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A review of social sciencein fiveindustrial ecology journas
MATHIAS LINDKVIST & HENRIKKE BAUMANN
Department of Energy and Environment

Division of Environmental Systems Analysis

Chamers University of Technology

SUMMARY

A mgor am intheindustrial ecology (IE) field is to reduce environmental burdens
through industrial change. In order to aid and to reflect on this aim, scholarsin the field
have repeatedly called for or presented opportunities for research on the social aspects
of IE, such as organisation cultures, legislation and environmental policy. However, the
study of ‘social IE’ has remained fragmentary. In this study, an understanding for this
discrepancy between calls and amarginal progress is systematically searched for. Five
journasin the field are reviewed — Journa of Industrial Ecology; Progressin Industrial
Ecology; the International Journal of Life Cycle Assessment; Journal of Cleaner
Production; Resources, Conservation and Recycling — covering the years 1988-2010
and backed up by a continued reading of their table of contents into the year 2014. Both
‘social IE’ studies and |E studiesin general are covered. An empirically based approach
is used, resulting in the following findings. The number of articles published has been
growing rapidly since the first of the journals was launched, in 1988. JCP and PIE have
the highest shares of ‘social’ articles within each of the journals. A large number of the
studies, 49%, cover socia aspects, whereof economic aspects account for alarge part.
For both the studies on socia aspects in general and on economic aspects, the absolute
number of articles hasincreased over the years while their shares of the field have
remained stable. Analysing the whole field, the articles often seem to be user oriented
which importantly includes that they to arelatively little extent make explicit use of or
are explicitly designed to be compared to other studies. Also, when looking closer at the
‘social’ articles, it isrevealed that only asmall part of the ‘social’ aspects are researched
using social science theory, and then often using marginally established theories. In
addition, no or very few of the ‘social IE’ studies align to any of the paradigms that
represent alarge part of the social sciences during the last half century. Finally, from a
survey of proxiesof ‘social IE’ sub fields, four rather small groupings are identified: life
cycle costs, life cycle management, supply chain management with several associated
concepts, and socia life cycle assessment. Reflections on the limitations of this study
and on the findings as such point to possible needs for more holistic and society-wide
approaches to understanding the research problem identified in this study.
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1. Introduction

A central aim in theindustrial ecology (IE) field is to provide knowledge about how
industrial change may help reducing environmental burdens (cf JIE 2010). In order to
aid and to reflect on this aim, scholarsin the field have over the years called for or
presented opportunities for social science perspectiveson IE. Already in the early
1990s, Bruce Piasecki (1992) proclaimed that |E was a management science. The
launch of the journal Progressin Industrial Ecology (PIE), in 2004, was an attempt in
the same direction, by encouraging scholars to bridge | E to business, management and
organisational studies (Korhonen & Strachan 2004). More recently, in 2009, the
anthology “The social embeddedness of industria ecology” was published with the
aim of informing industrial ecologists about “the social science perspective” (Boons &
Grenville-Howard 2009:xvi). Since theissue of ‘social IE’ research is repeatedly
brought forward, there seems to be both a need for and an interest init.

However, nearly two decades have passed between the publishing of Piasecki’s
article and the release of The socia embeddedness of industrial ecology. Compared
to the broadness of this anthology’s title this hintsto a slow progress of actual
‘socia IE’ studies.

Thisfar, afew starting points exist for understanding this discrepancy. One
representative point comes from a persona reflection on cultural differences
between engineers and social scientists (see Baumann 2009). Another is based on a
description of the limited understanding of environmental issuesin onefield that I1E
has been trying to reach towards. corporate environmental management (CEM)

(also called organizations and natura environment-rel ated research) (Kallio &
Nordberg 2006; on the relevance of thisfield to |IE see Korhonen & Strachan
2004). These texts only provide tentative explanations, but, nevertheless, the
publication of such perspectives and the insights they provide make further
analysis of ‘social IE’ research seem both relevant and feasible.

Therefore, this study aims to broaden and deepen the understanding of this
discrepancy between the callsfor and actual development of ‘socia IE’ research.
In order to handle the large scope of the IE field the study is performed as a
literature review. Further, to cover thislittle and fragmentarily studied issue, the
review is designed as a systematic exploration.

In the next chapter, the scope of the IE field and the to the study central scope
of theterm ‘social’ are discussed. Also, the previous research found on the topic of
this study is outlined in more detail. Thisisfollowed by a description of the
research design of this study, where the focus lies on showing how the path
towards the aim of this project is attempted to be reached via a study of journal



articles. Specifically, the covering of both ‘social IE’ studies and of IE studiesin
general is explained. In the subsequent chapter, a quantitative presentation is made of
raw data from the results. Thisisfollowed by complementary comparisons of and
descriptions of a selection of seemingly particularly relevant results. Findly,
limitations and opportunities of this study are discussed, and they are presented
together with a summary of the findings from the previous chapters.



2. Points of departure

2.1. Industrial ecology as a field

The methodological platform of studies on material and energy flows related to
environmental impacts, and to these flows closely related aspects such as their
management, share similar borders to research usually gathered under the term IE (cf
JIE 2010). This both showsthat IE isin practice aresearch field and that the term’s
methodol ogical consistency makes its at |east moderately clear boundary useful asa
delimitation criterion for for example review studies.

Theresearch field of |IE is also internationally established through journals, a
society, and conferences. Two journals explicitly carries its name — Journal of
Industrial Ecology (JIE), published since 1997, and the aready in the Introduction
chapter mentioned Progressin Industria Ecology (PIE), launched in 2004. Asa
complement, the International Society for Industrial Ecology (ISIE) has been
promoting |E since 2001 and is associated to J E (ISIE 2012). Finally, two
biannual conferences exist, one organised by the Gordon Research Conferences
since 1998, and the ISIE Conferences, held since 2001.

2.2. ‘Social’ aspects

In this section, the use of the term “socia’ in thisreport is elaborated upon.

The use of the term ‘social’ in this report is closely related to the scope of the
report. Due to the seeming interest in and difficulty of progressing research on
aspects of |E that lie outside of the engineering and natural sciences, it isuseful to
denote al of these aspects using oneterm. We have in this report chosen to use the
term ‘social’ for this labelling since it is often used for covering this wide range of
issues in the broad use of the term socia science(s) (cf OED Online 2012b).

Therefore, ‘social’ coverage in this study includes human societal, group, and
individual aspects including psychology, as well as phenomenathat are usually
associated with human use and values, such as economy and management systems.

However, this should be noted to be more encompassing than the also common,
more narrow use of the concept social science(s), as well as both more narrow and
more wide than the use of the term “social’ in everyday language and in dictionary
definitions. For example, the common in use definitions of ‘social’ listed by
Oxford English Dictionary cover: the ability of persons and placesto facilitate
interaction between persons through talking and meeting; high society; referring to
many or all personsin a society; and relationships or groupings among humans,
animals and plants, respectively (OED Online 2010a).



2.3. Previous studies

The existing points of departure for studying the discrepancy between the calls for and
the progress of ‘social IE’ studies basically come from three studies. The findings
from these studies that have been found relevant to this project are outlined in the
following.

Thefirst identified starting point is a possible difference in the importance that is put
on the environmental aspects between |E and the socia sciencesthat |E has been
attempted to be bridged towards. In |E, environmental issues are at least moderately in
focus through environmental or flows assessments such as life cycle assessment
(LCA) and material flow analysis (MFA) (cf JE 2010). On the contrary, the social
science field CEM, which the PIE journal’s editors specifically mentioned as an area
that |E ought to be further bridged towards (Korhonen & Strachan 2004), has been
shown to be less ‘environmental’ than its name might indicate. In aliterature review
on the maturity of CEM studies, Kallio and Nordberg (2006) pointed out that its
scholars only to a small extent consider the natural environment.

Further, acomment by Fredrick H Buttel that a similar lack of incorporation of
environmenta values existsin environmental sociology points to a more general
difference in this aspect between |E and the social sciences (cited in Kallio &
Nordberg 2006:450). This might partly explain the little bridging this far between |E
and thesefields.

In addition, environmental sociology is more developed than O& E studies when it
comestointerna criticism and devel oping theories according to Kallio and Nordberg
(2006). Thisindicates that internal criticism in and maturity of afield, whose parent
discipline is management science or sociology, not necessarily is a sufficient condition
for fostering actua integration of environmental concernsinto it.

The second starting point originatesin an essay based on persona experiences of
interdisciplinary research. Baumann (2009) describes some differencesin practices
between scholarsin IE and in the social sciences. She makes sure that the reader
understands that her descriptions are “bordering to stereotype caricatures’ (Baumann
2009:55), and then pictures engineers as being motivated by the joy of solving urgent,
sometimes environmental, problems while not being particularly focused on
evaluating research quality. Contrary, the heterogeneous socia scientists are described
in her text as having plenty of respect for their study objects as well as for engineers’
knowledge.

Some opportunities for integrating | E research with socia science are put forward
by Baumann (2009) — using philosophy of science to create a mutual understanding,
publishing to al kinds of scholars, and being inspired by the satisfaction that
researchers have felt when performing interdisciplinary research.

In the already mentioned essay by Baumann (2009), the engineers are characterised
both as being creative and as not focussing on critical evaluation. It is not difficult to
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see how this creativity could foster calls for furthering ‘social IE’ research. However,
the creativity seemsto come together with less focus on critical evaluation.

Similar to this, CEM studiesis afield where self-reflection is not common,
according to Kallio and Nordberg (2006). They explain this phenomenon by the
till young age of their field.

Not focussing on critical evaluation may lead to the acceptance of more calls for
novel research endeavours such as integrating different research fields. At the same
time, this freedom could make the attempts too often fail if the new research
trgjectories are not enough scrutinised to reach alevel of quality that leadsto a
continuation of or from them.

In addition, Ehrenfeld has reflected upon the prerequisites for a mutual
interdisciplinarity between |E and the social sciences. Based on a reasoning made by
Habermas, he argues that agreements and consensus are hecessary as prerequisites.
“Shotgun marriages” are, on the other hand, claimed to be futile. (Ehrenfeld 2009:259-
260)

Ehrenfeld (2009) does not elaborate further on forced calls for integration, but
from this point of departure the research problem identified in this study, of a
discrepancy between the callsfor and little devel opment of “social IE’ research,
could make sense. The more solely the calls are focused on novelty, the less likely
that they are based on the at |east to some extent novelty harvesting process of
agreements and consensus creation.

Summing the above described points from previous research up, published arguments
are found on difficultiesin, motivating factors for as well as dangers of bridging IE
studies to the social sciences. Due to thisinterest in the issue and since it has been
little or mostly from social science perspectives studied this far, wefind it relevant to
give a descriptive account of the anatomy of ‘social IE’ research and to search for a
mapping of IE research in general.



3. Research design

In this chapter, the research design of this study is presented. First, theinitia literature
searches that led to the scope chosen for the project are presented. The research
guestions thereby formulated are then outlined. In the following section, the choice of
the study objects—journal articles— is elaborated upon, since it has guided the choice
of methodology for the study. Therefore, the reasons behind choosing them as well as
the selection procedure are described after the research questions. Subsequently, the
detailed research design that has been used for the study is being motivated, aswell as
the further analysis of the results obtained from applying the research design. Finally,
the practical tools utilised here, such as databases with search functionality, are
presented.

3.1. The path towards the study design

This study emanated from a desire to review how organisational aspects are studied in
IE. To get an overview and a starting point for such a study, keyword searches were
performed in abstracts, titles and keyword sections of journal articlesfromjournals
associated with |E, and using the research database Scopus for the practical carrying
out of this.

Through an iterative search process both a large number of search terms were
identified aswell as alarge number of articles retrieved when applying all these terms
in the same search. Search terms included for example “chain management”,
“organiza*” and “management science”, and eventually the key term list resulted in
1,435 articles matching at |east one of them, making up a substantial share of the
approximately 5,000 articles that they were delimited from.

A couple of characteristics are particularly notable about these 1,435 articles
regarding areview of research on organisational aspects. A large number of these
articles were found to cover organisational aspects. Also, many other socia aspects,
including economic ones, were identified, often together with organisational onesin
articles. However, whether an article covered organisational and/or other socia
aspects was in a substantial share of the articles found not to be quickly and easily
determined from for example searching their abstracts for certain keywords.

The large number of organisational and socia aspects studies and the difficulty in
delimiting them and rather often in even identifying them, led us to mapping not only
‘social IE’ research but also, as mentioned in the last part of the previous chapter, the
IE field at large. The study design to handle such a mapping is reasoned about and
presented in the following.

3.2. Research questions

Characteristics of the whole |E field have, as reasoned about above, been indicated to
be of relevance for understanding the “social IE’ research. The previous research
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presented in the above chapter also pointsin this direction. For example, it highlights
the (potentially) little presence of research evaluation both in the IE field and in
related social science fields (see Baumann 2009, Kallio & Nordberg 2006).

Also, the general |E research reviews of relevance for this study that have been
performed as far as we are informed are focussed on more specific issues. One of
these reviews is a general mapping of research on environmental product
devel opment (see Baumann et al. 2002). The other one points out some themes
relevant for how social aspects are defined in |E, such as articles related to history
and time and articles having parallels to the environmental management field
(Brunklaus 2010).

To cover this here potentially relevant and little studied subject, ‘social IE
studies have been complemented in this study by also reviewing |E studiesin
general.

In addition, before mapping in more detail the ‘socia |E’ research, an overview
of the amount of such studies that are performed in the field seemed useful to
provide.

The research questions described above, are thus:

1. How isthefield industrial ecology constituted?

2. Regarding ‘social’ aspects research in industrial ecology:

2.a. How large share of the industrial ecology research ison ‘social’ aspects?
2.b. How are the ‘social’ aspects studied?

3.3. Study objects

In this section, the delimitations of the study objects reviewed are presented. The
selection of acertain publication type of texts, journal articles, isfirst elaborated upon.
Thisisfollowed by an argumentation for narrowing this down to the articlesin five
specific journals. Publication years considered is then shortly reflected upon. Larger
delimitations are then given by us choosing to study primarily abstracts from a random
sample, and to study proxy areas of and conceptsin ‘social IE’ research.

These delimitations are coupled by the research questions presented in the
previous section (3.2.), and are graphically presented and related to these questions
in the last part of thissection, in Figure 1.

Journal articles

For several reasons, the study objects of this review have been delimited to journa
articles. Journal articles are considered to be the most prominent publication formin
particularly many of the natural and engineering sciences. Therefore, studies that have
been published in journa s have been recognised by a broader scientific audience than
might be the case for for example publicationsin report series of research
departments.



At the same time, a substantial part of the research in |E could be assumed to be
published in journas. Already the two journas carrying the field’s name, JIE and PIE,
have published 826 articles from the launch of the first of themin 1997 until and
including 2010. This could be compared to the limited possibilities in atextbook to
cover alarge share of the perspectivesin afield and in depth describe the contents.

Selection of journals

The selection of which journals to review has been based on two main criteria. The
delimitation of |E as environmentally oriented material and energy flows studies
discussed in section 2.1. has been used. Citation patterns add further information about
the relations between potentially relevant journals and their relationsto other journals.

Thejournasincluded are the previously mentioned JIE and PIE, aswell asthe
International Journal of Life Cycle Assessment (IJLCA), Journal of Cleaner
Production (JCP), and Resources, Conservation and Recycling (RCR).

The similarity between the |E delimitation used in this study and the five journals’
contents becomes clear from looking at their aims and scopes (see IJLCA 2011, JCP
2010, JIE 2010, PIE 2011, RCR 2010). In their officially stated aims, all five journals
describe afocus on contributing to decreased environmental impacts from human
activities. The actor most focused on in these journals’ aims descriptions is industry,
but all of them a so include academia, governments and society to alarge extent both
as research objects and as target audiences. Material and energy flows are especialy
central for [JLCA, JIE and PIE but aso important in JCP and RCR.

Thisis supported by the citing patterns that the scientific database Scopus provides,
presented in Table 1. Other journals that have cited and that have been cited by these
fivejournas do not have the same core focuses. Also, they are in most cases
considerably fewer times citing or being cited by the five journals.

From the citations overview in Table 1, the taken together high number of citations
between the five journasis seen. Particularly, IJLCA, JCP and JIE seem from these
figuresto be closealy related to each other. Also, somejournals not covered in this
study are, based on these figures, many times citing and being cited by al of or by a
majority of the five journals: Ecological Economics, Energy Policy, and
Environmental Science and Technology (ES&T).

Regarding these three journals not covered in this study, ES& T could be used as an
example of the difference in core focus from the five journals reviewed in this study.
ES& T covers “awide range of environmenta disciplines.” (ES&T 2012) Thereby,
ES& T does not have the materia and energy flows or the industry focus central to the
conception of IE here utilised.

Some caution should however be paid to the figures that this paragraph is based on
since several conditions affect the number of citations from and to articles. These are,
for example, the amount of articles published by each journal, and the lack of visibility
of multiple citations from and to a certain article in the procedure here used to retrieve
citation patterns from Scopus.






Table 1: Journa citations of and by the reviewed journals until and including 2010, according to
Scopus as of 29 Aug 2011

International Journal of Life Cycle Assessment
(1,020 IJLCA articles; 2,908 texts cite IJLCA,;
14,117 texts are cited by IJLCA)

Rank Articles citing IJLCA Articles cited by IJLCA
Publication Number | Publication Number
of of
articles articles
1 IJLCA 596 | IJLCA 626
2 JCP 184 |JCP 144
3 Environmental Science & Technology 134 | Environmental Science & Technology 131
4 JIE 123 |JIE 102
5 RCR 72| RCR 65
6 Energy Policy 40| Chemosphere 51
7 Waste Management 39 | Ecological Economics 50
8 Ecological Economics 38 | Environmental Toxicology and 40
Chemistry
9 Science of the Total Environment 34 | Energy Policy 38
10 Renewable & Sustainable Energy 26 | Science 38
Reviews
>10 |PIE* 6 | PIE** 1
Journal of Cleaner Production
(1,761 JCP articles; 7,570 texts cite JCP;
38,646 texts are cited by JCP)
Articles citing JCP Articles cited by JCP
1 JCP 752 |JCP 1,019
2 IJLCA 227 |IJLCA 282
3 RCR 165 | Ecological Economics 248
4 JIE 141 | Energy Policy 204
5 Energy Policy 116 |JIE 188
6 Environmental Science & Technology 110 | Business Strategy and the 168
Environment
7 Ecological Economics 91| RCR 162
8 Journal of Hazardous Materials 79 | Environmental Science & Technology 158
9 Waste Management 79 | Computers & Chemical Engineering 127
10 Journal of Environmental 76 | Energy 118
Management
>10 |PIE* 62| PIE** 18
Journal of Industrial Ecology
(690 JIE articles; 3,805 texts cite JIE;
17,393 texts are cited by JIE)
Articles citing JIE Articles cited by JIE
1 JIE 452 | JIE 567
2 JCP 186 | IJLCA 218
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3 Ecological Economics 161 | Ecological Economics 205
4 IJLCA 161|JCP 153
5 Environmental Science & Technology 155 | Environmental Science & Technology 151
6 RCR 92 | Energy Policy 128
7 Energy Policy 69 | Science 107
8 PIE* 51| RCR 105
9 Business Strategy and the 48| Energy 63

Environment
10 Journal of Environmental 41 | Nature 59

Management
>10 PIE** 12

Progress in Industrial Ecology*
(122 PIE articles; 87 texts cite PIE;
4,187 texts are cited by PIE)
Articles citing PIE Articles cited by PIE
1 PIE 141JCP 112
2 JIE 6 |JIE 88
3 Ecological Economics 5 | Ecological Economics 71
4 Sustainable Development 5 | Business Strategy and the 56
Environment

5 Geographical Journal 4|PIE 39
6 Environmental Science & Technology 3| Academy of Management Review 34
7 JCP 3| Energy Policy 27
8 Corporate Social Responsibility and 2|RCR 27

Environmental Management
9 Energy Policy 2 | European Journal of Operational 26

Research

10 Journal of Economic Behavior & 2 | Journal of Business Ethics 20

Organization
>10 RCR 1|/ 1JLCA 9
>10 IJLCA 0

Resources, Conservation & Recycling
(1,549 RCR articles; 9,282 texts cite RCR,;
28,730 texts are cited by RCR)
Articles citing RCR Articles cited by RCR

1 RCR 556 | RCR 593
2 Waste Management 390 | Waste Management 302
3 Journal of Hazardous Materials 369 |JCP 232
4 Bioresource Technology 199 | Bioresource Technology 189
5 JCP 141 | Water Science & Technology 186
6 Waste Management & Research 139 | Waste Management & Research 178
7 Environmental Science & Technology 126 | Cement and Concrete Research 169
8 Journal of Environmental 90 | Environmental Science & Technology 162

Management
9 Industrial & Engineering Chemistry 87 | Water Research 149

Research
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10 IJLCA 80 | Ecological Economics 128
>10 |JIE 76| 1JLCA 108
>10 PIE* 12 |JIE 98
>10 PIE** 8

* Covers only the PIE publication years 2006-2010, due to incomplete indexing in Scopus
** Covers the PIE publication years 2004-2010

Years covered

In order to cover all the years during which ‘social IE’ research has been an issue, al
completed volumes of the journals, at the time of data collection for this study, have
been included. This dates back to 1988 — for RCR — and includes articles up and until
2010. Thisis backed up by areading of tables of contents from these journalsinto the
year 2014.

Use of abstracts

Only abstracted articles have been included in thisreview in order to use the abstracts
to more easily study alarge number of articles at a moderate level of depth.

One necessary prerequisite for such an abstract-depending study design is that the
abstracts give thorough enough pictures of the corresponding full-texts. Thiswas at an
early stage of the process studied through screenings and found to be fulfilled.

Also, it isfeasible since most of the articlesin the journals are abstracted. The
share of articlesthat are not abstracted until and including 2010 is lower than 1/3 of
the total number of articles published for each of the five journals, and not above 5%
for PIE, JCP and RCR.

Further, most non-abstracted articles are considerably shorter than the abstracted
ones. Therefore, they can be assumed to represent lesstime put into the research
behind and the writing of each of them. Thus, the abstracted articles seem to represent
most of the research efforts put into the journals.

Sampling

An overarching further specification of how to study ‘social IE’ research is prompted
by the heterogeneity of these studies. The mentioned broad character of the
discussions on the issue points to a not held together research area (see Boons &
Grenville-Howard 2009, Korhonen & Strachan 2004, Piasecki 1992). This conclusion
is supported by the repeating of callsfor or presentations of opportunities of
researching the topic further.

Therefore, the ‘social IE” part of this study is divided into two sub parts: one broad
exploration and one more focused description. The broad exploration is motivated by
the possible difficulty to generalise from a small part of the ‘social IE’ studies. This
could for example be the case for the above identified potentially relevant aspect of
the level of critical research evaluation in the reviewed studies. A focussed study
could, on the other hand, be useful for outlining more specific ‘social IE’ sub areas or
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proxies of such. These areas might be small, and thereby possibly easily
overlooked in abroad exploration, and might at the same time indicate how
potential maturity of ‘social IE’ research has developed.

In order to explore genera features of |E research and of ‘social IE’ studies
(research questions 1. and 2., respectively), arandom sample of articles has been
used. The approach of random sampling was chosen because of the little previous
research, as described above, and because of the already mentioned heterogeneity
of at least ‘social IE’ studies.

A random selection of asuitable size is assumed to aid the understanding of the
‘average article’. This average is also made up of the heterogeneity that a random
sample at the same time aid in covering even when they only form a smaller share
of thefield.

Thus, asample of 200 articles was chosen. All of their 200 abstracts were
studied regarding general |E research characteristics. In addition, those of them
found to be covering social aspects— 98 articles— were further analysed regarding
these aspects.

The abstract studies were complemented by full-text studies. Thereby, afurther
verification of the relevance of the abstract studies could be obtained. Also, a more
detailed account could be created of the characteristics found in the abstracts.

Identified proxies of sub fields and concepts, on ‘social’ aspects

In addition to the random sample, in the reviewed articles 24 different and more
widely used concepts on socia aspects were identified and studied. Out of these 24
concepts, thirteen were found to be more central to the |E field and in total 583 articles
out of the reviewed ones were found to cover them. Further, four of the concepts were
particularly widely used for methodologica and conceptua purposes and have
therefore been treated as proxies for sub areas on ‘social IE’ research in this study. A
further description of the selection and handling processes of these 24 conceptsis
provided under the last sub heading in section 3.6.

Summary of the delimitations of the study objects
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Journals selected*:

JIE, PIE, IJLCA, JCP, RCR
5,598 articles, as of 28 July 2011 in Scopus

|

Years selected:

1988-2010
5,152 articles, 92.0% of the journal articles

|

Articles selected:

Abstracted articles
4,507 articles, 80.5% of the journal articles

v

Research question 1.

Sampled articles —
abstracts studied:
Studies of IE research in general

200 articles, 3.6% of the journal

v

Research question 2.b.

Proxy sub areas on ‘social’
aspects:
Four proxies, 121 articles

Additional concepts on ‘social’

aspects:
Nine concepts, 476 articles

articles

Research question 2.

Overview of these proxies and

Articles covering ‘social’ aspects concepts

abstracts studied in detail:
More detailed studies of research
on ‘social’ aspects

583 articles, 10.4% of the journal
articles

98 articles, 1.8% of the journal
articles

Representative full-texts
30 articles, 0.5% of the journal articles

*

JIE = Journal of Industrial Ecology
PIE = Progress in Industrial Ecology
IJLCA = International Journal of Life Ccycle Assessment

Jcp = Journal of Cleaner Production
RCR = Resources, Conservation & Recycling

Figure 1: The selection process with references to the parts
of the research design and with specification of the number

of articles studied

3.4. Methods

In this section both the overarching methods of the study and the specific methods
used are outlined. An empirically based approach has been used as the guiding method
together with the more detail oriented approaches of categorising the article contents
together with discourse analysis (DA), and being complemented by identifying proxy
sub fields and concepts on ‘social IE’ research.
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Empirically based approach

The guiding criteriafor the choice of method have been to reach sufficient width and
depth in the exploration of the articles, and moderateness regarding the size of this
study. In line with this framing of the study as focused on exploration and basing the
scope on the study objects, the rest of the general study approach has aso been
designed as empirically based. For that purpose it draws on inspiration from the
empiricaly based approach grounded theory (see Glaser & Strauss 2006).

The empirically based approach has its counterpart in using predefined
hypotheses to fit datainto. In line with this, no discrimination regarding tools and
methods for carrying out this study have initially been applied. Also, one central
aspect of the approach is to switch forth and back between the empirica domain
and the development of a structured understanding of it, in order to achieve a
relevant conceptualisation and to achieve it efficiently.

This efficiency is strived towards here by not seeking statistically significant
results, but by focusing on reaching a sufficient understanding for further
discussions and measures.

Comparing the above described procedures of the empirically based design of
this study, the sampling approach of this study might not seem feasible. Sampling
islessflexible since the study objects are pre-defined after the sampling has been
performed. This could result in missing important explanations that the flexibility
supported by an empirically based approach encourages us to find. Also, sampling
appearsto lead to unnecessary work, since an understanding of several aspects may
not need as many as 200 articlesto be studied. However, the sampling serves the
purpose of the time efficient procedure of analysing each article abstract from as
many of the relevant aspects as possible at only one reading of it and thereby
enabling the coverage of alarger number of articles.

The supposedly most effective and efficient approaches for reaching the aim of
this empirically based study were used for the more detailed design of the study.
These approaches were found to be a categorisation with discourse analysis (DA),
elaborated upon in the following and being a combination of qualitative and
quantitative approaches, and being complemented by identifying proxy sub fields
and concepts on ‘social IE’ research.

Categorising the contents

A categorisation approach is used as a method because of the combination of an
extensive and a diverse study material. In short, a number of categoriesfor sorting the
articles were identified and each article was evaluated regarding whether it ought to be
seen as belonging to each of these categories. This quantification has been seen as
suitable since a purely qualitative study would likely require a very extensive study
not to risk to miss potentially relevant explanations.

Which types of phenomena that are considered and identified in the texts
through the use of this categorisation is based on the effectiveness approach
promoted by the empirically based methodology. The goal of the information
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extraction isto sufficiently map key research characteristics in order to strive towards
the aim of this study.

A categorisation is also in other ways well-suited for the design of this study. By
basing the categorisation on the flexibility of an empirically based approach, a
possible critique that we are bound to a priori defined categories is partly handled. In
addition, the use of sampling, which was described in the previous sub chapter, seems
to fit the quantitative leg of categorisation.

Discourse analysis

In order to handle changes in research language due to trends and to be able to see
beyond rhetorical reasoning, the context sensitive method of DA is used asa
background filter throughout the analysis of the publications (Silverman 2006:223-
235).

3.5. Detailed design

For the full use of the empirically based approach, two sets of categories were created
and they were complemented by identifying proxy sub fields and concepts on ‘social
IE’ research.

Regarding the categories, both on |E research in general and on ‘social IE’ studies,
these were sdlected to cover both relevant terms and relevant practices— in line with
the |E field delimitation utilised in this study. Articles were considered to cover a
certain category only if it is substantially applied to the article, including
recommendations for further studies on the specific issue of the category. However,
due to the use of abstracts, the short length of many studied abstract texts did not make
it possible to categorise them with precision in al cases. As compensation, a ‘maybe’-
categorisation was used as a complement. Further, categories were added, modified
and discarded during the iterations.

A few categories, that were thought to be relevant for giving an overview of the
field or its social aspects research, were thus omitted in the presentations in this report.
The reason was that these phenomena were relatively little explicitly stated and that
the shortness of abstracts then made it difficult to practically study them through the
approach used in this study. These categories include whether the social aspects are
(mainly) technological systems’ impacts on humans, Of humans’ control of these
systems. Also, acategorising into articles aimed for business decision making,
industry policy or public policy was eventually omitted for the same reason.

Below, the different categories used and their relevance for this study are
described. The categories are grouped according to the two of the three main parts of
the research design: general |E research and ‘social |E’ studies in general. Thefirst
steps towards studying the third part — the identified proxy sub fields and concepts on
‘socid |IE’ research — are thereafter outlined.
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General industrial ecology research

This section on the analysis categories for |E in general is divided into four groups:
overarching categories; categories on technology, products and flows; on
environmental aspects; and finally a category on whether social aspects are covered.

The categories are also presented in two tables. A summary of the categoriesis
found at the end of this section, in Table 2. In the Results chapter, afull listing of
the categories and the results of the application of them onto the 200 sampled
articlesis displayed in Table 6.

Overarching

One step towards a description of the |E field used here is to categorise the articles
according to the basic types of research texts. This covers, for example, case studies,
method development, and discussion articles. Dividing |E articles between these types
is further motivated by the mentioning of some of these categoriesin the aims of the
five reviewed journals. Particularly, IJLCA mentions “actual LCAS”, “improvement
and development of LCA methodology”, and “LCA workshops, symposia,
conferences” (IJLCA 2011), while RCR callsfor “papers, reviews, analyses and case
studies on topics” (RCR 2010). In addition, the scientific study types cover many of
the key concepts of science, such as theory, methodology, and method (cf Silverman
2006:13).

In total, nine categories are used, and they are presented below. They are
organised in three groups — original research, in-depth studies of other research,
and other study types.

Original research is here divided into user oriented studies and integrated cases.
These cover finding mainly based on other sources than previously published
research or being clearly distinct from the review type of article. Also, the
definitions of the two categories depend on each other. The user oriented category
is designed to cover research that is mainly focused on for example a
commissioner’s needs while putting less emphasis on being requested by and
comparing its findings to other research. It was inspired by preliminary review
iterations that indicated many research articles with seemingly loose connections to
other research. Also, the mentioning of “actual LCAS” contrary to “case studies” in
the IJLCA aims (IJLCA 2011) inspired the inclusion of this category. Integrated
cases are, on the other hand, here defined as studies that put focus on being
requested by or comparing its findings to other research. The category is based on
Yin’s definition of a case study (Yin 2009), and since reviewing the journals
revealed that the term case in some instances is used for studies here categorised as
user oriented, the word integrated was added for clarity. Yin’s definition istargeted
to the social sciences but since the aspects referred to here are about basic research
principlesit is assumed to be applicable to | E research as well. He describes the
need to use a thorough methodology, including an extensive literature review,
when performing a case study, and the need to clearly present limitations and
strengths related to the choice of the case study as the research method (Yin
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2009:3). In line with this, he argues that it is useful for the carrying out of the study to
explicitly describe why and how the case has been chosen (Yin 2009:24).

Under the in-depth studies of other research, the four categories synthesis of cases,
development of research methodol ogy/methods, theory development, and review of
research are grouped. These categories are separated from for example discussion
articles, where more discussion oriented and more novel argumentations are
categorised. Among the categories, synthesis of casesis defined as syntheses that
focus mainly on bringing together a number of studies and with less focus on relating
this to broader methodol ogies/methods or theory.

In the third group, three additional study types are grouped based on that they do
not apply to any of the previous two groups. These categories are discussion articles,
descriptions of projects, etc, and lastly editorias of special issues, or conference
summaries. The discussion articles cover, as mentioned above, more discussion
oriented articles where a subject is discussed more freely and with less rigid backing
up from traditional research studies. The category on description of a project, etc, is
designed to represent articles describing for example projects where researchers
closely cooperate with industry, and where the description isin focus and little or no
analysisis performed.

Technology, products and flows

In this section on technology, products and flows, the categories are designed to aid an
understanding of how technology and industry are researched in |E besides their social
aspects. The categories are organised in five groups, with some overlaps. maturity
phases of technology and products and flows; study output; organisationa focus;
guantitative and qualitative approaches; and other categories.

The maturity phases of technology, products and flows are considered in order to
seek an overview of the study objectsin focusin IE, and to distinguish the potentially
more flexible early development phases from the in society more mature technologies,
products and flows. Five categories have been used, and ailmost all of the technically
oriented articles applied to at least one of these. The categories are product design;
development of new or well established or historical (focusing on a development
phase); introduction of new (focusing on an introduction phase); new; and well
established.

A study of the output from the |E articlesis carried out in order to try to understand
the form that is used for the presentation of research results. Two categories have been
identified — development of evaluation tools and development of frameworks — and
these were not designed to together account for all the technology oriented IE articles.
Development of evaluation tools represents for example software that is constructed to
provide alower difficulty and number of options for the user than less structured
evaluations would require. Development of frameworks is here associated with
structured analysis procedures that are more transparent to the user than the above
defined eval uation tools.

Organisational focus is designed to cover the scientific approaches regarding how
many and in which way that different organisations, such as companies, are included
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in the same study. Thereby, an identified link between technical and social aspects
is studied. The category systems spanning several organisations basically covers
whether an inter-organisational systems perspectiveis used, and in many cases
originating in the several systems tools, such as LCA, that are common in IE. The
category organisational differences guide study design but are not evaluated
themselves is designed to account for the studies where a multi-organi sational
perspectiveis used to compare different organisations and where this comparison
covers technical but not social aspects.

A second scientific approach that was studied was the choice of quantitative and
qualitative studies, respectively. These appeared to be more difficult to distinguish
from the texts than first expected. Thus, only two scarcely identified categories
were formulated: the use of simulations; and qualitative conclusions. Simulations
are, at least partly, quantitative by nature. They are also assumed to be large
undertakings, and since they thereby tend to dominate studies, they are here
considered to be of potential relevance. The presence of qualitative conclusionsin
thetextsis evaluated in order to map qualitative approachesin the wrapping up of
studies. Also, conclusions are expected to be intended for comparison to other
research, and therefore represent trends in larger parts of thefield.

Finally, four categories were designed to capture the extent and characteristics
of technically oriented articles that are more or less not covered by the above
categorisations. Articles covering technology or products or flows but none of the
above eleven categories were distinguished, as well as articles where it was unclear
how or whether technology or products or flows were studied. As a complement to
these three categories, the articles clearly not covering technology or products or
flows were identified.

Environment

In this section, the design of the study of explicit environmental aspectsin the articles
is presented. Only environmental aspectsthat are explicit are considered sinceit is
difficult to distinguish between aspects that are implicit and not related to the
biophysical environment. Also, a screening performed in this study showed that al or
amost al of the articles reviewed here were, not surprisingly, found to explicitly or
more or lessimplicitly cover environmental aspects. Thus, afocus on only the
environmental aspects that are explicit is considered to offer a more nuanced picture
of the focuses of the articles.

The categories used for studying environmental aspectsin the articles are sorted
into four groups. As for the technically oriented aspects, some overlaps occur
between these groups. The groups are: closeness to nature, output from the studies,
scientific approach, and other aspects.

Categories on the closeness to nature are included for two main reasons. First,
they are designed for the study of whether or to which extent the approach to
environmental aspectsin IE research differ from the above mentioned limited
coverage of these in the neighbouring field of CEM studies. Thereby indications of
potential differences between IE research and environmental social science and the
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corresponding difficulties to exchange knowledge when fundamental differences exist
are sought. Second, and partly contrasting the previous reason, increasing closeness to
naturein studiesis assumed to be a driver for bridging to other fields related to
studying environmental aspects since a close study of the actual states of nature could
inform the researcher more clearly about the degree of potential needs for further
actions. Seven categories are used: explicit states of nature; risks assessed and thus
evaluation of potential threats; time aspects such as in the sustainability concept;
impact assessments or similar, such as global warming potential; inventory analysis or
similar, such as CO, emissions; flowsin regular use, such asrecycling; and the
unclear cases of whether flows in regular use, such as recycling, is studied. No
absolute hierarchy is supposed to exist between these categories, but, generaly, the
former ones are designed to represent a higher degree of closeness to nature than the
latter ones. The categories on flowsin regular use are included in order to represent
flows, such asrecycling, that directly affect factors external to the socio-technical
parts of society but where these relationships are not explicitly studied.

Similar to the technically oriented aspects focussed on in the above section, a study
is here carried out of the output from the |E articlesin order to understand the form
that is used for the presentation of research results. The same two categories as for the
technically oriented aspects have been identified — development of evaluation tools
and development of frameworks — and these are treated in the same way asin that
section.

A category relating to scientific approach is designed to map whether more than
one environmental issue, such as energy use and eutrophication, are included in the
same study. This gives information about any attempt for completeness regarding
coverage of the range of environmental issues.

Finally, and also similar to the technically oriented studies, four categories were
designed to capture the extent and characteristics of explicitly environmentally
oriented articles that are more or less not covered by the above categorisations.
Articles covering environmental aspects but none of the above ten categories are
distinguished, as well as articleswhere it is unclear how or whether explicitly
environmentally oriented aspects are studied. As a complement to these three
categories, the articles clearly not covering explicitly environmentally oriented aspects
areidentified.

Whether social aspects are studied

In this overview of |E research in general, the articles clearly or maybe covering social
aspects are also included in order to give a more complete picture of the field. The
ones clearly covering social aspects are further analysed using the framework
presented in the following section.
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Table 2: Extract of framework for analysing industrial ecology studiesin general

Main
] Sub sections Examples of detailed result categories
sections
. - User oriented (relatively large focus on the user
Original research )
and less on the relation to other research)
Type of X
In-depth studies of other )
study - Review of research
research
Other - Editorial of special issue, or conference summary
How technology/products/flows are studied
Study Maturity phase of - Product design
objects technology/products/flows | - Introduction of new
- Development of evaluation tool
Output
- Development of framework
Scientific Organisational focus - System spanning several organisations
approach Quantitative/qualitative - Simulation used
Other - Not studied
How the environment is studied
Study - Explicit states of nature
) Closeness to nature ) .
objects - Inventory analysis, e.g. CO2 emissions
- Development of evaluation tool
Output
- Development of framework
Scientific ) ) )
- System covering several environmental issues
approach
Other - Not studied

If social aspects are studied

Studies on social aspects in industrial ecology in general

Here, the general ‘social IE’ research aspects covered in this study are described. They
are, in addition to the above described general framework, applied to the articlesin the
random sample that were found to clearly cover social aspects. The analysis categories
used were divided into ten groups. A few of these are overlapping, and afew are
similar to the ones used for the general framework presented above. The groups cover:
whether the social aspects are about economy or about education as a study object,

respectively, whether the social aspects are related to other study objects,
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quantification of relations between socid aspects and other study objects, integration
of socid aspectsto other study objects, output from the studies, quantitative or
qualitative approaches, use of socia theory, paradigms, and other aspects. These
groups are further described in the following and summarised in Table 3, and fully
listed together with the results from the application of them to the 98 sampled articles
identified to cover social aspectsin Table 7.

Economic aspects were one out of two types of study objects that could be clearly
distinguished. The relevance of studying economic aspects here in order to understand
the autonomy of the field could be exemplified by a comparison that has been
performed between |E research and the neighbouring field ecological economics and
that resulted in the conclusion that |E can be seen as a sub field to ecological
economics (see Kronenberg 2006). Due to the apparent importance of economic
aspectsin |E studies, and due to the varying extent of the social aspectsthat were
found to be of an economic nature in the different articles reviewed, afurther divison
into five categories was made based on this extent. The categories refer to the extent
that the social aspects covered are on economic aspects, and they are: fully, between
fully and partly, partly, between partly and not, and not.

The second study object that has been clearly identified is education. JCP explicitly
lists education, training and learning as one of the journal’s sections (JCP 2010).

The relations studied between social aspects and other study objects are included
from three different perspectivesin order to map the combinations of different
knowledge types and the approaches used for these combinations. First, the existence
of such combinations is studied. The dividing of these study objects is based on the
three main areas used throughout this study — technically oriented, environmental, and
social aspects. The relating between different social aspectsisincluded in order to
show the extent of covering more than one socia aspect in each article. Scientific
knowledge is included as a separate category since it was identified in the articles and
sinceit is considered not to be covered by any of the above three ones. Finally, afifth
category on unclear information about to which study objects that the social aspects
arerelated is used to reflect an identified vagueness of the study of social aspects.

Second, the relations between socia aspects and other study objects are mapped
regarding quantitative comparisons. This could be numeric matrix evaluations such as
multi-criteriaanaysis (MCA). This group coversthe three main study object
categories listed for the previous group, since these were the identified ones.

Third, social aspects’ integration to other study objectsis covered. Integration here
refers to describing the shape of these relations, contrary to listing the different study
objects next to each other without further study of their relations. Similarly to the
previous group, the three categories of technically oriented, environmental, and social
aspects were identified and mapped.

Similar to the technically oriented and environmental aspects above, a study is here
carried out of the output from the articlesin order to understand the form that is used
for the presentation of research results on social aspects. Three categories have been
identified — the already in the above section on technically oriented aspects described

22



development of evaluation tools and development of frameworks, aswell as
recommendations for further studies — and these were not designed to together
account for al the ‘social IE’ articles. The extent of recommendations for further
studies is assumed to reflect the strength of relations between different research
endeavours.

Similar to the studies of technically oriented aspects, the scientific approach
regarding the choice between guantitative and qualitative studies was here covered.
The two categories that were identified as applicable were quantified conclusions
or clearly quantitative intermediate steps, and qualitative conclusions, respectively.
Quantitative approaches were found to be relatively easy to identify not only
regarding the final conclusionsin articles, contrary to qualitative approaches. The
presence of qualitative conclusionsin the textsis evaluated in order to map
qualitative approaches in the wrapping up of studies. Also, conclusions are
expected to be intended for comparison to other research and therefore represent
trendsin larger parts of the field.

In order to more directly compare the practices of ‘social IE’ research to
research practicesin the social sciences, the use of social theory was studied. The
articles were identified to use socia theory to varying degreesin their coverage of
socia aspects, and therefore three categories were used regarding this extent: fully,
partly, and not.

A second more direct comparison to the social sciencesis carried out via
paradigms. Thisis performed through just one of these disciplines — organisation
studies. The reason for choosing only this discipline isits broad range of coverage
of scientific approaches, theories, methods, and study objects (cf Hatch 2006:5),
compared to the more narrow coverage in for example sociology (see e.g. the
sociology textbook by Bauman and May, 2004). Such broad perspectives are also
not covered in any general overview of disciplines known to us. Also, organisation
studiesis one of the disciplines that |E research most clearly attempts to bridge
towards. The specific evaluation here performed is based on adivision into four
paradigms, approximately historically sequenced, which are outlined in the
organisation theory textbook by Hatch (2006). The paradigms are, and with
Hatch’s terminology stated within brackets when a different term is chosen than
Hatch uses: unit focus (pre-modern approaches), complexity (modernism),
symbolic-interpretive perspective, and postmodernism. The first one refersto the
study types that spurred the creation of organisation theory (its pre-history) (Hatch
2006:27). It mainly consists of two perspectives: treating organisations as held
together units, and aligning to issues of the daily work of managers, respectively
(Hatch 2006:27). The complexity approach (modernism) takes a step further by
studying organisations more in detail, but keeping the objectivist and positivist
stance from the unit approaches. This basisis developed by the symbolic-
interpretive proponents (their approach is also labelled constructivism), who
account for subjectivity and who believe that the effect of actions rather depend on
the subjective satisfaction of the involved persons than on the rationality of the
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action initself. A further differentiation is made by the postmodernists, whose
epistemology foundation is that no facts exist, but only interpretations, and that
knowledge thusis a play about power. (Hatch 2006:14)

Finally, and al'so similar to the technically oriented and environmental aspects, two
categories were designed to capture the articles that are more or less not covered by
the above categorisations. ‘Social IE’ articles covering none of the above 29
categories are distinguished, as well as articles where it is unclear how socia aspects
are studied.

Table 3: Extract of framework for analysing studies on social aspectsin industrial ecology

Main Sub sections Examples of detailed result categories
sections

If the social aspects are

Study objects about economy
Education
Related to...

Relation to . ) - ... Technology/products/flows
Quantification of relation .

other study o - ...The environment

objects - ...Other social aspects

Integration to...

- Development of evaluation tool

Output - Development of framework
- Quantified conclusions or clearly quantitative
Quantitative/qualitative intermediate steps
- Qualitative conclusions
Scientific )
Use of social theory
approach
- Complexity (rational and modernist)
Paradigm - Postmodernism, i.e. critical dissemination of
especially social power structures
Other - None of the above

Proxy sub areas in and concepts on social aspects in industrial ecology

The common criterion used here for determining ‘socia IE’ concepts of relevanceis
that a substantial number of articles use the same or similar specific key terms.
Further, and in addition to the level of focus on method aspectsin relation to these
concepts, the concepts are grouped according to the extent that they focus on the
social aspectsin question. Thisis used as a grouping criterion since the degree of
understanding of ‘social IE’ research is sought for.
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Four in these aspects particularly central ‘social IE’ concepts were found and
they are therefore treated as proxies of sub areas, with further studies of themin
order to emphasise their origins and anatomies. In addition to the descriptive value
of such amapping, a basis for understanding possible future devel opments of
research on ‘socia |E’ research is thereby sought for.

Nine concepts that to alesser degree apply to the centrality to IE criterion were
also identified. These are listed in this study, and briefly analysed, in order to give
abroader picture of the field’s research on social aspects.

3.6. Further analysis

All of the above described categories in the two frameworks and ‘social IE’ proxy sub
areas and concepts where used to create an overview of the studied material, while
only those parts that were found to be of special interest were used for the analysis that
lies behind the presentation in the Analysis chapter.

3.7. Research tools

The scientific database Scopus was used for retrieving bibliographic information,
including abstracts, for amgjority of the articlesincluded in this literature review. A
few publication years and issues for some of the five journals were not covered by
Scopus, and these were retrieved manually.

An EndNote library was then used for searching and categorising the articles,
and thislibrary did not include full-texts.
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4. Results

In this chapter, an overview of the publication patterns of the journals, and basic
guantitative results from applying the above described method are presented.

4.1. Publication patterns of the five journals

The publication patterns of the five reviewed journals can be summarised as steadily
growing since the start in 1988 and new journals were mainly launched during the first
ten years, which is aso presented through overviewsin Table 4 and Figure 2a. RCR
and JCP are the longest running ones of the journals, being published since 1988 and
1993, respectively, and followed by IJLCA in 1996, JIE in 1997, and PIE in 2004. All
journals except PIE show trends of increasing annual numbers of abstracted articles
during the period here studied. In general, the annual numbers of abstracted articles
are higher for the longer running of these journals, except for JCP which is the most
rapidly growing of the five journalsin this aspect, which isaso illustrated by

Figure 2a.

The number of abstracted articlesis considered to be a representative measure here.
Thisis based on the large share of the articles being abstracted, as described above,
and on that a screening, performed for this purpose during this study, of the journals
showed that the article sizes are amost constant during this time period within each of
thefivejournas.

One deviation from a constant increase in the number of published abstracted
articles can be seen in the year 2009. Two of the journals, RCR and JCP, published
fewer articles this year than during both the preceding and the following year. They
have published the same number of issues per year during thisthree year period and
the amount of non-abstracted articles does not show any signsto account for the
temporary decrease. What can be seen, isthat the around 2009 most fluctuating of
these two journals, RCR, published fewer number of pagesin 2011 than in 2010, but
not much, showing alonger term rise with short term fluctuations. Particularly, in the
end of 2010, three out of four consecutive issues — issues 11 and 12 of volume 54, and
issue 2 of volume 55 — contained a much higher number of pages than the average
issue, together having an average of 297 pages compared to 132 pages on average per
issue during the entire period of 2008-2010. No introductory commentsto each issue
have been found in RCR to explain this situation, and no obvious reasons such as
special issues have been found to be at hand.

In addition to the launch years and number of abstracted articles, some ranking
information is presented here to give an additional overview perspective. The standard
rating measure — the impact factors published in the Thomson Reuters Journal
Citations Reports — are presented according to the information provided by the
journals’ web pages. It is based on the average number of citations of each articlein
journals, and it ranges between 1.9 and 2.6 for the year 2009 for all of the journas
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here reviewed besides PIE. No impact factors are available for PIE, and, based on
the citation patterns presented in Table 1, such an impact factor could be assumed
to be considerably lower than for the other four journals. Additional, from the
journal web pages avail able, Thomson Reuters based statistics on the journals’
ranks within certain research sections provides further information. In the sector
“engineering, environmenta” 1JLCA holds rank 9 out of 42, and JIE holds rank 51
out of and IJLCA rank 37 out of 180 in “environmental sciences”, all in 2009. The
information is summarised in Table 4.

An overview is also given here for the 200 sampled articles, to facilitate
comparisons between them and the entirety of the journals. As presented in
Table 5, the numbers of articles sampled from each of the journals vary between 69
for JCP and 10 for PIE. The percentage of abstracted articles sampled in each
journal range between 3.1% for JIE and 6.0% for PIE, and averaging 4.4% for al
of the 200 sampled articles, as also presented in Table 5. A more detailed
visualisation of journals and years sampled isfound in Figure 2b. Some, but not
large variations, can there be seen and are also to be expected from the moderate
size of the sample.
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Table 4: Overview of the reviewed journals

Journal Published | Abstracted Impact factors 2009,
since papers until | in Thomson Reuters Journal Citations
and Reports*
including
2010
Number of Impact Rank in Rank in
factor | Environmental Engineering,
sciences environmental

Journal of Industrial 1997 478 2.4 51/180
Ecology
Progress in 2004 166
Industrial Ecology
International 1996 726 2.6 37/180 9/42
Journal of Life
Cycle Assessment
Journal of Cleaner 1993 1,667 1.9
Production
Resources, 1988 1,470 2.0
Conservation &
Recycling
Total 4,507

* All available information from the journal’s web pages is here displayed. No other sources were used.
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Table 5: Overview of the sampled articles

Sampled abstracted articles

Number of Percentage of each
journal’s number of
abstracted articles
Journal of Industrial 15 3.1
Ecology
Progress in Industrial 10 6.0
Ecology
International Journal of 40 55
Life Cycle Assessment
Journal of Cleaner 69 4.1
Production
Resources, Conservation 66 4.5
& Recycling
Total 200 4.4
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Figure 2a and Figure 2b: Number of abstracted articles in
the reviewed journals each year, in total (a) and sampled (b).

Sums included (‘triangle’ curves).

4.2. Applying the two frameworks

In this section quantitative results from categorising the 200 sampled articles are
presented. All categories described in sub chapter 3.5. are presented in two tables here
— Table 6 for the general |E research aspects of all the 200 sampled articles, and
Table 7 for the social aspects of the 98 of these articles that were identified as clearly
covering social aspects. Three figures are displayed for each category: the number of
articles clearly applying to the category, those maybe applying to it, and the sum of
these two figures. Also, thetitles of randomly sampled example articles are listed for
each category in these tables. Detailed descriptions are only be given for afew of
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these results in the next chapter, to sort out thein our view most relevant and
illustrative findings. For detailed quantitative results for each of the 200 articles, see
Table A.2 and Table A.1 in the Appendix.
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Table 6: Results of the framework for evaluating industrial ecology research in general, applied
to al 200 sampled articles

Main Sub Detailed result Yes May- Sum: Example articles, clearly
sections sections categories be Yes or attributed to the category
maybe
a. User oriented 75% 3% 78% | Insa et al (2010) Critical review of
(relatively large medical waste legislation in Spain.
focused on the user, RCR 54(12):1048-59.
and less on the Karavanas et al (2009) Evaluation of
relation to other the implementation of best
research if that is available techniques in IPPC
not covered by one context: An environmental
or more other performance indicators approach.
categories) JCP 17(4):480-6.
1. Original Lee et al (2010) A hierarchical end-
research of-life decision model for
determining the economic levels
of remanufacturing and
disassembly under environmental
regulations. JCP 18(13):1276-83.
b. Integrated case 9% 0% 9% | Toffoleto et al (2005) LCA of ex-situ
(relatively large bioremediation of diesel-
focus on the relation contaminated soil. IJLCA
to other research) 10(6):406-16.
a. Synthesis of 2% 0% 2% | Korhonen et al (2004) Editorial:
cases Towards progress in industrial
ecology. PIE 1(1-3):1-23.
b. Development of 11% 0% 11% | Dubreuil et al (2010) Metals
research recycling maps and allocation
I.A. Type methodology/ procedures in life cycle
of study methods assessment. IJLCA 15(6):621-34.
Kremer et al (1998) Waste treatment
2. In-depth in product specific life cycle
studies of inventories: An approach of
other material-related modelling: Part I:
research Incineration. IJLCA 3(1):47-55.
c. Theory 0% 0% 0% -
development
d. Review of 2% 0% 2% | Bjorklund et al (2005) Recycling
research revisited - Life cycle comparisons
of global warming impact and total
energy use of waste management
strategies. RCR 44(4):309-17.
a. Discussion 9% 3% 12% | Shapiro (2001) Incorporating costs
in LCA. IJLCA 6(2):121-3.
b. Description of a 9% 2% 11% | Molander et al (2004) OMNIITOX -
project, etc Operational life-cycle impact
3. Other assessment models and N
information tools for practitioners.
IJLCA 9(5):282-8.
c. Editorial of special 3% - 3% | Korhonen et al (2004) Editorial:
issue, or conference Towards progress in industrial
summary ecology. PIE 1(1-3):1-23.
11. How technology/products/flows are studied:
a. Product design 1% 0% 1% | Leibrecht (2005) Fundamental
principles for CAD-based
. ecological assessments. [JLCA
1. Maturity 10(6):436-44.
phase of
A. Study technolo- b. Development of 14% 3% 17% | Castillo Berthier (2003) Garbage,
objects ay/ new/well work and society. RCR 39(3):193-
products/ established/ 210.
flows historical Pfeifer (1996) Comparison between

filament lamps and compact
fluorescent lamps. IJLCA 1(1):8-
14.
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c. Introduction of
new

9%

1%

9%

D'Alessandro et al (2010) Energy
transition towards economic and
environmental sustainability:
feasible paths and policy
implications. JCP 18(6):532-9.

d. New

19%

1%

20%

Badawi et al (1992) Production of
acetic acid from thermally treated
sewage sludge in an upflow
anaerobic reactor. RCR 7(1-
3):201-12.

Dimitroff-Regatschnig et al (1998) A
techno-economic approach to link
waste minimization technologies
with the reduction of corporate
environmental costs: Effects on
the resource and energy efficiency
of production. RCR 6(3-4):213-25.

e. Well established

36%

0%

36%

Alonso-Santurde et al (2010)
Valorization of foundry sand in
clay bricks at industrial scale. JIE
14(2):217-20.

Owens (1997) Life-cycle
assessment: Constraints on
moving from inventory to impact
assessment. JIE 1(1):37-49.

B. Output

1.a. Development of
evaluation tool

9%

2%

11%

Karavanas et al (2009) Evaluation of
the implementation of best
available techniques in IPPC
context: An environmental
performance indicators approach.
JCP 17(4):480-6.

1.b. Development of
framework

1%

1%

2%

Arbiza et al (2008) Metaheuristic
multiobjective optimisation
approach for the scheduling of
multiproduct batch chemical
plants. JCP 16(2):233-44.

C.
Scientific
approach

1. Organi-
sational
focus

a. System spanning
several
organisations

39%

2%

41%

Bergsdal et al (2005) Environmental
assessment of two waste
incineration strategies for Central
Norway. IJLCA 10(4):263-72.

Weinzettel et al (2009) Assessing
socioeconomic metabolism
through hybrid life cycle
assessment: The case of the
Czech Republic. JIE 13(4):607-21.

b. Organisational
differences guide
study design but are
not evaluated
themselves

14%

3%

17%

Davis et al (2008) Electronic waste:
The local government perspective
in Queensland. RCR 52(8-
9):1031-9.

Fehr et al (2000) A practical solution
to the problem of household waste
management in Brazil. RCR
30(3):245-57.

2.
Quantita-
tive/
qualitative

a. Simulation used

4%

1%

5%

Matsuno et al (2000) Development
of life cycle inventories for
electricity grid mixes in Japan.
IJLCA 5(5):295-305.

b. Qualitative
conclusions

1%

0%

1%

Fratila (2009) Evaluation of near-dry
machining effects on gear milling
process efficiency. JCP 17(9):839-
45,

D. Other

1.a. Studied but
none of the above

2%

2%

Tram$ek et al (2007) Methodology
for determination of anaerobic
digestion kinetics using a bench
top digester. RCR 51(1):225-36.

1.b. Unclear how it
is studied

9%

2%

11%

Schmidt et al (2004) A comparative
life cycle assessment of building
insulation products made of stone
wool, paper wool and flax: Part 1:
Background, goal and scope, life
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cycle inventory, impact
assessment and interpretation.
IJLCA 9(1):53-66.

1.c. Unclear whether 5% - 5% | Korhonen (2005) Theory of industrial

it is studied ecology: The case of the concept
of diversity. PIE 2(1):35-72.

1.d. Not studied 15% - 15% | Bengtsson et al (2004) Actors and
interpretations in an
environmental controversy: The
Swedish debate on sewage
sludge use in agriculture. RCR
42(1):65-82.

Meech et al (2006) Transformation
of a derelict mine site into a
sustainable community: The
Britannia project. JCP 14(3-
4):349-65.
IIl. How the environment is studied:

a. Explicit states of 0% 0% 0% | -

nature

b. Risks assessed, 2% 2% 4% | Morris et al (2008) Measuring

and thus evaluating environmental value for natural

potential threat lawn and garden care practices.
IJLCA 13(3):226-34.

c. Time aspects 2% 1% 2% | D'Alessandro et al (2010) Energy

such as in the transition towards economic and

sustainability environmental sustainability:
concept Feasible paths and policy
implications. JCP 18(6):532-9.

d. Impact 25% 1% 26% | Mufioz e al (1996) Using LCA to

assessment, e.g. assess eco-design in the

global warming automotive sector: Case study of

potential a polyolefinic door panel. IJLCA
11(5):323-34.

Pfeifer (1996) Comparison between
1 filament lamps and compact
A. Study C.I fluorescent lamps. IJLCA 1(1):8-
objects 0Seness 14.
to nature

e. Inventory 13% 2% 15% | Klgverpris et al (2008) Conference

analysis, e.g. CO; and workshop on modelling global

emissions land use implications in the
environmental assessment of
biofuels. IJLCA 13(3):178-83.

Ren et al (2009) Basic

petrochemicals from natural gas,
coal and biomass: Energy use
and CO2 emissions. RCR
53(9):513-28.

f. Flows in regular 5% - 5% | Heiskanen et al (2009) Policies to

use, e.g. recycling promote sustainable consumption:
Framework for a future-oriented
evaluation. PIE 6(4):387-403.

g. Unclear if flows in 3% - 3% | Sharma et al (1997) Environmental

regular use, e.g. and economic policy analysis of

recycling, is studied waste paper trade and recycling in
India. RCR 21(1):55-70.

1.a. Development of 8% 2% 10% | Allwood et al (2008) An approach to

evaluation tool scenario analysis of the
sustainability of an industrial
sector applied to clothing and
textiles in the UK. JCP

B. Output 16(12):1234-46.

1.b. Development of 2% 1% 2% | Heiskanen et al (2009) Policies to

framework promote sustainable consumption:
Framework for a future-oriented
evaluation. PIE 6(4):387-403.




C. 1l.a. System 23% 3% 26% | Burgess et al (2001) Desulfurisation
Scientific covering several of gas oil: A case study in
approach environmental environmental and economic
issues assessment. JCP 9(5):465-72.
Maurice et al (2000) Uncertainty
analysis in life cycle inventory.
Application to the production of
electricity with French coal power
plants. JCP 8(2):95-108.
1.a. Studied but 2% - 2% | Wilson et al (2007) Kerbside
none of the above collection: A case study from the
north-west of England. RCR
52(2):381-94.
1.b. Unclear how it 7% 2% 9% | Korhonen et al (2004) Editorial:
is studied Towards progress in industrial
ecology. PIE 1(1-3):1-23.
1.c. Unclear whether 6% - 6% | Haibin et al (2010) Recycling
it is studied utilization patterns of coal mining
D. Other waste in China. RCR 54(12):1331-
40.
1.d. Not studied 40% - 40% | Brent et al (2002) Status of life cycle

assessment and engineering
research in South Africa. IJLCA
7(3):167-72.

Inada et al (2001) Identification of
plastics by infrared absorption
using InGaAsP laser diode. RCR
33(2):131-46.

IV.If s

ocial aspects are studied

49%

9%

57%

Kronenberg (2006) Industrial
ecology and ecological
economics. PIE 3(1-2):95-113.

Wagner et al (2008) A new model for
solid waste management: An
analysis of the Nova Scotia MSW
strategy. JCP 16(4):410-21.
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Table 7: Results of the framework for evaluating research in industrial ecology on social issues,

applied to the 98 articles of the sample that cover social aspects

Main
sections

Sub
sections

Detailed result
categories

Yes

May-
be

Yes or
maybe

Example articles, clearly
attributed to the category

V.A.
Study
objects

1. If the
social
aspects
are about
economy

a. Fully

21%

21%

Burgess et al (2001) Desulfurisation
of gas oil: A case study in
environmental and economic
assessment. JCP 9(5):465-72.

Shapiro (2001) Incorporating costs
in LCA. IJLCA 6(2):121-3.

b. Between fully and
partly

3%

3%

Lave et al (1998) Recycling
postconsumer nylon carpet: A
case study of the economics and
engineering issues associated
with recycling postconsumer
goods. JIE 2(1):117-26.

c. Partly

26%

26%

Grigg et al (2001) A discussion on
the various methods of application
for landfill tax credit funding for
environmental and community
projects. RCR 32(3-4):389-409.

Sharma et al (1997) Environmental
and economic policy analysis of
waste paper trade and recycling in
India. RCR 21(1):55-70.

d. Between partly
and not

9%

9%

Baumgartner et al (2007) Analyzing
zero emission strategies regarding
impact on organizational culture
and contribution to sustainable
development. JCP 15(13-
14):1321-7.

e. Not

41%

41%

Bitterman et al (2009) Using
strategic sustainable development
as an approach to conflict
resolution. PIE 6(3):314-34.

Ceulemans et al (2010) Teacher's
manual and method for SD
integration in curricula. JCP
18(7):645-51.

2.
Education

7%

0%

7%

Steiner et al (2006) Higher education
for sustainability by means of
transdisciplinary case studies: an
innovative approach for solving
complex, real-world problems.
JCP 14(9-11):877-90.

V.B.
Relation
to other
study
objects

1. Related
to...

a. ...Technology/
products/flows

53%

7%

60%

Abd El-Salam et al (2010) In-plant
control for water minimization and
wastewater reuse: A case study in
pasta plants of Alexandria Flour
Mills and Bakeries Company,
Egypt. JCP 18(14):1403-12.

Sibley et al (1995) Metals recycling
in the United States. RCR 15(3-
4):259-67.

Weinzettel et al (2009) Assessing
socioeconomic metabolism
through hybrid life cycle
assessment: The case of the
Czech Republic. JIE 13(4):607-21.

b....The
environment

38%

5%

43%

Pye et al (2000) Making a stronger
case for industrial energy
efficiency by quantifying non-
energy benefits. RCR 28(3-
4):171-83.

Zah et al (2007) Curaua fibers in the
automobile industry - a
sustainability assessment. JCP
15(11-12):1032-40.
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c. ...Other social
aspects

57%

5%

62%

Hansen et al (2006) Agents of
change: universities as
development hubs. JCP 14(9-
11):820-9.

Kurczewski et al (2010) ISO 14062
in theory and practice-ecodesign
procedure. Part 2: Practical
application. IJLCA 15(8):777-84.

Maxwell et al (2006) Functional and
systems aspects of the
sustainable product and service
development approach for
industry. JCP 14(17):1466-79.

d. ...Scientific
knowledge

5%

1%

6%

Honkasalo (2007) Work and eco-
efficiency: Opportunities and
limitations. PIE 4(6):484-94.

e. ...Unclear

8%

8%

Helland et al (2008) Precaution in
practice: Perceptions, procedures,
and performance in the nanotech
Industry. JIE 12(3):449-58.

2.
Quantifi-
cation of
relation
to...

a. ... Technology/
products/flows

8%

4%

12%

Lee et al (2010) A hierarchical end-
of-life decision model for
determining the economic levels
of remanufacturing and
disassembly under environmental
regulations. JCP 18(13):1276-83.

b....The
environment

8%

5%

13%

Allwood et al (2008) An approach to
scenario analysis of the
sustainability of an industrial
sector applied to clothing and
textiles in the UK. JCP
16(12):1234-46.

c. ...Other social
aspects

2%

5%

7%

Skouloudis et al (2010) Assessing
non-financial reports according to
the Global Reporting Initiative
guidelines: Evidence from Greece.
JCP 18(5):426-38.

3.
Integration
to...

a. ...Technology/
products/flows

10%

1%

11%

Baldwin et al (2004) Modelling
industrial ecosystems and the
"problem" of evolution. PIE 1(1-
3):39-60.

Morris et al (2008) Measuring
environmental value for natural
lawn and garden care practices.
IJLCA 13(3):226-34.

b....The
environment

8%

1%

9%

Nishioka et al (2005) A risk-based
approach to health impact
assessment for input-output
analysis. Part 2: Case study of
insulation. IJLCA 10(4):255-62.

c. ...Other social
aspects

1%

0%

1%

Tudor et al (2007) Linking intended
behaviour and actions: A case
study of healthcare waste
management in the Cornwall
NHS. RCR 51(1):1-23.

V.C.
Output

1.a. Development of
evaluation tool

13%

2%

15%

Arbiza et al (2008) Metaheuristic
multiobjective optimisation
approach for the scheduling of
multiproduct batch chemical
plants. JCP 16(2):233-44.

Baldwin et al (2004) Modelling
industrial ecosystems and the
"problem" of evolution. PIE 1(1-
3):39-60.

1.b. Development of
framework

4%

0%

4%

Gao et al (2006) Education for
regional sustainable development:
Experiences from the education
framework of HHCEPZ project.
JCP 14(9-11):994-1002.
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1.c Further study
recommended

3%

0%

3%

Klgverpris et al (2008) Conference
and workshop on modelling global
land use implications in the
environmental assessment of
biofuels. IJLCA 13(3):178-83.

V.D.
Scientific
approach

1.
Quantita-
tive/
qualitative

a. Quantified
conclusions or
clearly quantitative
intermediate steps

52%

5%

57%

Forslind (2005) Implementing
extended producer responsibility:
The case of Sweden's car
scrapping scheme. JCP
13(6):619-29.

Lave et al (1998) Recycling
postconsumer nylon carpet: A
case study of the economics and
engineering issues associated
with recycling postconsumer
goods. JIE 2(1):117-26.

Lee et al (2010) A hierarchical end-
of-life decision model for
determining the economic levels
of remanufacturing and
disassembly under environmental
regulations. JCP 18(13):1276-83.

b. Qualitative
conclusions

54%

3%

57%

Costa et al (2006) An
interdisciplinary approach to
integrating sustainability into
mining engineering education and
research. JCP 14(3-4):366-73.

Liu et al (2009) Determinant factors
of corporate environmental
information disclosure: An
empirical study of Chinese listed
companies. JCP 17(6):593-600.

Waldron et al (2009) Strategic
leadership towards sustainability:
A master's programme on
sustainability. PIE 6(3):307-13.

2. Use of
social
theory

a. Fully

3%

1%

4%

Williams et al (2008) A life cycle
perspective on environmental
effects of customer focused
packaging development. JCP
16(7):853-9.

b. Partly

1%

3%

4%

Skouloudis et al (2010) Assessing
non-financial reports according to
the Global Reporting Initiative
guidelines: Evidence from Greece.
JCP 18(5):426-38.

c. Not

92%

0%

92%

Hansen et al (2006) Agents of
change: Universities as
development hubs. JCP 14(9-
11):820-9.

Kronenberg (2006) Industrial
ecology and ecological
economics. PIE 3(1-2):95-113.

Shapiro (2001) Incorporating costs
in LCA. IJLCA 6(2):121-3.

3.
Paradigm

a. Unit focus
(rational and
pragmatic)

58%

1%

59%

Godfrey et al (2009) Greywater
reuse in residential schools in
Madhya Pradesh, India-A case
study of cost-benefit analysis.
RCR 53(5):287-93.

Korhonen et al (2004) Editorial:
Towards progress in industrial
ecology. PIE 1(1-3):1-23.

Meech et al (2006) Transformation
of a derelict mine site into a
sustainable community: The
Britannia project. JCP 14(3-
4):349-65.

b. Complexity
(rational and
modernist)

40%

2%

42%

Gold et al (2009) Consumer
attitudes towards timber as a
construction material and towards
timber frame houses - selected
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findings of a representative survey
among the German population.
JCP 17(2):303-9.

Tudor et al (2007) Linking intended
behaviour and actions: A case
study of healthcare waste
management in the Cornwall
NHS. RCR 51(1):1-23.

¢. Symbolic-
interpretive
perspective

0%

0%

0%

d. Postmodernism
(critical
dissemination of
especially social
power structures)

0%

0%

0%

V.E.
Other

1.a. None of the
above

0%

0%

1.b. Unclear how it
is studied

13%

13%

Veiga et al (2009) Mill leaching: A
viable substitute for mercury
amalgamation in the artisanal gold
mining sector? JCP 17(15):1373-
81.

Wagner et al (2008) A new model for
solid waste management: An
analysis of the Nova Scotia MSW
strategy. JCP 16(4):410-21.
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5. Analysis

The findings from a further analysis of the results presented in the previous chapter are
here described. The focusis on descriptive accounts of the articles behind the results
figures, but first three quantitative views of the field are presented. They form a
continuation of the overview of publication patternsin the Results chapter. They
illustrate the numbers and shares of articles that were found to cover socia and
economic aspects, respectively. These overviews, and al so the subsequent findings,
are based on the categorisation frameworks applied to the sampled articles, but to
illustrate the here used categories further, examples of coverage of social aswell as
economic aspects are given in the third sub chapter. Thisis followed by a description
of the different study typesidentified in the sample. The description isthorough in
order to account for all of the many categories used for organising the study types.
Also, the extensive character of this sub chapter was chosen in order to assist the
readersinterested in evaluating the usefulness of the general method of this study.
Three more issues are presented after this sub chapter, covering the use of social
theory, the paradigms present, and the origin and anatomy of the identified proxy sub
fields of and concepts on ‘social |E’ research.

5.1. Social aspects most frequent in the major and minor
journals

As a starting point for an analysis of the results from this study, the journals are here
compared regarding their shares of the abstracted articles in the five journals until and
including 2010 in genera and on socid aspects, asillustrated in Figure 3. Notably, the
levels of articles on social aspects are higher than the average in JCP which cover 51%
of the articles on socia aspects and 37% of the five journals’ abstracted articles and in
PIE which cover 7% of the articles on social aspects and 4% of the five journas’
abstracted articles. In the other three journals thislevel islower than the average and
thisismost clear for IJLCA which cover 8% of the articles on social aspects and 16%
of thefive journals’ abstracted articles.
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Figure 3: Shares of industrial ecology articles in general and
on social aspects. Outer ring shows each journal’s share of
the number of abstracted articles in the five journals until
and including 2010. Inner ring shows each journal’s share of
the number of abstracted articles on social aspects in the five

Jjournals until and including 2010

5.2. Growing amount of research on social, economic, and other
aspects

In order to visualise the temporal trends regarding the number of published articles
covering social and economic aspects, respectively, five different sets have been used.
These are: 1. no social aspects, 2. unclear whether social aspects are studied, 3. socia
aspects that are entirely economic, 4. socia aspects that are partly economic, and 5.
social aspects that are not economic. All of these besides the first and the fourth set
directly correspond to categoriesin Table 6 and Table 7. The fourth set corresponds to
the three categories between fully and no economic focusin Table 7, since this set
represent all identified seeming to be mixes of economic and other social aspects.
Finally, the first set represents the remaining articles.

Normalising these sets of sampled categories to the total number of abstracted
articles during three year intervals shows that each of these sets represents a
considerable number of articles, asillustrated in Figure 4. The number of articlesin
these normalised accounts clearly covering social aspectsis alittle higher than the
number of articles clearly not covering social aspects, amounting to 49% or around
2200 articles for the former ones and to 43% or approximately 1900 articles for the
latter ones. The remaining 9% or ca 400 out of circa 4500 articles represent the
ones that could not clearly be categorized as either covering social aspects or not
from only studying their abstracts.
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Among the articles clearly covering socia aspects, the two largest sets are amost
of the same size. The set representing social aspects without economic coverage
amounts to 41% of the articles covering social aspects or approximately 900 articles.
The second largest of these three sets cover social aspects partly being economic, and
amounts to 38% or circa 830 articles. The additional 21% or around 460 articles
represent articles where the social aspects covered are entirely economic.

Also, each of these five sets amost constantly increases during the studied time
period, when divided into three-year groups as for the above reasoning, as Figure 4
illustrates. Some fluctuations occur, which could be expected considering the
moderate number of sampled articles. However, the number of articles either covering
social aspects or not, respectively, both continuoudly increase when using this form of
illustration method, regardless of how the articles that could not clearly be categorized
as either covering social aspects or not are accounted for.

No social aspects

# Unclear whether social
aspects are studied

m Social aspects: entirely
economic

= Social aspects: partly
economic

m Social aspects: not
economic

Figure 4: Number of the sampled articles in industrial
ecology covering social and economic aspects, normalised to

the total number of abstracted articles

5.3. Stable partition of the field

The temporal trends of the shares of ‘social IE’ articles are studied by making a
modification of the above figures on how the articles are categorised regarding if they
cover socia or economic aspects. The numbers of articles there presented are
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transformed to percentage shares for the five setsin three-year groups, as seenin
Figure 5.

For all sets except one, the trends are stable or amost stable. The only one that
seems to be changing during this time period is the increasing share of the articles
represented by the set of articles that cover social but not economic aspects.
Stability thus seemsto apply to the sets of: no social aspects, unclear whether
social aspects are studied, socia aspects that are economic, and socia aspects that
are partly economic. The details for the sets are visuaised in Figure 5.

100%
0% +— — — —F — — — —
80% — — — — — — — —
n% +— — — — — —— — — uNosocial aspects
60%
50% # Unclear whether social
40% aspects are studied
30% m Social aspects: entirely
20% economic
10% = Social aspects: partly
0% economic
m Social aspects: not
& economic
o7
S )
& O
S

Figure 5: Shares of the sampled articles in industrial ecology
covering social and economic aspects, normalised to the

total number of abstracted articles

5.4. Examples of social aspects

Here, afew illustrative articles from the sample are briefly presented. Thisis
performed particularly in order to clarify which types of articles that have been
organised as covering socia aspects in the categorisations carried out. Also, the five
more narrow sets that the articles were divided into — no social aspects, unclear
whether socia aspects are studied, social aspects that are entirely economic, socia
aspects that are partly economic, and socia aspectsthat are not economic — in the two
previous sub chapters, 5.2. and 5.3., are exemplified. Thereby, also the findings from
these two sub chapters are further illustrated.



Describing ‘social IE’ through the three articles summarised in this paragraph,
cannot, it should first be mentioned, however, result in afully covering picture. One
reason for thisisthe wide variety of socia aspects covered in the field, which was aso
one of the guiding principles when designing this study. However, even if these three
articles were chosen rather to represent the coverage of social aspects than to show
their variation, they seem to use clearly different approaches. As afirst example,
Baumgartner and Zielowski (2007) have compared a concept categorising industry
initiatives on zero emission techniques (ZET), to concepts on organisation culture and
to sustainable devel opment, respectively. The presented aimisto aid the
implementation of ZETs by performing this overview. In a second example, Insa and
colleagues (2010), propose the creation of a Spanish national regulation of medical
waste handling. They argue that thisisimportant due to differences found in regional
Spanish laws on the topic which are mapped and presented in the article. Here, laws,
as being tools for explicit control of human behaviour has led to categorising this
article as covering social aspects. Finally, in an article by Sharma and colleagues
(1997), economic, socia and environmental consequences of potential policies for
waste paper recycling in Mumbai, India, are assessed. Thisis performed based on
common techniques in the research area environmental economics. Sharma and
colleagues present policy recommendations, including a description of why the
affected policy contents only are dependent on each other in afew aspects.

As an example of articles categorised as not covering social aspects, a study of
chlorine flows by Kleijn and colleagues (1997) is used. They describe a combined
substance flow analysis (SFA), LCA, and toxicological risk assessment of chlorinated
hydrocarbons (CHCs) in the Netherlands, and commissioned by several Dutch
ministries. A calculation of the emissions reductions required by legidations agreed on
at the time of their study isincluded. This article thus covers legidation, but sinceit is
not explicitly evaluated, since no outspoken policy advices are given, and because of
the minor focus on legislation in the article, it has not here been categorised as
covering social aspects.

The articles where it was unclear whether social aspects were covered or not, are
here illustrated by an article on recovery and reuse of industrial cooling water. Y ou
and colleagues (1999) describe thistopic in Taiwan from several different
perspectives. They cover both nationwide characteristics and site specific data. Also,
they study technical feasibility for changes as well as mention the influence of
operator staff’s experiences for the daily operation of plants. In addition to these
operators’ experiences other social factors are more or less touched upon. Taken
together, it is unclear whether they represent a considerable part of the research
presented in the article. Thisis partly caused by the many different factors being
presented.

The extent of economic aspects covered in the articles where no other social
aspects are studied varies, and the example given here represents the articles where
economic aspects have amore central rolein the article. In the article, Dimitroff-
Regatschnig and Schnitzer (1998) present a techno-economic approach for assessing
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the difficult task of handling environmental challenges put on companies at the
same time as cost efficiency is sought for. They present a more systematic
approach than previous ways of linking environmental costs and revenues to
economic accounting systems as well as to potentia environmental company
initiatives.

In order to illustrate the combining of economic and other social aspects, a
study on the potential for recycling water in one areain Australiais used. In the
study, Hurlimann (2009) presents an overview of the distribution of water in a
water scarce areain the region Victoria and a survey of attitudesto for example the
price for a hypothetical use of recycled water. Thefirst part describes both
technical and economic conditions and suggests further studies of the water cartage
industry through a triple bottom line approach or through an LCA. In the survey
part, several attitude aspects were studied, but only willingness to pay figures are
presented as results. A method, that Hurlimann acknowledge is debated, from
environmental economics for estimating willingness to pay was used.

Finally, an example of an article covering social but not economic aspectsis
given. Meech and colleagues (2006) describe activities for the revitalisation of a
contaminated and run-down former mining site in Canada. They describe both
future plans and already carried through projects. Environmental and socia
aspects, such as wellbeing of residents and equity, are presented as being the
driving forces. Economic conditions are briefly mentioned but not emphasised and
therefore not considered as being clearly covered in this review. The importance of
cooperation and the design of the planning process are frequently highlighted but
not described further in the article by Meech and colleagues.

5.5. User oriented studies

Below, the types of studies, such as method development or case studies, found among
the sampled articles, are presented, describing each of the types separately. All study
typesinitially considered, except theory devel opment, were found among the sampled
articles. For an overview of the frequency of the types, see Table 8. The use of two or
more different types of studiesin one article is further explored in the user oriented
section below.

The study of the sampled abstracts lead to the highlighting of the importance of
connections between different research projects as a basic condition for the
possibilities of furthering connections between |E research and the social sciences,
and therefore this is subject to specific attention in the results presentation in this
sub chapter.



Table 8: Types of studiesin the sampled articles

Type of study

Typical study

Number of sampled
articles
(200 articles sampled,
whereof 41 apply to
more than one of the
investigated types)

Number of
sampled articles
only categorized

in one of the
categories below

% of the articles

% of the articles

User oriented Original 78% 63%
research, and not
clearly requested
by or findings not
clearly compared
to other research
Discussion 12% 4%
Development of research 11% 5%
methodology and
development of research
methods
Reporting, or 11% 3%
advertisement
Integrated case Clearly requested 9% 4%
by or findings
clearly compared
to other research
Editorial of special issue, 3% 0%
or conference summary
Synthesis of cases 2% 1%
Review of research 2% 1%
Theory development 0% 0%

User oriented

A majority of the sampled studies were found to be ‘user oriented’, meaning that the
articles are rather focused on for example a commissioner’s needs while not being
requested by or clearly being used to further other research, as opposed to for example
method devel opment and case studies. The user oriented studies are, for example,

studies of atechnical system or an environmental evaluation of a previously not
investigated issue, such as an optimisation of a waste water network using a new
approach (Karthick et a. 2010), and as the second hand use of clothes (Farrant et al.
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2010), respectively. The studies are often deep and narrow studiesthat to a
considerable degree are based on site and situation specific data, aspects that they
share with case studies.

To illustrate the user oriented type of study, the article by Farrant and
colleagues (2010), where they describe the properties of a phenomena closely
related to previous studies on the environmental impacts of clothes, is used.
Despite that several such previous studies have been performed, no citations of the
need to study second hand use are made. On the other hand, the problem approach
could be labeled as ‘quick and creative bottom-up’; the authors have discovered a
previoudy not identified issue, and investigate it immediately. (Farrant et al. 2010)

User ariented studies constitute the entirety of the articlesin 63% of the
sampled articles. Thisisthe single by far most frequently identified type of study
among the types of studies considered; the second most frequent type being
discussion articles, found in 12% of the sampled articles, and the second most
common study type to cover the whole of an article are the method devel opments,
that account for 5% of the 200 articles, asillustrated in Table 8.

In addition to the above mentioned 63% of the articles, in 15% of the 200
articles, user oriented studies are combined with, for example, method
development. Thisisillustrated by the above mentioned article by Karthick and
colleagues (2010), where astudy of a petroleum refinery is used to illustrate a new
method for water network optimisation. No investigation is made of the usefulness
of and opportunities to generalise from this example, and thus the example has
more the character of a user oriented study than of an integrated case study, even if
the proposed new method is based on a combination of previously established
methods.

In some of the articles here categorised as user oriented studies, the authors
designate them as case studies, but although the ambitions clearly are presented to
be a bridging to previous research, this have not been found to be treated at larger
degreesin these articles. For example, Niederl-Schmidinger and Narodos awsky
(2008) call their study a case, but their focusis on the study itself. The stated
reasons for carrying it out to fill research gaps while the usefullness of itsresultsto
fill these gaps are only shortly mentioned. Niederl-Schmidinger and
Narodod awsky present a comparative environmental assessment study of
biodiesel, using the LCA method and with a special focus on aggregating the
environmental impact results, but it is not evident that for example, as claimed,
their approach makes it easier for engineersto utilise LCA’s. (Niederl-Schmidinger
and Narodod awsky 2008)

Integrated cases

The studies that have been labeled as case studiesin this review are present in 9% of
the sampled articles and constitute the entirety of 4% of the 200 articles, which isaso
shown in Table 8, and it has been found that these articles are aso showing rather few
and weak connections to other research athough these links are more prominent than
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for the user oriented articles. Two main types of case studies can be distinguished:
cases used for adding examplesto a certain industry sector, such as the case of
comparing door panels for evaluation of using LCA as a method for assessing eco-
design in the automotive sector (Mufioz et al. 2006), and cases used for furthering
method devel opment, such as a study of housing insulation to exemplify a new
method for incorporating exposure and risk conceptsinto life cycle impact assessment
(Nishiokaet al. 2005). That these both examples are related to LCA also reflects that
47% of the samplesidentified as, fully or partly, being case studies are published in
IJLCA.

Although the cases are more clearly related to other research, the integration of the
studies with other studies takes up arelatively small share of their focus, and the
comparative study of car door panels by Mufioz and colleagues (2006) is here used to
illustrate it. The detailed result description in the article of acomparative LCA is used
for deriving a set of eco-design principles while the set is presented without references
to examples and without being further discussed and criticised. Also, arguments are
drawn from the study itself to explain the authors’ conclusion that LCA is very useful
for environmental evaluation of the studied car component, such as the discovery of
improvement potentialsin life cycle phases not expected to be of importance.
However, no other articles using the same or other methods or studying other car
components, or the lack of such studies, is used to forward the authors claim about the
general usefulness of LCA for environmental assessments of car components from an
eco-design perspective. (see Muiioz et a. 2006)

Synthesis of cases

In afew sampled articles, amounting to 2% of the 200 articles, different forms of
syntheses of cases are made, and where the links between the cases and the syntheses
vary in thoroughness. As an example, an introduction to a special issuein JCP on
regional sustainability initiatives that include university involvement, draw aggregated
conclusions from the other articles of that journal issue (Zilahy et al. 2009). However,
the introduction’s descriptions of the methods used in and conclusions drawn in the
articles of theissue only to asmall degree seem to reflect the overall conclusions
drawn. For example, the issue articles are said to generally show that outreach
activitiesin academia are not being well appreciated by researchers, but from the
individual descriptions of the articlesit is unclear in which of the studiesthat this has
been found and how it has been studied. (Zilahy et a. 2009)

Development of research methodology/methods

Some of the sampled articles cover method development, covering instances of both
thorough referencing to other research and where no links to other research are
presented. In total, 11% of the sampled articles cover method devel opment, while 5%
of the 200 articles are in their entirety reporting about method developments. Of the
sampled articlesidentified as covering method devel opment, alarge number of them
deal with development of method aspects of LCA and 57% of the method
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development articles are published in 1JLCA. The method devel opment articles cover,
for example, scenario methodology using LCA such as the addition of economic and
social assessmentsto the analysis of industria sectors (Allwood et al. 2008), and
exploration of the consequences of importing systems modelling of evolution into |E
(Baldwin et a. 2004). The article by Baldwin and colleagues largely contains areview
of existing methods, including fields outside of |E. They also present an evolutionary
modelling study of primarily employment and location of residential areasin an urban
system and draws parallelsfrom it to typical |E systems such as the modelling of
flows of metals. The drawing of these parallelsisthe core of the article, but unclear
description of the results and how the parallels were drawn make it difficult for the
reader to assess the usefulness of their suggested method devel opment.

Review of research

All three of the 2% of the sampled articles that cover reviews of other research use a
life cycle perspective, and an example on transportation in LCAsis here presented. In
the study by Jergensen and colleagues (1996) the contribution from transports in
different phases of the methodology and for different productsis screened using four
other studies. The short articleis used for suggesting further research on a few issues
indicated by the findings.

Discussions

As an example of the 12% articles categorised as covering discussions more or less,
the previoudly, in sub chapter 5.4, mentioned study by Baumgartner and Ziel owski
(2007) is here used. It draws preliminary conclusions from a comparison of existing
models by discussing ways for companies to work towards sustainability based on a
comparison of three existing frameworks, relating to technical, organisational and
sustainability aspects, respectively. The discussion is thereby used as away of quickly
and creatively reaching a hypothesis.

Description of a project, etc

The category on description of a project, etc, was found to cover 11% of the articles
more or less and is hereillustrated by a description of an environmental initiativein
industry. The article, by Donnelly and colleagues (2006) lists the contents of and
presents the pre-conditions for and the company’s perception of an environmental
management system created by a company in the mobility communications sector.
The ambition with the system is to cover their products’ entire lifecycles. Its
components, how the relation between these are designed, and responsibility
distributions are listed.

Editorials of special issues, or conference summaries

Editorials of specia issues and conference summaries, sometimes combined, comprise
aspecial type of articles, since they for the 3% of the sample categorised into thistype
more or less often cover arange of research that was selected and encouraged with
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less control from the author(s) of the together-binding article than for example a
review. Here an example that this partly appliestois briefly described. Schneider and
colleagues (2010) present and give some further comments to contributionsto a
special issue based on a conference on economic degrowth. In addition, a definition of
the topic is presented and future conditions for degrowth are discussed but not
emphasised.

5.6. Sparse use of social theory

In the reviewed articles covering socia aspectsit is seldom stated clearly that social
theory is used and the theories used seem often to be marginally established. Of the
articles covering social aspects 4% clearly use theory and 7% clearly or less clearly
useit. Two examples are here presented to illustrate the marginality aspect and the
unclear cases of whether socia theory is used, respectively.

An article by Williams and colleagues (2008) on customer focused design of food-
packaging from an LCA and customer perspective is here used to exemplify the use of
seemingly marginally established theory. In the article, the effects of packaging on
food losses are added to established environmental concerns of packaging. This
approach is combined with a ranking and characterisation of technical packaging
aspects according to a customer survey performed in another study. In this other study,
social theory was used: Kano’s theory of attractive quality. The aim of the theory is
according to Williams and colleagues (2008) to realise the creating of product
qualitiesthat are attractive to consumers, and the name of the theory indicates a
narrow range of application. The implications and applicability of the theory is not
mentioned in the article.

To illugtrate the relatively often occurring situations where it is unclear whether
social theory is used or not, an article on the diversity concept by Korhonen (2005) is
used. In the article, he presents a continuation of a study on possible contents of a
theory of industrial ecology. Both physical flows and organisational components are
mentioned, and in most cases these are combined into generalised statements, such as
the study of the existence of linkages between different companies. The explicit
mentioning of social aspectsin the article occurs through short discussions of the
implications of not including for example organisation culture aspectsin his study.

5.7. Focus on positivism

The socid aspects covered in the sampled articles were found to represent two of the
four paradigms present in organisation theory according to Hatch (2006). These are
the pre-modern and the more complexity focused modernist perspectives, thus
representing the positivist and historically earliest appearing stances, while symbolic-
interpretative and postmodern perspectives were not present although a very small
share of al of the sampled ‘social IE’ articles tend to go in the direction of a symbolic-
interpretative paradigm. Also, the pre-modern perspective is mentioned initialy in
Hatch’s textbook but not considered to be used in the organisation studies field. Thus
some overlap but also clear differences regarding perspectives used seem to exist
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between |E studies and this research field that they have been attempted to be bridged
towards. Below, afew examples are given to show actual forms of these two scientific
perspectives found in | E research.

The pre-modern approach is here illustrated by an article by Lee and colleagues
(2010) on a decision model for maximizing economic gain in end-of-life
management. Their model distinguishes between disposal and remanufacturing for
components of products and isfully quantitative. These few and only numerically
modelled conditions could be seen as atype within pre-modernist perspectives that
islocated relatively far from the complexity focussed modernist paradigm.

The complexity focus of the modernist paradigm is hereillustrated by a study
on precaution regarding nanoparticulate materials by Helland and colleagues
(2008). They study several different social aspects, such as exchange of risk
information with stakeholders and risk perception in the company, through a text
based survey. Thus, the studied aspects form a complex while the method of the
study isone-dimensional.

Finally, to exemplify how afew studies seem to go in the direction of the
symbolic paradigm but not very far an article by Wilson and Williams (2007) on
for example perception discrepanciesis used. They study the differences between
authorities peoples’ and the public’s indicators for evaluating a recycling system.
However, the authors suggest that the topic should be further studied using opinion
surveys, which leads it more towards the modernist paradigm rather than what a
more in depth analysis would have made possible.

5.8. Identified concepts on social aspects within industrial
ecology

Concepts on socia aspectsidentified in the journa articles here reviewed are
described in this subchapter. In total 24 concepts or concept groupings were found,
and they mainly cover management and economy aspects from a business perspective
while also afew concepts on policy, education and social responsibility were
identified (see Table 9 for afull listing of these concepts).
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Table 9: Concepts on socia aspects within industrial ecology

Concept(s) Number of abstracted
articles identified
Agent-based modelling & simulation 7
Business strategy 11
Cost-benefit analysis 27
Decoupling 11
Degrowth 4
Dematerialize 21
Education 158
(Extended) producer responsibility 29
Flow accounting 7
Human resources 12
Industrial symbiosis & eco-industrial parks 74
Input-output (economic modelling) 110
Institutional theory & capacity 8
Integrated management system 8
Integrated product policy 7
ISO 14xxx & EMAS (standards for environmental management) 50
Life cycle costs 52
Life cycle management 32
Life cycle thinking 28
Management accounting 10
Microeconomy & macroeconomy 16
Social life cycle assessment 16
Supply chain management 31
Technological change & innovation system, studies & theory 27

Four of these concepts were considered to be more central to the field, and thereby
have been treated as proxies of ‘social IE’ sub areas, and each of these areidentified in
between 52 and 16 articles— life cycle cost(s)/costing (LCC), life cycle management
(LCM), supply chain management (SCM) and associated terms, and social/societa life
cycle assessment (SLCA). These proxy areas are generally introduced in the first
subsequent part of this subchapter. Then, nine potentially central social concepts

identified are briefly reviewed.

Of the four proxy areas, three are found in all of the five journasreviewed, as
illustrated in Table 10. The exception is SLCA, found ailmost only in IJLCA. Thus, a
major part of the research relating to these proxy fields seems to be spread throughout

| E research and not limited to one or afew journals.
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Table 10: Number of articles on the four proxy sub fieldsin each journal

Journal Progress | International Journal of Resources, Total
of in Journal of Cleaner Conservation

Industrial | Industrial Life Cycle Production &

Ecology Ecology Assessment Conservation
Life cycle 7 1 25 11 8 52
costs
Life cycle 6 5 9 11 1 32
management
Supply chain 2 2 2 23 2 31
management
Social life 1 15 16
cycle
assessment

Life cycle cost(s) and life cycle costing

LCC ismainly used as a method for calculating costs along the entire product life
cycle, or along alarge part of it (see e.g. Klopffer 2008), and besides differencesin its
coverage also the aims of using it vary to some extent. According to Hunkeler and
Rebitzer’s experience of LCM discussions LCC is “an essential link for connecting
environmenta concerns with core business strategies” (Hunkeler and Rebitzer
2003:109). LCC s, by Hojer and colleagues (2008), presented as an analytical tool for
analysing environmental impacts along for example LCA and cost-benefit analysis
(CBA). Additionally, in two anthol ogies published by the, to LCA and |E research
relatively closely connected, toxicological research society SETAC, further definitions
of LCC for environmental and societal assessments are put forward (see Hunkeler et a
2008 and Swarr et al 2011b).

Regarding the origin of LCC, different focuses are also presented. The
executive summary of thefirst of the SETAC anthologies on L CC mentioned
above claims that “[c]onventional life cycle costing (LCC) is, to alarge extent, the
historic and current practice in many governments and firms” (Hunkeler et al
2008:xxvii). On the other hand, in an article briefly presenting the second
anthology mentioned earlier, the authors claim that important foundations of LCC
come from systems engineering and a so put forward that LCC predates LCA
(Swarr et a 2011a).

L CC has become established in Industrial Ecology, based on the articles on
L CC that were screened. Thisis shown by, for example, the straightforward use of
theterm LCC in most of the recent paper titles, such as “Life cycle cost disclosure,
consumer behavior, and businessimplications” (Deutsch 2010). Also, even if
amost half of the number of the 52 articles on LCC identified were published in
IJLCA, at least seven articles were found in each of the journals JIE, JCP and RCR.
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Finally, atopical editor existsin IJLCA on environmental LCC, as of 13 April 2012.

Over the years a partial shift seems to have occurred from articles discussing the
definition of LCC and the value of using it, to direct applications of the concept. For
example, it was used in one relatively recent study for comparing the LCC in the
whole product life cycles under hypothetical compliance and pollution prevention
strategies, respectively, regarding the entire cycles costs, for ten examples (Krozer
2008). It is partly unclear how large parts of the product life cycles that were covered
in the study and whom the calculated costs affect. The cost cal cul ations of the study
compare the costs for conventiona emissions reduction technologies to innovative
changes, which to some degree is emphasised. Regarding broader aspects studied in
the earlier years, LCC was for example covered concerning itsimportance as, amongst
others, the economic pillar of sustainability in product development (Kloppfer 2003).
The article discusses product life cycle related assessments of the environment,
economy, and social issues, and LCC is presented as one term for the economic
counterpart of LCA. The scope of the coverage of costs is discussed, partly clarifying
and specifying the origins of these costs, and the potential double counting when
combining LCC and LCA is mentioned.

Life cycle management

LCM has besides being aterm used in the five journal s here reviewed been the term
labdlling an international conference launched in 2001, but its definitions diverge. At
thefirst of these conferences, two partly different definitions were presented. Franklin
and colleagues (2001) differentiated LCM from LCA, claiming that the former does
not cover the entire product life cycle and all environmental issues, but chooses these
based on law compliance, business goals, and practical feasibility to influence them.
To alesser degree than Franklin, Weidema (2001) pointsto differences between LCM
and LCA, describing LCM as being inspired by LCA and covering the whole product
life cycle.

Also, and which is apparent from the description in the previous paragraph, the
above cited conference contributions present diverging origins of the concept.
According to Franklin (2001), LCM was developed by the automotive company
DaimlerChrystler to balance their costs. This differs from the originin LCA presented
by Weidema (2001).

The 32 articles on LCM identified are most clearly established in the field through
topical editors on the subject in the journals JIE and IJLCA. In an introduction to the
topical coveragein IJLCA, LCM was put forward as mainly covering actual use of
and education on LCA and life cycle thinking (LCT) (Heinrich and Klopffer 2002).

The use of theterm LCM in IE research covers both applications and method
development. The applications are made of specific industry sectorsaswell asat a
level covering large parts of society. Some of the applications are only explicitly
related to LCM by descriptions of the need of these studies for carrying out LCM well,
whichisthe case for an MFA based on economic input-output (I0) data of polyvinyl
chlorides (PVC) in Japan (Nakamura et al 2009). The article points out the importance
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of waste separation of PV C products for successful LCM of PV Cs and explains the
features and of the combined method used. Regarding the method devel opment
articles, the degree to which these specifically relate to LCM varies. One example
of partly relating the article to the concept is an outlining of away to reach a
holistic LCM approach in the manufacturing industry (Brent 2005). The article
refersto, but do not emphasise, LCM as an extension of life cycle engineering’s
(LCE) evaluation of environmental effects from different design options of a
product, process or service to include management beyond the design phase. South
African experiences of inefficient decision utilisation of environmental
consequences highlighted by LCAsand LCM are used as a starting point. To
handle thisissue, acombining of the environmental, economic and social
influences from the life cycles of projects, assets and productsis proposed and
outlined.

Supply chain management

SCM s, according to a screening performed during this review, mainly studied via
several associated concepts of it in |E (see e.g. Seuring 2004 and Nawrocka et a
2009), for example environmental supply chain management (ESCM), and therefore
the starting point here isto review definitions both of SCM and of the repeatedly
occurring associated concepts. According to for example Mentzer and colleagues
(2001) the aready in 2001 well established term SCM had been used in different
ways. In the article they claim that the term supply chain is more agreed upon, as the
upstream and downstream flows — involving three or more entities such as companies
— of products, services, finances and information. The definitions of SCM arein their
article organised either as a management philosophy perspective denoted supply chain
orientation (SCO), or as practical management activities or processes containing a set
of activities. Turning to the two scientific journals that contain SCM in their titles, the
high impact Journal of Supply Chain Management (JSCM), impact factor 5.853 as of
4 April 2012, highlights the forwarding and presence of an SCM theory while not
specifying its study objects (Wiley 2012). Supply Chain Management, An
International Journa coversthe relation of supply chain operation to awide range of
topics, including marketing, logistics and organisational behaviour (Emerald 2012).
Out of seven identified associated terms of SCM, four have been attempted to
be compared to each other and to afew other concepts by Seuring (2004). The
three not covered are: closed-loop supply chain management (see Seitz 2007),
product chain management (see Boons 2002) and supply chain environmental
management (see Gamage et al 2008), used in each one of the abstracted articles
found on SCM in the five journas. Seuring (2004) treats ESCM, green supply
chain management (GSCM) and sustainable supply chain management (SSCM) as
one entity, and as targeting problems similar to those handled through ‘normal’
SCM. An emphasis on operational execution is presented as a characteristic,
regarding for example whether implementation of environmental and social goals
in the company or supply chain will conflict with economic goals. Integrated Chain
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Management (ICM) is described as using amaterial and energy flows approach
combined with afocus on awider scope of stakeholders’, for example governments
and NGOs, pressures regarding environmenta and social issues.

Regarding the origin of SCM the differing focuses of the two journals cited in the
previous paragraph is here used. JSCM clearly states its perspective by confining its
contents to behavioural research (Wiley 2012). On the other hand, Supply Chain
Management, An International Journal emphasises practica management
opportunities and problems such as efficient consumer responses. Thus, SCM seems
to have roots in both academia and in business practices, which is supported by
Mentzer and colleagues (2001) who base their synthesising of the term SCM on
definitions from both of these two domains.

Different bases for the SCM associated concepts have also been found. The use of
theterms ESCM and ICM have been identified in both the five journalsin focus in
this study and in business and management journals, according to a Scopus search as
of 4 April 2012. In line with this, Seuring (2004) places the origin of the by
researchers not frequently used term ICM in public policy in The Netherlands and
Germany dating back to the late 1980’s, and in imports of existing LCA knowledge.
Particularly GSCM, but also SSCM, were found in a considerably larger number of
articles and mainly in research on business and management, as of a Scopus search on
4 April 2012.

In addition to the 30 abstracted articlesidentified on SCM and its associated terms
in the five journals, the terms seem to be established in the field based on two topical
editors on SCM in JIE and one on sustainability and SCM in JCP, as of 13 April 2012,
and considering the recurring use of the sub terms of SCM. If ESCM and GSCM are
grouped together similarly to Seuring’s (2004) categorisation, 12 abstracted articles
are covered in the five journals.

Of thefivejournals, SCM and its associated terms are mostly found in JCP, and an
overall trend towards establishing the conceptsis seen since the first use of any of
themin an abstracted article in one of the five here reviewed journals occurred in
2000. As an early example of the use of the term SCM, a study by Backhouse and
colleagues (2004) comparing potentially important future metal casting materials and
recycling ratesis herereferred to. In the article, SCM is described regarding and seen
asrelevant for for example environmental and employee empowerment reasons. The
use of SCM for the results of the study, which are quantified through an LCA
approach, liesin an indirect application of different recycling rates. A later and less
novel state of the study of SCM isillustrated by an article on practices of using the
environmental management system |SO 14001 in Swedish companies, by Nawrocka
and colleagues (2009). The article presents a combined methodology — of interviews,
focus groups and questionnaires — for expanding the knowledge on the role of 1SO
14001 for ESCM. Communication facilitation and problems of the standard between
customer and supplier are found to be relevant topics but they are not emphasised by
the article. Conclusions are in the article drawn from external factors not directly
studied, such as environmental ambitions of suppliers.
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Social/societal life cycle assessment

A digtinct difference in the use of the term SLCA can be seen. SLCA is generally
referred to as an evaluation method similar to environmental LCA (usually denoted
LCA), but where social instead of environmental effects from activities along product
life cycles are studied — such as regarding child labour and corruption (see e.g. Dreyer
et a 2008, Hunkeler 2006, Jorgensen et al 2008, and Benoit et al 2010). However, the
earliest published article found on SCLA in the five journalsintroduces the term as
representing social effects onto the product life cycle, such as decision-making
structure and promotion/blocking of technical and planning devel opments (see
O’Brien et al 1996). The article by O’Brien and colleagues (2006) is also cited in three
out of four articles previoudy in this paragraph identified as particularly focusing on
defining SLCA methodology (see Dreyer et al 2008, Hunkeler 2006, Jorgensen et al
2008, and Benait et al 2010).

Following the currently genera view on SLCA as being an assessment of social
effects from product life cycles, its originis mainly atranglation of LCA to cover
also the effects on the social, which often is seen as one out of three pillars of
sustainability (see Dreyer et a 2006, Hunkeler 2006, Kl6pffer 2008). Thisincludes
the outlining of a method for combining LCA, LCC and SLCA into life cycle
sustainability assessments (LCSA) (see e.g. Klopffer 2008). This origin thus more
comes from different concepts than from practice, and this is emphasised by an
article by Jargensen and colleagues (2009), where they for example find that
companies often see their socia responsibility as being larger than the range
covered by the SLCA methodol ogy.

SLCA is established through for example atopical editor in IJLCA, but isthe
smallest, latest established, and most to one journal limited of the four proxy sub
areas of ‘social IE’ identified in the five journals. Sixteen abstracted SLCA articles
were found, compared to between 31 and 52 for each of the other proxy areas.
Regarding the age of the proxy area, only two articles were published before the
year 2006. Finally, 93% of the articles are published in IJLCA, while between 34%
and 74% of the articles of the other proxy areas are published in their respective
main journal .

SLCA hasin thefive journals mainly been studied regarding SLCA methods,
evaluations of others’ SLCA methods, and for the encouragement of using SLCA.
As an example of a suggested method, a study by Hunkeler (2006) is here used. In
the article, he uses employment hours per environmental impact along the product
life cycle in order to have one measure that can be aggregated instead of the severd
hundreds of diverse social impacts from product life cycles suggested by others.
Impact categories, such as housing possible to buy from income from these hours
are then calculated. Also, an example using two detergentsis presented in the
article. An article by Jargensen and colleagues (2010) on impact categoriesin
SLCA has been chosen to illustrate method analysis and discussion in alater stage
of the proxy area’s trajectory, where focus lies on parts of SLCA rather than the
entire concept. In the article, the aspects assessed in SLCA, and the indicator
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incidence of child labour, respectively, are studied. As the aspects assessed, the
relevance of and feasihility of assessing human well-being, and particularly the, at the
time of the study not in SLCA covered, subjective well-being are studied. Regarding
child labour, the scientific knowledge on and stakeholder requests regarding effects of
this phenomenon are covered.

Additional concepts on social aspects in industrial ecology

Besides the above described “social IE’ proxy areas, a number of potentially central,
of possibly relevant, and of marginally used, respectively, concepts on social aspects
were identified in thisreview.

Nine potentially central concepts were found, which have afew but not as many
characteristics of an established concept as LCC, LCM, SCM or SLCA, and they are
listed in Table 11. Of these concepts, the number of abstracted articles they were
identified in ranges from 60-200 for three of them: education, input-output (10) which
is an economic modelling, and industrial symbiosis (IS) and eco-industrial parks
(EIP). It ranges from 20-59 for four of them: 1SO 14xxx and EMAS which are
environmental management standards, extended producer responsibility (EPR) and
producer responsibility, cost-benefit analysis (CBA), and demateriaisation. Thirdly, it
ranges from 10-19 for two of them: human resources and decoupling. All of these nine
article collections cover method devel opment in relation to the concept in question but
to alesser degree than for the four proxy sub areas. Additionally, they arein some
cases mostly only studied explicitly in smaller parts of the articles, particularly
regarding 10 but also for example CBA. Also, for some of the conceptsit is not clear
when social aspects actually are covered, such asfor IS and EIP, and for some of the
concepts many different social aspects are studied in different articles but not related
to each other, particularly regarding education.

Table 11: Potentialy central concepts on socia aspectsin industrial ecology

Concept Number of abstracted
articles identified

Cost-benefit analysis 27
Decoupling 11
Dematerialize 21
Education 158
(Extended) producer responsibility 29
Human resources 12
Industrial symbiosis & eco-industrial parks 74
Input-output (economic modeling) 110
ISO 14xxx & EMAS (standards for environmental management) 50
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In addition to the nine potentially central concepts, five possibly relevant concepts and
six marginally used concepts were identified. All of these show a small tendency
towards method development related to a certain concept but are even more
fragmented than the potentially central concepts mentioned in the previous paragraph.
Examples of possibly relevant concepts are life cycle thinking (LCT) and
technological change, while degrowth is one of the marginally used concepts here
identified as occurring in between four and nine abstracted articles.
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6. Discussion

In this chapter afew reflection are made upon the time span covered, the useful ness of
the abstract studies, possible alternative or further studies on theissue, and a broader
outlook that isinspired by these reflections and the findings of this study.

Firstly, the results and the analysis findings in this study seem to be well in line
with the period following the years that this study is based on, 2011-March 2014,
judging from our reading of tables of contents of the five journals during this latter
period of time.

Second, thisreview isto alarge extent based on the study of article abstracts, and
therefore the relation between the abstracts and their full-textsis central for the
feasibility of this study and will be described here. Initial screenings of abstracts and
corresponding full-texts established both an understanding of the field and the possible
explanations that could be found to the research problem identified. At the same time,
the full-texts were found to relatively well reflect their abstracts. The later systematic
study of the abstracts resulted in a substantial but not large part of the categorisations
attempted to be carried out to be ambiguous. Thiswas found to be reflected in the
articles when some of these where read more thoroughly as examples of the
preliminary findings. Also, the sometimes not clear, amongst others, purposes and
methods referred to in abstracts and full-texts could be seen as related to the finding
that the majority of the articles reviewed were identified as user oriented studies and
thereby not having alarge or a clearly defined audience in the community.

Further, in the research here studied, the scholars have covered a diverse array of
methods and approaches to social aspects. Therefore, it would be very difficult for a
researcher to be familiar with al of the here reviewed articles, and consequently the
interpretations most probably will differ depending on who undertakes a study similar
to this study. On the other hand, the relatively clear and not too complex or technical
language used in the articles and the abstracts, seem to aid other researchers to
eval uate the reasonableness of the results and conclusions put forward in this study.

Regarding possible other approaches close to the study in this report, further close
studies are here reflected upon. If changes of how ‘social IE’ research is performed are
requested, a deeper analysis could provide further ideas for whether and potentially
how such changes could occur. Since this study hasindicated a relative homogeneity
regarding for example paradigms and study types utilised in ‘social IE’ studies, it
might be possible to find representative examples researchers to study although a
multitude of different socia aspects are covered in thefield. Either interviews or
observations, or both could be used as methods for carrying this through. However,
since the findings presented in this study cover practices that has been largely in place
for longer time periods at least a certain level of inertia could be expected to exist.
Thereby afurthered close analysis may on the other hand give fal se expectations.
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Based on the seemingly loosely held together research reviewed in this study,
and the limitations of the alternative or further studies discussed in the above
paragraph, much wider and different approaches might be relevant. Thelittle
progress of ‘socia IE’ studies might be logically understood through seeing its
place in society as awhole. |E researchers might have a not much handled role of
exploring socia aspects without much training for or possibility of communicating
this knowledge. It may be useful to explore how such roles are constructed and
related to society as awhole. This could reveal overarching driving forces and the
from the research perspective user oriented looking behaviours as strongly held
together but impacting other parts of society in variousways. Also, it might be too
difficult to integrate the already complex knowledge of the many environmental
impacts and technical systemsin industry to social aspectsin a systematic way.
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7. Conclusions

This study set out by searching explanations for the discrepancy between the repeated
callsfor and presented opportunities of and the slow progressin ‘social IE’ studies.
This was performed through an explorative review of articlesin fivejournalsin the
field. Some unclear contents of abstracts and full-texts studied have been discussed in
the previous chapter but seem not to affect the relevance of the findings pointed out in
the Results and Analysis chapters. Also, limitations in the scope, particularly
regarding not studying the subject from a holistic approach of society at large, of this
study were pointed out in the Discussion chapter. These reflections could also be seen
asresults of this study and pointing towards possible future approaches.

The findings from this study that these conclusions mainly are based on are several
and are listed here. The number of articles published has been growing rapidly since
the first of the journals was launched, in 1988. JCP and PIE have the highest shares of
‘social’ articles within each of the journals. A large number of the studies cover socia
aspects, whereof economic aspects account for alarge part. For both the studies on
social aspectsin general and on economic aspects, the absolute number of articles has
increased over the years while their shares of the field have remained stable.
Analysing the wholefield, the articles often seem to be user oriented, which
importantly includes that they seem to make little explicit use of and are little
explicitly designed to contribute to other research. Also, when looking closer at the
social articles, it is reveaed that only asmall part of the social aspects are researched
using socia theory, and then often using marginally known theories. Also, no or very
few of the studies on social aspects align to any of the paradigms that represent alarge
part of the socia sciences during the last half century. Finally, from a survey of proxy
sub fields of ‘social IE’, four rather small groupings are identified: life cycle costs, life
cycle management, supply chain management with several associated concepts, and
social life cycle assessment.
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