
Sustainable Production Research 
- a Proposed Method to Design the Sustainability Measures 

Maria Knutson Wedel1, Björn Johansson2, Andreas Dagman2, Johan Stahre2 
1 Department of Materials and Manufacturing Technology, Chalmers University of Technology, 

2Department of Product and Product Development, Chalmers University of Technology 
Sweden  

 
 
Abstract 
This paper describes a process to develop and apply measures in Sustainable Production Research. Specifically we 
have: A) Conducted workshops with researchers and industry on sustainability measures and monitored sustainability 
awareness of the participants through concept maps. B) Developed a proposal for measures based on literature 
reviews, results from workshops and interviews with researchers. C) Developed a generic method for evaluating 
sustainability measures related to production over time. 16 sustainability measures were defined as a starting set for the 
continuous monitoring. Concept mapping showed that participant have an uneven view on sustainability with emphasis 
on technology. 
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1 INTRODUCTION 
1.1 Evaluating sustainable production research  
Sustainability is of great importance today and emphasized within 
almost every area of society from kindergarten to governmental 
boards. A common definition is the one by The Brundtland 
commission in the report Our Common future 1987 [1]: "Sustainable 
development is development that meets the needs of the present 
without compromising the ability of future generations to meet their 
own needs". It is also considered that sustainability as a concept 
can be divided into three interdependent pillars; ecologic, economic, 
and social sustainability. 
Sustainability has also become more important for universities; the 
current vision of Chalmers University of Technology is “Chalmers - 
for a sustainable future”. The vision is realized through for instance 
The Sustainable Production Initiative, which is a concerted action 
together with Lund University. The Initiative tries to fulfill a 
multidisciplinary approach on sustainable production research, 
endorsed by companies in several industrial sectors. 
An important aspect of the Initiative is the intended impact on 
sustainability for our society. It was therefore decided to find a 
method to measure or estimate to what extent research will make a 
difference. The impact considered in our case is not only the actual 
implementations, since research in addition can result in changes in 
attitude leading to a long term effect. There are limited resources 
available on how to evaluate research, although there are plenty of 
resources regarding sustainability measures and indicators for 
evaluation of communities and industrial production [2],[3]. A 
multitude of different definitions and measures are available [2],[3], 
which complicates the process of finding the appropriate measures 
for a specific context. Furthermore, measuring a smaller set of 
indicators incorporates a risk for sub-optimizing as well as loosing 
the purpose of the measured indicators. Finally, measuring always 
brings the risk of using available data while wanting to capture more 
complex and immeasurable phenomena. 
In the described project we have investigated the possibilities to 

design measures suitable for evaluating research related to product 
development, production systems, and manufacturing processes. 
These measures should aim at both tracking and improving 
sustainability impact of research projects as well as in industry 
including the long term effects. The research questions are:  
How can sustainable production measures be designed to: 

• measure the impact of a research project within the 
applied area e.g. the industry? 

• estimate increased sustainability awareness? 
• inspire novel ideas and development promoting 

sustainable production? 
1.2 The Sustainable Production Initiative – facts and figures 
The Sustainable Production Initiative was granted financial support 
from autumn 2009. The vision of the Initiative is to produce cutting 
edge knowledge and increase research excellence in the area of 
incorporating sustainability in the core competencies in product 
development, production systems, and manufacturing processes. In 
five years and beyond the aim is to renew traditional production 
engineering research. The effort will create novel manufacturing 
technologies and production engineering methods that will support 
ecologic, economic and social sustainability. It will also create 
conditions for continuous innovation and possibilities to apply 
sustainable production engineering in Swedish industry. 
The Initiative incorporates over 100 researchers and spans, as 
mentioned, over two universities and numerous research groups, 
including cross-disciplinary efforts. The size and the width make it 
difficult to overview and monitor progress.  
1.3 Scope of the paper 
In this paper we aim to describe a method to evaluate or measure 
the impact of a large research effort in sustainable production. The 
evaluation is intended to capture actual implementations as well as 
changes in attitude leading to a long term effect. Specifically we 
have: A) Conducted workshops with researchers and industry on 
sustainability measures and monitored sustainability awareness of 



the participants through concept maps. B) Developed a proposal for 
measures based on literature reviews, results from workshops and 
interviews with researchers regarding how sustainability measures 
can be incorporated and utilized in research. C) Developed a 
generic method for evaluating sustainability measures related to 
production research over time. 
 
2 STATE OF THE ART  
2.1 Sustainability measures and indicators today 
In industry today sustainability measures are common. Ideally 
measures can be a guide to where you are, where you are heading 
and how far you are from the ultimate vision. There are parameters 
(figures you measure), indicators (figures that indicate something) 
or index (several indicators combined into one). They can be used 
for benchmarking, decision making, measuring or guiding to 
improvement on the operational level or enabling companies to 
identify more innovative solutions to sustainability challenges [4]. 
Feng et al. [2] describes a multitude of various measurement 
initiatives for measuring sustainability metrics. Previous research 
and current developments lifted are for example [2]: Global Report 
Initiative, Dow Jones Sustainability Index, Environmental 
Sustainability Indicators, Environment Performance Indicators, 
United Nations Committee on Sustainable Development Indicators, 
OECD Core indicators, Ford Product Sustainability Index, GM 
Metrics for Sustainable Manufacturing, ISO 14031 environmental 
performance evaluation, Wal-mart Sustainability Product Index and 
Environmental Indicators for European Union. Four fundamental 
principles form a framework for sustainability upon which 
sustainability indicators should be built [5]: 
1. Substances from the earth's crust cannot systematically 

increase in the biosphere. 
2. Substances produced by society cannot systematically increase 

in the biosphere. 
3. The physical basis for the productivity and diversity of nature 

must not be systematically deteriorated. 
4. There must be fair and efficient use of resources to meet 

human needs. 
In addition, there are other important properties that indicators 
should fulfill. For instance, many agree on six important properties 
of good indicators or measures [2]: 
• Relevant: Indicator must show useful meaning on the 

manufacturing processes under evaluation. It must fit the 
purpose of measuring performance.  

• Measurable: Indicator must be capable of being measured 
quantitatively or qualitatively in multi-dimensional perspectives, 
e.g., economic, social, environmental, technical, etc.  

• Understandable: Indicator should be easy to understand by the 
community, especially, for those who are not experts.  

• Reliable/Usable: Information provided by indicator should be 
trusted and useful. Reliable measurement is necessary.  

• Data accessible: Indicator has to be based on accessible data. 
The information needs to be available or can be gathered when 
needed.  

• Flexible: An indicator must be compatible with open standard 
expressions, such as ontology base and XML documents, to 
support long-term archival and flexibility for future generations. 

Further, “Sustainable Measures” (a consulting firm promoting 
sustainable communities through development and use of 
indicators) [6] recommends that an indicator should be truly 
sustainable as opposed to traditional indicators of economic, social, 

and environmental progress. Traditional indicators - such as water 
quality - measure change in one part of a community as if entirely 
independent of the other parts. Sustainable indicators – such as 
Use and generation of toxic materials (both in production and by 
end user) - reflect the close connections of the three pillars of 
sustainability, in this case with emphasis on measuring activities 
causing pollution.  
Finally at the National Institute of Standards and Technology (NIST) 
workshop “Sustainable Manufacturing: Metrics, Standards, and 
Infrastructure” 2009 it was recommended to pursue a multi-level 
approach for metrics, with simple metrics at the highest level [7]. 
Veleva et al. [3] has also recommended a five level approach for 
indicators; 1) Facility compliance 2) Facility Material use and 
performance 3) Facility effects 4) Supply-chain and product life-
cycle and 5) Sustainable systems. 
2.2 Monitoring changes in awareness by Concept maps 
Monitoring sustainability awareness is not a straightforward task. 
However, there are some examples e.g. from research regarding 
engineering education for a sustainable future where they used 
concept mapping [8]. The technique was developed by Joseph 
Novak and his research team at Cornell University during the 1970s 
as a mean to represent the increased knowledge among students 
[9]. The concepts are represented by squares and are connected to 
each other by relation lines. Along the relation lines phrases such 
as “is solved by” and “is realized by”, are used to describe the 
relation. The final visualization of concepts and the relations 
between the different concepts is called a concept map.  
The technique has been used at five European universities of 
technology, where nearly 500 students participated. It was 
concluded that concept mapping showed to be an appropriate 
assessment tool to evaluate cognitive knowledge or awareness [8]. 
A comparative study was made at Chalmers on the evaluation of 
increased awareness for PhD-students after participating in a 
course on sustainability [10]. Concept maps before and after the 
course were compared to evaluations of their final essays on how 
their research related to sustainability. A strong correlation was 
found between a high index of the concept map and a clear view on 
sustainability in the essay. Based upon the suitability of the 
technique and the previous well verified results this seems to be an 
appropriate tool to evaluate changes in awareness in our case.  
 
3 METHOD - A PROPOSED PROCEDURE TO MONITOR 

SUSTAINABLE PRODUCTION RESEARCH  
Based upon the nature of the Sustainable Production Initiative 
project the procedure for finding the proper sustainable measures is 
quite complex. During the early phase of procedure development it 
was clearly stated that the individual researchers as well as the 
industrial participants should be incorporated in the work of defining 
the measures for sustainability. It also became clear that there is a 
need for not only evaluating but also encourage innovative ideas. 
Based upon this reasoning a procedure is proposed consisting of 
the following three methods and tools; Interviews, Workshops and 
Concept mapping. In addition it is important that the measures 
decided upon are up-to-date, aiming for inclusion of novel thinking. 
3.1 Interviews 
Interviews were made with the researchers with the aim to increase 
the knowledge regarding what sustainability measures they could 
use in the ongoing research projects today as well as in the near 
future. These measures could both be quantitative as well as 
qualitative. For the industrial participants workshops were 
organised, as described below. The interviews with the researchers 
were conducted as one hour semi-structured interviews using open 
but structured questions, according to Kvale [11]. A total of nine 



interviews were conducted and a majority of these interviewees 
were project leaders for individual research projects within the 
Initiative which vouches for good insight on the measures and 
research projects. The interviewees were challenged to come up 
with possible measures regarding production sustainability in their 
research field; no guidance was given. 
One of the outcomes from the interviews was a gross list of 134 
measures/indexes/parameters. These measures were then 
categorized into a number of groups based upon the aim with the 
measure.  
3.2 Workshops 
The aim with workshops was multifold. They gave a possibility to 
gather knowledge on current use of measures for sustainability in 
industry and academia, they facilitated communication between 
participants, they supported learning of basic sustainability issues 
and they were opportunities to perform concept maps. It was 
decided upon a series of workshops with solely industry or 
academia as well as workshops where both parts were present. 
The type of workshop depended on the issues to be discussed, as 
well as the targeted outcome needed. 
In the first workshop, industry was assigned as the target group. 
The participants were responsible for research in industry or 
environmental engineers. The intention with the workshop was to 
find out how industries are measuring sustainability today, to find 
ideas and directions on how to measure sustainability within the 
initiative and to find out the current knowledge and awareness of 
sustainability in industry today. Prior to the workshop a message 
was sent to the attendees informing them of the discussion 
subjects. Hence they could gather information if they, as individuals, 
were not updated regarding details of the company perspective on 
sustainability. The same workshop setup was given to academia 
later 2010. 
The outcome, regarding sustainable measures, from these two 
workshops was quantitatively not as comprehensive as from the 
interviews. However, some deepened insight in what types of 
measures that are used within industry as well as in academia were 
brought into the light. The concept map exercise was also 
performed by all participants during both workshops.  
3.3 Concept mapping 
As described above, among both academic and industry 
participants, the changes in awareness of sustainability are to be 
monitored by concept maps (Cmap). The maps are to be made 
continuously including before and after the conduction of the 
research projects. As described in section 2.2. Cmaps has proven 
useful in previous research, especially regarding sustainability [8] 
[12]. In this project the knowledge and the awareness of sustainable 
production are of interest. During the two workshops the 
participants were given a short introduction on the Cmap process 
and its essentials, thereafter given an A3 paper each with the words 
“Sustainable production” printed in the middle. They were then, 
during 15 minutes, writing down all the concepts they thought was 
correlated to sustainable production and made the relations 
between these concepts. The total number of participants during 
the two workshops was 39 (21 at the industry workshop and 18 at 
the academia workshop).  
The analysis of the Cmaps can be either qualitative or, as in our 
case, quantitative. The quantitative analysis aimed at finding out the 
category relevance index as well as the complexity index [8]. The 
category relevance index provides information about what 
categories the participants think sustainable production is most 
related to. The complexity index, evaluates how rich and connected 
the participants see the concepts they relate to sustainability. The 
categories used in this research were developed by Segalàs [8] and 

are categorized as: 1) Environment, 2) Resource scarcity, 3) Social 
Impact, 4) Values, 5) Future, 6) Unbalances, 7) Technology, 8) 
Economy, 9) Education and 10) Actors and Stakeholders. A more 
detailed description can be found in [8]. 
The category relevance index value (CRi) is calculated using 
equation 1: 

 

𝐶𝑅𝑖 = 𝐶𝐷𝑖×𝑆𝐶𝑖
∑ (𝐶𝐷𝑖×𝑆𝐶𝑖)𝑖=𝑁𝐶𝑎
𝑖=1

             (1) 

 

Where CDi (Concepts’ distribution among categories) is calculated 
using equation 2 and SCi (Percentage of participants that write 
concepts assigned to a certain category) is calculated using 
equation 3. 

 

𝐶𝐷𝑖 = 𝑁𝐶𝑖
∑ 𝑁𝐶𝑖𝑖=𝑁𝐶𝑎
𝑖=1

              (2) 

 

𝑆𝐶𝑖 = 𝑁𝑆𝑖
𝑁𝑆

                            (3) 

 

Where NCa is the number of categories, 10 in this case, NCi is the 
number of concepts per category. NSi is the number of participants 
referring to a specific category i and NS is the sample number of 
participants that participated in the observation (in our case 39). 
The complexity index is a relative value which means that the index 
should be compared with another index that has the same 
prerequisites. The complexity index (CO) is calculated using 
equation 4: 

 

𝐶𝑂 = 𝑁𝐶���� × 𝐿𝐶𝑎             (4) 

 

Where 𝑁𝐶���� (average concept per participant) is calculated using 
equation 5 and 𝐿𝐶𝑎 (Relative measure of connections between 
different categories) is calculated using equation 6: 
 

𝑁𝐶���� =
∑ 𝑁𝐶𝑗
𝑗=𝑁𝑆
𝑗=1

𝑁𝑆
              (5) 

 

𝐿𝐶𝑎 =
∑ 𝑁𝐿𝑗
𝑗=𝑁𝑆
𝑗=1

𝑁𝐶𝑎×𝑁𝑆
              (6) 

 

Where NL is the number of links inter-category between concepts. 
In the current project the complexity index will be measured several 
times with different groups. The same group that participated in the 
two workshops will be going through the same exercise in a few 
years. It is thereby possible to compare the knowledge or 
awareness level between two occasions. 
3.4 Inspiring novel thinking 
In order to inspire novel thinking among researchers in the 
sustainable initiative, a new methodology on how to measure 
sustainability is needed. The reasons for a new methodology are 
twofold. Firstly sustainability by definition means that heed needs to 
be taken into account from a multitude of aspects, as stated earlier 
e.g. ecologic, economic and social sustainability. If researchers are 
to measure traditional measures such as e.g. energy consumption, 
kg material per product, cost per product, those measures one by 
one will lack the total sustainability aspect, and sub-optimization 



might be the outcome in the terms of sustainable production. 
Secondly, promotion of development towards even more 
sustainability considerations needs to be included, since what is 
considered sustainable thinking today might not be the case 
tomorrow. As an example we might choose to measure CO2 
emissions and develop production to emit less CO2 during our 
research efforts. The technology of tomorrow might be independent 
of CO2 emission, hence CO2 is not relevant and the measure is not 
up-to-date.  
Hence a methodology on how to enable flexible measures and to 
promote updating of the measures to more sustainable ones needs 
to be developed. The proposed methodology is described briefly in 
4.3. 
 
4 RESULT 
4.1 Proposed Measures 
Table 1 contains the preliminary list of 15 indicators or measures 
and the links to the respective pillars of sustainability. The number 
of possible measures from interviews and workshops were 134, 
whereof some overlapping, condensed into roughly 13 topics. 
These were checked against areas usually covered in the more 
extensive lists of indicators found in the literature such as those 
described by Feng and Joung [2] or Sustainable Measures [6]. To 
make the list more comprehensive indicators No. 2, 5, 6, 8 and 14 
were then added to the list. Finally, the wording was scrutinized to 
design extended measures that make it possible to capture several 
sustainability aspects simultaneously, the so called truly sustainable 
indicators as mentioned above. 
The resultant list of measures contains thus both measures used 
currently but also desired measures; what we would like to see 
measured. Lowell Center for Sustainable production suggests 22 
core single indicators for manufacturing companies on level 1-4 [4]. 
In the proposed list below many indicators are similar to theirs, but 
our list is focused on research activities, leading to improvements 
which might not be implemented in a short term view. One 
difference for many of our indicators compared to those developed 

by Lowell is that we have tried according to the suggestions made 
by Sustainable Measures [6] to develop the indicators to be “truly 
sustainable”, see above. For example Lowell measure “Fresh water 
consumption” while our suggestion is “Water consumption per 
usability of product”. To give an example; our indicator would 
capture if water consumption is decreased on the expense of 
usability (i.e. consumer satisfaction or water use during product life 
cycle). In addition, by evaluating “.. per usability” it is possible to 
capture if a company can produce more value (e.g. 
multifunctionality) at a fixed environmental expense. This is an 
important contribution to the concept of decoupling, see section 4.3. 
Usability is of course not quantitatively measurable in a traditional 
sense, it would have to been defined to 1 as a starting point and all 
changes are relative, estimated in percentage.  
Our indicators are different in terms of level of abstraction in 
accordance with the suggestion by NIST mentioned previously [7]. 
For example our indicator no. 12 is on level five according to Veleva 
[3] whereas indicator no. 9 is on level 2. Our list also lacks some 
common indicators, like tonnes of CO2 or SO2 equivalents. On the 
other hand we include “Reduction in environmental cost in 
environmental accounting” which captures CO2 today and is 
hopefully more robust in the sense that it would incorporate 
tomorrow’s unknown environmental challenges.  
The set of measures is still to be tested fully in action which will be 
starting 2011 by a dialogue procedure with a target group of 
researchers. A continuous improvement procedure is to follow. 
4.2 Sustainability awareness as determined by concept 

mapping 
The 39 Cmaps that were done during the workshops were 
quantitatively analyzed as described in section 3.3. The category 
relevance variables are presented in Table 2, where it is possible to 
note a highly uneven distribution of concepts referred to among the 
10 categories. 
 
 
 
 

INDICATOR  DESCRIPTION METRIC IMPACT ON SUSTAINABILITY PILLARS 
   ENVIRONMENT  ECONOMIC  SOCIAL  

1. Business  Number of new or reformed services, products and 
technologies leading to decoupling 

no. X X X 

2. Employment  Number of jobs created based on the project no.  X X 
3. Work safety  Ergonomic work environment increment per year  %  X X 
4. Education  Number of project member participation in societal events no X  X 
5. Finance  Percent of products and services developed where price 

reflects life-cycle cost  
% X X  

6. Transportation  Efficiency in transportation per usability %/% X X X 
7. Energy  Total energy consumption per usability  kwh/% X X X 
8. Water  Water consumption per usability of product  litre/ % X  X 
9. Hazardous                        
materials 

Hazardous waste generated by production operations per 
usability  

kg/ % X  X 

10. Materials Percentage increase in life length  and  material throughput  of 
materials/product  

% X X  
11. Recycling 
 

Number of design improvements permitting long 
life/reuse/recycling  

no. X X  
12. Global  Reduction in environmental cost in environmental accounting  euro X X  13. Air  Air quality index  AQI X  X 
14. Groundwater  Groundwater quality index  GWQI X  X 
15. Land use  Agriculture land lost to development in square km  km2 X X  

Table 1: Proposed preliminary measures in the Sustainable Production Initiative. 
 
 



Category C1  C2 C3 C4 C5 C6 C7 C8 C9 C10 
NCi 83 89 106 12 13 0 279 98 34 105 

CDi 10% 11% 13% 1% 2% 0% 34% 12% 4% 13% 

NSi 32 32 32 5 9 0 38 29 13 29 

SCi 82% 82% 82% 13% 23% 0% 97% 74% 33% 74% 

CRi 10,21% 10,95% 13,04% 0,23% 0,45% 0,00% 40,77% 10,93% 1,70% 11,71% 

Table 2: Results from the category relevance of the concept mapping performed, showing an uneven CRi. Legend: NCi: No of 
concepts/category, CDi: Concepts’ distribution among categories, NSi: Sample no of participants in the observation, SCi: Percentage of 

participants that write concepts assigned to a certain category, CRi: Category relevance index 
 

Figure 1 shows the category relevance index, CRi, for the 39 
participants at the workshop. The two groups, industry and 
academia, have not been differentiated from each other and are 
presented as a single result.  
The category relevance can be divided into three groups. In the first 
group there is only one contender, the technology category 
(Category Relevance index (CRi), 40,8%). Environment, resources, 
social impact, economy and stakeholders create a group with the 
second most relevant categories (CRi ~10%). In the third group and 
in the very bottom of relevance were values, future, unbalance and 
education.  
The complexity index, CO, evaluates how rich and connected the 
participants see the concepts they relate to sustainability. The 
complexity index for the current group of persons was 19.73 and is 
the reference measure to be used when comparing this result with 
the tests done in the future along with this project. It is, as a 
number, not relevant until we are able to compare this with results 
from a reference group which could be for example, a group of 
students but most interesting the same group of persons after one 
or two years.  
 

 
Figure 1: Category relevance index based upon the Cmaps 

 
4.3 Sustainable Production Measurement Methodology  
A methodology was developed to fulfill the two criterions stated in 
3.4 and hence inspire novel thinking. The methodology is promoting 
change of indicator by enabling the y-axis of figure 2 to be changed 
anytime. The number of changes of the monitored indicator will be 
collected, as well as the values of each indicator over time. A 
change of indicator can be done for different reasons: 

• New results can show that current indicator is irrelevant. 
• New results can show that another indicator is more 

sustainable. 

• New research results can show that current indicator has 
reached targeted value, hence the goal is fulfilled and 
new indicators are needed to set new goals. 

• External conditions have changed, hence another 
indicator is more suitable to monitor. 

I.e. there is a better more relevant and more important measure to 
monitor and influence with research results and development for 
more sustainable production. 
Figure 2 shows an example where the targeted value for currently 
monitored sustainability indicator is achieved. At that state it is 
possible to revise the measured indicator and switch to a more 
relevant one. And thus set a new target to reach out for with 
upcoming research efforts. 

 
Figure 2: Measurement including a change in indicator on Y-Axis. 

 
Important to notice is also that the indicator used (or the research 
goal) should not have positive effect on one of the three 
sustainability areas while having negative influence on any of the 
other two. If the future is to be sustainable, decoupling of the impact 
on ecologic, economic, and social sustainability is desired, see 
figure 3. 

 
Figure 3: Impact vs time for e.g. production. Right: Decoupling, 

where environmental load does not accompany economic growth. 
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5 DISCUSSION 
To support and evaluate the impact of the Sustainable Production 
Initiative a small number of precise measures would have been 
handy. The method for gathering measures showed, on the other 
hand, a highly complex image of a large number of possible 
measures. The literature study supported the complexity. However, 
through dialogue and workshops it was possible to introduce new 
thinking, relating production research to the three pillars of 
sustainability, ecological, economic and social as well as to the 
concept of decoupling. By combining results finally a starting set of 
sustainable measures were defined addressing at least two out of 
the three sustainability pillars each.  
It might be that researchers will find it difficult to use these 
measures, if one of the three sustainability aspects is not possible 
to measure or if it is considered not to be under influence of the 
actual research. In that case it should be determined that the 
sustainability aspect that is left out is at least not negatively affected 
by the research.  
The workshop discussions and the concept mapping revealed that 
industry has to some extent good knowledge on how to measure 
ecologic and economic sustainability. The social aspects were less 
structured. The background in technology of the  industrial as well 
as the academic attendees might have influenced this result. A 
valuable aspect of the workshops was to get the main actors, the 
industry and academia, gathered early in the project and to receive 
a reference value regarding their knowledge in sustainable 
production. 
The uneven result from the concept maps indicates that we need to 
increase the awareness of social aspects as well as the close links 
between the three pillars in order to achieve production solutions 
that are sustainable in the true sense. A continuous dialogue and 
arrangements of seminars, workshops and study visits are plausible 
solutions. This is also essential if research is to be challenged, and 
measures are to be refined and improved, allowing for novel 
thinking. 
 
6 CONCLUSIONS 
In this paper we have described a newly developed method to 
support and evaluate impact of research in sustainable production 
applied to a large research initiative at Chalmers University of 
Technology. The results are the following: 
• Dialogue by workshops for industry and academia combined 

with interviews with researchers and literature studies was a 
successful method to design a set of measures suitable for an 
incoherent group of production research projects 

• A condensed set of 15 measures have been identified, many of 
them truly sustainable in the sense that they are addressing 
several of the three aspects of sustainability simultaneously.  

• Concept mapping was found to be a suitable method to monitor 
sustainability awareness of the participants. The resultant 
measurement showed that the participants had a highly uneven 
view on sustainability where technology related issues were 
addressed foremost, while social issues like values and equity 
were not considered. 

• To develop generic and sustainable measures for evaluating 
sustainability related to production over time it is essential that 
measures can be changed over time to allow for technology 
leaps and novel thinking.  

 

7 FUTURE WORK 
The next step, of designing sustainability measures for sustainable 
production research, is coaching the participating researchers  
while they are implementing the proposed measures and the 
methodology followed by evaluation by for example conducting 
additional concept maps with the same set of participants. 
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