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Industrial symbiosis (IS) can contribute to achieving a win-win situation between industry and environment for local
and regional circular economies. Many authors have recognized that a variety of barriers can hinder the
implementation of industrial symbiosis (IS). It is imperative to understand and prioritize the barriers which will
provide guidance for the realization of IS projects and assist practitioners and stakeholders with more effective

implementation. This, in turn, will contribute to development of circular economies.

industrial symbiosis industrial ecology barriers circular economy

| 1. Introduction

Industrial symbiosis (IS) has been well-recognized as a key subfield of industrial ecology (IE) L2, A widely cited
definition of IS is presented by Chertow W:“engaging traditionally separate entities in a collective approach to
competitive advantage involving physical exchange of materials, energy, water, and by-products. The keys to IS
are collaboration and the synergistic possibilities offered by geographic proximity” (p. 314). IS research is
flourishing and has covered a broad range of topics and cases [2l. IS helps to increase the industrial system’s
circularity [4] and is considered to be a circular economic business model B It can often create economic,
environmental, and social benefits B which assists in promoting local and regional sustainable development
8 In recent years, IS has been considered to be a core strategy BI929 and a key practical approach to promote
the circular economy (CE) ML, Fraccascia and Yazan 11 have argued that the catalytic role of IS in achieving a
circular economy should be encouraged. In China, IS has been incorporated into national policies that were
specifically formulated for CE, and has been identified as a key element for promoting national CE development
(12 especially at the mesolevel 131,

A variety of barriers have been identified BIAIBIRI4IISIAGILT - \which will influence the viability of IS and eco-
industrial development [l Barriers for IS have been identified as one of the key topics which current IS research
addresses 18l and are in urgent need of being examined €. The operation of IS remains a complex and dynamic
process [ \which requires continuous improvement 229 Cervo et al. [4 stressed that the “creation of a
symbiosis is a multi-step process that goes from the identification of an opportunity to its implementation and
operation” (p. 6). When organizations implement IS, it is important to start from understanding the barriers that they
could face (21, For operating industrial symbioses, there are still barriers hindering their full potential development
(15)17122] Barriers can arise at different phases of the symbiotic development and the importance of a barrier will
vary at different stages of the process 223l Thus, it is imperative to prioritize the barriers which hinder the
implementation and development of IS [2I15](201[23],

https://encyclopedia.pub/entry/24487 1/10



Barriers to Industrial Symbiosis | Encyclopedia.pub

| 2. Identification of IS Barriers

In general, the current research on identifying barriers related to IS can be mainly divided into three groups, i.e.,
specific barriers, generic barriers, and evaluation of barriers using mathematical methods. They are summarized
in Table 1.

2.1 Identification of Specific Barriers

Some researchers identified some specific barriers related to IS from different perspectives, such as institutional
barriers [24123]126] - grganizational perspective Bl environmental regulation barriers 24, and sectoral boundary

barrier 28, They are summarized in Table 1.

2.2 ldentification of Generic Barriers

The generic barriers related to IS were also put forward by some researchers. Some of these studies chose some
IS or EIP cases to identify barriers, such as the Kwinana and Gladstone of Australia 2217, the industrial estates of
Canada 29, the Ulsan EIP project of Korea B9, and the EIPs of China 1. These generic barriers are listed
in Table 1.

Table 1. Identification of barriers related to IS.

Categorization of

. Descriptions References
IS Barriers p
Identification of « Institutional barriers for development of IS [24]125](26]
specific barriers
» Barriers of IS focusing on an organizational perspective 3]

» Barriers for impeding the development of industrial ecosystem focusing

on human dimensions

» Social barriers for waste exchange (33]

» Barriers to intercompany cooperation [34]

» Barriers for EIP focusing on the topic of management [35]

« Environmental regulatory barriers that hinder the IS
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Categorization of
IS Barriers

Identification of .
generic barriers

Descriptions

Barriers for development of interorganizational environmental

management

Sectoral boundary barrier for IS, which is caused by the traditional

planning system of China

Societal and environmental problems related to EIPs

Barriers to reuse and recycle in IS

Barriers of information and knowledge for IS

The critical limiting factors for EIPs from the worldwide EIP experiences
are categorized as symbiotic business relationships, economic value
added, awareness and information sharing, policy and regulatory
frameworks, organizational and institutional setups, and technical

factors.

Barriers for the development of IS include categories of economics,
information availability, corporate citizenship and business strategy,

region-specific issues, regulation and technical issues.

Factors influencing the development and sustained operation of regional
IS networks include technical, political, economic and financial,

informational, organizational, and motivational.

Barriers associated with eco-industrial activities in CIE and PEBZ

include costs, roles and responsibilities, knowledge, and regulations.

Potential barriers for developing EIPs include technical barriers,
informational barriers, economic barriers, regulatory barriers, and

motivational barriers.
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1 Catlesgggfﬁtel:)sn ol Descriptions References Cl€an.
1 , o , ' Input-
» Challenges in the Ulsan EIP project include the reluctance of companies
and industrial representatives to take an active role in the initiative,
1 environment regulations and standards, and no integrated management 50 ent.
of the two industrial complexes. n 23
1 » Barriers for establishing IS relationships include technical, economic, na and
informational, organizational, and regulatory (legal). 143)
1 Yu,
» From industrial park senior manager perspectives, barriers for EIP g
development in 51 Chinese industrial parks include capital, policy, (31]
informational, tangible resources, and intangible resources.
1 eofa
» Barriers to IS based on a case study of Gladstone include commitment
1 to sustainable development, information, cooperation, technical, [15] rrial
regulatory, community, and economic. ility
1  Barriers which can hinder the implementation of IE at the industrial Ainerals
estate level include technical barriers, information barriers, economic [44]
barriers, regulatory barriers, and motivational barriers.
1
» Challenges that organizations may face when developing byproduct
1 synergy include regulatory, economic, technical, and organizational [45] ' the
barriers. 38-952.
2 4 gy for
» Barriers in forming an IS network in an industrial park in the Philippines
include lack of trust among locators, lack of information sharing among
2 locators, lack of top management support, lack of training for s and
implementing IS, lack of policy to incentivize initiative of IS, lack of 3] proposed
5 funding to promote 1S, lack of technology and infrastructure readiness, \]Setlﬁz:%l for
lack of institutional support for integration, coordination, and Pﬁg’[_ifying
[ lysis and
2 14 B5¥isQthe
| cuisnn maniy 11} an o SUPPEE

ass‘QQLI§%@b€tﬁﬁ‘§vh§h%ri§%&aﬁﬁ@%a%ﬁzé@ag%éﬁgal@r effect factors. éased on the work of Bacudio et

al. 14 Promentilla et al. 28 proposed a methodological framework to analyze the barriers for an EIP in the

Philippines. The related contents are also listed in Table 1.

https://encyclopedia.pub/entry/24487 4/10



Barriers to Industrial Symbiosis | Encyclopedia.pub

- Categorization of - yme
IS Barriers Descriptions References)ductS
i communication, lack of willingness to collaborate, and lack of |
In ths peiieMdEdifr ies. Many
] . awareness of IS concepts. )
barriers have been | ine these
» The IS maturity grid includes seven IS barriers that are tested against 16. 18
five stages of IS maturity and was applied to a real IS example of [15] ' '
Gladstone industrial region of Queensland, Australia.
2 Barriers
[16][46] lsgtytignal
* Adopt a factor analygigAg identify and group ggumber of barriers for ;strilcjzt %e
EIP development, and adopt cluster analysis to categorize and evalyate -
P P y g 148 31 cularity is
the levels of barriers perceived by senior officials manage the EIPs.

2 Evaluation of 3P Ri3 rarely
barriers using which. in
mathematical - : . . ,

9 methods » Adopt the Decision Making Trial and Evaluation Laboratory (DEMATEL) y opment

method to identify barriers for implementing IS in an industrial park. 4l
ng linked
2 [42] [17] ) i
» Propose a methodological framework which combines DEMATEL, ml%]& o
[43] [17] , i
Interpretive Structural Modeling (ISM), and Fuzzy Analytic Network 9). Gibbs
50 "
3 r=0t Process (ANP) to analyze the barriers of designing and implementing [2 E;Qﬂks (p.
29 o EIP Although
astes into

9 ) ) .
By-protucts’ artieeurrent-shutrotimeHtal eglildtichs 22 “Whith' Brevents e Telise o1 wastes et ARSI
policy 03 ReSPRSINGR O sghior Officials at National Ingustral Barks, 4 Nda E9en e 42 drle

Fra‘r"n%?/\iork Directive (WFD) do not support the development of IS. Singh et al. 1l reported that “there is a lack of

Aanyoih) rariekduaneadvbf BodeestrémioMieBmidrtssOdoperatisa andrid¢astanl’ Synmbiosiz). Beasia@mmagnay
alsechienraperteanseafaties HorhasuBEnsénsistesPSFAndaE dstetatet) 82085, menBBetostrict transportation
3procedur_es and requirements that need to be aﬁplied for a byproduct that is classified as a controlled waste.
3. Ceglia, & de Abreu, M.C.S.; Da Silva Filho, J.C.L. Critical Elements for Eco-Retrofitting a _
Desrochers B8 mentioned that it js prohjbited to, export wastes categorized_as ‘hazardous waste” 10 the United
Conventional Industrial Park: Social Barriers to Be Overcome. J. Environ. Manag. ) ,
Stat3e7s undge?f the Resource Conservation and Recovery Act (RCRA). Papathanasoglou et al. reported that
industrial units belonging to certain categories are not permitted to be located in the same industrial area in terms
3¢k. fhiehdristingV .inSiglizenatGekingeiid . i erdech]. wWRRRtZe SXidBarinersiaf Irdarotgamisaéqaaishment of 1S,
Furtheviiersneabatidanagrmenta TED SrgsedShidipssprdnsiustiabbanikiasisgRreg. inplemeata@fi0bt the

cureht-B8ulations, lack of comprehensive and specialized legislation hinders the development of IS as well.

35. Tessitore, S.; Daddi, T.; Iraldo, F. Eco-Industrial Parks Development and Integrated Management
In additign, closel ,regl,ted to the context of China, the planned economic SYLstem that was previously choSen by the
Challenges: Findings from lItaly. Sustainability 2015, 7, 10036—10051.
Chinese government restilted in sectoral boundary barriers, which impeded the development of 1S [28!,

36. Sinding, K. Environmental Management beyond the Boundaries of the Firm: Definitions and
3.2ZEconomicBagiersgy Environ. 2000, 9, 79-91.

o dRAMRELbrar RiidRO AN aFc P RLRAYSIHAL BatkSss My lanngsistainall A6 e loRg eREHANXER:
waéﬂedblr%ttﬁi?c!t? %KSDJ %CBQ}HEF‘IB)&M%A%& @]Ja_ré%fd that “many industrial wastes cannot be economically
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38cirastoghenzgl. ities fasrd bodostipah s pebpestieS orasdHistdrcajlePetspacihies aighPbéicyconomically
undonptcaticksg, WhibhckeBitiols pO@h}i5), I2%edidities (43150561 Saimi et al. (27 argued that transportation of waste,

SRR BB YSIE 2L PRNBl R AN s NP e T RS e
IV UP MR e, e B antr shol PTSES N Tor ERaBg Industrial Symbiogist>e2reners
COREEIRAIB of (LB, MRSHTENE R RSO SRISHHR ARSI BRELEHS CTRIS A1 7615 25ggPrevert
companies from implementing IS [BI4E7],

40. Sakr, D.; Baas, L.; EI-Haggar, S.; Huisingh, D. Critical Success and Limiting Factors for Eco-
Cormunssi alelea tosh € >podfah dlee ISdsnarsd b ongpdign €0 ahée xt ohoGlie drariiecn 20 kihjbiOth ib@Atité %o utilize

A1 AEON) AESBIR RALCH et B R A PSR S B B S ramm R 4RR 2
OIS, DB rmiAAT s Sl Sn ERallShg &5 23928 ah. e Bh84 73! ggpoggigtion of potentia
benefits.

42. Gibbs, D. Trust and Networking in Inter-Firm Relations: The Case of Eco-Industrial Development.

3.3 TethnologicatdBarrier8olicy Unit 2003, 18, 222-236.

43RS Rn il {ELMR AR ahnley or I Al erfa Rye S I BUIAL B SRV G2 e bt 22 i
tha{\lgtggr{(l:%rr]rgssfh'élgsatp uerg,sr%r(]:gi/é]r'ypa{ﬁg rr]('euF';‘reoo 'be%%‘Hu]C?s‘. ?ﬁg’y r9e9p50'rted that many potential IS opportunities

JapVBraneh) BredenBrlifronT. ShnaracaiespbesibilitychttdebrRiegionhillenges, ThisBaidivgilebiiystitralinéle)
recovdustiéshEsitates. E4r. IEunvétonl. 1[9@9r,r19n12@1pd23Qme technical barriers associated with waste water
regeneration and solid waste reutilization. Gibbs 2 percejved_the possibility that Jocal companies have no
45"Mangan, A.; Olivettl, E. By-Product Synergy Networks: Driving Innovation through Waste
potential to ‘fit together’ as an example of technical barriers. In addition, lack of evaluation technique related to 1S

Reduction and Carbon Mitigation. In Sustainable D%/_(?Iopment_ In the Process Industries; John
has received_attention by some Tesearchers. Costa et al. 22 emphasized lack of evaluation of the potential

. d.
Wiley & Sons, Ltd.: Hoboken, NJ, USA, 2010; pp. 81-108. ISBN 978-0-470-58609-9.
recycling function of manufacturing technologies already in place as a challenging technological barrier. Sakr et al.

48 Jiaziodte BoanshE I davengcal Resarm knigenoa tapiadicy imdeimaniiandond ratilitaioppertmbesap.
1160 stiifh Sy ki esirizasrduen a Comprehensive Literature Review. J. Clean. Prod. 2014, 67, 14—

25
4?}'.4C9iﬂ,gxglﬁtgenn%|, g%ﬁlﬁ{es Industrial Ecology Potential in Asian Developing Countries. J.
He&gasagr gl.rqﬁ—h] %9&14?0?1@ Jt9§t7fﬁ:l=:0§r$ﬁcipated waste exchange might not conform to the current corporate

(B oRRirREgRAISIBSHTEr MBI RAEY SeRRTs e CacampEebARIAYaL eFiauier KeWeNs AvdiRanuininegued
thahRERRiFRUIMAROSIBETHENTEN. FRAYY Ga s D0RB6HS9BTRE f I 6 Epe JaB0acralIp dR (HREEsRENIes,

thug 7imjieren 2052y, example, some researchers found that companies which are subsidiaries of national or
4isn)ternz%tional corporaﬂlqns_may Re ‘;\t;lnable t_cl)_ all\t/(lerlmaterials Ilinkagesj’ % (p. 1693), ordmay lack interest in IS
exc gné?%’ %i’s islsc%lrr]]selgérea to %glg fesult o? ﬁg\/ell’l?g’ I\iﬂrﬁitgg Hggilsallon%a blllﬁ%sgl)%V%QrS M[g—&ﬂéurthermore,
Instrum?r@ Pf S(lilstalnabl!]e Consumptlon.?np Praduction. J. Clean. Prod. 2011, 19, 1865-1875,
Heeres et al. ound that In the case of the Fairfield EIP project, “absence of an entrepreneurs association that
S5@pfeienss B FRIdield, iR electionsoiednipl oo itiogel nthhstfiatd-s okaginthsabddnis do- thdystijedtPark
Development. J. Clean. Prod. 2007, 15, 1683-1695.

5Thesqultl#]relgfl2n organizaEiA(\)n glays arhimportant role in impltle\;lmﬁ/lntin IS pr_actic(%s. A sharedfvisi?:r] anclj beliefs can
.oIngn, K.K.; Kumar, A.; Garza-reye ) a, IVL.IVI. nagin rations for Circula .

f]cirm a%ommo_n cbﬁture among actors of Xn ?S ﬁ@}[&? gom_e researcar‘1e_rsg ar ue(? ﬁ1at organizational cu[tures with

co on}y_ in tpe Mlnln(’gr Sector: An Analysis of Barriers Intensﬂx. ReE_our. Policy 2020, 69, 1017}':;)2.

low Tevels of interfirm coopération could cause’a certain reluctance against taking part in“symbiofic rélationships

41 or could prevent companies from working across organizational borders B2,
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57. &hieionX Tuduajitat &l; GAniskiySed-djia; MndGentheYmBire dmpadsed Sealag Redycking Beantary, fands
mafByjas/pfddlaste (n2Bymhiobsitiandc: Redyaktignidg lofdh& eolir@ 082in 16 a kA& Iiddustrial network. Heeres et
[43] . . . . . “ . . -

o4, ORI LS RS R R [ P RS ARG i mPees”

SRS 5 AR PRl YYs, 6, 181-188.

53.5informatiemaEB &atier,s\. Drivers and Limitations for the Successful Development and

Functioning of EIPs (Eco-Industrial Parks): A Literature Review. Ecol. Econ. 2007, 61, 199-207.
Informational support assists in discovering IS opportunities through identification of possible compatible flows &

S0 AP RdRing LRI R MSERISK e FERIoQY 3nd Feangmiss RiRIg8s Tl fkional

baragr%,4da%8de4ge5rgé1i§§d as “the right people do not have the needed information at the right time” (p. 987). Gibbs

582 @goeBth@ ényay heSdficult tDbrbnew ses YortwadteapmadustPdomtotipgy iacusicialeS yodsiddigriraton on
the Gageniizdl medkestrimdPeotential ssenf. Midentayy 53 keand Rhet] b26in6ssl 35rB@Brs1 0g&:N lack access to

information about their neighbors jn different industries” (p. 24). . . . . .
Yu, F.; Han, F.; Cul, Z. Evolution of Industrial Symbiosis in an Eco-Industrial Park in China. J.

He&éesa&'aﬁr@'fggr%‘c? th%?asc%?n_n%ﬁlr%tation platform is critical for EIP projects. Raabe et al. 22 considered that

5816 ingizr; adien & ded; [gotémRaPieGeaticivating i Som|sakadlefStudiioon ehatiatbwassidd prdusteidble
by prashicisoWeayl s @gstitnatiia Pev@idmadnn eaifeen Mhitinanddantela cRed dgr. € phidoy. Remalies
engRQiLg, in 28yaiosioBY.

O Sadiigh, nME e Gy HOBYA VARG MANagement LRlSIRR Lo utna! FYBPISSR that some
bus%%\s/gelz%%ns%&t::la 3‘/31 % J%%i%ﬁég, lEs%'éOrRee@ ne%(?al’rw [)i%sz‘a'r |Ci%%a§peﬂ|§)% ezc%%gdl}griaqlascﬁ\%%gs because of

6 e Piaksy atisapiatashwih; Shanitgy exfrma8onTivi Sedsertial Coratetitons ndu s ). KB aBesl elo e epttekEXd=gyptian
indiistivsEéét Eseatéd ifotivhimatdomitimine eistrxdtendiegnRegiaipC orfaanithaB dseal eodhed Lagiakt
the@dintbe JeTletny Putriged'3p51168)—79.

Gégérgdﬁiﬁvé?%%ﬁ;% Choi, S.-M.; Chiu, A.S.F. Strategies for Sustainable Development of
Industrial Park in Ulsan, South Korea—From Spontaneous Evolution to Systematic Expansion of

CodRfidatAbSYBPHIESIS. ideftii¥t @R. dianhehe? DB/ ol tHe3development of IS by some researchers 45164

&?E@éﬂg?'ﬂﬂ : %%@rsﬁltuseiﬂ?igt.eﬂé%ﬂﬁhf{?ﬁtg Sirlear RELEHYTH P %H}ﬁ@”@h"g{ﬁéﬁgggt%{ﬁ fonnotations by
CoreRBRiSTu Rk AYEA SRIBORYSSWAKIEY OIS NIRSIS AN RETIRRE Bl VEKHANE P 7005 feld

andzgufr_t%é% argued that it is difficult for companies to integrate wastes into their strategic processes because

wastes have a long history of being ignored. Notarnicola et al. 22 found that a main constraint for IS

Q%p%%ﬁ%oMiﬁthﬂggYﬁwb% ABH%@B%B%& i’; 'hk@qu%ﬁghtg&)g;méjpri;lr{la_r):rz‘groduct with a focus on

GRPIERUSHTERS; N, BerteruNSRIEstial FeSh gy RoPidasties: stetis dﬂo@?dimﬁéﬁd@h'&e% Some

authQifutegpeigagoned it baroes in egablyg IS is that companies lack understanding of concepts, principles,

potential benefits, and cooperation related to IS activities 224I37][39]1401 i _
65. Branca, T.A.; Fornai, B.; Colla, V.; Pistelli, M.l.; Faraci, E.L.; Cirilli, F.; Schroder, A.J. Industrial

3 ﬁm&%@nﬂaﬁgﬁgﬁg@ciency in European Process Industries: A Review. Sustainability 2021,
13, 9159.
Some researchers argued that there may be motivational barriers wherein stakeholders must be willing to

cooperate 24142144] | this respect, the barriers may be a lack of trust 4243144l Gibbs 42 also noted that a lack of
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Gieudt ovobidratiniRt MerediablsticeinB af riesgrbbifan deRitiveshifof dheid wah Boarmoiniu o iHgle ke astiialks]
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reg?gil\ggfattemptmg to implement IS.
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Chertow [83] argued that concern about the use of industrial byproducts, especially in symbioses involving
agriculture, needs to be carefully examined because it is an important environmental and health issue. This means
that an IS relationship focusing on utilizing wastes may be hindered if it can cause safety problems for environment
and human health. Chertow 3! further pointed out that there is still no widely reported evidence of environmental
health problems resulting from byproduct exchanges that has been found. In a case study of IS around the Gulf of
Bothnia, Salmi et al. 27 found that while there were no significant technological barriers on utilization of wastes
around that region, from an ecological point of view, they argued that the marine transport of hazardous materials
across the open sea during winter is certainly risky and recommended that a risk assessment on marine transport
should be conducted 27,

Table 2. Classification of IS barriers.

Categories of

- Type of Barrier References
Barriers
« Policy barriers [3][47][49][64][65]
» Regulatory barriers
o Barriers resulting from implementation of current [15][A71(26][27][29381[41][43][45](50]
regulations [51][52][65][66]
Governmental
barriers
 Barriers resulting from lack of specialized
regulations (2]
« Government institutional or government
management system barriers [25][281741]
Economic barriers o Cost barrier [BI[L7]127][41][65]
[31[49](57]

o |nvestment barrier
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Categories of

Barriers Type of Barrier References
» Benefit barriers [42][45][56]
« Lack of recovery and recycling technology [17][58]
Technological
barriers ) )
* Lack of evaluation technique [40][42][59]
« Organizational structure [3]129][40][41][43][50]
Organizational » Organizational cultures [41][50]
barriers
e Main companies [43][54]
 Lack of access to information [39][41][42][43][56][63]
Informational
barriers o ) o )
« Difficulty in exchanging information [29][40]
. . » Lack of understanding related to IS activities
Cogpnitive barriers 9 [22][29][34](37][39][40][45][64]
L . o Lack of trust and cooperation
Motivational barriers : [42]f43]44][49]
« Potential risks for human health [63]
Safety barriers
« Potential risks for environment or ecology [271[63]

4. Prioritizing the IS barriers in a Comprehensive Manner
with More Case Studies

https://encyclopedia.pub/entry/24487 9/10



Barriers to Industrial Symbiosis | Encyclopedia.pub

From an extensive literature review, it can be seen that the current research related to IS barriers is mainly
gualitative. Evaluation of the IS barriers is still very limited. It is imperative to prioritize the barriers in a
comprehensive manner with more case studies. There has one study which proposed a Group AHP-TOPSIS
Model to semi-quantitatively evaluate the barriers which impede the implementation of IS 4. The model is
designed as a two-level hierarchical structure, which assists in identifying the degrees of importance of generic
barriers and the specific barriers corresponding to their generic barriers. An operating IS of China is taken as a
case to test the proposed model. It shows that at the generic barriers level, the top four degrees of importance of
generic barriers are technological barriers, economic barriers, safety barriers, and informational barriers.
Technological barriers are the most important generic barrier for the IS and should be given the most attention to
be managed or eliminated. The top five specific barriers are information platform barriers, human safety and health
barriers, technology of extending industrial chain barriers, product added value barriers, and cost barriers.
Information platform barriers are the most important specific barrier and should be emphasized. This demonstrates
that the model assists in prioritizing the different barriers in a comprehensive manner. In the future, more research
on prioritizing the IS barriers with case studies from different countries needs to be developed. This will help to
provide empirical evidence IS barriers studies and should be helpful for managers, decision-makers, and policy
planners to understand the IS barriers, focus on several critical barriers, and set comprehensive efforts for

improving the operation of an IS, which could facilitate the transition to a circular economy.
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