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Abstract

The subijectivity, complexity, and often competimgerests of sustainable development have limited
the effectiveness of integrating these importaetaglinto mainstream business strategy. With the
adoption of the UN Sustainable Development Goal33$§ in January 2016, there are now global
sustainability benchmarks that apply across diveestors and national contexts, allowing public and
private organizations to orient and evaluate tlaagtivities, strategies, and business outcomes.
However, it is not directly apparent where the adage for business lies in pursuit of these actions
within the prevailing economic paradigm, highligigithe need for new analytical frameworks and
tools. Industrial ecology (IE) has been successfuled in engineering practice for decades and has
been suggested as a method that can provide tleemsnand methods necessary to bridge the gap
between traditional business practice and sustErddyvelopment. To test this, literature bridgihg t
fields of industrial ecology, business strategyd austainable development was collected and
analyzed using the textual analysis software Leriea". The analysis showed that while the SDGs
are primarily aimed at the national level, theyoat®ld relevance for business through innovation,
partnerships, and strategic positioning, inter.allae analysis found that the integration of IE and
business strategy is highly relevant for threehef $DGs, but captures elements of all 17 to varying
degrees. IE has a strong focus on innovation angaitential in new markets, products, and business
models. IE is also consciously aimed at the efficiese of energy and resources, ideas that are
relevant to mitigating, adapting, and building liesice in a changing future, but are also relevant
traditional concepts of business strategy and ctitiygeadvantage. This paper shows that through
the combination of IE and strategic managementrihembmmercial organizations can positively
contribute to the Sustainable Development Goal$ewhiilding competitive advantage.

Highlights
» Systematic review of literature with a thematic aodceptual analysis using Leximancer™.
* Industrial ecology principles are shown to lead cmmpetitive advantage in line with
Sustainable Development Goals.
* The study establishes a baseline for quantitativalyais of the strategic benefits of IE
principles.

Keywords
Global goals; text mining; Leximancer; businessnpetitive advantage.
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Using industrial ecology and strategic management concepts to pursue the Sustainable Development
Goals

1. Introduction

In September 2015 the international community aghtbpghe Sustainable Development Goals (SDGs), to
address global challenges in health, educatiomalseqguity and justice, economic security, and emvinental
issues. The SDGs have been developed by the UNigdidns as a template for sustainable devleoment
globally, and are part of a wider 2030 Agenda thaild on the Millenium Development Goals set in
2000.The SDGs came in to force on 1 January 20d6,vehile not legally binding, offer a pathway for
countries to mobilize efforts to end poverty, addrelimate change, and secure equitable livelihdadall
people (Open Working Group of the General Assemhlustainable Development Goals, 2015). The SDGs
establish not only 17 goals, but 169 specific temgedicators, and metrics of sustainability asraswide
range of sectors, providing practical guidancegfoblic and private organizations (United Nation81%2).
While the goals and targets are important indicatdrsuccess, specific examples of activities thactly

and indirectly support the delivery of the SDGs aamunclear, especially for the business sect@ygesting

a need for research that demonstrates how bustesse support these sustainability targets withia t
context of their commercial priorities and actegi(cf. Byrom et al., 2014; Hoffman, 2014).

The economic benefits of business activities heygroved prosperity and living conditions around wueld.

At the same time, many of these activities haveadly and indirectly led to negative impacts inéhgd
environmental damage and social inequality. With geowing imperative for large-scale societal
transformations towards sustainability, it is ewidthat traditional business thinking is not aldestfectively
deliver the changes that are required, and is aftetinuing to contribute to the creation of furtipeoblems
and reinforcing unsustainable activities (Geels Soldot, 2007; Westley et al., 2011). However, thire of
business is gradually changing, with increasindscidr commerce to be transformed into an engine of
sustainable development through corporate citizpnstocial entrepreneurship, and pro-environmental
behaviors (Abram et al., 2016; Bayon and Jenki@$p2Hart et al., 2003; Marcus et al., 2010; Rahekaal.,
2016; Sutton-Grier et al., 2014; Westley et al120 The traditional position that the relationghigd society
and the environment to the firm were those of ¢tlard (limitless) resource provision and waste @isp(e.g.
Porter, 1979; Teece et al., 1997; Wernerfelt, 1984)e shifted, to a view where social licence terafe is
critical to corporate survival, and the firm canride competitive advantage from interaction with
environmental management activities (Hart, 1995t ldad Dowell, 2011). These changes are also eviden
the movement towards sustainable materials progranus supporting policy programs incorporated in
circular economy principles (Dentchev et al., 208flva et al., 2015) and industrial symbiosis medel
(Rosano and Schianetz, 2014).

However, while organizational and technologicalovetions are disrupting incumbent actors in mamasr
the integration of environmental and social aspe€tsustainability in profit-oriented commercialtiaities
remains elusive (Dentchev et al., 2016), suggestiagfurther evolution in business managementesiyais
necessary. Strategic thinking has reached the sthgee stakeholder benefits and sustainabilityautes are
intimately connected; new business philosophies @afational strategies that emphasize a moretiaolis
approach to commerce help firms understand andaixplot only how value is captured, but how it is
created, and how extra value can be obtained heasing focus on social and environmental outcomes
(Baldassarre et al. 2017; Bocken et al. 2015; &odl, 2011).

Many organizations, including mining and resouraampanies, environmental NGOs, and government
agencies, are now far more likely to publicly ackiexdlge the importance of issues beyond their core
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business, such as poverty alleviation, biodiversitpmservation, and sustainable supply chains (Hatth
Kihnen, 2013). Yet gender equity and the urgentineeaddress climate change through greenhouse gas
emission reductions are still rarely identified @®e organizational concerns (Garnet et al., 20k2js
therefore important to understand not only the soigtainable businesses can play in achieving B@sSbut
how “green competition” and new business activitas stimulate innovation and be recognized asieceo
of future competitive advantage (Amit and Zott, 20Hajer et al., 2015; Rahdari et al., 2016). Peegr
toward sustainability management, and the achiemenfehe SDGs can be measured with specific indisa
across diverse sectors, and thus public and priva@nizations have global sustainability benchmatch
as the Global Reporting Initiative (GRI), ISO 140€@1e Carbon Disclosure Project (CDP) (see Siedw5206r
larger list and review) that can be applied to eatd their activities, strategies, and businessomuws. The
example of firms such as Interface, Inc. — on ttacieduce carbon emissions, waste, water and fassiuse

to zero across its supply chains by 2020, withiggnt sales increases — has demonstrated thtisaisle
corporate behaviors can not only allow for profitsd growth, but also drive them (Anderson and White
2014; Hoffman et al., 2014).

Commercial landscapes are now different than inghst, with resource constraints, emerging markets,
unprecedented rates of change in technology, amel haisiness models creating disruptions for tiaakl
strategic management paradigms. The commercialnedeas of 2% century business are more dynamic,
distributed, transparent, and global than everreefGuillén and Baeza, 2012; Palmer and Flanagat6)2
These factors — the external pressures of socetdie to operate and regulation, internal char@esrporate
cultures, and the challenges and opportunitiesgifatized global markets — mean that businessiregunew
models of strategic management to survive and sd¢agecessitating a realistic and genuine refleatio
traditional business thinking and assumptions altoeitfuture (Hart and Dowell, 2011). However, itnist
always apparent how sustainability behaviors offdvantages for business, highlighting the needchéaw
analytical frameworks and tools (Hoffman et al.12D The principles of industrial ecology can faate the
integration of sustainability into business pragtiand have the potential to provide the breaktjitaiools
and methodologies that support and deliver sudibénlusiness activity (Hoffman et al., 2014; Korbon
2004; 2005). This paper explores the overlaps evirdustrial ecology principles and strategic ngemaent
theory, and investigates how these synergies naithidv businesses to contribute to the achievemetiieo
SDGs. Ongoing quantitative research into the firrmenefits of industrial ecology in deliveringegegic
sustainability outcomes for business will furthessiat in highlighting the value of IE concepts and
methodologies (Hoffman et al., 2014; Williams et 2017).

The paper proceeds as follows. In section 2, wegmtea brief review of literature that examines the
relationships between business and sustainabléagerent, with a focus on industrial ecology andrdi in
facilitating business activity in line with sustalile development. In section 3 we provide detailed
explanations of the methods applied in the studygluding the text-mining analysis conducted with
Leximancel" software. Section 3 presents results, and inasedtiwe discuss the findings and implications
of the analysis. Section 5 concludes the papehliglging important next steps for the integratiohlE
concepts within strategic management theory.

2. Business, sustainable development, and industrial ecology

Business and the private sector have a critica tolplay in achieving the SDGs. Governments oh bot
developed and newly developing countries do noehire finances, resources, and indeed capabitities
provide all the solutions necessary to achieveSid&s. The private sector will need to play a cémsat in
sustainable development, not only in terms of egdoagrowth, but also in terms of the environmerztadl
social needs of the Zlcentury. Firms have traditionally viewed sustailityb policies as necessarily
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subordinate to financial and operational prioriti&ince Friedman’s (1970) declaration that the soleial
responsibility of firms is to provide a return thaseholders, rather than benefit to the wider comtyu
sustainability has been considered an unnecessaryexternal to the primary role of the businéxsrter and
Kramer, 2011; Westley et al., 2011). Negative emvinental impacts have been seen as an inevitadulé of
resource and product development. This perspedtivepparent in early strategic management litegatur
where social and environmental sustainability pples are not explicitly considered, instead foougon
internal capabilities and external market dynaniacshe competitive advantage of a firm (e.g. Poti@79,
Wernerfelt, Teece, Pisano & Shuen 1997). A turnpmnt in the discussion of business activity and
sustainable development came with Stuart Hart'stiiNd-Resources-Based View of the Firm” (Hart and
Dowell, 2011). Hart posited that strategists andaarsational theorists must begin to grasp how
environmentally oriented resources and capabil@gasyield sustainable sources of competitive atdgpa— a
paradigm shift from conventional management thigKi@ladwin et al., 1995). This resulted in a refiragrof
Wernerfelt's resources-based view of the firm (RBM)A Natural-Resources-Based View of the Firm
(NRBV) (Hart, 1995). The NRBYV identified strategatlvantages for organisations that derived fromr thei
relationships with the natural environment. Hasésninal contribution was to identify competitivevadtage
not based solely on efficiency of resource input product output supply chains, but as a paradignshift

to understanding commercial enterprises in termisoaf their relationships with the natural envirommi
which they exist are sustained, and from which ttiesive productive value (Hart and Dowell, 2011heT
NRBV therefore expanded the conceptual boundarfesirms’ accounting, and encouraged business
managers to recognise the reality of the orgawisads part of an interrelated human-environmenrtesys-
the beginnings of a systems thinking approach girness.

Research into the positioning of business as gaahonterrelated human-nature system has contisurex:
Hart's NRBV (e.g. Gonzalez-Benito & Gonzalez-BenigD05; Hart et al., 2011). In a recent review of
systems thinking and sustainability managementalitee, Williams et al. (2017) identified eight dio@nt
themes that emerge, one of which was IE. This exloa#ts from other authors (e.g. Hoffman et al140
Korhonen, 2005; 2004) for further integration oftlinking and principles into management literat(aed
vice versa) to encourage business activity thamptes sustainable development. While IE includedsto
methods and principles that are relevant to busimesnagement, there is limited research that ettplic
explores the relationship between IE and a broadenda of business strategy for sustainable develop
For example, Ayres and Ayres (2002) suggestedititlatstrial ecology (IE) focuses on product desigd a
manufacturing processes and views firms (busingssesigents for environmental (as well as economic)
improvement. They linked IE with questions of cargycapacity and ecological resilience, asking tmatv
extent is technological society perturbing or unadaing the ecosystems that provide critical sewvite
humanity. They also alluded to a broader definitdhE given by Robert White, the former Presidehthe
US National Academy of Engineering. White (1994ypdefined IE as “the study of the flows of maasi
and energy in industrial and consumer activitiégshe efffects of these flows on the environmend afithe
influences of economic, political, regulatory, asdcial factors on the flow, use and transformatibn
resources.”

Through the integration of more holistic approacteele and complexity science, the field can beasxed
from a set of tools used to understand material aretgy flows, to an interdisciplinary field tharnchelp
managers make decisions and address complex asli#ynchallenges (DeLaurentis and Ayyalasomayajul
2009; Williams et al., 2017). Korhonen et al. (204 an editorial inBusiness Strategy and Environment
suggested that aspects of industrial ecology (¢8)lme effectively linked to business managementpatidy
studies. Like many authors on industrial ecologw$Eh and Gallopolous, 1989; Graedel and AlleniB@51
Ayres and Ayres, 2002; Rosano and Schianetz, 2Kdhonen et al. suggest that IE and its focus on
‘industrial ecosystems’ as models of sustainabdieistrial activity, can be used as a metaphor fetasuable
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production to provide innovative routes to changesent unsustainable industrial and business sgsiEmey
suggested three particular themes in which IE gdawith management areas. First, the use of IEesys
thinking and network philosophy (which could assistimproving inter-organizational management to
develop a more holistic biological systems appro@ckenvironmental management, and closed loop and
circular production systems). Second, the use oimierial flow studies of matter and energy (which
encourage a focus on the management of (scara)roes, energy, water, and waste). Third, |IE isroftsed

as a source of inspiration and creativity in trsformation of management and strategic visionsrds a
new sustainability culture (Korhonen et al., 2004). important question is therefore whether IE pipies

can complement strategic business priorities andige business competitive advantage and simultenbyp
contribution to the SDGs as common internationalgéor sustainable development? (Hoffman et atL4}.

In this paper, we explore this question, examirtimg relationship between the principles of |IE ascdbed
by Ayres and Ayres (2002) — dematerialization aed-e&fficiency, corporate stewardship, technological
innovation, biological analogies, systems thinkiag forward looking research and practice — asuitional
strategic management principles — efficiency, imimn, corporate citizenship, strategic intelligenc
competitive advantage, and value maximization (8tke and Burstein, 2010; Korhonen, 2004;
Sharma, 2000), and investigate how these can batdrto the achievement of the SDGs. In other wdlds
aim of this research is to establish the potemtiabsover between IE, business strategy, and tlgsSind
identify specific ways business efforts can contiébto sustainability outcomes. The central reseguestion

in this paper is therefore “How can the key consejftindustrial ecology and strategic managemeninpte
sustainable development in line with the SDGs?'5®tudy identifies the overlaps between indusetalogy
principles and strategic management theory, andstigates current ways in which these synergiesitmig
allow businesses to contribute to the achievemktiteoSDGs.

3. Methods

This study was designed as a scoping study onrtiesavers and connectivity between industrial epglo
business strategy, and the SDGs. A scoping studliyadelogy was chosen to identify existing synergied
establish foundations for further research. Whiler¢ are diverse methodological approaches forirsgop
studies (Arksey and O’Malley, 2005; Sarrami-Forauslet al., 2015), we sought to integrate a rigerand
transparent literature review with quantitative lgsia to synthesize this area of interdisciplineggearch and
identify research crossovers between different safarelevant literature — industrial ecology, stgic
business management, and sustainable developmeksefAand O’Malley, 2005; Pickering and Byrne,
2014).

The methodology involved three steps: a systematiantitative literature review reviewing onlinetalaases
using selected research criteria; a software-drigghmining analysis of the SDGs; and an integratealysis
of the literature data set (step 1) using concdpts/ed from the SDG texts (step 2). The secondthind
steps in the study involved use of a text minin§iveare tool called LeximancEf. The study was not
intended to explore specific examples of how IBgiples had resulted in quantifiable competitiveadage,
but identified the conceptual crossovers betweearni strategic management, and how these are n¢leva
the potential achievement of SDGs by firms.

Leximancer software is useful in exploring concegatsoss large data sets (Chen and Bouvain, 2008h Sm
and Humphreys, 2006). It analyses text using thresaderived concepts from the document sets, ietgt
building up a thesaurus of associated conceptughrantelligent proprietary algorithms. Concept® ar
indexed and weighted, resulting in a thematic vidwelationships between concepts, which can sulessty

be mapped in two dimensions allowing for themescifipeto the research problem to be investigated
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(Thomas, 2014). In other words, Leximancer readsiai@nt sets and produces a map of key concepts, wit
their relationships indicated by their proximitydistance on the map. Leximancer has been usediireese
range of applications, including in the examinatmicorporate social responsibility reporting (Chamd
Bouvain, 2009), historical trends in long rangenpiag literature (Cummings and Daellenbach, 200@) the

roles of finance and commerce in climate chang&atiobn markets (Thomas, 2014). Concepts are planed
the map in proximity to terms with which they shameaning or a relationship. Through examinatiothef
resulting concept map, frequency counts, and oglakiips between both concepts and themes, quaditati
interpretations can be made based on the quawitaigorithmic analysis (Smith and Humphreys, 2006
Leximancer identifies the main concepts presentldnument sets, and indicates how these concepts are
thematically connected.

The first step of the study involved assemblingatadset of relevant literature that discussedhaéie topic
areas, using the systematic quantitative literateiwvesw process outlined by Pickering and Byrnel@0The
search was conducted in the leading databasesantléw business, technology, and sustainabilityneta
ProQuest ABI/INFORM, comprising ABI/INFORM GlobalABI/INFORM Trade and Industry, and
ABI/INFORM Dateline. The database covers peer-mgg journals, theses and dissertations, working
papers, industry reports, leading business andoedios periodicals, and major news media sources. Th
database seeks to represent and provide a conpptédee of international business and corporatedsgsee
http://www.proguest.com/products-services/abi_imfocomplete.html). Other databases (including Scopus
and Web of Science) were tested, but resulted wn ridevant hits for all three search terms, andewer
eventually excluded from the final analysis.

The search terms chosen were “industrial ecolofiytisiness strategy” and “sustainable developmeantt]

the database search captured papers in whichrae# gearch terms appeared. Initially the searchstevere
entered without quotation marks, but this resuitedver 4000 results. Quotation marks were addeshtd

search phrase, which reduced the search resulisfdmgtor of 10 and targeted the results towardspleeific

topics of interest in this study — the examinatibthe crossover between IE, business strategytten8DGs.
The analysis was completed progressively over aoenrof weeks but finalised on 31 July 2015. Resuéee

filtered to include only peer-reviewed, scholariiicdes, published in English, for which full-tegapers were
available. This resulted in a data set of 290 umigapers and associated citation information. NiaftoExcel

software was used to determine metrics from thaioit information, including counts for journaldit source
database, place of publication, and subject tagst alia (see Supplementary Materials for the dalla set).
Papers were read to ensure their relevance androdhit each considered all three specific topicsterest
in this study: “industrial ecology”, “business s&gy” and “sustainable development”.

The second step in the research applied the Lexienasoftware to identify the main concepts pregerhe

SDGs. The full text of the 17 goals and the assedia69 target descriptions was entered into thénhancer
software, and a number of iterations run to develogiable concept map. Words improperly identitsd
concepts (e.g. ‘including’, ‘use’) were manuallynaved from the analysis for clarity. The resultgho$ step
provided ‘seed’ concepts that characterize the SBtgse are shown in Table 1.

The third step involved a dual process, also ukexjmancer, to analyze the data set of literatwiegithe
seed concepts identified in the SDG full text. Gepts were again manually vetted to remove dupkcate
resulting from the dual data sets, group similamge(e.g. environment and environmental, compaaies
firms, etc.), remove improperly identified termadao ensure a stable set of results. This prodaatetailed
and extensive analysis of the literature datars#itating how and to what extent it incorporatee tentral
concepts found in the SDGs. These results are showable S1. In addition, up to three keywords ever
manually identified for each of the 17 SDGs, basedhe authors’ reading of the text. For examie,text
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for SDG2 reads “End hunger, achieve food security amproved nutrition, and promote sustainable
agriculture”, from which the keywords ‘nutritiorifood’, and ‘agriculture’ were identified as beipgincipal
literature descriptors of the goal. These keywavdse subsequently entered into the Leximancer soéwas
concept seeds in place of the automatically geeéraincepts used previously. The project was raimand
vetted as in the previous phases, with concept maggrequency counts produced (these are showable

2 and Figure 2). These were then used to quantédgsawhere the literature on IE and business girate
overlap to support the implementation of the SDGs.

In summary, the analysis identified literature d&ging conceptual crossovers and synergies between
industrial ecology and strategic management, astgédethis body of work using the key concepts prese

the text of the SDGs. The results indicated speeifeas in which businesses can apply IE principtes
achieve competitive advantage while addressingul&inability aspirations of the SDGs.

A schematic of the research method is presentEdjure 1.

Figure 1 about here

4. Results

The first step in the study was the systematiaditege review, with a total of 290 academic aricle
mentioning all three search terms identified thtodlge search. The data set (attached as Supplementa
Information) includes a variety of field codes tags’ for each article, and comprised: 230 ‘fedtarécles
(meaning papers appearing in special issues orvageshighlighted as a ‘feature article’ in thealzse field
codes), 18 articles from sources labelled as peats] 11 regular journal articles, with the rentkn
consisting of case studies, literature reviews, laoak reviews, inter alia. All the papers identifiwere found

in the ProQuest/ABI INFORM Global database. A smalinber of papers were identified in the Scopus and
Web of Science databases, but were excluded frenagbessment for not meeting the selection crifegia
peer-reviewed journal article, for which full tewtas available). Articles were published in 117 weiq
journals. The major journals publishing in thiddi@reBusiness Strategy and the Environm@%), Journal

of Business Ethic&6), Supply Chain Manageme(t3), International Journal of Operations and Production
Managemen(11), andGreener Management Internationéd). Publications per year generally followed an
upward trend, with only a single paper identifi@d1i994, while 38 unique papers were published 1220
Numbers have decreased slightly since this tim&é) @4 published in 2013, 28 in 2014 and 6 iderdifie
2015. From the citation information, 520 uniquejeabtags were identified, with the most commompei
Studies (197), Sustainable Development (93), Enmrental Management (93), Social Responsibility ,(49)
and Supply Chains (36). The ‘Studies’ resulted lsamliscounted, representing the large proportiooapers
reporting original research.

In the second step of the study, a digital copthefproposed SDGs and associated targets was lodddte
Leximancer software. The resulting concept maprésgnted in Figure 2, with associated concept &acy
and relevance counts displayed in Table 1.

Table 1 about here

Figure 2 about here

Major themes that emerge from the Leximancer aislgs the SDGs are ‘countries’, ‘sustainable’, and
‘development’, which is unsurprising considering ttontext for which they were written. However, whe
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these concepts are examined in greater detaitjaeships that imply the role of business begiremoerge.
For example, the concept ‘sustainable’ is stromagiyociated with ‘innovation’, ‘employment’, ‘tectagical’
while the term ‘development’ is associated withdlwtedge’, ‘account’, and ‘partnership’, terms thetve
relevance for business as well as in governance.

Apart from the obvious terms of ‘sustainable’ addvelopment’, the major themes that emerge fronsShé
analysis are ‘countries’, ‘international’, ‘natidhaand ‘developing’. Closer examination of thesencepts
shows the text discusses ‘countries’ and ‘natiomalsimilar contexts, mainly related to least deped
nations and provision of the capacity and suppedessary for their development. ‘International’ ever
appears to be related more to partnerships, cgdagitling, and investment between nations. Thiepeated
with ‘domestic’ being strongly associated with terincluding ‘partnership’, ‘industrial’, ‘diversitation’ and
‘leadership’,

In the stable concept map (Figure 2), ‘implemeatsdtis always positioned on the outside, with féwkges,
indicating that the SDG text does not discussities to any great extent. Two major groupings ofcepts
also appear consistently throughout the analysiscam therefore be considered closely related. &hes
related to sustainable use of ecosystems and mEso(ifood’, ‘land’, ‘resources’, ‘sustainably’,cesystems’,
and ‘strategies’) and access to needs for vulnerpbisons (‘vulnerable’, ‘persons’, ‘women’, ‘acgeand
‘needs’).

In the third step of the study, seeding the Lexioesranalysis of the data set with the key concextiscted
from the SDGs, it was possible to identify stresgiihd weaknesses in using IE as a strategic tobluiness

to promote the SDGs. Of the 28 concepts identéigtey in the SDG analysis (Table 1), all 28 werectly
identified by the Leximancer algorithms as havioge degree of relevance in literature data setl€Tak).
This relevance varied from ‘development’ with 37#%@la778 mentions in the data set of papers, tastiss’

that received only 95 mentions and a relevanceesobrl%. The fact that all concepts identified frtime
SDGs appeared in the |IE data set is indicativh@fttossover between the SDGs and the principkk&daas
that underlie IE principles. The concepts identifie SDG analysis (Table 1) are shown in the miténdture
data set ( Table S1), and along with their frequeoounts and relevance scores (relevance within the
literature data set) are highlighted in bold.

The literature represented in the data set focuseskey themes that include business, management,
performance, and their interaction with sustainghihlong with social and environmental factorsisBess is
the predominant concept identified through the ysis] and it maintains strong connections with dkiger
key themes, indicating that the literature ideasiftonnections between business performance, nrarage
and social and environmental aspects of sustaityabilhe text suggests a positive relationship leetv
business management and economic performance therugronmentally conscious activity. Additionally,
thematic groupings and relationships appear thraagimination of the concept map (Figure 3). Busines
concepts are grouped (‘market’, ‘performance’, i) ‘strategy’), as are terms reminiscent of coap®
triple bottom line (‘social’, ‘environmental’, ‘ecmmic’), governance (‘policy’, ‘global’, ‘developg)), and
research (‘framework’, ‘literature’, ‘theory’, ‘kwdedge’). Full results including frequency countsda
relevance are presented in Table S1 in the SupplameInformation, with the associated concept map
shown as Figure 3.

Figure 3 about here

The second part of the third step was a keywortlaiseof the literature data set using up to thesms taken
from the headline text of each of the 17 SDGs. Was completed to determine strengths and weakné@sse
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promotion of individual SDGs (in the literature @atet), with the results presented in Table 2 k&jiwords
identified were present in the data set, indicasifgoad correlation between IE principles andSB& texts.
The strongest relevance was seen in Goals 7 (Affdedand Clean Energy), 9 (Industry, Innovation and
Infrastructure), 12 (Responsible Consumption armb@&tion), and 13 (Climate Action) — these resalts
highlighted in bold in Table 2. These are areashich IE principles are apparent, namely energigieficy,
impact reduction, closing the production-consumptigcle, and innovation. The analysis also revgalss,
where IE plays a minimal role. These are marinarenments (Goal 14), terrestrial environments (Gd3),
promotion of gender equality (Goal 5), and sustaimdauman settlements (Goal 11). While the keywords
identified for these goals do not appear in greablmers in the text, the ideas that underlie thesdsgare
important components in IE. For instance, the caa®n, protection, and sustainable use of natural
resources in marine environments and terrestrizystems are a major component of sustainable ptiodu
consumption thinking which is a key tenet of IE.

Table 2 about here

5. Discussion

The combined analysis — integrating results ofstaeond and third steps in the study — identifieddtbroad
areas where industrial ecology principles can leada sustainable competitive advantage for business
resource efficiency, innovation, and climate chamgggation and adaptation.

First, the efficient use of energy and resourcesaaeas where business can achieve a competitantage

in line with the sustainability goals (Bocken et 2015). By reducing the reliance of business ontefi
resources, the exposure of the business to chamggmkets is minimized, while reducing the impactod
business itself. As an example, one of the majoisto practical IE implementation is a mass andrgy
balance on the system being examined (Korhonen)2@@Hile this tool is commonly used in engineering
practice, it also has implications for identifyingste and inefficiencies in the system and dridiagtinuous
improvement. These are ideas that can also beealpjpli traditional business strategy literature prattice
and are synonymous with reduced operating costsmamichizing exposure of the firm to volatility inarkets
and supply constraints. Resource efficiency is abgu an obvious synergy between IE principles and
business strategy and competitive advantage.

Second, the pursuit of innovation as a source afipstitive advantage is a major element in the exjst
strategic management literature. This analysiscatds that innovation in the pursuit of sustairigbil
outcomes can also lead to a competitive advantagebdsiness, through the opening of new markets,
products, and business models. The recognitiorkxbgutives that new business models offer greatatesfic
value than new products or services (Amit and 206tt2; Baldassarre et al. 2017) is a critical basefor
commercial enterprises facing a rapidly changingnemic landscape, with user-driven innovations sagh
design thinking, niche-oriented lean start-ups, #dreddistributed “gig” economy of flexible, highkkilled
contractors all challenging traditional expectasiar business behaviors and financial processdsdBsarre

et al., 2017; Friedmann, 2014). The applicationEbfprinciples to strategic thinking allows execetvto
engage more easily with the changing nature of moaarkets (Etsy and Porter, 1998).

Finally, using industrial ecology principles caraypla role in the mitigation of the impacts of besis
activities on climate change, and firms’ adaptattonthose impacts. These two areas — mitigation and
adaptation — relate directly to traditional managemconcepts of internal and external capabiliaesl
environments (Wernerfelt 1984).
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Mitigation can refer to reducing environmental iroaincluding water use and release of toxins tht®
environment, but is commonly used to describera’$ircapacity to reduce its carbon liabilities ie florm of
direct greenhouse gas emissions (e.g. methaneiegdegm open cut mines or gas wells, or carbonxidi®
produced through burning of fossil fuels in fleetspower plants) or indirect emissions (througtckileity
used in factories and offices, or other businedwites such as airline travel). The carbon footprof
businesses is increasingly a factor in financiahgliance obligations, as countries implement candcing
legislation in various forms to meet their commitrtseunder international agreements, particularyUinited
Nations Framework Convention on Climate Change. célintries including all OECD countries and
Argentina, Brazil, China, India, Indonesia, Rusaral South Africa have effective carbon pricing lace
(OECD, 2016), and while this is deemed inadequatedet agreed international mitigation targets QLeéré
et al., 2015), regulatory constraints on businessatinue to grow. Previous research suggesthtraessing
carbon market frameworks is a powerful means toeldgvnew industries and achieve national strategic
economic goals (Thomas et al., 2011).

Adaptation relates to an organization’s capacityntntain its activities and financial viability the context
of changing external conditions, which can be lterga market fluctuations, social pressures, orslatve
mandates, or abrupt, episodic impacts, such asrmagtiveather events or natural disasters, whicllaarage
supply chains or assets (Linnenluecke and Griffitgd 1).

The business logics of carbon mitigation for firame clear: operational improvement, anticipatiorclohate
change regulations, access to new sources of Lagatéer risk management, improved corporate isfart,
new market opportunities, and enhanced stakeholtgyagement (Hoffman 2005). This study has
demonstrated the utility of IE principles in fa@ling these outcomes. As the impacts of climatengh
increase in the future, the competitive advantagseciated with incorporating these principles mwethods
into the strategic thinking of businesses will omgrease. |IE has the potential to bring relevaamtefits for
businesses if it is effectively embedded in corpodecision-making processes.

In the past it has been difficult to define susahie development in a business context, resultirige limited
rollout and effectiveness of actions required tift sfommercial behaviors towards proactive sustailitg
Activities have either been focused on pollutioreyemtion, product stewardship, or corporate social
responsibility (Hart and Dowell, 2011). The pogiiing of the firm on the sustainability spectrum g&er,
2008) has been crucial in the effectiveness ofetlaesivities, as corporate culture is a major drofenot only
overall strategy, but the implementation of susthility initiatives. Unfortunately, given the cunterapid and
significant conditions of global change (in envimental, climatic, economic, atechnological, andiaoc
areas), meeting the minimum standard is no longeugh, and societal, market, and regulatory driases
forcing companies to operate in a more socially andronmentally responsible fashion. While theseai
distinct lack of integration of these ideas andssgjoient paucity of scientific literature (Hoffmarak, 2014),
there is a movement in some firms and businessrseit focus on integrating sustainability into @i®ns
and strategy. The literature data set collatedim $tudy comprises studies that apply the priesigif IE to
gain competitive advantage in business activitiessistent with the notion of sustainable developgmen
captured in the SDGs.

IE focuses on six key areas that have the potetdigirovide businesses with a competitive advantage
dematerialization and eco-efficiency, a strategierdgation considering the future in both productiand
consumption realms, a redefinition of the role ofibess, the use of technological innovation toesol
problems and create market positioning, systemkitig, and the application of a biological analagy
which industrial systems are reimagined as compidustrial ecosystems existing in symbiosis witlgéa
social and biophysical environments (Ayres and Ay@02). Integration of these IE concepts intoiti@uhl
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models of business practice and long-term strat®egitagement can lead to business activities censiafth

the notion of shared value discussed by Porterkaather (2011), and support meaningful progress tdsva
realization of the SDGs. Other frameworks have bpeposed that aim to capture environmentally and
socially proactive business activity, including tBesating Sustainable Value framework (Hart et 2003)
and Eco-Synergy approach (OSU Centre for Resiliengk). These frameworks share similarities wih |
principles (e.g. systems thinking, efficient usaa@dources), but their inclusion in this analysi®éyond the
scope of this study, so it is not entirely cleaanid how these frameworks directly support the @naat of
the SDGs.

At their core, the SDGs are a set of measurableaanduntable targets designed to guide the developm
policy, and priorities of UN member states in préimgp sustainable development (cf. GBD 2015 SDG
Collaborators 2016; Malik et al. 2015; and see SI¥BM5). Transfer of these goals and targets froen th
international scale that is the UN, to the natis@lle of individual governments, to the highlyigdrcontext
that is business is where the difficulty lies. Véhihe SDGs appear to focus on the role of govertnies
concepts that make up the goals and target havese celationship with the role of business, ane th
realization of specific SDG targets and objectiveBes on national policy settings and initiativisat
constrain or incentivize actions by non-governmandl private sector organizations. Traditional besén
approaches have pursued economic activity, oftetneatexpense of the environment and society that ar
fundamental to their operation. As discussed is plaiper, social and environmental factors form ppmaart

of not only the SDGs, but a wider discussion otaunability. Subsequently, traditional businesatstgy may

be at odds with the aims of the SDGs. The evolutiérthe role of business suggests that corporate
philosophies and commercial activities can no longe focused solely on economic factors, but ase al
inexorably linked to social and environmental drsv@/Vestley et al. 2011).

5.1 Limitations

It is important to acknowledge the limitations bistresearch. Firstly, the criteria used to colthgedata set in
the systematic literature review process could tiiciced for failing to capture all the literatura the
interface of IE, strategic management, and sudtiendevelopment. This is a valid criticism as tlaadset
was reduced by a factor of 10 with the introductmfnquotation marks to the initial search keywords.
Although this reduced the number of search resuitssize of the data set, it also had the effetgbtening
the scope of the literature data set to those papeat were directly relevant to the research ouestt the
heart of this paper. We consider that this was eessary measure, as the smaller data set was more
manageable and compatible with the tools and aisaigshniques used while also capturing the mosvaet
sample of literature. Further, as the analysis based on text mining and subsequent thematic asalys
may be that the work has not fully captured all @m@nt nuances within the individual literature.isT'ts an
important limitation to note in this analysis. Howee, the aim of this study was to provide a scognhgly
identifying synergies and thematic crossovers betwhe three research topics, and their poterntralesities

in both definition and meaning in exploring theaash question — “How can the key concepts of itn@s
ecology and strategic management promote sustairddielopment in line with the SDGs?” Preliminary
exploration of the broad crossover between thestindi but converging areas of research identdiedimber

of areas in which the principles of IE and businessitegy can be applied by businesses to pursue
sustainability outcomes. However, a more detailed extensive qualitative analysis of the field dddoe
conducted to verify and further explore the findirgj this research. Finally, it should be noted tha papers
identified in this study generally had a definitiohsuccess and value for organizations that isistent with
the traditional management literature (e.g. econovalue for stakeholders). The discussion of soatdée
development is complex, and it is difficult to fulkapture the value of social and environmentadigused
actions of organizations in a broad analysis sucthis. Alternate metrics of success and value éagial-
ecological resilience, social licence to operatel acosystem services) are also important aspébistio IE
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and sustainable development (as is evident thrtughi7 goals and 169 targets that constitute th@syand
should be incorporated into future definitions ojanizational sustainability strategy.

6. Conclusion

The traditional business practices fundamentabtbc2ntury economic development have largely igndined
natural environment and society in which they haperated. As we move further into the’2&ntury — a
period in which human activities are the primaryweirs of planetary environmental and climate dyremi
(Waters et al., 2016) — it is evident that busirleaglers cannot operate in isolation, but must #figr view
of the firm to one in which they recognize theittical role in a larger social-ecological-industrgystem. A
shift in strategic direction for business is reqdirone that identifies the competitive advantagsociated
with environmentally and socially responsible bess practices through the science of industridbggoits
focus on sustainable industrial systems and ieyéonnection with modern business strategy. Théysisa
presented here contributes to the growing body wiflemce that proactive sustainability practices are
strategically advantageous for firms.

The broad central principles of IE have the po#rth contribute to the achievement of the intéomeat
SDGs. IE provides a basis for a further evolutionhinking where the firm exists as part of, andéuese of,

the social-ecological system, and competitive athga is found through the combination of internal
competencies and from the full consideration ofemdl drivers. This study suggests areas for furthe
research, including detailed assessment of thevakation frameworks mentioned previously — thea@ing
Sustainable Value framework (Hart et al., 2003) Bod-Synergy approach (OSU Centre for Resiliengk),n
inter alia — to determine synergies between thesk I&. Even more importantly, the next step in this
evolution in sustainable business thinking will feedevelop the methods and frameworks to enable the
transfer and sharing of ideas between IE and gitateanagement. This should be a two-way transarca
single discipline or strategy can solve the suatzlity challenge alone. There is clearly a headctimceptual
frameworks that can be applied by business managetarness IE principles and concepts in strategic
planning and evaluation processes. This area warfarther research and there is need for the dpusnt
and articulation of theoretical frameworks thaegriate IE principles and strategic management gisde a
way that offers practical operational tools for iness managers. Additionally, development of quatnte
studies that analyse the benefits of implementih@rinciples and approaches in corporate decisiakimg

to reach the SDGs should be conducted, using thitseof this paper as baseline.

The private sector is critical to achieving the SDBusiness plays a central role in the provisibithe
products and services that are required now amd tie¢ future, and is the cornerstone for economic
investment, job creation, and a multitude of otimportant aspects of sustainable development. itois
necessary to embrace a more holistic approachotmoetic development, building value in human andinat
systems for the long term. The concepts that uiedeH align closely with the ideas of sustainable
development that inform the SDGs. This paper hastifled some of the potential crossovers in IEBgiples

in the strategic pursuit of competitive businesgaathige and the SDGs. While IE at the firm (busihésvel
can be seen as a useful tool for improving resproductivity, it is not an independent guide to pentitive
strategy (Etsy and Porter 1998). This researchtiftsh three particular areas of crossover and eactivity

in the industrial ecology, business strategy, amstasnable development literatures: 1) the efficiese of
energy and resources; 2) the pursuit of innovatimt 3) mitigation of and adaptation to climatende as
areas of competitive advantage for firms resulfiogn application of IE principles. The identificati and
focus on competitive advantage through these sidile management and development activities, shmild
encouraged, promoting the potential realizatiorthef SDGs and the ongoing evolution of current kassn
thinking to meet the sustainability challenges ahea
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Captions

Figure 1: Schematic of the research process
Figure 2: Concept map derived from Leximancer aialgf UN Sustainable Development Goals.
Figure 3: Thematic map derived from Leximancer gsialof literature data set using SDG analysisltesis

seed concepts.

Table 1: Results from the Leximancer analysis efWtN Sustainable Development Goals.
Table 2: Results of analysis using manually idadikeywords for each SDG as seed concepts.

Supplementary Information:
Table S1: Results from Leximancer analysis ofditere data set using SDG analysis results as seeeuts.

Data set of articles included in systematic quatiié assessment.
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Tables

Table 1: Results from the Leximancer analysis of the UN Sustainable Development Goals.

Concept Count I(?)z)evance Concept Count I(?)z)evance
countries 75 100 universal 18 24
sustainable 57 76 persons 18 24
development | 56 75 land 18 24
developing 53 71 strategies 14 19
access 48 64 regional 14 19
international | 46 61 sustainably 14 19
national 41 55 vulnerable 13 17
support 30 40 implementation | 13 17
resources 28 37 innovation 11 15
promote 24 32 ecosystems 11 15
technology 24 32 disasters 11 15
domestic 22 29 gender 10 13
increase 22 29 needs 12
women 20 27 food 8

Table 2: Results of analysis using manually identified keywords for each SDG as seed concepts.

Concept Relevance Concept Relevance
SDG Keyword Count %) SDG Keyword Count %)
God 1 overt 181 5 inequalit 35 1
poverty Godl 10 | ey
nutrition 188 5 equity 4381 14
Goal 2 | agriculture 297 9 cities 214 6
Goa 11
food 756 22 settlement 25 1
health 698 20 production 2464 71
Goal 3 - Goal 12 -
wellbeing 92 3 consumption | 1591 46
education 810 23 climate 974 28
Godl 4 Goal 13 | change
° learning 812 23 impact 2341 67
inclusive 558 16 ocean 55
gender 135 4 Goal 14 | sea 37
Goa 5 _ ,
equality 128 4 marine 41
Goal 6 water 964 28 ecosystem 767 22
o
sanitation 720 21 Goal 15 | forest 221 6
energy 2950 85 degradation 280
Goal 7 g
modern 287 8 society 1206 35
a8 employment 249 7 Goal 16 justice 251 7
o
economie 297 9 accountable | 305 9
growth
innovation 2080 60 implement 785 23
Goal 9 | . Goa 17 .
infrastructure 467 13 partnership 311 9
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Table S1: Result from Leximancer analysis of literature database using SDG analysis results as seed concepts.

Concept Count ?,Z')e"ance Concept Count ?,Z')e"ance Concent Count ?,Z')e"ance
business 13080 | 100 r esour ces 2283 17 local 1418 | 11
sustai nability 8834 68 information 2256 17 available 1401 | 11
management 7696 59 responsibility 2186 17 needs 1357 | 10
performance 6540 50 policy 2177 17 government 1316 | 10
chain 6096 47 strategies 2163 17 problems 1309 | 10
industry 6072 46 developing 2154 16 marketing 1289 | 10
product 5491 42 innovation 2150 16 nature 1281 | 10
environment 5276 40 data 2052 16 values 1261 | 10
social 5223 40 framework 2048 16 international | 1235 | 9
used 5094 39 global 1892 14 human 1182 | 9
organizations | 4814 37 paper 1879 14 increase 1180 | 9
development | 4778 37 studies 1865 14 water 1137 | 9
green 4596 35 role 1863 14 oil 1133 | 9
systems 4192 32 knowledge 1856 14 power 1058 | 8
economic 4186 32 natural 1851 14 world 1037 | 8
corporate 4173 32 consumers 1832 14 carbon 937 7
research 4101 31 manufacturing 1830 14 people 884 7
sustainable 3956 30 emissions 1821 14 least 826 6
study 3281 25 pollution 1801 14 regional 802 6
energy 3269 25 public 1777 14 food 778 6
waste 3033 23 support 1743 13 national 743 6
analysis 3006 23 time 1731 13 promote 664 5
material 2832 22 reporting 1666 13 domestic 582 4
strategy 2766 21 using 1665 13 ecosystems 567 4
process 2657 20 consumption 1657 13 access 530 4
ecological 2617 20 theory 1657 13 land 441 3
value 2598 20 countries 1600 12 univer sal 304 2
literature 2575 20 quality 1562 12 vulnerable 252 2
production 2525 19 work 1560 12 persons 185 1
case 2465 19 life 1549 12 gender 175 1
approach 2424 19 developed 1543 12 sustainably 122 1
model 2355 18 implementation | 1518 12 women 117 1
market 2335 18 accounting 1460 11 disasters 95 1
change 2302 18 technology 1422 11 interstices 79 1
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Highlights
» Systematic review of literature with a thematic aodceptual analysis using Leximancer™.
* Industrial ecology principles are shown to lead cmmpetitive advantage in line with
Sustainable Development Goals.
 The study establishes a baseline for quantitativa@lyais of the strategic benefits of IE
principles.
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