policy
brief

No. 2021-6 (September)
Key Points
•

•

•

•

•

The Beijing Gaobeidian
Wastewater Treatment Plant
(Phase I) in the People’s
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was crucial for sustainable
development of the
sanitation sector.
Introducing and gradually
increasing wastewater tariffs
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Embodying the policies
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government at the local level
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Brief History of Development
of Urban Sanitation in
the People’s Republic of China
Cities in the PRC have long had evolved drainage
systems since ancient times. Meanwhile, the historical
practice of using night soil as organic fertilizer was
recorded in the Southern Song capital Lin’an (presentday Hangzhou) in the 13th century. In 1991, the urban
population ratio was 27.3%, the wastewater discharged
was 30 billion cubic meters per year, and the length
of urban drainage pipes was 61,600 kilometers, but
the number of wastewater treatment plants was still
87 with treatment capacity of 3.2 million m3/d, and
the wastewater treatment rate remained at 14.9%. To
address the serious water pollution in rivers, lakes, and
coastal waters, the Government of the PRC incorporated
a wastewater treatment rate target of 25% into its Ninth
Five-Year Plan (1996–2000). The plan also put special
focus on heavily polluted rivers and lakes, such as the
Huaihe and Haihe rivers. Due to limited government
budget and foreign currency, the PRC has actively
utilized foreign loans and technical cooperation from
bilateral and international organizations in the urban
development and environmental protection sectors,
including for the construction of wastewater treatment
plants. Between 1986 and 2005, the PRC received a total
of $17.9 billion in foreign loans, including from the World
Bank, Japan, and the Asian Development Bank (NDRC
2009). For example, Graduate School of Economics,
Kyoto University (2005) examined the effectiveness
of 16 environmental protection projects in the PRC
funded by Japanese official development assistance
(ODA) loans. The study revealed that, upon completion,
38 wastewater treatment plants in 28 cities would add a
total wastewater treatment capacity of 4.9 million m3/d,
covering a service population of at least 13 million, and
estimated that wastewater treatment plants in operation
in 2003 contributed to a chemical oxygen demand (COD)
reduction of 340,000 tons per year.
The government issued a series of measures, including
mobilizing budget, issuing government bonds, and
providing loans from domestic banks to the wastewater
sector; instructing local governments to introduce
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wastewater tariffs and increase them step by step to
the point where full cost recovery is possible; and
encouraging foreign, state-owned, and private sector
companies to enter the wastewater sector through
institutional reforms such as establishing a municipal
public sector concession system. As a result, investments
in the wastewater sector increased from CNY1.6 billion in
1991 to CNY165.2 billion in 2019, and urban sanitation in
the PRC has made great progress.
As of 2020, 902.0 million people were living in urban areas
in the PRC, accounting for 63.9% of the total population.
In 2019, the length of urban drainage pipes increased
to 896,900 kilometers, and the number of wastewater
plants and treatment capacity increased to 2,471 and
178.6 million m3/d respectively, even not including
county seats. The wastewater treatment rate reached
96.8% (Table 1). Currently, the PRC has the world’s largest
wastewater treatment capacity and market (Qu et al. 2019).
The next section explains how GWWTP (Phase I) emerged
and played a pioneering role in the abovementioned
rapid development of the wastewater sector.

History of the Beijing Gaobeidian
Wastewater Treatment Plant
(Phase I)
Before the Reform and Opening Up
Beijing, the capital, is located in the northern part of the
PRC and has an area of 16,800 square kilometers with a
resident population of 21.5 million in 2019. The urban
population rate is 86.6%. The city consists of six central
districts and ten suburban districts. Water scarcity has
been a major issue in Beijing (Huang et al. 2008).
The water environment of Beijing had been shaped
through the Jin, Yuan, Ming, and Qing dynasties. In Dadu,
the capital of the Yuan Dynasty, planners made full use of
aboveground water sources, and built a drainage system
of open ditch and blind drainage.
The planning and construction of GWWTP was part of
the urban planning of Beijing. During the First Five-Year
Plan (1953–1957), experts of the Beijing Municipality
along with a water supply and sewerage expert who
was a member of a group of advisors from the former
Soviet Union (Li 2019) jointly conducted a site survey in
1956, and selected the high ground south of Gaobeidian
Village in the eastern part of Beijing as the site of
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Table 1: Development of the Urban Sanitation Sector in the People’s Republic of China
Item

1991

2019

Rate of Increase

Urban population ratio (%)

27.3

63.9
(2020)

2.3

Wastewater discharged (billion m3/year)

30.0

65.7

30.0

55.5

Cities
County seats

2

10.2

Length of drainage pipes (‘000 km)
Cities

61.6

896.9

61.6

683.5

County seats

11

213.4

Number of WWTP
Cities

87

4,140

87

2,471

County seats

1,669

Treatment capacity (million m /day)
3

Cities

3.2

214.5

3.2

178.6

County seats

35.9

Wastewater treatment rate (%)
Cities

14.9

94.5

14.9

96.8

County seats

7

93.6

National fixed assets investment in wastewater sector (CNY billion)

1.6

156.2

97

km = kilometer, m = cubic meter, WWTP = wastewater treatment plant.
3

Notes: A county seat is a town where the county government is located. The number of wastewater treatment plants and the treatment
capacity in 1991 are limited to the statistical figures in the building sector.
Source: Prepared by the authors based on Ministry of Housing and Urban-Rural Development (2020a, 2020b).

GWWTP (Wen 2009). The primary treatment plant with
a designed capacity of 200,000 m3/d was constructed
and put into operation in 1960.1 Treated water was
used for wastewater irrigation purposes, but the
insufficient treatment level brought about pollution of
the agricultural land (Wen 2009), and the construction of
a secondary treatment plant was envisaged.

was included among 18 priority cities for environmental
protection chosen at the conference. At the time, in the
eastern part of Beijing, population growth, industrial
development, and improvement of people’s living
standards led to rapid increases in the amount of sewage
discharged to Tonghuihe River, seriously polluting the
river (Yang 1997).

A water pollution incident in Beijing in the winter of
1971/72 provoked attention of national leaders to
related environmental problems. In June 1972, the PRC
government sent a delegation to the United Nations
Conference on the Human Environment in Stockholm.
Chinese delegates realized the seriousness of the PRC’s
environmental problems and led in holding the First
National Conference on Environmental Protection in
Beijing in 1973. The conference reiterated the focus on
comprehensive treatment and utilization of the “three
wastes”: waste gas, wastewater, and solid waste. Beijing

Preparation for the construction of GWWTP started
against this backdrop. In 1976, the Wastewater Treatment
Research Management Office was established as the
first national research base for wastewater treatment
technology in the PRC. Construction of an intermediate
secondary treatment pilot plant with a capacity of treating
2,000 m3/d, was approved in 1976 and completed in
1979. Through 10 years of experiments with researchers
from universities and research institutes, the office finally
chose a process based on the conventional activated
sludge process (Wen 2009).

1 Based on exhibits at the Gaobeidian Water Reclamation Plant History Museum.
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After the Reform and Opening Up
The reform and opening up in 1978 brought drastic
changes to the country. The PRC started to introduce
foreign loans, grants, and technical cooperation for
the nation’s development. A construction plan for
GWWTP was approved by the Beijing Municipal Planning
Commission (BMPC) in 1984, with a total capacity of
1 million m3/d, consisting of two phases (each 500,000
m3/d) of which Phase I will be constructed first. The
preliminary design of Phase I was completed in the
same year. In 1987, the GWWTP Preparatory Office was
established to manage the project construction.
In 1987, the PRC government submitted the request
for Japanese ODA loans for fiscal year 1988 including
three projects in Beijing: Beijing subway (Fuxingmen–
Xidan), Beijing No. 9 Water Works, and Beijing Sewage
Treatment Plant Construction Project (the name for

GWWTP Phase I). In 1988, upon consultation of both
governments and appraisal by the Overseas Economic
Cooperation Fund (OECF), it was agreed to apply the
unused balance of the second batch of ODA loans
to the PRC for a package consisting of nine projects,
including the abovementioned three projects in Beijing.
The Exchange of Notes between the two governments
was signed in July 1988, followed by the signing of loan
agreements between OECF and the Ministry of Foreign
Trade and Economic Cooperation (MOFTEC) in August
1988. A description of the project is shown in Table 2.
The design was undertaken by the Beijing Municipal
Engineering Design and Research Institute (BMEDRI),
and the general contractor was the Beijing Municipal
Engineering Corporation. The challenge for BMEDRI and
GWWTP Preparatory Office was implementing the project
including preparation of bidding documents without
employing foreign consultants (Eco-Youth 2018). Upon
request from the Beijing Municipal Engineering Bureau

Table 2: Summary of Ex Post Evaluation Report for GWWTP (Phase I)
Project Information
Lender: Overseas Economic Cooperation Fund (OECF), Japan
Borrower: Ministry of Foreign Trade and Economic Cooperation (MOFTEC) of the PRC
Implementing Agency: Beijing Municipal Engineering Bureau (BMEB)
Exchange of Notes (E/N) between Japanese and PRC government: 26 July 1988
Japanese ODA Loan Agreement (L/A): 3 August 1988
Loan amount / Disbursed amount: ¥2,640 million / ¥2,598 million
Terms: Interest rate 2.5%, repayment period 30 years with a 10-year grace period.
Procurement condition: Untied except consulting service
Item
1. Project outputs

Original
1) Wastewater treatment capacity

Actual
Same as original

500,000 m3/day
2) Consulting service:

Same as original

Dispatch of management study missions to Japan
2. Project period

May 1988 – Dec 1992 (55 months)

Dec 1990 – Dec 1993 (36 months)

Amount paid in FC

¥2,640 million

¥2,598 million

Amount paid in LC

CNY118 million

CNY482 million

Total

¥6,699 million

¥14,388 million

BOD: Less than 20 mg/l

Same as left

SS: Less than 30 mg/l

Same as left

3. Project cost

4. Project outcome
Reduction of water pollution

BOD = biological oxygen demand, FC = foreign currency, GWWTP = Beijing Gaobeidian Wastewater Treatment Plant, LC = local currency, m3 = cubic meter,
mg/l = milligram per liter, ODA = official development assistance, SS = suspended solids.
Source: Prepared by the authors based on Overseas Economic Cooperation Fund (1997).
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(BMEB), management study missions facilitated by a
Japanese consultant were sent to Japan as consulting
services under the Japanese ODA loan.
The completion ceremony of GWWTP (Phase I) took
place on 24 December 1993, having achieved its
original objective of treating wastewater amounting
500,000 m3/d and contributing to an improved water
environment in Tonghuihe River. Approximately 380,000
m3/d of treated water was used as cooling water for a
cogeneration plant and as irrigation water (OECF 1997).
GWWTP (Phase I) became a center of excellence for
subsequent treatment plants in the PRC.
In 1994, an ODA loan for GWWTP (Phase II) amounting to
$23 million was extended by the Swedish International
Development Cooperation Agency (Sida). This loan
was cofinanced by the Government of Sweden and
the Nordic Investment Bank on market terms. GWWTP
(Phase II) with a capacity of 500,000 m3/d started to
operate in September 1999. Thus, GWWTP was able to
treat 1 million m3/d, which was the largest treatment
capacity in the PRC. Water quality in Tonghuihe River
improved even more.
Aside from loan projects, technical cooperation projects
were also conducted. A UK consultancy conducted
consulting for Beijing’s sewage disposal and pilot
plant studies funded by the Overseas Development
Administration (ODA) in 1985. Sida established the
Gaobeidian training center, and the Japan International

Cooperation Agency (JICA) conducted the Upgrade
and Modification of Sewage Treatment Plant and
Operation Improvement Project (2010–2013) aiming at
disseminating advanced technologies.
Meanwhile, the World Bank’s Beijing Environment Project
(1991–1999) contributed to institutional developments.
With a covenant to establish a corporate entity, the
Beijing Drainage Company was set up in 1993, although
it initially had little financial and operational autonomy.
However, the company became larger as the discussions
for the Second Beijing Environment Project (2000–2009)
proceeded, and the Beijing Municipal Government
(BMG) carried out plans to restructure government
organizations (World Bank 2000). In 1999, with the
approval of BMG, BMEB implemented the reorganization
of four units, including the Beijing Drainage Company,
GWWTP and two other plants, the GWWTP Preparatory
Office, and the World Bank Project Office at BMEB, to
form a new Beijing Urban Drainage Company (BDG
2021). BMG approved the restructuring of Beijing Urban
Drainage Company into the Beijing Drainage Group
Co., Ltd. (BDG), which was established in 2001. The
group remained a 100% state-owned enterprise under
the State-owned Assets Supervision and Administration
Commission of BMG.
In 2006, BDG completed the 2008 Olympic water
environment target of 90% wastewater treatment rate
and 50% recycled water reuse rate in the central city
ahead of schedule, partly utilizing foreign loans. After

Figure 1: Annual Treated Wastewater and Production of Reclaimed Water at GWWTP
(million m3)
400
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0

1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
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2019
2020

50

Annual treated wastewater

Annual production of reclaimed water

GWWTP = Beijing Gaobeidian Wastewater Treatment Plant, m3 = cubic meter.
Source: Prepared by the authors based on Beijing Drainage Group Co., Ltd. (2019, 2021).
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the Olympic Games, an upgrade project began in 2013
to build wastewater reclamation facilities in GWWTP
by introducing membrane treatment technology for
advanced water treatment. In 2016, GWWTP became
the Gaobeidian Water Reclamation Plant (GWRP) “with
an extraordinary treatment capacity of 1 million m3/d,
announcing a transition wastewater management in
China from simply treatment to reclamation” (Qu et al.
2019: 3). Figure 1 shows the annual treated wastewater
and production of reclaimed water at GWWTP.

Lessons Learned
As we have described, in the long of history of water
and sanitation of Beijing, GWWTP (Phase I) played a
significant role in improving the water environment
and provided the foundation for further development
of GWWTP and eventual upgrading to GWRP. What can
we learn from GWWTP (Phase I)? This brief examines the
following five points (Figure 2):
1.
2.
3.
4.
5.

Fill financial and technological gaps.
Develop future leadership.
Introduce a wastewater tariff.
Embody the policies and plans of the central
government at the local level.
Enhance the sewer pipe construction.

Make effective use of long-term foreign loans to fill
gaps in finance, technology, and experience. Based
on the successful experience of GWWTP (Phase I),
BMG proactively and effectively utilized long-term
foreign loans from other countries and international
organizations for the wastewater sector (Table 3).
BDG has listed the following as the merits of foreign loans:
(i) foreign loans filled the financial gap; (ii) institutional
reforms took place and corporate governance structure
was set up; (iii) advanced wastewater treatment
equipment and technologies were acquired; and (iv) a
group of qualified technical managers were trained
(NDRC 2009). GWWTP (Phase I) falls into the first, third,
and fourth merits, while the second is primarily covered
by the World Bank advising BMG to eventually establish
BDG.
First, the Japanese ODA loan for GWWTP (Phase I) not
only filled part of the finance gap but also played a certain
role in securing the local currency portion. Construction
for the project started in December 1990, which was
2 years behind the original schedule, and project cost
overruns reached 215% due to rapid price increases
and changing project scope. However, BMG was able to
appropriate the local currency portion to complete the
project (OECF 1997). This is because BMG gave priority
to arranging matching funds for foreign loan projects to

Figure 2: Schematic Representation of the History of GWWPT (Phase I)

BMEB = Beijing Municipal Engineering Bureau, GWRP = Gaobeidian Water Reclamation Plant, GWWTP = Beijing Gaobeidian Wastewater Treatment Plant,
JICA = Japan International Cooperation Agency, MG = Metropolitan/Municipal Government, MOFTEC = Ministry of Foreign Trade and Economic Cooperation,
ODA = official development assistance, OECF = Overseas Economic Cooperation Fund, PRC = People’s Republic of China, TMGBS = Bureau of Sewerage of the
Tokyo Metropolitan Government.
Source: Prepared by the authors.
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Table 3: List of Wastewater Treatment Plants in Beijing under the Beijing Drainage Group Co., Ltd. (BDG)
No.

Wastewater Treatment Plant
(WWTP)

Treatment
Capacity
(’000 m3/d)

Completion

Foreign Loans

1

Gaobeidian WWTP (Phase I)

500

1993

Japanese ODA loan

1

Gaobeidian WWTP (Phase II)

500

1999

Swedish ODA loan/Nordic Investment Bank

2

Jiuxianqiao WWTP

200

2000

French ODA loan/export credit

3

Qinghe WWTP (Phase I)

200

2002

Swedish ODA loan/Nordic Investment Bank

3

Qinghe WWTP (Phase II)

200

2004

3

Qinghe WWTP (Phase III)

150

2012

4

Wujiacun WWTP

80

2006

World Bank

5

Lugouqiao WWTP

100

2004

World Bank

6

Xiaohongmen WWTP

600

2015

World Bank

7

Beixiaohe WWTP (Phase I)

40

1990

7

Beixiaohe WWTP (Phase II)

60

2008

8

Qinghe Second WWTP

500

2015

9

Gaoantun WWTP

200

2018

10

Dingfuzhuang WWTP

300

2016

11

Huaifang WWTP

600

2016

Interceptors, sewers
Total

World Bank
4,230

m /d = cubic meter per day, ODA = official development assistance.
3

Note: All wastewater treatment plants have been upgraded already as water reclamation plants.
Source: Prepared by the authors based on Beijing Drainage Group Co., Ltd. (2021), National Development and Reform Commission (2009), and World Bank
(2000, 2011).

ensure that the projects were implemented as planned
in order to maintain the external image of the country
and BMG (NDRC 2009).
Regarding the third point, procurement conditions of
the Japanese ODA loan were general untied, except
consulting services. Through international competitive
bidding in batches, BMEB procured equipment from
seven countries including Japan, Austria, the United
Kingdom, and the United States. The equipment
improved the stable and efficient operation of the
treatment plant (Wen 2009). BMG appreciated the
international competitive bidding under the untied
procurement conditions.
How Japanese experiences were shared and transferred
to GWWTP will be discussed subsequently.
Morton (2005) provides a systematic analysis of local
government-level environmental projects undertaken

by Japan, the United Nations Development Programme,
and the World Bank, using the concept of “environmental
capacity,” which integrates financial, institutional,
technological, and social capacities in solving
environmental problems. She finds that Japan takes an
engineering approach and focuses primarily on financial
capacities based on the philosophy of self-help, while
weak on institutional and social capacity development.
Mori (2011), through international comparison, points
out similarly that the dominating style of environmental
aid is technical support for Japan and the market
mechanism for the World Bank. He recognizes, however,
the advantages of the Japanese style: by offering more
loans, Japan gives flexibility for recipient countries to
learn and adjust according to their own needs.
GWWTP followed a stepwise process. The institutional
reform took place with the World Bank, and the
wastewater tariff was introduced and gradually increased
by BMG. We could argue that, through synergy with the
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Local governments can fill the gap of finance, technology, and
experience by making effective use of long-term foreign loans
and technical cooperation.
institutional reform and introduction of the wastewater
tariff, the Japanese ODA loan for GWWTP (Phase I) did
exactly what was most needed at that development
stage: filling gaps in finance, technology, and experience.
The case of GWWTP shows that local governments can
fill the gap of finance, technology, and experience by
making effective use of long-term foreign loans and
technical cooperation, especially at a stage when other
financial and technological resources are scarce.
Develop future leadership through implementation of
projects while effectively utilizing training programs.
Through the planning, preparation, design, construction,
and operation of GWWTP, many capable engineers were
trained (Hu 2009). During the project implementation, a
training program was effectively implemented. Upon the
request from BMEB, three management study missions
were sent to Japan as a consulting service under the
Japanese ODA loan (based on information provided by
JICA). While the first and second groups mainly consisted
of senior-level staff members including BMEB, BMPC,
and BMEDRI, the third group consisted of mid-level and
younger engineers at the GWWTP Preparatory Office and
BMEDRI. During their stay in Japan, the most significant
event was the training session at the wastewater
treatment plants under the Bureau of Sewerage of the
Tokyo Metropolitan Government. Although the training
session in Tokyo was not long, the impact was significant.
Tokyo and Beijing became friendship cities in 1979,
with exchange activities between the two cities in
the wastewater sector, but this training session was
special for both sides (Yamamoto 1996), with unofficial
encounters playing a particular role in strengthening
connections (Okuno 2005). An engineer from BMEDRI,
who studied for 3 years in Kyoto University with a PRC
government scholarship and played a leading role in
the design of GWWTP, met with a senior staff member
of the Bureau of Sewerage of the Tokyo Metropolitan
Government during her stay in Japan. When the Bureau
of Sewerage was formally requested to host the study
mission, the senior staff member and his colleagues
were able to design the training program to fulfill the
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needs of GWWTP’s mid-level core engineers since he
had a clear understanding of the needs of GWWTP
because of the voluntary technical exchanges upon
request from his Chinese counterpart. The training
session for water treatment took place at the Kasai
wastewater treatment plant and for sludge treatment at
the Odai plant for 7 days each of lectures in the mornings
and field studies in the afternoon (Okuno et al. 1993).
They acquired valuable knowledge and experiences
of operating a large-scale wastewater treatment plan
from the Japanese engineers, specifically methods such
as starting up activated sludge and digestion tanks,
automatic dissolved oxygen control of bioreactors,
methods of managing and inspecting treatment plant
machinery and electrical equipment, organization of
treatment plant operation and management, removal
of scum, and prevention of clogging during sludge
transport (Japan Sewage News 1993).
The participants of the training session in Tokyo
were in fact the core members that the project had
cultivated. Many of them have not only been involved
in the construction of GWWTP and the subsequent
development of wastewater treatment plants in Beijing,
but also played leading roles in the PRC’s wastewater
sector (Mori, Ueta, and Yamamoto 2008).
The team leader became the General Manager of BDG,
and the co-lead became the Deputy Chief Engineer of
BMEDRI. They have been leading figures of the PRC’s
wastewater sector and have played important roles as
distinguished experts to tackle challenging issues such
as sludge treatment. Another training participant is
currently a professor at Renmin University of China and
has been involved in a new wastewater treatment plant
concept with a vision of transforming traditional plants
into factories producing energy, water, and organic
fertilizer as part of an integrated urban ecology. Two
participants are respectively a member of the Board
of Directors and the Deputy General Manager of BDG
(BDG 2021).
As the case of GWWTP (Phase I) shows, fostering future
leaders through the implementation of projects has
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a great impact on the future development of the
sanitation sector in a country. Can such human resource
development be done intentionally? As mentioned,
engineers who have studied in Japan played an important
role in this project, i.e., the engineering scholar who
studied in Japan. Combining scholarships with project
implementation may be an approach to consider.
In this project, the local government network was
mobilized to deliver a well-designed training program
that yielded effective results in capacity building.
There are similar cases. For example, based on the
friendship agreement between Shiga Prefecture
and Hunan Province signed in 1983, Shiga’s Ohmi
Environmental Conservation Foundation and the Hunan
Provincial Government conducted a local governmentlevel technical cooperation project called Project to
Improve Urban Wastewater Treatment Plant Operation
Technology and Citizens’ Environmental Awareness in
Hunan Province between 2013 and 2016 using the
JICA Partnership Program. Under the project, training
programs took place in Japan. The lesson to be learned
from these cases is that the training hosts can deepen
their understanding of the real needs of partner
organizations through adequate preparation and design
quality training programs.
Introduce and gradually increase the wastewater
tariff with institutional reforms to cover operation
and maintenance costs and expand sanitation
investment. In 1996, the Water Pollution Prevention
and Control Law was amended by the People’s Congress
to include the introduction of a wastewater tariff for
the first time in order to ensure the operating costs of
sewage treatment plants. Subsequently, the concept
of full cost recovery was introduced to national-level
policy. Measures for the Administration of Urban Water
Supply Pricing issued in 1998 set the rules of tariffsetting, stating that the price should be based on
the principles of cost recovery and reasonable profits
(Shen, Yu, and Shi 2015). This document also specifies
that hearings with stakeholders, including relevant
departments of local governments, local people’s
congresses, and representatives of users shall be held
by municipalities. In 1999, the Notice on Increasing the
Collection of Wastewater Tariff to Establish a Benign

Operating Mechanism for Urban Wastewater Discharge
and Centralized Treatment was issued, which states
“For cities that have not built WWTPs, the increase
in wastewater tariff, approved by the local people’s
government, can be used to supplement the sewage
network and WWTPs construction funds, but must be
built within three years and put into operation WWTPs.”
Since then, a series of rules and instructions have
been issued by the central government to accelerate
raising the wastewater tariff by local governments,
and eventually many cities have achieved high levels.
Increasing the wastewater tariff level has contributed to
the rapid development of sewerage systems in the PRC.
As for Beijing specifically, the wastewater tariff was
first introduced in 1996 to cover the operation and
maintenance (O&M) cost of GWWTP. It was then set at
CNY0.1 per cubic meter (m3) in 1997, and rapidly raised
seven times, including to CNY0.9/m3 in 2004, which was
much higher than the national average, and to CNY1.36/
m3 in 2014 (Figure 3).
Before 2011, BDG’s wastewater treatment service
operated based on a mechanism that resembles
reimbursement. The company reported wastewater data
to BMG every month, and BMG paid the company
operating fees with the wastewater tariff collected based
on the principle that expenditure is determined by
revenue. However, the price paid by BMG covered only
part of the costs. In 2011, BDG signed an operation
service agreement for the central district with Beijing
Water Authority (BWA) of BMG. It states that BWA pays
the company for water services with the price based on
the principle of full cost recovery, including operating
and construction costs (depreciation) and a reasonable
profit amount.
In 2013, BGM issued the Notice on the Issuance of the
Three-Year Action Plan for Accelerating the Construction
of Wastewater Treatment and Water Reclamation
Facilities in Beijing (2013–2015) that included upgrading
of GWWPT to GWRP. In order to implement this action
plan, BDG and BWA signed a 30-year concession
service framework agreement in the same year that
determined service fees in accordance with the principle
of cost recovery and reasonable profit. As a result, annual

Training hosts can deepen their understanding of the real needs
of partner organizations through adequate preparation and
design quality training programs.
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Figure 3: Annual Investment to Wastewater Sector (left axis) and Wastewater Tariff for Residents
(right axis) in Beijing, 1997–2019
CNY million
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Wastewater treatment
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Water reclamation
Wastewater treatment fee

m3 = cubic meter.
Note: The investment amount not only includes Beijing Drainage Group Co., Ltd. but also other operators in Beijing.
Source: Prepared by the authors based on Ministry of Housing and Urban-Rural Development (2020a).

investment to the wastewater sector increased rapidly
(Figure 3). Government budget, long-term loans from
domestic banks, and medium-term notes are major
sources of funds.
Currently, BDG is implementing the third Three-Year
Action Plan (2019–2021). Since 2019, BMG has adjusted
the concession policy. Instead of setting service fees,
BDG pays debt service from the reclaimed water
revenue; if the revenue does not cover the O&M cost of
drainage and water reclamation facilities, BDG provides
full subsidies to cover the shortfall based on the principle
of revenue as determined by expenditure (BDG 2021). As
a result of this adjustment, BDG’s net income decreased
in 2019 compared to 2018 (Table 4).
These processes suggest that introducing and gradually
increasing wastewater tariffs along with institutional
reform could be a practical approach to secure the
O&M cost and diversify the financial resources to fill the
sanitary investment gap in local governments in Asian
developing countries.
Embody guiding policies and medium- and longterm plans of the central government at the local
level to accelerate urban sanitation. The development
of GWWTP has been a long process since the site
selection in 1956, starting with the operation of the
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Table 4: Key Financial Indicators of Beijing Drainage
Group Co., Ltd. (Consolidated) (CNY billion)
Item

2017

2018

2019

Total assets

75.28

80.46

85.07

Total owner’s equity

38.56

40.36

40.30

Total liabilities

36.72

40.10

44.77

Total debt

23.55

26.07

30.62

Operating revenue

7.95

8.95

8.37

Net income

0.92

1.66

0.50

Source: China Chengxin International Credit Rating Co., Ltd. (2020).

primary treatment plant in 1960, the pilot plant in
1980, GWWTP (Phase I) in 1993, GWWTP (Phase II) in
1999, and the transition to GWRP in 2016. In the long
process of sanitary development, it was important
to embody policies and the medium- and long-term
plans of the central government to accelerate urban
sanitation at the local level. To cite a few examples,
at the first National Conference on Environmental
Protection in 1973, Beijing was chosen as a priority
city, which led to building a pilot plant. The reform
and opening up policy of 1978 introduced foreign
loans, and BMG was able to use this new resource for
the construction of wastewater treatment plants. In
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In the long process of sanitary development, it was important
to embody policies and the medium- and long-term plans of
the central government to accelerate urban sanitation at the
local level.
the Ninth Five-Year Plan (1996–2000) and the Longrange Objectives to the Year 2010, special emphasis
was placed on addressing the serious water pollution
problems of three rivers and three lakes, including the
Haihe River. Since Beijing is an upstream city in the
Haihe river basin, a comprehensive plan was prepared
by BMG, including the completion of GWWTP (Phase II)
(Yang 1997).
The case of Beijing shows that local governments can
embody the policies and plans of the central government
to advance the sanitation environment at the local level
in the long process of development.
Enhance sewer pipe construction for quick door-todoor connections, while considering neighborhoods
that cannot be connected to the sewerage system. One
of the reasons for the successful operation of GWWTP was
the prior construction of drainage pipes that contributed
to achieving rapid door-to-door connections. In Beijing,

existing drainage pipes extended 221 kilometers in
1949. In the 1950s, BMG introduced a separate drainage
system. Until 1994, right after the operational start of
GWWTP, the total length of drainage pipes including
interceptors along Tonghuihe River expanded to 3,456
kilometers (Figure 4). At that time, 57.5% of wastewater
in the planned center district was domestic wastewater,
while 42.5% originated from factories (Yang 1997).
Before GWWTP became operational, many residential
apartments and factories were already connected
to drainage pipes. Factories were required to install
pretreatment facilities to discharge wastewater to
drainage pipes. In 1995, the third year of operation,
GWWTP-treated wastewater reached 165 million cubic
meters per year (BDG 2019), with the operation rate of
over 90% (Figure 1).
On the other hand, consideration must be given to
areas that cannot be connected to sewer pipes. In
Beijing, night soil was historically traded and recycled

Figure 4: Total Length of Drainage Pipes (left axis) and Total Wastewater Treatment Capacity (right axis)
in Beijing, 1949–1999
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GWWTP = Beijing Gaobeidian Wastewater Treatment Plant, km = kilometer, m3/d = cubic meter per day.
Note: Indicators such as sewage treatment capacity in 1992 and later for the secondary treatment of wastewater; before 1992 for the primary treatment level.
Source: Prepared by the authors based on Japan Sewer Collection System Maintenance Association (2012).
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as organic fertilizer for farmland. However, since the
1980s, this traditional local circular economy has begun
to collapse due to the spread of chemical fertilizers,
the loss of farmland in the suburbs, hygiene problems,
and deteriorated quality of night soil due to the spread
of flush toilets and septic tanks in the wake of rapid
economic growth and urbanization (Kitano 1994).
Currently, night soil is either flushed into the sewage
system via septic tanks and treated at sewage treatment
plants or, if not connected to the sewer pipes, fecal
sludge is pumped from the septic tanks and treated
at fecal sludge treatment plants. In the Hutong area of
Beijing, old houses without toilets cannot be rebuilt due
to the protection of historical and cultural heritage, and
residents use public toilets that are not connected to the
sewer pipes. In recent years, renovation of public toilets
has been underway. A sample survey of 100 public
toilets observed that fecal sludge from all public toilets
were safely managed but there is more space for overall
improvement (Yan et al. 2021).
The case of Beijing suggests that enhancing sewer pipe
construction prior to the completion of wastewater
treatment plants may bring about quick door-to-door
connections. Further, considering neighborhoods that
cannot connect to sewer pipes, it is also an important
issue from the view of citywide inclusive sanitation.

Conclusion
This policy brief describes the historic development
of GWWTP (Phase I) and examined five lessons for
developing countries (summarized in Figure 5). BMG
effectively utilized a Japanese ODA loan to fill the gap in
finance, technology, and experience with other measures
such as institutional reform including the establishment
of BDG, as advised by the World Bank, and the
introduction of a wastewater tariff by BMG. Concession
schemes also contributed to transforming GWWTP into
GWRP through long-term loans from domestic banks. A
number of capable staff members who participated in a
well-designed training session in Tokyo were nurtured
through implementing GWWTP (Phase I). Construction
of sewer pipes prior to the completion of GWWTP (Phase
I) bought about quick door-to-door connections, while
BMG paid attention to neighborhoods that cannot be
connected to sewer pipes and use public toilet.
Since history, socioeconomic conditions, and governance
situations vary from country to country, not all of the
five lessons learned from GWWTP (Phase I) are relevant,
but we believe that there are some helpful points for
local governments in developing Asia to accelerate the
development of the sanitation sector according to their
development stages.

Figure 5: Five Lessons from the Beijing Gaobeidian Wastewater Treatment Plant (GWWTP) (Phase I)

1

Make effective use of long-term foreign loans and
technical cooperation to fill gaps in finance, technology,
and experience

2

Develop future leadership through implementation of
projects while effectively utilizing training programs

3

Introduce wastewater tariff with institutional reforms to
cover O&M costs and expand sanitation investment

4

Embody policies and plans of the central government
at the local level to accelerate urban sanitation

5

Enhance sewer pipes construction for quick
door-to-door connections while consider neighborhoods
that cannot be connected to the sewerage

O&M = operation and maintenance.
Source: Prepared by the authors.
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