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Abstract

This paper illustrates effective factors as well as a model for effective implementation of industrial symbiosis (IS) in Mab-Ta-
Phut Industrial Estate that was used (MTBIE) as a case study. The study was carried out using questionnaires, in-depth 
interview, and site survey both factories in MTBIE and waste processor plants in Saraburi Province. Information from the study
indicates that policy (on zero discharge, zero waste to landfill and willingness to adjust process), initiator, information (on waste 
generation), and financial mechanisms are effective factors influencing IS implementation, while technology and public 
participation are not as effective for the case of factories in the industrial estate. Therefore, a model for effective 
implementation of industrial symbiosis in industrial estate is proposed and presented in this paper.
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1. Introduction

Impacts of industrialization and population growth on environment have been an issue of public concerns world-wide for 
several decades, especially in developed countries. In the past, industries could be located in any areas and individually 
emitted pollutants to environment causing difficulty in pollution control. Thus, an industrial park concept has been 
introduced to set up community of industries which are grouped to obtain advantages of arranging common services 
(Barrie, 1992) and controlling emissions in the standard level. However, many countries still confront the environmental 
problem due to accumulation of the impacts. Hence, a concept of Eco-Industrial Park (EIP) as well as Industrial 
Symbiosis (IS) that aim to create materials and energy interchanging networks among companies had been initiated to 
provide benefits for both environment and economy for the participating industries and societies (Graedel, Allenby, 2003).

Map-Ta-Phut Industrial Estate (MTPIE) is located in Rayong province, eastern Thailand. It was developed in 1989 
by the state enterprise, Industrial Estate Authority of Thailand. Although most industries in MTPIE have been continuously 
developing and implementing environmental management system in accordance to ISO14001 and trying to control their 
emissions within emission standard, the accumulated emissions still exhibit environmental problem. This means that the 
current environmental management method is not sufficient to develop industries in a sustainable way. Industrial 
production is a dynamic system, and wastes generated from the industries are dynamic as well. Therefore, managing and 
addressing these wastes have to be dynamic too. Hence, this study aims to find factors effective for implementation of 
industrial symbiosis and to propose a model for effective implementation of the industrial symbiosis in an industrial estate.
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2. Literature Review

2.1 Industrial symbiosis

Industrial symbiosis is a sub-field of industrial ecology that focuses on resource productivity improvement and 
environmental problem mitigation by transforming by- products and/or wastes of one firm into a valuable input of another, 
which brings the change of material flow from linear into a closed-loop one that can improve competitive advantages of 
the industrial system by reducing production cost while improving environmental performance (Zengwei, Lei Shi, 2009 
and Graedel, Allenby, 2003).

Kalundborg’s industrial symbiosis is the world’s best known example of built network cooperation between five 
industries and municipality for both economic and environmental benefit (Suavanee, 2002) (R. and L. Ayres, 2002) as 
shown in figure 1.   

Figure 1 Industrial symbiosis in Kalundborg’s industry.
Source :( http://www.coolpicturegallery.net/2009/01/science-of-industrial-symbiosis.html)

Asnaes Power Station, a coal power plant, the park’s heart, generates electricity, steam  to pharmaceutical company, 
refinery plant, municipality and, heat to fish farms. It sends scrubber sludge to plasterboard manufacturer, ash to cement 
plant and receives and treats waste water from refinery plant then sends its sludge to soil remediation plant.  

Statoil oil refinery receives steam power from power plant to produce gas and sends waste water and cooling 
water to power plant.

Novo Nordisk receives steam power from power plant to production line and sends yeast slurry and sludge to 
farms and sends waste water to treatment plant

Gyproc Nordic East, a plasterboard manufacturer receives scrubber sludge from power plant to production line and 
sends sulfer to fertilizer plant.

Bioteknisk Jordrens, a soil remediation plant, receives sludge for production line.  
The benefit of this symbiosis conserves energy by 80% in power plant only, decreases CO2 emissions by 18%, 

saves around three million cubic meters of water annually, produces 800,000 cubic meters of liquid fertilizer. Finally this 
adds up to the ottar saving of 160 million euro for the participants per year.

2.2 Study area: Map Ta Phut Industrial Estate (MTPIE)

Map-Ta-Phut Industrial Estate (MTPIE) is located in Rayong province, eastern Thailand. It was developed in 1989 by the 
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state enterprise, Industrial Estate Authority of Thailand, Ministry of Industry, to serve industries that use natural gas as 
raw material while petrochemicals are the biggest and the most important industries in the MTPIE.  

At initial establishment, MTPIE has been considered to be an industrial area that is entitled to receive the most 
benefits, encouraging investments from both Thai and foreign investors. In 2009, administrative court noticed that Mab-
Ta-Phut was pollution controlled border and held over 76 projects. 

In addition, although most industries in the MTPIE have been continuously developing and implementing 
environmental management system according to ISO14001 and trying to control their emissions within emission 
standard, the accumulated emissions still impact environmental problem.

3. Research Methodology

3.1 Participants

7 waste generator respondents of all petrochemical industries participate in this study, 3 up-steam, 2 intermediate and 2 
down-steam. 2 Waste processors were referred by waste generator and 2 industrial estates in Map-Ta-Phut area.  

3.2 Instrument

The instruments used in this study were questionnaire, general information on environmental policy, operational activities, 
gathered opinion on IS. The respondent factories were then appointed for site survey as well as in-depth interview to 
collect further information. 

Collected information was then analyzed to identify effective factors for the industrial Symbiosis implementation so 
that a model for effective implementation can be formulated

4. Findings and discussion

4.1 Symbiosis status of the studied factories

� Factory Respondents 
The respondents’ factories symbiosis implementation status are summarized in Table 1 and Figure 2.

Table 1: Respondent Factories of the study and status of IS implementation
Petrochemical       Symbol         Numbers        Products                        symbiosis

Group                  Used         of Factory                                    Implementation Status
Up-stream            U1, U2, U3    3            Olefin, Benzene U2 and U3 send off gas to    
                                                                                                      U1 to be distilled and used.
                                                                                                       U1 and U2 send waste to 
                                                                                                       WP1
Intermediate    I1, I2                       2           PVC, Phenol I1 sends sludge waste to a 
                                                                                                        Footwear manufacturer and 
                                                                                                        other wastes to WP1 and  
                                                                                                        used in cement kiln.
                                                                                                        I2 sends salt waste water 
                                                                                                        to Chloalkaline plant.
Down-stream D1, D2                   2            Polyethylene,      D1 sends recycle vent gas to 
                                                                             Polypropylene  U2
                                                                                                        D2 not implement

Note: WP1 is a waste processor in Saraburi province.
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Figure 2: Symbiosis status of the studied factories

4.2 Factors influencing symbiosis implementation

Various factors having potential to influence on symbiosis implementation were evaluated and summarized in Table 2.

4.2.1 Factor 1: Policy 

All factories in MTP area have policy on environmental management and are certified in accordance to ISO14001: 
Environmental Management System. According to on site survey and in-depth interview, it is found that all these factories 
implement symbiosis, except U3, have policy on zero landfill and process adjustment willingness; while D2, without 
symbiosis implementation, has no policy on both zero landfill and process adjustment willingness. In case of U3, though 
having no policy on zero landfill and process adjustment willingness, it still implants IS due to consultant initiator. 
Therefore, policy on both zero landfill and process adjustment willingness is considered as an important factor for 
symbiosis implementation. Policy on zero discharge is also important for IS implementation. Lastly, 3 out of 6 
implementing factories have the policy and strong implementation. 
Table 2: Factors influencing on symbiosis implementation

Factors U1 U2 U3 I1 I2 D1 D2
(no IS)

Policy on
environmental management � � � � � � �
zero discharge � - - � � - -
zero landfill � � - � � � -
process adjustment 
willingness

� � - � � � -

Factors U1 U2 U3 I1 I2 D1 D2
(no IS)

Initiator Industrial 
Estate

Industrial 
Estate

Consultant Industrial 
Estate

Manager Environment 
officer

-

Information 
Confidential � � � � � � �
reveal only distorted 
quantity 

� � - � � � �

Financial mechanism
incentives 
at initial project

BOI TAX BOI TAX Not expect BOI 
TAX

BOI TAX BOI 
TAX

50-50%

continue subsidy subsidy subsidy Not expect subsidy subsidy Polluter 
pay 
discount

Polluter 
pay 
discount
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Note:  � represent answer yes

4.2.2 Factor 2: Initiator 

According to on site survey and in-depth interview, it is found that all implementing factories did not initiate the project by 
themselves, but having an initiator; 3 out of 6 implementing factories were initiated by industrial estates and 1 out of 6 
was initiated by the manager, another 1 out of 6 was initiated by consultant, and another one was initiated by 
environmental office. Therefore, initiator is considered as a more crucial factor for symbiosis implementation.

4.2.3 Factor 3: Information on Waste Generation 

According to on site survey and in-depth interview, all 7 factories agree that information on waste generation in each 
factory is extremely important for symbiosis implementation, but also confidential and can only be revealed if quantity is 
distorted or they have contract with each other

4.2.4 Factor 4: Financial Mechanism 

According to on site survey and in-depth interview, it is found that 6 out of 7 factories need financial supports or 
incentives like BOI Tax exemption at the initial project, and also the continuing subsidy during project operation. However, 
one of them 7 factories does not expect incentive from government. Therefore, financial mechanism is considered as one 
important factor for symbiosis implementation

4.2.5 Factor 5: Technology Assistant

According to on site survey and in-depth interview, it is found that all of 7 factories have no problem in regards to 
technology, in other words, technology is not a barrier for symbiosis implementation. Therefore, technology assistant is 
not an important factor for symbiosis implementation in MTPIE.
.
4.2.6 Factor 6: Public Participation 

According to on site survey and in-depth interview, all of 7 factories agree that stakeholder participation, especially 
community participation, is not an important factor for symbiosis implementation. However, 3 of them found that 
government participation is still important for symbiosis implementation. 

5. Concluding remarks

The only different between implementing and non-implementing factory is policy on zero discharge, zero landfill, and 
willingness to adjust process. This is the first effective factor for symbiosis implementation.

The symbiosis will not be implemented without initiator. Monthly meeting among executive or managers of all 
factories addressed by estate owners is extremely important for information exchange. Government agency should 
involve in the monthly meeting and participate as part of initiator to help solving regulation issues or obstruction of the 
symbiosis implementation. 

Financial mechanism, both incentives at the initial project and the continuing subsidy, is necessary for all factory 
respondents; while public participation and technology assistant are not significantly important factors for the symbiosis 
implementation. Hence, a model for effective implementation of industrial symbiosis in industrial estate is proposed as 
shown in Figure 3.

Technology Assistant
no technology problem � � � � � � �
Stakeholder
Participation
government involve � � - � - � -
communities
involve

- - - - - - -
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Figure 3: Conceptual model for effective implementation of industrial symbiosis
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