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ABSTRACT:

Despite a growing interest in and awareness of applications aof Industrial licology (IF), such as Feo-
Industrial parks (EIPs) and Industrial Symbiosis, listle information is available about the petential
economic and emvironmental benefits of EIPs, the process for successful FIP development, the
impartant regulatory issues surrounding EIPs, or the rechnologies needed to support them. il is an
interdisciplinary framework for designing and operating industrial systems as fiving systems
interdependent with natural systems. it seeky to balance environmemal and economic performance
within emerging understanding of local and global ecological constraints. Some of its developers
have called it "the scierice of sustainability”. (£ supports coordination of design over the life cycle of
products and processes. It enables creation of short-term innovations with awdreness of their long-
term impaces. [F helps comparmies become more competitive by improvin environmental
performance and strategic planning. I helps communities develop and i a sound industrial
hase and infrastrictire without sacrificing the quality of their wmm$ t alsa helps government

agencies design policies and regulations that improve envirogme protection while building

business competitiveness. I, principles and methods can be o sérvice as well as manufacturing

companies. Application of E will improve the plannin pe ¢ af government operations,
. :
including focal, regional, and national levels ’r\ irectnre. The [ndustrial Symbiosis at

Kalundborg, Denmark can be described ax one o, e cases presented by imdustrial ecologists

showing the story of the spomtaneons but slo tion of the "industrial symbiosis™ at Kalundborg,

Denmark. Originally, the motivation bghivd most of the exchanges was 1o reduce costs by veeking

v. Cradually, the managers and town residents realized

dits ax well, through their ransactions. 1t is hoped that this

income-producing uses for "wasie”
they were generating environment,
practical mode! can be modifiedand adopted by the Malaysian plarmners who are carremtly aware of
the imbalance between the rapid industrial development and environmental conservation. With the
right spirits of all the participating parties this mode! can be realized and muade to happened, and
patting the Malaysian Industrial Development on the right track towards achieving a better future for
our generations (o come. This paper wisk to highlight the plasming ad implementation concept of
Foo-Industrial Parks with special reference to the Industrial Symbiosis Model in Kalundborg
Industrial Park, Denmark arnd try o build the same model for Port Dickson. It is hoped that the
concept can be promoted and applied in desigming and planning the ecological friendly indusirial
parks in Malaysia.

KEY WORDS: Industrial Ecology, Eco-Industrial Park, Industrial Symbiosis, waste products,
sustainable development, pollution prevention, regulatory processes, environmental technologies,
Design Principles, zero emissions ., sustainable communities, material exchange.
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ABSTRAK

Disebalik keghairahun masyarakat terhadap penggunaan konsep lkologi Permdustrian (EF), seperti
pembangunan laman Perindstrian Fkologi (TPE) dan Simbiosis Industri (814, masih terdapat terlatu
sedikit makinmat berbubung dengan fuedah ckonomi serta alam sekitar, proses pembangunan TP,
kerangka rndang-undang  berhubung dengan 1PE dan juga keperfuan teknologi yang  dapat
membantu pembangunan 1PL. P merupakan satu konsep perancangan multi-disiplin bertujuan
untnk mencorak dan melaksanakan sistemn perindustrian sama seperti sistem hayat yang saling
hergantungan dengan sistem alam semulagadi. fa cuba mengimbangkan perlaknan persekitaran dan

pencapaian perekonomiatt sambil arerghayati kewngedoan kelangan persekitaran tempatan dan fuga

global. Setengah prhak menglakrifkannya sebagar  'sainy pembangunan mapan . 1-P menyokong

penyelarasan corak kitar hidup preduk dan proses-prosesava. Ta memboleh,

kanegEencipraan iRovasi
Jangka pendek dengan kesedaran 1mpak jangka panjang. Melalui pem :Q pelaksanaan dan
it

perancatigan strategs, P membantu svarrkat-syardant memgodi febik ko t herdaya saing. fa

Juga membantu komuniti membeniuk dan mengekatkan asas perindi serta infrastrukiur yang

baik tanpa mengurangkan kualiti alam sckitar. FP puga mem

s kerajaan mencorak polisi

dan peraturan uhink melindungi alam sekitar sambil meningkdikan persaingan  perniagaan. Pada
hakikatnva, kacdah pelaksanaan dan prinsip :’:}'”x imanfautkan  samaada untuk  scktor
i1

perkhidmatan  ataupun  sekior  pembuatan.

LP membolehkan  pihak  kerajuan

mempertinghatkar tahap perancangan da |, # diperinghat tempatan, kebangsaan den jugeo

seranian. Peluksanaan Simbiosis Indusiri Ji Kbndborg, Denmark adalah merupakan satu conioh
popular  yang menggambarkan  sary an evolust simbiosts industri vang  spontar Ielapi
mengambil masa yang lama unt @wmxfmﬂ_ fanya bermuia dengan kesedaran terhadap aspek
pengurangan  kos  melatui 1@ perolehan pendapatan dengan penjualan hahan buangan.
Selanjutnya 1a memperithatkan keupayaarmya  menghasilkan keadaan persekitaran yang  batk.

Adalah menjadi sesuatn idaman, prka Alodel Kalundborg vang praktikal ini dapat dikaygi, divbahsuci
dan seterismya dilaksanakan Jf Malaysia oleh pibak tertentn yany rata-rava begitu prihatin terhadap
keseimbungan divntara pembangunan perindustrian den pemeliharaan persekitaran. Kertas mi mgin
menonjolkan konsep perancangan duan pelaksanaan Tuman Peridustrian Fkologi secara am dan
Moaxdet Simbioxis Industrt yang diprakukkan di Kawasan Perindusiman Kalundborg, Dermark, den
cuba menyesuaikan pelaksanaanya di Port Dickson. Diharapkan agar model ini dopat diselaray dan

dipromosi itk tuguan pelaksanaar raman permmdustrion vang mesra alam Jdr Malaysia,

KATA KUNCI: Ekologi Perindustnian, Taman Perindustrian Ekologi, Simbiosis Industri. Bahan

Buangan, Pembangunan Mapan, Pencegahan Pencemaran, Proses Kawalatur, Teknologi Persekitaran,
Prinsip Perancangan, Emisi Sifar, Masyarakat Mapan, Pertukaran Bahan.
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1.0 INTRODUCTION:

The release of the World Conservation Strategy in 1980, "Our Common Future”, the report of the
World Commission On Environment and Development in 1987, Agenda 21 in 1992 and the Montreal
Protacol has resulted in gradua! acceptance that sustainability must integrate ecological integrity
economic efficiency and social equity. Much of the effort of government and industry since 1987 has
emphasized the linkage between economy and environment with much less attention being paid to the
social or community dimension of sustainability. Since industry is a human creation and humans are

social animals, we need an approach which brings industry and environment together with a social or
community perspective

Ecology is the study of the interrelationships of among species and between species and their
physical-chemical environments. Key features of ecology are the habitats on w

ies depend,

systems which

interacting to torm a more or less stable system. What s signl

nt) about the three features of

ecological systems is that they emphasize interaction and pendence. The stability of an

ecosystem depends to a large degree on the it!tucogr@ss of the species within the system.

These connections expand as the system matures. ¥ e pan of and interact with other species

in ecosystems as well as influencing the physical mncal character of the ecosystems.

In contrast, industrial systems have te emphasize the independence and competitiveness of

enterprises. Yet companies are egb

n chmns or webs ol suppliers and customers, similar to

those chains and webs whic indigenous or natural ecosystems. In addition, industries are

dependent on resources availableMn the environment to ensure their productivity These include the

land on which the facility is constructed, the building matenals, the hydrocarbons for their energy
supply. the water which may be required for processing or cooling and air used by both workers and
process equipment. In other words, individual companies and corporations are parts of systems. They
are dependent on others and must cooperate with them to survive.

In this sense, we can discuss whether industrial ecosystems are simply analogies of natural
ecosystems and investigated with that in mind or, the metabolism of industrial production and

consumption systems are firmly embedded in the biosphere and industrial ecosystems are simply




another form of ecosystem with humans as the dominant species. [ndustrial parks or estates, of which

there are several types, have been suggested as one grouping of ecosystems.

Despite a growing interest in and awareness of applications of Industrial Ecology (IE), such as Eco-
Industrial Parks (E1Ps), little information is available about the potential economic and environmental
benefits of EIPs the process for successful EIP development. the important regulatory issues
surrounding E1Ps, or the technologies needed to support them. The dynamics of IE is in the system
and implementing concepts whereby industrnal development is perceived and viewed not in isolation
from its surrounding system, but in concert with them (T.E Graedel & B R Allenby, 1995) Generally,
the [E takes it lead from our natural world, where we find a range of living systems which are in
various stages of development in term of their efficiencies which can be summarized in Figure 1
EIPs can exist within defined boundaries and broader industrial ecosystems in a region. These

communities consciously collaborate 1o enhance their economic perfor

gh improved

environmental performance Their design is based, in part, on an unders the dynamics of

natural sysiems and includes features such as conversion of wastes int inputs, co-generation
of energy, shared environmental intrastructure, and the minimizatio

As for Malaysia, development in industrial estatesfpar%nued to be an important activity in
efforts to attract investment. This development \

Economic Development Corporation (SEDCs)
Industrial Estate Sdn. Bhd. in all the said dev

y either Government, through its State
private sectors headed by The Malaysian

ents, environmental factors were supposed to be

observed tully whether in the develop sfage of the estates or the post implementation where

factories were aiready in producti

frameworks and Laws have been introduced to curb any
environmental degradation reSultifig om the activities in the estates. To our understanding, there is

no specific area or industrial estates that have been either termed or pronounced as Eco-lndustrial
Park.

2.0 BACKGROUND OF INDUSTRIAL POLLUTION

2.1 Eavironmental Impact from Industrial Activities

Industrial activities have been seen as a major source of environmental degradation and have posed
numerous environmental hazards to the community surrounding the industrial premises. The

environmental impacts derived from the industrial activities inside the industrial sites are usually
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inter-linked and require response actions that are also integrated. The most of the information

gathered denounced that combustion of energy and affluent have much greater impact on the

environment. Figure 2 shows the industrial combustion flows and residuals.

2.1.1  Air pollution:

Industrial activities — in particular energy generation and use, and transport — eenhouse gases
closely associated with climate change into the atmosphere. Other air emissj as heavy metals,
dioxins, ground level ozone, dust and particulate, and other orgamc ds also lead to a

multitude of local and regional environmental and heaith ver, the damage to

ecosystems due to past emissions appears lo be more lor han originally believed. In

industrializing countnes, where acidifying gas emissions are i sing, acid rain is emerging as a
serious environmental problem. Acid deposition levels: icularly high in industrial areas of Asia
such as South-East China, North-East India, T ﬂx South Korea. An estimated 38 million
metric tones of sulfur dicxide were emitted 1322 ountries 10 1990, over 50 percent more than

in North America (UNEP 1998)

2.1.2  Water pollution and co u@n:

Industnial activity consumes derable quantities of water and generates polluted waste water
Globally, industrial water use is ‘estimated to be at least twice domestic use. In addition, vast
quarntities of water are used by power stations as cooling water. Water used in industrial processes is
often returned contaminated to its original source This seriously degrades the water quality of many

rivers, lakes and ground water sources, effectively decreasing the supply of fresh water,

Water supply is also increasingly constrained by land-use changes resulting, for example, from
industrial expansion and forest clearance which lend to increase run-off and reduce water availabifity.
It has been estimated that world-wide, water use cannot rise to match projected demand without a
substantial increase in available supply and much more efficient use of the existing supply and major

efforts to prevent poliution.

Industrial waste water varies considerably in the type of contaminant it contains and therefore can

result in a multitude of environmenta! impacts. Some emissions to water such as heavy metals and
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near the source of discharge. Ground water and often coastal zones can also be highly contaminated

. with pesticides and fertilizers from agricuhural run-off.

2.1.3  Soil contamination & land use :
Land use for industrial purposes can disrupt eco-sensitive environments thus contributing to land

degradation, desertification and ultimately the global loss of bio diversity,

industnial discharges of contaminants into soil/land from accidental spillage or leakage of chemicals at
manufacturing or storage sites, and the disposal of wastes can result in site contamination. In many
developing countries, household waste is disposed of along with industrial waste, exacerbating

pollution problems. [n many cities, only 30 to 50 per cent of solid waste is collected; the rest is either
burned or dumped in unregulated !andfilis. Diffuse contamination from t irect transfer of
Q |

ind
contaminants to soils, such as lead fall-out from car exhaust fumes, can ¢ ifate large areas. Soil
acidification is a larger scale example caused by the deposition of sui%de and other acidic
chemicals emitted to the atmosphere. ?\

Very few countries monitor soil contamination and land use as they do air or water pollution. Almost
no international comparisons of land contamination QO: Netherlands, it is thought that 20 per
cent of former and present industrial sites are ’:i\ontaminated. The most important single
category of contaminated land is waste dump

2.1.4  Waste:

Industrial wastes encompass %&e of materials of varying environmental toxicity. The
co

composition of indusinal waste lex and often changing which makes the collection of reliable
data difficult

The capacity of industrial waste treatment facilities in nearly all counties is insufficient to meet the
need. Open dumping and uncontrolled land filling remain the main disposal methods for waste in

many developing countries which can result in the contamination of ground water.

For example in Latin America, the quantity of heavy metals, synthetic chemical and other hazardous
wastes seeping into ground water from waste dumps appears to be doubling every 15 years according
to World Bank figures. Where waste treatment and disposal facilities do exist, they may lead to other




forms of pollution. [ncineration of waste, when inadequately controlled, can cause atmospheric
pollution. improperly managed landfill operations can lead to leachate leaking and produce emissions
of methane and CO2 (UNEP, 1998) In Malaysia as reported in the Environmental Quality Repon
1997, a total of 5290 enforcement visits relating to industrial effluent discharges of non-prescribed
premises were carmied out, of which 4402 (83 2%) were found to have complied with the
Environmental Quality (Sewage and Industrial Effluents) Regulations, 1979, Industrial compliance
with the Environmental Quality (Clean Air) Regulations, 1978 was generally satisfactory, except for
the non-metallic mineral and rubber-based industries as well as quarries; of the total 7660 sources
investigated, 6813 (89%) were found to have complied 90 applications were received for
contravention license under Section 22(1) and 25(1) of the Act to emit air pollutants and discharging
effluents exceeding stipulated standards. The applications for contravening Section 22(1) decreased
from 14 in 1996 {0 12 in 1997 and for Section 25(1) increased from 40 in 1996 tg 78 in 1997.

2.1.5  Bio diversity:

Large industrial developments can damage habitat and species divers anging the surrounding
ecosystem Such changes include soil erosion, changes in vegetati . and disturbances by noise
and extraneous light. The combined loss of area {(quantity) ecosystem quality can lead to
considerable declines in the distnbution or population s ; of many plant and animal species

.

Bio diversity and species diversity arc of valug to \', as they provide a host of wild and domestic
plant, fish, and animal products for use in anufacture of medicines, cosmetics, industmal
products, fuel and building materials, 4 - However, many of the World's species are gravely
threatened in Jarge part due ft i%l activities in particular mining, oil exploration and

explottation, tourism, and fore €s.

2.1.6 Environmental contaminants:

The number of chemicals in circulation has multiphied dramatically with technological progress and
ristng consumer demand for new products and services. The risks associated with the ever growing
number of synthetic chemicals used in industry are difficult to assess because only about 20 percent

have ever been tested for their carcinogenic, neuron- toxic, immune-toxic or other toxic potential.

Most chemicals that are produced eventually escape into the environment and may pose serious long
term risks to human health and animal reproductive systems. A few notable examples include




persistent organic compounds, organochlorine pesticides, heavy metals (eg. from tetra ethy! lead) and

ozone depleting substances (CFC's, Halons etc).
2.2 Background of Industrial Pollution in Malaysia

2.2.1  General Observation

Although Malaysia has its share of environmental problems from mining and timbering, industrial
pollution receives increasing attention. Rapid industnal growth has contributed in the nising levels of
air pollution from increases in total suspended particulate are one problem; overall deterioration of
nver water quality is another {Malaysia DOE, 1997). Sewage and animal wastes are the largest
contributors of organic water pollution, the Government of Malaysia estimates the following
breakdown of industrial polluters: food processing (40 percent), rubber and oil industnes (35
percent). mdustrial chemicals and electronics (12 percent), and textiles (9 p ‘;v

o?w/est coast of Peninsular
tes of Selangor. Johor, and

dous waste will become the

The major industoal sources of water pollution are concentrated

Malaysia, with nearly 50 percent of the major sources foun

Penang. Trends in manufactunng in Malaysia strongly suggest

principal industrial pollution problem in coming yearsflV ia DOE. 1997).
*

Very good examples of the industrial zones t

Industrial Area in the state of Selangor . BayarNLepas Free Trade Zone and Prai Industrial Estate in

Penang Pasir Gudang Industrial Estate &nv Industrial Estate | Johore .

Industrialization has alsc lea ollute the rivers of Malaysia = Many of her rivers have become
pofluted due tc the many wastes that have been poured out into her rivers. Such as the paper making
industry, it requires chemicals, often poisonous in its production The rivers are used as an outlet for
the chemicals to drain away, in tumn harming the waters and the lives that revolve around them The

most talk about rivers that have been severely affected by pollution from industrial activities are

i. Sungat Juru in Penang

i Sungai Pinang in Penang

fii. Sungai Prai , Penang

iv. Sungai Pasir Gudang , fohore




v Sungai Gembak in Selangor
Vi Sungai Sepang in Selangor

According to the Environment Quality Report 1997, the number of clean rivers decreased from 42 in
1996 to 24 nivers in 1997 and the number of polluted rivers increased from 13 in 1996 to 25 in 1997,
in terms of water quality index classification based on biochemical oxygen demand, chemical oxygen

demand, dissolved oxygen, ammoniacal atrogen, suspended solids and pH.(Malaysia DOE , 1997)

2.2.2  Environmental Policies and Laws
Malaysia's environmental regime was established under the Environmental Quality Act (EQA} of
ation of land: and

1974, which contains enabling provisions for air, noise, and water pollution, d
dress growing
for EQA were

oil pollution, Fifteen regulations have been enacted under EQA, the Jatest in
environmental threats from hazardous waste. Several amendments

implemented in 1995 10 empower enforcement activities, including s¢ in prison terms and

fines, stricter emission standards, auditing requirements, and pow se down polluting factories.

The government also recently completed guidelines for the ent and disposal of petroleum
wastes, zoning and site regulations, and burning of timb = continues to seek ways to improve its
monitoring of compliance with its ambient air % ality and effluent and emissions control

standards.

Besides the EQA, there are other ieg:s amework pertaining to the development of industrial
estates/parks in Malaysia They

i Legal Framework related to Planning and Land Use

National Land Code 1965 {Act No. 56)

Land Ordinance 1956 (Sabah)

Land Code 1957 (Sarawak)

Local Government Act 1976 (Act No. |71}

{.amd Acquisition Act 1960 (Act No. 486), revised 1992

Land Development Act 1956 (Act No_ 474), revised 1991

Land Conservation Act 1960 (Act No. 385), revised 1989

Town and Country Planning Act 1976 (Act No. 172), amended
Municipal and Town Boards (Amendment Act 1975 (Act No. A289)
Hausing Developers (Control and Licensing) Act 1966 (Act No. 118), revised 1973
Federal Territory (Planning) Act 1982 (Act No. 267)

City of Kuala Lumpur (Planning) Act 1973 (Act No. 107)




Geological Survey Act 1974 (Act No. 129)

Land (Group Settlement Areas) Act 1960 {Act No. 530), revised 1994
Sewerage Services Act 1993 (Act No. 508)

Street, Drainage and Building Act 1974 (Act No. 133)

Waters Act 1920 (Act No. 418}, revised 1970, 1989

Drainage Works Act 1954 (Act No. 354), revased 1988

ii. Legal Framework Related to Industrial Development

Promotion of Investment Act 1986 (Act No 327)

Malaysian Industrial Development Authority (Incorporation) Act 1965 (Act No.
397), revised 1989

Occupational Safety and Health Act 1994 (Act No. 514)

Factories and Machinery Act 1967 (Act No. 139), revised 1974

Poisons Act 1952 (Act No. 366), revised 1989

Atomic Energy Licensing Act 1984 (Act No. 304)

Industrial Coordination Act 1975 (Act No. 156)

3.0 LITERERATURE REVIEW 2

3.1 New Paradigm In Planning of an Industrial Park

Industrial activity releases wastes into local, regional, and e global ecosystems. Since the
industrial revelution, myriad laws and regulations have promulgated to limit emisstons to air and
water, and to regulate solid and hazardous waste :ﬁs\ rther, industrial activity results in non-

point source pollution caused by general run \ s, or illegal dumping. Business and the

environment have traditionally been consider | enemies. The assumption has long been "more
enviranmental protection corresponds gher costs for business," however, new developments in
research and business operations are ing this assumption.

The next century will give riséyto a new kind of industrial development that uses resources
dramatically more effectively and refines the manufacturing economy. Current trends in sustainable
development and business management are converging on a new model of industrial operation

exemplified by the discussion of eco-industrial parks (EIPs)

At its core, an EIP is very simple. It strives simultaneously to increase business success while
reducing pollution and waste. Rooted in the emerging discipline of industrial ecology, an EIP mirrors
natural systems. As single organisms can be viewed alone or in a larger ecology, single enterprises
can organize themselves in more complex business ecology. While referring to EfPs it is far more
than a share plot of land By moving to higher levels of interdependent organization quantum level
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improvements can be realized in resiliency, flexibility and resource conservation. This pays off for the
business and the environment.

Why is the concept so appealing? Inherently the chalienge of reconciling the demands for business
and enviranmental excellence is a strong attraction. There are many elements of EIP activity that have
already praven themselves. It is common for two companies and even more to develop mutually
advantageous relationships where the waste products of one company forms a valued input product

for another.

3.2 Definition of Eco-Industrial Park

An industrial park is generally defined as large tract of land, sub-divided and developed for the use of
several firms simultaneously, distmguished by its shareable infrastructure ose proximity of
{irms . Types and synonyms of industrial parks include industrial estates g %m’iﬂs. export
processing zones, industnal clusters, business parks, office parks, scien esearch parks, and
biotechnology parks. Eco-Industrial Parks have now been added t ist. As in the case of

industrial ecology itself, there are several definitions of the t strial Park.

In 1995, Cote and Hall proposed this defimtion: *
"An Foo-lndustrial Park is an indust u\\XH which conserves natural and

ecortomic resources; reduces produci ial, energy, invurance and treatments

casiy and liahilities; impraoves operatinggfficiency, quality, worker heaith and public
image,; and provides oppom&-_nw income generation from use and sale of

wasted materials.”

Yet another definition was put forward by Lowe, Moran and Holmes, (Lowe, Moran, &

Holmes 1997)
" An Eco-industrial Park is community of mamdacturing amd service businesses
seeking enhanced environmental and econromic performance through coflaboration
in managing environmental and resources Isswes including energy, water and
materials. By worling together, the community of businesses seeks a collective
benefit that is greater than the sum of the individual benefits each company would
realized if it optimized its individual interests.”




At an October 1996 workshop hosted by the United States President’s Council on Sustainable
Development two definitions received serious consideration,

The first was:
"A community of businesses that cooperate with each other and with the local
community to efficiently share resources (information, meaterials, water, energy,

infrastructure and natural habitat), feading to economic and environmeniai quality
gains, and equitable enhancemeni of kuman resources for the business and local

community.”

The second definition considered by the participants was:

"An industrial system of planned materials and energy exchanges that seeks to

minimize energy and raw malerials use, minimize waste, and build susiainable

economic, ecological and social relationships.”

ipg companies while

de new or retrofitted

design of park infrastructure and plants, pollution prevention, en gfficiency; and imter-company

partnening. (Lowe, Moran, & Holmes 1997)

An EIP is not only an efficient coliaboration among ndu«lnes it is also an excellent urban
neighbor. The emphasis on material, ener use efficiency reduces demands on the
environment for resources and cuts polluuo mpared to a traditional industrial park. While
the goals of an EIP include eﬁ:c:en: esources, the full concept seeks improvement in ail
aspects of environmental perform

Some developers and communitiesthave used the term EIP in a relatively loose tashion. Actually most
EIP Planners encourage applying this term to developments that are more than

- asingle bypreduct exchange pattern or network of exchanges;

- arecycling business cluster (e g., resource recovery, recycling companies);

- acollection of environmental technology companies,

-  acollection of companies making “green” products;

- an industnal park designed around a single environmental theme (i.e., a solar energy-

driven park);

a park with environmentally triendly infrastructure or construction; and




- a mixed use development (1.e., industrial, commercial, and residential).

An EIP may include any of those features. But the critical element in defining an EIP is the
interactions among its member businesses and between them and their natural environment. EIPs may
provide benefits to the companies that participate, to the to the local community, and to the wider

community. ELPs also pose some formidable challenges and significant risks

3.3 Defination of Industrial Symbiosis
in the EIP model of industrial symbiosis, the eco-industrial park is the staging area for inter-firm
linkages, and park management is entrusted with piaying an organizing and catalyzing role. The

analyst / planrer function is hard-wired nto the EIP, park management is clearlyidentified as meta to
the industrial subsystem of the park. The auto catalytic or evolutionary r dustrial symbiosis
development is at the other end of the spectrum. Here participating s individually feel

evolutionary pressure toward the formation of an industrial nd enter into bilateral

arrangements. The system is self-organizing, but such sel aftor relies on a institutional

conmections among firms.

2
The system concept is of key importance because "{@symbiosis represents an effort to optimize
(or at least increase) the systemic efficiency at and energy use. This is in contrast to the more
limited tocus of previous approaches to envigonmental management on individual firms and
processes. Industrial symbiosis is an i %&knowledgmem that larger efficiencies can be realized
by also considering potential inte @nong disparate industrial units. The notion that expanding
the scope of concern to a larg of industries can yield results that treating them separately cannot

is at the core of industrial ecology

According to Valdemar Christensen [ Valdemar Christensen is production manager of Asnzs Power
Station in Kalundborg, Denmark ] . one of the main architects ot the symbiosis at Kalundborg and
originator of the phrase, industrial symbiosis is "a cooperation between different industries by which
the presence of each...increases the vighility of the other(s), and by which the demands {of] society for
resource savings and environmental protection are considered (e.i.o.) [ Quoted in Holger Engberg,
"Industrial Symbiosis in Denmark” Stern School of Business, New York University, 1993. | . The
linkages among the local firms (as well as some more distant ones) through which materials and



energy are transferred are the sort of loop-closing measures that are called for by an industrial ecology

paradigm.

Each of these linkages bears an economic advantage for the participating firms, while reducing the

pressure on the environment and on resource stocks. While the participating companies herald the

environmental benefits of the symbiosts, it is economics which drives or thwarts its development.

From the perspective of public policy, however, the environmental and resource benefits should

provide the motivation to create incentives which encourage such cooperation _ It is such a systematic

increase in the efficiency of matenals and energy use which is called for by industrial ecology [ The

Greening of Industrial Ecosystems Braden Allenby and Deanna Richards, editors. National Academy

Press, Washington D.C. 1994 ] . And while the genera! public benefits from the symbiosis in the

form of reduced environmental loading and better use of resource stock. this ic benefit does not

have a direct advocate among those managers responsible for bringing tgal

symbtotic linkages developed. however, in response to environmental regu

All documented examples of industrial symbiosis to date have gvo iE such an auto-catalytic way,
but this may simply be due to the fact that until recently no public or private organizations actively

encouraged the deveiopment of symbiotic linkages among ies.

e
N
3.4 Planning Principles of Ec&lndustﬂﬂl@\ustrhl Symbiosis
Eco-industrial parks have been primarily described n the industrial ecology literature as a means of
managing material and energy tlows wi%ion to the possibility of particular chemical linkages
Further, environmentalists have n@ued with the fit as a means for waste minimization By
creating specific connections, soiid waste disposal can be reduced while input and transport costs can
be lowered both in dollar value and environmental damage. There are possibilities of shared steam
systems, beneficial use of toxic wastes and aggregated collection of materials to produce sufficient
quantities for use elsewhere. There are difficult issues associated with this approach about timeliness,
volume, quality, transport and reliability that need to be worked out. Further, direct pipe to pipe
connections are a possible but improbable outcome. In most cases intermediary processes are required
that would expand the possible interface between outputs and inputs to meet the issues previously
mentioned. Regardless of one’s perspective, research is needed on improving the usable connect
ability of resources fram one source to another. Yet there is an alternative approach to the same set of

concerns that looks primarily on the set of organizations as a business relationship.
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A second approach appears to believe that organic growth of connections among companies which is
facilitated leads to a larger range of connections, greater ownership over the process and higher results
over a broader range of measures. Structures and specific material and energy connections emerge
from the network of companies becoming an organism and developing its own character. Trusting in a
theory of emergent systems optimization, its proponents seem to substitute vision and process for
uncertain outcome targets. Other approaches seem to straddle some of these beliefs such as Comnell's
approach to seeing maximum probable cornection within upstream and downstream materials domain
such as organic, metals, energy cascades, etc. Lowe and Warren use the concept of an anchor tenant

as a means to help to create a more definable set of possible connections.

Eco-industnal parks also exist within an economic and socio-organizational framework which has a

considerable literature and experience of its own. What is often described in chem etabolism of a

healthy organism has its orgamizational analogue in the business wo surce efficiency
racesses are aligned in

s Return on Assets (RQA)

Examples of business process re-engineering are ways to assure that i
ways that lead to maximum output. In accounting terms, this is exp

ROA is an appropnate measure ot ELP performance for several r s. The primary effect of an EIP

on a business has to be asset maximization—the highes sible yield for the least possible set of
inputs. Those inputs can be technological, rapy’ tals, capital, labor, energy, transaction,
marketing, etc. The chemical/energy ecology.us e of the possible levels of efficiency and

should be vigorously pursued especially when T leads to higher productivity or less pollution and
toxicity. A complete approach also devis ies for the other components of business success.

There is a dimension of eco-i ridh parks that the fascination with internal efticiencies tends to
ignore. The success of an eco-industrial park will not be simply a function of its environmental record

but its ability to compete in the marketplace

3.5 Goals of Eco-Industrial Park

3.5.1 Zero Emission

An overarching goal of IE is the establishment of an industrial system that cycles virtually all of the
matenals it uses and releases a minimal amount of waste to the environment. Theoretically, the
developmental path to such an end state follows an orderly progression from what Allenby and
Graedel call Type 1, I, and HI systems. Type 1 systems require a high throughput of energy and




materials to function and exhibit little or no resource recovery. Type [l sysiems represent a
transitional stage where resource recovery becomes more integral to the workings of the system but
do not satisfy its requirements for resources. The final stage, the Type LI system, cycles all of the
materiai outputs of production, though still relying on external energy inputs (Allenby & Graedel ,
1995)

3,52  Material Substitution

The goal of minimizing waste may be reached by the leap of using a wholly new matenial for a
purpose rather than refining the processing of an old material. The new material should perform the
function longer, be processed less wastefully, or be acquired with less waste. Widespread examples of
materials substitution include metals for wood, aluminum for steel, and high carbon steel for other
steels, and, more specifically, steel for rayon in tires and plastics for glass ingbgverage containers.
Historically, many of the substitutions have been alloyed blessings, bripgi %nvironmemal

problems as well as reducing old ones.
Qi

3.53  Dematenialization
Materials substitution is considered a principal factor in the t of dematertalization. The theory

asserts that as a nation becomes more affluent the atenals required to satisfy new or
L4

growing economic functrons diminishes over time

l\ iementary concept of decarbonization, or
the diminishing mass of carbon released per gy production over ime, is both more readily

examined and has been amply demonstrated by chers over the past two decades. For materials
in general, several forms of innovatio %!ﬂicient recovery of minerals and metals from crude
ores, imbuing materials with impr e%benies per unit mass; and better societal mechanisms tor
handling and reusing wastes) this purported phenomenon. Dematenalization is advantageous

only if using less stuff accompanies or at least leaves unchanged lifetime, waste in processing, and

waste in acquisition.
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3.54  The Resource Recovery Industry

An EIP is not only an efficient collaboration among co-located industries; it is also an excellent urban
neighbor. The emphasis on material, energy and water use efficiency reduces demands on the
environment for resources and cuts pollution when compared to a traditional industrial park.

The resaurce recovery industry includes reuse, recycling, remanufacturing and compaosting, as well as
the marketing and end-use of reclaimed discarded materials. As a vertical industry it involves a wide
range of business activities including colfection, sorting, and processing of industrial and biological
materials; repair, refurbishing, or dismantiing of equipment; and wholesale or retail sales. The
unifying concept is that discarded materials, goods, and by-products are tumed into salable materials

and products.

3.6 Kalundborg Industrial Symbiosis Model
361  Introduction

The best place to see the principles of industnal ecology and indus
Coastal City of Kalundborg, Denmark ( Figure 3 ). Here, waste

waste. Instead, a number of large industrial enterprises in the ar

abolism in practice is
s do not necessarily go to
e developed what they now call
€\ n, operations manager at the nearby

association of dissimilar organisms in a

an ,industrial symbiosis’, a word coined by Valdemar

Asnzs power station In nature, symbiosis is defi
mutually beneficial relationship’, or simply | itation . This is exactly what is going on at

Kalundborg. It all began early in the 1970s whemthe Asnas power station started supplying steam to

Novo Nordisk and the local refinery St in the production of electncity at the power station is
reused by other companies, instea cooled to water and discharged into Kalundborg Fiord. 1t
is one of a few spontaneousSefamples of a form of business interaction known as Industrial
Symbiosis. According to Vlademar Christensen, one of the architects of the symbiosis at Kalundborg,
and originator of the phrase, industrial symbiosis is "a cooperation between different industries by
which the presence of each  increases the viability of the vther(s}, and by which the demands [of]

society for resource savings and environmental protection are considered”,

The industrial relations at Kalundborg did not develop as a case study in industrial symbiosis, but
rather as a business response to economic and environmental forces. The symbiosis developed
gradually and without a grand design of the past 25 years, as firms sought to make economic use of

their byproducts and to minimize the cost of compliance with new, ever-stricter environmental



regulations. The Danish regulatory environment, which emphasizes performance standards rather
then technology standards, seems to be a critical factor in the development of many of the linkages
that have occurred. The particular interactions are both unique to the participants, and generalizable to
numerous other situations. The parties have all benefited economically from the interactions, and
overall environmental impacts have been lessened, compared to the same activities done separately.

The development chronology can be summarized in Table 1.

3.6.2 Description of interactions

The interactions at Kalundborg mainly consist of interactions between five main participants: the Asn-
BEs Power Station, a coal-fired power piant, Statoil refinery, Novo Nordisk, a maker of
pharmaceuticals and enzymes, Gyproc, a plasterboard manutacturer, and the municipality of
Kalundborg. These entities trade or sell various waste streams and energy resougces. and turn waste
products into industrial raw materials Asn-BEs power plant significantlyain s the overall

efficiency of converting coal to energy by selling excess heat to the town ict heating and by

heating its own fish farm. The plant also sells steam to Statoil and N disk, gypsum from its

SO2 scrubber to Gyproc, and fly ash 1o construction firms. Statoil r sells its flare gas as fuel to
Asn-BEs and to Gyproc instead of burning it off, and sends itsagoling water to Asn-BEs, thereby
reducing the power plant's fresh-water requirements, whil ing pure sulfur from its desulfurization
plant to a sulfuric acid maker. Novo Nordisk ge e’r\\reat deal of organic sludge as a process

bypreduct, which it treats and distributes to 1ggal as a fertilizer supplement. Gyproc makes

plasterboard by using the power plant's scjber oduct and flue gas from the refinery, Graphically

, the nature of the relationship between U icipating companies and the by products involved can

be viewed in Figure 4

363  Motivation for development

The symbiotic links in Kalundborg can be divided into two primary categories. The initial links
tended to involve the sale of waste products without significant pretreatment. Asn-BEs' sale of fly
ash, clinker, waste heat and process steam, as welt as the use of cooling water to heat fish tarm ponds

fall imto this category, as does the sale of Statoil's flue gas.



Lolland

Figure 3 Location of The City of Kalundborg , Denmark




Table 1: Kalundborg Industrial Symbiosis Chronology
[From, Holper Enberg, "Industrial Symbiosis in Deamark" )

1959 Asn®s Power Station commissinned

1961 Statoil Retinery commissioned. water piped from Tisse Lake

1972 Gyproc A/S established; gas is piped from Statoil Refinery

1973 Asnas Power Station draws water from Tisse Lake through a pipeline after expansion

1976 Novo Nordisk starts delivery of sludge by trucks to farmers

1979 Asnas Power Station starts to supply fly ash to cement producers. including Aalborg Portland
1981 Asnas Power Station produces heating for the municipality of Kalundborg ?\

1982 Asnzs delivers process steam to Statoil and Novo Nordisk Q

1987 Statoil pipes cooling water to the boilers of Asnas Power Statagn

1989 Novo Nordisk is hooked up to Tissa Lake tor freshwater, g groundwater use
1990 Statoil Refinery starts delivery of hot, liquid sulfus t ira in jutland
.
1991 Statotl detivers treated waste water to Asn lant to meet various water consumption

needs (but not for use as boiler feedwater

1992 Statoil pipes fuel gas to Asnzs PowergStatior after installing desulfurization plant.
1993 Asnzs supplies gypsum to installing scrubber
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Lately however, the links have tended to be dependant on, and are a direct outgrowth of, the
application of pollution control technologies. These newer links do not simply move regular process
byproducts around, but alter the processes and disposal practices to make them more environrmentally
benign. The symbiotic relationships that comprise these links are the direct results of and dependemt

on these pollution control measures.

For example, it was the community and regulatory pressure to eliminate thermal pollution of the fjord,
along with general water scarcity, that was a major impetus for the power station's use of the oil
refinery’s cooling water. Changes in regulations regarding water pollution rendered the treatment and

distribution of Novo Nordisk's sludge the least-cost disposal alternative. Scrubbing for SOz by the
power plant, and desulfurization at the refinery, have conditioned the waste streams so that what used
to be pollutants have been turned into flue gas, sulfur, and gypsum. And pressur?&leviaie water
pollution compelled the refinery to invest in a water treatment facility whi w fenders the water
clean enough to be reused by the power plant Q

The stricter environmental regulations have been one of the mai g forces for the more recent
linkages. But the Danish approach relies on performance ards \aiher than technology standards
As a result, it has allowed local firms to choose po ’t'%ﬁol technologies which render their
waste streams usable as feed stocks elsewhere, yiel "&onal benefit beyond polhution reduction.
AsnBEs Power Station chose the pollution co ology that allowed them to produce gypsum
as a byproduct which they sell to Gyproc, 1h]E reduting AsnBEs' pollution control costs.

In general, the intermediate proé&amcesses that condition the wastes that are produced by

an industnal ecology system are sary to achieve maximum economic advantage and pollution

prevention.




PAm‘lg% COMPANIES
Q@ovo NORDISK

NBES POWER STATION
STATOIL REFINERY
ASNBES FISH FARM
GYPROC
KIMARA ACID PRODUCTION
LOCAL FISH FARMS
ADBORG PORTLAND ROAD COMPANY
KALUNDBORG CITY COUNCIL

Figure 4: Kalundborg Industrial Symbiosis Model .
( Source: Holger Enberg, "Industrial Symbiosis in Denmark”, 1995)



3.6.4 Types of linkages
Approximately eleven physical linkages have been established by participants in the Kalundborg

industrial symbiosis. There are four types of tangible benefits which have resulted from these

symbiotic arrangements:

* Reduced reliance on resource inpats - especially water, also coal, oil, gypsum, fertilizer,
etc. Inter-firm linkages have reduced the water demand for the four big participants by 20-

25% (estimates vary). The most recent assessment by Statoil shows a reduction of water use

from 4.8 million cubic meters per year to 3.6 million. A water treatment facility recently

completed by Novo Nordisk is expected to make another 900,000 cubic meters available for

reuse.

* Reduction in pollution - lessened thermal and chemical water poll@ten, reductions in
CO2 and SO2 air emissions, greatly reduced pollution or potental ation from land
disposal. CQO2 emissions have been reduced by about 3% (130,000 tafis). It is also noted that

802 emissions have been reduced by 25,000 tons or 58% is is the result of the

installation of a scrubber, rather than direct industnal s

being used.
. X

k * Increased efficiency of fuel-t 0 1on - DO energy cascades have increased

e scrubber byproducts are

; the efficiency of coal burning from oVer 90%, refinery tlue gas is used instead of

burned off. Qil consumption_hag beemdreduced by 19,000 tons per year, due to the
substitution of power plant h %’Knicipa} heating, and to the use of refinery flue gas

instead of oil. Coal consumptign/is down 2% (30,000 tons) due to the use of refinery flue
gas

* Beneficial uses of materials formerly treated as waste. Substantial disposal costs are
avoided, and process byproducts are used as inputs elsewhere, avoiding the need for virgin
materials. Gyproc, the plasterboard maker, gets about 83,000 tons aof gypsum, 2/3 or its
yearly requirement, as a byproduct o { the power plant's scrubber. 1t has also substituted a
continuous stream of flue gas from the refinery for oil in its dryers. Other symbiotic
relationships have involved the use of 135,000 tons of fly ash, 2800 tons per year of sulfur,
800 tons of nitrogen and 400 tons of phosphorus in the form of bio sludge fertilizer.




3.6.5 Reasons for successful symbiosis in Kalundborg.
There are certain conditions that have allowed the industrial symbiosis at Kalundborg to be

successful’
The industries must fit together. Kalundborg ts host to four different process industries. Asnbes and

Statoil produce energy in the form of heat, steam, and fuel gas, while ali participants consume energy

in various forms. Linkages such as those at Kalundborg do exist elsewhere, though they are not as
developed. For example, it is not uncommon in cold climates to use the excess head produced by
power plants for district heating. Nove Nordisk operates a similar plant in North Carolina, which also
spreads its sludge as fertilizer The serendipitous mix of industry outputs and industry needs makes

such a highly developed symbiasis possible in Kalundbarg, but the potential exists elsewhere as well.

Industries must be geographically close. One of the potential advantages of industr biosts is the
savings on transportation costs, though the advantages vary widely, de the resources

involved. For example, heat and steam are difTicult and expensive to trans; long distances The
construction of pipelines has been a major infrastructure investment for ¢ s in Kalundborg, and

the larger the distance, the greater the cost.

On the other hand, geographic proximity is not an absof\%’!ment Gyproc gets its gypsum from
4

the nearby Asn-BEs power plant, and from a muc X ant German power plant. Statoil sells
sulfur to Kemira, which is many kilometers fr borg. The Kalundborg example indicates
that geographical closeness is very imgorllm forvsharing energy, and is simply helpful in the

been said that enough monkeys will t collected works of Shakespeare, given enough time. Yet

transportation of material resources. Tl% al"distance between participants must be short It has
even though there are clear econdfnic advantages to finding productive, profitable ways to utilize
otherwise wasted resources, there are relatively few examples; the Kalundborg site has developed
slowly over 25 years. [kt seems that the lack of the communication and trust that are necessary for

these cooperative arrangements to develop, rarely develops spontaneously.

In Kalundborg's instance, the small size and relative isolation have been important elements in
creating the symbiosis that has occurred. Looking at the size of the city , Kalundborg is a small
society in which managers of the various firms often run into each other, providing opportunities to
find out what is happening with their neighboring companies. The fact that the four firms are planted




in the same interconnected society in which their employees live makes inter-firm cooperation more

readily achievable.

Both cultural and regulatory pressures encourage environmental awareness. The Danish regulatory
framework encourages innovative approaches to environmentai protection. Firms are required to
submit plans to the overseeing county government detailing their efforts to continuatly reduce their
environmental impacts. A cooperative relationship is fostered between government and the regulated
industries, and as a result the firms seem to focus their energies on finding creative ways to become
more environmentally benign, rather than fighting the regulators. The flexibifity afforded the firms
for compliance allows the development of the kind of creative arrangements found in Kalundborg, In
fact, the Danish Environmental Policy Act apparently goes even farther by attempting to help find

uses for all waste streams on a case by case basis. As with the other aspects of this | approach,

necessity has been tumed to an advantage Q
4.0 METHODOLOGY ?\
4.1 Objective @
The objectives of the study can be summarized as below:
1. To Understand the Concept of TE and Industrial
2. To Apply the Kalundborg Industrial Symbi K&\ for Port Dhckson.
3. To Plan a Port Dickson Industrial Symb

4.2 Significant of the Study.

Drawing on the experience of what is ing in Kalundborg, Denmark, it is timely now to discuss
the possibility of accepting the c%p;;d Industrial Symbiosis and be put into action in the local
scenarto. The Town of Port Dickson, Negeri Sembilan is chosen as the case location for the

development of Industrial Symbiosis based on the following rationale:

i. Part Dicksan is a Coastal Town

i. Major Industrial Development Project are etther Power Generating ot Oil
Refinertes
i, Port Dickson is still in the early stage of industriat development

iv. There is greater potential for future development of related industries
which can be promoted to comply with the Industrial Symbiosis concept
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V. The importance of Industrial Development in Port Dickson contributing
major shares in the total state revenues

The proposed Industrial Symbiosis in Port Dickson is to be based on in-situ development rather than a
planned Industrial Estate/Park At the same time, this kind of industrial development will enhance the

environmental and social friendly industrial scenario.

4.3 Methodology of Investigation.
The methodotogy used in this project conststs of the followings:
a. Literature Review of IE, Industrial Symbiosis and the Kalundborg’s Model of Industrial

Symbiosis
b  Secondary Baseline Data Collection and Analysis
¢ Factory Visit and Discussions v
d Formal Meeting with Related Government Agencies and NGO’s Q
e Modification and Adaptation of Industrial Symbiasis Modei ?\
f.  Proposed Industnal Linkages
g Mitgation and Potential Problem Analysis.

N

5.0 THE INDUSTRIAL SYMBIOSIS OF FORT ’® N.SEMBILAN
5.1 General Background of the Proposed ijt\{l § N
Port Dickson 1s one of the districts in Negeri bilan, boardering with the District of Rembau on
the East, District of Seremban on the No mSme of Malacca on the South and the State of
Selangor on the West ( Figure 5} B @iﬁﬂ location Port Dickson is considered as a Coastal
District with 54 kilometers of nam% Summary of the baseline data for PortDickson is shown

in Table 11,

5.2 Industrizl Development In Port Dickson

Indusirial development in Port Dickson showed a specific trend whereby most of the industries
attracted to the area are of large scale capital intensive type of industries. In term of revenue
contribution, industries in Port Dickson have contributed more than 30% of the state revemue even
though the number of industries is only 7.6% of th¢ total industries found in Negeri Sembilan. As for
the development of industrial estates, currently there is no specific industrial estates found in Port

Dickson. All of the industries are operating on individual land without any central or common
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industrial facilities. The latest development has shown the implementation of Tanah Merah Industrial
Area (1000 ha) and Springhill Industrial Area (459 ha). Under the Port Dickson Structure Plan, more
than 1500 hectares have been designated to industrial estate. This is to cater for the expected high
demand of industrial land as a result of the development of Kuala Lumpur International Airport
(KLIA). The general location of Industnal Estates in Negeri Sembilan and the Proposed Land Use
Plan for Port Dickson are shown in Figure 6. And Figure 7 respectively.

Based on 1997 State Economic Planning Report, there are 17 companies are in operation under the
industrial status in Port Dhckson of which 6 of them are the major industnes contributing to the total
state GDP. The general information of the said industries are summarized in Table 111 it is noted that

power generation plants and petroleum refineries are the major players

5.3 Special Requirements for the Development of Industrial Symbiosis in P, n.

The development of industrial ecosystems requires information above and beyOud that necessary for

among industries,

ndustrial Ecology, the

traditional development. Industrial symbiosis requires awareness and ¢gor

which draws on an expanded base of information: From the sta

important message 1s that the wishes of the customers and the ssure from competition are

efficiently incorporated into industrial decision making s
.
e\ ku Jaafar Power Station, P} Power

-, The PD District Office and The Fishery

re 8 shows the information flow
into corporation. Here in Port Dickson, the major pl;

Plant, SHELL and ESSO Refineries, CABOT (M

Department } should first recognize, then show the pasitive response and finally try to implement the

potential symbiosis. These sequence of uire a lot of information inciuding data and

literature and related legal framework

§.3.1 System boundaries and who is inside

'The system in the case of industrial symbiosis is the set of companies or other economic entities who
are potential suppliers or recipients of byproduct feed-stock. In lieu of a common E1P, a geographic
area may delineate the system as is the case in Kalundborg. The same can be applied to Port Dickson.
Due to the town's relative isolation and a non-cxistence of an enclosed industrial park, the proposed
participants can form a natural locus of interaction, with surrounding smaller industries participating
in the symbiosis. Here in Port Dickson, companies such as Tunku Jaafar Power Station, PD Power
Plant, SHELL Refinery, ESSO Refinery, CABOT(M) Sdn. Bhd. and the Aqua-culture based projects




Table II: Baseline Data for District Of Port Dickson , 1999
(Source: Rancangan Pembangunan Dacrab Port Dickson )

District Name : Port Dickson
Name of Municipality : Mailis Daerah Pont Dicksion { MDPD )
District Area . 57,320 hectares
Area Under Port Dickson : 20,807 hectares
Municipality (Project Area )
District Population 101,774
Municipality Population - 82620
Major Economic Activities . Agriculture =36.T%
Government =263%
Manufactuning =126%
Hotel & Tourism = 12.6% ?‘
Transportation = 5.6% Q
Construction = 55%
Others = 0.7% v

L 4
Table [l: Major Industries \ ;m Dickson

(Source: Kajian Pelan Bertindak Petw N Sembilan ,1977)

NAME AND OPERAT!N PRODUCT ‘ MANPOWE
ADDRESS "

Tuanku Jaafar Power Station Electricity 200
ESSO (M) Berhad 1963 Ol Refinery / Petroleum 188
Mile 1 1/2 Jalan Pantar . P.D product

SHELL Refining Co. Bhd. 1963 (il Refinery / Petroleum 278
Mile ! | Jalan Pantai P.D product

CABOT (M) Sdn Bhd 1977 Carbon Black and related| 88
Mile 2 | Jalan Pantai P.D product

Guthrie Medicare Sdn. Bhd. 1994 Latex Examination Glove 313
Lot 2431 | Mulam Port Dickson.
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PORT DICKSON
NEGERI SEMBILAN

Map of Malaysia Showing Port Dicksen

Port Dickson And Its Neighboring States of Malacca and Selangor

Figure 5 : Geographic Location Of Port Dickson
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developed by the Fishery Department and the local community can be the set of companies inside the
ystem boundaries. Location of the potential players can be seen in figure 9

To the extent that the size of the system under consideration determines the number of possible inter-
firm linkages, a large system is likely 10 produce more possibilities. At the same time, however, a

smalt and clearly defined system, as envisioned in an EIP, is more manageable conceptually and
makes it easier to foster a sense of community

5.3.2  Material and energy flows

1t is clear that the materials and energy exchanges among firms require a clear understanding of the
inputs and outputs of each participant. 1 is less clear to what extent firms are aware of their byproduct
streams. Eco-audits, which identify the environmental impact, energy use, and waste generation of a
firm's activities, are well suited for providing that information. It is only appropriate that isto

redefine its byproducts from waste to resources, then it take account of those byp 5. The

input-output summary for the Port Dickson Industrial Symbiosis can be summi

533 Amount and temporal distribution @
This follows from the above Byproduct re-use need not be all- thm}, meaning that another firm's
byproducts need not cover the entire feedstock needs @ %

substitute for virgin feed-stocks. Re-users of byproducts ith

1 Table

which uses those byproducts to
et mix byproducts with virgin feed-

stocks as needed or receive byproducts from multiple Sources for the rest of the year Symbiotic

arrangements therefore need to accommodat 1 variations and be sufficiently robust to respond
to trregular fluctuations in byprod

ucté%; and feedstock demand
5.34  Quality and reliability

Byproducts can only compete with virgin materials if they are comparable in quality and reliability.
By approaching byproducts as resources, industrial ecology enables companies to expand the range of
their products that have economic value. Such an expansion requires a concomitant expansion in
management responsibilities. The sale of byproducts as feeds-tocks requires quality control for what
was formerly the waste stream. Such expanded responsibility can be expected to cause some loss of

flexibility and 1o require the commitment of resources to fully manage the byproduct stream
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Figure 8: The Information Flow Into A Corporation, Showing Types of Information and
Sources. (Source: B, Paton. Design For Environment 1994)




[T Agricultural
Hl Commercial
Bl 'ndustrial
[ Recreational
Bl Residential
[[] Reclaimed

TUANKU JAAFAR POWER STATION
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Figure 9; Location of Potential Industries for Port Dickson Industrial Symbiosis
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5.3.5 Regulatory considerations

The management of solid waste ts tightly regulated in cases where the waste qualifies as hazardous.
Since industrial symbiosis deviates from common waste management practice, the regulatory
response to it is not well established There is reason to believe that most if not every symbiotic
linkages are possible given some regulatory flexibility. Proposing an Industrial Symbiosis in Port
Dickson need to comply with the current Legislattive Framework and reiated Laws regarding the

waste disposal and reuse. Thus, we need to work closely with regulators to ensure public-sector
approval and support.

5.4 Proposed Inter-firm Interaction In Port Dickson Industrial Symbiosis.
54.1 Potential Players

As being mentioned earlier in the paper, Industrial Symbiosis in Port Dickson can be realizéthyith the
active participation by the at least S major industries currently operating in the vicint &:ﬂ of
Port Dhckson, namely the Tunku Jaafar Power Station, the SHELL and ESS0 R

CABOT(M) Sdn. Bhd. and bath of the aqua-culture projects managed and

Department and privately operated plots [t can be expended with the 4

companies,
y the Fishery
newly developed
ion inputs. Figure 10,
11, 12 and 13 shows the photos of the potential players for [Ei 5 ndustrial Symbiosis.
>

industries which will utilize the waste of the existing industries as their pr

S.4.2  Existing Practice of Waste Disposal
Currently. all the industnes concerned are fgun
agreeing with the local and national laws an

Quality Report which describe the industi

to

ctice good procedures of waste disposal,
tions. This can be proven by the Environmental
ution in Port Dickson is satisfactory and within the

1d, recycled and reused or being transported to proper and
legal waste dumping area. In this case the popular dumping areas are

a. Municipal Sanitary Landfiil
b. Kuality Alam Waste Complex

approved limits. The wastes are either

¢ Bukit Palong Dumping Site
d. Release to the Sea

As for certain waste praduct, they were sold to industries outside Port Dickson. 'Table V outlines the

types of waste produced and the current practice of waste disposal by the industries concerned.
Figure 14 shows examples of waste disposal practice found in Part Dickson.
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Table V: Major Type of Waste and Waste Disposal Practice By Selected Industries - 1998
(Source: SHELL, ESS0 and Tunku Jasfar Power Station)

WASTE PRODUCT QUANTITY \ DUMP LOCATION \
ESSO REFINERY PORT DICKSON l }! \
1. Qily Sludge l 80 ton/year | Treatment at Own Land Farm
2. Asbestos & Calcium Siticate | 20CM/year | Municipal Sanitary Land Fill
|
3. Used Papers and Boxes k 100kg/month | Send to Paper Recycle Industry |
4. Lubrication Oil | 20tov/year | Send to 2 Grade Lubrication
5. Polypropylene \ N.A \ Ol M astues.
6. Flare Gas | N.A | Burmed
SHELL REFINERY FORT DICKSON \ ‘

1. Oily Sludge 526 m/ton/year | Dumping at St

|

|

l

2. Polypropylene 3CM/year Bukit Palon ng Site \
|

3. Lubrication Oil
4. Flare Gas

’\ | N.A
\

5. Metal Scrap 21 mAonfy,

I5m/tonfyear | So

, 6. Papers, Plastic, Boxes

o Q\
. 3 100 t \le:cyclef
: 7. Spent Catalyst Factory dumping place

i o

TUNKU JAAFAR POWER STATION

\ 1. Sea Water Gutfall (40 degree Release to the sea

| 2. Lubrication Oil ). ton!year Sold to 2™ Grade lubrication

\ Ol Manufacturer.

| 3. NOx 105 ppm v/v | Release to the atmosphere |
4. Hydrogen + Hypochloride 100 kg/hour | Release to the atmosphere \

\ 5. Steam 4000 CM Discharge to the sea

l 6. Metal Hydroxide 1.5 ton/mth | Municipal Dumping Area \
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Figure 10: Tunku Jaafar Power Station Port Dickson




Figure 11: ESSO Refinery Port Dickson
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Figere 11: ESSO Refimery Port Dicksen
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Figure 12: SHELL Refinery Port Dickson




Figure 13: CABOT (M) SDN. BHD.
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Figure 14: Examples of Waste Disposal Practice
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Figure 15; Baseline Industrial Symbiosis Participants and Production
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Figure 16: Scenario 2, Pollution Prevention Programme
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ESSO and SHELL can provide adequate sultur for sulfuric acid manufacturer. They can
also act as a polypropylene supplier,

Power Plant, Refineries and COBOT can provide enough used lubrication oil to the
potential lubrication oil recycler producing 2> grade lubrication oil. Currently, these
industries sell their used lubrcation oil to the factories located outside Port Dickson
namely Port Klang and Kuantan

All the existing industries can sell the scrap plastic, used boxes and used paper which is

currently land-filled, to the recycler. In return the recycler can sell back the recycled
products to the industries

Scenario 4: Pollution Preveation, Industrial Symbiesis, and Collecation; Joint EIP Sﬁ?&
in this stage, we assume that the remote partners are collecated with the ¢ ob the EIP

members. We do not analyze their decision to move to Port Dickson from th location;, we
only show the additional benefits that could be derived from collocal ¢ also analyze the

ce the EIP has enough

members to make these activities economically feasible. W services include a solvent

recycler, oil recycling operation, sulfuric acid manufactm\\ lture farms and a water pre-
treatment plant,

provision of several joint services, which we assume the Port can pro

These changes produce the following oppm'tu

- Each of the exchang @; Scenario 3 takes place with lower transportation
costs.

The water pretreatment plant provides clean water to the power plant.

The final product from solvent and waste oil recyclers can be used by several members

The participants can reduce treatment cost while at the same time collect revenue from

the selling of the waste

Provide the enhancement of new and appropriate technology towards the pollution
programme.

Maintain the clean and harmontous environment for the surrounding communities.

Induce the overall development of environmentally corcerned industries in Port
Dickson.

Provide greater input to the overall state GDP and employment source.
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in Malaysia is the 1974 Environmental Quality and the regulations enacted thereunder The 1974
EQA has been substamtiaily amended in recent years, principally by the Environmemal Quality
(Amendment) Act 1996 (Act A953). This act is applied throughout the countries together with the
other departmemal legisiation and state Jaws and regulations (already mentioned earlier in para 2.2 2)
Looking at alt the existing laws and regulation one can safely say that there 1s no need for an
additional legal frameworks to support and encourage the development of Industrial Symbiosis. The
only potential set back is the lack of understanding and the ability to apply the right clause for making

the Industrial Symbiosis concept an implementable and practical tool of Eco-friendly Industrial
development

7.0 RECOMMENDATIONS ?\
7.1 The Role of The Government %‘
The government has a role to play in the development of Industrial Symbjosi Industrial

Symbiosis can potentially provide benefits beyond the private benefits to el icipants. However,
the appropnate role of government at each level depends, in part, on h ely the benefits are to be

shared. Some of the potential roles can be generalized as follo

W
a.  Local government’s eftorts are most mr\wk focused on specific Industrial

Symbiosis developments in their communi

b State governments may play a wid , enabling the development of Industrial
Symbiosis across a state thro ate regulatory innovations, tax policies, and the
statewide technology transfer > The federal government can play an even wider

role, encouraging 1

ymbiosis through revision of federal legslation,
f technologies broadly supportive of lndustrial Symbiosis,

and support of information sharing among Industrial Symbiosis in different parts of the
country.

development and transte

7.1.1 The Role of Local Government of Port Dickson
The Local Governments of Port Dickson can ptay several important roles in the success of an
Industrial Symbiosis. They can formally do the following acts:
- take the lead in the {ndustrial Symbiosis development process;
- include the Industrial Symbiosis as part of state and local economic development
strategy through incorporating the cancept in the Structure Plan;
- streamline zoning, permitting, and other laws related to industrial park development;




participate in Industrial Symbiosis Financing (provide infrastructure, superstructure etc.}

- provide technical assistance, technology transfer, and training;

- remain flexible in their implementation of federal environmental regulations; and
provide other incentives—such as tax breaks, industrial development bonds, and

publicized award programs—and export support programs,

7.1.2 Federal Government Roles in Industrial Symbiosis Development
Like local government, the federal government can play a number of roles in the development of
industrial Symbiosis. The federal government can suppon industrial Symbiosis by:

- enacting regulatory changes that allow to take advantage of their opportunities for

reducing environmemal burden while improving their economic performan
- funding industrial Symbiosts planning and development;

- funding R&D and technology transfer for environmental technolggies,
- promoting voluntary initiatives for Industnal Symbiosis particy d
s

- facilitating the transfer of information among Industrial 8.

*

7.2 Role of the Existing and New Industries memi;l\&so%
e,

The most ideal form of Industrial Symbiosis 18 wh ncept is implemented without the
application of meta-management in the form the g ent, park authority or similar entity. This

role is sometimes referred to as “Oplimization ffom within™. Thern each element of the system needs

to act individually, or in cooperative arran . 50 that the system as a whole is optimized. That's

optimization from within, also refe as auto-cataiytic or self-orgamzing development

Inter-firm collaboration and flexible Wetworks indicate very strongly the importance of personal
comact among firms as a starting point for collaborative arrangements Being a small industrial and
tourist town, Port Dickson, provides an excellent scenario for managers of the various firms to often
run into each other, providing opportunities for face-to-face contact and informal discussion. The fact

that the four firms are planted in the same interconnected society in which their employees live makes
inter-firm cooperation more readily achievabie

Given the necessary reliance on network partners, owners and managers who do not know and trust
each other are usually unwilling to put their businesses at risk by entering into collaborative
arrangements. Given the importance of personal relationships, lack of institutional linkages among
firms is a major impedunent to inter-firm coliaboration, a result that carries over to industnal




symbiasis. Personal relationships are also important in that the personalities of those involved with

creating symbiotic linkages have a strong influence over the form of the outcomes produced.

Actually there are many approaches available for the industries to overcome the general lack of
institutional linkages among firms. Widespread creation of symbiotic inter-firm linkages will most
likely require a broader shift in business culture, one that is conducive not only to the exchange and
reuse of matenal and energy flows, but to increased collaboration in general The symbiotic linkages
amoag local firms should be expanded to other areas of collaboration, such as worker training and
safety In tumn, experience with flexible networks and inter-firm collaboration indicates that

collaboration in one area fosters collaboration in others Thus, one way to promote industrial

symbiosis is to strengthen imter-firm linkages in general. ?\

Another point to note is that, symbiotic linkages will not come about unless, _the decision makers
w market their

r symbiotic linkages
significant because 1t has

istimiction
*
allowed the local firms to choose pollution control te:chm:‘!w\‘ ich rendered their waste streams

usable as feed-stocks elsewhere, yielding an additio beyond pollution reduction. For

within companies begin to see byproducts as resources, not wastes. While

products, few are versed at marketing their byproducts. Finding pos

with other firras is new to the realm of business practice. This

example. from among several alternatives, Tunku Power Station chose to have the electro

chlorination plant to produce metal hydroxidwyw uct. This metal hydroxide is then use as an
input materal and can also be sold to the

nmarket, and at the same time reducing the cost of
pollution control, The same thing is@ in the ESSO and SHELL Refinenes. The installation

of various treatment plants has open r horizon for Industrial Symbiosis to take place.

From command-and-control regulahon to pollution prevention, approaches to environmental
probiems that preceded industrial symbiosis should focused or individual plants and processes as the
units of interest. Thus, Indusirial Symbiosis calls for a broadening of focus 10 encompass the system
in which production takes place. Closing loops and increasing the efficiency of material and energy
use requires a holistic view of firms as part of their surroundings, both natural and human-buil. This
approach requires a heightened awareness and sensitivity to the interactions of a given process with its

surroundings. From such awareness can spring novel synergies, such as finding valuable uses for
byproducts.
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7.3 Public Policy as Evolutionary Pressure
Regardless of any stories one can tell of closing loops and emulating ecosystems, businesses will only
engage in symbiotic linkages if and when such arrangements are economically beneficial. Every

single linkage in this model! of industrial symbiosis, is either a sale of a byproduct or a least-cost way

B R et

of complying with environmental regulations. Therefore, the single best way to foster the

development of industrial ecosystems is to make them economically attractive and economically

viable,

Imposing regulatory requirements and altering the price signals felt by industry are two ways in which
public policy can apply pressure to encourage the evolution of industrial ecosystems This strategy
entails a form of 'getting the prices right' Such external signals are not sufficient, ho

innovative and pioneering cooperation is required among companies for symbios; @

cooperation 15 only viable if it makes economic, not just environmental, sensev

8.0 CONCLUSION

At its core, an Industrial Symbiosis ts very simple 1t strives
.

simultantously to increase business
success while reducing poliution and waste. Rooted in the

discipline of industrial ecology.
an Industrial Symbiosis mirrors natural systems. As N

isms can be viewed alone or in a
larger ecology, single enterpnses can ofganize 1 s in more complex business ecology By
moving to higher levels of interdependent ization quantum level improvements can be realized
in resiliency, flexibility and resource ation. This pays off for the business and the
environment. The evolutionary vi trial Symbiosis development would therefore hold that
there is a natural progression towahds symbiosis if every participating parties response to the

environmental impacts of industrial activity sends the right signals and if the regulatory structure is

conducive. Of course symbiosis does not necessarily follow from a regulatory push for pollution
control; there has to be some propensity. Symbiosis should be seen as a gradual evolutionary process
of entropy reduction which requires information, cooperation, and creativity, and these requirements

are mare difficult to supply by public policy intervention.

As Prigogine has written:
“We can consider the evolution of living organisms up to the siationary state as toking
place under a certain number of constraints determined by the outside world.. Whatever
the nature of the [constraints], the stationary state may probably to a good




approximation he considered as a state of mimmum production of entropy per unit time.
This description fits in excellently with some striking characteristics of living organisms.

First, the well known stability against external perturhation has its analogue in the
stability of stationary statex carresponding to a minimum production of emtropy. Iurther,
the fact that during growth living organisms actually experience a decrease af entropy
production during evolution (o a stationary state. Also, the fact that their organization

generally increases during this evolution corresponds to the decrease of entropy .

(I Pngogine, Thermodynamics of lrreversible Processes C.C. Thomas, Springfieid TL
1955 p 91)

Industrial Symbiosis in Port Dickson can apply this same line of reasoning m@?gccosystems,

when the optimization of material and energy flows results in a more susiinabl ustrial activity.
This optimization is directly coupled to a state of minimum entropy fhediiCtion. For the economic
system to be selfoptimizing, then, decision rules need to be in pla h reward increases in eco-

efficiency and penalize the laggards .
. \&

The Industrial Symbiosis in Port Dickson as in the K 2’s Model, is expected to be developed
according to same pracess of evolutionary develap WThe initial wave of links that made economic
use of unexploited products was follow vl a second wave that was the outgrowth of pollution
control measures and pollation control t ies. These latter linkages are more expensive than no

poilution control, but represent |

mpliance strategies. As such, they are adaptations to the
changing operating environment in‘which all the firms have been functioning. Repulatory and
community requirements have applied evolutionary pressure, in the form of demands for reduced
environmental impact. By setting performance standards, instead technology standards, public policy

allowed this sort of evolution
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