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APO綠色生產力與水、廢水管理與處理技術研討會報告
一、前言

亞洲生產力組織（APO）為一成立於1961年的亞太地區性政府間之國際組織，其各種活動具非政治、非營利、公平待遇之特性。APO致力透過互助合作加強生產力之方式，提升其成員國家之經濟社會發展與生活品質。

目前APO共有19個會員國，我國以正式中華民國（ROC）名義為會員，每年並積極參與、贊助舉辦APO之各種相關活動。我國在APO之協調機構為中國生產力中心。

本次APO假蒙古首都烏蘭巴托（Ulaanbaatar）舉辦「綠色生產力（GP）與水、廢水管理與處理技術研討會」，本人奉推薦指派參加，提出「台灣地區水資源與廢水處理之管理」國家報告，並以海報宣導生物技術中心研發之「生物凝集劑」技術，得到與會代表熱烈迴響，玆將研習經過與心得報告如后。

二、研習目的與方式

本次研討會係以課程講授、小組討論、個案研究、國家報告簡報與討論、海報說明、現場參觀方式，期使與會代表瞭解以下議題：

1.環境管理上，最適技術在水、廢水處理方面扮演之角色。

2.APO會員國對水及廢水之管理之最佳可行策略。

3.提升水及廢水之最適技術。

三、參與會員國及其代表：

研討會由APO贊助，主辦機構為蒙古國家生產力與發展中心。共有APO11個會員共18人參加，名單如附件1。講師有日本雨水再利用協會Murase秘書長、印度環境管理顧問公司Parasnis經理、我國成功大學環境工程系林財富教授。

四、課程內容摘述

(一)議程如附件2。

(二)課程講授

1.parasnis講授「永續發展議題下之水與廢水之挑戰」。
2. 林財富講授「亞太地區水及廢水之管理」。
3.parasnis講授「GP運用於水、廢水之管理」。
4.Murase講授「雨水收集、淨化、貯存與設計」。
5. 林財富講授「土壤及地下水污染整治技術與實例」。
6.parasnis講授「IT與知識資源運用於水、廢水之管理」。
(三)分組討論

1.各國國家報告分組討論與結論報告。（我國國家報告如附件3）
2.問題鑑別、優先性篩選、對策討論－分組研討與報告。
3.運用腦力激盪法、魚骨分析法分析越南－鄉鎮之水、廢水與經濟發展問題之個案－分組研討與報告。
(四)現場參觀

1.烏蘭巴托市自來水處理場。
2.烏蘭巴托市廢水處理場。
(五)海報展示與說明

五、心得

1.水資源不足是全球議題：

全世界有11億人口無法取得安全用水，有24億人用水無足夠之衛生條件。有4.7億人住在水源嚴重短缺地區，預計到2025年將增加到30億人。而開發中國家每人每天用水10公升，英國則為135公升，可見用水量與國家之經濟狀況與水源亦有相當之關聯性，且飲用水之衛生與疾病息息相關，不可不慎。
2.用水處理技術之考量應著重低成本、適合地區條件、就地取水源、容易使用、低重複操作與維修成本。在尋求用水方案時，應考量取得性、衛生條件、不對等性、資金、技術，有時用水問題有其他相關性，如健康、人權、性別、能源、氣候變化、跨界議題、生產力等問題。

3.亞洲國家之水資源平均84％用於農業、10％用於工業、6％為公共給水，但世界平均水準分別為71％、20％、9％。
4.目前水質方面之問題與對策如下：

(1)新污染物，包括有機金屬複合物、激素分裂物(環境荷爾蒙)、藻類代謝物、大腸桿菌等致病菌。

(2)新分析技術，包括有機物：GC/MS，GC/MS- MS，LC/MS，LC/MS-MS；重金屬：ICP/MS，IC；微生物：線上PCR、顯微鏡。
(3)新處理技術，包括臭氧/顆粒活性碳，薄膜分離、離子交換。

5.綠色生產力(GP)之定義為一可為社經發展提升生產力與環境績效之策略。基本上，GP之應用原理應包括方法、工具與技巧三構面，如以研究層面之角度可分為三種：
(1)個別構面：管末處理→清潔生產(CP)、污染預防(PP)→生態化設計、生命週期工程。

(2)管理層面：品質管理(ISO9000)、環境管理系統(ISO14000)、永續性企業。
(3)系統層面：產業生態化、零排放、生態市鎮。

6.GP之實施程序：啟始活動→規劃→GP方案之產生與評估→GP方案之執行→監督、矯正與審查→持續改善。每一道程序均有對應之工作與工具。GP計畫是否成功，最重要的是最高管理階層扮演最重要之角色，因為執行過程會牽涉人的態度與行為、物的條件（資訊、技術、財務等）之配合，均需管理階層之支持。

7.以東京市為例，每年需耗用20億噸自來水，但其降雨量高達25億噸。假如能考量將雨水收集、淨化、貯存作為次級用水如沖洗、馬桶用水、洗地、澆花、消防等不與皮膚接觸之用途，則可大量節省自來水，並獲得經濟回收之效益。目前先進國家已逐漸以政策推動鼓勵雨水再利用，其主要措施如下：法令制定、執行綱要、鼓勵措施(補助、下水道使用費抵減)、技術研發、建築師訓練、全民宣導。
8.近幾年來，土壤、地下水污染事件逐漸增多，顯示人為污染(社區、產業、垃圾場等)已影響土壤及地下水，如不進行污染預防，將繼續危及居民之水源與健康。倘待土壤及地下水發生污染，政府或企業將付出極大之資金去整治，且耗時數年。

9.資訊技術(IT)因網路的擴散效果進步神速。在水及廢水處理技術上，如何將數據(data)收集、整理、分析成資訊(information)，並將資訊進一步合成(synthesis)報告、推廣、應用，使其成為知識，才成為資訊生命週期管理的數據採掘(data mining)，此時之數據在資訊系統中才能顯現其價值，在國際性與區域性組織中常有有關水及廢水技術之網站內容豐富，值得學員上網一探究竟。
10.蒙古有110座污水廠，其中只有62座有效運作中，每年處理量約1.2億噸。烏蘭巴托中央污水廠設計最大量為23萬CMD，平均處理量約16萬CMD，員工有156人，處理成本每噸約相當台幣0.9元。產業廢水約占60-70％，其餘為衛生廢水。廢水處理方法採粗栅、初級沉澱、二級活性污泥法、沉澱後放流。剩餘污泥採曬乾床乾燥。蒙古放流水標準：SS35，BOD520，COD50mg/L，該廠目前SS25，但BOD30，COD65均超過法令規定，目前正進行改善工程。不過以蒙古之現況，放流水BOD/COD比值為0.4，其COD訂為50似過於嚴苛。
六、結論與建議

1.GP經APO多年來在亞太地區積極推動已顯現相當成果，因其具有方法、工具與技巧，已形成如ISO14001一樣之系統作法，只是因未形成國際標準，且未有驗證之機制，故在國內推行不若ISO14001熱絡，但其管理邏輯架構完整，推動者可視實際現況與能力作彈性管理，為GP之特色，國內產業可納入ISO14001、清潔、生產、污染預防等活動中作適當之整合。
2.台灣河川短而流速急促，中下游又受污染，建水庫於上游又容易形成政治議題，但降雨量還算豐沛，故先進國家如日本、歐洲積極推動雨水再利用，以減輕自來水之需求量，值得水利署研究推動。
3.參觀烏市之中央污水處理廠，其廢水係結合產業與衛生一倂處理，對台灣工業區污水廠單獨處理產業廢水，常因缺乏生物營養物，造成生物系統操作性難度較高，故對有多餘處理量之工業區污水廠將來應考量納入鄰近社區污水，但其使用費率應如何訂定應事先研究。

4.水資源與廢水處理事實上是一體兩面，廢水未處理妥善污染土壤及地下水，形成地下水無法妥善利用亦影響居民健康，建議未來環保署在政府再造合併水利署成部級機關，應對兩者之業務適當整合，以發揮綜效。
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1.Foreward

For the past fifty years, the water conservancy agencies in Taiwan have devoted themselves to various flood control measures for flood-damage mitigation, such as dike construction, channel dredging, flood diversion, flood retention, watershed management and drainage improvement.  At the same time, these agencies have also been actively developing new water resources to meet diverse water demand, as well as reallocate and manage available water resource in order to reduce the environmental impact that might be brought upon by development projects.  As the time enters a new era of science and technology advancement, and with establishment of the flood prevention information system, the flood control mission has reached a new milestone of forecasting and precaution.  The water resources allocation and management also have entered a new stage of regional water resource management.  As Taiwan joins the ranks of developed countries, her endeavors to water resources, besides the continual flood-damage mitigation efforts and development and reallocation of water resources for better utilization, must also pay attention to natural environment protection and pursue water-friendly surroundings of rivers, in order for sustainable management of water resources. 

The investment target in water resources changes according to nation’s demand in different development phases.  In 1960s, the agricultural recovery stage, the major target is to support cropland irrigation.  Most of the investment is allocated to reservoir construction as well as irrigation and drainage in order to increase water resources in drought period.  In 1960-1970, the agricultural growing as well as industrial developing stage, the major investments are in irrigation, drainage and hydraulic electricity as well due to great power demand by small to medium enterprises.  In 1970-1980, the rapid developing stage of industry, the major investment is in public water supply due to great water demand for industry and civil life.  From 1980, the major investment is in public water supply.  At the same time, the issues resulted from land over used are gradually serious, and thus flood control and soil and water conservation works are emphasized.   After 1990, besides the investment in flood control and public water supply, the investment in water pollution control is gradually increased because of raising conscious of environmental protection. 

Water resources and wastewater management are essential in governmental administration.  The consequences are closely related to public health and life quality, as well as industrial and economic development.  Wastewater produced from enterprises production process should properly be treated, otherwise, would cause environmental contamination that might result in excess investment in remediation and stagnancy of economic development.  Therefore, effective water utilization, wastewater reduction, compliance with effluent standard as well as reuse of effluent are very essential to enterprises.  Those issues relate to the scope of Green Productivity.  
2. Water and wastewater management
2.1 Water resources management
2.1.1 Regulations and responsible authority
Before year 2000, because several water-related agencies had existed under the Central Government, the Ministry of Economic Affairs (MOEA), for unification purpose, merged a few former agencies, including Water Resources Bureau, the Water Conservancy Agency, and the Taipei Water Resource Specific Committee, into one new authority named Water Resources Agency (WRA), MOEA, with the objective of promoting higher administrative efficiency among the water related MOEA agencies, and strengthening the related business functionality. 
The regulations governing by WRA include Water Act (amended in 2003), the Tap Water Act (amended in 2005) and the Hot Spring Act (promulgated in 2005), etc.
The organization of WRA and the affiliated agencies is shown in figure 1. 
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Figure 1. Water Resource Agency and affiliated agencies

“Drinking water” means water provided for human drinking, and the sources include tap water, simple supply water, drinking fountains, water purifier, and packaged water, etc.  The management of drinking water is determined pursuant to “Drinking Water Management Act”.  The competent authority referred to in this Act is the Environmental Protection Administration (EPA), Executive Yuan, at the central government level.  The matters designated in this Act as the responsibility of the central competent authority cover from upstream source water protection, determination of the water quality standards for drinking water sources, regulations for drinking water treatment agents, drinking water quality standards, and maintenance and management regulations for the drinking water equipment.
2.1.2 Employees and water conservancy objectives 

There are totally 1610 employees in the WRA (450) and the affiliated agencies (1160).  The investments for respective water conservancy constructions from 1953 to 2000 are shown in Figure 1.  In public water supply aspect, the yearly supply is 2.9 billion tons of tap water for 20.16 million people.  The prevalence rate of tap water is 91％.

Table 1. The investments for respective water conservancy constructions

unit：million (NT$)

	Investment objective
	Budget
	Percentage

	Flood control
	252,108
	25％

	Irrigation and drainage
	186,784
	18％

	Public water supply
	247,633
	24％

	Hydraulic electricity
	126,550
	12％

	Soil and water conservation
	82,985
	8％

	Water pollution control
	108,680
	2％

	Land reclamation
	22,058
	11％

	Total budget
	1,026,798
	100％


2.1.3 Water Conservancy Policies

(1) Objectives
a. Safeguarding the natural ecology to enhance the living quality of citizens and promote sustainable water resources.
b. Reducing and eliminating drought and flood damage to safeguard the lives and property of citizens.
c. Allocating water resources for overall economic growth and balanced regional development based on the comprehensive national land development plan, thereby laying the groundwork for long-term national growth.
(2) Principles
a. With equal concerns to conservation and development of resources, make effective utilization of the increasingly precious water resources.
b. With equal concerns to conservation and development of the ecosystem, prevent irreparable damage to the environment.
c. With equal concerns to social fairness and social justice by advocating a “user pays, compensating the displaced, and penalizing destructive behavior” policy, encourage reasonable use of water resources.
(3) Strategies

a. Promote rational and efficient use of water,
Ensure stable supply of water resources
(Accelerate removal and replacement of old water-supply pipelines and establish a water-saving society.
(Formulate progressive water fee rates or dry-season water special fee to ensure low water rates for residents.
(Enhance cross-region water capabilities to ensure flexible water supply management.
(Prescribe ranges for rational amount of water consumption for each sector and maximize the effectiveness of water use.
(Establish an efficient and effective drought control mechanism and study restrictive water use and distribution measures.
b. Integrate river basin management, reduce flood damage and loss
(Accelerate integration of flood control and drainage systems and improve river basin management.
(Formulate comprehensive plans for river basin land use and construct new flood retention and rainwater storage facilities.
(Promote ecolized water regulation measures and protect downstream basins against rising drainage burdens resulting from land development.
(Strengthen land-subsidence prevention and encourage construction of flood resistance structures in flood areas.
(Complete the flood prevention, reduction, evacuation, and rescue systems and implement relevant training and education programs.
c. Improve river surroundings, increase water accessible and enjoyable areas
(Consolidate and manage river basin water and soil to conserve the hydrological cycle.
(Create a water culture that both blends well with local heritage and features, and encourages community participation.
(Conduct a comprehensive survey of river environments and ecology, and restore the continuity and completeness of ecological habitats.
(Conduct river area zoning and planning to ensure rational allocation of water areas, buffer zones, and ecological reserves.
d. Improve water recycling and reuse, promote diversification of water supplies
( Actively promote the 3Rs (recycle, renewal, and reuse) of water.
(Develop alternative water sources including artificial lakes, seawater desalinating, and rainwater gathering.
(Develop knowledge-based water conservancy industries and promote the incorporation and privatization of water conservancy businesses
(Encourage private participation in construction of water conservancy projects and operation of water renewal business.
2.2 Wastewater treatment

2.2.1 Regulations and responsible authority 

Rapid economic growth, transitional social environment, and advanced modern life have made the densely populated Taiwan being contaminated.  The rising amount of discharge, including municipal wastewater, industrial wastewater, livestock farming wastewater, and non-point source pollution, has severely deteriorated water quality.  To solve the water pollution problem, comprehensive remediation plans covering complete watershed should be implemented.  For the upstream area, the strategy should focus on riverhead preserve, soil and water conservation and management of catchment basin.  For the mid and downstream areas, the main objectives are to inhibit pollution source and decrease contamination amount, and lead to the final goal of ecological harmonization and sustainable water utilization.  The pollution source control for mid and downstream areas includes rational and feasible effluent standard, and legislation coordinating with effective enforcement.

The competent authority of water pollution control is the Environmental Protection Administration(EPA), at the central government level.  The regulations formulated to control water pollution is “Water Pollution Control Act”(promulgated in 1974) and the related regulations.
According to the Water Pollution Control Act, EPA is responsible for enforcement of regulations compliance, whereas Industrial Development Bureau (IDB), MOEA is responsible for providing guidance and assistance for the improvement of the treatment and discharge of the wastewater and sewage of enterprises.  Other regulations regarding water pollution control include Marine Pollution Control Act (promulgated in 2000), Drinking Water Management Act (promulgated in 1972), and Soil and Groundwater Pollution Remediation Act (promulgated in 2000).  The competent authority of those regulations is EPA as well.  The management of sanitary sewerage system is according to Sewerage System Act and the competence authority is the Ministry of the Interior.  
2.2.2 Current water pollution situation

(1) Current water quality 
a. Rivers

In Taiwan, 131 rivers may be found: 30 of them are supervised by the Central Government, and 91 of them are supervised by country or city government, and the rest 10 are drains.  The water quality monitoring result in 2000 indicates that 60% of the 50 major rivers downstream is somewhat polluted, as evaluated with DO, BOD, SS and ammonia nitrogen.  Overall, mid and downstream river is severely polluted while upstream is less polluted.  The water quality of intake point for tap water is cleaner at river upstream.  

b. Reservoirs and lakes

According to the reservoir water quality monitoring database, half of the reservoir have been found to be eutrophic.  Pollutants, such as SS, nitrogen and phosphate, discharged into reservoir result in deposit and eutrophication of reservoirs.  

c. Groundwater

Groundwater has been a major water resource for domestic uses in Taiwan.  It accounts for 40% of total annually water usage.  Groundwater pump out amount gradually increased from 950 million m3 in 1969 to 7,100 million m3 in 1991.  The over pump out situation is severe and its amount accounts 1.8 times of groundwater recharge.  The monitoring result indicates high content of organic compound and nitrogen in shallow groundwater due to surface pollutants such as domestic wastewater and livestock farm wastewater, whereas deep depth groundwater possesses better water quality.  Some groundwater districts possess higher contents of iron, manganese, and arsenic due to their geological nature.  However, some groundwater regions are polluted due to improper waste disposal and wastewater infiltration.  

d. Marine environment

Taiwan is encompassed with ocean given 1,576 km of coast lines that serve for fishery, mining, and recreation.  As the receiving water body of pollutants in rivers, there are some pollution events happened in coastal regions.  Besides, domestic wastewater, industrial wastewater and waste dumping are the reasons that cause regional marine and harbor pollution.  

2.2.3 Water pollution sources

(1) Enterprises wastewater

The Water Pollution Control Act includes factories, mines and quarries, and other enterprises designated by the central competent authority (livestock enterprises, hospitals and school laboratories, etc.) as major pollution sources.  As for industrial wastewater, there are over 90 thousand registered factories in Taiwan because of the rapid industrial development.  However, there are still some illegal factories among which half of them discharge wastewater to the environment.  The variety use of raw materials makes the wastewater contents rather complex.  The contents cover biodegradable organic compounds such as food industry, bioindegradable compounds such as petrochemical industry, waste acid and base liquid from electroplating industry, and toxic substances from chemical industry.  The contents change from different raw materials and different production processes.  Those pollutants would cause severe impact to the environment if not properly treated.  Most of the enterprises have installed pollution control devices and established control practices ever since the intensive audit by the environmental authorities.  
(2) Domestic wastewater

Domestic wastewater means the wastewater generated from daily life.  It generally includes slop and discharge water such as kitchen and shower wastewater.  The major effluent characteristics of domestic water are organic compounds, grease, detergents, and sometimes pathogenic microorganism.  Except for few domestic wastewater is collected and treated by sewerage system, most of the domestic wastewater is discharged without treatment, and only human excrement is treated by septic tank.  The contents such as organic compound, nitrogen and phosphate not only deplete dissolve oxygen in water, but also might cause eutrophication.  The most effective solution for domestic wastewater treatment is the construction of municipal sewerage system.  Unfortunately, the prevalence of sewerage system is still not high and should speed up its construction.  

(3) Livestock wastewater

Livestock wastewater includes the wastewater generated from raising of cattle, horses, sheep, deer, rabbits, hogs, chickens, duck, and geese.  Due to the large amount of hog farms in Taiwan, generally, wastewater produced by hog farms accounts for livestock wastewater in statistics.  There are still about 10 million hogs being raised in Taiwan.  Each hog generates 100 g-BOD5 /day which equals to 2.5 pollution equivalent.  Wastewater from hog farm contains a large amount of organic compound and nitrogen, and if it is not properly treated before discharge, it would deplete lots of social cost.  

(4) Landfill leachate

Ineffective garbage classification makes the contents of landfill leachate more complicated.  Those highly concentrated leachate have severely impact to the water body.  Due to space limitation, it is very difficult to locate the landfill site in Taiwan and thus there are many landfill sites located along riverbanks.  The leachate runs into river directly with rainfall and severely pollutes rivers.  It has become a major source of water pollution.  

(5) Non-point source pollution

The majority of non-point source pollution is storm run-off, which may company with excessive usage of pesticides and fertilizers or improper development of slope area to severely deteriorate water quality of rivers and streams.  In urban area, the pollutants in automobile exhaust may be washed out by storm run-off and go into the water body.  Livestock or poultry that are raised in water body are also the sources of water pollution.  

2.2.4 Water pollution control policies

(1) Formulation of river water quality standard and effluent standard.  
(2) Catchment area conservation, total quantity control planning, water yield from river and wastewater discharge control, maintenance of ecosystem and biodiversity.
(3) Plans for comprehensive watershed remediation and sustainable usage of water resources. 
(4) Enhance pollution source control measures.  
(5) Speed up construction and connection of sewerage system. 
(6) Control the landfill leachates pollution.  
(7) Provide assistance for industrial wastewater treatment improvement and strengthen R&D of water pollution control devices in private sector. 
(8) Organize environmental education and regulations propagation workshops.
2.2.5 Water pollution control strategies

(1) Water zones delineation and water body classifications and water quality standards determination
To utilize self-purification capacity of water body and concretize water protection objectives, the central competent authority delineate water zones and determine water body classifications and water quality standards based on the special characteristics and on-site conditions of water bodies. 

a. Terrestrial surface water bodies are classified as Categories A, B, C, D, and E, and have the following applications:
Category A: water bodies may be used for Class 1 public water, swimming and as Category B, C, D, and E water bodies.
Category B: water bodies may be used for Class 2 public water, Class 1 aqua farm water and as Category C, D, and E water bodies.
Category C: water bodies may be used for Class 3 public water, Class 2 aqua farm water, Class 1 industrial water and as Category D and E water bodies.
Category D: water bodies may be used for irrigation water, Class 2 industrial water, and environmental conservation.
Category E: water bodies may be used for environmental conservation.
b. Marine surface water bodies are classified as Category A, B, and C, and have the following applications:
Category A: water bodies may be used for Class 1 aqua farm water, swimming and as Category B and C water bodies.
Category B: water bodies may be used for Class 2 aqua farm water, Class 2 industrial water, and environmental conservation.
Category C: water bodies may be used for environmental conservation.
(2) Water quality monitoring

a. The criteria of setting monitoring stations include (1) input point of important pollution source, (2) concourse point of mainstream and tributary, (3) important water conservancy point, (4) the point that can reflect the general water quality and (5) other necessary points. 

b. The rules of sampling frequency and location include (1) sampling frequency is monthly for primary river and quarterly for the rest of rivers.  The preferable sampling is on the occasion of stable water quality.  (2) While deciding sampling location, river width and depth should be taken into consideration in order to get representative sample.  The flux can also be measured.  (3) Sampling is carried out from upstream to downstream.  Sampling shall be carried out on the ebb tide at tidal section.  

(3) Collection of the water pollution control fees
The mechanism provides an economic incentive for enterprises to decrease pollution discharge.  This fee collection system can rectify the abnormal situation of the enterprises that disregard pollution control practices and convert the internal pollution control cost to external cost of society.  The water pollution control fees are schedule to be collected from 2006. 

(4) Point source pollution control 

Point source pollution mainly comes from enterprises, sewer system and building sewage treatment facilities.  The major control strategies for point source pollution include (1) discharge permit, (2) record reporting, (3) checking and control, (4) penalty.  The promulgation of the Effluent Standards serves as an objective guidance for pollutant discharge.  The control flowchart is shown as Figure2:
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Figure2 point source pollution control process

(5) Non-point sources pollution control 

Non-point sources pollution is mainly because of excessive use of pesticides and fertilizers, and improper development of slope area.  The control strategy mainly adopts behavioral penalty.  While non-point sources pollution behavior is detected, the location where happened should be classified as water pollution control zone and the violation of prohibited behavior shall be punished.  

3. Management of water and wastewater treatment technology

3.1 Technology developing organization

In the area of management of water and wastewater treatment technology, the governmental agencies not only playing the role of formulation and amendment of the related regulations and standards, but also promoting the market growth of water and wastewater related industry and assuring human health and life quality by leading the related research and development.  

The organizations structure of water and wastewater treatment technology development is shown in figure 3.  The competence authority for water utilization is Water Resources Agency, MOEA.  Taiwan Water Corporation, which is supervised by Water Resources Agency, MOEA, possesses 246 water treatment plants that supply 3 billion tons of tap water annually (5 millions tons are from seawater desalination plants).  The supporting affairs for Taiwan Water Corporation are from over 5,000 companies in private sector.  In the aspect of water pollution control, the EPA and Industrial Development Bureau(IDB), MOEA provide budgetary support to Industrial Technology Research Institute (ITRI), Development Center for Biotechnology (DCB), and universities annually to research wastewater treatment technologies and disseminate the research achievements to the private sectors.  Several research results also provide references for improvement of pollution control measurements and formulation of new regulations.  The construction of sewer system is under the supervision of Construction and Planning Agency (CPA), Ministry of the Interior (MI).
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Figure 3. The organizations structure of water and wastewater treatment technology development

3.2 Structure of private sector

Environmental industry is an industry of integrated application technologies and it covers broad and complicated technology aspects.  The specifications for environmental devices are diverse depending on pollution characteristics of the industries.  It is difficult to define the product of environmental industry.  In general, environmental industry consists of pollution control industry, which focuses on end of pipe treatment, waste recycling industry, which produce environmental friendly product and focus on effective usage of resources.  Besides, environmental technology service industry, which provides customers with assistance in waste minimization, pollution prevention, environmental management and environmental related service, is also in the scope of environmental industry.  
According to the different focused areas, environmental industry can be classified into three categories (figure 4) namely environmental equipment and material manufacturer, recycled material product manufacturer and environmental technology service industry.  The numbers of companies in environmental industry are shown in Table 2. 
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Figure 4. The scope of environmental industry

Table 2. Environmental industry in Taiwan

	Category
	Number
	Note

	Environmental engineering and equipment industry
	553
	1. 78 members of environmental equipment association.

2. 475 members of environmental engineering association

	Instrument control equipment industry
	100
	Manufacture of detection and monitoring devices

	Resource recycling industry
	220
	1. 211 EPA registered recycling companies.

2. 9 enterprise waste jointly management organizations

	Environmental technology service
	2,537
	1. 1,768 publicly or privately owned waste management organizations
2. 681 environmental engineering and technology consulting firms. 

3. 88 environmental analysis companies. 

	Total of environmental industry
	3,410
	Data of year 2003


3.3 Strategies for facilitating technology development in private sector

(1) Tax benefits
a. Import of the water pollution control technology and equipment that are not manufactured by local manufacturers shall be exempt from import duties and royalty tax. 

b. Company may credit 5～20％ of the amount of funds disbursed for the funds invested in equipment for water pollution control or equipment or technology used for recycling of water for industrial use or R＆D investment.
c. Service life of water pollution control equipment may be accelerated from eight to two years.

(2) Loan 

Purchase of water pollution control equipment can apply for low interest loan program provided by government.  

4. Problems and strategies

(1) Over development of reservoir catchment area causes high turbidity of water source and affects domestic water supply in storm and typhoon period.

With the mountains at its center, the rivers in Taiwan have the characteristics of high slope and short distance.  Over 50% of the domestic water is from reservoir.  However, over development of reservoir catchment area results in mudslides and shortens lifetime of reservoir and affect the operation of tap water plant.  Therefore, central and local government shall restrict catchment area development and improve soil and water conservation.  

(2) Speed up the construction of sewer system

There are 49 sewer systems for industrial wastewater in industrial parks, however, the prevalence of public sanitary sewerage system is only 10.87％（year 2003） and most of them distributed in metropolitans.  The government plan to implement Build-Operate-Transfer（BOT） model to encourage private sector to construct sanitary sewerage system. 

(3) Enhance control measures for water pollution sources

Promote regular operation of wastewater treatment plant by unpredictable audit.  Survey the feasibility of given the attesting right for river patrols and personnel of special sewer system to enhance the effectiveness of irregularities investigation. 

(4) Provide economic incentives of water pollution control

Besides penalty, economic incentive is an effective tool to encourage cut off for water pollution amount.  Currently the promulgation, application and allocation of water pollution control fees collection have been accomplished.  The fees collection is schedule to be implemented in 2006.

(5) Encourage research of environmental technology and promote environmental products and equipments

In the past 10 years, the MOEA invested about 250 million annually in environmental technology research, and 15-20 patents are derived, and 20-30 technology application authorizations are made.  The percentage of participation of enterprises in research project grows from below 10％ to 23％ in 2003.

In the next 4 years, it is estimated that 25 technologies will be commercialized and related technology authorization will reach 70 cases, which will create about NT＄ 7 billion production value for environmental industry.  According to the investigation, the investment of environmental research in private sector is equal to governmental budgetary support.  In the future, the government will still continue to provide budgetary support to R＆D in environmental technology research. 

5. Conclusion

Water is nation’s resource and closely related to life and health of citizens.  This can be seen from that highly developed metropolitans are all close to river basins.  Rivers enable the economic development and civilization of humans, however, over development results in river pollution, lowing down of life quality and even might injure citizens health and retard social development. 

The basic measures of Water Pollution Control Act are to avoid jeopardizing the uses of a water body, those that use a water body to receive or convey effluent may not exceed the carrying capacity of the water body.  Practically, pollution mitigation plans and projects should be established and implemented.  By management of watersheds, effective control measures of wastewater, construction of sewerage system, water quality monitoring and prorogations of environmental education, it is possible to keep water cleaner, maintain ecological balance and ensure the sustainable utilization of water resources in Taiwan. 
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