for upstream or downstream suppliers. The lack of sec-

ondary data sources becomes very crucial in this context.  

Despite those challenges, meaningful results could be achieved for each of the three dimen-

sions. Naturally, the LCA results give a clear indication on existing hotspots and optimization 

potentials, e.g. the reduction of nitrogen based fertilizer can provide environmental benefits. 

With the calculation of the FWPs, life cycle hotspots for the social dimension could be identi-

fied in a similar way, e.g. the working situation in China requires further consideration. While 

no life cycle related hotspots in the same manner could be determined for the economic di-

mension, at least the value added of the primary producer was calculated, which indicates 

the main cost drivers and may allow for determining the influence on the macroeconomic 

level by means of economic prosperity considerations. In addition, first trade-offs between 

the three dimensions became obvious, as certain impacts significantly contribute to one di-

mension while they have little or no contribution to another dimension. Trade-offs could be 

identified between the economic and social dimension, by considering labor costs and wages. 

One may argue that the value added could be increased by reducing the labor costs. Yet, the 

social considerations by means of fair wage potentials clearly state that reductions in wages 

(which result from a saving of labor costs) can cause cases of underpayment, as the FWPs of 

the workers in the German tomato production does not significantly exceed 1. Another trade-

off could be identified for the fertilizer usage, which from an economic perspective is not 

critical, but from an environmental perspective contributes a great share to the GWP. Thus, 

from an environmental perspective it was found reasonable to reduce the nitrogen based 

fertilizer, which has also been discussed with the German tomato producer. 
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6.2 Case study on Pedelec frames 

A second exemplary case study is performed on frames of Pedal electric cycles (Pedelecs). 

The case study is partly based on the conference proceeding of Neugebauer et al. (2013), but 

has been adapted to the new method developments of chapter 4.   

In connection with mobility bikes are generally considered as an environmentally friendly way 

of commuting (Bouwman and Moll 2002). A new way of cycling emerged with the develop-

ment of Pedelecs combining classical bikes with a battery charged electric motor (European 

Union 2002). Pedelecs gain increasing relevance for several reasons (Manthey, Neupert, and 

Budde 2012; Lewis, Edegger, and Schriefl 2012):  

 Within European and Asian markets Pedelecs constantly gain relevance  

 Pedelecs are often connected to green mobility concepts in urban regions  

 Several cities already established Pedelec sharing systems  

 Pedelecs are applicable within different markets also including developing countries  

Within the Collaborative Research Center project – CRC 1026 – targeting the achievement of 

sustainable manufacturing, future mobility was one important field. Therefore, Pedelecs 

served as a show case presenting alternative product design and improvement options. With 

this regard a so-called Triplec (see Figure 21) was developed combining the classical Pedelec 

principle with enhanced comfort (weather protection) and transport options (increased car-

rier capacity). Different parts of this Triplec raised questions on the best and most sustainable 

design, e.g. the Triplec frame was of major concern. Therefore, a comparative ‘sustainability 

footprint’ (Tier 1) has been performed comparing different frame materials and addressing 

different sustainability aspects.  
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Figure 21: Triplec as developed within CRC 1026 ‘Sustainable Manufacturing’58 

6.2.1 System boundaries and functional unit 

Three different frame materials are compared – Steel, Aluminum and Titanium. All relevant 

processes are included beginning from the raw material extraction via transport processes 

ending with the frame production step. Whereas the system boundaries for LCA and SLCA are 

identical, EcLCA additionally includes the distribution stage in order to determine purchase 

prices and by this means calculate the value added (compare Figure 22). Different production 

and finishing options are considered for the different frames (see Table 20), which are rele-

vant from an economic and environmental perspective, but cause no difference for the social 

considerations. In accordance with the current market situation it is assumed that the alumi-

num frames are produced in Taiwan, whereas the steel and titanium frames are produced in 

Germany. The raw materials are supplied from different countries considering the country-

specific supply situation. The iron ore is derived from Brazil (Triebskorn 2012), the bauxite 

comes from China (BGR 2013) and the titanium ore is supplied by Russia (Drobe and Killiches 

2014)59. The system boundary is defined accordingly. Due to the research-oriented nature of 

the project and the related case study, the production locations included in the system 

boundary are based on certain assumptions. For instance, even if the aluminum frame has 

                                                      
58 The picture is taken from an internal source of the CRC project. 
59 The assumption that the titanium is imported from Russia is additionally based on project-internal information 
from resource experts.  
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not yet been produced in Taiwan, it is likely to happen as soon as the product enters series 

production. Taiwan clearly dominates the global production on Aluminum bike frames, like 

pointed out by e.g. Gould 2014; Ratcliffe 2016; and Cycle Taiwan 2016.   

 

Figure 22: Cradle-to-gate LCSA system boundary for the Triplec frame production 

The functional unit for the comparative assessment has been set to one piece of frame. This 

leads to different reference flows with regard to required material amount, connection types 

and finishing processes for the different frames (compare Table 20).  

Table 20: Reference flow values for the different Triplec frames including weights, mate-
rials and connection/finishing options 

 Carbon steel frame (DE) Aluminium frame (TW) Titanium frame (DE) 

Weight 7.5 kg 4 kg 2 kg 

Material 25CrMo4 6061-T6 Ti-6Al-2Sn-4Zr-6Mo 

Type of connection soldered or welded welded welded 

Finishing process galvanized or powder 
coated 

anodized, galvanized or 
powder coated 

anodized, galvanized or 
powder coated 

6.2.2 LCA results 

For the environmental dimension the global warming potential is calculated by considering 

three main process steps – the raw material production, the transportation and the frame 
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production. The three frame options – carbon steel, aluminum and titanium – are compared 

by also considering different types of connection and finishing processes. Based on the refer-

ence flows defined in Table 20, the global warming potential is calculated for all frame op-

tions. Therefore, the GaBi database (Thinkstep 2015) and the CML method (Leiden University 

2013) have been used.   

 

Figure 23: Global warming potential for the Triplec frame comparison; the results display 
the reference flow related requirements of Table 20 needed to fulfill the functional unit  

As shown in Figure 23, the differences between the different frame materials are quite cru-

cial. The titanium frame performs worst, as its raw material production with > 45 kg CO2eq. 

contributes the highest share of all materials. The aluminum frame has a lower raw material 

burden than the titanium frame. By far the best performance has the carbon steel frame, as 

its raw material production undercuts that of the other materials. Differences in results for 

the different frame options also results from the type of connection. Welding is superior over 

soldering (in case of the steel frame) from a global warming perspective, due to the solder 

paste needed. With regard to the finishing process the anodization process performs worse 

than the powder coating or the galvanization, which are comparable in terms of CO2eq.  

6.2.3 SLCA results 

For the social dimension, it is focused on the groups of workers, who are expected to contrib-

ute the greatest share of working hours, such as manufacturer, miners and transportation 
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workers. In a more comprehensive consideration further groups of workers need to be in-

cluded, such as workers in distribution and administration. The considered groups perform 

the core processes needed for the Triplec frame production and are summarized in Table 21. 

Table 21: Considered groups of workers for the different types of frames including field 
of work and production location 

Frame type Process step Group of workers Production location 

Steel frame 

Iron-ore mining Miner  Brazil 

Frame production Manufacturer  Germany 

Transport Worker in transportation Brazil & Germany 

Aluminum frame 

Bauxite mining Miner  China 

Frame production Manufacturer  Taiwan 

Transport Worker in transportation China & Taiwan 

Titanium frame 

Titanium ore mining Miner  Russian Federation 

Frame production Manufacturer  Germany 

Transport Worker in transportation Russian Federation & 
Germany 

Based on the introduced method in section 4.1.1.2, FWPs are calculated for all listed groups 

of workers and processes. The data covering the supply chain are taken from secondary data 

sources60. With regard to the Brazilian transportation workers the database does not provide 

real average wages. Therefore, Murphy (2012) has been considered as a first approximation. 

With regard to data quality, only data are regarded which are not older than ten years. The 

achieved results are displayed in Figure 24. The detailed calculation background can be taken 

from Table 29 and Table 30 provided in the Annex.  

                                                      
60 Relevant data sources have been listed in a database, which has been established in connection with the 
article of Neugebauer et al. (2016) and can be downloaded from https://www.see.tu-berlin.de/menue/for-
schung/ergebnisse/fair_wage_aequivalente/.  

https://www.see.tu-berlin.de/menue/forschung/ergebnisse/fair_wage_aequivalente/
https://www.see.tu-berlin.de/menue/forschung/ergebnisse/fair_wage_aequivalente/
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a Values ≥ 1 are interpreted as fair, as the potentially actual wage fits or even exceeds the required MLW; values 
<< 1 are considered as insufficient and contribute to the cases of underpayment per year, as worker’s family 
would be unable to achieve an adequate living standard or would even live in poverty 
b All calculated values are based family size of the respective country (by means of country-specific fertility 
rates). 
c The detailed calculation including data and related sources can be taken from the Annex. 

Figure 24: Fair wage potentials for the Triplec frames considering the different produc-
tion locations 

Figure 24 shows that no negative impacts result for all German and Taiwanese workers, as 

the values are >>1. The same accounts for the Russian miners. Yet, the FWPs calculated for 

the Chinese transport workers result in values <1. Thus, negative impacts for the workers and 

their families can be expected. A detailed case study should accordingly investigate those 

worker groups further. For the Brazilian transport and mining workers, the Chinese mining 

workers as well as for the Russian transport workers FWPs close to 1 were calculated. Espe-

cially, in case of the Brazilian workers, further investigations should focus on strengthening 

the data situation and ensuring high quality data. 
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6.2.4 EcLCA results 

For the economic dimension, the Triplec study considers the value added of the frame pro-

ducer comparing the different frame materials. Three categories are taken into account – 

material costs, operating costs by means of labor costs and the income achieved through sale. 

The required cost data have been provided by the product designers of the Triplec (CRC 1026 

project partner). The labor costs and income rates are not that easy determinable, as no se-

ries production did take place, yet. Therefore, those are mainly based on assumptions reflect-

ing a typical series production in Taiwan or respectively Germany. By this means the labor 

costs could be assumed through typical hourly wages61 and process time (Freewheeler 2016; 

Bluecraft Bikes 2016). The concrete income gained through the sale of the Triplec or Triplec 

frames could not be determined. Therefore, profit margins for retailers, based on the current 

bike and Pedelec market situation, have been assumed for calculating the value added. A 

study performed by a German bank (VR 2013) concluded that the overall margin aggregates 

to 39.5 %. The EHI Retail Institute (EHI 2013) within its statistics refers to 36 % average bene-

fits. Within the case study the more conservative amount is included for calculating the value 

added. All values can be taken from Table 22.  

Table 22: Considered parameters representing the different frame types in accordance 
with the functional unit 

Frame typea Material costs 
[€] 

Operating costs (by 
means of labor costs)c 

Income through 
purchase [€] 

Aluminum 
frame (Taiwan) 

Al pwc 43 

190.83b (assuming a pro-
cess time of 24 hours)d 

Assuming a 36 % 
profit marginf 

Al anod 47 

Al galv 153 

Steel frame  

(Germany) 

St weld pwc 52 

812.94b (assuming a pro-
cess time of 40 hours)e 

St sold pwc 57 

St weld galv 162 

St sold galv 167 

Titanium frame 
(Germany) 

Ti pwc 325 

812.94b (assuming a pro-
cess time of 40 hours)e Ti anod 329 

Ti galv 435 

                                                      
61 The wage rates are taken from the earlier introduced fair wage database and are consistent with the consid-
ered wage rates included in the next section.  
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a   Abbreviations can be taken from the ‘List of abbreviations’  
b Hourly labor costs for Taiwanese and German workers are based on the database downloadable on 
https://www.see.tu-berlin.de/menue/forschung/ergebnisse/fair_wage_aequivalente/  
c All process times are first approximations and should be double-checked, as soon as performing a detailed 
case study 
d Assumed process time for the produced bike frames in series production according to www.free-
wheelerbikeshop.com  
e Assumed process time for the manually produced German bike frame production according to www.blue-
craftbikes.de  
f Assumed profit margin for the bike frames considered based on EHI Retail Institute (EHI 2013). Within a more 
comprehensive case study the profit margin should be further investigated, also with regard to differences 
between frames and complete Pedelecs.  

Based on the values presented in the previous table the value added representing the impact 

category ‘profitability’ is calculated according to Equation 3 defined within section 4.2.2.2. 

Therefore, all relevant process costs are characterized into frame specific value added values. 

The results are presented in Figure 25. 

 

Figure 25: Value added of the different Triplec frames considering the manufacturing 
sites in Taiwan and Germany  

Figure 25 shows that the value added of the Titanium frame is higher compared to the steel 

and aluminum frames. The material cost in each case only contribute a small share to the 

overall costs, while the labor costs, especially for the steel and titanium frames, dominate the 

cost side. Yet, due to the inherent assumptions on the profit margin and working hours re-

quired to produce one piece of frame, the results definitely need further investigation and 

until then should be interpreted with caution.   

-1500

-1000

-500

0

500

1000

1500

2000

Al pwc Al anod Al galv St weld
pwc

St sold
pwc

St weld
galv

St sold
galv

Ti pwc Ti anod Ti galv

Alu Frame Steel Frame Titanium Frame

€

Material Cost Labor Cost Income VA (Manufacturing)

https://www.see.tu-berlin.de/menue/forschung/ergebnisse/fair_wage_aequivalente/
http://www.freewheelerbikeshop.com/
http://www.freewheelerbikeshop.com/
http://www.bluecraftbikes.de/
http://www.bluecraftbikes.de/


Exemplary case study application 

148 
 

6.2.5 Interpretation and critical reflection  

The ‘sustainability footprint’ of the different Triplec frames, revealed good results for the en-

vironmental dimension, by means of global warming potential, provided a first impression of 

resulting social impacts, by means of fair wage, and addressed first aspects with regard to the 

economic dimension, by means of value added. Comparable to the results presented within 

section 6.1, a decline in results comprehensiveness and accuracy can be observed for the 

Triplec frame case as well. While for the environmental dimension with the differentiation in 

raw material, transport and frame production, CO2eq. for different stages along the life cycle 

can be displayed, and similar accounts for the social dimension with the determination of 

FWeq. for mining and production operations; a comparable consideration of the supply chain 

could not be achieved for the value added, as it was only displayed from the final producer 

perspective.  

Furthermore, while the GWP provided little to no implementation challenges and could be 

transparently displayed for all Triplec frames, the fair wage characterization revealed some 

data uncertainties, in case of the Brazilian workers. Even greater data gaps have been re-

vealed for the value added determination. Both cases once more revealed the need for com-

prehensive secondary data sources. The in connection with the fair wage characterization 

implemented database can be seen as an important starting point. However, some uncertain-

ties remain, as e.g. the determination of realistic salaries and working hours is challenging 

especially with regard to the Brazilian transportation sector according to Murphy (2012). 

Thus, a more thorough investigation would be needed including further studies and addi-

tional sources.  

Trade-offs appear between the environmental and economic dimension, as the titanium 

frame performs worst by means of GWP, but best by means of value added. However, before 

over-interpreting the results of the value added, further sources better representing the ac-

tual market situation should be included. In this context, also the general implications result-

ing from the value added assessment should further be investigated. For instance, while the 

production of the steel and titanium frames is cost intensive compared to the aluminum 
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frame production, a great share of the added value happens in Germany, which may posi-

tively contribute to its wealth generation. The trade-off between value added created in one 

economy or another must therefore also be part of further investigations.  

Another trade-off appears between the environmental and social dimension with regard to 

the aluminum frame. Whereas the frame performs medium in GWP terms, it contains poten-

tially negative impacts for the involved Chinese mining workers. Further investigations should 

consequently review the Bauxite mining chain connected to the aluminum frame production. 

6.3 Case study on modular machine tool frames 

A third exemplary case study is included addressing the concept development of modular 

machine tool frames. Therefore, this case study addresses the technology development and 

manufacturing sector and therewith adds an additional field of assessments to be tested 

within the Tiered approach. The concept of modular machine tool frames has been developed 

within the Collaborative Research Center project – CRC 1026 – targeting the achievement of 

sustainable manufacturing technologies. The case study is based on two conference proceed-

ings, which address smart manufacturing environments by means of wireless micro systems 

in combination with flexible machine tool frames (Benecke et al. 2015; Peukert et al. 2015). 

With regard to this thesis, the article sections dealing with LCSA, written by the author of this 

thesis, are considered. The implementation and results of the case studies performed have 

partly been adapted in accordance to the new method developments of chapter 4.  

Within the two articles (Benecke et al. 2015; Peukert et al. 2015), a conceptual approach of 

reconfigurable and reusable flexible machine tool frames is presented targeting a broader 

technical flexibility compared to a conventional machine. As a first use case a 3-axis milling 

machine tool frame was chosen. The proposed modular machine tool frame (MMTF) struc-

ture is combined with wireless sensor nodes (WSN) as shown in Figure 26.   

To ensure a preferably sustainable design of the MMTF and WSNs, a Tier 1 assessment has 

been performed, considering the core elements of the MMTF by means of hexagon blocks 

and a minimum set of ten electronic units required for the conceptual MMTF. The system 

boundaries and functional unit are defined accordingly in the following section. Due to the 
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conceptual nature of the study, a thorough assessment of economic impacts by means of 

profitability was not possible at this point as not income or profit margin could be determined 

at this stage. Therefore, the assessment is limited to the environmental dimension by means 

of GWP and to the social dimension by means of FWP.  

 

Figure 26: Flexible machine tool frame including wireless sensor nodes  (according to 
Benecke et al. 2015) 

6.3.1 System boundaries and functional unit 

The case study has been performed in two steps including the hexagon as the core element 

of the MMTF and secondly the electronic parts (WSNs) needed for the conceptual MMTF. 

Therefore, the system boundaries are also defined separately for the two parts. For both parts 

a cradle-to-gate study is performed excluding the use-phase and the EoL-treatment.  

For the hexagon production seven process steps are considered (compare Figure 27) – the 

raw material extraction (iron ore), the steel plate production, the water cutting of the plate, 

the milling of the hexagon parts, the welding and annealing of the hexagon, followed by a 

final milling & drilling. With regard to the raw material extraction and the steel plate produc-

tion a German manufacturing site is assumed. Therefore, the iron ore is most likely distrib-

uted from Brazil (Triebskorn 2012). The energy used for producing the hexagon is taken from 

the German energy grid mix. The technical parameters for calculating the process times and 

operating material consumptions (e.g. cooling liquids) have been provided by the developers 

of the MMTF structure. The made assumptions serve as the basis for the sustainability foot-

print calculation including FWPs and GWPs.  
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Figure 27: Cradle-to-gate system boundary for the hexagon production of the MMTF 

For the WSNs the different components have been taken into account for composing one 

electronic unit. The currently available prototype of the WSN has a size of 20 mm x 65 mm. 

The WSN includes six main component groups and in total eleven components from nine dif-

ferent countries. The background information on the origin of the different parts have been 

provided by the developer of the WSNs at the Fraunhofer IZM institute. The system boundary 

is defined accordingly as displayed in Figure 28.  

 

Figure 28: Cradle-to-gate system boundary for the electronic components of the WSNs  
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6.3.2 LCA results 

Following on the defined system boundaries this section is twofold by first considering the 

GWP of the MMTF and subsequently of the WSNs.  

6.3.2.1 Modular machine tool frames 

For the environmental dimension the global warming potential is calculated by considering 

the process steps defined in Figure 27. The related process parameters per functional unit 

can be taken from Table 23. For the processes water cutting, milling and milling and drilling 

also some minor amounts of lubricants have been considered in the calculation. Those are 

nevertheless almost negligible, as the lubricant is circulated and the losses are minimal. For 

the calculation the GaBi database (Thinkstep 2015) and the CML method (Leiden University 

2013) have been used.  

Table 23: Considered processes for the hexagon production including the process param-
eters per functional unit 

Process Process parameter 
Mass/length per functional 

unit 

Steel plate Original weight 23.83 kg 

Water cutting Cutting length & removed material 3,171 mm & -4.54 kg 

Milling Removed material -1.52 kg 

Welding Welding seam & added material 2,158 mm & 0.83 kg 

Annealing Weight of workpiece 18.6 kg  

Final milling & drilling Removed material -3.98 kg  

As shown in Figure 29, great differences between the processes occur. The hexagon produc-

tion is clearly dominated by the raw material production (steel plate), which is then followed 

by the water cutting process contributing about 16 % to the GWP. The results are obtained 

by assuming an already filled up closed-circle of lubricant.  
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Figure 29: Global warming potential for the basic hexagon element of the MMTF; the re-
sults display the reference flow related values of Table 23 with regard to the functional 
unit  

6.3.2.2 Wireless sensor nodes 

For the environmental dimension the GWP is calculated by considering the parts addressed 

in Figure 28. To carry out the LCSA of the WSN, the ‘GaBi6 Extension database XI: Electronics’ 

(Thinkstep 2015) has been used. Due to the complexity and variety of microelectronic com-

ponents available on the market, generic databases can only to a certain extent represent the 

actual situation of electronic components. The generic datasets have therefore been carefully 

selected after investigating the actual components to also enable a meaningful scaling with 

regard to the functional unit (compare Table 24). Whenever possible, data sets corresponding 

to the exact package and technology were selected, e.g. in case of the capacitors or the 4-

layer PCB board. For some parts scaling was required based on the reference data set.  
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Table 24: Considered parts for the WSN production including the scaling factors per func-
tional unit 

Components included in WSN Gabi Electronics Extension Database XI  Scaling Factor 

Active com-
ponents 

Microcontroller  IC TQFP 44 (260mg) 10x10x1.0 0.87 

Transistor  CSP 49 (3.17x3.17mm) MPU  1 

Transceiver  IC TQFP 32 (70mg) 5x5x1.0 0.41 

LED  LED top SMD (35mg) 3.2x2.8x1.9 0.012 

Power converter  IC QFP 32 (180mg) 7x7x1.5 0.14 

Clock  IC PLCC 20 (700mg) 8.9x8.9x3.8 0.091 

Temperature sensor  SOT23 3 leads (10mg) 1.4x3x1 0.26 

Acceleration sensor  IC QFP 32 (180mg) 7x7x1.5 0.04 

Oscillator  Oscillator crystal (500mg) 11.05x4.65x2.5 0.04 

Passive com-
ponents 

Capacitors  
Piece of capacitor ceramic MLCC 0201 
(0.17mg) 0.6x0.3x0.3 

13 

Inductors  Coil multilayer chip 0402 (1mg) 0.51 

Resistors  Resistor thick film flat chip 0201 (0.15mg) 8 

Other PCB 
Area of printed wiring board, rigid, FR4, 
chemSn elecAuNi, 4-layer 

0.00124 

The results are clearly dominated by Microcontroller and Transceiver production, as shown 

in Figure 30. Furthermore, the so-called active components determine 90% of the total GWP. 

Even though, the PCB does not count under active components it still provides a bigger share 

to the overall GWP. The peripheral components in contrast have close to zero contribution 

to the overall GWP.  
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Figure 30: Carbon footprint result for wireless sensor nodes used for the modular ma-
chine tool frame 

6.3.3 SLCA results 

Unlike the LCA results´ presentation, the results for the FWPs are jointly displayed for both 

the MMTF and the WSNs. The MMTF could be summarized in two groups – the Brazilian and 

the German production. Even though, different processes are performed in Germany, they 

all require similar work operations and could therefore be expressed by one FWP. For the 

WSNs a different picture appears, as the single parts are produced in different countries and 

thus need separate consideration. Table 25 presents a summary of the processes considered 

for the MMTF and the WSN in accordance with the system boundaries defined in section 

6.3.1.  

Table 25: Considered parts for the hexagon production including the group of workers 
and production location 

Parts considered Process step Core group of workers Production location 

MMTF 
Iron-ore mining Miner Brazil 

Steel plate production Manufacturer Germany 
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Parts considered Process step Core group of workers Production location 

Manufacturing pro-
cesses for hexagon  

Germany 

WSN 

Microcontroller produc-
tion 

Manufacturer 

South Korea 

Transceiver production Thailand 

Temperature sensor & 
LEDs 

China 

Acceleration sensor Malta 

Transistor USA 

Converter Philippines 

Real time clock Taiwan 

Oscillators & resistors, 
inductors etc. 

Japan 

PCB Germany 

Based on the introduced method in section 4.1.1.2, FWPs are calculated for the listed groups 

of workers per part and production location. The needed data are taken from secondary data 

sources62. Therefore, country-specific manufacturing processes are used as a proxy for the 

electronics manufacturing, as more specific data are rarely available. With regard to data 

quality, only data are considered which are not older than ten years. The achieved results are 

displayed in Figure 31. In addition, Table 31 and Table 32  display more details of the calcu-

lated FWPs in the Annex.  

                                                      
62 Relevant data sources have been listed in a database, which has been established in connection with the 
article of Neugebauer et al. (2016) and can be downloaded from https://www.see.tu-berlin.de/menue/for-
schung/ergebnisse/fair_wage_aequivalente/.  

https://www.see.tu-berlin.de/menue/forschung/ergebnisse/fair_wage_aequivalente/
https://www.see.tu-berlin.de/menue/forschung/ergebnisse/fair_wage_aequivalente/
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a Values ≥ 1 are interpreted as fair, as the potentially actual wage fits or even exceeds the required MLW; values 
<< 1 are considered as insufficient and contribute to the cases of underpayment per year, as worker’s family 
would be unable to achieve an adequate living standard or would even live in poverty 
b All calculated values are based family size of the respective country (by means of country-specific fertility 
rates). 
c The abbreviations stand for: Prod. - production; Hex. Prod. – hexagon production; Temp. - temperature; Ac-
celer. - acceleration; Periph. Comp. – peripheral components; the country specific abbreviations are according 
to ISO. 
d The detailed calculation including data and related sources can be taken from the Annex. 

Figure 31: Fair wage potentials for MMTF and WSNs considering the different production 
locations 

The results reveal high negative impacts for the manufacturing workers in Thailand and in 

China, as the FWPs indicate a great distance from the MLWs and thus cause negative impacts 

for the workers and their families. Furthermore, the appearing inequality fosters the resulting 

negative impacts. A detailed case study should accordingly further investigate those worker 

groups. For the workers in Brazil and Malta, FWPs close to one were calculated and should 

therefore be interpreted with caution. For all other production locations involved, no nega-

tive impacts are expected, as the FWPs are >>1.  The results show that, even though the 

tracking of the origin for electronic components is more challenging than for the production 

of the MMTF, it is decisive for determining the social sustainability impacts resulting from 

unfair wages. 
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6.3.4 EcLCA results 

As pointed out in the beginning of this section, the economic dimension is due to the early 

stage of product development and the conceptual nature of the MMTF and WSN combination 

for now neglected within this study. Due to the yet very unsure market response on this prod-

uct solution it is simply not possible to provide a solid statement on the income or profit 

margin. It should however be part of further studies, as soon as additional research will have 

been done and the concept reached market maturity.  

6.3.5 Interpretation and critical reflection 

By performing a carbon footprint and fair wage assessment of the MMTF and the WSNs the 

environmental and social performance of the developed flexible manufacturing systems 

could be determined. Whereas, the overall GWP is clearly dominated by the production of 

the MMTF more specifically by the raw material production, the WSNs show more severe 

social impacts represented through FWPs. With the inclusion of both, the GWP and the FWP 

the products life cycle can be displayed from two different perspectives – the environmental 

as well as the social (workers´) perspective. In both cases the raw material production as well 

as the manufacturing of the MMFT are covered and it is accounted for the production of the 

different electronic components.  

With regard to GWP, the reduction of the total amount of raw material and the improvement 

of process parameters in the water cutting process have been identified as the two main op-

timization options. Further research will accordingly focus on lightweight design principles. In 

addition, research will focus on the substitution of processes, e.g. by testing casting options 

for the hexagon production. Even though the WSNs are not dominant with regard to GWP, 

some improvement potentials could be identified. By further miniaturizing the sensor a GWP 

reduction could be achieved, which is associated with the active components. Through the 

minimization of energy-intensive production processes, components such as gold wire bonds 
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and lead frames can be replaced by FlipChip63 technologies. The concrete reduction potential 

will be part of further research.  

With regard to the social dimension, the already earlier mentioned challenge of available data 

and high data quality applies especially for the electronic components. The data provided 

within the established database cover countries or sectors manufacturing sector, but do not 

specifically address the electronics sector. Therefore, the achieved results serve as a first in-

dication, but need further investigation and adaption to the electronics sector. 

  

                                                      
63 Flip Chip assemblies are smaller than traditional carrier based systems and provide advantages in transmission 
speed and heat conductance.  
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7 Discussion 

This chapter is divided in four subsections. The subsection 7.1 addresses general discussion 

points on the initial Tiered approach concept, while the section 7.2 addresses methodological 

developments of this thesis, which also includes the refinements by means of the Tiered ap-

proach 2.0. The subsection 7.3 takes up the general data challenge with regard to LCSA and 

finally section 7.4 addresses the discussion on how to interpret LCSA results in the context of 

this thesis.  

7.1 Critical evaluation of the Tiered approach concept 

While the Tiered approach functions as a guide through LCSA, puts the confusion of indicators 

on order and provides simplification options for practitioners, the concept also contains some 

points of discussion. To begin with, as addressed within section 3.6, the general challenges of 

simplified approaches apply for the Tier 1 level focused on within this thesis, as the contra-

diction in results and lack of informative value can occur compared to broader assessments. 

Furthermore, considering the initial Tiered approach concept developed within chapter 3, still 

contains the addressed differences in maturity, when considering the impact categories in-

cluded for LCA, SLCA and LCC (compare Figure 8). In addition, the provided indicator hierarchy 

is not set in stone and depends on the chosen criteria. A different selection of impact catego-

ries seems conceivable, by including additional criteria (e.g. addressing aspects for specific 

cases, as indicated for agricultural processes – eutrophication vs. global warming at the Tier 

1 level) or by giving the criteria different weights (e.g. by rating method robustness over rel-

evance, water use would be ranked prior to land use instead of the other way around). How-

ever, especially the Tier 1 level contains a high correspondence with the three criteria in-

cluded and furthermore well displays different perspectives of the three dimensions. The en-

vironmental perspective therefore addresses globally relevant climate change impacts, while 

the social dimension accounts for the needs of workers by means of fair wages and within 

the economic dimension the business perspective is tackled through profitability considera-

tions. Even though these contradictory considerations contain criteria-based justifications 
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and display a broad perspective, producers performing a LCSA could rather be interested in 

indicators in closer relation to production, such as resource depletion or health & safety.  

By going beyond the Tier 1 level, further discussion points appear when dealing with the Tier 

2 and 3 level. For Tier 2 and 3 the number of included impact categories and indicators per 

tier differs for the three methods, which lead to inconsistencies and challenges in interpreting 

the results. Challenges in connection with LCSA´s interpretation are in more detail discussed 

within the following subsection 7.3. Furthermore, for all three dimensions, by means of LCA, 

SLCA and EcLCA, additional impact categories are possible, which cover topics not yet in-

cluded, such as child development, policy actions, intangible capital, or endocrine disrupters.  

7.2 Critical evaluation of the methodological developments  

Apart from those shortcomings, the Tiered approach can indeed function as an indication of 

further research needs with regard to methodological shortcomings and inconsistencies, 

even though it does not tackle all the existing methodological shortcomings, which still occur 

for SLCA and LCC. This was addressed in chapter 4, by which methodological developments 

were established, following on the addressed limitations of the Tiered approach concept in 

section 3.7 and the identified research directions in section 3.8. Due to the differences in 

maturity of SLCA and LCC, the methodological developments implemented within this thesis 

followed different approaches. While for SLCA impact categories and AoPs have already been 

defined and first impact pathways have been drafted, LCC due to its narrow focus required a 

re-structuring (as indicated Figure 8 referring to the methodological differences and pointed 

out in section 3.8). Therefore, the new EcLCA approach has been proposed including eco-

nomic impact categories and AoPs. For SLCA the followed approach was more straightforward 

by directly digging into the development of an applicable characterization model for the im-

pact category ‘fair wage’. 

While specific points of the new fair wage method have already been discussed within section 

4.1.1.4, which revealed challenges e.g. regarding the relation of the FWPs to the functional 

unit, the determination but also consideration of the inequality factor, and the relation to the 
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endpoint level; the performed case studies in chapter 6 specifically underlined some addi-

tional points specifically. First of all, the case studies confirmed the general applicability of 

the fair wage method and showed that impacts along the life cycle can be expressed. Yet, the 

characterization model so far does not provide a solution concept on how to cover the nu-

merous worker groups, which are involved in the life cycle of one product. For developing a 

solution concept, the trade-off between a feasible and practicable but also comprehensive 

assessment approach must be targeted. Furthermore, the determination of an overall FWP 

representing the functional unit of a product or service remains challenging, but may be re-

solved by taking the organizational perspective into account, as suggested by Martínez-

Blanco et al. (2015). Yet, the final solution may also require a consensus within the SLCA com-

munity. In addition, minor challenges with regard to data availability and quality have been 

indicated (e.g. the electronics industry is not yet comprehensively covered), which would re-

quire an extension of the secondary database provided in the context of this thesis. The 

achievement of comprehensive databases is not unsolvable, but still requires professional 

efforts to also ensure a certain data quality.  

The new profitability method has been discussed within section 4.2.2.3, which revealed data 

availability and confidentiality to be crucial concerns. The case studies performed in chapter 

6 confirmed this obstacle, as the value added could only be displayed from the final pro-

ducer´s perspective neglecting the upstream and downstream suppliers. Thus, while the new 

characterization model theoretically allows for determining the value added along product´s 

life cycle, the data situation hinders the categories comprehensive implementation or at least 

usage in case studies. The benefits of easily relating the value added determination to the 

product level or functional unit is outweighed by this obstacle. The availability of secondary 

data and their inclusion in secondary databases seems pressing in this context. Further con-

siderations with regard to data will be discussed in the following section. Nonetheless, when 

assuming a sufficient data situation, the impact category ‘profitability’ can indeed help to 

identify a balance between cost savings and value added and can show that cost savings are 

not beneficial in any case, e.g. securing jobs in a certain economy may benefit the overall 

value added at the endpoint level. The earlier by Grießhammer et al. (2007)  addressed point 
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of differentiating between different economic situations would therewith also be taken into 

account.  

Notwithstanding the remaining challenges, the newly developed characterization models 

could enhance the sufficiency of Tier 1 of the initial Tiered approach (as shown in section 5.1). 

While, the initial midpoint category ‘fair wage’ (as introduced in section 3.3) did not provide 

a concrete definition or description on how to determine fair wages, the methodological de-

velopments enabled the achievement of a quantitative characterization model (compare sec-

tion 4.1.1). Through this, also the methodological sufficiency could be enhanced following on 

the rationale targeted within Box 2.1.  

With regard to the economic dimension neither impact categories, AoPS nor characterization 

models were included. Therefore, the newly defined EcLCA approach and midpoint category 

‘profitability’ can be seen as first steps to align the economic dimension with the environ-

mental and social one. Nevertheless, the conceptual nature of the EcLCA approach clearly 

requires further investigation and research in order to enable the development of concrete 

characterization models for Tier 2 and 3, as already indicated in section 4.2.5. The same ac-

counts for the SLCA impact categories identified for Tier 2 and 3, where first conceptual drafts 

of the different midpoint impact categories exist, but no concrete characterization models. 

As methodological developments going beyond Tier 1 are outside the scope of this thesis; 

only an outlook has been provided indicating possible research directions and refinements 

for Tier 2 and 3 (compare chapter 4). 

7.3 Data challenges in LCSA  

The case studies included in this thesis indicated the need for dedicating more attention to 

the achievement of secondary data sources for SLCA and EcLCA.64 With the established data-

base for the fair wage assessment a first step has been undertaken in this direction. The fact 

that the database provides secondary data in form of average wage levels or working hours 

                                                      
64 Data challenges may also exist for LCA; yet, for the Tier 1 level no shortcomings in secondary data could be 
identified, as existing databases cover a variety of products and processes and include characterization factors 
for climate change impacts.  
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does not appear problematic, as e.g. within LCA databases also average data are provided. 

For instance, for calculating the GWP of a certain product the upstream and downstream 

materials and processes are often covered by average country-specific black-box processes. 

The same applies for FWP, where most of the average wage values are country or sector 

specific, but can however be applied in a product assessment. 

One of the crucial factors of the fair wage calculations are the included MLWs. The determi-

nation of those MLWs contains challenges, as indicated in section 4.1.1.2. In this context, 

further research is needed for improving the data availability and quality. A meaningful start 

has already been made by the Wagenindicator Foundation (Guzi and Kahanec 2014), which 

aims at a broad country-specific data collection. Those survey-based values provide benefits 

compared to the PPP-based measures – provided by the Sweatfree Contracting Ordinance 

(City and County of San Francisco 2014) – and are therefore preferred within this thesis.  

In addition, a more detailed differentiation between rural and urban regions and their related 

MLWs would be beneficial for the validity of assessment results, as e.g. countries like China 

face great differences between rural and urban population. Additional uncertainties related 

to incomplete data could be addressed by including different sources. However, some data 

gaps still exist for certain countries and especially product chains, e.g. the electronics indus-

try. This however applies also for EcLCA and even LCA, as data on electronics are typically of 

generic nature (compare section 6.3). Further uncertainties result from the needed conver-

sion to one currency unit ensuring comparability. Therefore, the Euro has been chosen and 

used as an average conversion rates over a one-year period, which dampens extreme fluctu-

ations. One could even think about including a longer time frame (e.g. 5 to 10 years) to ac-

count for long-term fluctuations. 

A different picture appears with regard to the impact category ‘profitability’ and the EcLCA 

approach. No database providing secondary data has so far been established, which has 

proven to be an obstacle for comprehensively performing the economic assessment in the 

context of the ‘sustainability footprint’. While primary data can typically be gathered for the 

direct producer, the reflection of producers along the products´ life cycle provided some chal-

lenges. Therewith, the new EcLCA approach seems to face similar data-related shortcomings 
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as the classical LCC65, which commonly fails in displaying costs for different life cycle pro-

cesses and rather displays one producer´s perspective. The achievement of databases provid-

ing secondary data would therefore be essential. Those may also help in circumventing the 

confidentiality issue, as databases could provide average datasets, which are not sensitive in 

terms of a business´ performance.   

With regard to the Tier 2 and 3 level, the availability of data becomes even more challenging 

for two reasons - especially, for SLCA and EcLCA secondary data sources are if at all only lim-

itedly available, and impact categories (also for LCA) may not fully be covered through pro-

vided inventories of databases. The further orientation on the Tiered approach ranking can 

in this context be helpful in providing focus for both further methodological developments, 

but also fostering the achievement of comprehensive databases considering inventories of 

selected impact categories. 

7.4 Interpretation of LCSA results  

The interpretation of LCSA results clearly goes beyond the complexity of single-dimension 

studies (Cinelli et al. 2013). Several authors identify LCSA´s interpretation as challenging and 

suggest to separately display results for each dimension (Valdivia et al. 2012; Zamagni, 

Pesonen, and Swarr 2013; Arcese, Merli, and Lucchetti 2013; Hunkeler and Rebitzer 2005). 

Therewith, trade-offs that may appear between the three dimensions can be displayed and 

discussed. This holds true for the Tiered approach concept and especially the Tier 1 level fo-

cused on. Yet, prior to the methodological developments implemented in chapter 4, compar-

ing environmental impact category results with cost category results and social risk factors 

appeared to be an inadequate basis of comparison. With the achievement of characterization 

models for SLCA (‘fair wage’) and EcLCA (‘profitability’), this imbalance could be mitigated. 

The impact categories chosen furthermore represent crucial topics of production processes, 

by including global warming potential representing an important environmental concern, fair 

                                                      
65 Grießhammer et al. 2007; Bubeck 2002 and also Hunkeler, Rebitzer, and Lichtenvort 2008 already raised the 
issue of data confidentiality with regard to management accounting data or firm specific data for LCC or reve-
nues and benefits. 
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wage representing the workers´ situation, and profitability addressing the organizations per-

formance, which is in line with the ISO 14044 requirement that assessments shall reflect a 

comprehensive set of environmental, (social and economic) issues in relation to the product 

system studied.  

While the interpretation of the LCSA indicator results could be enhanced by means of the 

developed characterization models at Tier 1, for Tier 2 and 3 only small alignments in meth-

odological robustness could be achieved, as indicated in Figure 16. An equal evaluation of the 

indicator results for the three methods does however not seem possible so far, due to the 

missing basis of comparison by means of characterization models. This relates to both the 

number of indicators included per dimension but also the maturity of the indicators involved.  

Further interpretation challenges with regard to results´ consistency and accuracy have al-

ready been discussed in connection with the Tiered approach concept (compare section 3.6), 

addressing the lack of informative value and the limitations accompanying simplified assess-

ment approaches (such as the ‘sustainability footprint’). Considerations of correlations be-

tween different indicators may mitigate these inconsistencies.  

Further challenges are likely to emerge with regard to the endpoint level and potential inter-

linkages between the sustainability dimensions, e.g. climate change impacts affect simulta-

neously the endpoints of health and ecosystem stability. However, within this thesis these 

considerations are deferred, as focus has been set on Tier 1 and on the midpoint rather than 

the endpoint level.   
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8 Conclusion and Outlook 

Review of the status of LCSA (chapter 2), revealed several challenges especially with regard 

to the differences in maturity of LCA, SLCA and LCC and the practicability and methodological 

robustness of SLCA and LCC. After summarizing the core challenges for the two methods, 

which relate to methodological inconsistencies and obstacles for implementation as well as 

data availability (compare Table 1), relevant topics for LCSA have been identified and guid-

ance through midpoint impact categories and indicators of LCSA has been provided with the 

Tiered approach concept developed (chapter 3). 

By means of the Tiered approach a consistent way of dealing with LCSA has been presented. 

Inconsistent approaches, which randomly include indicators into the LCA framework in order 

to also express social and economic performance, are therewith avoided. The provided struc-

ture of the Tiered approach also allows for the identification of shortcomings, such as the 

different maturity levels of LCA, SLCA and LCC representing the three dimensions. The Tiered 

approach concept led to the identification of clear research directions by structuring LCSA 

indicators and impact categories in a hierarchical way. Not only did the achieved hierarchy 

provide preferable impact categories based on the criteria-based ranking, it also revealed a 

broad range of impact and cost categories already considered within the three methods – 

LCA, SLCA and LCC. Three tiers have been defined to rank the numerous impact and cost cat-

egories representing the three methods. The criteria-based ranking resulted in a hierarchy by 

considering three criteria – practicality, relevance and method robustness.  

The first tier was identified as promising for methodological developments. Those methodo-

logical developments have been displayed in chapter 4. The indicators identified for the Tier 

1 level – namely global warming potential, fair wage potential and value added – have already 

(even if inconsistently) been part of case studies, which served as the basis for further devel-

opments. Focus for the developments was set on the social indicator fair wage and the eco-

nomic indicator value added. Global warming potential is already sufficiently described 

through an impact category and therefore did not require further improvements. Methodo-

logical developments going beyond the Tier 1 level were outside the scope of this thesis; yet, 
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an outlook and refinements also indicating possible research directions for Tier 2 and 3 have 

as well been presented within chapter 4. 

For achieving a consistent implementation of fair wage impacts, a quantitative characteriza-

tion model has been developed in section 4.1.1 representing the respective midpoint impact 

category. It is seen as a starting point towards a comprehensive determination of fair wage 

impacts along products´ life cycles and therewith provides a broadened status quo of SLCA. 

The inclusion of fair wages at the midpoint level allows to account for worker´s economic 

situation embodying a necessary requirement for an adequate living standard, in accordance 

to Maslow´s pyramid of needs. Further research is needed to improve the data quality (espe-

cially in connection to the MLWs). In addition, further investigations are needed with regard 

to the included inequality factor and the FWPs relation to the functional unit as well as the 

quantitative relation to the endpoint level.   

Through re-structuring economic assessment practice within the LCSA framework by means 

of EcLCA (compare section 4.2.1) and the achievement of a characterization model at the Tier 

1 level by means of the midpoint category ‘profitability’ (compare section 4.2.2), economic 

impact definitions and AoPs could be achieved. With the impact category ‘profitability’ and 

the defined impact indicator value added a transition from LCC towards the new EcLCA ap-

proach was achieved by setting costs into perspective with revenues and relating them to an 

economic impact pathway and AoPs. The related uncertainties with regard to data availabil-

ity, but also the model´s maturity and its relation to the endpoint level, have been discussed 

in section 4.2.2.3.  

With the developed characterization models (‘fair wage’ and ‘profitability’) the ‘sustainability 

footprint’ at Tier 1 could be complemented and aligned allowing for consistent and simplified 

assessments including all three sustainability dimensions. Therewith, also an orientation on 

the typically targeted and adopted structure of LCSA, as presented within Box 2.1, became 

possible. With this alignment (even though so far limited to the first tier of the Tiered ap-

proach concept) an equal comparison between the three dimensions has been enabled. Fur-

thermore, by means of the now enhanced ‘sustainability footprint’ (Tier 1), LCSA´s implemen-

tation may be facilitated, through the defined characterization models.  
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With the presented approach of this thesis, by first structuring LCSA´s impact and cost cate-

gories followed by the development of an indicator hierarchy and the subsequent develop-

ment of characterization models for the Tier 1 level, it has been shown that:  

 Alignment of the different maturity levels of LCA, SLCA and EcLCA is possible 

 Quantitative characterization models can be achieved for SLCA 

 Impact categories, characterization models and AoPs can be defined for the economic 

dimension of LCSA 

The performed case studies in chapter 6 served as first test cases for the methodological de-

velopments of chapter 4. They confirmed the general applicability of the developed character-

ization models, but also revealed challenges for their practicality, mainly related to missing 

secondary data sources, which have been discussed in chapter 7. By this means, further re-

search needs could be identified, which relate to the developed Tiered approach concept, the 

defined impact categories and developed characterization models representing Tier 1, the de-

veloped EcLCA approach, as well as to LCSA in general, as naturally this thesis could not solve 

or tackle all challenges of the LCSA framework.  

Further research with regard to the developed characterization models should mainly address 

the achievement of secondary data sources to enhance their practicality but also the linkage 

to the defined endpoint categories to better address the social and economic mechanisms fol-

lowed. For both impact categories – fair wage and profitability – so far only qualitative rela-

tions to the endpoint level have been indicated. Thus, investigations may initially focus on in-

terlinkages, which can be based on earlier studies or mechanism. For instance, the relation of 

income (inequality) and human health damages has been analyzed by several studies (e.g. 

Feschet et al. 2013; Bocoum, Macombe, and Revéret 2015) and therefore an adoption to SLCA 

appears more likely. The same accounts for the interlinkage between a product´s value added 

and economic prosperity, which can be measured by the classical or enlarged GDP, as the re-

lation has already been described by e.g. Azapagic and Perdan 2000; UN 2007.   

The mentioned challenge of adequate secondary data sources is not specific for the two mid-

point categories defined for Tier 1, but rather apply in general to LCSA and especially to SLCA 

and EcLCA. Yet, the specific development of databases appears to be easier if associated with 



Conclusion and Outlook 

170 
 

method developments, as shown for the fair wage case. Therefore, by successively developing 

further characterization models, accompanied databases could be developed. Available sec-

ondary data sources appear also relevant for the implementation of the newly developed 

EcLCA approach. While the classical LCC may due to its narrow perspective have some benefits 

in applicability (even though a comprehensive coverage of life cycle costs is also challenging), 

EcLCA takes into account a broader economic perspective by linking micro- and macroeco-

nomic considerations. Yet, it requires secondary databases in order to display products´ life 

cycle.  

For determining further research directions with regard to both the development of further 

characterization models but also the possible linkage to the endpoint level, the within this the-

sis presented Tiered approach concept as well as the displayed impact pathways (compare 

section 4.1.1.3 and 4.2.1.2) can be of assistance. Yet, working groups within the LCSA commu-

nity might also be helpful to identify relevant topics. Some topics can require a subdivision in 

order to enable meaningful characterization models, e.g. health or human rights, which defi-

nitely requires decisions of such working groups towards a certain consensus. The thesis pre-

sented here (hopefully) serves as an impulse for fostering those developments. This also ac-

counts for more complex and still pending topics such as the discussion on intra- and inter-

generational equity. This topic cannot solely be addressed by one of the three LCSA methods, 

but is rather of general relevance. The new EcLCA with its inclusion of the economic AoP ‘eco-

nomic stability’ as well as the endpoint category ‘economic resilience’ may provide a first step 

for considering important economic aspects of intra- and intergenerational equity, like diver-

sity and distribution. More research is needed in this context for also covering social and envi-

ronmental aspects of intra- and inter-generational equity, like access to education, food and 

clean water. For complementing the broader picture, the ecological economics approach 

(Spash 2012) or Sen’s capability approach (Sen 2013) can provide helpful insights for further 

developments, as both consider equity as an important concern. They further help with devel-

oping tools towards strong sustainability concepts, considering economy as a subset of the 

environment, which embodies another discussion point of the LCSA framework worth further 

investigation.  
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Glossary 

Area of protection 

(AoP): 

Within life cycle based assessments typically aggregated endpoints, which contain 

certain values of society. Commonly, these AoPs describe something that needs to 

be protected within a certain area (Haes et al. 2002; Jørgensen et al. 2008). For 

LCA three AoPs are typically defined: ecosystem quality (also listed as natural en-

vironment), resources (also named natural resources) and human health 

(Goedkoop et al. 2009; JRC 2010b). Human health may rather be included in SLCA, 

as described by Hacking and Guthrie, (2008) and UNEP, (2012). For SLCA a com-

monly used AoP is human well-being (Jørgensen et al. 2008; Weidema 2006). Hu-

man well-being is often also referred to as social well-being (Benoit and Mazijn 

2009) or human dignity (Dreyer, Hauschild, and Schierbeck 2006). 

Discount rate 

Discount rates can be relevant for the determination of future costs within LCC, as 

indicated by e.g. Dong et al., (2014). Choosing the “correct” discount rate is how-

ever controversial, as it highly depends on the point of view. High discount rates 

favor the present and are often chosen in business oriented contexts; low discount 

rates favor future aspects and thus are often preferred in the context of inter-gen-

erational equity (Hoogmartens et al. 2014). 

Economic shock 

An economic shock is normally described as something, which affects the economy 

unexpected from the outside causing negative drawbacks for this economy and 

the related society (Offer 2007; Bleaney 1996). Aspects playing a key role in avoid-

ing such shocks are economic resilience, namely macroeconomic stability, micro-

economic market efficiency, good governance and social development (Briguglio 

et al. 2009). 

Impact category: 

Within an impact category relevant environmental/social/economic inventory re-

sults are assigned to certain impacts. Through characterization factors quantitative 

impact indicators can be determined representing the different categories (JRC 

2010a). The different types of impact categories are also defined in Box 2.5. 

  Endpoint category: 

Endpoint categories typically define damage levels (e.g. damage to human health, 

damage to ecosystems or economic resilience), which positively or negatively in-

fluence the defined AoP(s) (JRC 2010a).  

  Midpoint category 
Midpoint categories typically describe an intermediate state at a defined impact 

pathway between the inventory result (in LCA normally specific emissions – see 
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inventory indicator) and the damage level (normally defined as endpoint catego-

ries) (Jolliet et al. 2004). Examples for midpoint categories are: fair wage, global 

climate change, profitability.  

Impact pathway: 

(cause-effect-chain) 

Impact pathways connect single aspects (like e.g. emissions) with impact or dam-

age levels (Jolliet et al. 2004). In LCA those are normally defined as cause-effect 

chains describing environmental mechanisms (Bare et al. 2000). For SLCA and LCC, 

comparable mechanisms can be considered. For LCA and thus accordingly LCSA 

inventory, midpoint and endpoint categories can be differentiated describing dif-

ferent stages along a cause-effect-chain. Cause-effect relationships between indi-

cators on the different levels (midpoint and endpoint) and AoPs in this sense de-

scribe the (predictable or expected) damage or benefit resulting from different ac-

tions (Jørgensen et al. 2010).  

Indicator: 

Indicators in general are something representing the state of a certain aspect or 

effect, which are used to measure a progress towards a stated goal (Turnbull et al. 

2010; Parris and Kates 2003). The indicators towards this stated goal can function 

as variables, parameters, measures, measurement endpoints or thresholds, but 

are normally extended beyond measurements or values (Heink and Kowarik 2010). 

Indicators have been mostly described as an instrument to measure a causal ef-

fect. Typically, for LCA and accordingly LCSA inventory, midpoint and endpoint in-

dicators can be differentiated describing different stages along the cause-effect-

chain. Further information can also be taken from Box 2.4. 

  Endpoint indicator: 
Endpoint impact indicators then can be seen as measurement endpoints to deter-

mine the level of damage (JRC 2010a). 

  Inventory  

  indicator: 

Inventory indicators can be characterized as simple variables (Bare et al. 2000). 

They express single issues, e.g. pure emission factors instead of emission equiva-

lents, salaries/wages without relating them to fair wages or material costs without 

considering the resulting value added.  

  Midpoint indicator: 

Midpoint indicators can be seen as parameters in the environmental/social/eco-

nomic mechanism network (Bare et al. 2000). Examples for midpoint indicators 

are: global warming potential, fair wage potential, product-specific value added. 

Life cycle sustainability 

assessment (LCSA) 

Assessment method covering all three dimensions of sustainability (Klöpffer 2008), 

by including life cycle assessment (environment), social life cycle assessment (so-

ciety) and life cycle costing (economy). Resulted from the PROSA method (Öko-
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Institut 1987; Grießhammer et al. 2007) and the SELCA approach (O’Brien, Doig, 

and Clift 1996). LCSA is in more detail described in section 2.1 of this thesis. 

  Life cycle assessment 

(LCA) 

LCA is a standardized assessment method for assessing the potential environmen-

tal impacts (latest version: ISO 14044 2006). Currently, LCA is widely used to inves-

tigate the potential environmental impacts of products and processes (Klöpffer 

and Grahl 2014). LCA is in more detail described in section 2.1.1 of this thesis. 

  Life cycle costing (LCC) 

LCC was originally developed to rank different investment options, but did for a 

long time not consider operating costs occurring during the product´s life time 

(Gluch and Baumann 2004). Currently, it is an assessment methods reflecting costs 

associated with a product´s life cycle. Hunkeler et al. (2008) differentiate between 

three types of LCC – conventional LCC, environmental LCC and societal LCC. LCC is 

in more detail described in section 2.1.3 of this thesis. 

  Social life cycle as-

sessment (SLCA) 

SLCA is an assessment method that strives to assess the potential social impacts 

of products in relation to the different stakeholder groups affected by the prod-

ucts´ manufacturing (Benoit and Mazijn 2009). SLCA is in more detail described in 

section 2.1.2 of this thesis. 

Mental accounting 

Mental accounting is a set of subjective and cognitive form of individuals´ 

bookkeeping used to organize, evaluate, and keep track of financial activities and 

to control consumption. It also contains a certain ambiguity and flexibility, as con-

sumers contain different mental accounts. It furthermore significantly influences 

the consumers´ choices and therefore contains a certain relevance in connection 

with economic assessments. (Thaler 1999; Cheema and Soman 2006) 

Sustainable develop-

ment 

Sustainable development according to the Brundtland Commission (United 

Nations 1987) is defined as a development “that meets the needs of the present 

without compromising the ability of future generations to meet their own needs”. 

It inherently contains two key aspects, first the concept of 'needs', in particular the 

essential needs of the world's poor, and second the fact of a limited world, which 

depends on the environment's ability to meet present and future needs. 

Utility analysis 

(PROSA) 

The in PROSA (Grießhammer et al. 2007) defined utility (or benefit) analysis com-

plements the included sustainability assessment by adding the consumer´s per-

spective. The analysis contains different elements, e.g. consumer´s living situation, 

type of purchase, or type of product. A distinction is made in needs and wants, 
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describing the objective and subjective aspects normally influencing the con-

sumer. In this context, also different utility concepts are distinguished, such as 

functional utility or symbolic utility, which are described below.     

  Functional utility 

Functional utility according to PROSA (Grießhammer et al. 2007) describes the 

technical and practical purpose of a product, process or service. This purpose is 

normally described by elements, such as robustness, life time, quality, safety etc.   

  Symbolic utility 

Symbolic utility according to PROSA (Grießhammer et al. 2007) describes a subjec-

tive and often not quantifiable satisfaction, which results from the usage of the 

product or service. This relates to aspects, like status, competence, identity, or 

compensation. Those aspects are normally taken up by marketing instruments, 

which try to artificially increase the product value.  

  Societal utility 

Societal utility according to PROSA (Grießhammer et al. 2007) describes the mac-

roeconomic perspective and is therefore to be differentiated from the functional 

and symbolic utility, which describe individual microeconomic utility aspects. 

From the different utility concepts trade-offs can result, as individual utility or 

value gains may result in negative societal consequences due to societal or envi-

ronmental costs.   

Value added 

Value added in economic considerations is typically determined through revenues, 

costs and benefits (Thomassen et al. 2009; Figge and Hahn 2004; Azapagic and 

Perdan 2000). The value added can be calculated per unit, process, company or 

even country. The value added is in more detail described in section 4.2.2 of this 

thesis. In addition to the classical economic value added, different concepts have 

been defined, such as the green net value added and the sustainable value 

added.  

  Green value added 

The green net value added is based on the principle that the value of a product 

must be greater than the environmental and human health damages it produces 

(Ingwersen et al. 2014). Therefore, it is defined as the net value added minus ex-

ternality costs. Therefore, the value added is corrected by environmental and so-

cial consequences.  

  Sustainable value 

added 

The sustainable value added is inspired by the strong sustainability concept and 

measures whether a company creates extra value while ensuring that every envi-

ronmental and social impact are constant (Figge and Hahn 2004). It therefore ex-

tends the classical value added consideration by social and environmental aspects. 
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Annex 

Detailed case study calculations 

Calculation – case study on tomatoes produced in Germany 

 
*Note that the results for the most parts correlate with the calculated GWP results presented in Figure 18. Differences only occur for the substrate and the 
phosphorus fertilizer.  

Figure 32: Eutrophication potential for the German tomato production; the results display the processes of Table 17 consid-
ering the materials and energy used to fulfill the functional unit 
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Table 26: Considered average wage levels related to processes and countries representing the groups of workers along the 
life cycle of the German tomato production 

Category  Actual wage level  

Process Tomato Production  

Green 
House 
Struc-
ture 

Packag-
ing 

Green 
House 
Opera-

tion  

Transpor
t  

Sub-process 
Tomato 
cultiva-

tion  

Tomato 
Seeds  

Substrate 
Produc-

tion  

Pesti-
cides/ Fer-

tilizer  

CO2 en-
richment  

Manage-
ment/ Ad-

ministration  

Manu-
facturing 

Material 
produc-

tion 
Energy 

all pro-
cesses 

Econ-
omy/Unit 

€/month €/month €/month €/month €/month €/month €/month €/month €/month €/month 

China       293.55a 293.55a 
 397.95a 

Germany 
2,500.00

b 
   

3,381.73
a 2,850.00b 

3,381.73
a 

3,381.73
a 4114,93a 2,726.53a 

India   227.17c 
      219.42d 

Italy        

1,724.00
e 

 1,400.00e 

Netherlands  

2,197.00
a 

 2,689.00a 
  

2,689.00
a 

2,689.00
a 

 2,575.00a 

Turkey        471.12f 
 524.52f 

a The collected wage data have been taken from ILO, (2010). 
b The relevant data have been provided by a German tomato producer. The values reflect the wage level of the workers working in the core tomato produc-
tion and in the related management and administration at a production location in eastern Germany.  
c The wage data have been taken from the WageIndicator Foundation (University of Amsterdam 2014). 
d The wage data have been taken from PayScale, (2015). 
e The wage data have been taken from Worldsalaries, (2008). 
f The wage data have been taken from TurkStat, (2010).  
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Table 27: Considered contracted working time, time actually worked and vacation days per process and country  

Category  Working time  

Process Tomato production  Green House Structure  Packaging  Energy Transport  

Sub- 
categorya 

contr. 
h/wee

k 

real h 
/week 

v-days 
/week 

contr. 
h/wee

k 

real h 
/week 

v-days 
/week 

contr. 
h/wee

k 

real h 
/week 

v-days 
/week 

contr. 
h/wee

k 

real h 
/week 

v-days 
/week 

contr. 
h/wee

k 

real h 
/week 

v-days 
/week 

Econ-
omy/Unit 

h/wee
k 

h/wee
k 

d/wee
k 

h/wee
k 

h/wee
k 

d/wee
k 

h/wee
k 

h/wee
k 

d/wee
k 

h/wee
k 

h/wee
k 

d/wee
k 

h/wee
k 

h/wee
k 

d/wee
k 

China    44.00b 47,90c 0.40d 44.00b 47.90c 0.40d 
   44.00b 48.10c 0.40d 

Germany 40.00e 41.66f 0.48e 40.00b 38.40c 0.73d 40.00b 38.40c 0.73d 40.00b 38.20c 0.73d 40.00b 40.30c 0.73d 

India 48.00b 47.00f 0.23d 
         48.00b 45.00c 0.23d 

Italy       40.00b 35.90c 0.62d 
   40.00b 36.90c 0.62d 

Nether-
lands 40.00b 39.00f 0.58d 40.00c 38.50c 0.58d 40.00b 38.50c 0.58d 

   40.00b 39.00c 0.58d 

Turkey       42.50b 47.07g 0.23d 
   42.50b 45.62g 0.23d 

a Abbreviations stand for: contr. h/week – contracted weekly working hours; real h/week – (real) average hours actually worked per week; v-days/week – 
vacation days per week based on yearly averages including also public holidays. 
b The average contracted working hours have been calculated based on the average of different sources. Relevant sources are Anker, (2006) and ILO, (2011). 
c The real hours actually worked per week have been taken from ILO, (2010). 
d The average vacation days have been calculated based on statutory vacation days per year, including public holidays. Relevant sources are ILO, (2011) and 
(Ghosheh 2013; Cabrita 2013; Wikimedia Foundation 2015). 
e The given contracted working hours and vacation days have been provided by the German tomato producer.  
f The real hours actually worked per week have been calculated based on an average from different sources. Relevant sources are (Anker 2006; Cabrita 2013; 
ILO 2010c; ILO 2011a; OECD 2013a). 
g The real hours actually worked per week have been taken from TurkStat, (2010). 
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Table 28: Considered income related Gini Index values and considered minimum living wages per country, and calculated 
fair wage potentials per process and country 

Category 
Gini 
In-

dexa  

MLWb 
€/mont

h 
 Fair wage potentialsc  

Sub-pro-
cess 

all all 

To-
mato 

cultiva-
tion  

To-
mato 
Seeds  

Sub-
strate 

Produc-
tion  

Pesti-
cides/ 

Fertilizer  

Manage-
ment/ Ad-

ministration  

Green 
House 
Struc-
ture 

Pack
ag-
ing 

CO2 
enrich-
ment  

En-
ergy  

Trans-
port 

China 0.42 311.14           0.66 0.66     0.89 

Germany 0.28 
1,506.5

1 1.59       1.82 1.84 1.84 1.84 2.25 1.41 

India 0.34 200.36     0.98             0.94 

Italy 0.36 
1,195.3

7             1.23     0.97 

Nether-
lands 0.31 860.00   1.19   1.48   1.48 1.48     1.40 

Turkey 0.40 633.40             0.54     0.62 
a For all countries the income related Gini indices were taken from UNDP, (2014). 
b The Minimum Living Wages (MLWs) have been determined based on Wagenindicator Foundation (University of Amsterdam 2014) and/or Sweatfree Ordi-
nance (City and County of San Francisco 2014). 
c All calculated fair wage equivalents have been calculated under consideration of (real) average wages, MLWs, contracted and (real) average working time 
(incl. vacation days and sick-leave). Inequality factors by means of the Gini Index values have been included for all secondary data used, as they represent 
the average country or sector situation. The primary data used have not been corrected through the IEF, as they lie above the average sector and country 
wage paid.  
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Calculation – case study on Pedelec frames 

Table 29: Considered data for the FWP calculation of the Triplec frames including MLWs and Gini Index values per country, 
as well as working time and average sector wages.   

Category 

MLWa Gini In-
dexb 

Working time 
vacation 

daysd Considered average sector wagef 

Additional infor-
mation 

Contract-
edc 

real working 
time miningd 

real working 
time manufac-

turingd 

real working 
time 

transportd 

days/week Mining 
Manufac-

turing 
Transport 

Country/unit €/month % Øh/week Ød/week €/month 

China 311.14 0.421 44 45.2  48.1 0.40 417.48  397.95 

Germany 1506.51 0.283 40  38.4 40.3 0.73  3381.73 2726.53 

Russian Federa-
tion 347.98 0.401 40 34.5  35 - 

598.7  374.32 

Brazil 423.33 0.547 44 44.9  45.9 0.49 720.87  768g 

Taiwan 607.53 0.338 43  42.62 41.33 0.13  1271.17 1468.6 
a The Minimum Living Wages (MLWs) have been determined based on Wagenindicator Foundation (University of Amsterdam 2014) and/or Sweatfree Ordi-
nance (City and County of San Francisco 2014). 
b For all countries the income related Gini indices were taken from UNDP, (2014). 
c The average contracted working hours have been calculated based on the average of different sources. Relevant sources are Anker, (2006) and ILO, (2011). 
d The real hours actually worked per week have been taken from ILO, (2010). 
e The average vacation days have been calculated based on statutory vacation days per year, including public holidays. Relevant sources are ILO, (2011) and 
(Ghosheh 2013; Cabrita 2013; Wikimedia Foundation 2015). 
f The collected wage data have been taken from ILO, (2010). 
g The wage for transportation workers in Brazil has been taken from Murphy 2012. 
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Table 30: Calculated fair wage potentials of the Triplec frames per process and country 

Triplec frame Stainless steel & steel frame Aluminum frame Titanium frame 

Process (Country) 
Iron-ore 
Mining  

Production  Transport  
Bauxite 
Mining  

Production  Transport  
Titanium 
Mining  

Production  Transport  

China    0.99  0.88    

Germany  1.84 1.41     1.84 1.41 

Russian Federation       1.67  1.03 

Brazil 1.05  1.10       

Taiwan     1.86 2.22    

*All calculated fair wage potentials have been calculated under consideration of (real) average wages, MLWs, contracted and (real) average working time 
(incl. vacation days and sick-leave) and Gini Index values, which function as inequality measures. 
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Calculation – case study on flexible machine tool frames 

Table 31: Considered data for the FWP calculation of the flexible machine tool frames including MLWs and Gini Index values 
per country, as well as working time and average sector wages.   

Category 

MLWa Gini Indexb 

Working time vacation daysd Considered average sector 
wagef 

Additional infor-
mation 

Contractedc 
real working time 

miningd 

real working time 
manufacturingd days/week Mining 

Manufactur-
ing 

Country/unit EUR/month % Øh/week Ød/week €/month 

Brazil 
423.33 0.547 44 44.9 

 
 

0.49 720.87  

China 311.14 0.421 44  47.9 0.40  293.55 

Germany 1506.51 0.283 40  38.4 0.73  3381.73 

Japan 1266.80 0.379 40  42.4 0.17  2191.7 

Malta 928.67 0.279 44  39.4 0.73  1109.33 

Philippines  180.97 0.430 48  47.4 0.31  316.72 

South Korea 1039.8 0.302 40  43.7 0.29  2289.72 

Taiwan 607.53 0.338 43  42.62 0.13  1271.17 

Thailand 382.9 0.394 48  61.43 0.35  212.74 

USA 1144.81 0.408 40  40.8 0.12  2740.85 
a The Minimum Living Wages (MLWs) have been determined based on Wagenindicator Foundation (University of Amsterdam 2014) and/or Sweatfree Ordi-
nance (City and County of San Francisco 2014). 
b For all countries the income related Gini indices were taken from UNDP, (2014). 
c The average contracted working hours have been calculated based on the average of different sources. Relevant sources are Anker, (2006) and ILO, (2011). 
d The real hours actually worked per week have been taken from ILO, (2010). 
e The average vacation days have been calculated based on statutory vacation days per year, including public holidays. Relevant sources are ILO, (2011) and 
(Ghosheh 2013; Cabrita 2013; Wikimedia Foundation 2015). 
f The collected wage data have been taken from ILO, (2010). 
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Table 32: Calculated fair wage potentials of the flexible machine tool frames per part and country 

LEGO frame MMTF WSNs 

Process (Coun-
try) 

Iron-ore 
Mining  

Steel plate 
produc-

tion  

Hexagon 
prod.  

µC + RF Sensors 
Power con-

verter 
Clock Oscillators PCB LED 

Resistors, 
inductor, 

etc. 

Brazil 1.05           

China     0.66     0.66  

Germany  1.84 1.84      1.84   

Japan        1.35   1.35 

Malta     1.05       

Philippines      1.34      

South Korea    1.73        

Taiwan       1.86     

Thailand    0.34        

USA      1.91      

*All calculated fair wage potentials have been calculated under consideration of (real) average wages, MLWs, contracted and (real) average working time 
(incl. vacation days and sick-leave) and Gini Index values, which function as inequality measures. 
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