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Abstract 

This thesis was conducted in the field of Environmental technology for the Sustainability & 

Technology Assessment group, at Singapore Institute of Manufacturing Technology. Singapore 

Institute of Manufacturing Technology is a research institute, striving to contribute to Singapore‟s 

industrial capital through use-inspired research. 

The manufacturing industry contributes to a significant portion of the world´s total energy and 

resource consumption. This resource consumption could be reduced significantly through sustainable 

initiatives and technologies already available today. The reasons why companies choose not to invest 

in such technologies are often not due to technical factors, but rather due to financial factors. Financial 

barriers exist because investments are made on the basis of cost based value systems, which seldom 

justify investments in sustainable technology. When investments are made, the primary reason is to 

reduce costs while intangible benefits are ignored. However, this study shows that sustainability 

creates intangible value that current value systems cannot account for. Understanding the true value of 

sustainability would help decision makers realize that sustainable manufacturing is a viable business 

opportunity. 

This thesis studies the effect sustainable attributes has on a company‟s ability to generate value. A 

value system is proposed, linking 40 sustainable attributes to value domains of intangible value. The 

value of sustainable attributes is quantified using the Sustainable Value approach. The study shows 

that social indicators, deemed by others to be unsuitable, can be used when proper adjustments to the 

Sustainable Value approach are made. A case study was performed on the Swedish manufacturing 

company Finess Hygiene AB to investigate the applicability of the model. The case study showed that 

the value system was applicable using data that already exists within the company, but the main 

challenge lies in collecting good and reliable benchmark data. Benchmark data is significantly easier 

to obtain in Sweden than Singapore for users wishing to apply the proposed value system. A follow up 

study should be performed to study the potential of a large scale adoption of the value system in 

Singapore.  
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1. Introduction 

This chapter presents the background, the underlying problem to be solved, and the goal of this 

master‟s thesis. The chapter is written to give the reader an insight in to why this master‟s thesis was 

written. The chapter also discusses the defined limitations to the research. 

1.1  Background 

The manufacturing industry contributes to a significant portion of the world´s total energy and 

resource consumption. The energy consumption rose 61% between 1971 and 2004 to a level where it 

now is responsible for one third of the world‟s total energy consumption (OECD, 2008). 

Manufacturing is responsible for 36% of the world‟s total CO2-emissions. However, there is a 

significant potential to reduce the resource consumption through sustainable initiatives and 

technologies. Such technologies and initiatives are often not limited by technical aspects, but rather by 

economic and financial factors. Investments are made on the basis of traditional financial accounting 

methods which seldom favor or justify investments in sustainable technology. Decision makers have 

traditionally perceived sustainability as a cost of doing business and a necessity to stay legitimate 

rather than a value opportunity. The financial impacts associated with investments in sustainable 

technology needs to be better understood to attract more investments in to sustainable technology.  

The tangible as well as the intangible value associated with sustainable technologies must be 

considered to understand the full effects of how sustainability affects the value of a company. Decision 

makers, and developers of new sustainable technology, can evaluate projects more efficiently if the 

intangible value and it‟s relationships to sustainability can be categorized. The thesis is written by the 

author Christian Karlsson as the final project of the master program Industrial Engineering and 

Management at Linköping University.    

1.2  Goal 

The goal of this thesis is to develop a better understanding of how sustainable manufacturing creates 

value for a company. Benefits of sustainability should be identified and modeled according to relevant 

theories and a new value system should be proposed. Initially it was not clear how this value system 

would look like. The goal of the thesis thus also included to investigate the current situation, including 

how sustainability is measured and how the value of sustainability is quantified. The new value system 

should attempt to address any limitations experienced in value systems used by decision makers today. 

A new and improved value system can aid decision makers in getting a better understanding of the 

value of sustainable technology. It is thus important that the value system has a high applicability for 

smaller and medium sized manufacturing companies. The thesis should include a case study to 

exemplify the practical use of the value system. The purpose of the case study is also to highlight 

possible benefits and issues to the proposed value system.  

1.3  Research Questions 

The objectives of this study were originally stated as: 

 To investigate financial barriers to sustainable manufacturing 

 Identify and model benefit parameters of sustainable manufacturing 

 Propose a value system to evaluate sustainable attributes 

Seven research questions were formulated, based on the objectives. The research performed aims to 

answer the following questions. 
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RQ 1) What are the current systems used by the industry to measure sustainable 

manufacturing? 

Looking at current systems used to measure sustainability will provide an understanding of how 

sustainability is measured. This is of particular interest to objective of proposing a new value system 

which evaluates sustainable attributes. Current systems determine which attributes is currently being 

measured. When a new value system is proposed it is thus more likely that it will be implemented by 

companies if attributes from current measurement systems are used. Of special interest is also how 

suitable different measurement systems are in different contexts.  

RQ 2) What are the general benefits associated with technologies and initiatives on 

sustainability in manufacturing? 

Research question 2 is connected to the objective of identifying and modeling benefit parameters of 

sustainable manufacturing. However, this question is not just limited to what benefits exist, but also to 

the more fundamental question of whether sustainability does create value or not. Observed benefits 

should also not be confused with the perception of sustainability and its ability to create value. 

RQ 3) What are the current value systems used by the industry and what are their drawbacks? 

The proposition of a new value system is only useful if current value systems are analyzed and their 

drawbacks are identified. The new value system should address issues found in current value systems 

to better reflect the true value associated with sustainable manufacturing. 

RQ 4) What method can be used to better reflect the value of sustainable attributes? 

This research question is closely connected to the objective of proposing a new value system to 

evaluate sustainable attributes. The proposition of a new value system is based upon a combination of 

knowledge attained when current measurement and value systems are researched as well as 

identification of benefits of sustainable manufacturing.  

RQ 5) Which benefits and drawbacks can be observed when a new value system is used? 

Any new value system must be tested or validated empirically to show whether the theory can be 

applied to a real case. A new value system may be more accurate in theory, but it is equally important 

that the data that is needed is readily available for companies. 

RQ 6) Can the new value system be implemented on a large scale in typical SME 

manufacturing companies? 

A large scale implementation of a new value system is not just based upon whether data is available or 

not, but other technical and psychological factors must be investigated to see whether companies 

would implement a new system or stick with current value systems. Of particular importance is the 

question of whether decision makers perceive sustainable manufacturing to be a value opportunity and 

whether they recognize the need for a new value system. 

RQ 7) What barriers exist, specifically in Singapore, to successfully implement a new value 

system? 

This thesis is written at Singapore Institute of Manufacturing Technology. The proposed value system 

is intended to primarily be used in the Singaporean manufacturing industry which means that any 

barriers to a successful implementation specific to Singapore is of particular importance. 

1.4 Limitations 

Measurements used within a new value system for calculations are limited to indicators of 

sustainability found during the literature review. The measurements should provide a complete and 

fair assessment of all aspects of sustainable manufacturing. Social and economic aspects will be 

considered equally important to environmental aspects when a new value system is proposed. The 
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value system should be designed to be applicable to all industry sectors, but no empirical validation of 

this was performed. Supplemental indicators of sustainability specific to certain industries would be a 

desirable feature, since it can more accurately reflect specific trends and challenges different industries 

face. This feature will be left for further research. The case study of a Swedish company was selected 

due to practical reasons such as data availability. A case study of a Singaporean company would have 

been desirable, but the result of the case study remains valid. The potential for a large-scale 

implementation of the value system in the Singaporean manufacturing industry was not studied due to 

the short time-span. 
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2  Research Methodology 

This chapter describes the general research methodology used to answer the research questions 

formulated in Chapter 1. It describes the procedure of how the research was performed and the reason 

behind the choice of research methodology. The background, described in section 1.1 describes why 

this research needs to be performed while this chapter is a description of how the research questions 

will be answered. Figure 1 below describes the research methodology for this thesis. 

 

Figure 1 – Research methodology 

Each step of the process is explained in detail in this chapter 

2.1 Research Strategies 

Research can either be of a qualitative or quantitative nature. Qualitative research attempts to answer 

the questions of why and how of decision making while quantitative research focus on who, what, 

where and how much. Selection of a research strategy is however not just based on whether the 

research is of a qualitative or quantitative nature. Yin (2006) define five different research strategies; 

experiments, surveys, analysis of sources, historical studies and case studies. Each strategy is suitable 

in different contexts, but Yin (2006) defines three questions that need to be considered before a choice 

is made. 

 What type of research question has been defined 

 The researcher‟s ability to affect the outcome 

 Focus on current or historical events 

Table 1 below describes each research strategy and when the strategy might be a suitable approach. 

Table 1 – Categories of research strategies (Source: Yin, 2006) 

Research Strategy Research Question Does the researcher have 

the ability to affect the 

outcome? 

Current or historical 

events 

Experiments How, why Yes Current 

Surveys Who, what, where, how 

much 

No Current 

Analysis of sources Who, what, where, how 
much 

No Current and Historical 

Historical study How, why No Historical 

Case study How, why No Current 
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Each research question must be carefully analyzed based on the criterions above and the most suitable 

strategy should be selected individually for each research question. 

2.2 Structure of the Research 

Each research question, formulated in section 1.3, will be answered according to the following method: 

RQ 1) What are the current systems used by the industry to measure sustainability? 

The research question is defined to answer what current systems exist, meaning that either a 

survey or an analysis of source is the most suitable research strategy.  Both strategies are suitable 

since they are both suitable to research current events. However, performing a survey is a much 

more time consuming task where the researcher risks receiving a poor response frequency. The 

preferred research strategy here is thus identification of current systems through literature review. 

The review will study the strengths and weaknesses of each method and provide practical 

examples of frameworks. 

RQ 2) What are general benefits associated with sustainable manufacturing technology? 

The research question exhibits the same characteristics as research question 1 and will thus also be 

researched primarily through literature review. The review will not just focus on quantitative 

studies of observed benefits, but qualitative theories on value creation from sustainability will also 

be examined. Observed benefits will then be linked and analyzed according to the qualitative 

theories.  

RQ 3) What are the current cost and value systems used by the industry and what are their 

drawbacks? 

The research question is defined in a similar fashion as research question 1 and 2 and the same 

logic applies to the choice of research strategy. The systems and frameworks currently used by the 

industry will be identified through literature review. The strengths and weaknesses of each system 

will be evaluated to show how suitable the systems are in the context of manufacturing.  

RQ 4) How can a new value system be defined to better reflect the value of sustainable 

attributes? 

Research question four can only be answered if research questions 1-3 have been properly 

researched. The knowledge attained in the previous research questions lays the foundation for how 

a new value system is defined. Research question four could be considered an experiment, since 

the researcher has the ability to control and define how the new value system should be structured. 

Experiments are the only suitable research strategy according to Yin (2006) in situations where the 

researcher has the ability to control the outcome.  

RQ 5) Which benefits and drawbacks can be observed when a new value system is used? 

Research question five deals with how the value system can be applied on a real company and 

which types of benefits and drawbacks the researcher can identify from the study. This is thus not 

an experiment where the researcher can affect the outcome, but rather a situation where the 

researcher will analyze a real world application out of his or her control. The question is focused 

on current events rather than historical events, making a case study the most suitable research 

strategy. The case study will include analysis of the data collection, evaluation methodology and 

the reliability of the result when a new value system is used.  

RQ 6) Can the new value system be implemented on a large scale in typical SME 

manufacturing companies?  

Research question six is both quantitative and qualitative. The question could be thought of as a 

question of how many companies would implement a new value system, making surveys the 
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preferred research strategy. However, the question also must be followed by the question of why a 

new value system might be or not be implemented. The question of why is more suitable to be 

studied through a case study. The research question can also be analyzed based on relevant 

theories regarding implementation of a new method or tool. The method of analysis of sources 

was ultimately chosen due to time constraints. 

RQ 7) What barriers exist, specifically in Singapore, to successfully implement a new value 

system? 

Research question 7 is a follow up question to research question six dealing specifically with 

barriers related to Singapore. A suitable research strategy is either a survey or source analysis 

since the question deals with what specific barriers exist in Singapore. Unfortunately, no survey 

could be completed due to time constraints which mean that the research question was research 

using the strategy of analysis of sources. A discussion about the implementation of the value 

system specifically for companies in Singapore will be centered on differences in availability in 

data as well as cultural differences. The observed differences are based on personal observations 

and literature review. 

2.3 Literature Review 

A successful literature review can only be performed after searching for literature in the relevant field. 

Google Scholar and the Linköping University library database were used as primary search engines to 

identify articles of interest. The articles of interest were then collected through the library of 

Linköping University. A book of great interest to the field of sustainable manufacturing practices was 

also purchased for the benefit of this study. The key search phrases included various combinations of 

the words value, cost, intangible, sustainability and manufacturing. The abstract of an article was used 

to determine whether the article was relevant to the literature review or not. The background, 

methodology and conclusion of each article that was deemed to be relevant were then summarized and 

analyzed after a complete review of the article. References in articles of interest were also followed to 

identify key articles in the relevant field. Ejvegård (2003) states that the advantage of following a 

chain of references is that articles of high relevance to the subject can be identified faster and more 

efficiently compared to new searches for articles. The literature review is primarily focused on 

attempting to answer research questions 1-4. 

2.4 Case Study Methodology 

Before a case study is performed it is important that there is a purpose of the study, and that the 

methodology for the case study is defined. Yin (2006) mentions that the following components require 

extra consideration during the design of a case study:  

 The research questions attempted to be answered by the case study. 

 The hypothesis defined before the case study. 

 The subject of the case study. 

 The logical relationship between data and hypothesis. 

 Interpretation of the results. 

It is important to note that the case study and its methodology were completed after the literature 

review was completed and research questions 1 to 4 had been properly researched.  

2.4.1 Research Questions 

Yin (2006) notes that case studies are a suitable approach to answer research questions formulated as a 

question of why or how. The main purpose of the case study is to attempt to answer research question 

five, which was defined as. 
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RQ 5) Which benefits and drawbacks can be observed when a new value system is used? 

Research question five deals with the process of how a new value system can be implemented and 

which benefits and drawbacks can be observed from the process. 

2.4.2 Hypothesis of Case Study 

Research questions describe the purpose of a case study, but they fail to answer the question of what 

the researcher wants to study in order to answer the research questions. Forming a hypothesis before 

the case study is started can provide a path for the researcher on which areas the case study should 

focus on. The following areas needed to be studied in the case study. 

Availability of Benchmark Data 

The case study will highlight whether there is benchmark data available for all the indicators 

suggested in section 5.2. The availability of benchmark data is essential to the case study, since a 

company cannot realistically measure such data on their own. The quality of the data collected must 

also be considered. The hypothesis in this case study is that benchmark data can be collected. 

Availability of Internal Data 

The case study will show whether the studied case study subject has data available for all the 

indicators suggested in section 5.2, just like with benchmark data. However, the availability of 

benchmark data is slightly more important than internal data because the company has no way of 

calculating the benchmark value themselves. Internal company data can on the other hand be 

calculated or approximated based on internal information. The quality of such calculations or 

approximations should also be considered. The hypothesis in this case study is that internal data is 

available or can at the very least be approximated. 

The Relevance of the Outcome 

The framework can be applied and a calculation of how much sustainable value it generates or 

destroys, if enough data exists for the benchmark and the studied subject. An important factor in the 

outcome of these calculations is that the calculations are consistent and easy to understand. 

2.4.3 Case Study Subject 

Yin (2006) argues that the subject the researcher attempts to study must be explicitly defined. A 

subject in a case study could be a company, an individual or a group of individuals. The subject should 

be defined based on the definition of the research questions. A revision of the research questions 

would be necessary, if the research questions don‟t define what type of subject should be studied.  

 

The subject in this case study is clearly a company, based on the research questions. The initial idea 

was to use a small to medium sized Singaporean manufacturing company to study for this purpose. A 

prerequisite of the company selected was that they practice sustainable manufacturing, since the 

purpose of the case study was to study how sustainability affects the intangible value of a company. 

Singaporean manufacturing companies, with an established connection to SIMTech, was contacted 

about participation in the study. While the initial response was positive, the contacted companies 

eventually declined to participate, citing privacy and legal concerns. Instead, a Swedish SME, named 

Finess Hygiene AB, was selected for the case study. 

2.4.4 Single Case Study vs. Multiple Case Studies 

Multiple case studies tend to yield more robust results according to Yin (2006). However, each case 

study must serve a specific purpose. Yin (2006) also notes that multiple case studies are more time 

consuming, but it becomes easier to generalize the results even when deviations occur. A single case 
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study can be sufficient in cases where a developed theory already exists. In this case study a single 

case was selected. The primary reason behind this choice was the limited amount of time available, but 

also that a developed theory already exists. Multiple case studies would primarily be of interest if the 

studied subjects were located in different countries. Such a study would test the validity of the 

proposed value system from an international perspective.    

2.4.5 Relationship between Data and Hypothesis 

Yin (2006) notes that there are several approaches of linking collected data to the proposed hypothesis 

of a case study. Pattern analysis is a desirable approach to how case studies are analyzed according to 

Yin (2006). An observed pattern in the case study can be compared to a predicted pattern based on the 

underlying theory. Consistent behavioral patterns between the empirical and theoretical outcomes will 

strengthen the validity of the model. 

2.4.6 Underlying Theory 

Yin (2006) argues that a primary theory must be connected to the case study to provide an 

understanding of the context in which the study is performed. The underlying theory in this case study 

is the value system that was presented in chapter 5. 

2.4.7 Data Sources 

The data collection phase during the case study must be carefully planned out to concentrate the 

collection to data relevant to the case study. Data collection can be performed in several different ways 

from different types of sources. Yin (2006) identifies six sources of data, commonly used in case 

studies. 

Documents 

Yin (2006) defines documents as different types of written sources. Types of documents include letters, 

memos, administrative documents, surveys and evaluations. Documents are typically created 

independent from the case study. The researcher must thus be able to interpret data in an unbiased way 

to avoid misinterpretations. There is also a risk that the author of the documents has interpreted data in 

a biased way that can make the documents inaccurate. Data in documents can cover a wide scope of 

events and time. The accessibility of such documents might be an issue because of privacy concerns.     

 Archived Material 

Archived material is, according to Yin (2006), different kinds of data and indexes that have been 

previously collected by the studied subject. Such material includes previously collected survey data 

independent from the case study performed. Archived material has the same kinds of benefits and 

drawbacks as documents, but is more quantitative in nature and thus easier to use. 

Interviews 

Interviews are a common source of data collection for case studies according to Yin (2006). Interviews 

provide the researcher an opportunity to ask questions specific to the case study rather than 

interpreting already existing data. Interviews can be recorded and later transcribed to provide a good 

recollection of the entire interview. However, recordings should not be performed without a clear 

purpose of the recording. Recordings should also be avoided if the interviewee feels uncomfortable or 

if the recording creates a distraction to the interview process. The data obtained from interviews can 

be limited in quality due to the quality of the questions asked. A question without a clear purpose will 

most likely yield a similar answer.     
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 Observations 

Observations can be made directly or by participation according to Yin (2006). Direct observations are 

observations by the researcher on the site of the case study. They can provide the researcher with a 

more detailed knowledge and context about the case study subject. Participating observations occur 

when the researcher is an active member of the case study subject. A typical situation when 

participating observations occur is when an employee is studying the organization he or she works for. 

Participating observations require the researcher to interpret observed data in an unbiased way even 

though the researcher contributed to the observation.  

Physical Evidence 

Physical evidence is physical artifacts such as tools and instruments. However, Yin (2006) notes that 

physical artifacts not commonly used as a source of data in case studies. 

Selection of Data Sources 

Multiple sources of data were used in this case study, namely: documents, archived material and 

interviews. Interviews were used to gain knowledge about the company, its sustainability profile and 

their history. Documents and archived material were used to collect quantified data needed for the 

calculations in the proposed framework. Documents and archived material is a good source of data in 

this case since ex-post measurements are used for calculations in the value system. 

2.4.8 Data Quality 

The quality of collected data must be analyzed in order to determine whether it is suitable to use it or 

not. Ciroth (2009) presents a framework where the quality can be evaluated based on five criterions; 

reliability of source, completeness, temporal differences, geographical differences and further 

technological differences. Each aspect receives a score on a scale from 1 to 5, with 1 indicating the 

best score. Table 2 categorizes data quality for each of the five previously mentioned criterions. 

Table 2 - Data quality issues regarding external data used for benchmark purposes (Source: Ciroth, 2009) 

Data quality issues in eco-efficiency 

Indicator Score 1 2 3 4 5 

Reliability of 

Source 

Verified data 

based on 

measurements 

Verified data 

partly based on 

assumptions or 

non-verified data 

based on 

measurements 

Non-verified data 

partly based on 

assumptions 

Qualified 

estimate 

Non-qualified 

estimate or 

unknown source 

Completeness 

Representative 

data from a 

sufficient sample 

of sites over an 

adequate period 

to even out 

normal 

fluctuations 

Representative 

data from a 

smaller sample 

but for adequate 

periods 

Representative 

data from 

adequate sample 

but from short 

periods 

Representative 

data but from 

small samples 

and small periods 

Representativeness 

unknown or 

incomplete data 

Temporal 

Differences 

Less than 0.5 

years of 

difference to year 

of study 

Less than 2 years 

of difference 

Less than 4 years 

of difference 

Less than 8 years 

of difference 

Age of data 

unknown or more 

than 8 years of 

difference 

Geographical 

differences 

Data from area 

under study, same 

currency 

Average data 

from larger area 

under which the 

area under study 

Data from area 

with slightly 

similar cost 

conditions, same 

Data from area 

with slightly 

similar cost 

conditions, 

Data from 

unknown area or 

area with very 

different cost 
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is included, same 

currency 

currency, or with 

similar cost 

conditions and 

similar currency 

different currency conditions 

Further 

technological 

differences 

Data from 

enterprises, 

processes, 

materials under 

study 

Data from 

processes and 

materials under 

study from 

different 

enterprises, 

similar 

accounting 

systems 

Data from 

processes and 

materials under 

study from 

different 

technology, 

and/or different 

accounting 

systems 

Data on related 

processes or 

materials but 

same technology 

Data on related 

processes or 

materials but 

different 

technology 

  

Data quality is essential for sustainability measures as differences in time and space can influence the 

results greatly. For instance, currencies fluctuate on a daily basis and can lead to significant 

differences in just a short period of time. Geographical differences are also very important to consider 

since the cost of production varies greatly between countries. This can be shown in a simple way using 

the Big Mac Index (Maxi-Pedia, 2011), which reflects the cost of labor and a basket of identical goods 

between different countries. For instance, the production cost of a Big Mac in Switzerland is $7.28 

while the cost in Hungary is $3.95. Both countries are located in the central part of Europe, but the 

production cost is roughly 85% higher in Switzerland. Similarly, the cost difference between 

Singapore and Malaysia is roughly 44% even though the countries are only separated by a very small 

distance. Furthermore, companies may consider that different accounting practices and accounting 

systems may yield different cost allocation schemes which can affect the calculations. Ciroth (2009) 

also mentions the issue of confidentiality as an issue for the data quality. Companies may not be 

willing to reveal their production costs because it can weaken their position if competitors can obtain 

this knowledge. The transparency of companies and their willingness to reveal private data varies by 

countries and industries. 

2.4.9 Analytical Strategies 

Yin (2006) identifies the following two strategies of interest to this case study that can be used to 

analyze the collected data. 

Theoretical Hypotheses 

A common strategy when the data is analyzed is to rely on the underlying theories that eventually led 

to the case study in question. Yin (2006) note that such a strategy is desirable when a new hypothesis 

or a literature review is presented and evaluated. 

 Rivaling Explanations 

With rivaling explanations, the researcher tries to find new alternative explanations in contrast to 

existing theoretical hypotheses. This approach can be useful when multiple theoretical hypotheses are 

evaluated, or when no theoretical hypotheses exist and the case study leads to the formulation of a new 

hypothesis. 

Choice of Strategy 

The strategy of theoretical hypotheses was used in this case study as it is the preferred strategy to 

evaluate a new single hypothesis. 
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2.5 Qualitative Research Interviews 

The case study in this study is primarily of a quantitative nature. However, the quantitative data must 

be complemented with interviews to put the data in the right context. Research interviews of a 

qualitative nature can be performed to gain the perspective of the subject being interviewed and how 

they perceive the world. Blumberg et al. (2008) identify three types of interview strategies; structured 

interviews, semi structured interviews, and unstructured interviews. 

2.5.1 Structured Interviews 

Structured interviews are built upon questions defined prior to the interview. All questions are asked in 

the same way and order to all respondent, creating high comparability between different interviews 

according to Corbetta (2003).  Blumberg et al. (2008) argue that structured interviews are thus useful 

if the purpose of the interview to explain or describe an issue, but the pre-defined questions limits the 

researcher‟s ability to explore any potential issues that may come up during the interview. 

2.5.2 Semi Structured Interviews  

The interviews could be considered a semi structured interview with a limited pre-defined set of 

questions according to Blumberg et al. (2008). A semi structured interview contains a pre-defined 

questions, but the choice of how the questions are asked and in which order is up to the interviewer 

(Corbetta, 2003).  Semi structured interviews gives a good overview and can effectively capture what 

the interviewee consider to be the most important elements. Semi structured interviews will however, 

result in low comparability between different interviews.  

2.5.3 Unstructured Interviews 

Unstructured interviews are suitable when the interviewer is exploring a new issue without having any 

pre-defined questions available. Corbetta (2003) suggests that the interviewer introduces a theme or 

topic for a discussion with the respondent rather than asking questions. The interviewer may ask 

questions that will arise during the discussion, based on the respondent‟s statements. 

2.5.4 Choice of Interview Strategy 

Interviews were performed during the case study to gain knowledge about the current situation in the 

studied company. The purpose of the interview was to describe and explain the current situation rather 

than explore a new issue or problem. This means that unstructured interview were not a suitable 

strategy during this study. Ultimately, semi structured interviews were chosen as an interview strategy. 

The low degree of comparability is not a great concern in this study since only one company was 

studied during the case study. The semi structured approach allows the respondent to be flexible with 

their answers and allows the interviewer to extract as much knowledge as possible from the 

respondents. 
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3 Singapore Institute of Manufacturing Technology 

This chapter briefly describes the client of this thesis, Singapore Institute of Manufacturing 

Technology (SIMTech). SIMTech is a research institute funded by the Singaporean government and 

the Singaporean industry. SIMTech belongs to the Agency for Science, Technology and Research 

(A*STAR). Its goal is to create intellectual capital through the generation, application, and 

commercialization of manufacturing technology. SIMTech strives to contribute to Singapore‟s 

industrial capital by sharing its expertise in manufacturing with the Singaporean industry. It provides 

researchers and engineers with opportunities to do use-inspired research for the Singapore industry. 

3.1 Sustainability & Technology Assessment Group 

The Sustainability & Technology Assessment (STA) group at SIMTech works to support Singaporean 

industries to adopt innovative sustainable manufacturing technology. STA performs sustainability 

measures, life cycle analyses and environmental modeling. This is done by assessing new products, 

services and technologies for businesses and decision-makers. STA analyzes green product 

developments, eco-efficiency of manufacturing systems and close-loop processing of eco-friendly 

materials to support the development of green technologies. STA also develops toolkits for 

quantification of sustainability measures, the area which this master‟s thesis is written in. 

3.2 Role 

SIMTech is the originator of the research proposal for this master thesis. The background behind the 

research proposal is that SIMTech has observed patterns within the manufacturing industry, where 

sustainable investments create more value than what traditional investment tools can account for. 
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4 Literature Review 

This chapter presents the results of the literature review. Section 4.1 reviews the concept of 

sustainability, while section 4.2 identifies major sustainable manufacturing technologies. Both 

concepts are essential to effectively understand and answer how sustainability is measured. Categories 

of sustainability measurements are then described in section 4.3. The intangible value of sustainable 

manufacturing can only be answered if the definition of intangible value has been established, which is 

described in section 4.4. Benefits of sustainable manufacturing are reviewed in section 4.5. Finally, the 

current value systems used in sustainable manufacturing are described in section 4.6. 

4.1 The Concept of Sustainability 

Sustainability is derived from the Latin word sustinere. The meaning of the word sustainability can be 

interpreted in many ways, but the most common interpretation refers to the human development on 

Earth. The concept of sustainable development was originally defined by Brundtland (1987), on behalf 

of the UN general assembly. The need for sustainable development came as a response to growing 

concerns over how economic growth often was associated with environmental damage (OECD, 2008). 

The commission defined sustainable development as: "Sustainable development is development that 

meets the needs of the present without compromising the ability of future generations to meet their 

own needs" (Brundtland, 1987). The original definition has been heavily criticized for being too 

ambiguous. This however, is not unexpected since the definition is designed to be universally 

applicable. In that sense, the concept of sustainable development is similar to other universal concepts 

such as freedom and justice. Several new definitions have been developed over time based on different 

interpretations of the true meaning of sustainable development. However, Andrew (2011) concludes 

that the concept of sustainable development as a strategy towards a better environment ultimately has 

failed so far. As a response, OECD (2011) has started working on a new strategy defined as “Green 

Growth”, which can be seen as a subset of sustainable development. 

4.1.1 The Triple Bottom Line 

The triple bottom line (TBL) concept, developed by Elkington (1994), addresses the importance of 

integrating social and economic dimensions to sustainable development to achieve environmental 

progress. The concept calls for corporations to serve their stakeholders interests rather than just 

maximizing shareholder profit. Stakeholders may be concerned about environmental and social issues 

in addition to financial performance according to Ho and Taylor (2007). The TBL concept is also 

commonly referred to as the three pillars of sustainability. Figure 2 describes the relationship between 

the different forms of sustainable capital. Each form of capital has its own set of restrictions put on the 

capital. The intersection of all three forms of capital is described as the area where sustainable 

development takes place. 
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Figure 2 – Three forms of sustainable capital and their role (Source: Adams, 2006) 

However, Norman and McDonald (2004) among others criticize the TBL concept for a lack of 

substance that ultimately will be a cause for distraction for managers as well as investors. 

4.1.2 The Rule of Constant Capital 

Sustainability calls for development that meets the need of the present without compromising the 

future. This can be interpreted as a form of intergenerational equity, which can be modeled using a 

capital approach. In the context of sustainability, Pearce (1988) defines the natural capital stock as 

natural assets serving economic functions. Harte (1995) state that according to the constant capital rule, 

a development must leave the capital stock at least unchanged to meet normative demand of 

sustainable development. The capital is contained in the production function which links inputs to 

outputs. This implies that the production function must use the capital with a high level of efficiency 

to contribute to sustainable development. However, Berkhout et al. (2000) among others argue that 

efficient resource use does not guarantee a reduction in the amount of capital needed. Improved 

resource efficiency can be overcompensated by the company‟s economic growth according to 

Hertwich (2005). Dyer and Poggie (2000) also note that the concept does not specify how many 

different forms of capital should be distinguished from each other. A practical issue arises when 

different resources are measured in different units. 

4.1.3 Weak Sustainability 

Cabeza Gutés (1996) defines weak sustainability as non-declining consumption per capita, where the 

relationship between the economy and the environment is restricted by the input resource called 

“natural capital”. Neumayer (2003) state that weak sustainability implies that all forms of capital can 

be substituted with each other, i.e. a lack of one form of capital can be balanced by a surplus in 

another form of capital. For example, natural capital can be substituted by man-made capital as long as 

the man-made capital can provide the same functions as the natural capital. Cabeza Gutés (1996) 

criticizes the concept of weak sustainability on the notion that substituting different types of capital to 

maintain the overall capital stock is just a direct application of the Hartwick-Solow rule from growth 

theory on exhaustible resources. However, the rule of substituting different forms of capital plays a 

central role in growth theory while it is only mentioned in passing by proponents of weak 

sustainability. Cabeza Gutés (1996) argue that the foundation of weak sustainability is thus 

fundamentally flawed.  Neumayer (2003) also criticize weak sustainability on the notion is just an 

extension to welfare economics and not something original. 

4.1.4 Strong Sustainability 

Strong sustainability states that some forms of capital are so important that they must be retained at a 

certain critical level. Capital beyond this critical level cannot be substituted with any other kind of 
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capital. Natural capital is considered to be a non-substitutable form of capital. However, it must be 

noted that several interpretations of strong sustainability exist which makes it more difficult to 

pinpoint the implications of the strong sustainability concept according to Neumayer (2003). 

4.2 Sustainable Manufacturing 

The manufacturing industry is a big consumer of resources and energy. In fact, 36% of all global CO2 

emissions can be attributed to manufacturing industries according to IEA (2007). However, the 

improvement potential towards sustainable development is significant. A potential reduction of CO2 

emissions by 19-32% and a reduction in energy use by 18-26% would be possible if the manufacturing 

industry implemented best practice technologies available today. OECD (2008) argues that holistic 

approaches to sustainable manufacturing, extending beyond the boundaries of the company, will yield 

better environmental performance improvements. Figure 3 below shows six major categories of 

initiatives towards sustainable manufacturing.  

 

Figure 3 – Sustainable manufacturing initiatives (Source: OECD, 2008) 

The sustainable initiatives are listed in order from initiatives that focuses on improving the internal 

production process, to initiatives focused on more external and holistic processes. 

4.2.1 Pollution Control 

Pollution control is the most basic category of sustainable manufacturing. OECD (2008) describes the 

purpose of pollution control as an attempt to improve environmental performance of the company. It is 

often done by using so called end-of-pipe solutions. Figure 4 shows where in the production process 

the pollution control is performed. 
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Figure 4 – Pollution control (Source: OECD, 2008) 

Figure 4 also shows that initiatives within pollution control does not attempt to restructure or change 

the production process, but rather implement a technology that will restrict environmental pollution on 

air, soil and water. Typical end-of-pipe solutions are different kinds of filters. Filters are commonly 

used for air treatment where particles are separated from the air flow. Filters can also be used in water 

treatment, along with biological and chemical components. Pollution control initiatives are often 

considered costly with little financial upside. The major financial benefit is cost savings related to 

compliance to environmental and social regulations mandated by authorities. Frondel et al. (2007) 

show that most pollution control measures implemented by manufacturing industries are implemented 

to comply with environmental regulations. However, pollution control initiatives are considered to 

have a significant positive environmental effect and are in many cases essential to manufacturing 

industries.  

4.2.2 Clean Production 

The focus of clean production is shifted towards dealing with the source of the pollution, shown in 

Figure 5. 

 

Figure 5 – Clean technology initiatives in the production process (Source: OECD, 2008) 

All stages of the production process are investigated to decide how environmental pollution can be 

minimized. Ashford (1994) identifies five categories of initiatives that can be taken towards cleaner 

production: 

 Improvements in work practices and maintenance commonly referred to as housekeeping. 

 Increase resource and energy efficiency utilization through process optimization. 

 Substitution of environmentally harmful raw materials and resources. 

 Implementations of new technologies that reduce material use, waste, and emissions. 

 Change the product design based on how the production process can be made less 

environmentally harmful. 
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Efficiency is a key word within clean production according to OECD (2008). More efficient resource 

and energy use can lead to financial benefits far greater than pollution control initiatives. The potential 

to increase environmental performance is also higher than pollution control initiatives. The 

implementation of clean technology initiatives is generally a more complex and difficult task that 

requires co-ordination and managerial support. 

 

4.2.3 Eco-Efficiency 

Eco-efficiency is not a technology per say, but should rather be described as a philosophy. The basic 

principle behind eco-efficiency is to do more with less. This means that the goal of eco-efficiency 

initiatives is to produce more products using less raw material and energy. WBCSD (1996) created the 

original definition, stating that eco-efficiency can be attained through ―the delivery of competitively 

priced goods and services that satisfy human needs and bring quality of life while progressively 

reducing environmental impacts of goods and resource intensity throughout the entire life cycle to a 

level at least in line with the Earth’s estimated carrying capacity‖. A key concept to help the company 

to achieve a higher degree of eco-efficiency is environmental management systems (EMS). EMS is a 

framework that connects different key aspects of environmental monitoring and performance which 

will guide the company towards eco-efficient production. Perotto et al (2008) suggest that as few 

indicators as possible that still adequately describe the situation are selected for EMS to avoid 

redundant information or measurement errors.  Figure 6 describes the four action-oriented steps that 

are characteristic of any EMS.  

 

Figure 6 – Steps in environmental management systems (Source: OECD, 2008) 

The steps can be applied to any aspect of the company‟s activities. EMS has been standardized with  

the ISO 14001 standard to ensure that the main principles are followed, although the actual 

implementation can vary. The benefits of using EMS are not limited to a potentially increased 

environmental performance, but financial benefits can also be realized. Perotto et al. (2008) argue that 

an implementation of an EMS system can address pressures from external stakeholder and improve the 

company‟s image. The challenge with EMS usually lies in how environmental performance is 

measured and what should be included in the measurements. 

4.2.4 Life Cycle Thinking 

Life Cycle Assessments (LCA) goes beyond the boundaries of the organization and considers the 

environmental impact of a product throughout the value chain, commonly referred to as a “cradle-to-

grave” perspective. Gehin et al. (2008) points to LCA as a key step in reducing environmental harm as 

a successful LCA can help the company to identify the most harmful activities. The purpose is to 

create a “green” supply-chain where the phases of raw material extraction, design, development, usage, 
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and disposal are also designed to be less environmentally harmful (Seuring and Muller, 2008). Figure 

7 shows the steps of applying life cycle thinking to a supply chain. 

 

Figure 7 – Life cycle thinking in the supply chain of manufacturing (Source: OECD, 2008) 

Increased pressure for companies to be held accountable for their harmful impacts on society has led 

to many companies adopting the concept of Corporate Social Responsibility (CSR) according to Porter 

and Kramer (2006). CSR is a voluntary commitment that companies make to act ethically, with 

environmental and social interests in mind. However, several companies have adopted CSR as a 

business model because of the increased demand from customers for socially and environmentally 

ethical products. Companies adopting CSR usually publish sustainability reports with details about the 

company‟s economic, social, and environmental achievements. 

4.2.5 Closed Loop Production 

A closed circular loop production system, pictured in Figure 8, allows disposed resources to be 

revitalized and reused.  

 

Figure 8 – Closed loop production (Source: OECD, 2008) 

The approach is similar to the LCA approach, but it closes the cycle of resources and materials, going 

from a “cradle-to-grave” to a “cradle-to-cradle” perspective according to McDonough and Braungart 

(2002). A cradle-to-cradle perspective minimizes demand for raw material extraction in favor of 

reusing existing resources to minimize waste streams. OECD (2008) notes that the approach requires 

that the production process is designed to accommodate reuse of materials. The design and 
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development phase thus becomes the focus of the circular-loop production approach. Kleindorfer et al. 

(2005) argue that closed loops fosters sustainability while increasing profits and benefiting society. 

4.2.6 Industrial Ecology 

Industrial ecology can be achieved if the circular-loop production approach is applied on an industrial 

or societal level. Graedel and Allenby (1995) argue that the production process in industrial ecology is 

influenced by its surroundings while at the same time being a source of influence. This means that a 

production process should not be seen as an isolated process in society. OECD (2008) state that 

industrial ecology serves as a connector between sub-systems of closed-loop production systems and 

facilitates transfer of material flows between the sub-systems. The approach is based on the idea that 

the waste generated by one producer can be used as the input by another. Co-operation between 

different industries is thus required. Industrial ecology is a highly desirable approach in theory, but the 

gap between theory and a practical implementation is significant. A challenge that must be considered 

is the geographical distances between different industries. An application of industrial ecology is eco-

industrial parks, where different industries gather in a cluster in the same geographical area and serves 

as a smaller eco-system, providing each other with resources needed for manufacturing. Cohen-

Rosenthal (2004) argues that industrial ecology increases the value of products by a less dissipative 

resource usage. The exchange of resources between the companies can create economic as well as 

environmental synergy effects. Graedel and Allenby (1995) argue that not only the use of resources 

should be optimized in industrial ecology, but energy and capital as well.  

4.3 Measuring Sustainability 

The overall success of being able to assess the sustainability of a company‟s operations is highly 

dependent on which set of indicators are used. However, what to measure to truly measure 

sustainability is difficult to define according to Andrew (2011). Indicators can provide a path for the 

business in it its progress towards sustainability. It can also provide a link between sustainability 

performance and business success. Several frameworks have been developed to guide businesses in 

their quest of selecting appropriate indicators. Table 3 describes nine major categories of sustainability 

indicator metrics. A short description of each category, along with examples of frameworks, will be 

further explained in this section.  

Table 3 – Categories of indicators for sustainable manufacturing (Source: OECD, 2008) 

Category Description 

Individual indicators Single aspect indicators 

Key performance indicators Key aspects are measured using a few indicators  

Composite indices Individual indicators aggregated in to indices 

Material flow analysis (MFA) Measures the flow of materials and energy through the 

production process 

Environmental accounting Costs and benefits related to the environment are calculated 

using similar methods to financial accounting systems 

Eco-efficiency indicators Two dimensional indicators measuring the ratio of 

environmental impacts to economic value created 

Lifecycle assessment (LCA) indicators Measures the environmental impact from all stages in the 

production process and the consumption of the product/service 

Sustainability reporting indicators (SRI) Indicators for corporate non-financial performance 

Socially responsible investment indices Aggregated SRI indicators used for benchmarking purposes by 

the financial community 
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4.3.1 Individual Indicators 

Individual indicators are selected to measure single aspects of a system according to OECD (2008). 

They are typically independent from each other and they can be either quantitative or qualitative, 

depending on what is being measured. Using individual indicators is typically a first step for 

companies wishing to measure sustainability. While they are easy to implement, the number of 

indicators used must be decided to limit the amount of data required. Usually, a set of core indicators 

is used to facilitate comparisons with external benchmarks. The characteristic of independence 

between indicators limits the explanatory power of the method and its usability in decision making by 

management. Two popular frameworks for individual indicators are Indicators of Sustainable 

Production by Veleva and Ellenbecker (2001) and ISO 14031. 

Indicators of Sustainable Production 

The framework for indicators of sustainable production (ISP), proposed by Veleva and Ellenbecker 

(2001), contains 22 core indicators to guide companies in their progress towards sustainable 

production systems, see Table 24 in the appendix. 

The presented core indicators highlight six main aspects of sustainable production: 

 Energy and material use. 

 Natural environment. 

 Social justice and community development. 

 Economic performance. 

 Workers. 

 Products. 

The framework includes both quantitative and qualitative indicators. To achieve a higher level of 

sustainability, the company should address all six aspects with equal importance. Indicators are 

classified according to a five level scale according to Figure 9. 

 

Figure 9 –Levels of sustainable production (Source: Veleva and Ellenbecker, 2001) 

The scope and complexity of an indicator increases with each level, reflecting the notion that 

companies needs to start with the basic measures and then move towards more complex indicators. 

The lowest level reflects a company complying with regulation and industry standards. Level two 

measures the company‟s efficiency and productivity. The third and fourth level considers external 

factors such as suppliers and distributors. The fifth level reflects the impact of the company‟s 
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production on a societal level. In addition to the core indicators, a number of supplemental indicators 

are suggested for each level of sustainable production. 

The ISO 14031 Standard  

Measuring environmental performance is based on the notion that “what gets measured gets managed”. 

The ISO 14031 standard is an international set of guidelines on the process of measuring 

environmental performance. It is suited for companies producing goods or services. ISO 14031 is not a 

certifiable standard like ISO 14001 but rather a complimentary standard that can assist management to 

reach certification for ISO 14001. Companies should evaluate their environmental performance 

against their environmental policies, targets and goals. Indicators can be quantitative or qualitative. 

Table 25 in the appendix lists examples of indicators that can be used to measure environmental 

performance suggested by Putnam and Keen (2001). Data for indicators should be available to collect 

on a routine basis. However, it is common that data used to measure many aspects of environmental 

performance can already be available, but used in other contexts. This simplifies the process of data 

collection. The quality of the data collected must be high to ensure that any analysis and 

interpretations made are reliable and nonbiased. The results of the evaluation should be properly 

communicated to external and internal stakeholders to raise awareness and to push for environmental 

improvements.  

4.3.2 Key Performance Indicators 

The purpose of key performance indicators is to create comparability between internal benchmarks 

and external benchmarks. A limited set of indicators is selected that measures the company‟s progress 

towards its goals. While any indicator or metric can serve this purpose the challenge lies in selecting 

indicators that properly reflect the goals of the company. Keeble et al. (2003) argue that the selection 

of KPI is a dynamic process that must involve and engage the stakeholders the KPI‟s are designed for. 

KPI usually have a long term perspective which makes them suitable for decision making by 

management. It follows that the indicators are not suitable for innovation on a product level but rather 

on a strategic level (OECD, 2008). 

Sustainability in Action 

Most senior managers recognize the need of formulating a strategy on corporate social responsibility, 

but fail to translate the strategy in to action. Epstein and Roy (2001) present a framework called 

sustainability in action which includes key drivers of corporate social performance and how managers 

can affect the performance. The framework consists of five major components: 

 Corporate and business unit strategy. 

 Sustainability actions. 

 Sustainability performance. 

 Stakeholders‟ reactions. 

 Corporate financial performance. 

The relationship between the five presented components is presented in Figure 10, along with the 

financial and social consequences of a company‟s activities.  
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Figure 10 – Drivers of sustainability and financial performance (Source: Epstein and Roy, 2001) 

A corporate strategy defines the competitive advantage of the company and what industry it operates 

in. Key stakeholders must be identified along to develop the corporate strategy. Key social and 

environmental issues related to the geographical region and industry that the company operates in 

must also be identified. Developing sustainable actions is the second step in the process. The company 

must define goals related to its sustainability strategy, develop plans and programs and design 

appropriate systems and structures to accommodate these goals. A set of sustainability action measures 

is presented, listed in Table 4. 

Table 4 – Sustainability action measures (Source: Epstein and Roy, 2001) 

Sustainability Strategy (Goals) Plans and Programs Structure and systems 

Increase the number of facilities with 

screening procedures against the use of 

child labor 

Investments in cleaner technologies ($) ISO 14001 (# of facilities) 

Increase gender diversity (% of work 
force) 

Investments in to community projects 
($) 

Social performance evaluation in place 
(# of facilities) 

Reduce lost work days (# of days) Safety training program (hours) Environmental accounting system in 

place (# of facilities) 

Reduce emissions (% of reduction) Support programs for minority-owned 
businesses (% of volume of business) 

Senior managers with social and 
environmental responsibilities (No. of 

senior managers) 

 

The measures are structured according to their respective categories. Epstein and Roy (2001) argue 

that each initiative towards sustainability undertaken must be associated with a sustainability 

performance indicator. Managers must also clearly define goals and targets for each respective 

sustainability performance indicator. The corporate financial performance depends on how 

stakeholders react to the company‟s sustainability performance. Both short term profits and the overall 

long term financial performance can be significantly improved through increased sustainability 

performance. Each stakeholder group must be addressed with a customized approach. Key 

stakeholders include employees, local communities, customers, governments, investors, and financial 

analysts. However, Epstein and Roy (2001) notes that the stakeholders‟ reaction to sustainability 

performance does not solely rely on the performance, but also what actions are taken to promote the 

performance. 



 

 

Page | 25 

 

4.3.3 Composite Indices 

Composite indices aggregate and synthesize individual indicators in to a smaller set of indices. OECD 

(2008) argues that they are useful in situations where the amount of individual indicators must be 

limited and the problem simplified. It effectively allows for a brief summary of the sustainability 

indicators for high level management and external clients who are not concerned about operational 

level details. Composite indices can simplify and communicate otherwise complex information 

contained in sustainability indicators (Singh et al., 2009). The indices can be used for external 

comparisons if a sector wide consensus on how to aggregate the indices is reached. A composite index 

might be useful on an operational level too if it combines sufficient information of the operations. 

Singh et al. (2009) identify twelve major categories for composite indices: 

 Innovation, knowledge and technology indices. 

 Development indices. 

 Market and economy based indices. 

 Eco-system based indices. 

 Composite sustainability performance indices. 

 Investment, ratings and asset management indices. 

 Product based indices. 

 City based indices. 

 National and regional based indices. 

 Environment indices for industries. 

 Energy-based indices. 

 Social and quality life-based indices.  

The biggest obstacle in creating a composite index is usually the issue of normalizing and weighting 

the individual indicators according to OECD (2008). A common scale is needed since individual 

indicators are expressed in different units. Each indicator must also be weighted properly to reflect its 

significance towards sustainable manufacturing. The process of weighing the indicators is dependent 

on industry and company specific characteristics. A growing number of standardized composite 

sustainability indices exist.  

 

4.3.4 Material Flow Analysis 

Material Flow Analysis (MFA) is used to track the material flow throughout the life cycle of a product 

or process and the environmental impacts for each step. It has the built-in advantage of accounting for 

all hidden material and energy flows used in the production process rather than just what ends up in 

the final product. The physical quantities of material and energy input can be compared to its output 

when MFA is used. MFA has become an increasingly popular measurement of environmental 

performance. The resource efficiency can be used to identify critical resources in the supply chain and 

develop strategies and investment policies to increase efficiency. MFA can be applied to SMEs, but 

the company might require expert help to identify hidden flows of material and energy. The method is 

suitable on a decision making level as well as for operational improvements. It can also be used to 

minimize material input and output to find solutions for product innovations. 

Niemeijer and de Groot (2008) mention three popular conceptual frameworks of MFA: 

a) Pressure-State-Response (PSR) 
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Figure 11 – The Pressure-State-Response system (Source: Niemeijer and de Groot, 2008) 

b) Driving-force-State-Response (DSR) 

 

Figure 12 – The driving-force-state-response system (Source: Niemeijer and de Groot, 2008) 

c) Driving-force-State-Impact-Response (DPSIR) 

 

Figure 13 – Driving-force-state-impact-response system (Source: Niemeijer and de Groot, 2008) 

These frameworks build upon the idea of the causal chain and networks. In each framework a force, 

described as a pressure or driving force, acting upon the environment creates a change in the 

environment and a reaction from society to these changes. The causal chain can be described using a 

causal network. Causal networks describe the relationship between components, described as nodes, 

and processes, described as directional arrows, and the connections between them. They are used as a 

conceptual guidance tool to select the appropriate indicators. The causal network will describe the 

flow of material and the impacts associated with the nodes in the network.  

4.3.5 Environmental Accounting 

Environmental accounting uses traditional financial methods to express the environmental impacts and 

its associated costs in financial terms. OECD (2008) argues that this is beneficiary to management 

decision makers as it increases transparency and expresses the sustainability indicators in easy-to-

understand terms. It can also be used to identify win-win situations were environmental and financial 

performance will increase. One common difficulty is deciding whether a cost in the manufacturing 

process is environmental or not. In some cases, government provides guidelines on what should be 

accounted as an environmental cost or not. An international standard has been developed by the 

United Nations called the System of Integrated Environmental and Economic Accounting (UN et al., 

2003). The value in standardizing the reporting lies in comparability between different companies. 

Environmental accounting can be used by smaller companies since it is built upon financial methods 

and frameworks already used by the company. 
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4.3.6 Eco-Efficiency 

Eco-efficiency indicators quantify the relationship between the economic value and the environmental 

impact caused by the same entity or event according to Hahn et al. (2010). As seen in Figure 14, an 

improvement in eco-efficiency can only occur when the economic return increases (Arrow D), the 

environmental impact decreases (Arrow C) or both events occur simultaneously (Arrow B). Arrow B 

is considered a strong improvement in eco-efficiency while arrow C and D indicates weak 

improvements. 

 

Figure 14 – Improvements in Eco-Efficiency (Source: Hahn et al., 2010) 

There is no standard methodology to quantify eco-efficiency; however, two main approaches exist. 

Eco-efficiency can be quantified either through cost based accounting or value based accounting. 

OECD (2008) notes that eco-efficiency indicators are typically developed internally which does not 

allow for functional comparability in many cases. Eco-efficiency indicators also require relatively 

advanced financial and technical data. Burritt and Schaltegger (2001) note that it is essential for any 

measure of eco-efficiency to integrate traditional accounting practices with natural science measures in 

order to add corporate value. While SMEs can use eco-efficiency indicators from a technical 

perspective, they often lack the proper financial resources to implement the system. Eco-efficiency 

indicators can be suitable for high level management and to achieve operational improvements. 

4.3.7 Life Cycle Assessment 

Lifecycle Assessment (LCA) was previously discussed as a concept of sustainable manufacturing in 

section 4.2.4, but it is also a concept of how to measure sustainability. LCA offers a cradle to grave 

perspective on environmental impacts. The concept was introduced during the 1970‟s with a focus on 

energy analysis. Environmental concerns such as pollution and solid waste became public concerns 

during this time period which effectively caused LCA studies to also consider emissions, resource 

usage and waste disposals according to Guinée et al. (2011).  OECD (2008) notes that LCA studies the 

environmental aspects of the entire life cycle of a product or service and can be addressed both 

qualitatively and quantitatively. Thus, LCA can effectively consider hidden flows of environmental 

impacts for the product. LCA can be used to identify critical parts of a products life cycle where the 

environmental impact is at its highest. The LCA method has been internationally standardized in the 

ISO 14040 and ISO 14044 standards according to Finkbeiner et al. (2008), improving the level of 

standardization. ISO 14040 provides a description of LCA principles while ISO 14044 is used as a 
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reference document as it contains technical requirements for how to perform an LCA. The improved 

level of standardization allows for effective comparisons between different companies and products. 

This however, assumes that similar assumptions regarding system boundaries are made. Various 

software exist that can be used by SMEs that otherwise would lack the necessary resources to 

implement LCA. Especially useful is to have a database for the lifecycle inventory with information 

regarding different environmental impacts. LCA can be a useful tool for management, but also to 

improve operations. Data aggregation and standardization is high if standardized units such as kilos of 

CO2-equivalent emissions are used. LCA is a useful tool for production innovation because it offers a 

holistic perspective of the product. Figure 15 show a typical LCA framework. 

 

Figure 15 – Typical LCA framework (Source: ISO 14040, 2006) 

Guinée et al. (2011) argue that LCA can be used for higher level decision making just as well as 

product development and innovation. 

4.3.8 Sustainability Reporting Indicators 

Sustainability Reporting Indicators (SRI) enables companies to report environmental and social 

performance alongside traditional disclosure of economic performance (OECD, 2008). Hedberg and 

von Malmborg (2003) conclude that SRI can be used as a tool to gain control and visibility of the 

triple bottom line on a corporate level. The concept is mostly used in the corporate sector, where 

branch organizations of different industry sectors supply its members with sets of reporting guidelines. 

The guidelines are usually supplied free of charge which make the method more attractive to SMEs 

with limited resources available.  Several government and public institutions have also started to 

report social and environmental performance to increase transparency and highlight its commitment to 

sustainability. SRI was developed mainly as an external reporting tool during the 1980‟s by companies 

in the chemical sector which suffered from bad brand images. However, companies can also use SRI 

internally as a monitoring tool to measure its progress towards sustainability. The level of 

standardization in the reporting guidelines allows for data to be aggregated. Qualitative data in SRI is 

however typically not suited for data aggregation. SRI is not suited for product innovation and new 
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solutions as it is designed to report performance, not solve problems. It can however be of indirect 

help in improving overall production efficiency. When a company is forced to be accountable for its 

environmental and social performance, they may make more efforts to increase their performance. 

Global Reporting Initiative Framework 

The Global Reporting Initiative (GRI) has developed a comprehensive framework to help companies 

facilitate the reporting of sustainability performance (GRI, 2011). The GRI framework identifies three 

different forms of sustainable capital; economic, environmental and social capital. For each form of 

capital, a list of suggested indicators is provided. A total of 79 sustainability indicators are listed with 

9, 30 and 40 indicators for economic, environmental and social capital respectively. Hedberg and von 

Malmborg (2003) argue that collecting the data for all indicators will benefit the company even if it 

does not choose to publish a sustainability report as it gives them a useful overview of the company 

The framework facilitates a uniform approach of reporting sustainability performance for companies. 

However, the GRI have developed supplemental frameworks for different industry sectors to account 

for the substantial differences that exist between different sectors of industries. Currently, 

supplemental frameworks for the following sectors are provided: 

 Financial services. 

 Electric utilities. 

 Mining & metals. 

 Non-Governmental Organizations (NGO). 

 Food processing. 

Sustainability reports are graded on a scale from A to C, depending on how many indicators the 

company is reporting. Companies who obtain a third party verification of their reports can add a + to 

their grade. It‟s been estimated that roughly 1000 companies in 54 different countries has voluntarily 

implemented the GRI guidelines and published a sustainability report according to the GRI (2011). 

Even more companies use the guidelines as a template when they design their own sustainability 

reports. Companies may choose to design their own sustainability report to customize the reporting 

indicators to reflect important issues in the industry they operate in. However, they may also choose 

not to use the official GRI standard to avoid reporting of indicators that they deem could have a 

negative impact on their public image.  

4.3.9 Socially Responsible Investment Indices 

Socially responsible investment (SRI) indices are composite indices designed to meet demand of 

investments in to companies with an economic, social and environmental sustainability profile. Only 

companies that meet a predefined set of criterions, in terms of sustainability, are allowed to be listed 

on the indices. During recent times, SRI indices have changed its selection criteria. Companies such as 

tobacco, alcohol and weapon manufacturers were screened out in the past because of their negative 

perception to the public. With the increased focus on sustainability, in particular the attention focused 

on climate change, SRI indices has changed its focus to companies actively pursuing sustainability. 

SRI indices are not particularly useful to improve operational performance (OECD, 2008). They are 

not suitable for product innovation or management of operations either. The reason is that the indices 

are set by external rating agencies. It follows that they are not suitable for data aggregation as each 

rating agency provides its own unique approach. 

Dow Jones Sustainability Indexes 

The Dow Jones Sustainability Indexes (DJSI) was launched in 1999 (DJSI, 2011). The indices were 

created to cater to investors seeking to diversify their portfolio with companies with high sustainability 

performance (OECD, 2008). Corporate sustainability attracts investors because sustainability creates 
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long term shareholder value. It also offers a favorable risk/return-profile and is increasingly considered 

to be a key long term success factor. The index focuses on larger multinational companies rather than 

small or medium sized companies. The sustainability assessment considers three dimensions; 

economic, social and environmental indicators. Table 5 lists criterions considered by the DJSI index 

for companies wishing to be listed on its index. 

Table 5 – Sustainability indicators used in sustainability assessments by DJSI (Source: DJSI, 2011) 

Economic indicators Social indicators Environmental indicators 

Codes of conduct / Compliance / 

Corruption & bribery 
Corporate citizenship Environmental reporting 

Corporate governance Labor practice indicators Industry specific criteria 

Risk & crisis management Human capital development  

Industry specific criteria Social reporting  

 Talent attraction & retention  

 Industry specific criteria  

 

All sustainability indicators are weighted according to industry specific criterions. Social and 

environmental reporting is subject to public information disclosed by the company. Dow Jones 

maintains indices on a global and regional level. 

4.4 Intangible Assets 

Intangible assets are assets that cannot be physically seen, touched or measured. They can however, be 

identified as a separate asset created through effort over time. Oliviera et al. (2010) notes that the term 

intangible assets and Intellectual Capital (IC) can be used synonymously, as both are non-physical 

sources of future economic benefits.  Examples of intangible assets include patents, knowledge, 

human competence, brand equity and the structure of the company. Intangible assets alone do not 

generate successful performance. It is only when intangible assets are combined with tangible assets 

that a company can use them to maintain long term profitability. An evidence of the effect intangible 

assets have on a company‟s profitability is the market value of knowledge-intensive companies. 

Knowledge-intensive companies have been found to have a significantly higher market value than 

their book equity would indicate according to Hussi and Ahonen (2001). 

4.4.1 Value Domains of Intangible Assets 

Allee (2001) proposes a framework of intangible assets which identifies six different domains of 

enterprise value. Figure 16 below shows the relationship between the value domains. The arrows 

represent dynamic multi-directional exchanges that extend across all domains.  
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Figure 16 – Value domains of intangible assets (Source: Allee, 2001) 

The value domains should not be considered as a form of capital. Allee (2001) argues that the term 

capital restricts our perception of value to something that can be accumulated, stored and controlled. 

While intangible assets certainly contribute to the overall success of a company it does not conform to 

the nature of capital assets. The different domains are described as: 

 Business/External relationships describe the value of the company‟s relationships and 

alliances with external stakeholders. Stakeholders include customers, suppliers, investors and 

regulatory bodies. 

 Internal structures are systems and processes within the company that increases its 

competitiveness. Examples of such systems are IT systems, patents and copyrights, but also 

business practices and production processes. 

 The value of the company‟s employees resides in the domain of human competence. 

Experience, skills and knowledge are all examples of the value human competence contributes 

to the company. 

 Social citizenship describes the value of the company‟s relationship to society. It also reflects 

the role the company plays in local, regional and global communities. 

 The environmental health domain reflects the true cost of the company‟s resource use, its 

effect on the environment and what it does to contribute to sustainable development. 

 The corporate identity is related to the vision, purpose, values, leadership and ethical stances 

taken by the company. The identity can contribute to build solid relationships with employees 

as well as increasing the company‟s brand value. 

Each value domain is associated with five different dimensions: 

 Growth asset development. 

 Efficiency of value conversion. 

 Utilization. 

 Stability. 

 Renewal. 

Allee (2001) suggests a list of sample measures, listed in the appendix in Table 26 that would be 

relevant for each of the proposed domains and dimensions. The samples do not necessarily imply that 

the underlying object being measured is an example of an intangible asset in that value domain. 
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However, they represent examples of how companies can improve the performance of that specific 

combination of value domain and dimension. A more comprehensive list of measures of what a 

company might address would be dependent on the company‟s strategy. 

4.5 Benefits of Sustainable Manufacturing 

This section investigates what kinds of benefits sustainability can create for manufacturing companies. 

Sprinkle and Maines (2010) notes that there are two aspects of measuring benefits: identification and 

estimation. This section deals with the identification of benefits. The first part of the section discusses 

qualitative theories on sustainable value. Theoretical models are used to describe how companies 

benefit from sustainability and how it can create value for its stakeholders. The second part of the 

section describes quantitative benefits that researchers have observed in various studies. 

4.5.1 Qualitative Research on Sustainable Value  

This section identifies three different frameworks of how sustainability contributes to value creation in 

a company. Two of the models are based upon the idea of how shareholder value is created, which is 

why the first section explains shareholder value creation in general. 

Shareholder Value Creation 

Hart and Milstein (2003) presents a two dimensional model, shown in Figure 17 that explains what 

drives shareholder value.  

 

Figure 17 – Key dimensions of shareholder value (Source: Hart and Milstein, 2003) 

The vertical axis reflects the need to manage the business of today while simultaneously creating 

business opportunities for the future in new markets or with new technologies. The dimension captures 

the experience of a tension between the need to generate short term profits and the need to make 

investments to secure long term growth of the company. The horizontal axis reflects the firms need to 

grow. The company must protect its internal skills and capabilities but also at the same time infuse 

itself with external ideas, knowledge and perspectives. This model applies to any business and only a 

truly successful company will manage all four key dimensions simultaneously. 
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Creating Sustainable Value 

Many managers perceive sustainability as cost of doing business – a necessity to maintain legitimacy 

and right to operate. Others have begun to realize that sustainability is a business opportunity that can 

lower costs and risk as well as grow market share and revenues through innovation. But it can be 

difficult to connect the pursuit towards sustainability to an increase in shareholder value. The 

following framework for sustainable value uses the traditional two-dimensional model described in the 

previous section to explain what drives sustainable value, seen in Figure 18. 

 

  

Figure 18- Dimensions of sustainable value (Source: Hart and Milstein, 2003)  

The model is integrated with a set of four drivers for global sustainability, which are then linked to 

each quadrant of the matrix. The framework proposes strategies and corporate payoffs connected to 

sustainable drivers (Hart and Milstein, 2003). 

Sustainability Assessment Portfolio Framework 

Graham and Bertels (2008) evaluate the effectiveness of the framework originally proposed by Hart 

and Milstein (2003), through a case study on a Western Canadian gas utility. The study found that the 

framework was difficult to apply to SMEs. The abstract nature of the framework, created by the global 

focus of the sustainability drivers created confusion about the meaning behind the questions among the 

interviewees of the case study. Graham and Bertels (2008) argue that removing the sustainability 

drivers from the matrix does not diminish the challenges businesses face. However, it does remove 

confusion regarding what the sustainability drivers actually represent. Figure 19 shows a revised 

version of the framework that aims to be less confusing and applicable to a wider range of 

corporations. 
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Figure 19 – Sustainability portfolio assessment framework (Source: Graham and Bertels, 2008) 

The definition of the four quadrants is less restrictive in this model to increase the applicability of the 

framework to non-environmental and non-technical aspects of sustainability. 

4.5.2 Quantitative Research on Sustainable Value 

Benefits from sustainability described in this section can be categorized in to tangible and intangible 

benefits. The benefits discussed in this section refer to observed benefits of sustainability that can 

create economic value. 

Tangible Benefits  

Tangible economic benefits are measurable benefits that will show up on the company‟s financial 

statement at the end of the year. Sprinkle and Maines (2010) argue that tangible benefits from 

sustainability include cost reductions, tax breaks, and reduced costs of risk management. Financial 

performance is a true sign that a company‟s sustainability efforts actually benefit them financially. A 

positive correlation between sustainability and financial performance has been identified in many 

studies performed on the subject. Peloza (2009) notes that out of a sample of 159 studies conducted on 

the relationship between financial performance and sustainability, 63% of the studies found a positive 

correlation while only 15% found a negative relationship. The remaining studies found the correlation 

to be neutral or non-existent. Kiernan (2001) found that a portfolio of “eco-enhanced” companies 

listed on the S&P 500 index outperformed a benchmark portfolio of S&P 500 companies by a 

significant amount. Klassen and McLaughlin (1996) show that environmental performance, 

determined by environmental management systems positively affects the financial performance and 

market value of a company. 

Cost Reductions 

An underlying reason for many sustainable investments is to reduce operational costs. In fact, Frondel 

et al. (2007) showed that manufacturing industries mainly invest in clean technology because of its 

potential to reduce costs. Cost savings associated with sustainability investments is primarily realized 

through reduced energy costs according to Innovest Strategic Value Advisors (2007). Increasing 
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energy efficiency often results in better environmental performance as well as economic benefits. 

Reducing waste disposal costs is also a primary source of cost savings. Companies who implement 

closed-loop production systems will also save money by recycling and reusing material instead of 

using raw material for their products. 

Government Subsidies 

Subsidies from governments for investments in to sustainability are common. Sprinkle and Maines 

(2010) note that companies receive tax credits from the government when they use green materials to 

construct or renovate facilities. Other tax breaks come in the form of sales tax exemptions and 

property-tax abatements. Additionally, charitable donations are deductible from a company‟s taxable 

income. Donations are deductible up to 10% of taxable income in the United States. Companies 

frequently donate products instead of cash because it can offer even bigger tax breaks. The tax 

deduction of donated products equals the product cost plus half of the potentially lost profit. The profit 

margin is defined as the market value minus the product cost. Cash, shares, computer, public art and 

building donations are tax deductible in Singapore (IRAS, 2011). 

Risk 

Risk related to strategic management began to gather interest when Bowman (1980) presented the 

risk-return paradox. The paradox states that for a higher level of risk a greater return is needed. 

However, firms with greater returns often show lower amount of risk. Risk management has later on 

spread to include other parts of businesses such as CSR and how it relates to financial performance. 

Bowman (1980) mentions CSR as a direct measure to reduce business risk. The claim is in line with 

the results from a study by Kiernan (2001), where a portfolio of “eco-enhanced” companies were 

found to be less sensitive to dips in the market over a benchmark portfolio. The eco-enhanced 

portfolio was at the same time generating a greater return over its benchmark. Sustainability efforts 

can also reduce the risk of costs incurred due to compliance related to environmental issues. 

Compliance costs related to CO2 emissions can be roughly as high as 25% of a company‟s earnings 

before taxes, interest, depreciation and amortization according to Innovest Strategic Value Advisors 

(2007). Sprinkle and Maines (2010) mentions that CSR efforts can be used effectively as a part of a 

company‟s risk management program to reduce potential risks. Voluntary implementations of CSR 

practices to reduce emissions for example can thwart legislation from implementing mandatory 

reductions that in the end could result in even tighter standards. CSR can also reduce the risks of 

lawsuits and balance out other news that could potentially be harmful to the company‟s reputation. 

Intangible Benefits  

Intangible benefits are often referred to as benefits that cannot be quantified in financial terms. 

However, intangible benefits of sustainable manufacturing do exist. The market value of a company 

reflects the company‟s ability to produce revenues in the future. The value does not only consist of the 

company‟s assets that it can sell, but also its intangible assets.  Market value refers to the price of the 

company on the open market, commonly in the form of a stock price. This value is usually compared 

to the company‟s book equity, which represents the value of all of its physical assets were sold. 

Companies with a high amount of intellectual capital have been found to have a significantly higher 

market value than their book equity would indicate (Hussi and Ahonen, 2001). Engaging in socially 

responsible practices is a sign of future performance by a company in the eyes of consumers and 

investors according to Arli and Lasmono (2010). Lo and Sheu (2007) found that firms listed on the 

DJSGI USA index have a significantly higher market to book value than companies not listed on the 

index. Using regression models the analysis also showed being listed on the DSJGI index have a 

statistically significant positive influence on the firm market value. However, it might not always be 
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enough to implement sustainable initiatives to achieve a higher market value. An environmental 

management system positively affects the market value of a company according to a study by Klassen 

and McLaughlin (1996). However, Yang et al. (2011) argues that environmental management is 

negatively correlated to market performance while environmental performance is positively correlated 

with market performance. The study implies that environmental management is a burden while 

environmental performance is a benefit. Gallego-Álvarez et al. (2010) found that companies actively 

marketing their CSR efforts had a higher market value over companies not marketing their CSR 

efforts. However, the study showed the market value of a company to be positively correlated and 

statistically significant with both CSR practices and CSR marketing efforts. 

Employee Satisfaction and Turnover 

Keeping employees satisfied is essential for companies to retain valued employees. Epstein and Roy 

(2001) argue that employee satisfaction drives customer growth and retention; which in turn are 

drivers for profitability. Employee turnover varies by industries; however, service industries are 

notorious for having high employee turnover. Veleva and Ellenbecker (2001) notes that employee 

turnover indirectly reflects the well-being and satisfaction of the company‟s employees. The wellbeing 

and satisfaction of the company‟s employees are benefits of sustainability that can be considered to be 

intangible. However, the turnover rate can be influenced by factors that the company cannot control. 

Measurements of turnover should thus be evaluated with external factors kept in mind. Sprinkle and 

Maines (2010) suggest that the cost of employee turnover ranges between 50% of the base salary for 

an entry level position to 400% for expert level positions. Herman (1997) suggests that the 

replacement cost incurred when an employee leaves unexpectedly ranges from 200% to 700% of the 

employee‟s annual income. Innovest Strategic Value Advisors (2007) notes that a survey found that 79% 

of MBA-level students surveyed would forego income to work for a company with a credible 

sustainability strategy. Measured in dollars, the same survey showed that the respondents would be 

willing to forego an average of $5500 of yearly income. 

Reputation and Brand Equity 

Fombrun and Shanley (1990) argue that CSR practices are an important element for product 

differentiation and an increase in reputation. Porter and Kramer (2006) argues that companies justify 

using CSR practices to increase their reputation; however, it should be noted that Gallego-Álvarez et 

al. (2010) found no statistically significant correlation between CSR and reputation. Oliviera et al. 

(2010) note that companies report their intellectual capital based on the notion that it increases its 

transparency, ultimately hoping to legitimize their business status and enhance their reputation. Firms 

with a high environmental performance may improve the firm‟s brand equity according to Yang et al. 

(2011). Michell et al. (2001) note that the key benefit of brand equity for industrial products is that it 

generates more confidence in the purchase decision. It also increases the reputation of the company 

which can translate in to a bigger competitive advantage. 

Strategic Benefits 

Husted (2005) argues that investments in to CSR create a strategic flexibility, which ultimately will 

reduce the downside business risk for the company. Many investments in to CSR practices are 

expected to bring intangible benefits to the firm, such as goodwill within the community it operates in. 

The generated goodwill generated by the investment can thus create the option for the company to call 

upon stakeholders for resources it needs at a later time. Burke and Logsdon (1996) exemplify their 

observation companies which have experienced strategic benefits from CSR investments. Burke and 

Logsdon (1996) point to the example of the medical company Merck which invested in the 

development and distribution of the river blindness drug. The investment created a lot of goodwill for 

the company, which later could be used to leverage the company‟s interests with medical professionals 
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and governmental regulators. Burke and Logsdon (1996) show that CSR investments can be 

considered as specific and non-specific in terms of which stakeholders benefits from the investment. 

Most CSR investments are considered non-specific since they benefit the public in general rather than 

the firm. However, some investments with tangible benefits such as cost savings are considered highly 

specific. Burke and Logsdon (1996) mention the chemical company of DuPont, which made a 

proactive strategic move to cut R&D funding for CFC emitting substances replacement technologies. 

The cutback ultimately hurt DuPont‟s position as an industry leader when legislation on CFC 

substances was introduced. Burke and Logsdon (1996) also exemplify how a sustainable strategy can 

counter bad publicity by pointing to the strategic response made by the company Johnson and Johnson. 

After it were discovered that their pain-relieving products in the Chicago area had been poisoned, the 

company responded quickly by publically handling the situation. The company‟s handling of the crisis 

generated a lot of positive media coverage and it highlighted the company‟s corporate code of conduct 

and attention to safety for its customers. 

4.6 Value Systems in Sustainable Manufacturing 

This section presents five approaches used to calculate the value of sustainable manufacturing. 

Sprinkle and Maines (2010) notes that there are two aspects of measuring benefits: identification and 

estimation. This section deals with the estimation aspect of measurement.  The first two approaches; 

process based cost modeling and economic value added, are not specifically related to sustainability, 

but are common approaches to cost approximations. The following three approaches consider 

environmental impacts when the value is calculated. 

4.6.1 Process Based Cost Modeling 

The process-based cost modeling (PBCM) approach was developed by Kirchain and Field (2001), 

with emerging manufacturing technologies in mind. The approach allows the user to estimate the cost 

without using trial and error. The use of cost estimations at an early stage in the development process 

is important to avoid any expensive strategic errors in the manufacturing process. Kirchain and Field 

(2001) identify possible cost elements according to Table 6. 

Table 6 – Potential cost elements used in the PBCM approach (Kirchain and Field, 2001)  

Possible cost elements 

Material Installation expense 

Energy Tools, Mods, Dies 

Labor Building space 

Primary equipment Overhead labor 

Auxiliary equipment Transportation 

Waste disposal Marketing 

Advertising Packaging 

Insurance Taxes 

Warehousing  

 

For each process a set of resources is required. Fuchs et al. (2006) presents an application to the 

general model where the different cost elements can be categorized in to four major categories, with 

calculations provided for each category:  

 Materials. 

 Labor. 

 Energy. 
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 Capital. 

The amount of resources required can be estimated through engineering principles and by using 

available data. The required resources can then be mapped to the appropriate cost category. The cost 

per product can be divided in to eight categories: material cost, labor cost, energy cost, equipment cost, 

tooling cost, building cost, overhead cost and fixed cost. 

4.6.2 Economic Value Added and Activity Based Costing 

Roztocki and LaScola Needy (1999) suggest a method to calculate the economic value added for a 

product in a manufacturing process. The method integrates economic value added with the traditional 

activity based costing approach. Roztocki and LaScola Needy (1999) notes that activity based costing 

provides a good estimate of operating costs, but it does not usually consider capital investments which 

is a major source of capital consumption in many manufacturing processes. Considering capital 

investments in the total product cost will imply a higher product cost, but the long term profitability of 

a product can only be established if all costs associated to the product are considered. The approach 

consists of six steps presented below. 

Step 1. Obtain financial records and information of the company 

The balance sheet and income statement of the company is good source to obtain financial 

information. 

Step 2. Identify main activities 

The different processes in the manufacturing process are established. The activities consuming 

significant amounts of capital investments and operating resources are identified in this step. 

Step 3. Determine operating cost for each activity 

Calculate the cost of the main activities identified in step 2 to accurately reflect the activity‟s 

consumption of operating resources. 

Step 4. Determine capital charge for each activity using activity-capital dependence 

analysis 

It is not sufficient to calculate the cost of operating resources of the activity because many 

processes in manufacturing require a significant capital investment. The financial information 

obtained in step 1 is used to convert financial data from the balance sheet and income statement in 

to costs reflecting the investments made in to each main activity. 

Step 5. Select cost drivers 

A cost driver is any activity within the manufacturing process that will cause a cost to occur. The 

drivers are used to trace costs to products. Drivers related to operating costs will trace operating 

costs for the products and capital cost drivers will reflect the capital charges related to the product. 

Step 6. Calculate product cost 

The drivers identified in step 5 are used to calculate the total cost of a product. 

The method is similar to activity based costing but differs in step 4 where capital investments related 

to each activity are also considered. 

4.6.3 Opportunity Cost Based Eco-Efficiency Analysis 

Hahn et al. (2010) introduces a method of measuring eco-efficiency based on opportunity cost. 

Previous methods of measuring eco-efficiency have often been hard to interpret for corporate decision 

makers. An opportunity cost is represented by a benchmark. The financial and environmental 

performance is then measured against the benchmark and expressed in monetary amounts. When eco-

efficiency is measured based on opportunity cost it is translated in to managerial terms. Eco-efficiency 

both considers changes in economic and environmental activity, yet it has been difficult to understand 

what the reasons and drivers behind these changes are. Using opportunity cost based eco-efficiency 

allows us to identify and quantify drivers behind changes. This approach is called return-to-cost-ratio, 
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where the opportunity cost is defined the average return realized if the capital had been placed in an 

average investment on the market.  Using this approach makes it possible to identify and quantify 

where the changes in eco-efficiency comes from. The overarching benchmark used in this analysis 

makes it possible to optimize the resource use with regard to the benchmark‟s market efficiency. 

4.6.4 Life Cycle Cost 

The life cycle cost approach does not only consider costs of a product related to the manufacturing 

phase, but also costs incurred in the design, usage, and disposal phase. The total cost for the end user 

is more accurately reflected if all stages of a products life cycle are considered. The manufacturer is 

also interested in the total life cycle cost due to an increase in legislative measures, where the 

originator of an environmentally harmful product must assume responsibility for the environmental 

impacts incurred during the product‟s life span. The total cost will in turn affect the marketability of 

the product. There are several different types of costs for a product. Asiedu and Gu (1998) list a 

possible cost breakdown structure (CBS) which is listed in Table 7. 

Table 7 - Cost breakdown structure for a product (Source: Asiedu and Gu, 1998) 

 Company Cost User Cost Society Cost 

Design 
Market Recognition 

Development 
  

Production 

Materials 

Energy 

Facilities 

Waste 

Labor 

 

Waste 

Pollution 

Safety 

Usage 

Transportation 

Storage 

Waste 

Breakage 

Warranty Service 

Transportation 

Storage 

Energy 

Materials 

Maintenance 

Packaging 

Waste 

Pollution 

Safety 

Disposal/Recycling  Disposal and recycling dues 

Waste Disposal 

Pollution 

Safety 

 

The costs identified can be further broken down in to sub categories for a more detailed estimation of 

the total cost. The model used to estimate costs can be based on three different approaches; parametric 

models, analogous models, and detailed models.  

Parametric Models 

A model using the parametric approach describes the relationship between costs and measurable 

attributes through mathematical equations according to Dean (1995).  Asiedu and Gu (1998) mean that 

the approach is based on the idea of predicting the life cycle cost based on statistical regression. The 

regression calculates the correlation between costs and technical parameters. This means that 

parametric models are not a suitable approach if the product developed is using new technology since 

the model requires previous data for the regression analysis. 

Analogous Models 

An analogous model tries to compare the product to a similar product with an established cost 

structure. The model identifies differences between the products and adjusts the cost accordingly. A 

common problem with this approach is that it requires extensive knowledge of the production process 

and technical specifications of the reference product. The model is relatively suitable for new products 

and new technologies (Asiedu and Gu, 1998). 
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Detailed Models  

The detailed model calculates direct costs of a product based on labor time and material quantity. Each 

product is then assigned an allocation rate to include indirect costs. This commonly referred to as 

bottom-up estimation. The approach is costly and time consuming but can also reflect the cost with 

high accuracy. The data input of the model is basic information which makes the model more flexible 

than parametric and analogous models (Asiedu and Gu, 1998). 

4.6.5 The Sustainable Value approach 

The sustainable value (SV) approach, developed by Figge and Hahn (2004, 2005), is an attempt to 

quantify the value of sustainability through relative measures of resource efficiency. A high level of 

efficiency is required to achieve sustainable development. Capital is a limited resource within a 

company and which makes its use undesirable. However, the output from the company that the capital 

generates is desirable. This means that the company must optimize its use of capital to increase its 

efficiency. The rule of constant capital, described in section 4.1.2, states that a development must 

leave the capital stock per capita at least unchanged to meet normative demand of sustainable 

development according to Harte (1995). A high level of efficiency of capital use is thus required to 

contribute to sustainable development. Efficient use of resources will reduce the amount of capital 

used provided that the company‟s economic growth exceeds the improved efficiency according to 

Hertwich (2005). To evaluate if a company truly contributes to sustainable development it is important 

to examine whether the improved efficient use of one form of capital will lead to reduced efficiency 

for other forms of capital. This can sometimes be hard to measure because different forms of capital 

are measured in different units. For natural capital, this can be solved using the environmental impact 

assessment approach. Each impact is assigned a relative burden so that each the impact is converted in 

to equivalents of one of the impacts. This method does not however, consider other forms of capital 

such as social and economic capital. Figge and Hahn (2005) argue that no such impact assessment 

exists. The SV approach removes the focus on the cost associated with one form of capital and focuses 

on the value it creates. To determine the value created, the concept of opportunity costs is used. An 

opportunity cost is typically only used in the valuation of economic capital, but is extended to all 

forms of capital in this approach. The entirety of the capital used is defined as the sustainability capital. 

The value that exceeds the sustainability capital is defined as sustainable value. The Sustainable Value 

approach has been heavily debated and two different approaches have emerged. The original approach 

presented by Figge and Hahn (2004, 2005), where the sustainable value is calculated from an 

investor‟s perspective was later countered by an alternative approach by Kuosmanen and Kuosmanen 

(2009), based on production efficiency functions. 

Investor Approach 

Figge and Hahn‟s (2005) approach evaluates the sustainable value created in the eyes of an investor. 

The approach tells the investor how efficiently the investor has allocated his capital compared to a 

benchmark in terms of sustainable value. An external benchmark is used as an opportunity cost of 

capital, often represented by the average opportunity cost of capital within a country or an industry. 

The opportunity cost of capital (OCC) of a benchmark is: 

 

 
     

  

  
  Equation 4.1 

Where y* denotes the net value added and xi* denotes the amount of used capital of resource type i by 

the benchmark. This measure is used to evaluate the efficiency of the company. The benchmark could 

be an industry average, another company, or a target level the company aspires to achieve. The chosen 

benchmark will determine the explanatory power of the analysis. The return on capital can be 

calculated as: 
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 Equation 4.2 

Where y = Net value added by the company and xi = Amount of used capital of resource type i by the 

company. The value spread between the return on capital and the opportunity cost of capital can be 

calculated as: 

 

 
             Equation 4.3 

To establish how much value has been added by the company, the value spread VS is multiplied with 

the amount of capital xi used by the company. 

 

 
           Equation 4.4 

By calculating the value spread and value created for each form of capital the total sustainable value 

can be calculated as: 
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 Equation 4.5 

A positive value of SV indicates that the company is using its capital more efficiently than the 

benchmark. Dividing the sum of all value created by n ensures that no sustainable value is accounted 

for multiple times. The different forms of capital are weighted according to their efficiency compared 

to the benchmark. This approach does not violate the rules of strong sustainability, described in 

section 4.1.4. In fact, the approach addresses the question of compensation rather than substitution of 

resources. The question of compensation refers to allocation of resources, not substitution. The choice 

of what forms of capital to account for in the approach depends on its application. The concept is only 

limited to the data available in each application. It is important that all data corresponds to the same 

scope in time and is of comparable quality. Impacts caused by suppliers and customers should not be 

taken in to account without adjusting the value term accordingly. The choice of the benchmark is 

central for the calculation of sustainability value. The method does not show whether the overall 

capital use is sustainable or not, but how much more, or less, sustainable the company is using the 

capital. It is thus essential to apply this methodology with the constant capital rule in mind. 

Production Efficiency Analysis Approach 

Kuosmanen and Kuosmanen (2009) argue that the opportunity cost of the benchmark used in the 

Sustainable Value approach should be calculated using a production function. The original approach 

does not distinguish between the estimand (the object of interest) and the estimator (the computational 

rule). This results in no margin for error and a very restrictive definition of opportunity cost of capital. 

This in turn leads to a high risk of specification error. The general definition of sustainable value 

following traditional theories on production functions is defined according to Equation 4.6. 

 

 
        (  ) Equation 4.6 

yi represents the economic output of the firm while f(xi) represents the production function of resource 

xi. This allows the resources to be independent from each other. The original investor approach 

definition of sustainable value, proposed by Figge and Hahn (2005), is interpreted as: 
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 Equation 4.8 

It is noteworthy that SVi is defined as a residual in Equation 4.6. It also has many similarities of a 

typical standard regression function, shown in Equation 4.9. 

     (  )     Equation 4.9 

εi represents noise disturbance and measurement errors in the sample data. A random disturbance term 

vi is introduced and Equation 4.10 becomes: 

     (  )         Equation 4.10 

There are two main approaches within production efficiency analysis to estimate the production 

function f(xi). The first approach is the parametric approach. It assumes that the production function 

can be approximated using statistical methods. The second approach is the nonparametric approach. It 

makes no particular assumption on the functional form of f(xi). The approaches can also be further 

divided depending on assumptions made regarding the disturbance term and whether SV i should be 

compared to an average practice or best practice benchmark. A deterministic best practice approach 

assumes all noise disturbances to be components of inefficient use of capital. The assumption yields vi 

= 0 and       where the most efficient firm will assume       . Stochastic best practice 

approaches on the other hand assumes that subcomponents of inefficiencies and noise terms can be 

isolated from each other. This means that      and        for stochastic best deterministic 

approaches. Table 8 lists different approaches that can be used to estimate the production function f(xi). 

Table 8 - Different approaches to estimate benchmark technologies (Source: Kuosmanen and Kuosmanen, 

2009) 

 Parametric Nonparametric 

Average-practice Ordinary least squares (OLS) Convex nonparametric least 

squares (CNLS) 

Best-practice, deterministic Parametric programming (PP) Data envelopment analysis (DEA) 

Corrected ordinary least squares 

(COLS) 

Corrected convex nonparametric 

least squares (C2NLS) 

Best-practice, stochastic Stochastic frontier analysis (SFA) Stochastic nonparametric 

envelopment of data (StoNED) 
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5 Value System 

This chapter is a presentation of a new value system where the intangible value of sustainability is 

evaluated. The formulation of a new value system is related to one of the main objectives of this thesis; 

to propose a value system to evaluate sustainable attributes. This objective is critical to the main goal 

of this thesis which is to create a better understanding of how sustainability creates value for 

companies. The research methodology is essentially an experiment with the purpose to accomplish this 

objective. The method in the experiment is based on applying existing theories to a new field. The 

value system combines the field of intangible assets and the field of sustainability to reflect the 

intangible value of sustainability. Chapter 2 mentions that the purpose of qualitative research is to 

answer the questions of why or how. However, in addition to these two questions, the questions of 

what, where and when must be answered when a new value system is developed. 

1. Why does a new value system need to be developed? 

It is clear that current value systems do not consider the intangible value of sustainable 

manufacturing, based on the literature review and background. The literature review also 

shows that current systems model tangible benefits well. Adding a complimentary tool that 

evaluates the intangible benefits is thus much more beneficial than proposing a new value 

system for tangible benefits. The value system presented in this chapter is an evaluation tool 

used to analyze how an investment or initiative towards sustainable manufacturing has 

generated intangible value for the company to better reflect the value sustainability can create 

for companies. 

2. What tools should be used for the value system?  

Figure 20 below describes the process of developing a new value system and what tools are 

needed to create an output. 

 

Figure 20 – Evaluation process in new value system 

Sprinkle and Maines (2010) notes that there are two aspects of measuring costs and benefits: 

identification and estimation. Identification in this case refers to the identification of indicators 

of sustainability that also corresponds to suggested indicators of intangibles. Indicators of 

sustainability are compared to indicators of intangibles. The impact sustainable manufacturing 

has on intangible assets can be observed when the indicators are identical. 



 

 

Page | 44 

 

Two components are thus needed: 

 A framework defining intangibles by Allee (2001), described in section 5.1 

 A selection of indicators of sustainability from various frameworks, described in 

section 4.3. 

The second step is the estimation part of the measurement. To estimate the intangible value 

sustainability creates a tool or method is needed to quantify the value. The Sustainable Value 

approach was selected for this purpose and a more detailed description is provided in section 5.3. 

3. How should the value be calculated? 

Sustainable manufacturing can only be measured if indicators of sustainability are explicitly 

defined. The indicators selected must be quantitative. The literature review showed that 

traditional value systems of sustainable manufacturing tend to calculate the value of 

sustainable initiative based solely on costs related to the initiative. The main issue with cost 

based perspectives is that they fail to consider aspects of intangible value that is created. Value 

systems based on measuring benefits on the other hand lack standardization and comparability 

as benefits vary on a case-by-case basis. This value system assumes a resource perspective 

based on the Sustainable Value approach. Resources include costs, but non-monetary 

resources are also considered. 

4. When should the new value system be used? 

Ex-ante refers to estimations before an event takes place while ex-post refers to actual 

measurements on the event. Salzmann et al. (2005) note that most companies tend to use ex-

ante measurements, since it is suitable for cost based approaches. This is not an unexpected 

result, as virtually any project in any form of business includes a budget with cost estimations. 

An ex-post approach was selected for the presented value system. This means that the value 

system is suited to be used as an evaluation tool for companies, where it can act as a 

supplement to ex-ante cost estimations. Companies may however, use the results of previous 

evaluations as a basis for future decisions, when new investments are considered. 

5. Where are the boundaries of the new value system? 

The value system focuses on modeling the relationship between intangible value and 

sustainability in one company. The indicators of sustainability suggested in this chapter are 

mostly internal measures that do not consider the entire supply chain of a product. A company 

may choose to model the intangible value of a larger system, such as a supply chain, by 

adjusting the measurements of sustainability accordingly. 

5.1 Intangible Value Domains 

Intangible value domains are defined and measured according to the framework proposed by Allee 

(2001) in section 4.4.1. The framework selected to categorize intangible value was chosen based on 

the following criteria: 

1. The framework confines to the standard definitions and requirements of intangible assets or 

intellectual capital according to definitions by Hussi and Ahonen (2001). Allee (2001) states 

that the proposed framework is used to measure intellectual capital. The suggested dimensions 

of intangible value domains by Allee (2001) are consistent with the definition of intellectual 

capital by Oliviera et al. (2010), which defines intellectual capital as a company‟s human 

capital, structural capital and relational capital. 

2. The framework offers samples of measurement indicators for the proposed value domains of 

intangible value. The framework identifies six domains of intangible value as well as five 

dimensions of value for each domain. 

3. The framework covers environmental, social and economic aspects of intangible value 

domains. The framework is similar to the three pillars of sustainability model, described in 
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section 4.1.1, which makes it suitable for this application. Allee (2001) distinguishes social 

assets in to three value domains; social citizenship, internal structures and human competence. 

Internal Structures and human competence intersects the economic domain of intangible assets 

which also contains the value domains of corporate identity and external relationships. 

5.2 Indicators of Sustainability 

The measurement indicators of intangibles, suggested by Allee (2001) in Table 26 (see appendix), are 

merely suggestions on what a company might use as measurements. Hussi and Ahonen (2001) points 

out that the choice of indicators a company use to measure intangible assets is highly company 

specific. The suggested indicators by Allee (2001) are in many cases ambiguous, allowing for 

flexibility in the interpretation of how the measurements are actually implemented on a company level. 

However, the suggested indicators by Allee (2001) serve as a good starting point of indicators to be 

used to measure sustainable initiatives. The actual measurements however, must be based on 

indicators of sustainable manufacturing, presented in section 4.3. As it turns out, the proposed 

indicators by Allee (2001) corresponds to indicators from the following categories of sustainability 

indicators. 

 Internal Indicators 

o Indicators of Sustainable Production by Veleva and Ellenbecker (2001) 

o ISO 14031 standard, see Putnam and Keen (2002) and NIST (2011) 

 Key Performance Indicators 

o Sustainability in Action by Epstein and Roy (2001) 

 Social reporting indicators 

o Sustainability reporting guidelines version 3.1 by GRI (2011) 

NIST (2011), which is a repository of indicators of sustainable manufacturing, was used as a source of 

sustainability indicators. In addition, Barbiroli (2006) was used as source to complement the above 

mentioned framework with indicators of sustainability that were otherwise not listed. A complete list 

and description of the suggested indicators are provided in Table 9 below. 

Table 9 – Selected indicators of sustainability (Source: Own) 

Value Domain Dimension ID Indicator Measurement Unit Source 

External 

relationships 

Growth asset 
development 

1.1 
Revenue from target 
markets 

Revenue from primary market(s) 

over measurement period by 
region/market 

$ 

GRI (2011), 

Putnam and Keen 
(2001) 

Efficiency of value 
conversion 

1.2 Revenue/Turnover 
Company revenue from external 
sales 

$ 
GRI (2011), 
NIST (2011) 

Utilization 1.3 
Customer contact 
frequency 

Rate of customer complaints and 
returns per products sold 

% 
Veleva and 
Ellenbecker 
(2001)   

Stability 1.4 
Customer contact 
frequency 

Rate of customer complaints and 
returns per products sold 

% 

Veleva and 

Ellenbecker 
(2001)   

Stability 1.5 Customer satisfaction 
Customers‟ satisfaction with their 
relationship to the company  

% or 

point 
scale 

GRI (2011), 
Veleva and 
Ellenbecker 
(2001), GRI 
(2011), Epstein 
and Roy (2001) 

Renewal 1.6 
Customer demographic 
change 

Life expectancy of population in 
region where company operate 

Year 

European 

Commission 
(2009) 

Human 

competence 

Growth asset 
development 

2.1 

Human competence 
growth 

Employees receiving regular 
performance and career 
development reviews 
 

% GRI (2011) 

2.2 

Investments made in to programs 
for skills management and lifelong 

learning that support the continued 
employability of employees and 
assist them in managing career 

$ GRI (2011) 
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endings 

Growth asset 
development 

2.3 Years of experience 
Breakdown of length of 
employment within the company or 
average length of employment 

% or 
years 

GRI (2011) 

Efficiency of value 
conversion 

2.4 
Revenue generated per 
employee 

Total revenue / Number of 
employees 

$ / 
person 

Veleva and 
Ellenbecker 
(2001) 

Utilization 2.5 Employee satisfaction 
Overall satisfaction level of 
employees 

% or 

point 
scale 

Veleva and 

Ellenbecker 
(2001) 

Stability 2.6 Employee turnover 

Share of employees leaving the 

company or starting to work at the 
company 

% 

GRI (2011), 
Veleva and 
Ellenbecker 
(2001) 

Stability 2.7 Employee satisfaction 
Overall satisfaction level of 
employees 

% or 
point 

scale 

Veleva and 
Ellenbecker 

(2001) 

Renewal 2.8 Diversity 
Female percentage of total 
workforce 

% 
GRI (2011), 
Epstein and Roy 
(2001) 

Renewal 2.9 Employee training 
Average number of hours of 
employee training per year 

Hours 

GRI (2011), 
Veleva and 
Ellenbecker 
(2001), Epstein 

and Roy (2001) 

Internal 

structures 

Growth asset 
development 

3.1 Intangible assets 
Intangible assets according to 
company balance sheet 

$ NIST (2011) 

Efficiency of value 

conversion 
3.2 

Product development 

costs 

Development costs for the 

company‟s products 
$ 

Veleva and 
Ellenbecker 
(2001)   

Efficiency of value 
conversion 

3.3 
Revenue to 
administrative support 

Revenue generated divided by 
number of staff employees 

$ 
Veleva and 
Ellenbecker 

(2001)   

Utilization 3.4 
Utilization rate of 
physical assets 

Overall amount of time machinery 
and equipment is being used out of 
total time 

% Barbiroli (2006) 

Stability 3.5 Staff turnover 
Share of staff employees leaving 
the company or starting to work at 
the company 

% 

GRI (2011), 
Veleva and 
Ellenbecker 
(2001) 

Renewal 

3.6 
Structure enhancing 
projects 

Amount invested in to technical 

structures 
$ GRI (2011) 

3.7 
Amount invested in to physical 
structures and facilities 

Social 

citizenship 

Growth asset 
development 

4.1 Employee illness rate 
Average share of employees absent 
due to illness or injury 

% 

GRI (2011), 
Veleva and 
Ellenbecker 
(2001) 

Efficiency of value 
conversion 

4.2 Brand recognition 
Investments and expenditures in 
advertising, marketing, and 
branding of a product or technology 

$ 

Veleva and 

Ellenbecker 
(2001), NIST 
(2011)   

Utilization 4.3 Ratio local hires 
Share of workforce hired locally of 
total workforce 

% GRI (2011) 

Utilization 4.4 
Community 

involvement 

Monetary amount spent on 
community projects, charities and 
scholarships 

$ 

GRI (2011), 
Veleva and 
Ellenbecker 

(2001), NIST 
(2011), Epstein 
and Roy (2001) 

Stability 4.5 
Consistency of 
community involvement 

Consistency of spending on 
community projects, charities and 
scholarships 

% 

GRI (2011), 
Veleva and 
Ellenbecker 
(2001), NIST 
(2011), Epstein 

and Roy (2001) 

Renewal 4.6 Parental leave 

Share of employees on paternity or 
maternity leave. 
Retention of employees after 
parental leave. 

% GRI (2011) 

Corporate 

identity 

Growth asset 
development 

5.1 Values alignment 
Investments made in to 
sustainability R &D and operating 
costs for EHS systems 

$ 

GEMI (2011), 
Veleva and 
Ellenbecker 
(2001) 

Efficiency of value 
conversion 

5.2 Brand recognition 
Investments and expenditures in 
advertising, marketing, and 
branding of a product or technology 

$ 
Veleva and 
Ellenbecker 
(2001), NIST 
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(2011)   

Utilization 5.3 Employee turnover 
Share of employees leaving the 
company or starting to work at the 
company  

% 

GRI (2011), 
Veleva and 
Ellenbecker 
(2001) 

Stability 5.4 

Employee 

environmental 
knowledge  

Knowledge among employees 

regarding environmental issues. 
Can be measured through surveys. 

& or 

point 
scale 

NIST (2011) 

Stability 5.5 
Consistency of value 
alignment 

Consistency of investments in to 

sustainability and operating costs of 
EHS systems 

% 

GEMI (2011), 
Veleva and 
Ellenbecker 
(2001) 

Renewal 5.6 Employee involvement 
Employee‟s perceived ability to 

affect their work situation 

% or 
point 
scale 

GRI (2011), 
Veleva and 

Ellenbecker 
(2001) 

 

Environmental 

health 

Growth asset 
development 

6.1 Waste per product 
Total amount of waste generated / 
Total amount of raw material used 

% 

GRI (2011), 
Veleva and 
Ellenbecker 
(2001) 

Growth asset 
development 

6.2 Regulatory compliance 
Monetary value of all fines related 
to environmental issues 

$ 
Putnam and Keen 
(2001) 

Growth asset 
development 

6.3 
Renewal of used 
resources 

Total amount of recycled or reused 
raw material used. Can also be 
applied to energy and water. 

% 

GRI (2011), 
Veleva and 
Ellenbecker 
(2001) 

Efficiency of value 
conversion 

6.4 Resource availability 
Monetary amount spent on raw 
material, energy or water.  

$ 

GRI (2011), 
Veleva and 
Ellenbecker 
(2001) 

Utilization 6.5 Resource efficiency 
Volume of produced products / 
Volume of raw material used for 
production 

% 

GRI (2011), 
Veleva and 
Ellenbecker 
(2001) 

Stability 6.6 Environmental Quality 
CO2-emissions generated. 
NOx or SO2 emissions can also be 
used. 

Ton 

GRI (2011), 
Veleva and 
Ellenbecker 
(2001) 

Renewal 6.7 
Non-renewable needed 
resources 

Non-renewable raw material used / 

Total amount of raw material used. 
Can also be applied to energy and 
water. 

% 

GRI (2011), 

Veleva and 
Ellenbecker 
(2001) 

  

Indicators are numbered according to the value domain they belong to for simplicity. The following 

section describes the indicators in detail and the reasoning behind them. 

5.2.1 External Relationships Indicators 

External relationships focus on the intangible value that is associated with the company‟s relationships 

with customers, suppliers and distributors. The following section lists indicators the selected indicators 

of sustainability corresponding to indicators of the external relationships domain. 

Growth Asset Development 

Indicator 1.1 uses company revenues by target markets to describe the growth asset development-

dimension of external relationships. Revenues by target markets are considered an indicator of 

sustainability by Putnam and Keen (2001) and GRI (2011). GRI (2011) encourages companies to 

report revenues by region. Target markets do not necessarily have to be defined by geographical 

regions, but they can also be defined as different customer segments on the market, such as private 

sector versus public sector. 

Efficiency of Value Conversion 

Indicator 1.2 is defined as revenue for products sold. Allee (2001) suggests sales (revenue) per 

customer as an indicator of the efficiency of value conversion domain. If such an indicator was applied 

to the entire company, sales per customer would most likely vary greatly between different customers. 

This means that average sales per customer would have to be calculated. There is no indicator of 
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sustainability that deals specifically with sales or revenue per customer. However, GRI (2011) as well 

as NIST (2011) list revenue of products as an indicator of sustainability. Total revenue does describe 

the company‟s efficiency to convert their relationship with the customer stakeholder group in to value. 

That is the best approximation of an indicator of sustainability that could be found. It should be noted 

that Allee‟s (2001) indicators are merely suggestions and Hussi and Ahonen (2001) point out that the 

creation of indicators is a creative process that must be tailored to the specific situation. 

Utilization 

Frequency of customer contact, indicator 1.3 and 1.4, can be interpreted in several ways. Veleva and 

Ellenbecker (2001) suggests rate of customer complaints as a core indicator of sustainable production. 

Customer complaints affect the organizations economic performance. In addition, the rate of 

complaints can be balanced against positive feedback to better reflect the overall frequency of 

customer contact. The concept of this measurement indicator also applies to frequency of customer 

contact in the dimension of stability. 

Stability 

Customer loyalty is often measured by measuring customer satisfaction. Customer satisfaction, 

indicator 1.5, is listed as a supplemental indicator of sustainable production by Veleva and Ellenbecker 

(2001). Epstein and Roy (2001) suggest that customer satisfaction is measured to survey stakeholders‟ 

reaction to sustainability investments. Customer satisfaction is also mentioned in the GRI (2011) 

guidelines as a product related sustainability indicator. The GRI guidelines encourage companies to 

report on their practices regarding customer satisfaction without explicitly stating that results of 

customer satisfaction should be made public. Publication of results from customer satisfaction surveys 

can be considered hurtful to the company if the results are unfavorable so it is expected that a majority 

of companies choosing to report customer satisfaction had good results. 

Renewal 

Indicator 1.6 deals with a potential demographic change among customers for the company. It is 

important to monitor demographic changes to proactively work to accommodate any changes in what 

type of customers the company will be serving. Demographic changes can occur in terms of the 

customers‟ age and disposable income. The European commission (2009) lists life expectancy by 

region as an indicator of sustainability. 

5.2.2 Human Competence Indicators 

Human competence represents the value of the knowledge and competence that reside within the 

company‟s employees. The following section lists the selected indicators of sustainability 

corresponding to indicators of the human competence domain. 

Growth Asset Development 

Indicators 2.1 and 2.2 describe projects targeted at growth of human competence. These indicators can 

be used to measure the growth asset development of the company. GRI (2011) identifies two core 

indicators related to growth of human competence: Indicator 2.1 is the percentage of employees 

receiving regular performance and career development reviews. Indicator 2.2 is programs for skills 

management and lifelong learning that support the continued employability of employees and assist 

them in managing career endings. It is more appropriate to use indicator 2.2 as a measure of the 

monetary amount invested in to such programs for a higher degree of comparability. 

Years of experience, indicator 2.3, deals with the length of how long an employee stays with the 

company. A high average length of employment represents a low level of turnover which is desirable, 

but new employees are needed to grow the company and eventually replace experienced senior 
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workers. GRI (2011) suggests that the company‟s employees should be broken down by employment 

type, employment contract, age group and gender. Such a breakdown can include as years of 

experience. 

Efficiency of Value Conversion 

Indicator 2.4 is defined as revenue per employee. Veleva and Ellenbecker (2001) list the ratio between 

employees and company revenues as a core indicator of sustainable production. The reasoning behind 

this indicator is that natural resources are in general limited compared to the supply of labor. The goal 

should thus be to increase the efficiency of how every employee converts natural resources in to value. 

The revenue added per employee would measure the efficiency of value conversion of the company‟s 

human competence. 

Utilization 

Veleva and Ellenbecker (2001) list employee satisfaction (indicator 2.5 and 2.7) as a core indicator of 

sustainable production. Section 4.5.2 highlighted the importance of employee satisfaction for the 

company and how low satisfaction leads to high employee turnover which is not sustainable for many 

businesses. Employee satisfaction is usually measured through surveys regarding work culture, 

benefits, safety issues, and career opportunities. 

Stability 

Employee turnover, indicator 2.6, is an undesired resource that companies wishes to minimize. In fact, 

employee turnover is considered a big burden to employers. Employee turnover is in general very 

costly, with costs ranging from 50% to 700% of an employee‟s base salary. The importance of 

reducing employee turnover is described in detail in section 4.5.2. Measuring employee turnover can 

thus indicate how good a company is at retaining employees and avoiding costs. Employee turnover is 

listed as a core indicator of indicators of sustainable production by Veleva and Ellenbecker (2001) and 

as a core social indicator by the GRI (2011). 

Renewal 

A diverse workforce is encouraged by GRI (2011), where workforce statistics by gender is listed as an 

employment indicator. Indicator 2.8 is measured as the percentage of employees who are female. 

Epstein and Roy (2001) maintain that opportunities for women and minorities are a driving factor 

behind employee satisfaction; which ultimately creates social wellbeing and economic profitability. 

Epstein and Roy (2001) further identify increased gender diversity as a key goal of a company‟s 

sustainability strategy. The diversity can also be measured as the ratio of basic salary between men 

and women by employee category. Indicator 2.9 deals with employee training which is listed as a core 

indicator of sustainable production by Veleva and Ellenbecker (2001) as well as a core employment 

indicator by GRI (2011). Epstein and Roy (2001) list safety training measured in hours, as a key 

measure of sustainability plans and programs. 

5.2.3 Internal Structure Indicators 

The value domain of internal structure describes the value of the knowledge and structures that the 

company is built upon. The following section lists indicators the selected indicators of sustainability 

corresponding to indicators of the internal structure domain. 

Growth Asset Development 

Allee (2001) suggests that contributions to a company‟s knowledge base affect the growth asset 

development dimension. Indicator 3.1 approximates contributions to the company‟s knowledge base 

by using measuring the company‟s intangible assets according to its balance sheet. New technology 
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and knowledge helps the company grow its business. NIST (2011) list external patents acquired and 

technologies purchased as technological advancement indicators of sustainability. Patents and licenses 

contribute to the knowledge base of the company. The purchases and acquisitions can be measured by 

measuring the company‟s intangible assets according to its balance sheet. 

Efficiency of Value Conversion 

Product and service development costs, indicator 3.2, are an ambiguous measurement indicator that 

does not specify exactly what the measurement should include. A more concrete definition would be 

the monetary amount the company spends on research and development, as it is usually reported in its 

annual report. Research and development investments as percentage of company spending are an 

indicator of sustainable production by Veleva and Ellenbecker (2001). Revenue generated per staff 

employee is measured in the same way as indicator 2.4 - Revenue per employee. The only difference 

is that only staff employees are considered in this indicator.  

Utilization 

Measuring utilization rate of physical assets, indicator 3.4, is important to assess what capacity the 

physical assets have to contribute to a sustainable production. The utilization rate measure how 

sustainable the consumption is and the overall risk of resource depletion. Sustainable manufacturing 

cannot be achieved without sustainable consumption of assets according to Barbiroli (2006). 

Stability 

Indicator 3.5 is defined as staff turnover. It is measured in a similar fashion to employee turnover, 

indicator 2.6, which is described in section 5.2.2. The only difference between employee turnover and 

staff turnover is that only staff positions are considered. Employees in such key positions can severely 

affect the stability of an organizations internal structure. 

Renewal 

Indicator 3.6 and 3.7 deal with projects aimed to enhance and renew the structure in the company. The 

GRI (2011) suggests that major projects aimed to enhance performance, undertaken within the 

reporting period, be reported as additional contextual information within the sustainability reporting 

guidelines. This is not however, specific enough to be used in this context. Structures can be divided 

according to Allee (2001) as admin support, hardware, software licenses, databases and physical assets. 

Physical assets in the manufacturing industry are typically machinery, tools, buildings and facilities. 

Indicator 3.5 is measured as investments in machinery and tools, while indicator 3.6 is measured as 

investments in buildings and facilities.  

5.2.4 Social Citizenship Indicators 

The value domain of social citizenship describes the value of the company‟s relationship to the 

surrounding community. The following section lists the selected indicators of sustainability 

corresponding to the social citizenship domain. 

Growth Asset Development 

There is no suitable indicator from available frameworks of sustainability that can represent the 

measurements suggested by Allee (2001). However, the value domain of social citizenship describes 

the value of the company‟s relationship to the surrounding community. The community is dependent 

on a healthy and growing population to support itself over time. A healthy population is not only 

important to the community, but is essential to the company‟s ability to grow. The GRI standard (2011) 

and Veleva and Ellenbecker (2001) lists employee illness rate as an indicator of sustainability. 

Indicator 4.1 can thus be used to measure how well the company takes care of its employees. 
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Efficiency of Value Conversion 

Indicator 4.2 deals with the brand recognition of a company. Veleva and Ellenbecker (2001) identifies 

company image as a supplemental indicator of sustainable production. The image of the company is a 

symbolic construct created within the minds of the customers and similar to brand recognition. It 

contains the information and expectations of the company. Instead of measuring image, NIST (2011) 

suggests measuring brand management costs as an indicator of sustainable manufacturing. A true 

measurement of brand recognition would be difficult to implement for many companies, since brand 

recognition is typically measured through random sample surveys sent out to relevant stakeholders 

(Michell et al., 2001). These types of measures are costly and time consuming and not suitable for 

SME companies. 

Utilization 

Indicator 4.3 is described as the ratio of how many of the company‟s employees that are hired locally, 

indicating how well the company utilizes the community‟s resources. GRI (2011) lists workforce 

statistics by region as a core employment indicator. This does not necessarily translate to statistics of 

ratios of local hires but in many cases they are reported this way in companies‟ sustainability reports. 

Community involvement, indicator 4.4, can be measured by measuring the monetary amount spent on 

local community projects (GRI, 2011). Veleva and Ellenbecker (2001) as well as NIST (2011) define 

community involvement as spending and charitable contributions as percentage of total revenue. The 

number of relationships between the company and the community can be used as an alternative 

measure according to Veleva and Ellenbecker (2001). The alternative measure could prove to be more 

meaningful in countries where charitable donations to local communities are not common or where no 

other data exists. Epstein and Roy (2001) indicate that investments in to community projects can be 

used as a sustainability action measure. 

Stability 

Indicator 4.5, the consistency of community involvement, can be measured using data from the 

indicator community involvement described in the section above. The actual implementation of how 

consistency is measured can vary depending on how much data is available, but a typical measure 

would be the standard deviation of the data series. 

Renewal 

There is no suitable indicator from available frameworks of sustainability that can represent the 

measurements suggested by Allee (2001). However, the renewal dimension of a value dimension 

reflects the need of existing value to be replaced over time. As previously stated, a community must be 

able to support itself and its population. The number of young working people must high enough to 

support the elderly part of the population. Allee (2001) suggests that the demographics of a company‟s 

customer base affect the renewal dimension of the company‟s external relationships value domain. It 

could be argued that in a similar fashion the demographics of the community affect the renewal 

dimension of the company‟s social citizenship domain. The demographic change can be measured by 

measuring the fertility rate within the community. The European commission (2009) monitors fertility 

rate as an indicator of sustainable development based upon its sustainable development strategy. 

However, the company itself is of course not solely responsible for the fertility rate within the 

community, meaning it would be inappropriate to choose fertility rate as an indicator. The company 

can however stimulate the fertility rate, using incentives such as paid maternity and paternity leave. 

Indicator 4.6 is measured as the share of employees on parental leave or retention of employees after 

parental leave (GRI, 2011). 
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5.2.5 Corporate Identity Indicators 

Corporate identity is related to the vision, purpose, values, leadership and ethical stances taken by the 

company. The following section lists indicators of sustainability of the corporate identity value domain. 

Growth Asset Development 

Indicator 5.1 describes the value alignment of the company. An indicator of sustainability specifically 

deals with how the company aligns their corporate values towards sustainable initiatives. This 

alignment can be reflected by the company‟s commitment by measuring the company‟s investments 

and research development in to sustainable manufacturing. Veleva and Ellenbecker (2001) define 

investments in to sustainability research and development as a supplemental economic indicator of 

sustainable of production. GEMI (2011) defines total EHS operating and capital costs as economic 

indicators of sustainability. 

Efficiency of Value Conversion 

Indicator 5.2 deals with brand recognition, which is identical to indicator 4.2, described in section 

5.2.4. 

Utilization 

Indicator 5.3, employee turnover, is identical to indicator 2.6, described in section 5.2.2. 

Stability 

Employee awareness can be measured using indicator 5.4. NIST (2011) lists employee environmental 

knowledge as a qualitative indicator of the effectiveness of sustainability initiatives in a manufacturing 

facility. The knowledge can be measured through a survey of employees‟ knowledge of the 

organization‟s environmental issues. The consistency of a company‟s commitment to sustainability as 

part of its value alignment, indicator 5.5, can be measured based on the financial data used to measure 

the company‟s value alignment. The consistency is measured based on the company‟s investments and 

EHS operating costs over time. 

Renewal 

Employee involvement, indicator 5.6, promotes social justice. Involvement also increases the 

transparency in decision-making and the organizations progress towards greater sustainability 

according to Veleva and Ellenbecker (2001). Veleva and Ellenbecker (2005) suggest employee 

involvement should be measured on a scale of 1 to 5. 

5.2.6 Environmental Health Indicators 

Allee (2001) defines the environmental health domain as a reflection of the true cost of the company‟s 

resource use, its effect on the environment, and what it does to contribute to sustainable development. 

The following section lists indicators the selected indicators of sustainability corresponding to 

indicators of the environmental health domain. 

Growth Asset Development 

Indicator 6.1 is defined as waste per product. The indicator indicates if there is room for efficiency 

improvement in the manufacturing process that can allow the company to utilize their natural 

resources better. GRI (2011) lists total weight of waste by type and disposal method as a core 

environmental indicator. Veleva and Ellenbecker (2001) list kilograms of waste generated before 

recycling as a core environmental indicator of sustainable production. While both indicators suggests 

an absolute measurement of waste generated, a relative measure of waste generate per product is more 

fitting in this context since it increases comparability. 
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Regulatory compliance, indicator 6.2, can be measured as the monetary value of all environmental 

related regulatory fines the company has received (GRI, 2011).  Environmental violations resulting in 

fines or warnings are listed as management performance indicators in the ISO 14031 standard (Putnam 

and Keen, 2002). 

Renewal of used resources, indicator 6.3, is also suggested as an indicator of the growth asset 

development dimension. For manufacturing purposes independent of industry two primary types of 

resources can easily be identified; raw material and energy. Percent of energy from renewable energy 

sources is listed as a core indicator while percent of renewable materials is used as a secondary 

indicator by Veleva and Ellenbecker (2001). 

Efficiency of Value Conversion 

Resource availability, indicator 6.4, affects a company‟s ability to operate its production. Disruptions 

to the company‟s operations lead to a decreased efficiency. Availability of raw material and energy 

varies in different regions around the globe. Veleva and Ellenbecker (2001) as well as the GRI (2011) 

suggest indicators of sustainability related to consumption of raw material, energy and water. However, 

this does not describe the availability of such resources. Availability is, with few exceptions, 

controlled by the market price of said resources. Resource availability is thus better described by the 

market price of resources rather than if material is available or not. 

Utilization 

Resource efficiency, indicator 6.5, can be calculated from the same input data needed to calculate 

indicator 6.1, waste per product, in the growth asset development dimension of environmental health. 

Stability 

The environmental quality of the local and global environment affects the stability of the company. 

Environmental threats and disasters can affect the company‟s ability to operate. Environmental quality, 

indicator 6.6, can be measured in many different ways, but the most standardized measure of 

emissions is CO2-emissions. Other common indicators are SO2 emissions and NOx emissions. These 

types of emissions are considered core indicators of sustainable production by Veleva and Ellenbecker 

(2001) as well as core indicator of environmental performance by the GRI (2011). 

Renewal 

Allee (2001) suggests non-renewable needed resources, indicator 6.7, for the renewal dimension of 

environmental health, which is basically the inverse of the indicator renewal of used resources. Input 

data needed to calculate indicator 6.7, has already been established for the sustainability indicator 6.3, 

renewal of used resources, for the growth asset development dimension. 

5.2.7 Summary 

Each dimension is represented by at least one indicator of sustainability. Additionally, four dimensions 

can be measured by two indicators of sustainability and one dimension can be measured by three 

indicators. How applicable these indicators of sustainability are in a real world situation is investigated 

in chapter 6. 

5.3 Evaluation Methodology 

The following section presents how the Sustainable Value approach is applied to the previously 

suggested indicators of sustainability. The suitability of the presented methodology is discussed in 

section 7.4.1. The methodology presented is based on the Sustainable Value approach. It uses external 

measures to evaluate the change in intangible assets compared to other companies. 
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5.3.1 Sustainable Value approach 

The Sustainable Value approach offers the opportunity to express resource usage in monetary terms. 

The sustainable value of different dimensions can thus be summed up to represent a total value of a 

value domain. The Sustainable Value approach however, is a relative measure which requires 

benchmark data to be obtained to compare how effectively the company uses its resources. The 

approach has been heavily debated since the alternative approach by Kuosmanen and Kuosmanen 

(2009) was introduced. Kuosmanen and Kuosmanen (2009) argue that the Sustainable Value approach 

should be calculated using production function theory and solved using statistical regression models. 

The original definition by Figge and Hahn (2005) is based on how resources should be allocated 

according to an external investor. The sustainable value equation using the investor approach is 

defined according to Equation 5.1.  
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 Equation 5.1 

Resources, denoted as x, represent the indicators of sustainability used to measure a specific 

dimension of a value domain. The net value added of the company and the benchmark are denoted as 

y and y* respectively. Net value added is the value of output from the company subtracted by the 

value of intermediate consumption and consumption of fixed capital (OECD, 2011). Equation 5.2 

shows how to calculate the sustainable value of a dimension i of a value domain v. 
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 Equation 5.2 

Equation 5.2 represents the monetary value of how much more or less efficient the company has 

utilized their initiative towards sustainability, compared to its benchmark. The total sustainable value 

of a value domain v can be calculated according to Equation 5.3. 
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                 Equation 5.3 

Similarly, the sustainable value of a dimension i can be calculated according to Equation 5.4. 
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           Equation 5.4 

The approach can thus effectively explain in which dimensions and value domains that the company 

shows strong performance and what aspects the company needs to improve in. 

5.3.2 Evaluation 

A company can use the evaluation methodology to analyze how their sustainable initiatives have 

affected their intangible value. By using this definition, a company can diversify their investments to 

target different domains of intangible value. They may also see which specific dimensions have been 

affected positively by an investment and act accordingly when further investments are made. The 

indicators of sustainability suggested for each combination of a value domain and dimension gives the 

company an opportunity to see what affects this specific combination. Also, it may give them an idea 

of what can be done to improve the performance. The Sustainable Value approach will tell the 

company how efficient the company generates value based on the resources they use. 

5.3.3 Weighting of Indicators 

Weighting of indicators are necessary, if more than one indicator is available for a specific dimension 

of a value domain. Equal weighting is an obvious strategy, however; weighting can be performed 
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subjectively if the company for whatever reason feels that one measurement indicator is more 

important than others for a specific dimension of a value domain. Subjective weighting is performed 

assigning each indicator a relative weight according to its importance. A typical scale would be 1 to 10 

or 1 to 100. Once every indicator has been assigned a relative weight, each weight is divided by the 

sum of all relative weights. 

5.4 Implementation 

The value system was implemented using Microsoft Excel. The Excel sheet was designed to 

accommodate all the suggested indicators of sustainability. However, the equation of sustainable value 

becomes invalid and is replaced by the sign “N/A” when an indicator does not have a value. This is 

done using IF and OR statements in the formulas where the sustainable value is calculated. Figure 21 

below illustrates the equation of the sustainable value applied to the Excel sheet. 

 

Figure 21 – Sustainable value equation applied to Microsoft Excel 

The equation follows the equation of sustainable value, defined in section 5.3.1. Each equation 

contains two coefficients. The first coefficient, shown as the first term in the figure above, is the 

inverse of how many resources are used in total to calculate the sustainable value of the company. The 

reasoning behind this coefficient was to eliminate the possibility of sustainable value being counted 

more than once according to Figge and Hahn (2005). This means that the equation will not generate 

more or less sustainable value no matter if 5 or 100 resources are used for the calculation. However, 

using more resources will increase the reliability of the result. The second coefficient, highlighted in 

Figure 22, is the relative weight assigned.  

 

Figure 22 – Formula to calculate relative weight of indicator 

The purpose of this weight is to let each combination of a value domain and dimension be weighted 

equally in the calculation of sustainable value. The figure describes the situation where three different 

indicators are available to measure the growth asset development dimension of the environmental 

health value domain. However, the indicator of environmental fines lacks data from the company in 

this example. The lack of data means that the indicator will not be used and should thus not be 

included when the relative weight is calculated. The code to calculate the relative weight for the 

indicator of raw material wasted first checks if either the company or benchmark data for the indicator 
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is 0 which would result in the cell being assigned the value “N/A”. If neither value is 0 then the 

relative weight is calculated by inverting the sum of all non-zero indicators for the growth asset 

development dimension.  

A few indicators such as employee satisfaction and turnover are used more than once as a resource in 

the value system. The reasoning behind that is that the indicator can affect more than one value 

domain or dimension. However, the resource should only be counted once when the sustainable value 

of the company is calculated. 

 

Figure 23 – Multiplier used when resource occurs multiple times 

Figure 23 describes such an occurrence where a multiplier of 0.5 is introduced in the sustainable value 

equation for indicator 2.5 since employee satisfaction is used as a resource twice in the value system. 

The sustainable value is thus equally distributed between the two occurrences of the resource. 

Figure 32 in the appendix illustrates graphically the sustainable value of each value domain and 

dimension. Each cell is calculated based on the calculations from the previous sheet. Green cells signal 

a positive sustainable value while a red cell signals a negative sustainable value.  

  



 

 

Page | 57 

 

6 Case Study  

This chapter describes the results of the case study that was performed, based on the case study design 

described in chapter 2.4. The chapter is divided in to three sections, corresponding to the three 

hypotheses that were formulated in section 2.4.2. 

6.1 Case Study Subject 

The following section describes the company Finess Hygiene, its business activities, the company 

structure, and its sustainability profile. The section also describes the internal data collection phase. A 

discussion regarding the quality of the data is also provided. A majority of the information of the 

company in this section was obtained in interviews with the company‟s chief financial officer and its 

human resource manager. Information available at the company web page was also used.  

6.1.1 Overview 

Finess Hygiene AB is a Swedish manufacturing company specialized in production of paper based 

hygiene products. The products are primarily used in the health care industry. The company‟s main 

production facility is located in the town of Kisa and a secondary production unit is located in the 

town of Östervåla. In total, the group (see section 6.1.2 for a detailed explanation of the structure of 

the company) has a yearly turnover in excess of 400 MSEK and has approximately 140 employees. 

Finess Hygiene is considered to be an SME. A company is considered an SME if it employs fewer 

than 250 persons and have an annual turnover of less than EUR 50 million (EU, 2003). 

6.1.2 Company Structure 

Figure 24 describes the current company structure of the Finess Hygiene group. 

 

Figure 24 - Current company structure 

Finess Hygiene is a subsidiary of the multinational company Abena A/S, located in Denmark. Finess 

Hygiene AB operates the production facilities in Sweden. Finess Hygiene AB also exports its products 

to other countries. Abena AB is responsible for selling hygiene products on the Swedish market. Items 

sold through Abena AB are produced by Finess Hygiene AB, and other subsidiaries of Abena A/S. 

The reason why Abena AB is in charge of selling products on the Swedish market is the added benefit 

of using the well-known Abena company name. Finess Holding AB is the parent company of Finess 

Hygiene AB and Abena AB. Finess Holding AB is in charge of human resources and accounting 

related matters for its subsidiaries. The current company structure was established during the fiscal 

year of 2008/2009. Figure 25 below describes the former company structure. 
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Figure 25 - Former company structure 

Finess Holding AB was prior to this named Finess Hygiene AB. It was at that time responsible for 

production, sales in Sweden, and exports. The current company named Finess Hygiene AB was named 

Axiom sjukvårdsprodukter AB. Its sole purpose was to manage the company‟s inventory and 

machinery. Abena AB was a registered company name, but the company remained inactive until the 

current company structure was introduced. While the current and former company structure may be 

perceived as complex, it is very important to distinguish the companies‟ different roles when data is 

collected both for time periods before and after the change was implemented. Table 10 describes the 

current business activities performed for each company, according to their SNI classification. 

Table 10 – SNI codes for companies in the Finess Hygiene group  

Company SNI code Description 

Finess Hygiene AB 17220 Manufacturing of household- and hygiene paper products 

Finess Hygiene AB 17290 Manufacturing of other paper products 

Abena AB 46499 Wholesale of other household products 

Finess Holding AB 70100 Activities performed by headquarters 

  

Table 10 identifies Finess Hygiene AB as the company to be studied. Neither Abena AB‟s nor Finess 

Holding AB‟s business activities includes any production. However, data prior to the fiscal year of 

2008/2009 would have to be represented by the former Finess Hygiene AB, currently named Finess 

Holding AB. The major difference between the former company named Finess Hygiene AB and the 

current company named Finess Hygiene AB is that the former was responsible for selling products on 

the Swedish market. That means that the company had a significantly higher turnover and workforce 

than the current company named Finess Hygiene AB. 

6.1.3 Business Segments 

Finess Hygiene has divided their core business segments in to four groups: 

 Production of protective sheets and dental serviettes. 

 Hygienic products such as wash cloths and wipes. 

 Laminated products used for operations. 

 Laminated products for dispersion and hot adhesives. 

Customers of Finess Hygiene are typically companies involved in the health care industry. The health 

care industry in Sweden is predominantly run by the government. Swedish counties, which administer 

all health care in their respective regions, are primary customers of Finess Hygiene. Public institutions 

in Sweden are by law required to listen to all offers made by suppliers when major purchases and 
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agreements are made. Previous business agreements cannot be considered once a new contract is 

signed. The law is designed to promote fair competition between suppliers. However, the law poses a 

risk to companies such as Finess Hygiene, who stands to lose a significant source of revenue if a 

competing supplier makes a better offer to an already existing customer. 

6.1.4 Environmental Impacts and Actions 

The paper industry in Sweden is considered by Finess Hygiene to be a relatively harmless industry 

with a moderate impact on the environment. Its moderate environmental impact means that Finess 

Hygiene is not obligated to report about its environmental activities to local, regional or national 

authorities according to Sweden‟s environmental laws. There are two primary reasons behind this 

assessment. First of all, Finess Hygiene‟s products consist primarily of paper, which is a renewable 

resource. Plastic is also used primarily for packaging and wrapping. Secondly, Finess Hygiene‟s 

production process does not create any emissions in terms of air or water pollution. The production 

process does, however, consume a significant amount of electricity. The most significant 

environmental impact comes from transports to and from the company‟s production facility. All 

transports are done by trucks that consume petroleum products, which results in air emissions such as 

CO2, NOx, and SO2 gases.      

Finess Hygiene has implemented the following measures to reduce its environmental impact: 

 Implementation of a district heating system. 

 Consolidation of production facilities. 

 Reduced head space in transports. 

 Environmental friendly company cars. 

 Environmental certifications. 

District Heating System 

The most significant investment to decrease the environmental impact by Finess Hygiene was its 

implementation of a district heating system. Oil was used to heat the production facilities before the 

district heating system was implemented. The implementation reduced Finess Hygiene‟s dependency 

on a non-renewable resource which also creates significant air emissions. It should be noted, however, 

that the smaller production facility in Östervåla is still heated by oil. 

Consolidation of Production Facilities 

Laminators are used in the production process to laminate the tissue products. The laminators were 

located at the nearby paper mill Swedish Tissue AB up until 4 years ago. This created a significant 

amount of internal transports in the production process in and out from Finess Hygiene‟s main 

production facility. The transports were eliminated when the laminators were moved to Finess 

Hygiene‟s facility permanently in 2007. 

Reduced Head Space in Transports 

Finess Hygiene has actively worked to reduce any wasted space in transports with the aim to reduce 

the total number of trucks delivering and picking up goods from its production facility. The reduced 

number of trucks leads to a more efficient use of petroleum products while also lowering transport 

costs. 

Company Cars 

New company cars purchased to be used by management and sales personnel are required to be 

considered environmental friendly in terms of fuel efficiency. 
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Environmental Certifications 

In 1994, Finess Hygiene was one of the first paper companies in the world to be certified according to 

the ISO 14001 standard. The ISO 14001 standard requires Finess Hygiene to continuously measure 

and control its environmental impact.  Finess Hygiene is also certified according to the ISO 9001 

standard, which requires Finess Hygiene to continuously improve its activities to reduce its 

environmental impact.  Finess Hygiene‟s products are also labeled with the Nordic Swan. The Nordic 

swan is a joint effort by the Nordic nations to introduce a license system where companies wishing to 

use the label must live up to certain environmental, quality, and health standards. 

6.1.5 Environmental Goals 

Finess Hygiene is working with environmental issues by relating its company activities to the national 

common environmental goals set by the Swedish government in 1999, described in Table 11.   

Table 11 – Swedish national environmental goals (Source: Miljömål, 2011) 

Number Goal  Description 

1 Limit impact of climate 

change. 

The amount of greenhouse gases emitted to the atmosphere must be limited to 

avoid a climate change that could be dangerous to mankind.  

2 Improve air quality. The air quality should be good enough to not cause any harm to people, 

animals, plants or historical land sites. 

3 Decrease acidification. The effect of acid rain should be limited to what soil and water areas can 

absorb. Furthermore, the acidification should not cause corrosion to important 

man-made systems exposed to rainfall. 

4 A toxic free environment. The presence of toxic substances in the environment should be limited to avoid 
any harm to humans and animals. 

5 A protective ozone layer. Develop the ozone layer to the point where it will once again provide long 

term protection against UV radiation. 

6 Radiation safe environment. Radiation should have harmful effects to humans and the biodiversity 

7 Limit excessive fertilization. The amount of fertilizers containing nitrogen and phosphor must be limited to 

avoid any environmental harm to land and water. 

8 Sustainable lakes and rivers. The biodiversity of lakes and rivers must be preserved and sustainable. 

9 Good water quality. Groundwater should be drinkable and provide a good living environment for 

animals in lakes and rivers.   

10 Healthy oceans and a bio 

diverse archipelago. 

Limit emissions, toxins and excessive fishing in oceans to create a diverse and 

healthy environment along the coasts and in the oceans. 

11 Preservation of the wetlands. A bigger portion of Sweden‟s wetlands must be preserved to keep its function 

as a source of water and biodiversity in nature intact.  

12 Diverse and healthy forests. The impact of harvesting by the forest industry should be limited to preserve 

the forest‟s role as a source of sustainable resources. 

13 A rich farming landscape. The condition of the landscape must allow future generations to continue 

production of food while preserving the biodiversity of the landscape. 

14 A grandiose mountain 

environment. 

The mountainous areas of Sweden should remain undeveloped to preserve 

biodiversity while offering good experiences to visitors.  

15 A healthy developed 

environment. 

Cities, counties and other developed areas should offer a good quality of 

living, with limited disturbances such as traffic noise. 

16 A diverse fauna and flora. The flora and fauna of Sweden should be utilized sustainably for present and 

future generations. 

 

The goals presented are qualitative, but each goal is associated with a number of different quantitative 

measures which specifies how the goals can be achieved. Finess Hygiene has worked with 

environmental goals as part of their strategy for the last nine years. The environmental goals have been 

revised on three occasions during that time span when the stated goal has been reached. Finess 

Hygiene has developed a risk assessment plan where it has identified all activities posing an 

environmental risk, along with their probability and impact. The risks identified have been mapped to 

the national environmental goals according to Table 12. 
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Table 12 – Environmental risks cross-referenced with national environmental goals 

Identified risk National Environmental Goal 

Energy and electricity consumption 1, 2, 3, 4, 6, 7, 8 

Oil consumption 1, 2, 3, 7 

Usage of district heating 1, 2, 3 

Diesel consumption 4 

Glue consumption 4 

Chemicals consumed for cleaning and washing 4 

Raw material consumption 4, 12 

Water consumption 9 

Consumption of other non-specified goods 4, 5 

In-house production 1, 2, 12 

Trading commodities 1, 2, 12 

Transports 1, 2, 3, 4, 5, 7, 15 

Harmful waste 1, 2, 3, 4, 5, 7, 16 

Non-harmful waste 1, 2, 3, 4, 7 

Exterior noise 15 

Previously existing emissions to soil 4, 9 

Air emissions 2, 5 

Emissions to water 4, 7, 8, 9 

 

Table 12 reveals that Finess Hygiene is proactively working with 12 out of the 16 national 

environmental goals defined in Table 11. The reason why four environmental goals have been left out 

is primarily because of the geographical location of Finess Hygiene‟s production facilities. Finess 

Hygiene‟s activities do not directly threaten the development of Sweden‟s mountain regions or the 

biodiversity of its oceans. The purpose of doing the probability and impact assessment is to identify 

the main threats and continuously work to reduce them. 

6.1.6 Environmental Strategy 

Finess Hygiene believes its positioning as a company actively working with environmental issues has 

benefited them on the market. Several major customers require companies interested in submitting 

offer sheets for their products to be certified according to the ISO standards. Furthermore, Finess 

Hygiene believes proactive environmental work benefits them by motivating their employees. It is 

their belief that employees in today‟s world feel better working for a company that doesn‟t neglect 

environmental issues. Finally, environmental work benefits Finess Hygiene through free PR by being 

mentioned in a positive way in the media. 

6.1.7 Social Work 

Finess Hygiene works strategically with diversity, development of competencies, and preventive care 

of its employees. 

Diversity 

A diversity committee was established with the purpose to develop a three year plan with specific 

actions on how Finess Hygiene will promote diversity. The work of the diversity committee is 

mandatory according to Swedish discrimination laws as well as collective bargaining agreements in 

the paper industry. Finess Hygiene performs an employee satisfaction survey annually. The results of 

the survey are analyzed from a gender perspective. Differences in perceived satisfaction between men 

and women are analyzed and then included in future planning. 

Development of Core Competences 

Employees are evaluated annually by their supervisors. The evaluation is performed based on goals set 

by management, which are then broken down to department specific goals and finally broken down to 
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individual goals. The evaluation process determines each individual‟s need for any additional 

development of competences. 

Preventive Employee Care 

Finess Hygiene has established a group working with for the wellbeing of its employees.  Finess 

Hygiene reimburses its employees for expenses related to massage, naprapathy, and zone therapy. The 

company also provides a gym at its production facility free of charge to all its employees. Weight loss 

programs are available to employees as well. A rehabilitation program has been established together 

with Linköping University for employees in need of rehabilitation from injuries. The program is part 

of a bigger project at Linköping University where each participant is assigned a mentor that guides the 

participant during the rehabilitation process. 

6.1.8 Social Strategy 

Finess Hygiene does not have a strategy regarding CSR issues. There are no immediate plans to 

develop such a strategy and it is not considered to be a priority, but Finess Hygiene acknowledges that 

such a strategy would be desirable in the future. Finess Hygiene still wants to be regarded as a good 

and socially responsible employer which is reflected by their environmental strategies and their 

actions towards treating their employees fairly. 

6.1.9 Collected Data 

Data was collected from the company during the summer and autumn of 2011. Most statistics needed 

was already tracked and available in the company‟s system. Annual reports were used as a primary 

source of information. The remaining bulk of data needed was collected when the company‟s Chief 

financial officer and HR manager were interviewed. Table 27 in the appendix shows which indicators 

data could successfully be retrieved for. 

6.1.10 Missing Data 

Table 13 describes indicators of sustainability from section 5.2 that benchmark data could not be 

retrieved for. 

Table 13 – Data for suggested indicators of sustainability not collected 

Indicator ID Measurement 

1.6 Customer demographic change 

2.2 

Human competence growth – Investments made in to programs for skills management and lifelong 

learning that support the continued employability of employees and assist them in managing career 
endings 

4.3 Ratio local hires 

4.4 Charitable donations 

4.5 Consistency of charitable donations 

5.4 Employee environmental knowledge  

 

The reason why data for charitable donations could not be retrieved is a matter of company culture in 

Sweden. It is not as common for companies in Sweden to give charitable donations as it is in some 

other regions around the world. A quick look at major Swedish companies publishing sustainability 

reports according to the GRI (2011) standard shows that few give substantial amounts of money to 

charity, but in some cases chooses to sponsor other activities. Finess Hygiene has chosen to donate 

money in some instances such as when natural disasters happen, but no consistent behavior can be 

observed. Because of this, Finess Hygiene has not actively monitored their donations. Indicator 1.6 is 

too difficult to estimate since Finess Hygiene does not sell products to their end users, but rather 

companies primarily providing health care. Indicator 2.2, 3.1, 4.3, and 5.4 were not tracked and 
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disregarded since another indicator for both combinations of value domain and dimension were 

available. 

6.1.11 Data Quality 

The data collected from Finess Hygiene are based on annual reports, internal surveys and internal 

reports. The data quality is based on the method of a data quality presented in section 2.4.8. Data 

quality is considered qualitative in most cases, but it can be useful to quantify the quality of the data 

when the quality of different datasets is compared. 

Reliability of Source 

Economic data should be considered as verified reliable measurements since they are used in the 

company‟s annual reports. Specific cost measurements such are not always explicitly stated, but 

consolidated in to larger posts. The company‟s annual reports are audited by an external auditor, in 

accordance with Swedish law. Social and environmental data are measured and used internally, so 

there is no reason to assume that the measures are inaccurate. The reliability of source is given a score 

of 1. 

Completeness 

Finess Hygiene has two production sites in Sweden, with the main production facility in Kisa being 

significantly larger than the production facility in Östervåla. Economic and social data used are based 

on data from both production facilities. Environmental data is limited to the production facility in Kisa, 

but should be considered representative and sampled over an adequate period. The completeness is 

given a score of 2. 

Temporal Differences 

The data used have been collected primarily from the time period of 2008 and 2009. The reason why 

no newer data have been used is that there was no annual report available for the fiscal year of 2010 at 

the time of the data collection. The data collected also had to be matched to the availability of 

benchmark data for the time period in question. Data from the year of 2008 was used for some 

indicators even if data from the year of 2009 was available since benchmark data from the year of 

2009 had not yet been published. The temporal difference is given a score of 2. 

Geographical Differences 

The collected data is representative of the area where Finess Hygiene operates. Geographical 

differences that would result in cost differences between Östervåla and Kisa are negligible. The score 

of geographical differences is 1. 

Further Technological Differences 

Data used in the case study come from Finess Hygiene directly which means that the data used 

corresponds to the Finess Hygiene‟s processes, materials and accounting systems. However, the 

amount of CO2-emissions emitted was calculated partly based on approximations since CO2-

emissions were only tracked for transports. The two other primary sources of CO2-emissions for 

Finess Hygiene were determined to be raw material and energy. Conversion factors for energy, paper, 

and plastic usage, were used to approximate the total amount of CO2 -emissions. The score of 

technological differences is 2, because of the approximations that were made. 

Summary 

Table 14 shows that the aggregated score of the data quality collected from Finess Hygiene is 8, which 

is a relatively low score. This is however, not unexpected as the data used is mainly internal measures 

for a company of a relatively small size.  
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Table 14 - Quality of data obtained from Finess Hygiene 

Data quality of case study data 

Indicator Score 

Reliability of Source 1 

Completeness 2 

Temporal Differences 2 

Geographical differences 1 

Further technological differences 2 

 

Bigger companies with multiple production sites may experience poorer data quality since they may 

not be able to sample all their production sites adequately. This is especially true for multinational 

companies which experiences geographical cost differences and differences in accounting systems. 

6.1.12 Summary 

Figure 26 below visualizes how many dimensions of all value domains that benchmark data was 

available for. Cells highlighted with green color shows that data for the indicators existed for the 

relevant time period. Red color means that no benchmark data existed for the suggested indicators. 

 

Figure 26 – Data availability for indicators of sustainability 

3 out of 30 dimensions did not have any data available. This means that the data covers 90% of all the 

dimensions of all value domains. 

6.2 Benchmark Data Collection 

The following section describes how benchmark data was collected. It explains in detail which sources 

were used and the quality of the data. The goal was to collect benchmark data for all indicators of 

sustainability suggested in section 5.2. 

6.2.1 Data Sources 

Benchmark data was collected from multiple sources, but the main source was the Swedish statistics 

agency Statistics Sweden. Roughly 75% of the data collected was retrieved from Statistics Sweden. 

Statistics Sweden classifies a majority of their statistics according to the statistical classification of 

economic activities in the European community. In Sweden this classification is abbreviated as SNI. 

The SNI classification currently used was introduced in 2007 and contains 96 different groups. Each 

group contains several subclasses down to a five digit level. However, benchmark data are in some 

cases not readily for each SNI code, but rather aggregated to levels covering multiple SNI codes. The 

net value added by the benchmark must thus be adjusted according to the difference in scope of the 

benchmark data. Table 15 describes which SNI codes occur in the benchmark data collection and 

which industries they represent. 
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Table 15 – Relevant SNI codes used to collect benchmark data 

SNI code(s) Industry 
05-33 Manufacturing and mining industry 

01 – 96 All private sector companies 

 

6.2.2 Collected Data 

Table 28 in the appendix list the indicators which benchmark data were successfully collected for. The 

table also shows with the unit of measurement, year of measurement, scope of measurement and the 

source. Data for indicator 6.2 was retrieved for the year of 2009 through an e-mail conversation with 

the Swedish Environmental Protection Agency. Data for the year of 2010 was, however, available on 

their webpage. Statistics Sweden maintains a statistics database which was used to retrieve a majority 

of the data needed. Statistics retrieved from the database can be customized based on year and SNI 

codes in many cases; however, some statistics are not tracked annually or not for specific SNI codes. 

Other sources than Statistics Sweden does not track statistics for specific SNI codes, but rather on a 

more holistic level, such as the entire manufacturing industry or the entire private sector in Sweden. 

6.2.3 Missing Data 

Table 16 describes indicators of sustainability from section 5.2 that benchmark data could not be 

retrieved for. 

Table 16 – Data not collected during the case study 

Indicator ID Measurement 

1.4 Customer contact frequency 

2.1 
Human competence growth – Employees receiving regular performance and career development 

reviews 

2.2 

Human competence growth – Investments made in to programs for skills management and lifelong 

learning that support the continued employability of employees and assist them in managing career 

endings 

4.3 Ratio local hires 

5.4 Employee environmental knowledge  

 

In total, 5 out of 39 suggested indicators of sustainability did not have suitable benchmark data 

available. 

6.2.4 Data Quality 

Benchmark data used in the case study was collected from several sources, but the main source of data 

used was the Statistics Sweden agency. It is not necessary to collect all data from the same source, 

made evident by Figge and Hahn (2005) who used benchmark data from multiple sources in their 

presentation of the Sustainable Value approach. However, a majority of the data used in their study of 

British Petroleum (BP) was retrieved from the UK National Statistics agency. The choice of company 

and source of benchmark data is thus similar to this case study. Furthermore, Weidema (1998) stresses 

that the reliability of the source of data and its completeness is independent from the study where the 

data is applied. 

Reliability of Source 

The data used to calculate benchmark data should be considered as verified data based on actual 

measurements. All statistics used are collected from well-established organizations and governmental 

agencies. In an ideal case, all data would be collected from the same data source. This however, is not 

possible simply because no organization or agency provides a sufficient amount of data to cover all the 

suggested indicators from the value system. The reliability of the sources used and the method they 

use to collect data corresponds to a score of 1. 
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Completeness 

Statistics from Statistics Sweden should be considered to be representative data from a sufficient 

sample of sites over an adequate period. For instance, economic indicators are annually sampled in the 

publication called Business statistics, which is based on all active registered Swedish companies 

during the time of measurement. That means that roughly 930 000 companies are sampled in the data 

(Von Hofsten and Wester, 2009). Not all other sources uses such large samples when they compile 

statistics, but the sample size of the benchmark data should still be considered sufficient which 

corresponds to a score of 1. 

Temporal Differences 

The benchmark data used are measured on an annual or bi-annual basis. However, the measurement 

period varies between the years of 2007- 2010 for different statistics. The reason behind the temporal 

differences observed is mainly that there is a significant time lag for more complex statistics from the 

time of measurement to the time of publication. Data for costs of advertising could only be obtained 

for the year of 2007, since Statistics Sweden has discontinued the survey. The temporal differences 

correspond to a score of a 3. 

Geographical Differences 

Benchmark data is collected on a national level, which represent regions with economic and cultural 

differences. However, Finess Hygiene‟s production facilities are included in these national averages 

which mean that the data should be considered as average data from a larger area in which the 

company operates, and where the same currency is used. The indicator score of geographical 

differences is a 2. 

Further Technological Differences 

Technological differences can be observed for all benchmark data, but to varying degrees. Most 

benchmark data needed are tracked on a national level, where the entire private sector in Sweden is 

included. Data from this level should be given a score of 5. Some data is tracked for the manufacturing 

industry. The level of technological differences is smaller, but should still be given a score of 4. It 

seems reasonable to give the technological differences indicator a score of 5, since most indicators are 

collected for the entire private sector. 

Summary 

Table 17 shows that the aggregated score of the data quality collected to be used as benchmark data is 

12, which is worse than the score for Finess Hygiene. It is still a relatively low score since the worst 

score would be 25.  

Table 17 – Data quality of benchmark data 

Data quality of benchmark data 

Indicator Score 

Reliability of Source 1 

Completeness 1 

Temporal Differences 3 

Geographical differences 2 

Further technological differences 5 

 

Temporal differences occur because it is a much more challenging and time consuming task to 

compile statistics for an entire industry or even an entire nation. Technological differences are the 
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biggest issue since statistics specific for the paper industry does not exist for all indicators. Most of the 

statistics are however not compiled for reasons such as developing a new value system for sustainable 

manufacturing, but to support and aid politicians and corporate decision makers with high level 

decisions. Industry specific statistics are not needed in many cases for such decisions and are thus not 

prioritized. 

6.2.5 Summary 

Figure 27 below visualizes how many dimensions of all value domains that benchmark data was 

available for. Cells highlighted with green color shows that benchmark data for the relevant time 

period existed. The yellow color shows cells where benchmark data existed, but for a different time 

period than the rest of the benchmark data. Red colored cells mean that no benchmark data existed for 

the suggested indicators.  

 

Figure 27 - Data availability for indicators of sustainability 

Only the cell of the utilization dimension of external relationships completely missed benchmark data. 

The cells of efficiency of value conversion dimension of social citizenship and corporate identity had 

data but from the year of 2007.  

6.3 Outcome 

The results of applying the Sustainable Value approach to the data retrieved from Finess Hygiene and 

benchmark data is presented in this section. The results are presented in rough numbers to respect the 

privacy of the parties involved in the study. The results are based on the use of the SV approach using 

the investor approach by Figge and Hahn (2005). The amount of benchmark data available made it 

impossible to use the production efficiency analysis approach by Kuosmanen and Kuosmanen (2009). 

A set of data points representing different companies would have been needed to use a production 

function efficiency analysis approach. All calculations were made using an Excel sheet specifically 

developed for this thesis. Figure 31 in the appendix illustrates the Excel sheet where all calculations 

are made. The top window on the left is used to enter general statistics needed in the Sustainable 

Value approach. Net value added is collected for all SNI codes used in the value system. This is done 

to accurately reflect the resource usage of an indicator in comparison with the net value added. The 

population count is needed as the sustainable value is calculated per employee in the model. The total 

sustainable value is calculated by multiplying the sustainable value generated per employee with the 

total number of employees in the company. The reason why the value is calculated per employee at 

first is twofold. Firstly, some indicators are easier to calculate per employee rather than for the whole 

company. Secondly, the employee count varies significantly between the fiscal years of 2008-2009 

and 2009-2010, because of the company restructuring that was performed during the fiscal year of 

2009. This means that all company data used prior to 2009-2010 would be approximately 30-40% 

higher because Finess Hygiene included the employees and business activities currently performed by 

Abena AB. 
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In total, Finess Hygiene generated a sustainable value of roughly 1,300,000 SEK (equivalent to 

S$260,000) over a one year period. That means that each employee creates between 1,000 and 2,000 

SEK of sustainable value. The value represents how much more efficient Finess Hygiene AB uses 

their resources over competing companies on the Swedish market, meaning that an investor should 

allocate their capital in Finess Hygiene over an average company in the Swedish market. Finess 

Hygiene can generate more net value than their competitors using a certain amount of resources. 

Resources in this context are not just physical resources, but for example the wellbeing of the 

company‟s employees is considered a resource to the company. The case study failed to collected data 

for all indicators of sustainability. This meant that roughly 13% of the cells in the value system could 

not be quantified, which leads to an uncertainty regarding outcome. This does not make the result of 

the value system invalid, but it lowers the reliability of the result for specific dimensions and value 

domains. 

6.3.1 Value Domains 

Table 18 below shows in rough numbers the sustainable value created or destroyed for each value 

domain in the value system. 

Table 18 – Sustainable value generated for each value domain 

Value Domain Sustainable Value 

External relationships -1,800,000 SEK 

Human competence 800,000 SEK 

Internal structures 5,800,000 SEK 

Social citizenship  -3,300,000 SEK 

Corporate identity 200,000 SEK 

Environmental health -300,000 SEK 

The value domains of human competence and internal structures show a positive sustainable value 

while the value domains of external relationships and social citizenship show a significant destruction 

of sustainable value. Corporate identity and environmental health are closer in line with the 

benchmark. The value domains external relationships and social citizenship could only be quantified 

for 3 out of 5 dimensions, which create an uncertainty about the result. Perhaps not coincidentally are 

those the two value domains with the lowest sustainable value. 

6.3.2 Dimensions 

Table 19 shows that there is significant room for improvement for the dimensions of growth asset 

development and efficiency of value conversion. 

 Table 19 – Sustainable value generated for each dimension 

Dimension Sustainable Value 

Growth asset development -1,700,000 SEK 

Efficiency of value conversion -3,200,000 SEK 

Utilization 700,000 SEK 

Stability 900,000 SEK 

Renewal 4,700,000 SEK 

 

The renewal dimension shows a significant positive sustainable value while the utilization and 

stability dimensions are closer to 0. The utilization dimension however could only be quantified for 4 

out of 6 value domains which create an uncertainty about the result 

.  
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7 Discussion and Analysis 

Chapter 7 discusses and analyzes the research questions defined in section 2.2.The discussion includes 

examples from the case study for questions where it was applicable. 

7.1 What are Current Systems to Measure Sustainable Manufacturing? 

The literature review in chapter 4 identified nine categories of systems used to measure sustainability 

in the manufacturing industry. This section will discuss the suitability of each category, by identifying 

their weaknesses and strengths. 

7.1.1 Strengths and Weaknesses  

Each sustainability indicator category has their advantages and disadvantages. While all categories 

attempts to measure sustainability, their methods are different. Some methods have been designed 

with a management perspective in mind while some are more suitable on an operational level. Table 

20 describes the suitability of all nine categories based on the criterion of comparability, applicability 

for SMEs, management decision making, operation performance improvement, data aggregation and 

standardization and finding innovative products or solutions (OECD, 2008). 

Table 20 - Suitability of sustainability indicator categories (Source: OECD, 2008) 

 Comparability Applicability 

for SMEs 

Management 

decision-

making 

Operational 

performance 

improvement 

Data 

aggregation 

and 

standardization 

Finding 

innovative 

products 

or 

solutions 

Individual 

indicators 

* *** * ** * * 

Key 

performance 

indicators 

* * *** * * * 

Composite 

Indices 

** - ** * ** * 

Material flow 

analysis 

* * * *** ** *** 

Environmental 

accounting 

** * ** *** ** ** 

Eco-efficiency 

indicators 

** * ** *** ** *** 

LCA indicators ** * * *** ** *** 

Sustainability 

reporting 

indicators 

* ** ** ** * * 

SRI Indices ** - ** - - * 

***: Strongly Suitable; **: Suitable under certain conditions; *: Applicable though not necessarily suitable; 

 -: Not suitable  

 

SRI indices are found to be the least suitable category overall, which is not surprising given that it 

relies on external agencies and publicly available information. Eco-efficiency indicators, 

environmental accounting, material flow analysis and LCA indicators are found to be the most suitable 

methods. It should be noted that in OECD‟s analysis of the comparability of different indicator 

categories assumes an internal perspective where access to data is unlimited. External agencies such as 

governmental agencies, research institutions, academics, and surveyors may get permission to collect 

internal data from companies they choose to study. However, the choices are very limited for 
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companies wishing to benchmark their sustainability performance against its competitors. 

Sustainability reporting indicators, SRI indices, and composite indices are the only categories of 

sustainability indicators where external access to data is common. Thus for external comparisons, 

other categories of sustainability indicators can be seen as unsuitable. Applicability for SMEs is a vital 

aspect of how sustainability is measured within the manufacturing industry. Large manufacturing 

companies have more resources to actively work with environmental aspects to a larger degree than 

smaller companies. Holistic approaches such as LCA, MFA, and eco-efficiency offers superior 

possibilities to actually improve operational performance and to find new innovative solutions. This 

however does not mean that these methods are flawless. Gehin et al. (2008) point out that LCA is not 

particularly useful for production innovation in the early stages of product development and design. 

Finkbeiner et al. (2008) points out that economic aspects and social aspects of sustainability typically 

lie outside the scope of LCA. Niemeijer and de Groot (2008) argue that the selection of environmental 

indicators in MFA is not systematic and transparent enough. Furthermore, the selection of indicators in 

MFA are rarely based on relationships between the indicators, but rather based on individual criterions. 

Eco-efficiency approaches also lack standardization regarding how to approximate environmental 

impacts (Hahn et al., 2010). Burritt and Schaltegger (2001) also highlight the importance of being 

familiar both with traditional accounting methods and natural sciences in order to calculate eco-

efficiency measures correctly. The potential of these holistic approaches must also be balanced against 

the resources and time needed to use these sustainability indicators. Based on the objectives in this 

study, where a new value system is to be proposed, it is essential that the way to measure sustainability 

is accurate, but the applicability to SMEs is equally important. Based on the analysis, it is not possible 

to say that one category of sustainability indicators is superior to all others. 

7.1.2 Case Study 

Finess Hygiene does not use any specific framework to measure its initiatives towards sustainable 

manufacturing. All initiatives are mapped against certain goals that the company aims to fulfill. 

Indicators of sustainability are used to measure whether those goals are achieved or not. This 

description corresponds to the category of key performance indicators (KPI). The purpose of key 

performance indicators was to select a limited amount of indicators that measures the company‟s 

progress towards its goals. It is noted in the previous section that KPI are not particularly suitable for 

SMEs, but highly suitable for management decision making. Finess Hygiene does implement a life 

cycle approach to their measurements by including transports of raw material and products in and out 

from their production site. Life cycle analysis was found to be a more suitable approach overall to 

measuring sustainable manufacturing. Finess Hygiene could thus benefit from implementing the ISO 

14040 and ISO 14044 standards. 

7.2 What are the General Benefits Associated with Sustainable 

Manufacturing? 

The question is answered by relating the observed tangible and intangible benefits with the framework 

of how sustainable value is created, by Graham and Bertels (2008).  The analysis shows that tangible 

benefits that generates sustainable value for the company corresponds to the quadrant of applying 

internal competencies to produce immediate results. Thus, only one out of four sources of sustainable 

value is considered tangible benefits. The remaining sources correspond to intangible benefits, which 

companies rarely bother to measure, as noted by Reid et al. (2000). 

7.2.1 Tangible Benefits 

The tangible benefits identified in 4.5.2 are all clear examples of benefits belonging to the dimension 

of waste prevention. The value that the benefits create can be measured by measuring the company‟s 
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financial performance. The financial performance is thus a measure of the sustainable value created by 

the company. 

Financial Performance 

Financial performance has been shown to be positively affected by sustainability in most studies 

performed on large samples of publically owned companies. However, not all studies yield the same 

results. The results of the study show by Peloza (2009) show that managers should be careful and not 

immediately assume that sustainability will improve the company‟s financial performance. 

Sustainability does not automatically result in a higher profit margin or increased revenue sales. Yang 

et al. (2011) distinguishes environmental management from environmental performance. 

Environmental management was often found to be negatively correlated with financial performance 

since environmental management practices may starve other projects from resources. Investments in to 

human, structural, and social capital are often needed to implement an environmental management 

system. Firms with a short or non-existent history of implementing environmental management 

practices might see little to no gain from their „green‟ practices because of high consumer awareness. 

Environmental performance on the other hand was found to be positively correlated with financial 

performance. The importance of strong environmental performance is higher in industry sectors which 

historically have been seen as a clean industry, but lower for industry sectors regarded as dirty 

industries.  Waste management and reductions in pollution and on site waste-treatment is associated 

with a stronger financial performance. Smaller firms tend to be more negatively impacted by 

environmental management on financial performance over big firms. The relationships between 

environmental performance and financial performance are not statistically significant for small firms, 

to make matters worse for smaller companies. Regional differences in the importance of sustainability 

exist too. Firms in Europe are more affected by environmental management and environmental 

performance in regards to market and financial performance compared to firms in other regions. 

Mansdorf (2010) argues that investments in to sustainability can rarely compete with other 

investments in terms of financial ROI. However, they are essential to the long success of the business, 

suggesting that companies should not use financial ROI as decision criteria when selecting 

investments in to sustainability. 

Waste Prevention 

Most literature identifies operational cost savings as the primary benefit and reason why companies 

choose to invest in sustainability. Most costs saved are due to a more efficient use of energy, but other 

resources such as raw material and water can amount to significant cost savings. Frondel et al. (2007) 

showed that manufacturing industries mainly invest in sustainable technology because of its potential 

to increase efficiency and reduce costs. Companies may also choose to invest in sustainable 

technologies to avoid regulatory fines and complaints.  In fact, Frondel et al. (2007) showed that most 

manufacturers implement pollution control measures to comply with environmental regulations. 

Closed-loop production systems can save manufacturers significant amounts of capital by reusing 

material from old products. The potential to save money through closed-loop production systems is 

expected to increase even more in the future based on the expectation that most raw materials used in 

manufacturing industries today will become more expensive in the future.  However, Mansdorf (2010) 

argues that even though an investment in to sustainability can help the bottom line, any type of capital 

investments should be made to grow the business, not to reduce operational costs. Companies will 

most likely try to reduce operational costs anyway through other means than capital investments, 

which implies that capital investments should be left to growth projects. 
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Value Creation 

A sign of tangible benefits created by sustainability is the company‟s financial performance. Most 

companies who invest in sustainability realize their improved financial performance through cost 

savings. Cutting costs refers to the dimension of Waste Prevention in Graham and Bertels (2008) 

framework of how sustainable value is created. Waste prevention attempts to improve the internal 

efficiency by preventing waste of any form of capital, including social and environmental capital. 

Waste prevention is done with the aim to produce short term profits. 

Table 21 – Tangible Benefits related to the creation of Sustainable Value 

Innovation and Repositioning Meeting unmet needs 

Sustainable Value 

- Financial Performance 

Waste Prevention 

- Cost Savings 

- Subsidies 

- Risk Reduction 

Stewardship 

7.2.2 Intangible Benefits 

Research question 2 was defined as: What are general intangible benefits associated with the 

sustainable manufacturing technology?  

The question is answered by relating the observed intangible benefits with the framework of how 

sustainable value is created, by Graham and Bertels (2008). The observed intangible benefits which 

were identified in section 4.5.2 belong to the dimensions of stewardship; innovation and repositioning; 

and meeting unmet needs. The dimension of stewardship encompasses a company‟s potential to 

increase its reputation and brand equity. Strategic intangible benefits belong to the dimension of 

innovation and repositioning as well as meeting unmet needs. The intangible value these benefits can 

create can be measured by the market performance and book equity of the company. 

Market Performance 

The market performance of a company differs from the financial performance as the firm‟s market 

value includes the intangible value of the company. Lo and Sheu (2007) show that the market value of 

sustainable firms is significantly higher than what their book equity would suggest. Arli and Lasmono 

(2010) further suggest that engaging in sustainability signals better future performance by the 

company. However, the market value may not reflect sustainability efforts accurately unless the 

company markets themselves as sustainable actively. Lo and Sheu (2007) found that companies being 

listed on the DJSGI USA index have a higher market to book value than other companies. Simply 

being listed on a sustainability index can thus work as a form of advertising for the company signaling 

future performance. Gallego-Álvarez et al. (2010) found that companies actively marketing their CSR 

efforts had a higher market value over companies that had just implemented CSR in to their business. 

Yang et al. (2011) however, argues that a company‟s environmental management system affects the 

company‟s market performance negatively. Market performance can only be positively affected by 

strong environmental performance. 
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Stewardship 

The connection between sustainability and reputation has been widely debated. Sustainability is 

assumed to increase a company‟s reputation as sustainable initiatives are perceived by the public as 

non-required good deeds. Many companies attempt to increase their reputation specifically through 

corporate social responsibility initiatives. CSR is argued to increase reputation to the point where 

many companies justify the costs of their CSR practices by stating it increases their reputation. Some 

companies may use CSR to balance out negative public opinions with reports detailing good deeds 

performed by the company. A good example of a company using CSR practices for this purpose is 

Wal-Mart, which has been heavily criticized for its labor practice, employee treatment, and its 

destruction of smaller local businesses. However, the company‟s annual sustainability report shows a 

completely different side, profiling Wal-Mart as a company focused on reducing environmental waste. 

The report also describes the company‟s efforts to provide its employee and communities with social 

and economic benefits. Studies performed on whether sustainability actually increases a company‟s 

reputation have found mixed results. Gallego-Álvarez et al. (2010) found no statistical correlation 

between CSR practices and reputation, while Porter and Kramer (2006) argues that an increased 

reputation is the main reason for companies to invest in CSR. An increase in reputation would only be 

likely to occur in instances when the company‟s CSR practices are shown to the public. Additionally, 

an increase in reputation is more likely to occur for companies in industries regarded as dirty. Michell 

et al. (2001) also note that the competitive advantage created by brand equity for medium sized firms 

does not necessarily translate in to the same advantage for smaller firms. The moral aspect of 

companies who only invest in sustainability under the presumption that it will increase its reputation, 

commonly referred to as window-shoppers, can be questioned. CSR practices should be implemented 

to address the needs of all stakeholders of the company, including the employees and the community it 

operates in. However, CSR practices do increase the transparency of a company and forces the 

company to be accountable for its use of environmental, social and economic resources. Firms with a 

high environmental performance may improve the firm‟s brand equity according to Yang et al. (2011). 

Innovation, Repositioning and Meeting Unmet Needs 

Corporate social responsibility can have long term benefits for the company in terms of strategic 

benefits. Burke and Logsdon (1996) argues that considering the strategic benefits of CSR offers a 

broader and more complete assessment of the true benefits or CSR. Financial performance and other 

stakeholder interests can coexist if a strategic reorientation is done properly towards CSR practices. A 

successful reorientation hinges on a successful identification of which stakeholders are critical to 

achieving the company‟s mission and goals. The needs of the identified stakeholders must be 

identified in conjunction with a careful analysis of whether the CSR initiatives will satisfy the needs of 

the stakeholders. The future needs of the stakeholders must also be taken in to account and any 

changes must be properly dealt with. Voluntarism is established by determining the baseline for what 

is considered voluntary CSR activities and what is mandated by society. Companies should expect that 

the baseline will vary by region and culture. Finally, the company must identify opportunities to make 

their CSR efforts visible to its external and internal stakeholders. Visibility is important for the 

company to truly realize the value of its CSR efforts. A successful reorientation of the company‟s 

strategy can generate value in terms of; customer loyalty, future purchases, productivity gains, new 

products, new markets, and an edge in meeting customer needs. Husted (2005) argues that the true 

value of an investment in to sustainability is the strategic flexibility it offers, something most 

traditional financial methods fail to consider. 
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Value Creation 

The major intangible benefits identified in section 4.5.2 are market performance, employee 

satisfaction, reputation, brand equity, and strategy. Intangible value is reflected by the company‟s 

market value once the book equity is subtracted. According to the definition of how sustainable value 

is created by Graham and Bertels (2008), reputation and brand equity refers to the stewardship 

dimension of sustainable value. The importance of stewardship is that it can generate short term profits 

when the company gains legitimacy of doing business in a responsible way. Strategic benefits of 

sustainability refer to the innovation and repositioning dimension as well as the dimension of 

opportunities of meeting unmet needs. The strategic benefits of sustainability should be not be 

expected to produce immediate results, but rather position the company for the future to gain 

competitive advantages. 

Table 22 – Intangible Benefits related to the creation of sustainable value 

Innovation and Repositioning 

- Reorientation of strategy 

Meeting unmet needs 

- Proactive and visible CSR strategy 

Sustainable Value 

- Financial Performance 

- Market Value 

Waste Prevention 

- Cost Savings 

- Productivity 

- Risk Reduction 

Stewardship 

- Reputation 

- Brand Equity 

 

7.2.3 Case Study 

Figure 28 on the next page show that the value of Finess Hygiene‟s sustainability strategy and 

activities corresponds mainly to the lower two quadrants of the four sources of sustainable value 

creation. 
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Figure 28 – Sources of sustainable value for Finess Hygiene 

The main priority in Finess Hygiene‟s environmental work is to eliminate waste in the form of oil 

consumption, corresponding to the lower left quadrant. Finess Hygiene also recognizes that their 

environmental profile has given them a good reputation in the market place. Finess Hygiene has 

integrated their customers‟ environmental requirements, in the form of ISO 9000 and 14000 

certifications and Svanen branded products. This corresponds to the lower right quadrant where 

external perspectives are integrated in to the business. Finess Hygiene‟s social strategy focuses on 

increasing the wellbeing of its employees to eliminate social waste. This strategy also focuses on the 

lower left quadrant. Finess Hygiene must also consider long term sustainable strategies, if they wish to 

maximize their value creation from sustainability. Re-envisioning core competencies is typically 

focused on implementing new clean technology. Finess Hygiene‟s manufacturing process is however, 

already a fairly clean manufacturing process. Wood, which constitutes the primary raw material used 

in the production process, has a higher growth rate than consumption rate in Sweden according to the 

Swedish Forest Agency (2010). However, re-envisioning core competencies can also involve building 

the social capital residing within the company which in turn can result in the company being able to 

offer new products and services. The right upper and last quadrant involves being prepared for 

paradigm shifts that can completely change the industry as well as society. An example of a shift 

happening right now is the shift in economic power between the western world and the new emerging 

markets such as the BRIC (Brazil, Russia, India and China) countries. With economic growth comes 

an increased standard of living in emerging markets which will lead to an increased demand of health 

care products as more and more people are able to afford health care. Finess Hygiene‟s exports to non-

European countries are still a relatively small part of their total revenues. It should be noted that Finess 

Hygiene does have long term strategy goals, but these strategies may not have been defined 

specifically with sustainability in mind. 
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7.3 What are the Current Value Systems used by the Industry? 

Five different systems were presented in section 4.6, used to evaluate projects in manufacturing 

companies and sustainability projects in general. However, out of these systems, only the Sustainable 

Value approach actually translates resource usage in to benefits. The other systems are based on a cost 

perspective meaning that none of these methods actually assume a value perspective. The difference is 

that a cost perspective is based on how much money is spent to produce a product or service, while a 

true value perspective is based on what a customer believes the product or service to be worth. This 

means that most value systems used by manufacturing industries fail to consider how much more 

value sustainability can bring to a customer, unless the manufacturer actually spends more money to 

produce the product. Salzmann et al. (2005) attributes the popularity of cost based measurements to 

two significant challenges of value based approaches. Benefits generating value are often diffuse and 

it is in general difficult to attribute benefits such as customer loyalty to a specific investment. Reid et 

al. (2000) points out that companies do consider intangible benefits to be important, but few actually 

bother to measure them. Benefits of investments may persist over a long time making it hard for the 

company to even detect the benefits. Additionally, accounting systems and decision making 

frameworks used by companies today are designed to ensure stringent cost allocation. The stringency 

of cost allocation to different projects is based on the idea that company resources are limited.  

7.3.1 Process Based Cost Modeling 

The PBCM approach is a suitable approach for companies using new or emerging technologies where 

cost estimations are not readily available. Using a structured approach to estimate the cost is highly 

preferred to a trial-and-error approach which many companies use for new products and technologies. 

The PBCM approach reduces the risk of investing in projects with too high costs. The analysis of 

benefits according to Graham and Bertels (2008) model of sustainable value showed that most tangible 

benefits comes from different kinds of cost savings, meaning that the PBCM approach can account for 

this value.  The classification of different cost elements includes energy costs, raw material costs, and 

waste disposal costs. For these cost categories the potential cost savings can be estimated based on the 

potential of the technology that is being implemented. Investments targeted at the social aspects of 

sustainability could also be accounted for in the model through labor and overheard labor cost. 

However, the ability to project potential savings from social projects will be more difficult than for 

projects of a technical nature. The PBCM approach ultimately fails to project the intangible value 

sustainability can create. This is rather natural because the approach is based strictly on cost 

projections, not value projections. However, costs are ultimately a shadow reflection of a company‟s 

activities, reflected by Salzmann‟s et al. (2005) statement that costs are a second-order variable when 

it comes to understanding the generation of value. Companies should also be careful not to 

overestimate or underestimate costs according to Daschbach and Apgar (1988), since that will 

ultimately lead to less value being created. The approach is a great tool for companies wishing to 

evaluate the costs of using new technologies to see whether it is feasible to even manufacture the 

product. Companies could consider adding cost elements to the approach specifically for sustainability 

projects such as environmental and social regulatory costs. Companies may further distinguish 

between tax related costs, governmental subsidies, and tax breaks received related to sustainability 

projects. Breaking down the cost elements can aid decision-makers in the evaluation process when 

they decide between different projects. 

 



 

 

Page | 77 

 

7.3.2 Economic Value Added and Activity Costing 

The EVA model is a general cost based valuation approach suitable for manufacturing companies.  It 

is a fairly straight forward method, applicable to virtually any company. The method allocates the 

appropriate amounts of operating costs and capital investments to each activity within the 

manufacturing process. However, the method is not designed to be applied specifically to sustainable 

manufacturing. The method fails to consider any intangible values added to a product by sustainable 

manufacturing. Since the method is based on a cost approach this is to be expected. However, it does 

not consider any environmental costs incurred in other stages of the products life cycle. Based on this, 

it would be fair to say that the method is suitable for manufacturing companies in general but not 

suitable for valuation of sustainability initiatives. The approach has a potential to improve operational 

performance by analyzing each activity and its associated costs. Adams (2006) among others considers 

economic capital as a subset of sustainable capital, meaning that the method has potential to improve 

the overall sustainability of the company‟s operations. However, the method is still not suitable overall 

for this purpose because it fails to consider social and environmental capital. Overall, the EVA model 

experiences the same limitations as the PBCM approach when it comes to measuring sustainable value. 

Salzmann‟s et al. (2005) statement regarding costs being a second-order variable is applicable to the 

EVA model. Daschbach and Apgar‟s (1988) concern regarding overestimation and underestimation of 

costs must be carefully considered when the model is used. 

7.3.3 Opportunity Cost Based Eco-Efficiency Analysis 

Burritt and Schaltegger (2001) argue that eco-efficiency measures only add value if physical measures 

of environmental impacts are related to costs, revenues , liabilities, and assets. Additional value can be 

added by including eco-efficiency measures in the company‟s capital budget processes. The 

opportunity cost based eco-efficiency analysis approach expresses the company‟s eco-efficiency in 

monetary terms. A common criticism toward eco-efficiency approaches has been that the 

methodologies express the eco-efficiency in terms that are difficult to understand for managers. Using 

opportunity cost as a way to express the eco-efficiency makes it easier for managers that are not 

versed in sustainability jargon. Eco-efficiency allows the company to evaluate its return on 

investments based not only on financial returns but also environmental returns. An increase in 

environmental performance can offset negative financial returns thus creating a balance between the 

company‟s financial and environmental goals. Hahn et al. (2010) argue that using an environmental 

impact indicator eliminates the possibility of a rebound effect, where gains of corporate eco-efficiency 

come at the expense of environmental effectiveness. More specifically, Hahn et al. (2010) uses a 

company‟s aggregated CO2-equivalent emissions to measure the environmental impact. This measure 

however, does not account for other types of emissions such as chemical spills that can be harmful to 

human beings, animals or the environment. Furthermore, the eco-efficiency approach does not 

consider the social aspect of sustainable investments. The method offers a more holistic approach than 

simple cost calculations, but social aspects must also be considered if the true value of sustainable 

investments is calculated.  

7.3.4 Life Cycle Cost 

The life cycle cost approach takes on a holistic view, aiming to reflect the true cost and environmental 

burden of a product. The holistic nature of a life cycle approach will make sure that environmental 

costs are not simply transferred up or down the value chain, reducing the risk of companies doing 

“window-shopping”. A lower environmental cost will only come from improvements which reduces 

the products total environmental burden over its life. However, Finkbeiner et al. (2008) points out that 

social aspects and economic aspects are seldom explicitly defined in life cycle cost approaches.  In 

fact, Thomassen et al. (2009) argue that improved environmental sustainability might result in trade-



 

 

Page | 78 

 

offs with respect to social issues. An LCA study should thus incorporate or at least be complemented 

with an analysis of related social sustainability issues. Daschbach and Apgar (1988) states that a very 

important issue in life cycle cost approach is that costs are neither overestimated nor underestimated. 

The estimation process is dependent on how many stages of the life cycle of a product are considered. 

An underestimation of costs will lead to a lack of resources in terms of labor, material or capital that 

will eventually either delay the production process or lead to a significant increase in the cost of the 

product. Overestimations will lead also lead to an increased actual cost. Products that could have been 

produced will be rejected on the notion that they are not profitable to produce while that is not the case 

in reality. This will cause the company to miss out on potential revenues. Figure 29 shows that the 

actual cost is minimized only when a realistic estimate of the cost is made. 

 

Figure 29 – The actual cost as a function of cost estimations (Source: Daschbach and Apgar, 1988) 

The issue is not isolated to life cycle cost estimations, but it becomes more evident when the company 

must make cost estimations for stages in the life cycle which is out of the company‟s control. Several 

issues regarding cost estimations exist for each step in the life cycle including; research and 

development cost; production and construction cost; operations and maintenance cost; retirement and 

disposal cost. 

Research and Development Cost  

The biggest issue related to research and development is related to the conflict of interest between 

designers of products and the firm. A designer will consider costs related to the design phase first that 

is within his/her control. But the design can inadvertently influence the total cost of the product in later 

stages too. Asiedu and Gu (1998) states that 70 to 85% of the total cost is in fact committed in the 

design phase of a product. Thus it is essential that the total cost of the product is considered even at an 

early stage. The problem using LCA methods is that it is not particularly suitable in the early stages of 

product development according to Gehin et al. (2008). While the cost is committed early, LCA 

actually performs better in later stages of a product‟s life.  

Production and Construction Cost  

The focus in the production phase is to optimize the design of the production process and the assembly 

of the product. The focus must however, be balanced against logistic support and the environmental 

effects caused by the production process. Thomassen‟s et al. (2009) argument that a higher production 
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volume may reduce down the environmental burden per product in the production process must be 

balanced against social issues that may arise with a larger scale production.  

Operations and Maintenance Cost  

Costs related to operations and maintenance includes: consumer operations, marketing, distribution, 

maintenance and logistic support. These costs are significant to the life cycle cost but they are also 

hard to estimate according to Asiedu and Gu (1998). The need for support and maintenance can vary 

greatly depending on the nature of the product. It can also vary on a case by case basis making 

estimations very difficult. 

Retirement and Disposal Cost  

The retirement of products in form of recycling or disposal carries an environmental burden. 

Legislation stating that the originator of an environmental burden is also responsible to pay for the 

costs of the damage has increased the use of recycling and disposal of products. Thus the costs of 

developing more sustainable forms of recycling processes will be of significance to the product cost. 

Ishii et al. (1994) points out that the cost of disassembly is of particular importance if the company 

wishes to reuse materials from the product. The importance of disassembly cost will most likely rise in 

the future due to limited amounts of virgin raw materials available on Earth. The disassembly cost of 

technical products is of special interest, since they often contain a great number of components made 

from different raw materials. 

7.3.5 The Sustainable Value Approach 

The Sustainable Value approach allows companies to express how sustainable a company uses its 

resources compared to a benchmark. It uses the traditional economic approach of using opportunity 

costs of capital, extending it to the concept of sustainability. The approach allows companies to 

express how efficient the company uses economic, social and natural capital in monetary units. 

An obvious limitation to this approach is that the approach is not an absolute measure of whether the 

company is sustainable or not. The explanatory power is thus limited to the choice of the benchmark 

used in the calculations. The choice of benchmark has been heavily debated recently when an 

alternative approach proposed by Kuosmanen and Kuosmanen (2009) was introduced. Kuosmanen 

and Kuosmanen (2009) argue that the original approach does not distinguish between the object of 

interest and the computational rule. The result is an approach with no margin for error and a very 

restrictive definition of opportunity cost of capital. Furthermore, Kuosmanen and Kuosmanen (2009) 

point out that the definition of sustainable value by Figge and Hahn (2005) suggests a linear 

production function. The linearity of the production function implies that the resources used to 

calculate the sustainable value can be perfectly substituted between one another, which would violate 

the definition of strong sustainability. Secondly, Kuosmanen and Kuosmanen (2009) argue that the 

variable, βr, is treated as a constant in Figge and Hahn‟s (2005) definition. However, βr corresponds to 

the opportunity cost of the resource bundle x which varies from every firm according to the production 

function. Additionally, βr, relies on a single observation; 
  

  
. A single observation cannot carry enough 

information to make a meaningful estimation of βr. Kuosmanen and Kuosmanen (2009) subsequently 

presented several estimation approaches of the benchmark, using statistical approaches. Of the 

presented methods, the nonparametric methods produce a better empirical fit compared to parametric 

methods. However, it is considerably more costly computing wise. The nonparametric methods using 

a best-practice approach indicates a big improvement potential for all firms. However, it is 

questionable how realistic such performance targets are. The StoNED or SFA methods filter out 

stochastic noise from the data, which will likely produce more realistic estimates. A best practice 

approach will always produce negative sustainable values (     ), because the benchmark is the 
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firm with the highest efficiency.  Using an average-practice approach produces an undesirable 

negative skewness in the regression residuals both in the parametric OLS method and the 

nonparametric CNLS method. 

Figge and Hahn (2009) later responded with their own criticism on Kuosmanen and Kuosmanen‟s 

(2009) approach, claiming that there are fundamental differences in the perspectives between 

assuming the role of an investor and an internal productive efficiency analysis. Figge and Hahn (2009) 

clarify that a measure of sustainability should answer one of two questions; if and where. The question 

of if a resource should be used or not is not possible to answer in practice. However, the question of 

where the resource can be used most effectively can be answered using the investor approach. The 

investor approach deals with the question of how economic capital should be allocated among 

different companies. Meanwhile, the estimator proposed by Kuosmanen and Kuosmanen (2009) 

attempts to answer the question of how a resource should be used on the individual firm level. The 

question of how the resources are used is a matter of technology choice for each individual company. 

Determining the opportunity cost on the individual firm level, as suggested by Kuosmanen and 

Kuosmanen (2009), is misleading according to Figge and Hahn (2009). In traditional financial 

economics the best alternative should be defined as the average return on resources of many different 

companies. The presence of risk and uncertainty is ignored when the cost of opportunity is defined on 

an individual firm level. Figge and Hahn (2009) argue that to assume certainty is not realistic in 

decision making situations. Using traditional financial economics, it also follows that in the presence 

of risk that a risk-averse investor will spread his or her investments to many different economic 

entities to reduce the risk by diversification. The theories of Modern Portfolio Theory and Capital 

Asset Pricing Model imply that all investors, independent from each other, will diversify and invest in 

the same portfolio of risky securities. This is referred to as the market portfolio. It follows that the best 

alternative use of capital is represented by the market return of this portfolio rather than the return of 

an individual firm. The role of production functions in the Sustainable Value approach is not relevant 

because the approach uses the financial economics perspective that aims to answer the where-question. 

Production functions aim to answer the question of how resources should be allocated on an individual 

firm level. While these two perspectives are interrelated they should not be confused and mixed 

together. An investor and a firm do not view the use of a resource, and the associated risk, in the same 

way. Firms are interested in reducing risk by diversification on a firm level because a high level of risk 

can endanger the existence of a company. This is however not in the interest of an investor since they 

have the ability to diversify its risk by allocating resources to several different economic entities. 

While the SV approach refers to the allocation of not only economic capital, but also social and 

environmental capital it is still based on the perspective of financial economics. 

Ang and Van Passel (2010) discuss the two competing approaches and identify three general 

shortcomings, applicable to both approaches: 

1. The selection of indicators of resources should be performed more systematically. Measuring 

social resources is hard and relevant data of qualitative nature cannot always be applied to the 

SV approach. 

2. The SV approach does not consider sustainable value created or destroyed by other firms in 

the value chain of a product. Firms can artificially increase their sustainable value by buying 

cheap goods from firms with a low sustainable value score and then sell the product for a 

higher price. A solution could be to implement the life cycle assessment approach in to the 

SV approach. 

3. The SV approach lacks explanatory power in regards to why a company has a higher or lower 

SV score than other companies. It can be used as a ranking system for example to compare 

the effect of different policy measures, but more comprehensive analysis methodologies are 

needed to answer more in-depth questions on the complex nature of sustainability. 
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These questions are further discussed in section 7.4.2. 

7.4 What Method can be used to better reflect the Value of Sustainable 

Attributes? 

The analysis of research question 2 showed that benefits of sustainability can be considered intangible, 

but few companies actually measure them and simply focus on tangible benefits. Measuring tangible 

benefits are naturally easier and can be done effectively with existing cost based approaches presented 

in research question 3. Chapter 5 proposes a value system of how the intangible benefits of sustainable 

manufacturing can be measured and evaluated. This section analyzes the suitability, issues, and 

limitations of the presented value system from a theoretical standpoint. 

7.4.1 Suitability of Evaluation Technique 

The suitability of the value system is discussed in this section based on the same five criterions used 

by OECD (2008) to evaluate the suitability of different sets of sustainability indicators for sustainable 

manufacturing. 

Overall Suitability 

Table 23 below evaluates the suitability of the investor approach and the production efficiency 

analysis approach. 

Table 23 – Suitability of evaluation methodologies 

 Applicability 

for SMEs 

Management 

decision-making 

Operational 

performance 

improvement 

Data 

aggregation and 

standardization 

Comparability 

SV approach – 

Investor approach 
** ** * ** * 

SV approach – 

Production 

efficiency analysis 

- ** *** * *** 

*** - Highly suitable, ** - Suitable, * - Suitable, but challenges exist, - not suitable 

 

Each approach is evaluated with regards to five criterions; applicability for SMEs, management 

decision making, operational performance improvement, data aggregation, and comparability. 

Applicability for SMEs 

A majority of all indicators required for a complete evaluation is typically already available within a 

company. Gender statistics, employee training, employee satisfaction and other social indicators are 

usually tracked by the HR department of a company. Economic indicators can often be obtained 

through annual financial reports and the accounting department. However, environmental indicators 

may not be available for all SMEs. In particular, statistics regarding emissions may not be available 

for a typical SME. However, Veleva and Ellenbecker (2001) among others offer approximation tools 

to calculate emissions, if no data is available. The approximation tools often come in the form of 

conversion factors for different raw materials and their equivalent air emissions. The biggest 

difference between the approaches comes in the form of benchmark data collection. The investor 

approach requires the company to collect benchmark data in the form of market averages. Market 

averages are represented by single data points and can thus rather easily be retrieved. However, the 

data collection can still be a time consuming effort if the person are unfamiliar with good sources of 

benchmark data. The production efficiency analysis approach is not suitable for SMEs simply because 

it is unrealistic to assume an SME can collect enough benchmark data, often from competitors, needed 
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to use the regression models. The investor approach is considered suitable while the production 

efficiency analysis approach is considered unsuitable. 

Management Decision-Making 

Both approaches are suitable in the sense that they are designed to be used by management. The fact 

that the value of sustainability is quantified in to monetary units is beneficial to decision makers not 

familiar with sustainability in general. It also solves the problem of different indicators having 

different units of measurement. However, the approaches have somewhat different applications. The 

investor approach is designed to show an investor how to allocate his capital efficiently while the 

production efficiency analysis approach tells management how capital should be utilized inside the 

firm.  

Operational Performance Improvement 

The potential for operational improvement in production efficiency analysis is high while the investor 

approach only states the company‟s efficiency compared to a market average. However, the use of six 

different intangible value domains with five dimensions allows the user to track sustainable value 

creation and destruction to specific domains and dimensions. A company can use the results when 

future investments are considered to target value domains or dimensions that need to be improved. 

Data Aggregation and Standardization 

Data aggregation is possible, since the performance of each value domain and dimension is measured 

in monetary units. However, Hussi and Ahonen (2001) points out that the choice of indicators a 

company uses to measure intangible assets can be highly company specific. While the indicators 

presented in chapter 5 are selected with standardization in mind, companies may still measure these 

indicators differently. For instance, companies use different dates for their fiscal year for economic 

indicators. For environmental indicators, some companies choose to do complete life cycle analyses 

when they measure emissions while others simply measure emissions from their own production 

facility. The production efficiency analysis approach offer several different approaches to how the 

statistical regression is done. The different approaches will yield vastly different results in sustainable 

value. For instance, best practice approaches will always produce negative sustainable values for all 

firms, except the most efficient firm which assumes the value 0. Average practice approaches will on 

the other hand yield both positive and negative sustainable values. The standardization of production 

efficiency analysis thus becomes suitable, but challenges exist since there is no rule in place which 

approach should be used. It is noted though that the SFA and StoNED approaches creates the most 

realistic results and should thus be the preferable approach. 

Comparability 

Every company is unique to some degree, which means that the effect of an improvement or decrease 

in performance may not produce the same results in terms of intangible value in different companies. 

The investor approach represent a comparison between the company‟s use of resources and the 

market‟s average use of resources and how much value they generate. The production efficiency 

analysis will produce results with excellent opportunities to compare individual companies in a data 

set. The only problem lies in obtaining the data from these other companies. 

7.4.2 Issues and Limitations 

This section presents some limitations to the Sustainable Value approach. Section 7.3.5 discusses 

general limitations to the Sustainable Value approach. These shortcomings and possible solutions are 

discussed in this section. 
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Selection of indicators 

Ang and Van Passel (2010) state:  

The indicators of resources used should be selected more systematically. Measuring social resources 

is hard and relevant data of qualitative nature cannot always be applied to the SV approach. 

Many social indicators, such as employee satisfaction, are measured in percentages. A percentage 

measure cannot be used directly in the Sustainable Value approach because it does not reflect the scale 

of the measurement. The ratio of the net value added on a company and benchmark level must also be 

accurately reflected in the resource indicator. The indicators can thus only be used after a 

normalization of the data is performed. One approach to normalizing the data would be to express the 

net value added per employee rather than total net value added. The equation for sustainable value of a 

social indicator would thus be: 
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 Equation 7.1 

P denotes the number of employees of the company while P* denotes the population count of the 

benchmark. 

In addition, it must be noted that the company actually wishes to increase the “resource”, when social 

indicators such as employee satisfaction are considered to be resources. This contradicts with other 

types of resources, such as raw materials, which the company wishes to use as little as possible. The 

social indicators thus move inversely to other indicators, meaning that they should be inverted, as 

shown in Equation 7.2:  
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 Equation 7.2 

The same approach could be applied to other indicators, such as employee involvement, that are 

typically measured on a scale from 1-5 or 1-10. While this approach solves the problem of applying 

social indicators to the SV approach, it still does not solve the underlying problem that most social 

indicators are measured qualitatively rather than quantitatively. Not all qualitative measures can even 

be expressed as a number, but only in words. 

A further problem associated with the Sustainable Value approach is that the equation generates values 

approaching negative infinity when x* is approaching 0, shown in Figure 30 below. 

 

Figure 30 – Behavior of sustainable value equation when x and x* approaches 0 
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The colored surface represents the sustainable value, based on different combinations of x and x*. A 

prerequisite for x* and x should thus be that they assume non-zero values.  

Scope     

Ang and Van Passel (2010) state:  

The SV approach does not consider sustainable value created or destroyed by other firms in the value 

chain of a product. Firms can artificially increase their sustainable value by buying cheap goods from 

firms with a low sustainable value score and then sell the product for a higher price. A promising 

solution could be to implement the life cycle assessment approach in to the SV approach. 

Sustainability indicators must be chosen carefully when using the SV approach. If the entire supply 

chain of a product is considered when measuring the sustainability indicators, the net value added has 

to be adjusted properly. However, a company would primarily be interested in the intangible value 

generated for the company rather than for the entire supply chain. Internal measurements of 

sustainability should thus be used. Specifically, the availability of usable data is of interest as it is 

essential that both company and benchmark data exists and is available to the company. Bearing that 

in mind, it was essential that the indicators that were selected to represent indicators of sustainability 

for different value domains were typically available within smaller manufacturing companies. It was 

observed in section 7.1.1 that holistic approaches of measuring sustainability, such as MFA and LCA, 

are very good measurements of sustainability, but not highly suitable to use for an SME. The two most 

suitable categories of sustainability measurements were found to be individual indicators and 

sustainability reporting indicators. The indicators selected for the framework were thus almost 

exclusively based on frameworks from these two categories. 

Explanatory power 

Ang and Van Passel (2010) state:  

The SV approach lacks explanatory power in regards to why a company has a higher or lower SV 

score than other companies. It can be used as a ranking system for example to compare the effect of 

different policy measures, but more comprehensive analysis methodologies are needed to answer more 

in-depth questions on the complex nature of sustainability. 

Using the SV approach, the model will effectively express how much intangible value the company 

generates compared to how much intangible value an average company would generate with the same 

amount of resources. It is thus not an absolute measure of the neither the value of sustainability nor 

intangible value, but a relative measure. The model can still help the company to make more complete 

evaluations of projects while targeting new investments in to sustainability to areas where the 

company is performing worse than the market average. It should also be noted that the value system is 

supposed to be used together with traditional cost calculations.  

7.5 Which Benefits and Drawbacks can be observed when a New Value 
System is used? 

The discussion in this section is based on observations from the case study. 

7.5.1 Benefits 

The biggest benefit for the company wishing to utilize the new framework can be to promote 

sustainability as a viable investment. The case study of Finess Hygiene showed that Finess Hygiene 

uses their resources more effectively than the market average, thus creating sustainable value. Finess 

Hygiene has already acknowledged that environmental work has aided them to land contracts with 

certain customers, but the results from the case study can validate that their initiatives represents value 

opportunities and motivate them to continue working with environmental and social strategies. Future 

initiatives can also be compared to the results obtained in this case study and conclusions can be made 



 

 

Page | 85 

 

regarding which sustainable initiatives represent the best value opportunity. The model showed that 

the value domain performing the worst was the social citizenship value domain. While a negative 

result is not desirable, it offers the company the opportunity to look at specific measures that can be 

taken to improve the specific value domain. This could be explained in part by Finess Hygiene‟s lack 

of a CSR strategy, which deals specifically with issues related to social citizenship. The model also 

showed that the corporate identity value domain had a relatively low sustainable value. For instance, 

corporate identity includes the value of the company‟s vision and long term strategy. The analysis of 

Finess Hygiene‟s sustainability strategy in section 7.2.3 showed a clear focus on goals intended to 

produce immediate results by eliminating social and environmental waste. Finess Hygiene can 

increase the sustainable value of its vision and corporate identity, by introducing more long term 

sustainable strategies. The results of the case study also show that Finess Hygiene creates a significant 

amount of their sustainable value in the renewal dimension. This means that the Finess Hygiene‟s 

sustainable initiatives help the company to grow and renew their existing capital. Meanwhile, the 

efficiency of value conversion and growth asset development dimensions showed a negative 

sustainable value. This is an indication that their current sustainable initiatives could generate even 

more value, perhaps by marketing their efforts more actively. This is supported by Gallego-Álvarez et 

al. (2010) findings that companies benefit the most from sustainability when they actively market their 

efforts. 

7.5.2 Drawbacks 

The most obvious observed drawback is related to the availability of data for the selected indicators of 

sustainability. Selecting good and appropriate indicators of sustainability that also corresponds to good 

measurements of intangibles was difficult. Even more so, data had to be available for that specific 

indicator after it was suggested. The case study showed that 13% of the combinations of value 

domains and dimensions could in fact not be measured, based on the availability of benchmark and 

company data. The real issue is the availability of benchmark data, since company data can be 

approximated. Availability of benchmark data to use in the production efficiency analysis approach is 

non-existent. While this study could have been done on a set of maybe 10 or 20 companies to obtain 

enough data for a production efficiency analysis, it would defeat the purpose of creating a value 

system that a typical small or medium sized company could relatively easily use. The case study was 

intended to show if an average small or medium sized company could use the value system in their 

daily work without adjusting their own processes and policies too much. That is simply not possible 

using production efficiency analysis. The value domain of external relationships was missing two cells 

where no measurement could be used even when the investor approach was used. There is thus an 

uncertainty regarding the results for that value domain. Another potential drawback is that the value 

system does not necessarily help the company unless they use the results in their future decision 

making. The value system provides knowledge about where the company has performed well and 

where improvements can be made, but things will most likely not improve on their own without 

specific actions being taken. It does not guarantee that future actions taken will in fact create more 

sustainable value, unless the company improvements are larger than potential improvements by the 

market average. 

7.6 Can the New Value System be implemented on a Large Scale in Typical 
SME Manufacturing Companies? 

The previous two research questions dealt with theoretical as well as empirical benefits and drawbacks 

of the new value system. However, what might be just as important for a successful large scale 

adoption of the value system are the perception and demand of such a value system out in the industry. 

No empirical study was performed to investigate this issue further because of time restrictions, but 
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Lindahl (2005) notes that certain requirements must be met for a successful adoption of any new 

environmental method or tool. Four major requirements must be met. The requirements deals 

specifically with design tools and methods, but many characteristics are transferrable to other types of 

methods such as the value system presented in this thesis. A clear answer whether the requirements are 

fulfilled or not can only be answered with an empirical study, but a discussion is provided here.  

1. The method must be easy to adopt and implement. 

Lindahl (2005) argue that the single most important requirement for a method or tool to 

become actively used is that it has a high degree of usability. If the method is difficult to 

adopt and not used in daily work by users, then other requirements will not matter. The stated 

requirement of users being able to use the method in their daily work is not necessarily 

applicable to the proposed value system in this thesis. The value system is supposed to be 

used as an evaluation tool, meaning that the value system will be used perhaps once or twice 

a year. While the company can update their own indicators of sustainability and track their 

changes, they still need access to updated benchmark data. Data quality will get worse, if the 

benchmark data is outdated compared to company data. Regarding the issue of adoption it 

should be noted that users does not necessarily have to know how the calculations are done 

since an excel sheet has been developed where users can input their own data and all 

calculations are performed automatically. 

2. The method must facilitate designers to fulfill specified requirements on the presumptive 

product. 

The method must be appropriate in the context of where it is supposed to be used. An 

important feature of the method is thus that it has a high applicability to companies in 

different industries. The value system was designed using generic sustainability indicators 

applicable to different industries. The level of appropriateness could be increased by also 

providing industry specific supplemental indicators as a bonus feature.  

3. The method must reduce the risk that important elements in the product development phase 

are forgotten. 

The proposed method is designed to be used as an evaluation tool, implying that the method 

should be applied after a product has been developed. However, companies may use results 

from previous evaluations in their decision making when new projects are considered. Most 

methods used to measure the value associated with sustainability focus mainly on the 

environmental aspects of a product. The proposed value system reduces the risk that social 

and economic aspects are forgotten when a project is evaluated. The proposed method 

introduces six different value domains and five dimensions that further distinguish between 

environmental, social, and economic indicators further reducing the risk of losing sight of 

important aspects.  

4. The method must reduce the total calendar time (from start to end) to solve the specified task. 

The question of whether the method reduces total calendar time is highly dependent on how 

the task is defined. The tool was developed to explain how sustainable manufacturing creates 

economic value that traditional accounting methods cannot account for. It is thus possible 

that the method will effectively reduce the needed calendar time, if it attempts to solve the 

task of determining when a product has generated a positive return on investment. Using the 

method will most likely take up calendar time though, since it is used as a supplement to 

traditional methods. The most time-consuming phase while using the method is the data 

collection phase. The collection of benchmark data would be even more time consuming and 

difficult in countries that don‟t have governmental statistics agencies.  
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A more detailed study with more specific requirements can help to determine if the proposed 

framework stands a good chance of being implemented on a larger scale once the four major 

requirements have been discussed.  Lindahl (2005) suggests that the method or tool should fulfill the 

following requirements. 

1. The method must produce a reliable and relevant outcome. 

Lindahl (2005) found that it is difficult to quantify what an appropriate outcome of a method 

should be. The appropriateness of an outcome varies between different people. It is thus difficult 

to quantify the appropriateness of an outcome, since different users possess different knowledge 

and different experience in the field. Whether this requirement is fulfilled or not cannot be 

answered without an empirical study. 

2. The method provides a direction towards a target area rather than a road map to the target. 

Freedom of action is important in early stages of product development when the methods or tools 

used provide a direction towards a goal that may not be fully specified yet. Lindahl (2005) found 

that most users prefer methods and tools that allows for a freedom of action. Specific methods 

and tools limit creativity and independent work, but provide structure to the work at hand.  Later 

stages in the development phase require more specific methods and tools. The proposed value 

system allows for a certain level of freedom of action for the user. The important pieces in the 

value system are the structure of intangible value domains and their respective dimensions. 

Which indicators a company chooses to use or which evaluation methodology can vary 

depending on the situation.  

3. The method must be time efficient. 

Time efficiency is often an explicitly mentioned requirement in studies related to implementation 

of new methods and tools. However, the requirement must also be considered in the context of 

usability. A time efficient method is not useful unless the method completes the specified goal 

and the goal is specified correctly. There are no other methods specifically attempting to solve 

the problem that the proposed value system in this thesis attempts to solve, making comparisons 

with other methods difficult.  

4. The method must not have an excessive setup time. 

Setup time is important because there is a limit to how many methods or tools a person will use 

simultaneously. Methods with high setup time will be disregarded in favor or methods which are 

easier to use on a daily basis. The value system in this thesis is not meant to be use on a daily 

basis. The setup time is minimal however, in comparison to the time spent using the method. 

Data collection is the most time consuming phase, but it should not be regarded as part of the 

setup time since data will be collected every time the method is used. 

5. The method must not require a high degree of simultaneous collaboration. 

Lindahl (2005) found that methods requiring a high degree of collaboration between different 

departments are unlikely to be adopted since it lowers its usability. The value system requires, at 

a minimum, collaboration between managers responsible for accounting, human resources, and 

environmental issues to collect all data needed. However, the collaboration does not necessarily 

have to be simultaneous. Data from different departments can be collected independently from 

each other, as long as the data correspond to the correct scope and timeframe.  

6. The method must be adjustable to different contexts such as company culture and specific 

ways of performing tasks. 

An individual company is free to adjust the method based on their requirements and specific 

ways of performing tasks. Such adjustments will most certainly affect the comparability and 
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standardization of the results generated by the method. However, this may be of a lesser 

importance to a company, if the company only wishes to use the method for internal 

measurements. Larger companies may choose to use the method for internal comparisons 

between different projects, run by different departments. Such comparisons however, require 

project specific economic, social, and environmental data. 

7. The method should be computer based. 

The investor approach was developed and designed to be used as a spreadsheet in Microsoft 

Excel. A production efficiency analysis could also be done in Microsoft Excel, but more 

sophisticated statistical programs might be more suitable. However, the method does not 

explicitly require a computer to be used, since it is just a set of calculations that is needed to be 

performed, but it would be very time efficient to solve the calculations manually. Furthermore, 

data collection of company and benchmark data is done almost exclusively through the use of a 

computer. 

8. The functionality of the method must be scalable, with gradually increasing functionality as 

the user gains experience. 

A method should not be perceived as being too complicated when it is introduced. Scalability 

allows the user to gradually use more advanced functions in the method as he or she gains 

experience. The scalability of the presented value system however, is rather limited. The user can 

add more indicators to the calculations to increase reliability, once the user get more and more 

familiar with the process of measuring sustainability and the concept of intangible value. 

Indicators must be weighted when multiple indicators are used for a specific dimension of a value 

domain. The user can also develop company specific sustainability indicators to produce more 

relevant results. 

9. The benefits of using the method must be easy to understand. 

Benefits and drawbacks are discussed in research question 4 and 5 in this section. However, users 

may fail to understand the benefits if they do not understand the underlying concepts of 

intangible value and sustainability. A proper introduction to this value system would thus also 

include some education regarding these concepts to make users aware of the importance of the 

concepts. An empirical study is needed to see whether users understand the benefits or not.   

10. The method must be intuitive and logical, allowing the user to use the method without having 

to go over a long manual. 

A presumptive user ought to be able to realize how method should be used and how different 

parts fit together. It is an advantage if the user is familiar with the concepts of sustainability and 

intangible value. Users familiar with these concepts do not have to read up on descriptions of 

these concepts, which would include a lot of academic jargon. A manual should be used as a 

source of information if the user has any questions. Lindahl (2005) concludes that the intuitive 

requirement is especially important for methods that are rarely used, such as the presented 

method in this thesis. 

7.7 What Barriers Exist, to Successfully Implement a New Value System in 
Singapore? 

The biggest issue regarding a successful implementation of the suggested value system is a lack of 

publicly available benchmark data. Statistics Singapore is the official statistics agency responsible for 

compiling statistics about the Singapore population and economy. Singapore uses a classification 

system of economic activities called Singapore Standard Industrial Classification (SSIC). The latest 

edition of the SSIC was released in 2010 and adopted the International Standard Industrial 
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Classification (ISIC) framework. The system is similar to the Swedish SNI classification where 

companies are assigned a letter which represents the industry section they belong to. Each section is 

then broken down in to five digit codes representing specific industries. Singapore statistics maintains 

an online database of statistics called Singstat Time Series Online (STS). However, access to this 

database is restricted to paying customers. Customers are charged an annual subscription fee as well as 

a charge for each data series retrieved. All statistics used in the case study in this thesis of a Swedish 

company was on the other hand free of charge and available even to non-Swedish users. The statistics 

provided free of charge by Singapore Statistics are not enough to be used as benchmark data in the 

presented value system. It is possible that benchmark data could be compiled by a third party in 

Singapore. Such a party would presumably be an industry organization or a University conducting a 

study on sustainability where they collect the needed data.  In such a case, production efficiency 

analysis can be used over the investor approach where the researcher has access to a larger sample of 

data. Kuosmanen and Kuosmanen (2009) recommend StoNED and SFA as the methods that would 

produce the most realistic results if production efficiency analysis is applied. It is also worth 

mentioning again that all best practice methods will lead to sustainable values of less than or equal to 0, 

since the benchmark is represented by the best performing company in the sample data.  

During the work of this thesis, two Singaporean manufacturing companies were contacted regarding 

participation in the case study. The companies had a clear and outspoken commitment to sustainability. 

In addition, both companies had previously worked with SIMTech on various projects. However, both 

companies were unable to participate in the study claiming that the data needed to use the framework 

was highly confidential. Disclosure of such data would require approval from the company‟s owner. 

Concerns over confidentiality would thus be a primary concern for any company or organization who 

wishes to conduct a survey to collect benchmark data.   
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8 Conclusions 

This chapter offers a summary of the results from this study. Suggestions of areas that need to be 

studied more closely are also provided based on the results of the study.  

8.1 Current System Used by the Industry to Measure Sustainable 
Manufacturing 

Nine major categories of how sustainable manufacturing is measured can be identified. Each approach 

has different benefits and drawbacks which make it difficult to distinguish an approach that is superior 

to all others. It is clear however that holistic approaches that looks beyond the production process of a 

company offers the greatest benefits, but with a higher cost of implementation. A higher degree of 

standardization among holistic approaches could increase the applicability of such approaches to 

SMEs. Conversely single indicators that are deemed to be suitable for SMEs could be adjusted to be 

more holistic measurements which would increase its potential to be used in management decision 

making. 

8.2 Benefits of Sustainable Manufacturing 

Previous research shows that sustainable manufacturing creates tangible and intangible benefits for a 

company. Sustainable manufacturing has the potential to increase financial performance as well as the 

company‟s market value. However, the value of sustainability increases with company size and with 

the company‟s marketing efforts of their initiatives. Intangible benefits are not always seen as 

something of importance to a company. Most companies caring about their reputation or brand equity 

form CSR strategies believing it will create goodwill with their stakeholders. A major source of 

sustainable value is the intangible benefit of a sustainable strategy. A sustainable strategy offers the 

company flexibility in meeting the needs of future generations by innovation, repositioning, and 

proactive strategic planning. Interest in intangible benefits could increase if a method or tool existed to 

quantify such benefits, making them measurable. The argument that sustainability is beneficial to a 

business is supported by the case study which showed that Finess Hygiene benefits from sustainable 

manufacturing, both according to their own perception and through the use of the value system 

proposed in the study.  

8.3 Drawbacks of Current Value Systems used by the Industry 

Multiple methods attempting to quantify the value of sustainable manufacturing exist. Most methods 

do not consider intangible benefits and are fundamentally cost based approaches. There are two 

problems with such approaches. First of all, sustainability provides the company with intangible 

benefits that a traditional cost based approach cannot properly reflect the value for. Secondly, 

sustainable initiatives do not always require the company to actually spend more money. The 

traditional cost based approaches cannot properly account for this value change, if the sustainable 

initiative increases the value of a product, but the cost of production is not increased. The Sustainable 

Value approach allows the user to use non-traditional resources such as social indicators to quantify 

the value of sustainability. However, the method is not without flaws which have been pointed out in 

several studies. 

8.4 Proposition of a New Value System 

The Sustainable Value approach can be used to quantify intangible value of sustainable manufacturing 

if indicators of sustainability are chosen to correspond to measurements of intangibles. Measurements 

of intangibles are in fact simply approximations since intangible value cannot by definition be 

quantified. Some of the potential upsides and drawbacks of the investor approach and production 
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efficiency analysis are discussed and analyzed in section 7.3.5. The investor approach is clearly easier 

to use for SMEs both in terms of data collection and evaluation methodology. The production 

efficiency analysis approach can produce results that can be more useful for operational improvement 

performance, but the data collection and knowledge required about statistical regression models makes 

them unsuitable for SMEs. Applying the Sustainable Value approach to social indicators requires 

some adjustments to be made, since many social indicators are either qualitative by nature or moving 

inversely to other indicators of sustainability. Indicators such as employee satisfaction should be 

inverted when applied to the Sustainable Value approach to reflect the fact that a higher resource 

usage is desired. Indicators of sustainability which assumes the value 0 should also be ignored since 

the equation of sustainable value will produce values approaching infinity or negative infinity. Finally, 

holistic measurements used in life cycle measurements are not suitable to be used in this context, 

unless the intangible value of the entire value chain is considered. In such a case, the net value added 

would have to reflect the net value added of the entire value chain. The selected indicators of 

sustainability are merely suggestions and further research may result in more specific indicators. A 

desirable feature would be indicator sets for specific industries with corresponding benchmark data 

provided. 

8.5 Benefits and Drawbacks of a New Value System 

The proposed framework not only quantifies intangible value based on indicators of sustainability, but 

it also maps the value to an appropriate value domain and a specific dimension of that value domain. 

Decision makers can use the value system to target future initiatives specifically to value domains or 

dimensions that are showing a negative sustainable value. The company is thus able to create a 

balanced approach to sustainable manufacturing where environmental, social, and economic issues are 

considered to be equally important. Decision makers and high level managers will get an intuitive 

understanding of the value system since the outcome is quantified in monetary terms where many 

other methods express benefits and drawbacks in more abstract terms. The concept of intangible value 

may however, still remain abstract to some decision makers. The company must use the information 

they obtain from the value system in future decision making to actually benefit from it. The biggest 

challenge lies in collecting enough data to cover all the suggested value domains and dimensions. 

Missing data creates an uncertainty regarding the results and limits the reliability. 

8.6 Further Research on Usability 

The question of whether a large scale adoption of the value system is possible remains unclear. The 

value system can be benchmarked against requirements set by Lindahl (2005), but is not clear whether 

the requirements are fulfilled unless a larger empirical study is performed on the subject. Such a study 

would preferably consist of a set of qualitative interviews discussing the usability of the proposed 

value system. Surveys could also be sent out, but the problem with surveys is that a low response 

frequency will limit the explanatory power. This means that a large number of respondents would have 

to be surveyed in order to get a good and reliable sample of data. The results of a study performed in 

Sweden on the issue would be of limited use to a large scale adoption in the Singaporean 

manufacturing industry. Differences in perceptions and cultural values limits the usefulness, leading to 

the study most likely not becoming relevant to whether a large scale adoption is possible in Singapore 

or not. The study could be performed together with other projects, undertaken by SIMTech, since it 

would be easier to gain access to relevant personnel within a Singaporean company. 
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8.7 Technical and Cultural Barriers in Singapore 

The most obvious barrier to a successful implementation of the value system in Singapore is the 

limited amount of benchmark data available. When access to benchmark data is limited to paying 

customers it immediately limits the interest decision makers may have in using the value system. The 

value system could be offered as a commercial service to paying customers with a specific interest on 

the issue. A free version available to anyone in the Singaporean industry would most likely generate 

more wide-spread usage thus increasing interest in sustainable manufacturing. More wide-spread use 

of sustainable manufacturing would be beneficial to Singapore and its citizens both today and for 

future generations. Privacy issues were also mentioned as a potential barrier in Singapore. However, 

issues over confidentiality of certain data should not be a problem as long as the evaluation is 

performed internally by someone employed by the company.  
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10 Appendix 

The appendix contains tables and figures of relevance to this thesis that were too big to fit in the other 

chapters. 

10.1 Measures of Sustainability 

Table 24 – Core indicators of sustainable production (Source: Veleva and Ellenbecker, 2001) 

Aspect Goal ISP Metric Level 

Energy and material use 

Reduce the use of fresh water Fresh water consumption Liters Level 2 

Reduce material use Materials used Kg Level 2 

Reduce energy use Energy use kWh Level 2 

Increase the use of energy 

from renewable sources 

Percent energy from renewable 

sources 

% Level 2 

Natural environment 

Reduce the amount of waste 

generated before recycling 

Kilograms of waste generated 

before recycling 

Kg Level 2 

Reduce greenhouse gas 

emissions 

Global Warming Potential 

(GWP) 

Tons of CO2 

equivalent 

Level 3 

Reduce emissions of acid 

gasses 

Acidification potential Tons of SO2 

equivalent  

Level 3 

Phase out all PBT chemicals Kg of PBT chemicals used Kg Level 3 

Economic performance 

Reduce all EHS compliance 

costs 

Costs associated with EHS $ Level 1 

Zero consumer complaints or 

returns 

Rate of customer complaints 

and returns 

Complaints/

returns per 

product sale 

Level 2 

Increase stakeholder 

involvement in decision-

making 

Organizations openness to 

stakeholder review and 

participation in decision-

making process 

1-5 Level 2 

Community development 

and social justice 

Increase community spending 

and charitable contributions 

% of revenues allocated to 

communities and charity 

% Level 2 

Increase employment 

opportunities for locals 

Employees per unit of 

product/dollar sales 

Number/$ Level 2 

Increase community-company 

partnerships 

Number of community-

company partnerships 

# Level 2 

Workers 

Achieve zero lost workdays as 

result of work-related injuries 

and illnesses 

Lost workday injury and illness 

case rate 

Rate Level 2 

Increase the rate of employee 

suggested improvements in 

quality, social and EHS 

performance 

Rate of employees‟ suggested 

improvements in quality, social 

and EHS performance 

Number of 

suggestions 

per 

employee 

Level 2 

Reduce turnover rate Turnover rate Rate Level 2 

Increase employee training Average number of hours of 

employee training per year 

Hours Level 2 

Increase employee well-being 

and job satisfaction 

Percent of workers, who report 

complete job satisfaction 

% Level 3 

Products 

Design all products so that 

they can be disassembled, 

reused or recycled 

Percent of products designed 

for disassembly, reuse or 

recycling 

% Level 4 

Use 100% biodegradable 

packaging 

Percent of biodegradable 

packaging 

% Level 4 

Increase percent of products 

with take-back policies 

Percent of products with take-

back policies in place 

% Level 4 
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Table 25 – Sample indicators used in ISO 14031 evaluations. (Source: Putnam and Keen, 2002) 

Operating Performance Indicator 

(OPI)  

Management Performance Indicator 

(MPI)  

Environmental Condition Indicator 

(ECI)  

Raw material used per unit of product 

(kg/unit)  

Environmental costs or budget ($/year)  Contaminant concentrations in ambient 

air (μg/m
3

)  

Energy used annually per unit of 

product (MJ/1000 L product)  

Percentage of environmental targets 

achieved (%)  

Frequency of photochemical smog 

events (#/year)  

Energy conserved (MJ)  Number employees trained (% 

#trained/to be trained)  

Contaminant concentration in ground- 

or surface water (mg/L)  

Number of emergency events or 

unplanned shutdowns (#/year)  

Number of audit findings (#)  Change in groundwater level (m)  

Hours of preventive maintenance 

(hours/year)  

Number of audit findings addressed (#)  Number of coli form bacteria per liter 

of potable water  

Average fuel consumption of vehicle 

fleet (L/100 km)  

Time spent to correct audit findings 

(person-hours)  

Contaminant concentration in surface 

soil (mg/kg)  

Percentage of product content that can 

be recycled (%)  

Number of environmental incidents 

(#/year)  

Area of contaminated land 

rehabilitated (hectares/year)  

Hazardous waste generated per unit of 

product (kg/unit)  

Time spent responding to 

environmental incidents (person-hours 

per year)  

Concentration of a contaminant in the 

tissue of a specific local species 

(μg/kg)  

Emissions of specific pollutants to air 

(tones CO
2
/year)  

Number of complaints from public or 

employees (#/year)  

Population of an specific animal 

species within a defined area (#/m
2

)  

Noise measured at specific receptor 

(dB)  

Number of fines or violation notices 

(#/year)  

Increase in algae blooms (%)  

Wastewater discharged per unit of 

product (1000 L/unit)  

Number of suppliers contacted about 

environmental management (#/year)  

Number of hospital admissions for 

asthma during smog season (#/year)  

Hazardous waste eliminated by 

pollution prevention (kg/year)  

Cost of pollution prevention projects 

($/year)  

Number of fish deaths in a specific 

watercourse (#/year)  

Number of days air emissions limits 

were exceeded (days/year)  

Management levels with specific 

environmental responsibilities (#)  

Employee blood lead levels (μg/100 

mL)  
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10.2 Measures of Intangible Value Domains 

 
Measures External 

Relationships 

Human competence Internal Structure Social Citizenship Corporate Identity Environmental 

Health 

Growth asset 

development 

 Revenue from target 

markets (%) 

 Ratio of image enhancing 

customers and total 

customers 

 Growth alliances 

 Satisfaction 

 Employees with higher 

education (%) 

 Years‟ of experience 

 Share of projects 

targeted at growth 

 Succession ratio 

 Ratio employee access to 

technology and data 

 Speed of employee 

/customer /supplier- 

orientation 

 Contributions to 

knowledge base 

 Growth customer 

base 

 Quality applicants per 

job opening (%) 

 Number of innovation 

channels 

 Succession planning 

 Leadership training 

 Values alignment 

 Waste per product (%) 

 Regulatory compliance 

 Renewal of used 

resources (%) 

 Local quality of life 

Efficiency of value 

conversion 

 Ratio contacts to 

contracts 

 Points of sale 

 Sales per customer 

 Customer orders 

 Value added per expert 

employee 

 Ratio non-revenue 

generating people 

 ROI from improvement 

ideas 

 Ratio revenue to admin 

support 

 Contracts per employee 

 Process cycle times 

 Product/service 

development costs 

 Brand recognition 

 Ratio job offers to 

acceptance 

 Market penetration 

 Speed of decision 

making 

 Successful hires 

 Brand recognition 

 Number of job 

applicants 

 Desirability of place to 

work/live 

 “Green” brand 

recognition 

 Resource availability 

Utilization  Frequency of customer 

contact 

 Repeat customers 

 Knowledge reuse 

 Diffusion of best 

practices 

 Competency utilization 

 Employee satisfaction 

Utilization rate of 

 Admin support 

 Hardware 

 Software licenses 

 Databases 

 Physical assets 

 Ratio local hires 

 Community 

involvement 

 Match sales to 

demographics 

 Levels of conformance 

to values 

 Retention of valued 

employees 

 Resource efficiency 

 Zero waste projects (%) 

 Number of breadth or 

depth environmental 

practices 

Stability  Frequency of customer 

contact 

 Loyalty 

 Turnover 

 Distribution of sales 

 Age by group (%) 

 Employee turnover 

 Ratio novice-expert 

 Contingent workers 

(%) 

 Employee satisfaction 

 Codification of 

knowledge / processes 

 Growth intellectual 

property 

 Staff turnover 

 Diffusion of ethics 

and values 

 Consistency of 

involvement 

 Consistency of 

behaviors 

 Consistency of value 

alignment over time 

 Level of employee 

awareness 

 Quality of environment 

(local/global) 

 Conformance to values 

and standards 

Renewal  Customer demographic 

change 

 Ratio large to small 

relationships  

 Diversity 

 Time in training 

 Budget share learning 

together (%) 

 Compatible systems (%) 

 Speed of change 

 Structure enhancing 

projects (%) 

 Percent of image 

enhancing projects 

 

 Frequency of revisiting 

values by leadership 

 Employee involvement 

 Non-renewable needed 

resources (%) 

 

Table 26 - Examples of measures of value domains (Source: Allee, 2001) 
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10.3 Data Collected in the Case Study 

Table 27 – Data for suggested indicators collected from Finess Hygiene 

Indicator ID Measurement Unit Year Source 

1.1 Export revenue Nordic 

market 

SEK 2009 Annual report 

1.1 Export revenue 

European market 

SEK 2009 Annual report 

1.1 Export revenue 

Non-European market 

SEK 2009 Annual report 

1.2 and 2.4 Net revenue SEK 2009 Annual report 

1.4 Customer satisfaction % 2009 Internal document 

2.1 Employees receiving 

regular performance and 

career development reviews 

% 2011 Interview – HR manager 

2.3 Employees working more 

than 20 years in the 

company 

% 2009 Interview – HR manager 

2.5 and 2.7 Employee satisfaction % 2009 Internal document 

(survey) 

2.6 and 5.3 Employee turnover % 2009 Internal document 

2.8 Share of female employees % 2008 Annual report 

2.9 Employee training Hours 2008 Interview – HR manager 

3.1 Intangible assets SEK 2009 Interview – CFO 

3.2 Investments in to product 

development 

SEK 2009 Interview – CFO 

3.3 Utilization rate of 

production equipment 

% 2009 Internal document 

3.4 Staff turnover % 2009 Internal document 

3.5 Investments in to 

machinery and equipment 

SEK 2009 Annual report 

3.6 Investments in to buildings 

and facilities 

SEK 2009 Annual report 

4.1 Employee illness rate  % 2009 Annual report 

4.2 and 5.2 Investments in to 

advertising and marketing 

SEK 2007 Interview – CFO 

4.4 Charitable donations SEK 2005-2009 Interview – CFO 

4.6 Rate of absence due to 

maternity or paternity 

leave 

% 2009 Internal document 

5.1 EHS operating costs SEK 2009 Interview – CFO 

5.6 Employee involvement % 2009 Interview – HR manager 

6.1 Waste generated Tons 2008 Internal document 

6.2 Environmental fines 

received 

SEK / # 2010 Interview – CFO 

6.3 Energy from renewable 

sources 

% 2009 Interview – CFO 

6.3 Raw material recycled % 2009 Interview – CFO 

6.4 Energy costs SEK 2009 Internal document 

6.4 Raw material costs SEK 2008 Annual report 

6.5 Raw material efficiency % 2009 Interview - CFO 

6.6 Total amount of CO2 

emissions 

Tons 2008 Internal document + 

Interview 

N/A Net value added SEK 2008 + 2009 Annual report 
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Table 28 – Benchmark data for indicators of sustainability collected 

Indicator ID Measurement Unit Year Scope of sample 

data 

Source 

1.1 Export revenue Nordic 

market 

SEK 2009 SNI 01-96 Statistics Sweden 

1.1 Export revenue 

European market 

SEK 2009 SNI 01-96 Statistics Sweden 

1.1 Export revenue 

Non-European market 

SEK 2009 SNI 01-96 Statistics Sweden 

1.2 and 2.4 Net revenue SEK 2009 SNI 01-96 Statistics Sweden 

1.4 Customer satisfaction % 2009 SNI 01-96 Svenskt kvalitetsindex 

1.6 Customer demographic 

change 

Years 2009 SNI 01-96 Statistics Sweden 

2.3 Employees working 

more than 20 years in 

the company 

% 2009 SNI 01-96 Statistics Sweden 

2.5 and 2.7 Employee satisfaction % 2009 SNI 01-96 Statistics Sweden 

2.6 and 5.3 Employee turnover % 2009 SNI 01-96 Confederation of Swedish 

enterprise 

2.8 Share of female 

employees 

% 2008 SNI 01-96 Statistics Sweden 

2.9 Employee training Hours 2008 SNI 01-96 Statistics Sweden 

3.1 Intangible assets SEK 2009 SNI 01-96 Statistics Sweden 

3.2 Investments in to 

product development 

SEK 2009 SNI 01-96 Statistics Sweden 

3.3 Utilization rate of 

production equipment 

% 2009 SNI 05-33 Statistics Sweden 

3.4 Staff turnover % 2009 SNI 01-96 Confederation of Swedish 

enterprise 

3.5 Investments in to 

machinery and 

equipment 

SEK 2009 SNI 05-33 Statistics Sweden 

3.6 Investments in to 

buildings and facilities 

SEK 2009 SNI 05-33 Statistics Sweden 

4.1 Employee illness rate % 2009 SNI 01-96 Statistics Sweden 

4.2 and 5.2 Investments in to 

advertising and 

marketing 

SEK 2007 SNI 05-33 Statistics Sweden 

4.4 Charitable donations SEK 2005-2009 SNI 01-96 Svensk insamlingskontroll 

4.6 Rate of absence due to 

maternity or paternity 

leave 

% 2009 SNI 01-96 Statistics Sweden 

5.1 Investments in to 

environmental R&D 

SEK 2009 SNI 01-96 Statistics Sweden 

5.1 EHS operating costs SEK 2009 SNI 01-96 Statistics Sweden 

5.6 Employee involvement % 2009 SNI 01-96 Statistics Sweden 

6.1 Waste generated Tons 2009 SNI 01-96 Statistics Sweden 

6.2 Environmental fines 

received 

SEK and  # 2009 SNI 01-96 Swedish Environmental 

Protection Agency (E-mail 

conversation) 

6.3 Energy from renewable 

sources 

% 2009 SNI 01-96 Swedish Energy Agency 

6.3 Raw material recycled % 2009 SNI 01-96 REPA 

6.4 Energy costs SEK 2009 SNI 01-96 Swedish Energy Agency 

6.4 Raw material costs SEK 2008 SNI 01-96 Statistics Sweden 

6.5 Raw material efficiency % 2009 SNI 01-96 Statistics Sweden 

6.6 Total amount of CO2 

emissions 

Tons 2008 SNI 01-96 Statistics Sweden 

6.6 Total amount of SO2 

emissions 

Tons 2008 SNI 01-96 Statistics Sweden 

6.6 Total amount of NOx 

emissions 

Tons 2008 SNI 01-96 Statistics Sweden 

N/A Net value added SEK 2007,2008,2009 SNI 05-33, 

SNI 01-96 

Statistics Sweden 
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10.4 Value System Examples 

 

Figure 31 – Example of what the value system looks like when implemented in Excel. This sheet shows the values used in the case study 
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Figure 32 – Visualization of how the results from the value system where indicators are mapped to their corresponding value domain and dimension 

 


