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Abstract — The problem of balancing between maintaining industrial sector growth and reducing its high natural resources consumption and negative impacts to the environment, is a common case in many countries. A new approach to this problem has emerged in the last decade. This approach, called Industrial Ecology, tries to view industrial system and its surroundings as an ecosystem similar to natural ecosystem. Its basic concepts are closed-loop or total material and energy cycles as an effort to imitate the natural ecosystem. Such total cycles are expected to reducing the negative impacts produced by industrial activities to the environment and in the same time increasing the value added of natural and other resources utilised by and within an industrial ecosystem. Such ecosystem is called Eco-Industrial Park or Industrial Symbiosis. This paper describes in more detail the concept of Industrial Ecology and the development of an EIP. Following these descriptions, a case study over Cilegon Industrial Area in Indonesia is examined to demonstrate the potential implementation of such EIP approach in the industrial sector in Indonesia. 

I. Introduction

The economic development of most developing countries relies on the industrial sector. This is also the case for Indonesia. The abudant presence of natural resources has been long exploited to support the development of industrial sector in this country. This development has been marked with the heavy investments on large-scale industries; particulary oil industries. Such industries were favored because they required heavy employments and thus created large amount of jobs. 

However, at least three conditions regarding this industrial development, must be considered at this moment. First, these large-scale industries also consume Indonesian natural resources at high rates. Second, they contribute significant impacts to environment, e.g. pollution to the land, air and water. Third, most natural resources being depleted to support these industries, e.g. oil and natural gas, are not renewable nor unlimited. Thus, despite the fact that such industries will continue to generate employments and revenues needed by the country, the above conditions shows that a more sustainable resource utilization must be found and implemented as soon as possible. 

This dilemma, in fact, is not solely the problem of developing countries. Learning from experience, most developed countries have developed their economy through the extensive activities of their industrial sectors, and still continue to do so. However, many people in these countries are becoming more aware about the impacts of such activities to the environment. This growing concern on environmental issues eventually leads to the mounting pressure on the industrial sector. For example, the waste and wastewater management and pollution prevention of which many industries are currently obliged to apply, are no longer seen as sufficient nor effective. Thus, many environmental researchers and concerned industrialists are seeking for new approaches to this problem.

The new approaches, however, must be able to address the solution to the dilemma: balancing between the need for industrial activities and the minimization of their environmental impacts and natural resource consumption rates. This is an important factor since in reality the industrial sector will stay as the major contributor to the economic development of most countries. Thus, while many of the current environmental solutions are considered as costly for industrial sector, any new approaches must be able to prove that an industrial sector, that economically and environmentally benefits the society, can be created.

The above condition led to the birth of Industrial Ecology (IE) field of study, first introduced by Frosch and Gallopoulos in 1989 with an article published in Scientific American journal. IE-basic concept is based on the analogy between industrial ecosystem and natural ecosystem. Allenby describes the concept of IE as follow [1]:

“The concept of industry ecology requires that an industrial system be viewed not in isolation from its surrounding systems, but in concert with them. It is a systems view in which one seeks to optimize the total materials cycle, from virgin materials, to finished material, to component, to product, to obsolete product, and to ultimate disposal. Factors to be optimized include resources, energy and capital.”

Total material cycle is a unique characteristic of natural ecosystem. Implementation of such cycle into industrial system is expected as leading to the significant reduction of environmental impacts produced by industrial activities.

In this paper, I will discuss the approach of Industrial Ecology and strategies to implement it in industrial sector. Next, I will demonstrate the potency of implementing IE in the industrial sector in Indonesia. However, this paper is meant as an introduction towards such implementation and thus should be regarded as such. 
II. Industrial Ecology

IE Approach

As explained previously, the main concept of Industrial Ecology is to apply the analogy of natural ecosystem into an industrial system. This concept underlines two approaches. First, the various activities within industrial sector are not considered as separate entities but as part of a larger system: an industrial ecosystem. Second, the industrial system itself must not be viewed as a separate system from its surrounding. It is also a part of another larger system: the communit/society and nature. 

Strategies to Implement IE

The next question is how to apply such concept in practice. In this respect, Gertler contributes clear distinction between two basic strategies of IE, as quoted by Lowe [2]:

“Gertler makes a valuable distinction between two basic IE strategies for moving toward a closed-loop or cyclical industrial system. One focuses on products themselves through product policy, life-cycle assessment, design for environment, and product-life extension. Action in this mode is independent of location and tends to focus within a company or industry. The second EI strategy seeks to optimize materials and energy flows among facilities within specific regions or industrial ecosystems. The focus is on the inputs and outputs of a set of production systems in different companies and agencies.”

The above statement suggests that the IE concept can be implemented in an industrial system using two strategies: (1) horizontally/vertically along product lines, and (2) via network building among companies within an industrial ecosystem. Many companies have, in fact, practiced the first strategy, as described by Allenby [1]. Tools for supporting this strategy, such as product policy and design for environment, have been developed widely and in some cases are integrated into the companies’ policy. In this paper, however, I will focus on the second strategy. 

This strategy requires implementation of IE at inter-company level. IE at this level views industrial companies as part of an ecosystem, as described by Ayres [3]:

“The industrial analogy of an ecosystem is an industrial park (or some larger region) which captures and recycles all physical materials internally, consuming only energy from outside the system and producing only non-material services for sale to consumers. This vision is highly idealized, of course.”
At this level, networking among companies is created, expanded and optimised to achieve total material cycle within the related industrial ecosystem. An industrial ecosystem in this context is often called “Eco-Industrial Park” or “Industrial Symbiosis”. 

III. Eco-Industrial Park

An Eco-Industrial Park (abbreviated as EIP) is the realization of IE concept at its most idealized condition. Two definitions of EIP are widely used as follow:

· Eco-industrial Park defined as an industrial ecosystem, aimed at creating sustainable development by waste reduction and energy efficiency enhancement
An Eco-industrial Park can be defined as an industrial ecosystem, under which “companies use each other’s wastes as feed stocks”. US-AEP uses this definition [4]:

“The idea behind industrial symbiosis is for industrial and commercial facilities to move in the direction of sustainable development by taking non product output (waste) from one facility and using it as an input for another production facility”

· Eco-industrial Park defined as an community of companies seeking for improvement on economic performance and for minimization of environmental impacts

This definition was first introduced by Indigo Development [5]:

“..a community of manufacturing and service business seeking enhanced environmental and economic performance through collaboration in managing environmental and resource issues including energy, water, and materials. By working together, the community of businesses seeks a collective benefit that is greater that the sum of the individual benefits each company would realize if it optimized its individual performance only.”

The first definition of EIP refers to the ideal condition of which Industrial Ecology strives for. Its driving force was the environmental awareness. However in reality, environmental awareness alone is not enough. Even when dealing with environmental problems, it is likely that most companies would seek for strategies that benefit them economically as well as environmentally. That is precisely what the second definition offers to cope with: the driving force behind the mutual networking among companies in an EIP should be the effort to seek for both economic and environmental benefits. 

While the first definition is popular among academic researchers, the second definition is widely appreciated by the industrialists [6]. This is due to the fact that in practice, the successfulness of creating an EIP is determined by the ability of the developer team to show the economic and environmental gains. For companies, it is important to be convinced that joining an EIP can lead to economic gains. A good example of this is the first (and so far the most successful) EIP or Industrial Symbiosis in Kalundborg, Denmark. Researchers from Kalundborg have been able to demonstrate the economic and environmental achievements through the creation of networking among various companies located in this area [7]. These achievements include: recycled wastes, pollution reductions, extra profit from new businesses created (e.g. waste recycling), etc.  

One important lesson the Kalundborg case gives is that such achievements should be regarded as long-term goals. The network in Kalundborg was first created 25 years ago and has grown over time. The key success behind its achievements was the fact that all parties involved in this project, from the beginning, had the same long-term vision and thus engaged into the same goals. Building an EIP is indeed a long time project which requires full-commitment from all parties. 
EIP characteristics

So far, the definitions of an EIP have been described. Nevertheless, the name of industrial park itself is not novel. Many industrial areas around the world have named or claimed themselves as industrial parks. Thus, what is the difference between these common industrial parks with an EIP? What is so special about EIP which distinguishes it from the common industrial parks?

The key characteristic of an EIP is its extensive networking among various companies. Retno [6] described the components of EIP networking in term of based-linkages (Figure 1). An EIP network must have the following linkages: (1) material resource exchanges, (2) infrastructure sharing, and (3) non-material resource exchanges. The fourth linkages, the service sharing, may be added, although this is not so crucial as the other three [6]. 

However, it must be recognized that a common industrial park may feature such linkages too. In fact, material or non-material resource exchanges between two or three companies have become a common practice in the industrial sector [8].  Furthermore, most industrial parks nowadays, if developed by a certain developer company/body, offer infrastructure sharing and often also service sharing, as their key features. A good example of this is the Singapore Jurong Island [9]. Hence, what is so special about such networking in an EIP?

The answer lies in the level of networking. An EIP requires an extensive, the highest level, of networking among all companies connected to the network (either located within the area or close by), not just between two or three companies. Kalundborg, the role model of EIP, demonstrates such network [10, 11], as also several other EIP cases in United States and Canada [12, 13]. A fully integrated network is the key feature of an EIP.

Another characteristic of EIP can be expressed in term of “scale of linkages”. According to Retno [6], EIP can be created at several scales. There are examples of EIP network established at local scale, at regional scale and even at national scale. An EIP network in practice is not limited to the connections among companies located in a certain area but can be expanded to include various companies located far from each other. The later form of EIP network is often called virtual network. Several researchers [4, 5, 12] provide examples of this type of EIP in United States.  

Developing Eco-Industrial Park

Desrochers [8] and Cote [14] suggested that there are two approaches widely used in developing an EIP. These approaches are: 

· Public Planning approach, in which a public (governmental/non-governmental) team is responsible for the design of an EIP and for searching companies that fit into the designed network. In short, Public Planning approach tries to get the right company into the right place. This approach is mainly driven by the effort to create sustainable development in the area.
· Private Planning approach, in which private companies function as the main keys in establishing cooperation and interdependencies among companies engaged to the same network. These private companies are enforced to do so by some (market) economic driving forces; e.g. by-product handling cost reduction, profit maximization of outputs, etc, Environmental consideration is not the only issue in this approach. 
Desrochers [8] argued that the second approach would be more successful than the first one. His argument was based on the reasoning that private companies would have more knowledge needed to create such extensive network than a public developer team. He took the example of the most succesful EIP, Kalundborg case. Indeed in Kalundborg case, the private companies acted as the main initiator and their first goal was to seek for economic mutual improvement. Nevertheless, Retno [6] concluded in her study that the successful of any approach would depend much on the conditions of a specific EIP case. For example, in the area where there is lack of initiatives from private companies, private planning approach may not work and thus the governmental body should take the lead. 

The development of an EIP itself most likely will follow one of these  models [6, 15]: 

1) Model One, expansion of some existing material or energy exchange between two or three companies in certain location, 

2) Model Two, expansion of existing networks among companies, 

3) Model Three, network pansion using one or two large industries as the anchor. 

4) Model Four, the development of EIP new projects built in new defined areas (built from scratch).  
Benefits created by Eco-Industrial Park

The benefits created by an Eco-Industrial Park in general can be categorized into environmental and economic profits [6]. The first category includes: reduction of emission and pollution, more efficient utilization of energy, materials and water, support for green technology development, etc. The second category includes:  cost savings (in the form of cost reduction in waste management, improved process/product efficiency), business expansion opportunities, reduction of regulatory burden, and increased competitiveness. 
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Figure 1. Base-Linkages of Eco-Industrial Park

IV. Case Study: Cilegon Industrial Area

Most of the current Eco-Industrial Park projects are being carried out in United States, Canada, Europe and Japan. However, an EIP workshop held in Phillipines just recently [16], reported that some Asean countries have started the same path. Following this workshop, Indigo Development issued the EIP Handbook for Developing Countries, containing various examples of EIP projects around the world, including several cases in Phillippines and Thailand.  Interestingly, there is no record of such project in Indonesia. Hence, in this paper, I want to analyze the possibility of implementing IE concept through EIP approach in the Indonesian industrial sector. Due to the limited time available for conducting this analysis, I will focus on a specific case study: Cilegon industrial area. 

The Development of Cilegon Industrial Area (CIA)

The industrial activities in Cilegon started with the establishment of the biggest national steel company, the Krakatau Steel, in the early 1970s.  During the last 30 years, the company has been able to expand its business beyond steel production and has founded many subsidiaries. Most of its subsidiaries serves as the suppliers of vital utilities, such as industrial water and electricity, to the main plants.  The Krakatau Steel plant and its subsidiaries altogether form an industrial estate/park namely Krakatau Industrial Estate Cilegon (KIEC). The next contribution to the development of CIA came from the construction of Indonesia’s first olefins production facility in Anyer (close to Cilegon), called Chandra Asri Petrochemical, on September 1995 [17].  Since then, the area has grown faster that up to now it accommodates around 71 industries.  The existing industries in Cilegon are divided into 5 regions:

1. Krakatau Industrial Estate Cilegon Area (26 industries)

2. Merak Area (15 industries)

3. Anyer Area (9 industries)

4. Bojonegara Area (16 industries)

5. Serang Area (5 industries)

At present, the Krakatau Industrial Estate Cilegon Company (KIEC Co.) handles the management of the current industrial investments in Cilegon area [18]. The company, established on June 16th 1982, is another subsidiary of Krakatau Steel Company. Its business coverage includes: industrial property, commercial property, residential property, and portfolio property. The company manages investment in krakatau steel area (in total 3300 hectares), which includes:

· Krakatau Steel Industries: 1500 Ha

· Industrial Estate: 550 Ha

· Housing , Country Club & Social Facilities: 1250 Ha 

Another organization worth to mention is Anyer Merak Cilegon Chemical Manufacturer's Association (abbreviated as AMC/CMA). Its membership consists of 43 chemical industries located in the area  Cilegon-Merak-Anyer. 

Support for continuous development also comes from the Regional Government, as indicated in its spatial planning [19]:

1. Clear utilization as Industrial Region and is still relatively wide (500 hectares) 

2. Orientation as Industrial Area to areas located around the beach (Transportation Cost) 

3. Concentrated to heavy industrial activities (Steel and Basic Chemical industry). 

V. Discussion

At present, the CIA is characterized by heavy industries such as steel and petrochemicals/ basic chemicals. Referring to the above spatial planning, it can be assumed that there would not be any change to the above characteristics in the near future. However, it must be realized that such heavy industries consume natural resources at high rate and cause lots of negative impacts to the surrounding environment. Thus, developing this area into an EIP might be a good solution. 

Developing CIA into an EIP

As suggested by Kalundborg case, the first step in developing an EIP is to define a long-term vision. The regional government has underlined its vision. The question is: what is the vision of the existing companies in CIA? At this moment, not enough information is available to answer this question. However, the KIEC Co. and AMC/CMA organization should be able to address a general vision of the companies they are representing. Based on the companies’ vision and the government’s, an integrated-long term vision should be built, aiming at creating an industrial network in the area. In addition, all parties should express their willingness in giving full-commitment to this vision. 
The second step towards EIP creation in CIA is to determine the existing level of networks between companies. At present, two important based-linkages seem to exist in CIA: infrastructure sharing and service sharing (the latter is represented by KIEC). Some material exchanges and non-material exchanges may also present, however their level cannot be determined without a field-research. 

Referring to the current condition of CIA as discussed before, two assumptions can be made: (1) some networks might have existed between several companies in the area and (2) KS and Chandra Asri (as the two main industries) can play important role. Based on these assumptions, the third model of EIP development might be considered as the most suitable approach for developing the CIA into an EIP. Following this approach, analysis over the existing networks should start from the two companies, with KS representing Cilegon region while CAP representing Anyer region. The analysis can be easily expanded later on to cover the other regions (Merak, Serang, Bojonegara). This analysis should result in identification of (1) material flows, (2) non-material flows, (3) infrastructure requirements/ availability and (4) service requirements/availability, in each region. 

When the existing networks have been well identified, the next step would be to determine the potential expansion of the networks. This step can be considered as the design phase of the targeted EIP. A developer team should be in charge to conduct this design phase. In this respect, the existence of a body like AMC/CMA shows some initiatives from the private companies. Thus, a combination of public and private planning approaches might be a good choice; that is by appointing a developer team that comprises of experts from such representative body, KIEC Co. and the Regional Government. 

The last step in developing CIA into an EIP is the determination of appropriate indicators with which the performance of the EIP networks can be expressed. For example, an appropriate indicator for economic gain should be determined and approved by all parties involved. The same case applies for environmental gain. The use of appropriate indicators is important in order to make the EIP attractive for companies to join. As discussed earlier, most companies need to feel confident first that joining the EIP would lead to both economic gain and environmental benefit before they decide to take part. 
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VI. Conclusion 

This paper has described the Industrial Ecology concept and Eco-Industrial Park approach as the alternative solutions to achieve sustainable resource utilization in industrial sector. An early analysis over Cilegon Industrial Area has also demonstrated the potential implementation of the EIP approach in the Indonesian industrial sector.  Further research in this subject, however, is necessary to examine the real potency. 
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