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Abstract

Growing global concerns about a plethora of envirental and social problems related to working
circumstances, health, safety and inequity haveently fostered sustainability approaches for itigus
Sustainable industrialization has emerged as astetegic trend for facilitating socio-economic bfits
without impairing basic environmental quality. Thikange in paradigm has led to a new concept in
industrial sector called “Industrial Ecology” (IEBased on a straightforward analogy with the natura
ecology, IE aims at transforming open linear indabktsystems towards closed, cyclical independent
systems. With a multidisciplinary scientific appcbaand many practical tools and strategies, it eskbs
various cross cutting themes related to pollutind anvironment and the entire spectrum of issugisdte
involved in the management of enterprises. Thendation of various concepts synthesized in thisepap
reveal a largely untapped potential of IE as a [somg integrated framework for managing industrial
practices.

Keywords: Industrial Ecology, Sustainability, Integrated framork, Business, Management,
Corporate Environmentalism, Waste.

1. Introduction

As a consequence of 14 fold increases in traderapid industrialization since 1985 and the expagdin
economic growth, natural resources are consumeeérféisan they can be restored, while wastes and
pollutants are released faster than the earth baorl them. Industrial activities are increasingly
confrontation with ecological systems (O'Rouskeal. 1996).Growing global concerns about a plethora of
environmental and social problems related to waykaircumstances, health, safety and inequity have
currently fostered sustainability approaches faustiry. Rapid industrialization, open market, higlality
requirements from customers, legislations and arease in competitiveness between companies locally
and globally have created a serious demand forriectated design for product as well as process
innovation within industry. There is an urgent nedfdan approach that allows the environment and
development to co-exist without threatening eachhed viability (Tibbs 1993). Sustainable
industrialization has emerged as a new stratedambad and dynamic developmental trend for fatiitita
socio-economic benefits for present generation auttcompromising the needs for future generatich an
without impairing basic environmental quality armbgystem processes/services. This change in pamadig
has led to a new concept in industrial sector ddlledustrial Ecology” (IE), a field just about tws/ two
years old.

In the subsequent sections this paper discussesettoal dimension of industrial ecology related to
business management based on a content analysie afrticles published so far in various journals,
complemented by other papers relevant to this dgon. With focus on basic proponents of industrial
ecology along with a glimpse on the tools and egias developed under this field, we try to outlihe
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integrative nature of this framework towards therall management of business sector.

2. Defining IE and its vision

IE is defined as the system-oriented study of thgsjgzal, chemical, and biological interactions and
interrelationships both within industrial systenmsl detween industrial and natural ecological systerhe

idea of IE is based on a straightforward analogthule natural ecological syster@raedel & Allenby
1995) Based on the nature’s principle that “nothindé&ng wasted as waste from one species becomes
food for another species”, IE studies industriagteyns as industrial food webs and examines thenpiate
application of natural models for the developmehindustrial processes and products (Nakajima 2000
Berkel et al. 2009) It aims at transforming traditional, open lineadustrial systems towards closed,
cyclical and interdependent systems, parallelirtgnea

The purpose of IE is forward-looking: rather thaeufs on remediation of past ills or end of pipetaua
on pollution already created, it stands for avajdenvironmental damage in the first instance thinoug
systems analysis, through product, process, anitltfadesign, and through technological innovation
(Chertow 2007)It aims to look at the industrial system as a whitlaot only addresses issuespofiution
and environment but considers as well the entieetspm of issues that are involved in the managéimien
enterprises, ranging from technologies, procesa@uis, inter-relationships of businesses and fiman
to overall policy(Erkmanet al 2001).1t seeks to optimize the total materialsl&€yrom virgin material to
finished material, to component, to product, toakte product, and to ultimate dispos@rdedel &
Allenby 1995) This innovative concept goes beyond a more efiicmanagement of waste to encompass
all activities in a given system, including resagdextraction, optimization, productivity, and aeery),
processes (production, manufacturing, distributiconsumption), and disposal (collection, re-proicess
final disposal) (Wernick & Ausubel 1995; Frio 1998)

At its core, IE studies and interprets industrigdtem in two ways: first, as the activity of tramshing
resources into products and second, as the colfeofi companies involved in extracting, processang
manufacturing products and delivering servicesfoltuses on identifying and quantifying flows of
materials and energy across the entire industyielec ensuring they are used efficiently and effety,
providing for the needs of humanity while promisitimat the assimilative capacity of the planet i$ no
overwhelmedCoteet al. 2006). By displaying trends, scales and relatmfmaterials consumed, emitted,
dissipated and discarded, it can generate diffeseabarios which in turn exposes opportunitiesdtieb
the performance of industrial ecosystegW&rnick & Ausubel. 1995).

Actually opinions vary from literature to literation conceptualization of IE, but all authors agnese or
less that there are five key concepts of indusértalogy perspective which focus on:

1. Design of products, processes, facilities, infradtire, services, and technology systems so that
they can be easily adapted to environmentally pabfe innovation with minimal waste.

Minimization of waste production and resource comgtion in all activities.

3. Use of the least toxic alternatives whenever ptesibarticularly when the materials may be
dispersed into the environment.

4. Design of products, facilities, infrastructure, amghnology systems to preserve the embedded
utility of materials and energy used in initial nufacture. Thus, in many cases designs which
extend the life of products and support the reagglirecovery and reuse of subassemblies or
components, rather than materials, are preferable.

5. Design of physical products at all scales not jagterform their intended function but also to be
used in creating other useful products at the énleir current life.

3. Tools and Strategies for IE
IE is a multidisciplinary applied science which qmises system analysis through laying its foundatio
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basic sciences, system engineering, economics, H@magement, as well as social sciences. Many
important practical tools that can complement antiaeace an integrated framework for sustainable
business management have been developed in tlefidt (Hond 2000; Poyyamoli & Patnaik 2010). The
following section gives a brief characterizatiortivdése tools:

Materials flow analysis (MFA) or Substance flow Bsé& (SFA)is basic analytical tool of industrial
ecology which uses numerical data for direct inpofsmaterials, in combination with chemical or
engineering details of the processes being stufliedanalyzing resource flows. It is based on the
fundamental physical principle that matter can hregitbe created nor destroyed. Therefore, the mfass o
inputs to a process, industry or region equalsnthss of outputs as products, emissions and wastes,
any change in stocks.

Life cycle assessment (LCi&)used to determine the total environmental ihpéa product throughout its
life cycle (i.e. from cradle-to-grave). There atgee basic stages in LCA: inventory analysis, inhpac
analysis, and improvement analysis.

Strategic Environmental Assessment (SEAJonducted to ensure that the environmental egurences of
proposed policies, plans and programmes are wiphascribed limits and allows the integration of
sustainability objectives at the earliest stagthefdecision-making process.

Environmental Risk assessment (ER&)imates the inherent hazards involved in prosessesituations
and the risks posed by these either quantitativetyualitatively. It includes human health riskessments,
ecological or eco-toxicological risk assessmentd specific industrial applications of risk assessie
ERA includes a number of steps:

e Problem formulation

* Hazard identification

* Release assessment

* Exposure assessment

» Consequence assessment

» Risk estimation/ evaluation

* Risk characterization/management

Ecosystem vulnerability analysieveals the degree of capability and sensitivitymm ecosystem to cope
with the consequences of natural changes.

Eco-performance profileis the identification of energy and material-rethtenvironmental impacts
generated by the company and along products' ffdes, cradle to graveFull environmental cost

accounting includes physical flow accounting andnetary flow accounting. The former deals with
material and energy flows, and the latter deal$ witaluation of environmental impacts, cost of dgesa

to the environment, cost for environmental protectictivities, and so on.

Environmental auditingis a management tool that is a systematic, doctederperiodical, objective
evaluation of how well the environmental protectanganization, management procedures, and equipment
function in protecting the environment by faciliteg the management control of environmental prooesiu
and evaluating conformance with the company's enwirental policy, legislation, permits, and so on.

Eco-mappings a visual, simple, and practical tool to analgnel manage the environmental performance
of the industry; an easy, creative, and systentatithod of obtaining environmental data based on the
physical reality of the industry; and a dynamicentory of the changes in the environmental behasfor
the industry in a visual format.

Total quality environmental managemesita management philosophy and a set of accompgmyiality
improvement techniques that have been widely usedhiious sectors all over the world. Total quality
means an ultimate goal of zero pollution, whetloertfie individual firm or for a cluster of compasi@ an
industrial ecosystem, undertaken continuouslyfgerovement across all operations by seeking tmgec
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the reasons for poor quality performance and implging methods to reduce and/or eliminate the cause
of poor quality.

Environmental health and safety (EH&B) used for reviewing legislation, recommendingiges, and
monitoring compliance with environmental and healttd safety statutes and regulations. Environmental
management systerfEMS) is part of a management system of an organizaitiorwhich specific
competencies, behaviours, procedures, and demaadsthe implementation of an operational
environmental policy of the organization are definig improves the overall performance and efficieof

a company. It also facilitates cost savings throtighreduction of waste and more efficient useattiral
resources and avoids fines and penalties from ne¢ting environmental legislation by identifying
environmental risks and addressing weaknessesplbives the public image of the enterprise.

Integrated environmental strategigsovide policymakers and other stakeholders witangified data on
the health, environmental, and economic impactet#cted integrated measures. Integrated enviraianen
strategies lay the groundwork for implementatiorpoficy, technology, and infrastructure measureth wi
significant local and global benefits.

In addition, there are other proven strategiesh stsc
< Clean/green technologies (clean development mesmaziero waste, etc.)
» Dematerialization
e Design for environment
« Design for sustainability
« By-product exchanges /Industrial symbiosis/Eco-stdal park
« Environmentally sound technologies
e Corporate environmental/social responsibility
*  Eco-industrialization
e Supply chain management etc.

These developments signal an international shifenmphasis from managing individual manufacturing
wastes and emissions to managing the overall emviemtal impacts of industrial sectors and of présluc
over their life cycles. Moreover, as the importaefdoth information technology and the technolagic
infrastructure are increasingly recognized, apgilicaof IE is making progress from its initial engsis on
specific products and materials to a broader eniploasinfrastructure, technological systems, asduece
efficiency of the whole system (Poyyamoli & PatnaikL0).

4. Benefits of IE to business

Adopting IE perspective may enhance a firm's coritipet position through sustainable gains at three
levels: within the firms’s value chain, within tvalue system it shares with its suppliers and iistion
channels and beyond the chain of production (FE681 Hond 2000).In the following sections we will
discuss about it with greater details.

4.1Revenue generation

Companies are sometimes unaware that their by-ptechave market value and can be sold rather than
disposed of. Applying IE principles through bypretlexchanges, or simply by investing in technolsgie
that will facilitate such exchanges, companiesgain good monetary benefits (Frio 1998).

4.2 Cost savings

Industrial ecology spurs attention to new/hiddepapunities for cost savings that would have othisew
gone unnoticed. It sparks creativity and innovatiuat leads to unanticipated benefits that go beéyeaste
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minimization.

In a successful industrial ecosystem the eco-imdligiconomic gains lie in the reduction of raw el
and energy costs, waste management costs andressisng from environmental legislation, as weallthe
improvement in working conditions and ‘green margetential’ (Korhonen 2001).A company can realize
peso savings through minimization of inputs, substin of materials, and reduction of disposal so#t
the end result of these savings is a lower progtice, this can increase the competitiveness ofithg
expand the market share, and satisfy customerswlisle, improved public image can also increase atark
share and equity value (Frio 1998).

By giving attention to the flows of materials amkegy through a firm'’s possibility of closed loogstems
and design for environment opportunities, it caml &0l the value of a product or reduce the cost of
production. Thinking in industrial ecology termsyredso help improve resource productivity by enadpka
firm to redefine a product and increase its valuedstomers. By cutting costs or generating vahre f
suppliers or customers, companies are often abfefgmve their competitive position.

The sharing of materials, energy, and water caid yéignificant costs often with little or no capita
investment. Cost savings can also be realized ¢ftrdhe shared capital and operating costs of iaslit
which supply gas, water and other services to camgaBy combining purchases of shared inputs,sfirm
may also be able to negotiate better prices.

4.3 Reduced liabilities

Both financial and legal liabilities can be minimd through industrial ecology. Bettenvironmental
activities can reduce payments related to highsk premiums and improve a firm’s credibility. Waste
reduction may reduce liabilities related to envirmmtal accidents or improper disposal. A firm
implementing IE practices can also avoid penaltied liabilities imposed by the local and national
government.

4.4 Improved opportunities for new investment

Potential investors gain advantage if a stratedgm gor an industrial symbiosis laid out. Sharing,
recycling, recovery and reuse of materials, eneegy water open up new opportunities for potential
investors to create a clean and green businesssplrae with huge employment potential. The
development of innovative solutions, products, peses, technologies and materials will allow moresf

to expand into new markets.

4.5 Enhanced public image

A company consciously employing industrial ecolagyits systems gains an edge over its competitors.
Practicing corporate environmentalism empowersm fo recognize that this conviction can be confpeti
with good business. With enhanced protection diinshecosystems, habitats and more efficient usenaf,
water, energy and other natural resources, it gessereduced risks to health and safety of emptoyed
human communities. It helps in enhancing a compamglationship with the community, suppliers,
customers and the local and national governmend (F298;Clayton 2002; Nolan 2006).

5. Conclusion

Industrial ecology is an emerging integrated apghmo&hich addresses environmental concerns brought o
by rapid industrialization. It is an innovative capt for designing and operating industrial systess
living systems interdependent with natural systerisis an attempt to combine both product
competitiveness and environmental improvement bffirsdp from a linear to a materials cycle approach
(Gibbset al. 2005; Coteet al 2006).
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This new business-oriented initiative develops stesyps approach to efficient resource use and pimtec
of the environment, with focus not only on devisingproved methods of waste treatment and dispagal b
also on the best opportunities to reduce wastauigfirout the total material cycle from virgin matésito
finished products to end of product life (US enwmimmental Protection Agency 2000). It provides the
scientific basis upon which is based the understgndf current business practices and evaluation of
ecologically sound innovatiofClayton 2002; Hauff & Wilderer 2008). With variogsactical tools and
strategies, it addresses cross cutting theme®detatpollution and environment, along with teclogigs,
process economics, the inter-relationships of lmssies, financing, policies and the entire spectofim
issues that are involved in the management of grisess.

This innovative concept brings a sustainable gisate competitiveness where the company improwves it
triple bottom line through enhanced socio- econcemid environmental performance. It identifies uptp
value-added opportunities and business models Wk to address sustainable issues for future
industrialization particularly through corporatecesenvironmental responsibility (CSER). It reduces
production/ material/ energy/ treatment costs &atuilities; improves operating efficiency, qualityprker
health, and public image; and provides opportusifie income generation from better utilizationnafsted
materials. The benefits include the exploitationuofderutilized by-products into useable by-products
improving human resource, reducing infrastructogpgration and maintenance costs and maximizing the
use of energy/material flows which in turn will rimimize the ecological footprinting of the region. Blese
factors improve the competitiveness, investmemaetibn, job security, business retention, and comity
wellbeing, thus facilitating overall sustainabilityithin a specific regional context. It could help
policymakers address some of the core challengdadofstrial sector, ranging from climate change to
waste management to social responsibility.

Additionally it offers options, which are effectiier increasing profitability by optimizing the us#
scarce indigenous resources while reducing enviesah problems. Thus, industrial ecology is espigcia
relevant for developing countries, where rising ydafions with increasing economic aspirations and
growing management demand should make the bestfuseited resources. The utility of this approach
can also be phenomenal in the context of developmgtries as it provides a much needed option for
them to plan be shrewd and leap frog into the newoéecological economy that has just dawr@hédel
1996 Erkmanet al 200).

In short, industrial ecology deals with the prob¢efacing by the sector to which it is applied anebtes a
framework that allows business to contribute effety to sustainable management. On a larger mctur
industrial ecology is a tool to achieve a delichtdance between rapid industrialization and quality
living, not only of the present generation, but engnportantly of the future’s. But more significhntit

has opened doors to rediscovering “the common seffisbusiness” (Frio 1998)hrough changing
production mode, consumption behavior with a newe Ibf thinking and developing decision instruments
based on ecological economics and system engimggérirenovates ecologically sound and economically
effective strategies and technologies for plannéegigning and development of eco-industry and ipesy

an integrated framework for overall business mamege. As a result of combination of advantages,
industrial ecology is predicted to be one of thg lkasiness management strategies for the nextrgentu
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