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บทคดัย่อ 
  การวเิคราะหป์ระสทิธภิาพเชงินิเวศเศรษฐกจิของสถานประกอบการในอุตสาหกรรมเคมภีณัฑ์ ดว้ยการศกึษา
ตวัชี้วดัทางเศรษฐกจิและตวัชี้วดัทางสิง่แวดล้อมของสถานประกอบการ ทัง้ 50 แห่ง ในระยะเวลา 3 ปี ประกอบดว้ย
การใชไ้ฟฟ้า การใชน้ ้าประปาและการปล่อยน ้าเสยี และตวัชีว้ดัทางเศรษฐกจิ พบว่ารายไดร้วมของแต่ละแห่งมแีนวโน้ม
เพิม่ขึน้อย่างต่อเนื่อง รายจ่ายรวมทีเ่พิม่ขึน้มากกว่าปีทีห่นึ่งและปีที่สอง ส าหรบัตวัชี้วดัทางสิง่แวดล้อม พบว่าการใช้
น ้าประปาและการปล่อยน ้าเสยีมแีนวโน้มการเพิม่ขึน้ในอตัราทีเ่พิม่ขึน้ซึ่งควรมมีาตรการด าเนินงานในดา้นของการลด
น ้าเสีย ส าหรบัค่าประสิทธภิาพเชงินิเวศเศรษฐกิจของการปล่อยน ้าเสียมคี่าที่สูงที่สุด รองลงมาคือ ปริมาณการใช้
น ้าประปา และปรมิาณการใชพ้ลงังาน ตามล าดบั หากพจิารณาถงึค่าประสทิธภิาพเชงินิเวศเศรษฐกจิของปรมิาณการ
ใช้น ้าประปา ปริมาณการปล่อยน ้าเสียและปริมาณการใช้พลังงาน มีทิศทางที่เพิ่มขึ้น และเมื่อวิเคราะห์แนวโน้ม
ประสิทธิภาพเชิงนิเวศเศรษฐกิจด้วยกราฟ  Snapshot พบว่าการด าเนินงานในทุกตัวชี้ว ัดในช่วงระยะเวลา 3 ปี  
มแีนวโน้มในการด าเนินงานที่สะท้อนความยัง่ยนื เนื่องมาจากปรมิาณรายได้ที่มกีารเพิม่ขึ้นอย่างต่อเนื่อง และเมื่อ
พจิารณาถึงทศิทางของกราฟ พบว่าตวัชี้วดัในปีที่ 2 อยู่ที่ระดบั Haft Non Eco-Efficiency ส าหรบัในปีที่ 3 ได้ตกลง 
อยู่ในระดบั Fully-Non Eco-Efficiency เนื่องจากเป็นตวัชี้วดันี้สะทอ้นการด าเนินงานทีไ่ม่วางอยู่บนรากฐานของพฒันา
อย่างยัง่ยนืสูงสุด และมปีรมิาณการเพิม่ขึน้อย่างต่อเนื่อง โดยผลกระทบทีเ่กดิขึน้จากปัญหาทีเ่กดิขึน้คอื การมตี้นทุน  
ในการด าเนินงานที่เพิม่ขึ้น สิ้นเปลอืงทรพัยากรและปัญหากลิน่ที่เกิดจากน ้าเสยี ด้วยเหตุนี้ผู้วจิยัเห็นว่าการพฒันา
แนวทางในการลดการใชเ้ป็นอีกหนึ่งทางเลอืกทีม่คีวามส าคญัในการลดต้นทุนการด าเนินงานของสถานประกอบการ  
ในอุตสาหกรรมเคมภีณัฑ ์ 
 
ค าส าคญั: การวเิคราะหป์ระสทิธภิาพ; นิเวศเศรษฐกจิ; การใชน้ ้าประปา; การปล่อยน ้าเสยี; ผูป้ระกอบการ
อุตสาหกรรมเคม ี
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Abstract 
  An environmental efficiency analysis of chemical industrial enterprises in Thailand was studied by 
using measurement indicators that reflect the relationship of the economy and the environment. The economic 
and environmental indicators for 50 enterprises over a 3-year period was monitored which composed of 
electricity consumption, water consumption, level of wastewater discharge and the measurement of economic 
indicators. The economic indicators of the total income of each enterprise had a tendency to increase 
continuously. The third-year total expenses were higher than in the first and second years. With regard to the 
environmental indicators, which were water consumption and the wastewater discharge increased. These meant 
a water treatment plant should be applied. The discharged wastewater had the highest score. The second 
highest level was the water consumption and the third was energy consumption, respectively. It was found that 
the environmental efficiency of the water consumption level, wastewater discharge, and the energy consumption 
level had a tendency to increase. When analyzing this tendency in environmental economic efficiency by using 
a snapshot graph, it has shown every operational indicator in the 3-year period showed signs of sustainability. 
This is due to the amount of continuously increasing income. When considering key performance’s tendencies, 
all is found to be positioned in the Half Non-Eco-Efficiency in the second year. This changed to Full-Non-Eco-
Efficiency in the third year. These showed that development is not based on sustainability. There are issues 
with the increased operational costs, the expensive resources and problems derived from the wastewater.  
The recommendation from these results is to provide reducing the high operational costs of chemical industrial 
enterprises as well. 
 
Keywords: Environmental Efficiency Analysis; Eco-Efficiency; Water Consumption; Wastewater Discharge; 
Chemical Industrial Enterprises 
 

Introduction 
Economic development that concentrates on the manufacture and consumption of goods with eco-friendly 

services including the health of the members of the community has gained attention due to the environmental and 
resources crisis which has affected countries around the world. Pollution problems, lack of food and power, 
degradation of the ecosystem and the over-use natural resources has resulted in the inability of the ecosystem to 
support the demands of humans and to balance these demands with economic activities. This has led to the concept 
of developing eco-efficiency in various forms such as the Eco-city, Eco-town and Eco-Industrial Estate which in 
general refers to an area that has been selected for development and for the use of eco-friendly concepts as well 
as the instruments and the administration process for the manufacture and the consumption of goods that will be 
friendly to the environment and create economic diversity. [1] 

The concept of an eco-industry has recently been developed due to changes in the manufacturing system and 
consumers’ behavior and it is concerned with increasing efficiency in the design of packaging and the recycling 
process. [2] This in turn has led to efforts to integrate the industrial system and the ecosystem so that the cycling of 
materials in a closed system which discharges waste from a plant will be used as an alternative resource. Hence, 
industrial eco-efficiency promotion is the key factor for green industrial development. [3] 
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Eco-efficiency is a theoretical concept that has been applied to industrial business organizations to develop the 
economy with sustainability. It has been officially recognized by the World Business Council for Sustainable 
Development (WBCSD). [4] At the same time, eco-efficiency may minimize the impact on nature (water consumption, 
air emissions and dispersion of harmful substances) while maintaining and enhancing the value of the manufactured 
product. [5] 

The chemical industry is a fundamental part of the manufacturing industry of this country at present. A large part 
of the chemical industry has been replaced by imports. The majority of the enterprises in the chemical industry are large 
scale enterprises which account for 75 percent of the total industry. The proportion 25 percent are medium and small 
enterprises that use advanced manufacturing technology. The basic infrastructure of the chemical industry uses 
materials and requires a high amount of energy, except in some cases such as the production of sodium hydroxide 
and liquid chlorine which has a material-energy ratio of 45 percent of raw material to 50 percent of energy, plus a 
workforce of 5 percent. [6]  

 The structure of the chemical industry requires 3 important types of materials which are oil, natural gas, 
and agricultural products. Oil and natural gas are the products needed for the refinery processes. These products 
will be used to produce petrochemical plastics, resin polymer and other types of plastic, plastic products and the 
minerals that are used as raw materials for inorganic production, organic chemistry, chemical fertilizers, pesticides 
and the chemical additives in the agricultural industry. Agricultural products are used as raw materials for the 
production of biological chemicals which has developed as a recent trend in the chemical industry from 2012 onwards. 
The trend is expected to increase due to additional demands for the consumption of these products. However, since 
the chemical industry is an industry that creates significant environmental impacts in the form of the international free 
trading which eventually lead to the non-tariff barriers: NTBs. Many countries around the world are increasingly aware 
of the importance of environmental management, including considering the ability to manage energy efficiently, 
especially the clean technology. [7]  

Because the chemical industry is an industry that affects the environment as well as being an industry 
that has high energy costs, [8] the research team was interested in studying and analyzing the eco-efficiency 
of aspects of the chemical industry. The scope of interest is in studying and analyzing the management of raw 
materials, energy and the environmental effects of the eco-efficiency of the industry. The information gained 
from this research will be used in the management of resources and the environment. This will increase eco-
efficiency and also require the establishment of guidelines on how to apply the eco-efficiency of the industry 
and how to establish measurement indicators of eco-efficiency. These indicators will be used to consider the 
effects on the economy and also the benefits to the environment which will be beneficial to the organization of 
the chemical industry in the future. 

 
Objectives 

1.  To study the eco- efficiency of chemical industrial enterprises in Thailand by using measurement 
indicators that reflect the relationship of the economy and the environment. 

2. To study the trends in the eco-efficiency of chemical industrial enterprises in Thailand.  
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Methods 
The information gathered in this research includes data about electricity consumption, water 

consumption, wastewater discharge and the measurement of economic indicators such as the total amounts of 
sales and profits. which is showed in Fig. 1.  

 
 
 

 

 

 

 

 

 

 

 

Figure 1. A framework for the research methods. 

 The evaluation of the eco-efficiency of the group of industrial enterprises in this research is based on the 
evaluation methodology of The World Business Council for Sustainable Development (WVCSD, 2000). The 
information was obtained from a comparison of the value of the products and services with the impact on the 
environment caused by the consumption of resources and the emission of pollutants which is expressed in the 
equation below: [4]  

  E/En =      EV 
   ΣEnm 
  When: E/En: Eco-efficiency value of the sample n assessed 
  EV:  The economic value generated from the product or service in the research which is the total sales 
volume and gross profit in Baht. 
  Enm:  Impact on the environment and a direct function of various environmental indicators which is data 
about electricity consumption, water consumption, level of wastewater discharge.  The “m”  was determined by the 
assessment of the eco-efficiency value, the EV value will be evaluated against the Enm value separately, according 
to each indicator m. 
 

Results  
The results of the research on eco-efficiency were obtained from indicators of the chemical industrial 

enterprises which show the relationship between the economy and the environment. An analysis of the indicators of 
50 chemical industrial enterprises on which research was conducted over a 3 year period following a flooding crisis 

Define the scope and study the characteristics of the industry group 

Study the data connection with the flow diagram 

Define indicators 
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- Environmental 

Secondary data 
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Evaluate eco-efficiency 

Analyze and summarize results 
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found that the economic indicators of each enterprise were likely to increase continuously.  The average total profit 
(or loss) is 1,734,309,137.91 Baht. The average of the second year increased while the third-year average decreased 
by almost 7 percent.  The average was 95,539,719.36 Baht.  Although the total expenditure of the second year 
decreased, the decrease accounts for less than 1 percent while in the third year the total expenditure increased 
more than in the first and second years. The average was equal to 1,685,920,334.06 Baht  

The results of the measurement indicators for the environnement reveal that all 3 indicators, which 
showed water consumption, the amount of wastewater discharged and electricity consumption over the 3 year 
period increased continuously.  An in-depth analysis revealed that the water consumption and the wastewater 
discharge level increased while the electricity consumption also increased but at a lower rate.  The average 
wastewater discharge level was 114,896. 43 cubic litres and the average water consumption level was 
143,750.45 cubic litres while the average electricity consumption was 1,915,869.17 cubic litres, respectively  

The evaluation of the eco-efficiency of 50 chemical industrial enterprises studied over a 3 year period is based 
on the economic results of the measurement indicators, such as the total income compared to the environmental 
indicator measurements which were water consumption, wastewater discharge and energy consumption. It was found 
that the highest eco-efficiency of the indicators was the wastewater discharge level.  The second highest was water 
consumption and then energy consumption, respectively. However, if we consider the rate of increase and the reduction 
in eco-efficiency, then the eco-efficiency of the water consumption, water discharge and the energy consumption 
increased, as shown in Figures 2-4. 
 

 
Figure 2. The eco-efficiency assessment of economic indicators, total income compared to environmental 
indicators and the amount of tap water usage of 50 chemical industry enterprises over a period of 3 years. 
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Figure 3. The eco-efficiency assessment of economic indicators, total income compared with environmental 
indicators and the amount of waste water released by 50 chemical industry enterprises over a period of  

3 years. 

 
Figure 4. The eco-efficiency assessment of economic indicators, total income compared with environmental 

indicators and energy consumption by 50 chemical industry enterprises over a period of 3 years. 
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  The results of the indicators of eco-efficiency of the chemical industrial enterprises  

 After the eco-efficiency was evaluated, the results of the environmental measurement indicators of the 
chemical industrial enterprises and the measurement indicators of income were used to analyze the amount of 
eco- efficiency by using a Snapshot graph.  The results of the study found that the indicators showed 
sustainability within the 3 years period due to the continuously increasing income as shown in Figure 4. 
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Figure 4. Eco-efficiency trends in the chemical industry. 

 
The study found that there was a trend towards to go in the same direction as the evaluation of the 

eco-efficiency. The trends indicating eco-efficiency were plotted on the snapshot graph and can be categorized 
into 4 levels (Jamorndusit et al., 2008)   

1. Full Eco-Efficiency level which is the level at which economic changes increased along with changes 
that will reduce the impact on the environment. 

2. Half Eco-Efficiency which is the level to which economic changes increased or the level at which 
the changes that affect the environment are reduced. This trend is likely to lead to Full Eco-Efficiency. 

3. Half Non-Eco-Efficiency which is the level at which economic changes increase or the changes 
affecting the environment are reduced. This is characteristic of Full Non-Eco-Efficiency. 
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 4. Full Non-Eco-Efficiency is the level at which the economic changes are reduced and the changes 
affecting the environment are increased. 

After investigating the economic changes revealed by each indicator, it was found that the water 
consumption, water discharge and the energy consumption in the second year should be categorized as Half 
Non-Eco-Efficiency. In the third year, however, this was reduced to Full Non Eco-Efficiency which is the level 
at which economic changes are reduced while the changes that affect the environment are increased. This 
reflects that the operations are not based on sustainability as the direction of the graph was developed in the 
Y-axis direction. Thus, economic factors play an important role in changing the eco-efficiency of the economy. 
When we consider the trends towards the eco-efficiency of the chemical industrial enterprises, it is clear that 
all of the 3 indicators are important. This is due to the fact that the measurement indicators show that the 
operations are non-sustainable. When considering the data which was collected, it was found that the water 
consumption, wastewater discharge and the energy consumption were increased continuously. Thus, more 
resources were being consumed. Furthermore, there was a problem with the smell of the wastewater which 
was polluted. The researcher of this project, therefore, developed some guidelines to help reduce the 
consumption levels as a way of reducing the costs of the chemical industry enterprises. 
 
Conclusions and Discussion 
  The analysis of the eco-efficiency of the chemical industrial enterprises based on the economic indicators 
and the environmental measurement indicators of the chemical industrial enterprises was conducted for 50 
enterprises over a 3 years period.  It was found that the economic indicators, which measured the total income of 
each enterprise, increased continuously. In terms of the net profit (or loss) it was found that the net profit (or loss) in 
the second year increased while its value in the third year was reduced by almost 7 percent in the second year. 
When considering that the total expenditure in the second year was reduced, it should be noted that the reduction 
accounted for less than 1 percent while the total expenditure for the third year was more than the first and the second 
year combined, respectively.  The environmental indicators revealed a continuous increase for all of its 3 indicators, 
which were for water consumption, wastewater discharge, and energy consumption, respectively.  An in-depth 
analysis found that the water consumption and the wastewater discharge increased.  Therefore, there should be 
counter-measures to reduce the amount of wastewater discharge.  The higher the water consumption, the more 
waste water will be discharged and a water treatment process using chemicals is required for treating the wastewater. 
This will increase the costs. For this reason a system for reusing water has been implemented so that the water can 
be used to clean the machines.  In addition, the re-used water will be used to clean other instruments and other 
machines before they are cleaned again with clean water. This will reduce the total amount of water required which 
is in line with the research of Rattanaphan et al. , (2013)  who studied how to improve strategies for developing a 
sustainable pig farm based on the development of eco-efficiency.  They found that the water consumption indicator 
reflected the problems of the farm that were needed to improve its eco-efficiency. [9] This could be done by cleaning 
the pigs’  excrement first before the water was used to clean the stalls.  In the drainage area, a grated trap was 
installed from which the residual sewage was scooped up in sieves and then dried in the yard.  This resulted in an 
increased income from the sale of pig manure. 
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The results of the evaluation of the chemical industrial enterprises found that the eco-efficiency of the 
wastewater discharge was the highest followed by the water consumption and the energy consumption, 
respectively.  However, when considering the increases shown by the indicators and the reduction in eco-
efficiency, it was seen that the eco-efficiency of water consumption, wastewater discharge level and the energy 
consumption were likely to increase. After the evaluation of the eco-efficiency, the environmental indicators of 
the activities of the chemical industrial enterprises and the indicator for the amount of income, an evaluation of 
the trends in their eco-efficiency which used a Snapshot graph, showed that all the indicators for the chemical 
industrial enterprises over the 3 years period were likely to reflect greater sustainability in the future.   This is 
because the income increased continuously and when the trends in the graph were taken into account, it was 
found that the economic factors played a significant role in changing the level of eco-efficiency. All the 3 types 
of indicators were important. Even the indicators which were not based on sustainability increased continuously 
as well. Some serious problems were also identified which were the impact of increased operational costs and 
the greater consumption of water resources which resulted in pollutants in the discharged wastewater and 
caused a bad smell. 

Consequently, after evaluating the eco-efficiency of the chemical enterprises and the application of 
mathematical models for the management of greenhouse gases in cement plants, the researcher believes that 
developing guidelines for reducing the levels of consumption is an important alternative to reducing the 
operational costs. These guidelines will be very useful for the business sector as they will assist enterprises in 
generating more profits at the same time as they reduce the consumption of resources.  [ 10]  The concept of 
eco-efficiency when applied to the use of raw materials and energy, and including the reduction of waste 
emissions into the environment is an effective tool in business as well as an indicator of the economic and 
environmental relationships that can help to guide the direction and support of government policies. 
And research of Therdkiattikul & et al. (2016) study to water reduction for Dyeing Process in Carpet Production 
Industry Using Clean Technology Approach the result showed that in the case study plant, water consumption 
of 93.09 liter per day was found, based on lshikawa diagram to evaluate loss, 3 potential alternatives including 
1) improving bath washing process by box installation 2) utilizing condensed steam loss, and 3) reusing water 
for scouring process were chosen. [11]   

 Accordingly, WBCSD, (2000) [12] has established seven guidelines that will help business operations 
achieve greater ecological success. [4]  These guidelines are geared towards more sustainable development 
as the overall goal of the country in the long term with respect to the economic, social and environmental 
factors that support the model Sustainability of Engineered processes. [ 13]  Based on the results of Eco-
Efficiency Assessment, the condition of the industry’s operation in various period of time, both trough and peak, 
could be seen.  To enable the industry to find differences of operation, it could be used for comparing on 
management competency with other similar organizations or business sectors (Benchmarking) that would lead 
to improvement of production efficiency of the organization or business section.  In addition, these results 
obtained from Eco-Efficiency Assessment could be applied to improve their own products to be more efficient 
while reducing production costs on consumption of energy and resources.   
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