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ABSTRACT

The eco-industrial park (EIP) designs an industrial symbiotic network by collaborating enterprises using
each other’s products or wastes in a green atmosphere. Nevertheless, the common area supervision only
pays attention to the institutional framework operations, production and the manufacturing impact to the
ecosystem as considered factor of an eco-industry. There are very few papers that have noticed the
construction area of eco-industry in terms of environmental impact and harmonized such area with the
proper governance structure. Ecological issues are not only related to waste and clean production but
should also be associated with the governance system of supply, production and distribution in an
environmentally sustainable. This research aimed to study and propose scenarios, strategies, operational
recommendations to develop an eco-industrial park from the existing park in Cilegon, Indonesia’s and
linked it with the holistic governance system. The method of this research firstly uses the gap analysis that
study the Cilegon industrial region at the present situation compare to the ideal criteria of eco-industry.
The data collected through a survey that represents an observation, in-depth interview, questionnaires and
expert judgments. The results show that the current Cilegon Industrial Park (CIP) have many gap standard
of criteria to become an eco-industrial park. Based on this gap analysis and solutions, the author develop a
governance structure that employs green and lean supply system. The EIP factors inside the governance
structure is projected into relational management (RG) or contractual governance (CG). Then, suppliers
involved are directed into a transaction specific assets investment, which is not only product oriented but
also environmental friendly. Besides that, the EIP will also be measured by its quality, flexibility, and
efficiency. All of the processes are monitored and managed by an EIP Control Tower.
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Introduction

Eco-Industrial Park (EIP) is a set of industries (pro-
ducing commodities/services) located at one place
where the actors, involved in this region, trying to-
gether to improve its environmental, economic, and
social performance (Lowe, 1996). According to

President Council on Sustainable Development
(PCSD, 1996), the objective of the development of
EIP is to enhance the economic achievement of the
participating companies while minimizing their en-
vironmental consequences. Components of this ap-
proach include the green design of park infrastruc-
ture and plants (new or retrofitted); cleaner produc-
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tion, pollution prevention; energy efficiency; and in-
tercompany collaborating. An EIP also seeks ben-
efits for neighboring communities to assure that the
net impact of its development is positive. The typi-
cal industrial park model focuses on the establish-
ment of cooperation between industries within the
region. It is planned to maximize the utilization of
exchanging product among manufacturers, concern-
ing to the notion of industrial ecology. Thus, the sys-
tem will reduce potential waste and optimize re-
sources utilization. China implements this concept
by changing the treatment of sugar-waste.  The Chi-
nese sugarcane bagasse is taken as the raw material
for paper mills and alcohol refineries in the same
industrial area. Another EIP best-practice located in
the Kalundborg, Copenhagen, Denmark.

Such industrial-region implements a model of
symbiosis where the partnership occurs between
enterprises.It reduces production costs as well as
meet their environmental regulation. Using ad-
vanced technological approach, they manage and
employ industrial waste, reuse water, and energy,
for the purpose of the aggregate efficiency of an in-
dustrial area.  The key success factor for industrial
symbiosis is a synergy in an industrial area
(Chertow, 2007). The other variation model of the
green industrial park developed in the Camden
area, organized by the Institute for the Environment
(IE) from the University of North Carolina (UNC) at
Chapel Hill, North Carolina. The term of ‘green’ re-
fers to the collection of land or areas that created for
placing industrial business activities, offices, light
industry, warehousing, wholesale business, and or
research activities that incorporate some features of
the environment. This green industrial park mini-
mizes the use of water and energy, reduces water
runoff and reduces or recycles waste. It is growing
rapidly and attracting the companies that produce
environmental-friendly products (such as solar
boards, windmills, and water-efficient appliances or
energy).

Cilegon is one of Indonesian industrial city which
heavy manufacturing area is developed. There is a
national steel company, PT. Krakatau Steel, some
petrochemical companies as well as other industries
located in that region. It shows the level of diversity
and high technological complexity in this industrial
area. According to the regional development pattern
of Banten Province, Cilegon is plotted to become the
center of heavy industry and trade.  In fact, the city
contributes the largest share of the GDP (54.62%) for

the Banten Province (Document of RENSTRA evalu-
ation of Banten Province 2002-2006, 2007).  How-
ever, its economic value also raises some obstacles,
e.g. environmental degradation of the city, the con-
flicts between the industry and the community
(wealth-gap) and potential environmental pollution.
Besides that, the technical problems associated are
raising, such as the limitations of the water source,
industrial waste management control, and supply
chain impact the sustainability of the industry as
well. It is reported that there were at least 78 plants
or a petrochemical company that produces hazard-
ous and toxic waste (Banten-Raya, 2015). The pri-
mary hypothesis of this research is that the gover-
nance implementation on the eco-industrial park
can behave as the umbrella of interlinked, environ-
mentally sustainable and efficient industries. Never-
theless, EIP needs sufficient strategy and policy to
be operated properly. The purpose of this study is to
provide an empirical analysis of the current CIP.
After the analyzing part conducted, the author for-
mulates strategic and proposed scenario program
solution that appropriates to the management of
Cilegon Industry’s that evolves to be an eco-indus-
trial park under the lean and green concept. The
governance of EIP using control tower is introduced
as a control system for an industrial symbiosis.

Research Methodology

The study is conducted in the region of Cilegon that
includes the industrial area of Anyer, Merak, and
Cilegon, which are administered under Banten
Province. The research performed for twelve (12)
months during September 2014 to September 2015.
Some secondary data of the study is collected from
the results of previous investigations reported by the
authority and some academic literatures. Primary
data acquired through direct observation in the
field, expert interviews (questionnaires), laboratory
analysis, and statistical test results using CDP,
ArcView, and Microsoft Excel. The data is processed
by applying triangulation methods, which is com-
bined with interviews, literature review, and survey.
The data analysis includes: 1) The analysis of the
current region using spatial and gap analysis, 2) The
study of the importance and influence of the actors
using stakeholder analysis, 3) Identify the potential
and quality of waste in Cilegon industrial area using
descriptive analysis methods. There are minimal
three factors that considered as basic requirements
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of an eco-industrial park: (a). The operational frame-
work (b). The production process and (c). The im-
pact of the activity. The operational framework con-
sists of four criteria, i.e. conservation, site selection
and cooperation between industries in the region, as
well as active participation of local communities
around. Meanwhile, the production process in-
volves three criteria: the efficiency of resources, pro-
ductivity, and sustainable competitive advantage.
Last, the impacts of the activity on the eco-industrial
park contained three requirements, i.e. minimum
pollution impacts of the environment, economic
improvement impacts, and positive welfare for the
surrounding community and the harmony of socio
relations.

Result and Discussion

The Existing Condition of CIP

Cilegon land-use change

Figure 1-4 shows the land-use change from the
landsat images in Cilegonby the years of 1986, 1996,

2006, 2016, respectively.  It indicates the significant
reduce of green area.

The degradation of forest-land, plantation, dry-
agriculture land and the rice filed, following by criti-
cal growing of land utilization for housing and
building in Cilegon are depicted by the Figure 5.

The business growth causes rapid land conver-
sion that reduce the greenspaces significantly dur-
ing the last 2 decadesin Cilegon(Figure 6).

The figure 7 shows environmental quality analy-
sis that uses several indicators, i.e. BOD, COD, TDS,
NH3 and temperature. Such analysis reported that
eco-parameters of Cilegon exceeds the threshold.

Potential Gap and Solutionin CIP compared to
EIP Standards (Gap Analysis)

The potential of the gap can be measured from the
adequate standards for the establishment of an in-
dustrial zona of ecological (eco-industrial park)
compared by the current status of CIP. It includes an
operational basis, production processes, and the

Fig. 1. Cilegon Land-Map 1986

Fig. 2. Cilegon Land-Map 1996

Fig. 3. Cilegon Land-Map 2006

Fig. 4. Cilegon Land-Map 2016
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impact of the implementation of an eco-industrial
park that can be summarized as presented in Table
1-3.

EIP Governance

The ecological conditions of Indonesia and particu-
larly subject to Cilegon showed a necessity of tight-
ening the governmental policies. It has to promote a
high standard of environmental, clean production,
low emission as well as renewable sources of en-
ergy. As we know, energy-related greenhouse gas-

ses (GHG) were emitted by the production, con-
sumption of commodity and services, including the
storage and freight transport. This paper aims to
provide solutions to the problems that exist in the
CIP along its gap with the ideal conditions of the
desired EIP. According to the gap analysis (see
Table 1-4), 23.5% of solutions are about the infra-
structures, 18.2% addressed construction regula-
tions and 64.7% related to the policy for strengthen-
ing industrial communities, encouragement, eco-
nomic, tax-incentive, labor priority, management,
and socio-entrepreneurship.

Obviously, the governance becomes a backbone
of the EIP include strengthening community bound
industrial development, alliances, local community
awareness, infrastructure and handling of environ-
mental issues. Numerous firms have tried to encour-
age the emerging partnerships using internet tech-
nology; perversely they usually fail due to less de-
termined and lack of governance structure (Ulrich,
2004). The EIP should be concentrated on the pow-
ers of change in the industrial consortium: tech-
niques, technology, business trends and governmen-
tal measures” (McKinnon, 2008). The essential ele-
ment of successful of that scheme is the fast and ac-
curate information from a broad spectrum of oper-
ating fields (Lancioni, 2000). (Tessitore, 2015) re-
ported that the successful key element of Italian Eco-
Industrial Parks is the administration party, which is
granted by national legislation to manage and coor-
dinate companies mutual symbiosis and to develop
more environmentally sustainable. Even the gover-
nance is growing into the foundation and key of
high-efficiency operation of a better EIP, but there
are minor research results about how to set up coop-
erative mechanism and control system among EIP
members. Therefore, this paper reveals a gover-
nance mechanism that considers the heterogeneity
characteristic of the industrial park. The heterogene-
ity knows a global overview of a bounded zone that
examines the obstacle, mechanism and existing chal-
lenges of EIP conduct from the wider area (gap-
analysis).

The development of governance mechanism for
the EIP was inspired by (Zhang, 2009) framework.
Contributions of this proposal to the (Zhang, 2009)
concept lying on the adequate standards for the es-
tablishment of an EIP and the control tower. The
current EIP factors that invented are projected into a
relation governance (RG) or contractual governance
(CG). For example, collaboration within industries,

Fig. 5. 1986 – 2016 Land utilization of Cilegon

Fig. 7. The trend rate of gas and ambient air pollutants

Fig. 6. 1986 – 2016 trend rate of declining green open-
space vs. industry development (Pink: Percentage
of Greenspace, Blue: Percentage of Industry De-
velopment).
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such relational could be set as trust (informal) col-
laboration/ cooperation, round table discussions,
etc. However, the cooperation might also be con-
ducted by a contract that is protected by the law.

The novel structure defines the institutional ma-
trix where transactions are arranged. It models two-
dimensional governance structure, transaction cost

economics (TCE) theory and relational theory (using
transaction-specific investment). Both methods are
linked to constitute the firm but flexible governance
relationships. As presented in Figure 8, the system
affected by the environmental uncertainty. In a
highly unpredictable environment, EIP actors may
attempt to set positive governance structure in order

Table 1. Potential Gap and the proposed solutions for the Cilegon Industrial Area (1stEIP Factor)

EIP Indicator Existing Condition Gap Solution

1. Operational Basis of the EIP
Environmental Some physical and The industry generates • Preparing regulations,
conservation chemical parameters an environmental infrastructure and

of the environment pollution integrated wastewater
that exceed the quality facilities
standard • Providing tax incentives

for industry to environ-
mental design

Site selection for the • The industrial area • Land use is not optimal • Regional and spatial
industrial estates correspond to the • The development of planning have to
development spatial and regional new industries is consider the ecological

development plan placed outside the aspects and grass-root
region aspirations

• The development of • Managing and
new industrial area structuring the
triggers a land industrial area has to
conversion prioritize the

• The land uses are environment protection
not suitable with an • Establish the
appropriate designation local-authority

mandate to push
industry located in the
obligatory industrial
area.

Industrial cooperation • The product utilization Inter-industry cooperation • Collaboration within
in the same area based on demand for products re-use and industries are governed

• Individual waste- integrated waste by regulations
treatment management were • Create an integrated

not established yet. water treatment plant

The active participation of • Planning and design • People aspirations • Decision-making
local communities are given by the are less accommodated involves all

Government and provoke social stakeholders (public,
(top-down approach) actions authorities, industries

• Lack of community • Environmental and academician)
participation for the degradation • Strengthening
supervision and control tends to increase social institutions to
of pollution improve environmental

protection awareness
facilitated by the
company through CSR
(Corporate Social
Responsibility) pro
gram.
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to manage a chaotic situation better. Derived from
the previous research results, such as (Geyskens,
1998), (Claro, 2003), (Cannon, 1999), (Ganesan,
1994), (Klein, 1990) and (Zhang, 2009), the environ-

mental uncertainty can be classified into diversity
and volatility. Environmental diversity is the degree
of various and complex of environmental compo-
nents, while the environmental volatility refers to

Table 2. Potential Gap and the proposed solutions for the Cilegon Industrial Area (2ndEIP Factor)

EIP Indicator Existing Condition Gap Solution

2.  Production processes in the EIP
Resource efficiency • Fossil energy is • Limited ability of • Planning and design:

dominated the innovation processes water recycling, e.g.
industry and technology to rainwater recycling,

• Water source is diversify energy and water reuse, etc.
dependent on the raw materials. • Industrial Symbiosis
lake in the region for the

• Raw materials are • Waste products are conservation of natural
100% imported not processes and resourcesand energy

• There are many potentially cause • Action plan: set the
untapped industrial a pollution minimum 30% area of
waste green space, ecological

park, water front which
is ecological, as well as
efforts to mutually
utilize the waste in the
region

Sustainable • Some industries doesn’t • Access to global The government as
competitive implement environment economic competition regulator, has to increase
advantage. protection standards. is limited due to the the company awareness

low performance of of voluntary
the environmental environmental
management management

Fig. 8. The NovelGovernance Structure of the EIP
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the rapid changes of market and demand. (Zhang,
2009) argue that in a high degree of uncertainty, the
chain actors (consumers, supplier, producer, and
retailer) are trying to work mutually during the cri-
sis times, e.g. using contracts to safe-conduct their
business or join selling a product for the same mar-
kets. Thus, the mutual collaboration engages a bind-
ing structure that can be a contractual governance or
relational governance.

Contractual-governance relates to any agree-
ments (written or oral) approached by individuals
or companies or any institutions to decrease risk and
uncertainty in relationships. In the case of CIP, there
are several contracts emerge, e.g. waste supply con-
tract, integrated water treatment contract or market-
ing contract (based on the buying & selling condi-
tion). Relational governance belongs to an informal
set of relationships and social norms. Hence, Con-
tractual governance attains for the real, explicit and
formal facets of relationships, while relational gov-
ernance is working on the other side of soft, tacit and
informal based on the trust and honesty. The struc-
ture has also related to the TSI (Transaction Specific
Investment) that concentrates on the aggregation of
assets that are severe and costly to shift from one
transitional partner to another; therefore, asset speci-
ficity arises. Asset specificity describes the perma-
nent investments that are undertaken in support of
particular transactions. Extremely asset-specific in-

Table 3. Potential Gap and the proposed solutions for the Cilegon Industrial Area (3rdEIP Factor)

EIP Indicator Existing Condition Gap Solution

3. The impact of the EIP implementation
Minimizing the The reduction of Over quality of waste Build an independent
environmental environmental pollution cause environmental sewage treatment plant
pollution has been conducted pollution and integrated sewage

but not optimal treatment plant
Increasing economic The impact of increased Welfare gaps around Economic development of
and social welfare prosperity around the the industry society through corporate
around the area area have not been social responsibility funds

felt equally and taxes from the
industry.

Social relationships • Recruitment of labor • The worker comes • Top priority is given
that living in from the local from outside the to the local labor, in
harmony community still does region are still proportion to the

not meet the aspirations dominant and company’s needs and
of society make a social their skill

• Fostering community resentment § Increase the community
through CSR • CSR funds are still development funds to
activities has not small and not well manage the society
optimally carried out targeted

vestments express the costs that have very limited or
no value outside the relationship. (Claro, 2003) re-
ported that asset specificity can stimulate relational
governance. According to (Williamson, 1989), asset-
specific investments divides into five types, i.e. site
specificity, physical asset specificity, human asset
specificity, dedicated assets and brand name capital.

At the level of implementation, a measurement of
performance is a must. Assessment of an EIP is a
part of vital breath for the survival of consortium
members and network structure that are built. In-
deed, the efficiency and cost optimization become
the primary option in order to maintain the
sustainability. When the governance structures have
a lacking score on this two areas, then it will cause a
short or long term problems. Performance measures
can also be used for risk management. Risks that
have been mapped since the beginning of design,
can be detected its occurrence during the running
process. At this moment, the risks and performance
of the system can always be measured and con-
trolled.

The last approach that offers is the digitalization.
Such demand has arisen because of the insistence of
the industrial and market field to the automation of
manufacturing. Nowadays, industrial technology
gradually been moving towards automation. Pro-
ducers who are not following this trend will be
crushed in the market competition. People are in-
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creasingly asking for product quality, precision and
environmental friendliness commodities. The con-
nection between consumers also increasingly global-
ized, the impression of a product felt by the consum-
ers in a part of the world would soon be perceived
in a short time by the people from other regions.
Also, environmental awareness began to strengthen.
Products that are not environmentally friendly and
leave a larger carbon footprint will not have a place
in the hearts of consumers. Competition is not only
considered at the producer level but also occurred at
the supplier level even among countries. Currently,
those who is mastering the information and digital
technology will manage a more qualified product
and more efficient process. It will gradually shift the
manufacturers and suppliers perception.

The novel governance structure also presents a
control tower as a digitalization strategy, as well as
coordinator of the entire chains and connected to
each entity in the EIP business who becomes the
member of the industrial park. The control part
should be handled by a government agency that has
a high authority management in the state. Particu-
larly, it is essential for developing countries which
their players have no standards of the EIP manage-
ment.  In the EIP business, besides maintaining the
sustainability of park, an industrial consortium has
to think about a way out for the environmental is-
sues that emerges. Every country needs to have a
body (National EIP Board) that has the capability of
a control tower. This board will maintain the quality
and sustainability of the industrial zone without ig-
noring the rights of the environment. The green and
lean production, as well as efficient supply system,
shall be well achieved by implementing this gover-
nance structure.

Conclusion

In the last two decades, the green area still domi-
nates Cilegon land utilization. However, it has
changed gradually. There is a decrease of all type of
green sectors such as forest, plantation, and paddy
field. On the other hands, there is an increase of the
housing and buildingactivities. In term of the area
management, there is still a gap as a result of non-
conformity with the established criteria in the eco-
industrial park, such as the expansion of industrial
areas led to the conversion of land which diminish
green space and increase the level of pollution.
Based on the analysis result for the chemical param-

eters of liquid waste, air, groundwater, and seawa-
ter, it is reported that eco-parameters(dust, HC, CO,
NO2, SO2 and Pb values) of Cilegonexceeds the
threshold. According to this finding, the industrial
areas ofCilegon are not yet eligible to be considered
as an eco-industrial park. There is still a gap as a re-
sult of non-conformity with the criteria EIP, such as
the potential for environmental pollution due to in-
dustrial activity, industrial growth in the non-indus-
trial areas, the land conversion which is not appro-
priate for regional spatial planning and the lack of
local people participation. The management fault
probably led to this gap.  Potential social conflicts
around the industrial area can occur because of the
existence of social inequality, both concerning well-
being and inadequate economic capacity of local
community along with the growth of the industrial
zone. The proposed solutions that can be performed
is to empower the program of Corporate Social Re-
sponsible (CSR). The CSR fund improves the quality
of human resources of local communities around the
EIP so that they can be involved as workers who
have the appropriate expertise that suitable with the
needs of industry. The governance approach that
involves all stakeholders including government,
enterprises, and local communities (e.g. the scaven-
gers), will be very useful in solving this gap. The
scavengers concerned with industrial waste for sale.
As for the CIP-administrator, these waste pickers
are still considered as a “nuisance”, but their exist-
ence is very useful when empowered to clean up the
rubbish (or industrial waste) around the industrial
area. Those can lead to the amelioration of well-be-
ing and financial ability of local community.

In the last part of the discussion, the author re-
veals a governance structure to manage the EIP
based on the invented gaps and solutions. Actually,
there is an official cooperation between the manage-
ment of CIP and the local governments in terms of
supervision and ideas to realize the EIP, but unfor-
tunately it’s still limited to the MoU (Memorandum
of Understanding). The implementation in the field
is still lacking. Through our proposed mechanism,
such implementation is encouraged and well con-
trolled. An integrated body digitally monitors all
transactions and activities, called EIP Control
Tower. A relationship in the “digital-contract” will
be more firmly bonded and tight. The initial require-
ments of the governance system-design are deter-
mined upfront, adjusted to the desired EIP strategy.
Furthermore, the requirements should be validated
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to match with the governance structure using a rule-
testing regulation. The system developers attend
these initial steps before they go into the general sys-
tem-design software. Thus, the whole-system is fit-
ted to the community vision. It will be flexible,
whether it will be used to adjust the vertical or hori-
zontally integrated manufacturer or implemented
using push-pull supply chain strategy. The system
also can be designed specifically to a contractual,
transactional or relational governance. All require-
ments can be customized under the prior agreement.
Thereby, the principles of good governance e.g. effi-
cient, accountable, transparent, responsive, equi-
table and inclusive could be fulfilled.

Recommendations

Government consistency becomes the most influen-
tial actors of the EIP realization. A spatial industrial
region planning, should properly in good gover-
nance. Thus, the land use overlapping can be
avoided. Moreover, the government has to control
the manner of market-based planning by reducing
the violation of land use that only serve short-run
benefits. Strict and justice law enforcement has to be
realized on the EIP daily operational basis. All of
these activities could be conducted by the proposed
novel governance structure of the EIP that applying
a digital control tower.
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