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perspective of health, high air pollution led to babies with 
low birth weight in China (Fleischer et al. 2014).

In the past, industry could build and take place any-
where. It then became a problem when control of the en-
vironmental impact must be carried out (Termsinvanich 
et al. 2013). While increased areas of land are required to 
sustain future development, land is a non-renewable natural 
resources and seemingly unlimited demand for the lim-
ited area available and caused increasingly serious problem 
(Wang et al. 2013). Integrated industrial management in 
an area became an alternative to overcoming the adverse 
impacts.  Industrial area usually located in a semi artificial 
environment, functioning as a small town complete with a 
flow of information, materials and energy (Yang et al. 2012). 
According to Indonesian Government Regulation (Undang-
Undang Republik Indonesia Nomor 3 Tahun 2014), industrial 
park is the center of industrial activity, equipped with sup-
porting facilities that are managed by a company licensed 
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Introduction

In the last decades, many regions all around the world were 
burdened with industrial pollution. In Europe, Austria was 
reportedly unable to suppress environmental degradation 
well even though policies to reduce environmental impacts 
had been implemented during the industrialization period 
(1830-1995) (Haberl and Krausmann 2001). In East Asia 
over the past decades, industry had developed very well; 
however, environmental degradation also unavoidable 
(Kim 2006). In many cities in Asia where industry was 
growing rapidly, increasing of NO2 always occurring. These 
could be found for example in the petrochemical com-
plex at Jamnagar (India) and Daesan (Korea) (Duncan et 
al. 2015). In India, SO2 emissions are estimated to reach 
7.8 million tons in 2010, since the year 2010 passed long 
ago. Although energy saving policies had been established, 
industry development was predicted contribute SO2 emis-
sions to 26 million tons by 2040 (Heyes et al. 2015). In the 
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industrial area. Industrial areas built to enhance sustain-
able industrial development efforts, accelerate growth and 
competitiveness of industry and investment. In Indonesian 
cases, industrial parks tend to cluster in several locations. 
There were at least six suburban towns and sub-districts 
referred as industrial centers. Major industrial centers in 
Bodetabek (Bogor-Depok-Tangerang-Bekasi) (the outer 
suburbs) include Cikupa-Balaraja (Tangerang District) and 
Cikarang (Bekasi District). Four other industrial centers 
were located beyond Jabodetabek (Jakarta-Bogor-Depok-
Tangerang-Bekasi) in the extra outer suburbs, which in-
clude Serang (Cilegon and Cikande) and Karawang (Teluk 
Jambe and Cikampek) (Hudalah et al. 2013).

Industrial areas managed environmentally were rel-
evant to the idea of   industrial ecology (McManus and 
Gibbs 2008). This idea stated that there was a potency to 
convert waste output into a resource input. Thus the cost 
of economic, social, and environment could be reduced, 
while the excess of utilization of raw materials could also 
be avoided. Efficiency improvements were the effective 
means of reducing resource consumption (Dahmus 2014). 
Eco-efficiency as a concept to allow for practical approach 
to economic and environmental efficiency based on sus-
tainability, now has been suggested as a concept for im-
proving corporate environmental and social performance 
(Suh et al. 2014)

In the policy level, the concept of industrial ecology was 
implemented through linkages among industrial compa-
nies that were in the same geographic area by establishing 
eco-industrial parks (EIPs). EIPs were the concrete appli-
cations of industrial ecology (IE) and industrial symbiosis 
(IS). Initially IE focused on the flow of matter and energy in 
an industrial system and less emphasized in policy mecha-
nisms, but later this concept is complemented by IS, a tool 
used to foster eco-innovation and long-term cultural change 
(Daddi et al. 2015). IS should be an effective measure to 
balance the supply and demand of energy in a regional com-
munity (Kikuchi et al. 2015). EIPs in Shandong Province’s 
Lubei in China and EIPs in Kalundborg Denmark had been 
recognized around the world as a successful example of 
EIPs. From the perspective of nodes, internal characteris-
tics of industrial metabolic processes of EIPs in Shandong 
Provinceˈs Lubei in China were the key nodes (the cement 
clinker production), peripheral nodes (the ammonia and 
power plants), and key paths in the network (from the 
sulfuric acid plant to the ammonium phosphate plant to 
the cement clinker production (Zhang et al. 2015). EIPs in 
Kalundborg Denmark had reuse and recycling of resources 
to generate economic and environmental benefits. The sym-
biosis between local society and EPIs in Kalundborg had 
some advantages such as significant reduction in energy 
consumption, reduction in emission of sulfur dioxide (SO2) 
and carbon dioxide (CO2), also increasing transformation 

of conventional waste into raw feedstock in other processes 
(Zhao et al. 2017).  Since its founding, EIPs in Kalundborg 
had managed to save more than 1.2 million m3 of water, 
and 30 thousand tons of fossil fuels. These EIPs also per-
form reuse of the 70,000 tons of fly ash and reduce more 
than 130,000 tons of CO2 emissions (Zhang et al. 2009). In 
South Korean EIPs pilot project, several projects involving 
energy networks produced a high positive environmental 
performance through greenhouse gas emissions mitigation. 
Waste acid/alkali solution recycling projects also showed 
remarkable social outcomes on account of the variety of 
networks formed and active participation from enterprises 
(Jung et al. 2013).

In Indonesia, the implementations of EIPs in indus-
trial management had not widely known yet. Sona Maris 
Industry in Semarang, Indonesia is an example of EIPs 
(Tikhanov et al. 2016). However, in most Indonesian indus-
trial estate, EIPs had not been implemented well, including 
in MCIE. MCIE is an industrial area located in Cikande, 
Serang District, Indonesia. As a center of new growth, MCIE 
equipped with infrastructure and complete supporting fa-
cilities. Currently, MCIE inhabited by more than 200 com-
panies from various industries. From the description above, 
it was known that implementation of EIPs in MCIE was a 
necessity. The expected outcomes were certainly not just 
economic benefits, but also environmental balances in the 
long-term. This research objective was to design an MCIE 
environmental management prospect based on EIPs.

1. Research methods

MCIE environmental management based on EIPs is a pro-
cess involving multi-stakeholders. The complexity of issues 
in MCIE required a holistic approach to solve the problem. 
This research was supported by data obtained through 
expert survey (Jones et al. 2013). A group of experts con-
sisting of 8 experts of the industrial economy, 8 experts 
of environmental policy and management, and 4 experts 
of regional development conduct a discussion to identify 
factors determining the success of MCIE environmental 
management. Twenty (20) factors affecting the success of 
MCIE environmental management (FASM) were initially 
identified through a search of the relevant academic peer-
reviewed. This FASM list consisted of 8 factors relating to 
performance of management and productivity, 6 factors 
relating to functions of environmental protections, and 
6 factors relating to economic and monetary policy. A 
preliminary expert panel was presented with the task to 
reduce this FASM list to more manageable factors. Experts 
evaluated each factor in term of its potency to determine 
the success of MCIE environmental management. The ma-
nageable factors were subsequently used to determine key 
factors in the prospective analysis (Table 1). 
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The focused group is a scientific method in social sci-
ences. The ultimate purpose of this methods is to discuss in 
depth on a certain issue to extract novel insights and expert 
knowledge, its usage and application in a highly values (May 
et al. 2016). To address the aim of research appropriately, 
Figure 1 illustrates a two steps research design approach.

The data generated from expert survey was analyzed 
using prospective analysis. More than forecasts, prospective 
analysis views the distant future. It seeks to give shape to 
the next by introducing diverse scenarios involving differ-
ent and imagined futures. Prospective analysis is the vision 
of the future that informs the choices to be made today, 
guiding decisions and actions. The main aim of prospective 
analysis is to illuminate the choice of the present by the pos-
sible futures  (Godet 2007, Lapping et al. 2012). The stages 
in the prospective analysis as follows:

1. Determining the key factors to explore various pos-
sibilities in the future. At this stage, all factors were 
analyzed to know the effect of factors on system per-
formance and factors interdependence as elements 
in the system. The rating of direct influence between 
factors in the system was done by using a scale of 0 
to 3 as presented in Table 2.

2. Determining the strategic objectives and interests 
of the main actors.

3. Defining and describing the various possibilities in 
the future.

Factors affecting the success of MCIE environmental 
management presented in a diagram (Figure 2). This figure 
showed four (4) quadrants illustrated below. Factors located 
in quadrant I and II did not affect the system performance, 
while the other ones located in quadrant III and IV would 
affect it.    

Table 1. List of factors determining the success of MCIE 
environmental management

Factors
Indicator: Performance of Management and Productivity

1. Competitiveness of industry 
2. Industrial tourism
3. Contribution of industry

Indicator: Functions of Environmental Protection
4. Pollution control
5. Community empowerment

Indiator: Economic and Monetary Policy
6. Incentives of  investment 
7. Investment security
8. Consistency of policy
9. Availability of infrastructure

IV III

I II

Figure 2. Factors affecting the system performance of MCIE 
environmental management

 

First step

Literature review
(Content Analysis)

Survey (Expert
Survey)

Second
step

Focus Group
(Brainstorming,

A�nity
Diagramming) 

Various possibility
in the future

Key factors,
scenarios

Figure 1. A two steps research design approach (May et al. 
2016)

Table 2. The direct influence between factors in the MCIE 
environmental management system

A B C D E F G
A
B
C
D
E
F
G

Rating guidelines: score 0 = no effect, score 1 = small effect, 
score 2 = moderate effect, score 3 = very influential.

2. Result and discussion

2.1. Description of study site

MCIE was located in Cikande, Serang, Banten Province, 
Indonesia, approximately 68 km away from Jakarta, 75 km 
from Tanjung Priok Harbour and 50 km from Soekarno-
Hatta International Airport (Figure 3). MCIE could be 
accessed via Jakarta-Merak toll road within close proxi-
mity to Ciujung entrance toll. Nearby Bojonegara Seaport 
is now under development which will later become the 
Indonesia’s largest export-import containers port. MCIE 
presents 3,175 ha of fully-serviced industrial zone with 
excellent quality infrastructures, best supporting facilities 
and well-planned estate management.

MCIE contained more than 200 of both local and for-
eign companies. It was home to a wide variety of industries 
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including chemical manufacturers, food processing manu-
facturers, automotive component producers, shoe compo-
nents, and many more. Besides provided well-maintained 
infrastructures, MCIE also provided a one-stop service 
advising and assisting investors in all aspects of setting 
up their business in Indonesia. This included assisting 
the permit application and submission to the Indonesia 
Investment Coordinating Board (BKPM). An excellent 
quality of infrastructures collaborating with best support-
ing facilities, greenery landscape and well-planned estate 
management were MCIE’s objectives in order to be one 
of the best industrial estates in western part of Jakarta.

2.2. Key factors

MCIE is a modern industrial system. There are many fac-
tors that influence the success of environmental mana-
gement in a modern industrial system, both internal and 
external. Due to the limitations, this research identified 
9 manageable factors that could be grouped into 3 main 
components. These 3 components were the performance 
of management and productivity, the functions of environ-
mental protection, as well as the economic and monetary 
policy. The performance of management and productivity 
was the main component supported by 3 factors: competi-
tiveness of industry, industrial tourism, and contribution 
of industry. The function of environmental protection 
was a major component supported by 2 factors: pollution 
control, and community empowerment. Economic and 
monetary policy was the main component that could be 
implemented through 4 factors: incentives of investment, 
investment security, consistency of policy and availability 
of infrastructure. 

The following description presented 9 factors determin-
ing the success of MCIE environmental management in 
the future:

1. Competitiveness of industry
 An indicator of competitive advantage is superior eco-

nomic or market performance (Cerrato and Depperu 
2011). The production cooperation is needed to im-
prove the competitiveness of industry. Production 
cooperation is a system of economic relations among 
business entities to realize part or all of the production 
cycle in order to optimize costs and increase com-
petitiveness (Fomina et al. 2018). MCIE had either 
competitive or comparative advantage to produce 
commodities that could to dominate the world mar-
ket.

2. Industrial tourism 
 The opening of industrial locations to tourists encom-

passes a variety of perspectives (Hashimoto and Telfer 
2016). Tourism based on industrial excellence pro-
vided minimized environmental impact in the MCIE 
zone and its surroundings. In the long term tourism 
will also provide sustainable and increasing economic 
growth (Kadriu 2016).

3. Contribution of industry 
 Industrial cluster is a policy instrument used to im-

prove regional innovation systems. The effect of indus-
trial cluster on innovation activities depends on the 
type of industry. Industrial clusters have an important 
impact on increasing innovation in traditional indus-
trial systems rather than high-tech industries (Žižka et 
al. 2018). Industrial restructuring were linked closely 
with environmental problems and economic develop-
ment (Zhang et al. 2018). In this case, contribution of 

Figure 3. Map of the study site in Cikande, Serang, Banten Province, Indonesia
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MCIE was studied in the relation to regional revenue, 
national income, and regional innovation system. 

4. Pollution control
 Essentially the most desirable actions are pollution 

prevention and waste minimization (Haridass et al. 
2017); nevertheless pollution control is the other 
alternative. To reduce the negative environmental 
impact of energy production for example, it was 
recommended the implementation of modern tech-
nologies for reduction of raw material consumption 
and limits greenhouse gas emissions (Dzikuć and 
Piwowar 2015). Renewable energy could be used to 
reduce greenhouse gas emissions. The development 
of hydroelectric projects in Brazil was an example of 
efforts to use water resources as an alternative energy 
source (Rocha and Neves 2018). For the purpose of 
dilution, in releasing the effluent, the use of water bod-
ies must consider the water quality class of the body. 
Changes caused by the effluent should not be so large 
as to change the class (Muniz et al. 2018). 

5. Community empowerment
 The involvement of local communities in various 

activities would improve social welfare and environ-
mental protection in the MCIE and its surroundings 
(Ani et al. 2017). Community empowerment occurs 
when all members involved in each program for mu-
tual benefit (Dzikuć and Piwowar 2015).

6. Incentives of investment
 The stimulus provided by policy makers to the in-

vestors that willing to invest in the MCIE. Incentives 
make a role not only in the financial services industry, 
but also for all players in the securitization food  chain 
(Murray et al. 2017).

7. Investment security
 Government guarantees to the investors in the form of 

legislation that give protection and law enforcement 
in real investment security. Investment security can be 
illustrated as the need of an investment sector entities, 
the property of an investment system of the national 
economy, the policy of a state, the level of ability to 
attract investments, a factor of ensuring the economic 
security, an investment potential of the state, the level 
of socio-economic development of the state under 
the influence of investment inflows, and the control 
of recognized hazards to achieve an acceptable level 
of investment risk (as for investor, as for recipient) 
(Kharlamova 2014).   

8. Consistency of policy
 Guarantee to the creation of sustainable of investment 

over time and not affected by government interven-
tion. Consistency of policies is a key factor to the 
firms’ decision-making processes for reducing uncer-
tainty because policy changes can cause risk-return 

perception for economic actors and also increase un-
certainty (Yoon et al. 2017).

9. Availability of infrastructure
 The infrastructures supported a wide range of in-

dustrial activities and for the local community. The 
infrastructures could include road networks, water 
supply, port/dock, education and health facilities and 
other facilities. Green infrastructure is an alternative 
approach for storm water management with co-ben-
efits of temperature control, air quality management, 
wildlife habitat and amenity space (Chenoweth et al. 
2018).

2.3. The scenarios of environmental management

An analysis of 9 factors determining the success of MCIE 
environmental management in the future produced 5 
key factors (Figure 4). The key factors were factors that 
had a decisive influence on the performance of system, 
while the low dependence on other factors (more inde-
pendent). Figure 4 showed that of the 9 factors, factors 
such as pollution control, investment security, availability 
of infrastructure, industrial tourism, and competitiveness 
of industry were 5 key factors determine the success of 
the environmental management of MCIE. The pollution 
control (1) was a key factor related to the function of en-
vironmental protection; while the investment security (2), 
availability of infrastructure (3), industrial tourism (4), and 
competitiveness of industry (5) related to the function of 
economic growth. 

Each key factor had several possible future conditions. 
Based on the expert judgment, the possible future conditions 
of the pollution control were: no effort to control the pollu-
tion (1A), the pollution control had not done integrally and 
oriented on the sector interest (1B), the integrated pollution 
control was carried out across sectors and in ecological link-
ages (1C). The possible future conditions of the investment 
security were: the rule of law provided guarantees on the 
investment security (2A), the rule of law had not provided 
guarantees on the investment security (2B). The possible 
future conditions of the availability of infrastructure were: 
the infrastructures were built in line with the development 
planning phases (3A), the infrastructures were built but late 
due to various disturbances (3B), the infrastructures were 
built unplanned (3C), the infrastructures were not built at 
all (3D). The possible future conditions of the industrial 
tourism were: the industrial tourism was planned across 
sectors and in ecological linkages (4A), the industrial tour-
ism was not planned across-sector (4B), there is no effort to 
organize the industrial tourism absolutely (4C). The pos-
sible future conditions of the competitiveness of industry 
were: the industry had several comparative and competitive 
advantages (5A), the industry had one of the comparative 
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or competitive advantages only (5B), the industry had no 
advantages at all (5C). These all possible future conditions 
of each key factor were then referred to as environmen-
tal management prospects and were presented in Table 3. 
These environmental management prospects then used to 
arrange the environmental management scenarios (Table 4). 
From Table 4, it was known that there were 3 environmental 
management scenarios of MCIE in the future. The following 
description presented the complete each scenario:

1. Conventional scenario (business as usual)
 This scenario oriented on economic growth. 

Pollution control was not a major concern. This ef-
fort was often not done. Even if it was done, it was 
usually just for sector interest and not in integrated 
manner. To improve economic growth, investment 
security strictly enforced. The rule of law provided 
guarantees on investment security. To attract inves-
tors, infrastructures were built in line with the de-
velopment planning phases. Cause of this scenario 
focused on the industrial sector, the tourism sector 
was not given enough attention so it was not planned 
across-sector. However, industrial sector well devel-
oped and it had several competitive and comparative 
advantages so as to control the world market.

2. Conservation scenario (conservationism)
 This scenario oriented on environmental protection. 

Pollution control became the main concern and it 
was carried out across sectors and ecological link-
ages. Because of its orientation on conservation, so, 
the security of investment was not guaranteed by 
the rule of law. High economic investment could 

weaken the functions of environmental protection. 
Infrastructures were built unplanned, or even totally 
not built. Good infrastructures would increase the 
passion of investments and ultimately could de-
crease the environmental protection. There was no 
management of industrial tourism because a well-
developed industrial tourism would increase the 
number of tourists and could deteriorate the envi-
ronmental protection. In this scenario, industrial 
competitiveness was also not a major concern, so 
the industry had no advantages at all.

3. New urbanism scenario
 This scenario was a combination of two previous 

scenarios, oriented on the balance between eco-
nomic growth and environmental protection. The 
pollution control became the main concern and be 
done with consideration of cross-sector and ecologi-
cal linkages. Investment guarantees had been given 
in accordance to the rule of law. The infrastructures 
were built in line with the development planning 
phases. The industrial tourism was planned across 
sectors and in ecological linkages. The industrial sec-
tor encouraged to have comparative and competitive 
advantages to be able to control the world market.

From these 3 environmental management scenarios, 
it had been assessed on the possibility to be implemented 
in the future through expert judgment. An analysis of 3 
scenarios presented in Figure 5 showed that new urban-
ism scenario (70.00%) was in the first rank, followed by 
conservation scenario (20.00%) in the second rank and 
the last rank was conventional scenario (business as usual) 

Figure 4. Factors determine the success of the environmental management of MCIE
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(10.00%). These results also indicated that new urbanism 
was the most implementable scenario in MCIE environ-
mental management in the future. New urbanism promotes 
mixed use and high design standards. Good design can 
build social cohesion and social capital and recognize sig-
nificant contribution to designing environments intended 
to enhance urban quality of life (Grant 2015). 

Conclusions 

There were 5 key factors that had a decisive influence on 
the MCIE environmental management such as pollution 
control, investment security, availability of infrastructu-
re, industrial tourism, and competitiveness of industry. 
There was a scenario called new urbanism that had a high 
possibility to be implemented in the future. This scena-
rio oriented on the long term balance between economic 
growth and environmental protection. According to an 
economic perspective, the well-built infrastructures and 
high investment securities would attract more investment. 
A competitive industry would produce commodities that 

Table 4. Environmental management scenarios of MCIE in 
the future

Scenarios Sequence of Factor
Conventional (business as usual) 1A/B-2A-3A-4B/C-5A
Conservation (conservationism) 1C-2B-3C/D-4C-5C
New urbanism 1C-2A-3A-4A-5A

Figure 5. Expert judgment on the three scenarios

Scenarios 
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Table 3. Environmental management prospects of MCIE in the future (year 2030)

CONDITIONS
FACTORS 1 A 1 B 1 C

Pollution control No effort to control the pollu-
tion

The pollution control had not 
done integrally and oriented on 
the sector interest 

The integrated pollution 
control was carried out 
across sectors and in eco-
logical linkages

2 A 2 B

Investment 
security

The rule of law provided gua-
rantees on investment 
security

The rule of law had not provi-
ded guarantees on investment 
security

3 A 3 B 3 C 3D

Availability of 
infrastructure

The infrastructures were built 
in line with the development 
planning phases

The infrastructures were built 
but late due to various distur-
bances

The infrastructures were 
built unplanned

The infrastructu-
res were not built 
at all

4 A 4 B 4 C

Industrial tou-
rism

The industrial tourism was 
planned across sectors and in 
ecological linkages

The industrial tourism was not 
planned across-sector 

There is no effort to orga-
nize the industrial tourism 
absolutely  

5 A 5 B 5 C

Competitiveness 
of industry 

The industry had several 
comparative and competitive 
advantages

The industry had one of the 
comparative or competitive 
advantages only

The industry had no 
advantages at all

could dominate the world market. A competitive industry 
would also open a new opportunity for the creation of in-
dustrial tourism that has a high added value. According to 
an environmental protection perspective, the utilization of 
modern technology could reduce the use of raw materials 
and greenhouse gas emissions.
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