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Executive Summary

BACKGROUND

Hanoi has grown rapidly into a modern, vibrant city. However, the development of infrastructure and services 
has lagged behind the growth of the population. In particular, two significant water-related problems have arisen. 
Water pollution has become a major issue, creating a huge environmental and public health hazard, impairing 
the liveability of the city, deterring investors, and compromising downstream agriculture and the ecological 
integrity of the river system. Flooding is also becoming a major problem in many districts, occurring whenever 
there is a cloudburst. Pollution and flooding are two of the three elements that are central to contemporary 
integrated urban water management - the third being water supply security.

The city’s Master Plan addresses these two challenges of pollution and flooding but implementation has not 
kept pace with the growth of the problems. To support an effective implementation of the Master Plan, the World 
Bank supported Hanoi City to study the problem of pollution in selected hotspots with a focus on the four main 
rivers running through the city and the problem of urban flooding in two key districts of Long Bien and Gia 
Lam. The four rivers – To Lich, Nhue, Day and Tich/Bui - are strategically important to the city in terms of both 
drainage, irrigation and landscaping purposes. They provide water for over 136,000 ha of agricultural production 
land and serve as both stormwater and wastewater drainage channels for 25 of the 30 districts of the city. On the 
other hand, located at Hanoi’s north-eastern gate, Long Bien and Gia Lam districts have a strategic economic and 
social position in the city’s development. With connections to the North and North-Eastern provinces through 
key transportation routes including National Road No. 1A, National Road No. 5, the Hanoi–Thai Nguyen 
National Highway No. 3, the Hanoi–Haiphong and Hanoi–Lang Son expressways, and the Hanoi–Lao Cai and 
Hanoi–Hai Phong railways, the districts provide enormous opportunities for trade, investment, services and 
tourism for the city.

This Policy Note draws on the findings and recommendations of the World Bank-financed technical assistance 
to the city. This study is also in line with the World Bank’s ongoing collaboration with the Government of Vietnam 
to help develop strategies and to identify the fundamental shifts needed to achieve national water security.

Over the course of the study, a series of working meetings, data collection missions and consultation sessions 
were undertaken with over 30 organizations, including government ministries and departments, district-level 
People’s Committees, state-owned enterprises, private companies, professional organizations, research facilities, 
and universities. Five workshops were organized to present the study process, results and analysis, and to collect 
feedback on methodology and recommendations.
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Building on an extensive baseline assessment, the study modelled wastewater and drainage systems in the 
study areas together with existing and future development plans for the areas. A rapid assessment of the social, 
environmental and economic implications of interventions was undertaken and an investment plan for the short, 
medium and long-term was carried out. Although the modelling and investment plan cover only the study areas, 
they also provide a modelling methodology and analytical framework that can be applied to all parts of the city 
to inform comprehensive planning and sequencing of interventions. 

The greatest cost of poor sanitation and pollution is its likely impact on human health, and 
risks have increased with the recent pandemic

Poor sanitation reduces human well-being and impairs social and economic development. According to the 
World Health Organization (WHO), poor sanitation is linked to transmission of diseases such as cholera, 
diarrhoea, dysentery, hepatitis A, typhoid and polio and exacerbates stunting. It is believed to be the main 
cause in over 430,000 diarrhoea-related deaths worldwide each year.1 Poor sanitation causes economic losses 
associated with the direct costs of treating sanitation-related illnesses and with income lost through reduced or 
lost productivity. A 2008 study conducted in Southeast Asia found that the economic costs of poor sanitation 
and hygiene amounted to over US$9.2 billion a year (2005 prices) in Cambodia, Indonesia, the Philippines, and 
Vietnam, equivalent to 2 percent of the total GDP for all of the countries combined.2

A 2003 study by WHO emphasized the risk of floods and heavy rainfall events transporting terrestrial 
microbiological agents into drinking water sources, resulting in an increase in bacteriological and parasitic 
diseases.3 Floods can also cause contamination of public water supplies through surface discharge flows into 
rivers and reservoirs, particularly in cases where there are combined sewerage and drainage systems and where 
insufficient drainage capacity leads to flooding of urban surface areas with waste water. Health risks such as these 
tend to be severe in large, densely populated cities like Hanoi.

The COVID-19 pandemic has come as a salutary reminder of the vulnerabilities of large cities. The 
outbreak underlines the vital need to ensure proper hygiene practices with access to safe water and sanitation 
services, and to eliminate the risks of disease transmission caused by pollution and flooding. Investing in core  
public health infrastructure, including water and sanitation systems is a cost effective strategy for increasing 
pandemic preparedness. 

Combined together, the recognized impacts of poor sanitation services on public health and associated social 
and economic development and the recent outbreak of COVID-19 pandemic should serve as an urgent call to 
expedite the implementation of the recommendations of the policy note. 

FINDINGS AND ANALYSIS

Water pollution

Pollution is the greatest water-related threat to the Vietnamese economy. Its impact on human health alone could 
reduce GDP annually by 3.5 percent by 20354, with further impacts from the effects of declining water quality on 
paddy yields. This national challenge is reflected in the pollution problems of Hanoi, where half of the population 

1 World Health Organization. Sanitation fact sheet. Available at https://www.who.int/news-room/fact-sheets/detail/sanitation

2 Hutton G, Rodriguez UE, Napitupulu L, Thang P, Kov P. Economic Impacts of Sanitation in Southeast Asia. World Bank. Jakarta. 2008.

3  A.J. McMichael, D.H. Campbell-Lendrum, C.F. Corvalán, K.L. Ebi, A. Githeko, J.D. Scheraga and A. Woodward. Climate change and 

human health - risks and responses. World Health Organization. Geneva. 2003.

4  World Bank Group. 2019. Vietnam: Toward a Safe, Clean, and Resilient Water System. World Bank, Washington, DC. © World Bank. 

https://openknowledge.worldbank.org/handle/10986/31770 License: CC BY 3.0 IGO.
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live in areas already classified as ‘heavily polluted’. Every day the city discharges over 1 million m3 of wastewater 
into rivers and open water bodies, with only one-fifth of that wastewater collected and treated properly. 

Water pollution has been worsening for years, and water quality has been plummeting. In just three years 
(2016 – 2018), the Water Quality Index (WQI)5 in the dry season in the four main rivers – To Lich, Nhue, Day, 
and Tich/Bui - decreased sharply. Few locations now have water usable even for irrigation (WQI above 50), 
while water in long stretches of the four rivers is classified as ‘red’ because the WQI is below 25, indicating very 
heavy pollution. In some locations the water is so polluted that the WQI is below 10. The riverine environment 
is degrading and the high levels of pollution are threatening human health as well as the huge downstream 
irrigation area.

This water-borne pollution is driven by a serious infrastructure deficit. Very little of the city is sewered – less 
than one tenth - and four fifths of Hanoi’s sewage simply runs untreated in open drainage channels into the rivers. 
Even in the 20 percent of the city where sewer networks exist, households are reluctant to connect to the system, 
despite the low, subsidized tariffs. Septic tanks are widely used but septage management is poor. Overflows cause 
raw sewage to pond in the open, and seepage to the water table is polluting both groundwater and stream flows. 
Adding to the problem is the decline in water levels in the rivers, partly due to sedimentation imbalance caused 
both by extensive riverbed sand mining which is lowering the riverbed, and by upstream reservoirs limiting 
sediment transportation to downstream reaches of the Red River. The consequence is a dwindling capacity to 
dilute the high levels of polluting inflow.

The problem is growing more severe day by day. Hanoi continues to grow fast, with an urbanization rate of 
over 3 percent per year compared to an average of 1 percent per year nationwide, and volumes of wastewater 
and pollution are on the rise. The analysis shows, if no action is taken now, water pollution in river systems 
is projected to increase in the next five years by two to three times. By 2030, almost the entire length of the 
four rivers would be heavily polluted. Immediate action is needed to protect the health and wellbeing of the 
urban population, to provide a setting conducive to the growth of industry and commerce, and to protect the 
downstream population, agriculture, and environment.

Tackling the pollution problem requires management of wastewater through infrastructure investments in 
sewerage networks including household connections and wastewater treatment, better septage management, 
better septic tank construction and improvement of pollutant load carrying capacity of the river system through 
river flow enhancement.6 This can only be done through a city-wide inclusive sanitation framework where 
everybody benefits from adequate sanitation services; where human waste – sewage and solid and plastic waste 
- is safely managed along the whole sanitation service chain; and where effective resource recovery and reuse is 
practiced. Reaching these goals will be difficult. A diversity of technical solutions will be required, using adaptive, 
mixed and incremental approaches. With so large a city as Hanoi and so great an infrastructure deficit, both 
onsite and sewerage solutions will need to be combined in either centralized or decentralized systems. 

Urban flooding

Hanoi’s rapid expansion has outpaced the development of drainage infrastructure and management. The result 
has been increasingly damaging and costly flooding. These floods are driven by the short, heavy rainfall events 

5  The Water Quality Index (WQI) summarizes water quality data for reporting to the public in a consistent manner. In Vietnam, WQI 

is calculated from nine parameters, including pH, DO, BOD5, COD, N-NH4, P-PO4, TSS, turbidity and total coliform. The official  

WQI scale is: 0 – 25 (red) = Heavily polluted; 26 – 50 (orange) = Usable only for waterway navigation and other similar purposes;  

51 – 75 (yellow) = Usable for irrigation and similar purposes; 76 – 90 (green) = Usable for domestic water supply purposes after treatment; 

91 – 100 (blue) = Good for domestic water supply purposes.

6 A detailed study on environmental and social impacts of changing river flows is required in pre-feasibility and feasibility stages.
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that bring huge amounts of runoff into an inadequate and poorly managed drainage system which is often 
clogged by blockages (drain collapse and garbage). Only one quarter of the city has a properly functioning 
drainage system.

Already, 16 key locations across the city are prone to severe flooding, which can last up to 18 hours. Any 
cloudburst that delivers more than 50 mm of precipitation in two hours (return period of 1.54 years) results in 
widespread localized flooding. In the two focus districts – Long Bien and Gia Lam –the drainage system, which 
relies solely on gravity, has not been developed as a full network. Many of the main canals are not properly 
channelized and they lack embankments. This, combined with often poor maintenance, severely reduces drainage 
capacity and floods frequently spill over onto surrounding areas. Culverts are also often blocked by mud, trash 
or plastic bags. 

The existing drainage system is largely made up of conventional drainage infrastructure. There is only limited 
use of green, nature-based solutions - primarily lakes that retain water and so flatten the peak of flood exposure 
curves associated with severe precipitation events. However, poor maintenance and management of these lakes 
reduces their usefulness. 

If nothing is done, a combination of natural and man-made change will considerably increase flood risk in 
the coming years. Under climate change, the intensity and frequency of the cloudbursts that produce flooding is 
projected to increase. Under climate change scenario RCP 4.5, the one day maximum precipitation is projected 
to increase by ~10 percent by 2030 and ~27 percent by 2050. The accelerating urbanization process will cover 
ever more of the city area with impermeable materials, and the drainage system will be less and less capable of 
dealing with the rising levels of runoff. As a result, in the two focus districts, the modelling shows that by 2030, 
if nothing is done, the total area at risk of flooding could increase by 65 percent and the areas exposed to deep 
flooding could double, with almost one fifth of the districts’ critical transport network vulnerable to flooding. 
City-wide, flood risk is a major problem for the new multi-billion dollar, metropolitan public transport system 
currently under construction.

RECOMMENDATIONS

A comprehensive and integrated strategy

For Hanoi to continue its successful development as a modern city, there is a need for investment both in the 
physical infrastructure as part of a phased program and in the management and regulatory systems. These 
investments will ensure that pollution and flooding are contained and that wastewater and flood management 
services can cope with the continued growth of the city and are efficient and financially, and environmentally 
sustainable.

Infrastructure alone cannot solve Hanoi’s challenges in pollution and flooding. A comprehensive and 
integrated approach is needed that addresses the physical and hydrological elements of the city’s water system, as 
well as aspects related to governance, institutions and human behaviour. 

Infrastructure investments

To reduce pollution, the priority is to move towards collection and treatment of all wastewater within the city. 
In the coming years, Hanoi needs to ensure that sanitation services serve all urban areas and make provision for 
treatment of all wastewater; ensure that all households connect to the sewer system and that the O&M of the 
wastewater system is fully financed; and ensure that all industrial wastewater is pre-treated within a workable 
regulatory framework. Ideally full cost recovery will be the long term objectve, in the nearer term the cost of all 
operations and maintenance will need to be covered by a combination of tariffs and subsidies. These subsidies 
should be on a declining level. It is also essential to bring in supplementary water to restore freshwater flows of the 
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four rivers that flow through Hanoi in order to at least maintain environmental water flow. Full environmental 
impact assessment must be carried out before any water transfer project and the quality of the supplementary 
water should be maintained at a minimum of A2 standard, QCVN 08:2015.7 This would require close coordination 
between Hanoi and upstream provinces such as Hoa Binh, to prevent pollution from upstream affecting water 
quality downstream. Pumping stations will need to be operated in a way that avoids transferring water when the 
quality of supplementary water is below A2 standard.8

Developing a city-wide sewerage network and treating all wastewater is a massive logistical and investment 
challenge that can only be met over several decades. The objective should be to complete universal sewerage and 
wastewater treatment by 2050. In the meantime, many districts will continue to be served by septic tank systems, 
and strengthening of septage management and regulation is an imperative.

Investment to reduce flood hazard in Hanoi includes infrastructure at source to increase retention of water 
and to promote infiltration, including by nature-based solutions like green infrastructure; improvements to 
canals and culverts, stormwater pumping stations and regulating lakes along the drainage system to store water 
temporarily and increase the speed at which floodwater drains into the rivers; and works along and within 
the river to ensure that outflows from the city are absorbed and conveyed downstream efficiently. Regular 
maintenance to keep drains free of blockages will also be essential.

Because many drainage paths currently function primarily as open sewers, resolving the wastewater problem 
with a comprehensive piped collection and conveyance system would help alleviate the flooding problem. 
Floodwater drainage and wastewater management need to be planned together.

In addition to these investments, Hanoi should invest in ‘green infrastructure’ which can not only help mitigate 
pollution and absorb runoff but also increase the attractiveness of Hanoi as a place to live, visit and invest.

Prioritization of infrastructure investment

A multi-criteria analysis was applied to prioritize infrastructure interventions. Six criteria were selected: 
(i) improvement of service levels and water security; (ii) economic impacts and operational efficiency; (iii) 
environmental impacts; (iv) social implications; (v) ease of implementation; and (vi) benefits to climate 
resilience. For each criterion, each intervention was given a score from 0 to 4, with 0 indicating no impacts and 4 
indicating significant impacts. The aggregate sum of the scores for each intervention was compared to sequence 
the interventions. The items with high values (≥15) are priorities for the short term and those with lower values 
(≤14) are for the medium term. 

Infrastructure investment to reduce water pollution in the four rivers To Lich, Nhue, Day and 
Tich/Bui

Short term infrastructure investment to reduce water pollution in the four rivers would involve the 
implementation of water transfer schemes - from Tich River to Day River with a flow of 20 m3/s and from 
Red River to West Lake to To Lich River with a flow of 5 m3/s. These water transfers must be based on detailed 
environmental impact assessments and need be carried out in conjunction with other actions by the city, 
including optimization of existing wastewater treatment plants (WWTPs) and collection networks, acceleration 
and completion of ongoing sewerage network construction (Yen Xa, Phu Do and Tay Song Nhue), and 
completion and operation of the Lien Mac head work cluster project and the Tich River rehabilitation project. 
In a “high” scenario for 2025, where existing WWTPs reach maximum operating efficiency, WWTPs now 

7 QCVN 08-MT:2015/BTNMT National technical regulation on surface water quality

8  Upstream hydropower plants stay in compliance with Inter-reservoir operation procedure in Red River Basin, issued in Decision No. 

740/QD-TTg dated June 17, 2019
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under construction operate at 50 percent of design capacity, and the quality of supplemented water sources 
meets A2 standard QCVN 08:2015, almost one half of the current daily wastewater volume (476,000 m3)  
could be collected and treated and water quality in the four rivers would be improved by 80 percent in comparison 
to a “do nothing” 2025 scenario.9

Medium term investment would involve the implementation of six new sewerage networks – Lai Yen, Duong 
Noi, Vinh Ninh, Dai Ang, Ngu Hiep, Phu Luong with a total design capacity of 261,000 m3/day – together with 
a pilot project for constructed wetlands. In a 2030 scenario that all existing and ongoing WWTPs and these 
six new sewerage networks operate at maximum capacity, about 1 million m3 of wastewater could be collected 
and treated and water pollution in the rivers could be reduced by up to 90 percent compared to “do nothing”  
2030 scenario.10 Under this scenario, the river water would be usable for irrigation and other downstream uses.

Total estimated construction cost for these investments is 12,247 billion VND (US$ 516.5 million), of which 
1,340 billion VND (US$ 56.5 million) in the short term and 10,907 billion VND (US$ 460 million) in the 
medium term. The investment in the short term would directly benefit almost one million people living up 
to a 1 km distance from the To Lich, Nhue and Day Rivers, with an economic return (IRR) of 22 percent. 
The medium-term investment would benefit almost one million people in the areas serviced by the proposed 
sewerage networks and in households connected to the pilot constructed wetlands. This phase of investment has 
an economic return of 13.5 percent. It would require acquisition of 33 hectares of land.

Infrastructure investment to improve wastewater management and mitigate urban flood hazard in 
Long Bien and Gia Lam districts

In the short term, investment to improve drainage and wastewater management in Long Bien and Gia Lam 
districts11 would comprise the construction of two stormwater pumping systems - Cu Khoi and Xuan Thuy – 
together with construction or improvement of some of the main canals. Two sewerage networks – Ngoc Thuy 
in Long Bien and Dong Du in Gia Lam - and associated household connections would be implemented, with 
an expected connection rate of 50 percent of existing households. The proposed drainage improvement works 
would reduce the area exposed to flooding from 63 ha under existing land use conditions to only 3.8 ha in 2025, 
a decrease of 93 percent.12 The operation of Ngoc Thuy and Dong Du sewerage networks would help to collect 
and treat up to 50,000 m3 of domestic wastewater per day, equivalent to around 50 percent of current domestic 
wastewater load in the whole catchment.

Medium term investment would involve construction of Dong Du and Kieu Ky stormwater pumping systems 
in Gia Lam, the construction of 91.7 ha of regulating lakes in the two districts, embankment of a section of Cau 
Bay River and Bac Hung Hai River, and construction of the remainder of the required network of canals and 
box culverts. In this phase, construction would also include green infrastructure for drainage management, the 
Phu Thi sewerage network, expansion of the capacity of Dong Du sewerage network, and tertiary sewers and 
household connections for the remaining 50 percent of existing households in the Ngoc Thuy and Dong Du 
sewerage network. These investments would fully address the urban flooding risk in the medium term, and 
associated flood damage would be mitigated.

9 On average, concentrations of DO would increase by 65%, of BOD5 decreasing by 75% and of NH4+ decreasing by 90%.

10  Average DO concentration is projected to increase by 91%, and average BOD5 and NH4
+ concentrations decreasing by 80% and 93% 

respectively.

11  A project which would implement this phase of investment in the two focus districts is under preparation for proposed World Bank 

financing. Feasibility studies are expected to be completed by March 2021.

12  This would need to be in conjunction with the completion and operation of Gia Thuong pumping station, which is currently 

implemented by Hanoi Water Project Management Unit
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Total estimated construction cost for investments to improve drainage and wastewater management in the 
two focus districts is 7,348 billion VND (US$ 310 million), of which 4,548 billion VND (US$ 190 million) in 
the short term and 2,800 billion VND (US$ 120 million) in the medium term. The investment in the short term 
would benefit 460,000 people living in the catchment and require 53 hectares of land to be acquired, while 
the investment in the medium-term benefits 520,000 people and require acquisition of 131 hectares of land and 
resettlement for about 7,800 people. The economic returns of the two phases of investment are 14 percent and 
13 percent respectively.

A summary of the phased infrastructure investment and associated construction cost and economic return 
is provided in Figure 1.13

Figure 1: Summary of sequencing of proposed infrastructure investment

Note: Text in black = investments for water pollution improvement in four rivers; Text in orange = investments for drainage and 
wastewater management in two districts; Shape with dash outline = Investment proposal by Hanoi City currently supported by 
World Bank

13 Refer to Figure 13 in page 49 for the full version
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Investment in institutions

Alongside these infrastructure investments, it is essential for Hanoi to also undertake measures to create an 
enabling environment for efficient and sustainable operation and management of infrastructure. This requires 
actions on:

·	 A road map for institutional development, providing for consolidation and strengthening of water-
related departments to align with international best practice and, specifically for pollution, bringing all 
agencies under Hanoi DoNRE affiliation and supervision. In addition, capacity building support will 
be needed, together with development of benchmarking and target setting to help Hanoi’s management 
agencies align with international standards. 

·	 Preparation of a phased program for study and investment to meet the target of complete city-wide 
sewerage and wastewater treatment by 2050. There needs to be a balance of investment to ensure the 
development of integrated systems, with the collection network of tertiary sewers, drains and household 
connections matched with wastewater mains and treatment facilities. Pollution management should 
be prioritized based on the pollutant load carrying capacity of the river system. Green infrastructure 
technical standards and development plans need to be adopted.

·	 Development of an incentive structure for an affordable and sustainable wastewater management 
system, including: (i) a full cost recovery policy on sewage tariffs (initially covering the O&M cost 
of 3,000 VND on average and increasing gradually), with financial support for poor households and 
a communications campaign to gain consumer endorsement of tariff increases; (ii) mechanisms to 
oblige connection to sewer networks; and (iii) creation of a viable market mechanism for sale of treated 
wastewater.

·	 Behavioural change including willingness to connect to the sewerage network and readiness to pay for 
sanitation services should be promoted. This could be achieved through an extensive communications 
campaign at national, city and local levels supported by strong involvement of mainstream media.

·	 Strengthening environmental monitoring: to increase the network of stations for both hydrological 
and water quality monitoring, and step up the frequency of water quality monitoring to a monthly basis, 
especially monitoring of discharges. Where water quality monitoring has lapsed, as in the To Lich, Tich 
and Cau Bay rivers, it needs to be restored.

·	 Strengthening the enforcement of regulations on pollution: accelerate the completion and connection 
of automatic water quality and wastewater load monitoring equipment for industrial areas and other 
large and hazardous point-sources; increase the frequency of periodic and random investigation of large 
and hazardous pollution sources using a risk-based approach; carry out pollution source surveys on 
a yearly basis for large point sources and hazardous sources, and once every two years for medium 
and small point sources; continue rigorous enforcement on illegal sand mining in the Red River; and 
increase penalties on non-compliant entities and apply administrative sanctions such as withdrawal of 
permits or confiscation of equipment.

·	 Mobilizing finance for investment by improving public expenditure efficiency, and by drawing on 
existing and new financing options, as well as from the private sector. The public and private resources 
should be used to support investments and operations; and private sector expertise should be introduced 
to bring in efficiency in operations and international best practices. Private sector participation could 
be increased by developing attractive models for PPP, setting up funding mechanisms to underwrite 
the revenue stream from sanitation services for PPP projects, and improving the quality of project 
preparation and design of PPP arrangements.
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A summary of the change mechanisms envisaged for the proposed infrastructure interventions for water 
pollution mitigation and improved management of drainage and wastewater in focused areas is provided in the 
following Theory of Change diagram (Figure 2).14

Figure 2: Summary of investment Theory of Change

The infrastructure investment plan and the proposed institutional changes and strengthening outlined in this 
policy note demonstrate that with a total investment over the ten years to 2030 of 19,680 billion VND (US$ 830 
million), Hanoi can reduce water pollution in the four rivers (90 percent reduction) and make the two focus 
districts of Long Bien and Gia Lam flood-free urban areas. With further investment in sewerage networks, the 
drainage system and green infrastructure, all sustained by a city-wide resilience and sanitation program anchored 
to continuing institutional reforms, Hanoi can aim to realize the aspiration of becoming a water pollution and 
flood-free city by 2050. It is worth noting that there will always exist some residual risks that incidents occur 
in which waters are polluted or that the capacity of the drainage system is not enough to fully prevent flooding 
during a high intensity storm. To prepare itself for these events, the city needs to strengthen its disaster risk 
management and rescue plan and have in place a strategy to respond to pollution emergencies.

* * * * *

14 Refer to Figure 14 in page 62 for the full version





Chapter 1

Introduction

Hanoi is a fast-growing city experiencing severe water pollution and flood hazard, both of which are affecting 
economic activity and the liveability of the city. Water pollution is also affecting the ecology of the river system 
and threatening the large downstream irrigation areas, including the vast Bac Hung Hai irrigation system, as well 
as irrigation systems in the neighbouring provinces of Ha Nam, Ninh Binh and Nam Dinh provinces. 

The city’s Drainage Master Plan aims to tackle the causes of these two problems and to make Hanoi free of 
water pollution and floods by 2050. This will require long-term planning to address current issues and to build 
into the future development of the city the measures and infrastructure that will prevent water pollution and 
flooding both in the existing city areas and in its extensions.

Planning will need to address these issues within an integrated view of the water system both in the city 
and upstream and downstream of it. In addition, planning will also need to take account of the effects of a 
changing climate. These changes are likely to exacerbate both the pollution risk – through declining river 
levels – and the flood risk, through increasing incidence of the kinds of intense rainfall that at present lead to 
flooding.

There is clearly an infrastructure gap that needs to be filled by investment over many years. But infrastructure 
alone will not solve the problems. There is a need for institutional (and behavioural) change too, to resolve the 
challenges of creating an enabling environment for efficient and sustainable system operation and management.15 
Soft measures that need to be implemented alongside infrastructure investments include improvements to the 
regulatory environment and its application; provision for the financial sustainability of services, particularly 
wastewater services; clearer allocation of responsibilities; adequate financing of purely public services; and the 
strengthening of the mandated agencies to do their job more effectively.

WORLD BANK COLLABORATION AND THE SUPPORTING STUDY

The World Bank is working with the Government of Vietnam and the government of Hanoi City to help develop 
strategies and to identify the most fundamental shifts needed to achieve national water security. In a first phase 

15  These challenges include, but are not limited to: (i) fragmentation of institutional arrangements in drainage and wastewater 

management resulting in conflicting and overlapping responsibilities and weak accountability; (ii) ineffective enforcement of 

regulations; (iii) lack of a workable framework for cost recovery; (iv) absence of a mechanism to promote household connection to 

sewerage networks; (v) green infrastructure is not generally recognized or integrated into policies and standards; (vi) inadequate 

environmental monitoring and inefficient monitoring of compliance with waste discharge licenses; (vii) lack of sustainable financial 

structure for private investment in the sector; and (viii) low level of penalties for law violation.
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of this support, the World Bank published in 2019 a comprehensive assessment of the sector Vietnam: Towards 
a safe, clean and resilient water system. This report identified areas for further support to address key issues, 
including urban water pollution and flood hazard. Pollution in particular was found to be the greatest water-
related threat to the economy nationwide, with the potential to reduce annual GDP by as much as 4.3 percent if 
nothing is done.16 

In 2018, the city of Hanoi invited the Bank to work together on the particular issues of water pollution and 
flooding that the city was facing. In its master planning, Hanoi had put in place its strategic long-term vision to 
address these two challenges.17 However, implementation of the plans and of the proposed investments has been 
slow. The World Bank support was thus intended to be complementary to Hanoi’s own planning processes and 
plans and to support their effective implementation.

The Bank commissioned a preliminary study - Study on water pollution control and drainage and wastewater 
improvement in Hanoi city. The study was conducted during 2019 by ICEM and Nippon Koei. The results were 
presented in a series of seven technical reports and form the basis for this policy note. The study addressed 
the issues of water pollution and flooding in the city. For water pollution, the study focused on the four rivers 
that run through Hanoi. For the flood problem, the study used an in-depth assessment of two key districts to 
illustrate problems and solutions that could be applied across the board. The study established baselines for water 
pollution for the four rivers – To Lich, Nhue, Day and Tich/Bui - and for wastewater management and flood in 
the two focus districts – Long Bien and Gia Lam. Detailed modelling was undertaken – see the box below - to 
look at the system as a whole to pinpoint the problems and to identify and prioritize what needs to be done, 
where and when. A comprehensive investment plan was prepared, focusing specifically on water pollution in the 
river system and on drainage and wastewater management in Long Bien and Gia Lam.

Table 1: List of technical reports

No. Report Description Date

1 Inception 
Report

The report describes the Inception Mission, presents a preliminary compilation 
of available data, identifies key challenges to project implementation, and 
details the revised methodology, work plan and the scope of work for the study.

June 2019

2 Baseline 
Report I & 
Baseline 
Report II

The reports synthesize data and information collected from government 
agencies and elsewhere to establish up to date information on the status of 
water pollution in the four rivers – To Lich, Nhue, Day and Tich/Bui and on issues 
related to drainage and wastewater management in the two districts – Long 
Bien and part of Gia Lam

August 
2019

3 Additional 
Considerations 

Report

This report suggests a comprehensive strategy to address water resources 
management challenges in Hanoi City. It provides a description of proposed 
infrastructure interventions to address water pollution in the four rivers and to 
improve drainage and wastewater management in the two districts, presents a 
rapid assessment of financial and economic, social and environmental implications 
of these interventions, and explains a method to sequence these interventions. 
The report also documents an analysis of the Hanoi institutional and policy/
regulatory environment and identifies soft interventions to create an enabling 
environment for effective and sustainable operation of infrastructure works

December 
2019

16 Most of the reduction – 3.5 percent – would result from the impact of pollution on human health.

17  Hanoi City People’s Committee. Construction Master Plan of Hanoi Capital to 2030, vision to 2050. July 2011; Master Plan on Socio-economic 

Development of Hanoi City to 2030, orientation to 2030. June 2011; Hanoi Drainage Master Plan to 2030, vision to 2050. May 2013.



Introduction | 3

4 Modelling 
Report I & 
Modelling 
Report II

The reports present the results of broad scale water quality modelling to assess 
the effectiveness of water pollution reduction solutions for the four rivers, as well 
as the results of hydraulic modelling to assess the impacts of proposed drainage 
infrastructure works in mitigating urban flood risks in the two focus districts.

February 
2020

5 Investment 
Plan

Synthesizing analysis from the Additional Considerations Report and 
the Modelling Reports and reflecting on feedback and input provided by 
relevant stakeholders, the Investment Plan provides an infrastructure 
investment strategy for Hanoi City to achieve the vision of a flood-free 
and water pollution-free city by 2050. It focuses specifically on water 
pollution reduction for the four rivers and on improvement of drainage and 
wastewater management in the two focus districts. The Investment Plan sets 
out investment works for the short and medium term, proposes long-term 
actions, and lays out activities for soft measures to develop an enabling 
environment for these investment works.

March 
2020

Box 1: Modelling the system to analyse scenarios and prioritize interventions

Comprehensive hydraulic models are an essential tool when performing an in-depth analysis of urban 
drainage, wastewater management and water quality management. In this project, existing models were 
integrated into a system model framework for water pollution, wastewater management, and drainage 
management.

Two separate models were used to simulate the key components of the system: a drainage model and a 
water quality model. Using MIKE Urban, the drainage model simulated rainfall and runoff in the basin of 
Long Bien and Gia Lam districts to determine the runoff and outflow from this catchment. The model was 
built on the existing MOUSE model used in the development of the Hanoi Drainage Master Plan. 

For the water quality model, a 1D-hydrodynamic based model was developed using MIKE ECOLab. 
This model takes flow inputs from a NAM model18 and measures pollutant concentrations in the four rivers. 
The results from the drainage and water quality model may be fed back into a basin model to simulate 
downstream flow and conditions.

Each model simulated a number of scenarios to assess the effectiveness of various interventions in reducing 
water pollution in the four rivers and in mitigating urban flood risks in the two focus districts, adjusting the 
scale of application or proposing additional interventions where possible. Different interventions then were 
modelled one at a time, or through a variety of combinations.

The water quality model first projected water pollution status in the short and medium term under a 
‘do nothing’ scenario, taking into account socio-economic and sectoral development trends. The modelled 
interventions include: (i) existing and ongoing wastewater treatment plants (operating at 50 per cent and 
100 percent capacity); (ii) river flow enhancement (at different flows and different quality of supplemented 
water); and (iii) the wastewater treatment plants approved in the Drainage Master Plan (operating at 50 
percent and 100 percent capacity). The results were compared with the baseline – ‘do nothing’ – scenario to 
quantify the impacts on pollution concentrations and loading in the rivers and to prioritize implementation

18

18  NAM (NedborAfstromnings Model) is a lumped and conceptual catchment runoff model.  It provides a continuous time series 

boundary condition for inflow to the hydrodynamic and water quality model.
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of the interventions. Climate conditions were not a direct input to the model, but were factored into the 
water allocation for operation of irrigation/drainage pumping stations in the river system.

Similarly, the drainage model projected future urban flooding risks in the medium and long term under 
the urbanization process and climate change impacts (climate change scenario RCP 4.5) if no investment to 
improve the drainage system is undertaken. Interventions proposed in the Drainage Master Plan, including 
stormwater pumping stations, improvement of canals and culverts, and retention/detention lakes, were then 
simulated in the short, medium and long term to assess how much flooding risks would be reduced in 
different phases of investment. Additionally, a set of green infrastructure interventions was also modelled to 
assess how green infrastructure could contribute to support the hard engineering investments in addressing 
future flooding risk.



Chapter 2

The Hydrological System  
of Study Area

THE RIVER SYSTEMS RUNNING THROUGH HANOI

The hydrological system of inner Hanoi City is framed by four rivers of high strategic and 
economic importance

The four rivers running through the inner city of Hanoi – To Lich, Nhue, Day and Tich/Bui – form the 
core of the Nhue-Day river basin and are strategically important to Hanoi in terms of both drainage and 
of amenity and cityscape. As they flow through the city, the four rivers serve as both stormwater and 
wastewater drainage channels for 25 of the city’s 30 districts. There is a network for hydrological and water 
quality monitoring but the institutional arrangements are complex and there are significant shortcomings 
in data collection (see Box 2).

Cau Bay River plays an equally important role for Long Bien and Gia Lam districts as the four 
rivers do for inner Hanoi City 

The two focus districts of Long Bien and Gia Lam lie south of the Duong River on the opposite bank of the 
Red River from metropolitan Hanoi. The two districts are in the separate drainage system of the Cau Bay River, 
which serves as both the main drainage route from the two districts and the main water supply for downstream 
agricultural land. With a total length of almost 13 kilometres, the Cau Bay discharges directly to the Bac Hung 
Hai irrigation system, which controls floods for 185,000 ha of cultivation area and supplies water for 135,000 ha 
of crops. 

The river network of Hanoi is presented in a schematic diagram in Figure 3. Figure 4 illustrates this river 
network spatially, including the four rivers flowing through territory of the City within the larger river network 
of Nhue – Day system and the Long Bien – Gia Lam catchment.
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Figure 3: Schematic diagram of river network in Hanoi City

Figure 4: River network in Hanoi, including Nhue – Day river basin and Long Bien – Gia Lam catchment
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Box 2: Shortcomings in hydrological and water quality monitoring

In the Nhue-Day river basin there are 16 hydrological monitoring stations but many of these are out of 
commission, some because of the decline in the river water levels. Only a single station - Lam Son on the Bui 
River in Hoa Binh province - now conducts regular flow monitoring. In addition, along the Nhue, Day and 
Tich rivers, there are water level observation points serving the operation of sluice and pumping stations by 
irrigation development companies. 

For water quality monitoring, responsibilities are fragmented amongst several government entities. The 
Environmental Protection Agency (EPA) within the Hanoi Department of Natural Resources and Environment 
(DoNRE) monitors surface water quality in both dry and rainy seasons at 16 locations on the Nhue River 
and 20 locations on the Day River. In the past, the Centre for Environmental & Natural Resources Monitoring 
carried out a monitoring program for the To Lich and Tich Rivers, but since 2017, this program has stopped. 
Since 2011, the Northern Centre for Environmental Monitoring of Vietnam Environmental Administration 
(VEA) has been conducting a monitoring program at 42 representative locations on the main rivers in 
the Nhue-Day basin with a frequency of two to five times per year. The Ministry of Agriculture and Rural 
Development (MARD) also assigned the Institute of Water Resources and Planning (IWRP) to monitor and 
evaluate water quality changes in the main Nhue River and some of its tributaries. The network of water 
quality monitoring locations is shown in the Annex.

DECLINING WATER LEVELS IN THE RIVER SYSTEM

Recent years have seen a significant change in the hydrology of the Hanoi area, with considerable decline in the 
water level and water flows in the river system.

Observation data at the Hanoi and Son Tay stations 2000–2018 show a declining trend in the water level in 
the Red River, especially in the dry season. Over this nineteen (19) year period, the average annual water level 
dropped by about 3.0 metres at the Hanoi station and by about 3.6 metres at the Son Tay station.

Figure 5 and Figure 6 show the clearly declining trends in daily water level and average water level of the Red 
River at Son Tay station during this period. On average, the water level has been declining by 14 cm per year in 
the wet season and by 18.6 cm per year in the dry season. In the period from January to February when there is 
peak irrigation demand, the water level experiences the largest drop, of about 2.7 meters. 

The declining water level results in part from sedimentation imbalance caused by extensive riverbed sand 
mining lowering the riverbed19, and by upstream reservoirs, including Lai Chau, Son La, Hoa Binh, Tuyen 
Quang and Thac Ba reservoirs, limiting sediment transportation to downstream reaches of the Red River.

19  Kim Nhue. Synchronize solutions to cope with the lowering water level of Red River. Hanoimoi newspaper. November 11, 2019. 

Available at http://www.hanoimoi.com.vn/tin-tuc/Doi-thoai/950573/dong-bo-nhieu-giai-phap-ung-pho-voi-muc-nuoc-song-

hong-ha-thap
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Figure 5: Daily water level on Red River at Son Tay station (2000–2018)

Source: Vietnam Meteorological and Hydrological Administration

Figure 6: Average water level on Red River at Son Tay station (2000–2018) in dry season (Nov – May) 
(above) and in wet season (Jun – Oct) (below)
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Chapter 3

Tackling the pollution 
challenge

THE PROBLEM OF WATER POLLUTION IN HANOI CITY

Water quality in rivers is poor and deteriorating, resulting in half the population of Hanoi living 
in areas classed as ‘heavily polluted’

Even a cursory inspection of water bodies within Hanoi – the four rivers To Lich, Nhue, Day and Tich/Bui, 
Cau Bay River, and the lakes and ponds - reveals the very bad water pollution in the city. The water quality in 
the rivers is fit neither for potable nor irrigation uses and the riverine environment is degrading rapidly. It is 
estimated that about half of Hanoi’s residents live in areas classed as ‘heavily polluted’. Water quality monitoring 
results indicated that few localities have a water quality index (WQI) above 50, a level below which water is no 
longer usable for irrigation or aquaculture. Many locations have WQIs below 25, sometimes below 10, indicating 
serious pollution, unusable without extensive treatment. The trend is worsening – the average Water Quality 
Index (WQI) in all of the rivers in the dry season decreased sharply during the period 2016–2018 (Figure 7).

Figure 7: Declining average water quality in dry season in four rivers flowing through inner city
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The To Lich River is heavily polluted in every stretch downstream of the city – in fact, untreated domestic 
wastewater currently comprises almost 100 percent of flows in this river. Water pollution in the Nhue River has 
deteriorated to almost the same level as in the To Lich, with particularly high pollution levels in the dry months 
from October to April. The Nhue is particularly polluted in its stretches within the city, especially when flowing 
through the districts of Bac Tu Liem, Nam Tu Liem, Ha Dong and Thanh Tri. Water quality in the Day River 
is very poor and has worsened steadily, especially in the dry season. Today, water quality in this river is rarely 
adequate for it to be used for agriculture and irrigation purposes. Only in the Tich/Bui River is the water still 
generally usable for irrigation.

The Cau Bay River, which drains the Long Bien and Gia Lam districts, has the same high level of pollution as 
the To Lich. Upstream of the Xuan Thuy sluice, where the Cau Bay discharges into the Bac Hung Hai River, the 
water quality index (WQI) value has been consistently lower than 13 (i.e. very heavily polluted) ever since 2014. 
The pollution is so serious that the Xuan Thuy sluice gate is often closed or partly closed during heavy rainfall due 
to concerns that the Bac Hung Hai irrigation system would be too heavily polluted. However, closing the sluice 
gate causes stormwater in the Cau Bay River to back up and flood Long Bien district.

DRIVERS OF POLLUTION

Discharge of untreated wastewater and a decline in river flows are placing a large and 
increasing pollution burden on the river system

Over 1 million m3 of wastewater is generated in the city every day20. Although most homes have septic tanks to 
collect wastewater, only a fraction of this is treated, with the lion’s share discharged either raw or inadequately 
treated into rivers, open channels and other open water bodies. The constant polluting outflows from the city 
have seriously impaired water quality, compromising the riverine ecology and downstream irrigation. The 
wastewater load discharged into the four rivers is about 900,000 m3 a day, with a discharge of BOD5 of over 250 
tons (255,000 kg/day), of ammonia (NH4

+) about 8,600 kg a day, and of nitrate (NO3
-) about 100 tons a day. 

Households generate almost four fifths of this polluted wastewater (79 percent). Industrial parks and clusters 
account for just over one tenth of the volume (12 percent),21 although wastewater from these sources has a 
high pollution loading and often contains hazardous chemicals and minerals.22 Other minor contributors 
include wastewater from craft villages (4 percent), agriculture (4 percent) and medical institutions (1 percent). 
To exacerbate the problem, the capacity of the river system to absorb these high levels of polluting inflow has 
dwindled as river levels decline.

There are more than 280 wastewater discharge points (mostly domestic) along the To Lich River. There 
are also over 1,500 wastewater discharge points along the Nhue, Day and Tich rivers, with over 900 discharge 
points from residential drainage and over 650 discharge points from sources of industrial and service activities, 
hospitals, craft villages, farms, animal husbandry.

20  Hanoi has a population of over 9 million. Its wastewater flow may easily balloon when economic and industrial activities pick up 

and the lifestyles of its population change with better economic status. Singapore, at a higher level of income but with a smaller 

population (5.6 million) generated more wastewater than Hanoi - some 1.6 million cubic meters per day).

21  By concentration (kg/day), domestic wastewater contributes the major share of pollutant loads of BOD5, NH4
+, TSS or COD (around 

90% on average). Wastewater from industrial and craft village sources contributes the largest share of NO3
-.

22  For example, wastewater from the Thang Loi embroidery village and the Van Phuc silk village in 2013 had a chromium (Cr) 

concentration exceeding permissible standard by 1.3 to 1.7 times. Concentrations of arsenic (As) in Da Sy forging village and Phu 

Thu tin welding village in 2013 were higher than standard by 3.06 times and 2.69 times respectively. Phung Xa metal craft village had 

zinc (Zn) concentration exceeding standard by ~17 times and iron (Fe) concentration exceeding standard by ~4 times during 2011-

2014 period. The study Impacts of wastewater from main factories on water quality of To Lich river, Hanoi by Nguyen Dinh Dap (2019) 

reported high concentrations of lead (Pb) in the section of the To Lich River which flows through Thuong Dinh industrial zone.
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Figure 8: Main types of wastewater in area of four rivers in Hanoi

The infrastructure deficit means little of the domestic wastewater is collected into the sewer 
system – and not all of that is treated.

There is a significant lack of wastewater collection capacity in Hanoi - less than one tenth of the city is sewered. There 
are currently seven centralized WWTPs in the four river basins, with total designed capacity of approximately 
245,000 m3/day. These plants can meet up to 31 percent of domestic wastewater treatment demand in the area. 
Yet due to the inadequate collection system and to the reluctance of households to connect even where sewerage 
networks exist, in reality these plants treat only about one fifth of the city’s wastewater.23 

The operations of existing wastewater treatment plants are also inefficient, with high operational costs and 
low-cost recovery. Charges for sewage collection and treatment are very low, equalling only one fifth of the actual 
cost of the service. Such a low tariff not only affects the operation of WWTPs but also deters private participation 
in the sector due to perceived high revenue risks.

Box 3: Technology consideration for wastewater treatment plants

A wide range of wastewater treatment processes are utilised throughout Vietnam. Currently, a large share 
of existing and under design and construction centralised wastewater treatment plants in Vietnam operates 
based on conventional activated sludge (AS/ASP/CAS) treatment solutions. Other technologies being used 
and considered include Anaerobic-Anoxic-Oxic Wastewater Technology (A2O), Sequencing Batch Reactor 
Technology (SBR), Oxidation Ditch Technology (OD) and Anaerobic Pond with float cover.

The scaling up of wastewater treatment capacity would benefit greatly from greater emphasis on the 
selection of treatment technology and optimization of existing treatment plants. Facilities which emphasize

23  Several plants are operating well below full capacity as, with limited sewerage networks and too few household connections, there 

is a lack of enough input wastewater. For example, Yen So WWTP has been operating since 2013, yet its collection system along 

Kim Nguu and Set rivers has not been completed. Only 58 percent of wastewater in the intended service area of Kim Lien WWTP is 

collected and treated, and for the Truc Bach WWTP the figure is even lower, about 40 percent. Similarly, a large part of the collection 

system of Dam Bay WWTP is still in the investment and construction phase, and the majority of service establishments around West 

Lake have not yet agreed to connect their facilities to the collection system. 
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low power consumption, resource recovery from sludge or reuse of treated wastewater are not given high 
priority by planners in Vietnam. It is important that the technology selected suits the influent wastewater 
characteristics, the performance requirements based on effluent standards, the specific site conditions and 
the receiving waters. Existing and newly developed technologies need to be carefully reviewed so that low 
cost options that do not put additional burden to increase operating expenditure are considered. Private 
sector participation can be instrumental in selecting technologies and designs that not only meet the 
intended purpose of producing clean effluent, but that do so at an affordable cost. 

Another opportunity to increase treatment capacity is the optimization of existing treatment plants. A 
priority for Hanoi City in the short term is to strive towards this optimization by accelerating the construction 
of tertiary sewers and household connections to complete the sewerage networks and increase the influent 
input, so that the treatment plants can operate at full capacity.

Source: World Bank. Additional Considerations Report Study on water pollution control and drainage and wastewater improvement in 
Hanoi city. December 2019; Vietnam Urban Wastewater Review, World Bank/Australian Aid, December 2013

In the two focus districts of Long Bien and Gia Lam, centralized wastewater collection and treatment systems 
barely exist. More than one tenth of the city’s domestic wastewater is generated in these two districts alone - over 
100,000 m³ every day. Over nine tenths (92 percent) of this wastewater is not collected in a sewer system or 
treated in a wastewater treatment plant. Instead, the two districts discharge the untreated wastewater directly to 
canals and to the Cau Bay River. 

Most households in Hanoi rely on septic tanks, which are themselves a major source of pollution (see Box 
4). Most wastewater is simply released into local drains and ponds and finds its way by gravity through these 
contaminated channels into the river system. 

Box 4: The need for improved septage management in Hanoi

Faecal sludge (FS) comes from onsite sanitation systems/technologies, and has not been transported 
through sewer. It is usually a partially digested, a slurry or semi solid, and results from the collection, 
storage or treatment of combinations of excreta and black water with or without grey water. Some of the 
examples of onsite sanitation systems are pit latrines, unsewered public ablution blocks, septic tanks, aqua 
privies and dry toilets. Faecal sludge is highly variable in its consistency, quantity, and concentration and 
can significantly affect the performance of a wastewater treatment plant (WWTP).

Whilst Vietnam has set a target for 80 % of all urban households to be connected to sewer networks with 
operational wastewater treatment plants by 2020, the remaining 20 % of households will continue to be 
served by septic tanks, and these households with existing septic tanks will be connected, with the effluent 
going to the combined sewerage and drainage system. Thus, on-site sanitation technologies will continue 
to play an important role and faecal sludge from septic tanks will continue to be a sanitation management 
concern for the operation of WWTPs.

Currently, approximately 90% of urban citizens in Vietnam rely on septic tanks and latrine pits for 
human waste disposal. However, the volume of sludge from septic tanks collected and safely disposed is 
very low as there is no effective septage management being practiced anywhere in Vietnam, with scheduled 
emptying of septage from septic tanks only being practiced in one city (Hai Phong). In Hanoi there is 
some treatment of septage at wastewater treatment plants or at solid waste dumping sites. Household septic 
tanks are often poorly designed, constructed and almost never desludged, rendering them ineffective. Many 
existing septic tanks are inaccessible due to being located under buildings and roadways, the absence of
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manholes, and access roads that are too narrow for tankers. Adding to the problem is uncontrolled faecal 
sludge emptying, transportation and dumping, mostly by private service providers.

Good septage management practices can be found in many cities in the world. For example, in Manila, 
the Philippines, Manila Water and Maynilad, were awarded a 25-year contract in 1997 for the east and 
west concessions respectively. They manage both water supply and sewerage and sanitation services for its 
respective service area. In addition to wastewater collection and treatment services, they offer septic tank 
cleaning to households that are not yet connected to its sewer system. Septic tank cleaning or desludging 
comes at no extra cost for residential and semi-business account holders and is conducted every five to 
seven years. 

In Bangkok, Thailand, strict requirements are enforced on the emptying of domestic septic tanks and 
faecal sludge treatment. Septic tank is emptied on a regular basis. The Ministry of Public Health released the 
“Manual on Integrated Septage Management” providing a general framework for designs of septic tanks, 
anaerobic treatment systems, and standards for health and safety. Bangkok Metropolitan Administration 
(BMA) set up a strategy to collect and treat septic sludge to be used as fertiliser in the city’s public parks, 
surrounding green areas and farmland.

In Durban, South Africa, the city government developed a guideline for the design and approval of 
on-site disposal of domestic sewage. The service of emptying conservancy and septic tanks is offered at a 
prescribed tariff. If a private service provider is hired to empty septic tanks, it must be in possession of a 
valid permit to discharge at one of the facilities provided by the City. Private service providers without a 
valid permit will not be allowed to discharge at any of the city facilities.

Source: World Bank. Additional Considerations Report. Study on water pollution control and drainage and wastewater improvement in 
Hanoi city. December 2019; International Water Association (IWA). Wastewater Report 2018: The Reuse Opportunity. 2018. Website of 
City of Durban; Faecal Sludge Management – Systems Approach for Implementation and Operation, IWA, 2014

There is limited treatment of industrial wastewater and effluent

Industrial zones and clusters have some measure of wastewater and effluent collection and treatment but actual 
operation of these systems is often intermittent. Outside of these controlled sites, there is very limited treatment 
of industrial wastewater, some of which is, as we have seen, highly polluting. Very little of the wastewater and 
effluent from craft villages is treated as most production facilities in these villages are small-scale and scattered 
in residential areas, making it difficult to develop treatment systems.

Agricultural drainage water is typically returned to the river system

Run-off and drainage water from agricultural fields carrying high levels of nitrates and pesticide residues are 
generally discharged back into canals and thence into the rivers. Regular monitoring systems to measure and 
track pollution loadings are absent. Data on phosphorus levels, a major driver for eutrophication potential of the 
discharge, are not available.

INSTITUTIONS FOR WASTEWATER, WATER QUALITY AND POLLUTION CONTROL

Responsibility for water resources management, including wastewater and water quality, is 
divided amongst several agencies, resulting in weak accountability.

Hanoi has a complex institutional arrangement between different government authorities in water resources 
management, in particular wastewater and water quality management. For example, several agencies manage 
water resources and investments in the four rivers. The Department of Construction is responsible for management 
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of water resources of the To Lich. The Nhue River Irrigation Company (under the Department of Agriculture 
and Rural Development, DARD) manages the Nhue. The Day River Irrigation Company (under Hanoi People’s 
Committee) manages the Day. The Tich River Irrigation Company (under Hanoi PC) manages the Tich. In 
addition, the Committee of Hanoi Agricultural and Rural Development Works Maintenance (under DARD) 
and Hanoi Project Management Unit for Investment and Construction of Agricultural and Rural Development 
Works (under Hanoi PC) are also often owners of large investments in agricultural and rural development 
works in Nhue, Day and Tich rivers. With such complex institutional arrangements and sometimes overlapping 
responsibilities, there is a lack of effective coordination and data sharing amongst agencies.

Responsibility for wastewater and water quality is divided among several agencies so that accountability 
becomes a challenge. Household connections and the tertiary network fall under community and local authority 
management. The wastewater trunk main collection and treatment system is the responsibility of the Hanoi 
Sewerage and Drainage Company (HSDC), under contract to the Hanoi People’s Committee (Hanoi PC). 
Responsibility and accountability for services and their cost is thus split, reducing consumer’s willingness to pay 
for services. 

The fragmentation of supervision of pollution sources creates challenges for monitoring and 
regulation. 

Responsibility for monitoring and regulation of pollution sources is divided. DoNRE is responsible for the 
appraisal, licencing and monitoring of wastewater discharge sources, although DARD is responsible for 
these tasks if the source discharges wastewater into the irrigation system. Water quality monitoring is the 
responsibility of multiple entities: DoC is responsible for overseeing wastewater in urban areas, concentrated 
rural residential areas and industrial parks; the Department of Health supervises medical wastewater; DARD 
supervises wastewater from agriculture and livestock and pollution sources discharged into irrigation system; 
and the Hanoi Authority for Planning and Investment (HAPI) oversees wastewater and effluent treatment in 
industrial parks, industrial clusters, craft villages and processing zones. DoC also has some overlapping oversight 
responsibility for wastewater and effluent treatment in industrial parks. Monitoring of compliance with waste 
discharge licences is limited, typically by annual inspection. The supervision and sanctioning of violations 
is the responsibility of the Environmental Police within the Department of Public Security of Hanoi City, in 
coordination with DoNRE. With this divided responsibility and no single regulatory authority, no one body is 
responsible for the quality of the effluent.

There are few incentives to encourage private sector investment in the wastewater business 

Although a policy of encouraging private sector participation in urban infrastructure is supported by the 
Government of Vietnam, the lack of approval for service pricing to cover O&M cost recovery, cumbersome 
bureaucratic administrative procedures, and lack of effective regulation on service levels and tariffs are deterring 
private sector participation in the wastewater sector. The current environmental protection fee is much lower 
than the O&M cost of wastewater collection and treatment, resulting in high revenue risks as perceived by 
private investors. On the other hand, charging a higher sewerage service charge would likely meet with a strong 
level of social opposition, since water services are often taken for granted and ‘the polluter pays’ principle is not 
yet well ingrained in people’s perception and behaviours.

There are other institutional challenges 

These include ineffective enforcement of regulation; a lack of mechanisms to encourage households to connect 
to existing wastewater/sewerage piped collection networks; no consideration of pollutant load carrying capacity 
of rivers in the management of wastewater discharge sources; and limited monitoring of compliance with waste 
discharge licenses as monitoring is done only by a periodic annual inspection and examination.
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Sectoral development plan 

The slow implementation of sectoral developments plan involving regulation of waste management of sources 
other than domestic impedes the effort to reduce pollution in the rivers. For example, while the Hanoi planning 
on industrial cluster development to 2020, vision to 2030 Hanoi mandates that all industrial clusters must  
have up-to-standard centralized industrial solid waste and wastewater collection and treatment system, there  
are still 21 out of 36 industrial clusters in the area of the four rivers without a wastewater management system 
(three are investing). 

The Project on environmental protection of craft villages to 2020, vision to 2030, approved in Prime Minister 
Decision No.577/QD-TTg dated 11/4/2013, also requires 100% of production facilities in unrecognized craft 
villages to have plan in place for waste treatment, or to relocate into craft industrial zones/clusters, or terminate 
activities. It also mandates the relocation of all production facilities of recycled paper, recycled metal, dying, 
and polluted facilities in residential areas into craft industrial zones/clusters Yet most craft villages lacks the 
required waste management infrastructure, especially wastewater collection and treatment systems.24 According 
to a report of the National Assembly’s Science and Technology Committee, at the end of 2018, currently only 
26.7% of craft villages are collecting industrial wastewater and 20.9% are collecting industrial solid waste, posing 
a serious environmental pollution in rural areas.25 

Other sectoral development plants include the project “Treatment of hazardous medical waste in Hanoi to 
2020, orientation to 2025” which requires 100% of hospitals and medical centres at urban and sub-urban districts 
and towns under management of the City, hospitals at centre level managed by Ministry in the City, and private 
hospitals to have wastewater treatment system meeting environmental standard by 2020. The Hanoi planning of 
husbandry development of Hanoi to 2020, orientation to 2030 doesn’t set a specific target for waste management 
of livestock raising facilities, but encourages formation of centralized facilities and limitation of small-scale ones 
among residential areas and promotes investment on biogas program.

OUTLOOK

With increasing population growth and urbanization in Hanoi, pollution is likely to worsen rapidly

Hanoi’s population is increasing rapidly. The population, already 9.6 million in 2017, is likely to reach 13.1 
million by 2030 with an average rate of increase of 3 percent a year. This figure is considerably higher than the 
population projected in the Hanoi Socioeconomic Development Plan - 8 million by 2020 and 9.1 million by 
2030. The situation is worsened by densification in inner urban districts poorly provided with sewerage and 
drainage infrastructure and by slow implementation of planning and a synchronous infrastructure development 
in new areas. Hanoi City’s average population density26 is about 2,100 people/km2, much higher than the average 
in the capitals of other ASEAN countries.

Accompanying this high rate of population growth is the rapid urbanisation of the city. In one of the focus 
districts, Long Bien, urban population has been growing at 26 percent a year for the last decade, and the other, Gia 
Lam, has been growing at 11 percent. Although these rates reflect growth in newly settled areas, urban population 
in the Greater Hanoi area as a whole is expected to continue to outpace needed infrastructure development. The 
increasing population and population density together with rapid urbanization creates a greater water demand, 
and subsequently more domestic wastewater discharged into the river systems.

24  Baotainguyemoitruong. Hanoi to spend 750 billion VND for environment management at 50 craft villages. February 28, 2020. Available 

at https://baotainguyenmoitruong.vn/ha-noi-danh-750-ty-dong-de-xu-ly-moi-truong-tai-50-lang-nghe-299677.html

25  Nguoiduatin.vn. Hanoi: 40/65 craft villages are heavily polluted. March 1, 2019. Available at https://www.nguoiduatin.vn/ha-noi-40-

65-lang-nghe-o-nhiem-nghiem-trong-a424053.html

26 Excluding the people of neighbouring localities moving to Hanoi to work on a seasonal basis and non-resident people.
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If nothing is done, the existing situation will deteriorate rapidly

According to the study,27 if no action is taken now - a ‘do nothing’ scenario - it is likely that the water quality in the 
four rivers would continue to decline sharply in the next five to ten years (see the box below Modelling improved 
water quality in the four rivers). In the already polluted rivers such as the To Lich, Nhue and Day, pollution is 
projected to rise two or three-fold on average by 2025. Concentrations of water quality parameters such as DO, 
BOD5, and NH4

+ would exceed B1 threshold of QCVN 08:2015 standards28 for most of the year, sometimes by many 
multiples. By 2030, almost the entire length of the four rivers would be heavily polluted with these parameters. 
It is apparent that water pollution would only get worse in all of the rivers if the status quo in water pollution 
management is maintained. A strategy for reducing pollution and cleaning up the rivers is urgently needed.

The greatest cost of poor sanitation and pollution is its likely impact on human health, and 
risks have increased with the recent pandemic

Poor sanitation reduces human well-being, social and economic development. Access to safe and clean drinking 
water and adequate sanitation was recognized by the United Nations General Assembly as a human right in 2010. 
Sustainable Development Goal target 6.2 also calls for adequate and equitable sanitation for all. 

According to World Health Organization (WHO), poor sanitation is linked to transmission of diseases such 
as cholera, diarrhoea, dysentery, hepatitis A, typhoid and polio and exacerbates stunting. Each year, over 800,000 
people in low- and middle-income countries die as a result of inadequate water, sanitation, and hygiene each year, 
representing 60% of total diarrhoeal deaths. Poor sanitation is believed to be the main cause in some 432,000 of 
these deaths.1

While acknowledging the fact that the relationship between human health and water quality, water quantity, 
sanitation and hygiene is complex, a study by World Health Organization (WHO) emphasized the risk of floods 
and heavy rainfall events transporting terrestrial microbiological agents into drinking water sources.3 This can 
result in an increase in bacteriological diseases like cholera and typhoid, and in parasitic diseases like amoebiasis, 
giardiasis and cryptosporidiosis. Floods can also cause contamination of public water supplies with both bacteria 
and parasites as surface discharge flows into rivers and reservoirs, particularly in cases where combined sewerage 
systems and insufficient capacity leading to flooding of urban surface areas with waste waters, and it can take a 
long time to clean these supplies. Due to population concentrations, health problems like these tend to be severe 
in large, densely populated cities like Hanoi.

The COVID-19 pandemic has come as a salutary reminder of the vulnerabilities of large cities. The outbreak 
underlines the essential need to ensure excellent hygiene with access to safe water and sanitation services and 
to eliminate the risks of disease transmission caused by pollution and flooding. Investing in core public health 
infrastructure, including water and sanitation systems is a cost effective strategy for increasing pandemic 
preparedness. Hygiene and waste management practices that are consistently applied serve as barriers to human-
to-human transmission of the COVID-19 virus and other communicable diseases in homes, communities, health 
care facilities, schools, and other public spaces.

Poor sanitation inevitably results in economic losses, including the direct sanitation-related health care costs, 
lost income through reduced or lost productivity, time and effort losses due to distant or inadequate sanitation 
facilities, and clean up costs, amongst others. A 2008 study conducted in Southeast Asia found that the economic 
costs of poor sanitation and hygiene amounted to over US$9.2 billion a year (2005 prices) in Cambodia, Indonesia, 
the Philippines, and Vietnam, accounting for 2% of the total GDP for all of the countries combined.2 At national 

27 Study on water pollution control and drainage and wastewater improvement in Hanoi city – see Chapter 1 above

28  B1 threshold of QCVN 08:2015 on national technical regulation on surface water quality for DO is ≥4, for BOD5 is 15 mg/l, and for 

NH4
+ is 0.9 mg/l. 
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level, a World Bank study identified the expenditure or income losses resulting from poor sanitation in Vietnam 
to be US$780 million, equal to roughly 0.5% of the annual GDP, while overall population welfare losses were 
equal to 1.3% of the GDP.29 

The benefits of improved sanitation extend well beyond reducing the risk of water-borne infectious diseases. 
A WHO study in 2012 calculated that for every US$ 1.00 invested in sanitation, there was a return of US$ 5.50 in 
lower health costs, more productivity, and fewer premature deaths.1 The recognized impacts of poor sanitation 
services on public health and associated social and economic development, the recent outbreak of COVID-19 
pandemic, and potential benefits of improved sanitation combined should serve as an urgent call to expedite the 
implementation of the policy note recommendations

STRATEGIC DIRECTIONS, ALTERNATIVES ASSESSED AND OPTIONS PROPOSED 

Action is required to protect the urban population and area but also to protect downstream 
agriculture, health and livelihoods

Pollution threatens human health and livelihoods within the city and impairs the amenity of life there. There is a 
need to protect people, human capital and the economy within the city. The poor state of the environment and high 
levels of pollution will impede progress towards high value economic development and a healthy living environment. 
Action within the city is also essential to protect the downstream riverine environment and agricultural production.

The study provides a guide to strategic and prioritized action to tackle the pollution problem

Based on Hanoi’s masterplan, the study considered a range of options: (i) continuation of the current pattern 
of reliance on septic tanks and local septage management; (ii) progressive expansion of the sewerage network 
and connections and development of wastewater treatment; (iii) improvement of the internal drainage system 
combined with freshwater augmentation of the river system flows; and (iv) provision of nature-based solutions 
through the development of green infrastructure.

The methodology used in the study for the selection of infrastructure investment to address water pollution 
(and urban flooding) follows Source-Pathway-Receptor approach (Figure 9). This approach looks at catchment-
wide solutions to achieve better management of water pollution and drainage. This holistic approach considers 
the entire drainage and sewerage system, addressing not just the drains and canals through which wastewater 
and stormwater travels (i.e. the ‘Pathway’), but also the areas generating wastewater and stormwater runoff (i.e. 
the ‘Source’) and areas where pollution and floods may occur (i.e. the ‘Receptor’).

Figure 9: Source-pathway-receptor approach

29 Thang P, Tuan H, Hutton G. Economic impacts of sanitation in Vietnam. World Bank. Hanoi. 2008.
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The approach shows that for water pollution mitigation, the first consideration is to reduce the volume of 
wastewater by any means possible – for example, by greywater recycling into home gardens. Assuming there is 
nothing that can be done to reduce the volume, controls need to be put in place at the source, where wastewater 
is generated, to prevent the pollutant from getting into the environment and travelling through the pathways.

Measures to reduce wastewater volumes at source include the use of carefully regulated septic tanks that 
infiltrate treated wastewater directly into groundwater, and recycling of water in situ by local wastewater 
treatment, either with in situ reuse, for example in water parks and gardens, or by injection into groundwater. 
At the moment, the septic tank is the main method of wastewater treatment at the source in Hanoi. However, 
the system is poorly managed and unregulated, and contributes to pollution and environmental degradation.30 

As septic tanks are hard to control and are not suited to the needs of a large modern city, the next thing to 
consider is to channel the pollutant along the pathways, by developing household connections and a wastewater 
collection system. 

Actions to be considered in protecting receptors can include constructing a combination of decentralized and 
centralized wastewater treatment plants, increasing the self-cleaning ability of rivers by increasing the flow, or 
cleaning sediments in the riverbed by river dredging or by the type of nano-bioreactors that are currently being 
demonstrated in the To Lich River. 

To localize problems and prioritize solutions, the study modelled the entire system. This allowed the causes 
of the pollution problem to be located geographically, and the solutions and their scale of implementation 
to be identified and ranked in terms of reducing harm. The prioritization and sequencing of infrastructure 
interventions was done using a multi-criteria analysis. Six criteria were selected, described in Box 5.

Box 5: Prioritizing and sequencing infrastructure interventions

Criteria used

·	 Impact on pollution levels and water quality improvement 

·	 Economic and financial benefits, including household affordability and scope for private sector 
participation

·	 Environmental impacts, including positive and negative impacts on the hydrology and habitat of 
the river system

·	 Social implications, including land acquisition and resettlement, disruption during construction, 
and risks of simply transferring pollution to downstream areas

·	 Ease of implementation, including political commitment, availability of financial resources and 
financing options, scope for private sector participation, land availability, construction time, 
availability of technology, and management and technical capacity of implementing institutions.

·	 Benefits to climate resilience, including improved quantity and quality of water resources for 
agricultural production, and resilience to the increasing amount of stormwater generated by higher 
precipitation under impacts of climate change.

Source: Study on water pollution control and drainage and wastewater improvement in Hanoi city

30  There are problems with current septic tank practice, i.e. septic tanks because of poor management often generate bad odors into 

the environment, effluent contains about 60 -70 percent of non-degradable residue, high concentrations of BOD5, NH4
+, grease 

and pathogenic bacteria that do not meet national technical regulation; not to mention that the majority of septic tanks are not 

maintained once they are built, thereby become overloaded and degraded, affecting their efficiency. 
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Based on the analysis, the proposed strategy is to move towards collection and treatment 
of all wastewater within the city and to improve river water quality through increased fresh 
water flows

The analysis demonstrated that the optimal strategy should combine expansion towards complete sewerage 
and wastewater treatment together with increased freshwater flows and, wherever space is available, green 
infrastructure. Under this approach, over time all households and businesses would be progressively connected 
to a comprehensive sewerage system, all wastewater would be collected and treated either in centralized, 
decentralized or site-specific plants, all industrial effluent would be treated at or near source, and where 
economically and environmentally feasible, environmental freshwater flows would be prioritized, and thereby 
self-cleaning capacity, in the river system. 

Infrastructure investments have been identified to carry out this strategy

Based on the Source-Pathway-Receptor approach and the multi-criteria analysis, infrastructure investments have 
been identified that can be carried out over the coming years. These investments would comprise completion 
of programmed sewerage network schemes and treatment plants to improve the ‘pathway’, development of new 
ones, and restoration of natural/ environmental flows that would increase the pollutant carrying capacity of the 
rivers.

A five year target for infrastructure development in sewerage and wastewater treatment in the area draining 
to the four rivers would be to complete the household connections and sewerage system for the existing plants 
and to bring their operations up to 100 percent of design capacity; to complete the construction of three ongoing 
plants – Yen Xa, Phu Do, and Tay Song Nhue (total design capacity of 574,000 m3/day) - and their related 
collection networks and household connections; and to get these new plants operating at least at 50 percent of 
their design capacity.

An infrastructure target within ten years would be to get all existing and pipeline plants up to 100 percent 
capacity and to construct and bring into full operation six new plants (Lai Yen, Duong Noi, Ngu Hiep, Phu 
Luong, Vinh Ninh, Dai Ang with total design capacity of 251,000 m3/day) along with their completed collection 
systems and household connections.31 Piloted constructed wetlands in six sub-urban districts, serving 26,700 
people, would also be implemented in this phase of investment.

In the two focus districts, Long Bien and Gia Lam, the infrastructure target within five years would be to 
construct two sewerage networks – treatment plants at Ngoc Thuy in Long Bien (capacity of 22,100 m3/day) 
and Dong Du in Gia Lam (capacity of 20,200 m3/day) along with their collection networks and with household 
connections to at least 50 percent of existing households. In ten years, the target would be expansion of the 
capacity of the Dong Du plant to 35,600 m3/day, completion of tertiary sewers and household connections for the 
remaining households in the catchment of the Ngoc Thuy and Dong Du plants, and construction of a treatment 
plant and network at Phu Thuy (capacity of 6,000 m3/day).

River flow improvement measures are also needed to improve water quality in the four rivers

The progressive decline in water levels in the rivers (see Chapter 2 above) reduces their ability to dilute polluted 
inflows and results in further reductions in water quality. The technical response available is to restore natural 
flows from other rivers so that flows in the four rivers increase.32 The four rivers thus become able to ‘carry’ higher 

31  It is necessary to track percentage of premises (households, residential and commercial complexes, industrial, etc) connected against 

the targets set.

32  During the dry season when pollution in the four rivers would be at its worst, one would need to take into account that the flow in 

Red River may also be low and laden with higher level of pollutants from upstream discharges. A detailed asessment is needed to 
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levels of polluted inflow with lowered impairment of the quality of their waters. Specifically, the investment in 
the next five years would involve water augmentation from the Tich River to the Day with a flow of 20m3/s and 
water augmentation from the Red River to the West Lake and then to the To Lich with a flow of 5m3/s. Here one 
should caution that the priority is for restoration of freshwater flow in these rivers and to increase flow through 
better management of water allocation in the system as a whole. Any water transfer project must be considered 
on the basis of a detailed environmental impact assessment.

The pre-conditions for successful implementation of these freshwater restoration schemes are twofold. 
First, the flow of the Tich River needs to be enhanced to provide enough water for flow augmentation to 
Day River. Second, wastewater discharged to the To Lich River needs to be intercepted to avoid unwanted 
environmental and social impacts when pollutants are pushed down to downstream areas during the flow 
augmentation process. To achieve these pre-conditions, Hanoi City will need to accelerate the implementation 
of the Tich River rehabilitation project (augmenting water from the Da River to the Tich with discharge 
of 60 m3/s), and construct and complete the wastewater collection system along the To Lich, also ensuring 
households are connected to the system. 

The quality of water supplemented from the Da River to the Tich River and from the Red River to the To 
Lich River will need to be maintained at a minimum of A2 standard, QCVN 08:2015. This would require close 
coordination between Hanoi and upstream provinces such as Hoa Binh Province, to prevent pollution from 
upstream polluting the water downstream and to operate pumping stations appropriately.

Details of the proposed infrastructure program are in Chapter 5. The integration of planning and investment 
for wastewater with improvement of drainage and the possibilities of inclusion of ‘green infrastructure’ are 
discussed in Chapter 4 below.

INSTITUTIONAL MEASURES

Infrastructure alone is not enough. It will be essential to create an enabling environment 
to ensure efficient and sustainable management of the system and to implement effective 
regulation of pollution.

Alongside the heavy infrastructure investments needed, this requires: (i) a practical and implementable legal 
and regulatory system that lays out standards and the obligations for the city to provide wastewater services, 
for households and businesses to connect and to pay an increasing share of the costs of collection and treatment, 
and for industry to invest and manage effluent in line with practical regulations; (ii) institutional organization 
that assigns clear accountability33 for wastewater and water quality outcomes; (iii) institutional capacity to 
implement regulations and to run the system; and (iv) financial management to ensure that the capital costs of 
needed investments and the efficient running costs of the system are fully financed, including through a fair tariff 
policy. Details of the proposed institutional program are in Chapter 5.

Other measures of planning and management will also be required

Within the city, long term forward planning will need to ensure that not only is today’s pollution problem met 
but that future development includes all necessary measures and investments to ensure pollution management. 

asses ecological and environemntal flow requirements in each river before any major water transfer project is considered. Priority 

should be on restoration of natural flows in these rivers though review of water allocation and manging control structures to optimize 

fresh water flows to multiple competing demands. 

33  In Singapore’s case, sewerage and drainage are managed together under PUB which undertakes the overall planning, part funding, 

implementation, and subsequent O&M of the infrastructure. PUB also co-ordinates with the land-use planning authority and 

funding authority.
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This should include provision for green infrastructure (see below) and improved septage management. Beyond 
water pollution, city-wide management of solid and plastic waste within the sanitation management program is 
also an imperative (see the box in Chapter 4 Tackling the solid waste and plastic problem in Hanoi).

IMPACTS

With the investment and institutional change proposed, pollution can be greatly reduced and 
water quality substantially improved

As we have seen, if nothing is done, pollution will become ever worse. By contrast, if the investment and 
institutional and behavioural changes are made by 2025, i.e. if all existing wastewater plants are in efficient 
operation by that target date and pipeline plants are able to operate at minimum of 50% design capacity, and 
if all the households and businesses in their service area are connected, 476,000 m³ of wastewater would be 
collected and treated daily. Water quality is projected to improve about 30 percent, specifically, concentrations of 
parameters BOD5 and NH4

+ decreasing by 25 to 35 percent and DO level increasing by about 12% compared to 
‘do nothing’ scenario in 2025. The improvements would mostly occur on the To Lich and Nhue rivers.

Combined with the operation of freshwater restoration schemes (i.e. while guaranteeing that the quality of 
supplemented water from other rivers is maintained at A2 QCVN 08:2015 standard), water pollution in the 
four rivers in short term could be reduced by 80 percent relative to the ‘do nothing’ scenario, i.e. concentrations 
of DO increasing by 65% on average, of BOD5 decreasing by 75% and of NH4

+ decreasing by 90%. The greatest 
improvement could be observed in To Lich River. With water pollution greatly reduced, economic development, 
urban renewal and intensification of high value development areas in the city could increase. 

By 2030, if the proposed six new treatment plants are completed and in efficient operation at 100 percent of 
design capacity, about 1,000,000 m³ of wastewater would be collected and treated daily. Provided that industrial 
effluent34 is properly treated, water quality in the four rivers would improve by 90 percent in 2030 compared 
to the ‘do nothing’ scenario.35 Average DO concentration would increase by 91%, and average BOD5 and NH4

+ 
concentrations would decrease by 80% and 93% respectively. As a result of greatly reduced pollution, river water 
would be generally of a standard usable for irrigation and aquaculture purposes.

Box 6: Modelling improved water quality in the four rivers

Modelling under the studies simulated water quality parameters including temperature, DO, BOD5, 
NH4

+, NO3
- in ten future scenarios. Under the ‘do nothing’ scenario, an already bad situation becomes 

extremely serious. By 2025, concentrations of BOD5 and NH4
+ increasing by two to three times on average, 

and the entire length of the four rivers would be heavily polluted for these parameters. The entire length 
of To Lich River and 93% of the length of Nhue River would have average DO concentration exceeding B1 
threshold in QCVN 08:2015 while the length of Day River experiencing similar problem would be more 
than 100km. By 2030, the entire length of To Lich, Nhue and Day rivers and most of Tich River would be 
heavily polluted with parameters DO, BOD5 and NH4

+ for most time of the year.

34  In Singapore, industrial effluent is pre-treated to sewer standards and discharged into sewers for centralized treatment at wastewater 

treatment plants. This eliminates occasional pollution due to failure of the factories to properly treat their effluent or to illegal 

discharge into rivers.

35  Approaching or meeting B1 standard at most locations. National Regulation QCVN 08:2015 Column B1 requires DO ≥ 4 mg/l; 

BOD5 ≤ 15 mg/l; NH4
+ ≤ 0.9 mg/l
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When the proposed investments in wastewater treatment are made in the period 2021–2025, treatment 
capacity of existing wastewater treatment plants is increased to maximum level (262,800 m3/day), and key 
treatment plant projects – Yen Xa, Phu Do and Tay Song Nhue – are completed and operate with at least 
50% design capacity (213,000 m3/day), wastewater from industry, craft villages, and husbandry sources is 
partly treated, water quality of the rivers is projected to improve by about 25–35% for parameters BOD5 and 
NH4

+, and about 12% for parameter DO, mostly on the To Lich and Nhue rivers. However, water quality at 
locations on the To Lich, Nhue and Day Rivers would remain heavily polluted with parameters DO, BOD5, 
NH4

+ during almost the whole year. 

When combining improvement of wastewater treatment capacity with interventions to enhance 
flows of the four rivers (supplemental water for To Lich, Nhue and Day rivers) and provided that the 
quality of supplemented water for rivers is maintained at A2 QCVN 08:2015 standard, the effectiveness 
in water pollution mitigation is more visible. Water quality parameters in the rivers in the short term 
(2025) are projected to improve by about 80 percent, i.e. on average, concentrations of DO increasing 
by 65%, of BOD5 decreasing by 75% and of NH4

+ decreasing by 90%, and the majority would meet 
B1 standard – usable for irrigation and aquaculture purposes or other similar water uses – for most 
of the year. The To Lich, Nhue and Tich rivers would no longer be polluted with DO parameter. The 
length of To Lich River with average BOD5 and NH4

+ concentration exceeding B1 threshold decreases 
remarkably by 91 percent and 54 percent respectively, down to only 1.2km for BOD5 and 6.2km for 
NH4

+. Similar improvement can also be observed in the other three rivers, though to a lesser extent in 
the Day. For example, only 20 km of Nhue River is polluted with NH4

+ (a decrease of 74%), less than 
9 km of Tich River is polluted with BOD5 (a decrease of 90 percent), but 62 km of Day River is still 
polluted with NH4

+ (a decrease of 52 percent).

With the new treatment plants to be constructed during 2025–2030 and operating efficiently (e.g. at 
100% design capacity), water pollution of the four rivers would be improved by 90% by 2030. Average DO 
concentration is projected to increase by 91%, and average BOD5 and NH4

+ concentrations decreasing by 
80% and 93% respectively. River water is usable for irrigation and aquaculture purposes or other similar 
water uses for most of the year. All four rivers would be free of pollution of DO parameter. To Lich and 
Nhue rivers would also be free of pollution of BOD5, while the length of Tich River experiencing pollution 
of this parameter also reduces 95 percent, down to only 4.1 km. Some sections of the four rivers would still 
be polluted with NH4

+ parameter, though the lengths of the rivers with pollution of this parameter would 
be reduced significantly – a 85 percent reduction in length for the Nhue and Tich Rivers, 67 percent for the 
Day River and 46 percent for the To Lich River.

Source: World Bank. Modelling Assessment Report I. Study on water pollution control and drainage and wastewater improvement in 
Hanoi city. February 2020.
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Figure 10: Impacts of water pollution mitigation interventions in 2025 (above) and 2030 (below)36

36  The average concentration level in (%) is a composite index that represents the average of the percentages of pollution of key 

contaminants relative to their permissible level. The permissible level of the selected key contaminants is per the National Regulation 

QCVN 08:2015 Column B1 which requires DO ≥ 4 mg/l; BOD5 ≤ 15 mg/l; NH4
+ ≤ 0.9 mg/l.





Chapter 4

Mitigating the flood hazard

THE PROBLEM AND CAUSES OF FLOODING IN HANOI

Flooding is a major problem in Hanoi

Typically, inundations in Hanoi are localized but frequent, and can be relatively long-lasting. In August 2019, for 
example, one tropical downpour resulted in flooding at many points across the city37, lasting in many locations 
for more than 18 hours. Across Hanoi, 16 locations have been identified in urban districts where recurrent and 
lengthy flooding occurs. 

This flooding is driven by three factors - rainfall patterns, drainage infrastructure, and 
management of the drainage network.

Rainfall in Hanoi tends to come in heavy cloudbursts, and several inches of rain can fall in a short period 
of a few hours. The city has natural drainage gradients and channels supplemented by a network of culverts 
and canals. However, it is estimated that only one quarter of the city area has a fully functional drainage 
system. Within the city, there are also a number of natural and man-made lakes that can store stormwater 
for a limited period.

Not only is the drainage network inadequate but its performance is impaired by poor maintenance. The biggest 
problem is garbage, particularly the ubiquitous plastic waste, which often clogs the system (see Box 7). As a result, 
when the short, sharp rainstorms occur, the lakes, culverts and canals fill up and the drainage system is too limited 
or too blocked up to evacuate the water to the four rivers in a timely fashion. It is estimated that any cloudburst that 
delivers more than 50 mm of precipitation within two hours will result in widespread localized flooding.

Box 7: Tackling the solid waste and plastic problem in Hanoi

In Hanoi, local government is struggling with collection, transport, treatment and disposal of growing waste 
streams. The number one problem is plastic waste. Waste operations are labor-intensive and inefficient, 
and fees do not cover operational costs. Waste recycling is dominated by the informal sector without 
proper monitoring, with consequent pollution and health hazards. Low public awareness and insufficient 
access to formal waste collection and recycling systems leads to substantial illegal waste disposal. Even

37  In places where combined sewers are used, the flood water will also carry waste from the wastewater onto the flooded areas and this 

spreads the pollution across the surface areas of the city.
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waste collected by the municipality is disposed of in poorly designed and ill-controlled landfills, leading to 
significant environmental issues.

Options and scenarios

Hanoi PPC is considering a range of options: (i) basic modernized solid waste management system; (ii) 
waste reduction, reuse and recycling at source (household level); (iii) lower cost modern waste treatment; 
and (iv) advanced waste treatment technologies.

These options need to be supported by a legislative and regulatory framework, policies and institutional 
arrangements, including the role of the private sector, by sustainable financing and waste fees, by education, 
public awareness and participation, and by capacity building

Studies are underway on the needed solid waste management infrastructure and facilities. For the 
particular problem of plastic waste, additional studies are needed to determine the locations of plastic 
pollution hotspots within the city and along downstream rivers and coastal areas, and in polluting hotspots 
such as the plastic recycling craft villages.

Source: Solid and hazardous waste management assessment: Options and ways forward. World Bank Hanoi 2019.

FLOODING IN THE TWO STUDY DISTRICTS

Long Bien and Gia Lam are typical examples of urban flooding problems in Hanoi

Most of the drainage system in these two districts relies only on gravity with no pumping, with the Cau Bay River 
as the main drainage route.38 The drainage system has not been developed as a complete integrated network. 
In the older residential areas the system is a combined one, collecting both stormwater and wastewater, while 
the system for new urban areas provides for separate collection. However, after exiting these urban areas, both 
stormwater and wastewater are discharged to the same combined sewer and then to the Cau Bay River.

Most drainage paths in Long Bien district have been converted to sewers, constructed as box culverts, open 
pipe culverts or pipe culverts with lid, or to open canals with hard embankments; while drainage in Gia Lam 
district still depends largely on irrigation canals and channels. However, the main canals are not regularly 
maintained, and some have not been formalized with embankments or channelized, affecting their drainage 
capacity and risking overflows to the surrounding landscape. Culverts are also often blocked by mud, trash or 
plastic bags. There are too few detention/retention lakes in the districts, while some of the existing lakes are 
not yet embanked to ensure their regulating function. Infiltration and storage capacity within the districts are 
further reduced by the effect of the rapid urbanization, which has covered much of the permeable surface with 
impermeable materials like concrete and asphalt.

The slow implementation of the Hanoi Drainage Master Plan means that most of the interventions for 
stormwater management in Long Bien and Gia Lam which were proposed and approved in the HDMP to 
alleviate increased flooding risks in the area have yet to be implemented. None of the proposed stormwater 
pumping stations have been completed. Many regulating lakes have not been constructed, and many main canals 
are still not channelized. The lack of pumping stations limits the ability to quickly drain stormwater out of the 
drainage system during heavy rainfall events. The lack of detention/retention basins fails to reduce pressure on 
the drainage system as water flows directly to canals and sewers instead of being stored by these basins and slowly 
discharged.

38   Gravity flow is still the best except when the outflow of flood water by gravity is prevented by surging levels in the Red River during 

the wet season. To resolve this problem requires building of barrages and associated retention reservoirs and pumping stations
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With the combination of intense rainstorms, the infrastructure deficit and poor management, the drainage 
system in Long Bien and Gia Lam is unable to deal with heavy, intense rainfall events. As a result, extended 
flooding occurs in several locations. Most recently, ‘Storm No. 3’ caused heavy rainfall in Long Bien district on 
August 3, 2019 and many locations were flooded.39 

Current drainage systems can only handle rainfall with a return period of 1.54 years, and modelling of the 
drainage system found that flooding will only worsen if nothing is done.40 The consequences of ‘do nothing’, with 
no investment in the current drainage system, will be an increase in the risk and magnitude of urban flooding, 
both in terms of area and scale, under the impacts of future urbanization and climate change (Figure 11). 

Figure 11: Areas at risk of flooding, baseline scenario under urbanization to 2030 and designed 
rainfall with impacts of climate change to 2030

39  The most serious flooding was at lane 80 of Hoa Lam road and Co Linh road (under the over bridge), where inundation lasted for 1,231 

minutes (more than 20 hours) and 1,049 minutes (more than 17 hours), respectively. In addition, Ngoc Lam road (from Long Bien 1 

intersection to Gia Lam Urban Environment Company) was flooded for 367 minutes (more than 6 hours), and Hoang Nhu Tiep street 

(from Ngoc Lam elementary school to Hoang Nhu Tiep-Ai Mo intersection) was flooded for 318 minutes (more than 5 hours).

40 The return period and impacts of climate change on rainfall were analyzed and described in Modelling Assessment Report II. 



28 | Toward Hanoi - A Water Pollution and Flood-Free City by 2050

INSTITUTIONS FOR DRAINAGE MANAGEMENT AND FLOOD RESPONSE

Responsibility for drainage management is largely contracted out to HSDC, but management 
responsibility for the important retention lakes is fragmented

Responsibility for Hanoi’s drainage system is largely focused on provision of infrastructure and has been 
contracted out to the Hanoi Sewerage and Drainage Company (HSDC). In suburban districts the maintenance 
units of the district PCs are responsible. HSDC has adequate capacity for its tasks. It has digitized the running 
of the network and updated it to a GIS-based system. It has also established a monitoring centre to track the 
incidence of flooding in relation to rainfall. A weak area is the management of the lakes, which is split amongst 
agencies. DoNRE manages some large lakes, HSDC others. Some smaller lakes are managed by the local authority 
or by private owners. Responsibility for planning for and dealing with disasters, including flood disasters, is with 
the Hanoi Steering Committee for Natural Disaster Prevention and Control, Search and Rescue.

OUTLOOK AND STRATEGIC DIRECTIONS

If nothing is done floods will increase in frequency and intensity, at ever increasing cost.

The study found that a combination of natural and man-made change will considerably increase flood risk in the 
coming years. Based on modelling of various future scenarios in the two focus districts, the study estimated that, 
if there is no investment in the drainage system or improvement in management, the urbanization process and 
climate change impacts will result in the total area at risk of flooding increasing by two thirds (65 percent) by 
2030, from 63 hectares to 104 hectares (Figure 12). Flood severity would worsen, with deep floods (flood depth > 
0.7m) accounting for nearly 90 percent of the total flooding area (91 hectares), and inundations would last longer 
(an average of 5 to 6 hours). It is estimated that almost one fifth of the transport network in the two districts - 18 
percent of the ‘transportation corridor’ – would be exposed to flooding.41 

The natural driver of this is climate change – the intensity and frequency of the short, heavy rainfall events 
that produce flooding is projected to increase. The man-made driver is the accelerating urbanization process, 
which will cover ever more of the permeable surface with impermeable materials. The drainage system will be 
less and less capable of dealing with the rising levels of runoff.

Figure 12: Cost of no action on flood management in two focus districts

41  Not only disruption to transport but also a potential loss of life and property as well as pollution by the overflow of the combined sewers.
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Strategic directions: achieving a flood-free Hanoi through integrated management of 
stormwater and wastewater

The Source-Pathway-Receptor approach desceribed in Chapter 3 provides a way to define a strategic approach 
to managing flood and pollution risks, in which appropriate measures are assessed, selected and integrated in a 
process that both informs and involves the full range of stakeholders.42 In order to achieve a flood-free status, Hanoi 
needs to implement specific interventions at all three levels – the source, the drainage system, and the rivers. These 
interventions need to be planned in conjunction with improvements in wastewater infrastructure and management. 
The reason is that, at present, there are limited networks dedicated to wastewater collection and evacuation. Much 
of the current wastewater flow follows the same drainage systems as rainwater i.e. along the drains and canals within 
the city and running into the rivers at the same point. This increases the charge on the drainage system. In fact, many 
drainage paths now function primarily as sewers. Resolving the wastewater problem with a separate collection and 
conveyance system to the rivers would therefore also help alleviate the problem of stormwater drainage. On the 
institutional side, the lesson learned from many urban settings globally is that it is best if such infrastructure needs 
are implemented and subsequently managed and operated under a single authority. 

Measures at the source can help to increase retention of water and to promote infiltration 

The less water runs off into the drainage system – or the less fast it runs off – the greater the possibility that 
the drainage system will be able to evacuate stormwater in a timely fashion. At the source, measures to retain 
stormwater and to increase its infiltration into the ground could include green infrastructure such as ponds 
and lakes, permeable pavements, bioswales, rain gardens and vegetated filter strips. The effectiveness of these 
measures is, however, limited in the face of heavy downpours and typhoons, and they are best used as mitigating 
measures in combination with other infrastructure and management improvements (see section The direct and 
indirect benefits of green infrastructure). 

Measures along the drainage pathway can help store water temporarily and increase the speed 
at which it drains into the rivers

Improving the efficiency of the internal drainage system is key. This requires lining and embankment of drains 
and canals, and management to ensure the drainage system is regularly cleaned of sediment and is not blocked by 
detritus. New drains and canals need to be constructed, or existing ones widened or deepened, and new retention 
ponds43 or tanks are required along the canals to temporarily hold stormwater and reduce the volume of flow. 
Stormwater pumping stations can quickly drain any low-lying areas and sinks and accelerate the evacuation 
of water into the rivers. Wastewater flows in the drainage system can be eliminated by the completion of the 
sewerage system and by connection of all households and businesses to sewers.

Measures along and within the river can ensure that outflows from the city are absorbed and 
conveyed downstream efficiently

Measures to improve reception of flood flows into the river system and convey flows onward downstream include 
freshwater restoration to increase the self-cleaning ability of rivers (see above), and river training and cleaning of 
sediments in the riverbed to ensure efficient flows.

42  A useful adjunct to thinking through flood strategy is the World Bank’s Cities and Flooding Guidelines. With over fifty city case 

studies, a series of ‘how to’ sections and a set of guiding policy principles the Guidelines serve as a good primer for decision and 

policy makers, technical specialists, government officials at all levels and concerned stakeholders in both the community and private 

sector. See: Cities and Flooding: A Guide to Integrated Urban Flood Risk Management for the 21st Century, World Bank, Global Fund 

for Disaster Reduction and Recovery (GFDRR), 2012.

43  Retention ponds can only be effective if they are drained or pumped low prior to a storm. Their practicality is thus limited and they 

require a stringent operating regime.
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Box 8: Integrated urban flood management (IUFM) strategies combine three types of solutions

Traditional flood management—These approaches promote flood defense and mitigation. They rely on 
conventional engineering structures, often referred to as “hard” engineering or “gray” infrastructure. 
Examples include dikes, levees, dams, pumping stations, diversion channels and related infrastructure. 
Historically, they have been very effective at managing flooding, but the costs of building and maintaining 
these extensive flood control systems can be significant and continue to increase. 

In addition, reliance on traditional flood protection infrastructure has resulted in large-scale, centralized 
systems that have limited capacity to adapt to changing conditions. Increasingly, climate change and other 
global drivers of change point to the need for flexible and adaptive urban water management strategies that 
can deal effectively with future shocks and uncertainties. A broader range of solutions are needed that can 
complement traditional structural solutions as part of an integrated portfolio of measures that lead to more 
effective and lower cost flood risk management. Accessing a wider solution set can also unlock a wider suite 
of benefits. 

Nature-based solutions (NbS)—These approaches use natural processes and systems to manage floods. 
Examples include constructed wetlands, mangroves, floodable parks and bioswales. NbS have some benefits 
over traditional gray infrastructure solutions, particularly for flood management. They give managers an 
in-depth look at the hydrological, biological and social characteristics of a system or catchment. They can 
be multi-functional, with direct benefits to flood management, as well as ancillary benefits for health, 
environment and economics. And, they are typically cheaper than hard infrastructure solutions, so they 
free up budgetary space for other projects. 

Non-structural solutions—These approaches keep people safe from flooding through better planning 
and management of urban development as well as a more informed and empowered community. They 
include emergency planning and management (for example, early warning systems), increased awareness 
and preparedness, flood avoidance through land use planning, and increased community resilience through 
improved building design and construction and appropriate risk financing.

Contemporary practices include a three-tiered framework for designing an integrated flood risk 
management strategy. The framework outlines three complementary approaches to managing flood risk:

·	 Retreat—the re-examination of land use zoning and redefining the use in highly vulnerable areas to 
transition to more appropriate use, for example, the Dutch concept of “making room for the river” 

·	 Adapt—through urban design, spatial planning and adaptation to flood characteristics of the 
city, including the establishment of preferential flood pathways (green and gray corridors) and 
designated flood inundation areas, and flood resilient building designs. 

·	 Defend—through infrastructure investment in flood defenses such as traditional engineering 
approaches of flood levees, flow diversions, pumps and gates etc.

The three approaches are not mutually exclusive and are often combined at a range of scales and involve 
a range of man-made and nature-based structural measures, together with non-structural initiatives, 
including: planning and determining compatible use of flood vulnerable areas and buildings within these 
areas; building community flood literacy; and strengthening and maintaining individual and institutional 
capacities for flood preparedness, response and recovery.

Any given flood management strategy would include a mix of retreat, adapt and defend approaches 
tailored to the outcomes, objectives, context and type of flooding being addressed. For example: fluvial



Mitigating the flood hazard | 31

flooding could be addressed by making room for the river by creating ecological landscapes (retreat), 
adopting new built forms (e.g. raising floor levels) and building social resilience through increased 
community awareness and preparedness (e.g. insuring infrastructure and other assets against flooding; and 
constructing flood protection infrastructure such as levees, dams, pumps etc. (defend). Managing pluvial 
flooding could involve remediating urban waterways (retreat), creating green corridors and dealing with 
water when and where it falls (source control) through green buildings and smart infrastructure (adapt), 
and pumps (defend). Often their combined approach can deliver a broader range of benefits, and greater 
benefit/cost ratios, while maintaining a core level of flood protection.

INVESTMENT AND THE IMPACTS OF MITIGATION

Investment is needed in both infrastructure and management

The target for drainage improvements for the two focus districts of Long Bien and Gia Lam in the short term (up 
to 2025) would include construction of two stormwater pumping systems (Cu Khoi and Xuan Thuy), upgrading 
of some main canals, and construction of new canals and culverts44 to strengthen the ability to divert stormwater 
either to the main drainage route (the Cau Bay River) or to the pumping stations. Management improvements 
include regular cleaning out of sediment and garbage from the drainage network. 

The infrastructure target for the medium term (the next ten years) would involve the construction of two 
further stormwater pumping systems in Gia Lam (Dong Du and Kieu Ky), the establishment of regulating lakes 
in the two districts, construction or upgrading of canals and box culverts, and embankment of a section of the 
Cau Bay and Bac Hung Hai Rivers. In this period, the study also proposed implementation of green infrastructure 
measures for drainage management. Four techniques - permeable pavement, rain garden, vegetated filter strip 
and bioswales - are proposed for investment at various scales. The recommendation is to consider these green 
techniques in the design and construction of sidewalks, squares, parking lots, roads, streets, green spaces and 
sports areas of residential areas.

Flooding will only get worse if nothing is done, but with investment and improved 
management the risk can be reduced to practically zero

Already, flooding is frequent in Hanoi and a major disruptor of the economy and of people’s lives. As we saw 
above, modelling shows that ‘doing nothing’ would expose the city to ever-increasing levels of flooding. By 
contrast, the same modelling shows that if appropriate upgrades are made to the drainage system by 2025, the 
flooding problem will virtually disappear, with the catchment area exposed to flooding decreasing by 93 percent 
to 3.8 hectares from the 63 hectares vulnerable to flooding in the baseline scenario. By 2030, the completion and 
operation of all the proposed drainage works and green infrastructure would fully address the urban flooding 
risk, and associated flood damage would virtually disappear.

The cost of inaction is high – and the benefits of action are commensurately high.

Maintaining the status quo comes at a high cost in welfare, economic losses and possible loss of life. By contrast, the 
benefits from the interventions needed to prevent future flooding in the city are considerable. These investments 
and management improvements would make Hanoi in general, and the two focus districts in particular, a more 
liveable and efficient working place. The benefits in terms of reduced transport and business costs, savings in 
productive time, land value increase, savings in healthcare cost and, possibly, saved lives, are significant.

44  These include the canal along Hanoi – Lang Son railway, Ngoc Thuy-Cau Bay canal and the canal connecting Viet Hung-Cau Bay 

canal to Cu Khoi regulating lake in Long Bien district, and the canal in the North of National Road No. 5 and box culvert from the 

National Road No. 5 to Cau Bay River in Gia Lam district.
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The need for an Integrated Flood Management System

For drainage in small urban catchment, there is only rainfall forecasting/warning which is currently depending 
on National Centre for Hydrometeorological Forecasting (NCHMF). Such a system is beyond the technical and 
financial investment capacity of Hanoi. NCHMF can provide warning of high intensity rainfall two to six hours 
in advance. However, due to the difference in rainfall allocation in Hanoi and the study area of Long Bien and Gia 
Lam districts being a small catchment, the accuracy of rainfall warning for this catchment is not high.45

Nevertheless, in conjunction with the completion of drainage system, there needs to be an investment for 
Integrated Flood Management System for Long Bien – Gia Lam catchment, which includes rainfall forecasting 
retrieve, urban drainage modelling and drainage asset operational procedure.

Management of extreme flood scenarios

In terms of planning to cope with extreme events in large river systems in the northern region, including the 
territory of Hanoi, a master plan for flood prevention and dyke system in Day River was developed and approved 
in Prime Minister Decision No. 1821/QĐ-TTg dated 07/10/2014. A similar master plan for Red River and Thai 
Binh River was approved in Prime Minister Decision No. 257/QĐ-TTg dated 18/02/2016. These master plans 
regulate standards for flood prevention in these large river systems and popularize measures to prevent, avoid, 
cope and adapt to flooding.

At the city level, Hanoi has developed a coherent structure for extreme event management. The central role 
belongs to the Hanoi Steering Committee for Natural Disaster Prevention and Control, Search and Rescue who 
is responsible to Hanoi City PC for provision of guidance, development of plans, and coordination of disaster 
prevention and control and search and rescue tasks in Hanoi. Each Hanoi department and district People’s 
Committee (PC) has their member in the Steering Committee. Under the guidance of this Steering Committee 
and in compliance with the Law on disaster prevention and control and the two aforementioned flood prevention 
master plans (if relevant), each district develops its strategy for disaster prevention and control, search and rescue, 
in which responsibilities for disaster response are delineated, plans to manage extreme events are outlined, and 
actions to take before, during and after a disaster event are presented. The strategy is updated every year to reflect 
the most up-to-date status of extreme event management system, both infrastructure and institutions, and to 
respond to new risks and projections.

Additionally, each year, Hanoi City People’s Committee also approve Hanoi City dyke protection plan for 
critical dyke sections, relief plan to ensure the lives of Hanoi people, and plan for responding to natural disaster 
and to emergency situations of the City’s reservoirs.46 These plans complement the districts’ strategies to form 
a solid protocol for extreme event management and relief measures in the City. It is highly recommended 
that implementation of measures outline in the flood prevention master plans for Red River and Day River is 
accelerated, actions and responsibilities outlined in the districts’ strategies are detailed and followed strictly, and 
proper human and financial resources are allocated towards local level.

THE DIRECT AND INDIRECT BENEFITS OF GREEN INFRASTRUCTURE

Green infrastructure can not only help build resilience and mitigate impacts of pollution and 
floods but also increase the attractiveness of Hanoi as a place to live and visit.

Development and improvements in infrastructure, river flow enhancement and management of wastewater 
and drainage are fundamental to solving much of Hanoi’s water pollution and flood problems. Green 

45  

46 The reservoirs include Van Son, Quan Son, Suoi Hai, Xuan Khanh, Dong Mo - Ngai Son, Dong Suong
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infrastructure can complement these approaches, making a valuable contribution to mitigating water 
pollution, for example through constructed wetlands, and to reducing flooding by improving storage and 
infiltration capacity.47

Green infrastructure can provide an effective alternative or even complement the proposed traditional 
infrastructure at a much cheaper cost. At the same time, it also increases urban resilience to climate change. 
The actual quantifiable benefit of green infrastructure may be restricted by its small scale and limited effect once 
the traditional drainage infrastructure is working well. Estimates are that, when proposed green infrastructure 
techniques (see Box 10) are implemented in the focus districts alongside hard engineering measures, the total 
catchment area exposed to flooding does not decrease but nonetheless flood depths would be reduced by 0.15 – 
0.22 m and the area experiencing deep flood would decrease by 80 percent (from 3.6 hectares to 0.7 hectare), a 
small although not inconsiderable gain. In addition, the virtues of green infrastructure go far beyond its ability to 
act as a sponge – it essentially enhances life in the city. The amenity benefits may be as great as the direct benefits, 
improving the liveability and attractiveness of the city. These green infrastructure solutions have been widely 
recognized and applied for pollution reduction and stormwater management in different regions globally and 
in nearby countries and in different settings. However, green infrastructure is not yet an established approach 
in Vietnam and can be often ignored or undervalued in urban planning and infrastructure design. Therefore, a 
series of pilot-scale demonstrations of nature-based solutions for drainage and flood mitigation are proposed. 
These pilots could also demonstrate the contribution of green infrastructure to water quality improvement, 
urban heat mitigation and increasing urban fauna biodiversity.

With a crowded city like Hanoi, there will be problems in finding the space for green infrastructure in densely 
built up areas. Aligning the implementation of green infrastructure with the Hanoi open space masterplan and 
with the policies that emanate from this provides an underpinning for these initiatives (see the box below). Asian 
cities that have successfully embedded nature-based solutions into urban spatial planning include Singapore 
[https://www.pub.gov.sg/abcwaters/about] and Kunshan [https://watersensitivecities.org.au/helping-create-the-
award-winning-sponge-city-of-kunshan/]. 

Box 9: Orientation of green space and water within and around Hanoi

Hanoi has developed rapidly and has become densely built up. Nonetheless the city master plans aim at 
developing and preserving green spaces, including urban parks, green corridors, green belts and green 
wedges. 

Within the inner capital areas, Hanoi aims to sustain an urban park system, setting aside land for 
development of green spaces and prioritizing the development and maintenance of urban parks. Green 
corridors, including adjacent rural areas and the nearby lakes, hills, forests and agricultural areas, are to be 
protected to preserve the peri-urban landscape and enhance the urban living environment. The green belt 
along the Nhue River is intended to be the buffer between the inner capital area and the southern expanded 
urban area along the Red River. The green wedges are buffers separating the new urban areas along the 
Eastern 4th Ring Road and the northern Red River.

47 Hanoi does not have a green infrastructure masterplan with nature-based interventions. The greatest value one can harness from 

NbS is when they are integrated into urban planning. Key to this is the creation of drainage corridors – connecting the series of lakes and 

open spaces. An example of how road corridors could be configured to deliver ecological and flood mitigation functions is that of the City 

of Kunshan https://watersensitivecities.org.au/kunshan-ring-road-case-study/
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Box 10: Proposed green infrastructure techniques

Permeable pavement: Permeable pavements are a method of paving to enable stormwater to seep into the 
ground as it falls rather than flow into stormwater drains or waterways. These pavements allow infiltration, 
treatment, and/or storage of rainwater where it falls, reducing or even stopping stormwater from pooling 
and flowing away; they help the recharge of underlying aquifers; reduce peak flows and flooding; and 
prevent erosion. They may be constructed from pervious concrete, porous asphalt, permeable interlocking 
pavers, and several other materials. Permeable pavements function similarly to sand filters in that they filter 
the water by forcing it to pass through different aggregate sizes and filter fabric. As precipitation falls on 
the pavement it infiltrates down into the storage basin where it is slowly released into the surrounding soil.

Source: Kelly Hill & Simon Beecham, 2018

Rain garden: Rain gardens (bioretention facilities) are depression areas designed to detain rainfall and 
stormwater to slow down runoff, reduce pollution and increase runoff storage capacity and filtration capacity 
in urban areas. Usually, a rain garden is constructed with soil materials, grasses and flowering perennials to 
withstand the extremes of moisture and concentrations of nutrients, particularly nitrogen and phosphorus, 
which are found in stormwater runoff. Rain gardens are ideally sited close to the source of the runoff and 
serve to collect rain water from a roof, driveway or street, slow the stormwater as it travels downhill, giving 
it more time to soak into the ground and less opportunity to gain momentum and erosive power.

Source: City of Hot Springs, Arkansas

Vegetated filter strips: Vegetated filter strips are gently sloped areas vegetated with grasses and groundcover, 
designed to receive stormwater runoff from adjacent impervious surfaces in urban areas. They slow down the 
conveyance of collected runoff and allow it more time to infiltrate into the native soil beneath it. Depending 
on the hydrologic parameters of the soil group, vegetative cover type, slope, and length, filter strips can 
promote reduction in runoff volume through infiltration. They are best utilized to treat runoff from roads, 
roof downspouts, small parking lots, and pervious surfaces.
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Bioswales: Bioswales are linear vegetated drainage channels designed to remove debris and pollution from 
surface runoff water. The water’s flow path, along a wide and shallow ditch, is designed to maximise the time 
water spends in the swale, which aids the trapping of pollutants and silt. Depending upon the land available, 
a bioswale may have a meandering or almost straight channel. The top layer consists of enhanced soil with 
plants. Below that layer is a layer of gravel, scoria or baked clay pellets packed in geotextile. These materials 
have large empty spaces, allowing the rainwater to drain off. An infiltration pipe/drainpipe is situated below 
the second layer. The dimensions of most bioswales are designed in such a way that water from heavy 
rainfalls infiltrates into the ground within 24 hours.

Sources: Dinic Brankovic, Milena & Mitković, Petar & Bogdanovic Protic, Ivana & Igić, Milica & Đekić, Jelena. 2019

Constructed wetlands: A constructed wetland is an artificial wetland created as a new or restored habitat for native 
and migratory wildlife, for discharge such as wastewater, stormwater runoff, or sewage treatment, and for land rec-
lamation in natural areas impacted by development. They are generally built on seriously degraded wetlands or new 
areas where there are problems with drainage and water quality. They can substitute for conventional storm water 
and grey water treatment plants. Wetlands are frequently constructed by excavating, backfilling, grading, diking and 
installing water control structures to establish desired hydraulic flow patterns. They consist of shallow (usually less 
than 1 m deep) ponds or channels which have been planted with aquatic plants.

Sources: Sarah A White, 2013





Chapter 5

Towards a comprehensive 
integrated strategy

Hanoi needs to close the infrastructure gap speedily – but also to invest in institutions

In the early days of its development, the focus in a city is inevitably on building the physical infrastructure. In 
the case of Hanoi, as we have seen, much has been done, but an infrastructure gap has emerged as the pace of 
urbanization has overtaken the city’s ability to plan and invest in the needed infrastructure.48 As a result, service 
delivery – the wastewater services that are needed to contain pollution, and the drainage services needed to 
prevent flooding – has fallen short. 

There is thus a need for investment in the infrastructure and institutions required to bring these services up to 
the standard which citizens now expect. There is also a need to invest for the future in the physical infrastructure 
and the management and regulatory systems that will ensure that the services can cope with the continued 
growth of the city and are efficient and financially and environmentally sustainable.

There is a need for a comprehensive and integrated approach to the challenges of pollution 
and flooding

Infrastructure alone cannot solve Hanoi’s challenges in pollution and flooding. A comprehensive and integrated 
approach is needed that addresses not only the physical and hydrological elements of the city’s water system but 
also aspects related to governance, institutions and human behaviour. 

The approach required therefore focusses on infrastructure investment - expanding, modernizing, and 
rehabilitating infrastructure – but also requires investment in institutions: reforming policies, regulations 
and agencies; strengthening monitoring and the enforcement of regulations; attaining financial sustainability 
of service delivery; and mobilizing finance for investment, including increasing the contribution of the private 
sector. Behavioural changes regarding polluter pay principle and willingness to connect to sewerage network 
should also be promoted.

48  Singapore’s experience is to invest in infrastructure well ahead of development. This will ensure the development of the city is not 

constrained by lack of infrastructure.
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INFRASTRUCTURE INVESTMENT

Expanding, modernizing, and rehabilitating infrastructure 

As discussed above, pollution can best be tackled by expansion towards complete sewerage and wastewater 
treatment together with freshwater restoration and green infrastructure. Complementing this, drainage 
improvements will reduce both pollution and flood hazards. Multi-criteria analysis has identified priority 
investments to address the infrastructure needs during period 2020–2030 and beyond (Figure 13). The investments 
are categorized in four schemes: water freshwater restoration schemes, sewerage network schemes (wastewater 
collection and treatment), schemes for drainage improvement, and investment in green infrastructure.
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The cost and economic analysis of proposed investments

The study assessed four quantifiable economic benefits in a rapid assessment of economic implications of the 
proposed investments. The conventional method is applied for the cost benefit analysis, where discounted costs 
and benefits of the “with-project” scenario are compared with those of the “without-project” scenario and the 
viability is reflected via Net Present Value (NPV) and Internal Rate of Return (IRR). The analysis incorporates 
whole of life cycle costs, including investment and operation and maintenance costs. The economic life of project 
is assumed to be 25 years. Non-monetary benefits such as amenity value of clean and flowing rivers and green 
and water spaces, improved water quality, reduction of offensive odours, are also taken into account in estimating 
economic benefits of proposed investments.

·	 Savings in health care costs: Before the investments, a majority of the population live in polluted 
environmental conditions. Water-borne and respiratory diseases are substantially higher than in areas 
with a clean living environment. Better sanitation contributes to improved public health, resulting in 
reduction of health-related expenditures. Data from the World Bank Mekong Delta Region Urban 
Upgrading Project (MDR–UUP) showed these savings ranging from US$23.10-US$30.50 per beneficiary 
per year.49

·	 Savings in productive time: Improved public health and a better living environment result in an increase 
in productivity due to reduced illness time, reduced mental stress, and no disrupted transportation. 
These savings ranged from US$14.60 per beneficiary to US$19.30 annually in the World Bank MDR-
UUP data.50

·	 Avoided flood damage51: Before the investments, the districts have been frequently flooded, mostly in 
the rainy reason, due to poor drainage systems. Construction of drains, sewers, regulating lakes and 
stormwater pumping stations, and rehabilitation of the canals and rivers reduce flooding and associated 
damage. Again, adapting the figures of the World Bank MDR-UUP (reduced flood damage of US$6.70 
to US$9.80 per affected person per year) and adjusting for land use value, the scale of investment and 
the type of infrastructure proposed, average avoided flood damage ranges from US$17.00-US$30.00 per 
affected person per year.

·	 Increase in land prices: Land prices generally rise as result of better living conditions due to the improved 
environment, accessibility, security, and amenities. Land prices are substantially higher along green 
spaces, lakes, clean rivers, and canals with embankments. Data from the World Bank MDR-UUP show 
that land prices after the investment increase on average about 2.5–5 times compared to before the 
investment. Adjusted for the scale of investment and type of infrastructure, average increases in land 
value in the Hanoi case range from US$21-US$42 per m2.52

The economic analysis incorporates whole of life cycle costs, including investment and operation and maintenance 
costs.

River water quality improvement in four rivers 

Total estimated construction cost for short term investments to improve water quality in the four rivers is 1,340 
billion VND (56.5 million USD). The investments (freshwater restoration schemes) would directly benefit 
almost one million (~990,000) people living up to a 1 km distance from To Lich, Nhue and Day Rivers. The 
economic benefit value per year in this phase of investment is approximately 777 billion VND (32.8 million 

49 Assuming healthcare cost takes up 6% of household income and 30% healthcare cost saving due to infrastructure improvement

50 Adjusted for flooded duration in Long Bien and Gia Lam districts

51 Applied for investment on drainage system in Long Bien and Gia Lam districts only

52 Referred to real estate websites and reports on land prices in Hanoi
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USD). The whole-life quantifiable benefits Net Present Value (NPV) is approximately 1,547 billion VND (65.2 
million USD) and the Internal Rate of Return (IRR) is 22.68%.

Total estimated construction cost for medium term investments to improve water quality in the 
four rivers is 10,907 billion VND (460 million USD). The investments (sewerage networks and piloted 
constructed wetlands) would directly benefit almost one million (~955,000) people in the areas serviced 
by the proposed sewerage networks53 and households connected to the wetlands. The economic benefit 
value per year in this phase of investment is approximately 2,779 billion VND (117.2 million USD). The 
whole-life quantifiable benefits NPV is approximately 1,252 billion VND (52.8 million USD) and the IRR 
is 13.47%. This phase of investment would require an acquisition of 32.6 hectares of land for the treatment 
plants and the wetlands.

Sewerage network and drainage improvement in two districts

Short term investment in comprehensive drainage and wastewater management system in the two focus districts 
would have an estimated construction cost of 4,548 billion VND (~190 million USD). The investments would 
benefit some 460,000 people residing in the catchment, including populations in the service area of Ngoc 
Thuy and Dong Du sewerage networks. The economic benefit value per year is approximately 1,387 billion 
VND (58.5 million USD). The whole-life quantifiable benefits NPV is approximately 804 billion VND (33.9 
million USD) and the IRR is 14.01%. This phase of investment would require an acquisition of 53.3 hectares of 
land for the pumping systems and the two WWTPs.

The estimated construction cost of medium-term investment in the two districts is 2,800 billion VND 
(~120 million USD). The number of beneficiaries is 520,000 people. The economic benefit value per year is 
approximately 1,129 billion VND (47.6 million USD). The whole-life quantifiable benefits NPV is approximately 
481 billion VND (20.3 million USD) and the IRR is 13.38%. This phase of investment would require a larger 
land area to be acquired (131 hectares), mainly for the construction of regulating lakes. In addition, resettlement 
for about 7,800 people would need to be undertaken for the construction of the discharge canal of Dong Du 
pumping station.

The sustainability of the proposed investments

The proposed infrastructure investment plan prioritises (i) the increased diversion of water from the Red River 
to dilute pollution and improve water quality in the four rivers to a point where they can be used for irrigation; 
and (ii) improvements to drainage canals and pump stations in Long Bien and Gia Lam. 

·	 Although dilution is not an optimal solution for pollution, the restoration of freshwater flow is a 
reasonable short-term practical solution until the sewerage coverage of the city increases. In the longer 
term, the introduction of constructed wetlands (as city-wide ‘water dialysis facilities’) to improve the 
water quality of these waterways may become a viable option once sewage contamination is largely 
eliminated. This has been an effective strategy for the management of water quality in polders in the City 
of Kunshan, China. Nonetheless, it is important to maintain a minimum environmental flow in the four 
rivers, and in the long-term freshwater restoration could be considered as a solution for this purpose 
rather than for dilution.

·	 The proposed drainage improvement works should serve as a catalyst for integration of these capital works 
with nature-based solutions, for example, introducing elements of street-scale corridors connecting local 
drainage to the canals and to linking open spaces. These green corridors could then become designated 
passages for safe floodwater conveyance.

53 Estimated based on projected service population in Hanoi Drainage Master Plan 2013, and the latest population statistics (2018)
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INVESTMENT IN INSTITUTIONS AND BEHAVIOURAL CHANGE

Reforming policies, regulations and agencies

Consolidation and strengthening of water-related departments to align with international best 
practice

The current institutional structure in management of wastewater and drainage and in river management divides 
responsibilities amongst departments and impedes a coordinated approach to pollution and flooding. 

There is a need to consolidate water departments to align with international best practices. One possible model 
is Singapore, where the Public Utility Board (PUB) of the Ministry of the Environment and Water Resources is 
responsible for water supply, for wastewater, treatment and reuse, and for drainage and flood management. 

Specifically, for pollution, the fragmented division of functions and regulations and the weak inter-agency 
coordination can be addressed by bringing all agencies under DoNRE affiliation and supervision to provide 
assistance to the People’s Committee.54

To facilitate coordination between relevant agencies, it is critical to develop a special channel for information 
sharing to minimize the efforts and resources spent by different agencies to carry out the same work on the 
same subjects, and at the same time, to create opportunities for cross-checking data and information and for 
synthesizing information into a shareable, accessible, and verifiable database.

There is an immediate need for capacity building support in data management, asset management, O&M 
capabilities, modelling, and project preparation, management and implementation.

Benchmarking and target setting are vital tools to help Hanoi’s management agencies align with standards in 
equivalent cities and to customize best practice to the case of Hanoi.

Over the coming years, a road map can be established to streamline institutional responsibilities and to build 
systems and capacity. 

Development of a policy on sewage tariffs with the target of full recovery of O&M

Currently Hanoi charges no sewage tariffs, only an environmental protection fee which is just 10 percent of the 
piped water charges (about 600 VND per cubic meter). At these low levels, only about one fifth of the O&M costs 
of wastewater collection and treatment are covered. These low tariffs leave the wastewater system permanently 
under-financed, give no incentive to extend coverage, and provide scant incentive for the private sector to invest.55

It is recommended that Hanoi move towards full recovery in the longer term of the efficient operating costs 
of wastewater collection and treatment, with interim measures to ensure that investment and services are fully 
financed during the transition period.

A roadmap to increase sewerage tariffs gradually over time to the agreed level is required. This should take 
into account socio-economic conditions in each locality and projected changes in the future. The objective 
should be to achieve full cost recovery while avoiding social and economic hardship to the community. The 
tariff can be varied by area depending on the level of water and sanitation service and by household income. 
Financial support for poor households’ sanitation needs could be provided through tariff cross subsidies or 
through micro-financing programs such as micro-credits and revolving funds.

54 A proposal made in the World Bank policy brief Priority policy solutions for water pollution in Vietnam.

55  The slow progress of Phu Do, Tay Song Nhue, Phuc Dong and An Lac wastewater treatment plant projects is mostly due to the 

perceived revenue risks for the private developers, who are having difficulties seeing relatively assured returns in implementing these 

projects. 
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Mechanisms to oblige household connection to sewer networks

We have seen how consumers are reticent about connecting to the network (Chapter 3), yet 100 percent 
compliance is essential, both for management of wastewater and pollution reduction, and for the financial 
sustainability of the service. 

The reluctance of households to connect to sewer system comes from the lack of tertiary sewers and drains, 
the lack of willingness to pay the full cost of sanitation upgrades in exchange for competing priorities such as 
improved water supply, better solid waste management, and improving drainage, and disincentive caused by poor 
standards of construction and poor operation and maintenance of drains and sewers.56 Drainage infrastructure 
in Hanoi is constructed by simultaneously upgrading and expanding the existing works and developing new 
ones, and the construction is carried out by multiple players. The connectivity of these works is limited as 
projects can last for about three to seven years, depending on the scale. Households, therefore, have concerns 
about inadequate connectivity of sewers, overflowing and clogged pipes, and the damage caused to their house 
during connection. Poorly operated and maintained combined systems were noted as a major contributor to 
pollution, bad odours, and a poor living environment—resulting in a lack of community confidence and hence 
a low interest in connecting to them.

Enforcing national standards for design and construction, improving quality assurance of investment design 
and construction, and allocating adequate budgets to the tertiary network are needed actions to encourage 
household connections to sewer system. A customer service approach for improved complaints response should 
also be established to promote confidence in the wastewater system and customer satisfaction in the service 
provided. Periodic inspections are needed to ensure that dischargers connected to sewer system and sewer 
connections are in compliance with requirements.

“Everyone connecting” is the main influencing factor driving household’s willingness to connect and being 
able to choose a payment option based on community agreement is important.46 This is partly peer pressure and 
partly an understanding that if everyone connects then the environmental improvement and health benefits will 
be more effective. Imposition of a penalty for no connection is not regarded as helpful. Instead, as the cost of 
initial connections is relatively high, the provision of financial assistance to poor and disadvantaged households, 
and implementation of financial mechanisms such as subsidies and/or micro credit/revolving funds to help other 
households to connect to sewers are recommended.

Box 11: Private sector engagement to improve connection to sewage network and sanitation services

In Ecuador, the largest share of the population lacking access to adequate sanitation is concentrated in urban 
areas of large and medium size municipalities of the coastal region. To support achieving the ambitious goal 
of reaching universal access to potable water and basic sanitation services across the country by 2024 set 
forth in the 2014–2024 Water Supply and Sanitation Sector Strategy, the Municipality of Guayaquil remains 
committed to increase access to affordable and safely managed sanitation services.

In the City of Guayaquil, water supply and sanitation (WSS) services are provided through a public-
private partnership (PPP) arrangement with a private operator. Since 2001, a 30-year concession contract was 
awarded to a private consortium, Interagua, for the provision of WSS services within the city. The regulatory 
agency, today called Empresa Municipal de Agua Potable y Alcantarillado de Guayaquil (EMAPAG EP), is 
in charge of supervising and controlling Interagua’s performance, among other functions.

56  World Bank. Improving on-site sanitation and connections to sewers in Southeast Asia: Insights from Indonesia and Vietnam. 

Water and Sanitation Program. 2015.
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To increase effective access to sewerage collection services, household connection costs, including intra-
household works like piping, flooring and sealing the septic tank, is partially subsidized and financed by 
the private operator. In parallel, a communication campaign was launched to inform the beneficiaries about 
the connection program and its benefits and to promote improved hygiene and maintenance practices 
required to ensure the proper use and functioning of the sewer system. Since the concession contract was 
signed, access to water and sanitation and the quality of services has significantly improved in the City 
of Guayaquil. According to the audits performed by the national Audit Office between 2001 and 2009, 
the sewerage network coverage has reached 80 percent city-wide. EMAPAG EP has managed to increase 
effective access to piped sanitation up to 98 percent in many districts of the city with high poverty rates.

Source: Guayaquil Wastewater Management Project Additional Financing. World Bank. 2018.

Behavioural change: polluter pay principle and willingness to connect to sewerage network

Behavioural changes of consumers are as much needed as investment in infrastructure and institutions. Firstly, 
water is a resource often taken for granted by society, and “polluter pay principle” has not been engraved in 
consciousness and behaviours of a large share of consumers. Levying and collecting higher tariffs from end-
users would expectedly meet social opposition, while customers’ endorsement of tariff increases is critical in the 
success of the policy on sewerage tariff. 

Education of stakeholders to increase willingness to pay to achieve cost recovery is therefore critical. 
It is highly recommended that an extensive communication campaign to improve inhabitant’s awareness 
about the need and benefits of sewerage tariff is to be carried out, at both national, city and local levels and 
with strong involvement of mainstream media in disseminating information, facts and figures. Supporting 
documents for tariff increases such as flyers and videos need to be prepared, displayed in public spaces and 
disseminated. These documents should (i) explain what the tariff increase will achieve, (ii) describe the 
consequences of not increasing the tariff, (iii) trace the tariff increase to approved policies and plans, (iv) go 
into the improvements in utility efficiency that will accompany the tariff increase, and (v) compare the new 
water bill with other costs, like those of internet or electricity. Frequent consultation by local authorities 
and communication by the media to provide transparent and adequate information on how sewerage tariff 
is allocated and used for O&M of sewerage system and investments in system development are strongly 
encouraged.

Secondly, communication campaigns and behaviour change communication packages should be developed, 
including picture-based informative community level manuals/options guidelines, to improve inhabitant’s 
awareness about the need and importance of sewerage connection and associated willingness to connect. 
Community consultation programs that are well targeted and well-timed with construction and promoted 
through community meetings on an area-by-area basis should be facilitated. Disseminated information should 
include accurate cost estimates, financial support mechanisms, how the system works, what service is offered at 
what tariff, connection mechanisms and community responsibilities. Again, mainstream media can also play a 
significant role in information dissemination.

Introduction of pollution management based on the carrying capacity of the rivers

In order to manage reduction of pollution discharges, it is recommended that the ‘total maximum daily load’ 
(TMDL) that each river section can bear be calculated, and that quotas for each pollution source be assigned on 
that basis. This would ensure that the rivers are capable of carrying and self-cleaning pollutant loads. It could also 
make wastewater discharge licensing an effective tool. It is more effective if the TMDL is assessed for different 
seasons or months since river flow changes over time and seasonally. The assessment should be updated regularly 
to reflect hydrological changes of the rivers.
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Recognition of the value of green infrastructure

Hanoi Construction Master Plan to 2030, vision to 2050 plans for development and preservation green space, 
including green corridors, green belts along the Nhue River, green wedges and the urban parks (see Box 7). Hanoi 
Drainage Master Plan also recommends the application of green corridors, gardens, permeable pavements, and 
vegetated filter strips to complement structural solutions in drainage management for the City. Yet currently, green 
infrastructure enjoys only marginal status. It is recommended that official standards for green infrastructure be 
developed and that green infrastructure be systematically included in planning processes. The aim is to put green 
infrastructure on an equal footing as conventional infrastructure for any matters requiring investment, including 
drainage and pollution management. The preparation of green infrastructure development plan should be closely 
related to the land use plan.

A technical standard and guideline to meet the local conditions in Hanoi (and Vietnam) based on the 
international standard and guideline and demonstration projects is highly recommended. The lack of an official 
technical regulation is a major barrier to more widespread use of green infrastructure in Vietnam in general and 
in Hanoi specifically. It deters investment in the technology, lengthens technical design approval process, and 
hinders monitoring of construction quality. The standard/guideline should include description of the measure, 
where/for which purpose it can be applied, how it is constructed (with drawings), its limitations, and case studies 
in similar settings.

Box 12: Singapore’s ABC Water Programme

Recognizing the importance of water to the country and its people, Singapore’s Public Utilities Board 
(PUB) approach in the past was to protect water resources as much as possible, making lakes, reservoirs and 
waterways often difficult to access for the public. The closing of the water loop through the development 
of a diverse portfolio of water resources, known as the Four National Taps has allowed Singapore to move 
beyond water efficiency and to shift the approach towards protecting water resources from keeping people 
away from the water to engaging the public in water conservation and keeping the water clean. The Active, 
Beautiful and Clean (ABC) Water Programme was subsequently designed as a further effort to bring people 
closer to water, so that they can better appreciate and cherish this precious resource and develop a sense of 
ownership of water resources.

Launched in 2006, the ABC Water Programme was developed to enhance the quality of life as well as to 
maintain the quality of water in waterways and reservoirs. These ideas are encapsulated in the programme’s 
acronym, “ABC”:

·	 Active: Creating new recreational and community spaces while bringing people closer to water.

·	 Beautiful: Transforming concrete waterways into vibrant and picturesque waterscapes that are well 
integrated with the urban environment.

·	 Clean: Improving water quality through holistic management of water resources and public 
education by fostering better people-water relationships.

Specifically, the ABC Waters Programme aims to transform Singapore’s drains, canals and reservoirs beyond 
their traditional functions of drainage, flood control and water supply storage into well-designed waterways 
that are integrated with the surrounding landscapes and serve multiple purposes. The Source-Pathway-
Receptor approach in drainage management is advocated in Singapore and ABC Waters design features 
act as one of the source control measures to manage storm water runoff. While conventional drainage 
engineering generates high peak flows of stormwater and large amounts of land pollutants that wash into 
canals, ABC Waters design features, i.e. natural systems consisting of plants and soil, can detain, slow down
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and treat rainwater runoff before discharging, thus reducing flood risk and making water cleaner before it 
enters downstream waterways. There are various types of features including the bioretention basins or rain 
gardens, bioretention swales, vegetated swales, constructed wetlands (whose types consist of surface flow, 
floating and subsurface) and sedimentation basins.

In terms of land use, ABC Waters projects have improved efficiency by allowing traditionally mono-
functional water infrastructure to serve multiple purposes like recreation and water storage. By beautifying 
water spaces, and making them accessible for the public, the Programme has also enhanced liveability. The 
ABC Waters sites not only improve the living environment visually, but also provide more recreational and 
educational opportunities. These sites also nourish plant and animal life, thus contributing to Singapore’s 
biodiversity.

The rejuvenation of Bishan-Ang Mo Kio Park is often hailed as the flagship project of the ABC Waters 
Programme. Opened in March 2012, the project entailed the transformation of a 2.7-kilometre stretch of 
Kallang River that ran in a canal along the edge of the park into a lush river meandering through the park. 
When the water level in the river is low, users can enjoy recreational activities along the banks. When 
there is heavy rain, the parkland next to the river doubles up as a conveyance channel, carrying excess 
water downstream. The concrete canal walls were naturalised using bioengineering techniques. Plants and 
bedding materials were also used to stabilise the banks, and to create a natural habitat for native plants and 
animals. A variety of animals have been sighted here, including butterflies, dragonflies, water hens, egrets, 
purple herons and smooth-coated otters.

Source: Public Utilities Board. Active, Beautiful, Clean Waters. 4th edition. Singapore; Centre for Liveable Cities & Public Utilities Board. 
Water: From scarce resource to national asset. 2012..

Consolidation of manufacturing entities and craft villages into industrial zones and clusters

We have seen above (Chapter 3) the problem of regulating wastewater and effluent from scattered manufacturing 
entities and production facilities in craft villages. It is recommended to consolidate these enterprises within 
industrial zones and clusters where common treatment facilities can be provided.

Acceleration of land acquisition process

Land acquisition has always been a potentially contentious issue in any major infrastructure development 
project in Vietnam, not just in Hanoi City. Agreement on land price compensation is often not reached. Poor 
land management practices in the past have made it difficult to identify accurately land source, land type and 
land area under one’s ownership. These issues, coupled with the lack of transparency regarding project scope 
and compensation policies, have resulted in lengthy dispute management process and sometimes community 
resentment.

To accelerate the land acquisition process and minimize the associated social risk, transparency and community 
endorsement are essential. Public disclosure of the project scope, plan and activities should be implemented to 
build up community understanding of the project. Project information should be publicly available at public 
places, meeting hall, communal/ward People’s Committees as well as functional agencies’ websites.

Information on the compensation framework for land acquisition, resettlement compensation policies and 
any other supportive programs as prescribed by the Government need to be communicated and explained to 
affected people. Community consultations to understand the views, concerns and needs of affected people should 
be carried out on a weekly basis, and a brief of the outcome of each consultation should be publicly available and 
sent to local authorities and to community leaders. Intangible factors such as connection to community, cultural 
values, loss of opportunities, etc. shall all be considered in the compensation framework.
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It is also necessary to set up a grievance redress mechanism (GRM) in the project area and explain thoroughly 
to the community about GRM so that it is well understood and used effectively.

Recognition of the value of a changed economic approach

As the majority of the world continues to follow a linear economic approach, which is rapidly diminishing global 
resources, Hanoi city could benefit from pursuing a circular economic approach that seeks to prevent waste  
(see Box 13). It would be a long-term strategic shift requiring leading investments for Government and 
community/consumer education of the new principles and strong enforcement of new behavioural models.

Box 13: Changed economic approach: Benefits of a Circular Economy v Linear Economy

Depiction of Linear Economy Depiction of Circular Economy

The growing need for food, water, housing, clothing, and recreation takes a heavy toll on the environment. 
These are some reasons why many countries have decided to switch from a linear to a circular economy. 

The traditional, linear model is based on a “take-make-consume-waste” approach to using resources. 
Raw materials are transformed into a product and after its life cycle ends, it is thrown to waste. What is 
known for sure, is that if this model is not replaced, the world will approach a tipping point where it will 
lose the capacity to sustain itself.

The transition from linear to circular economy goes through the re-use economy approach. The model 
adds a new link to the linear economy approach. The raw materials are transformed into a product that can 
be recycled into a new product when it ends its life cycle. But after that stage it is thrown away.

The purpose of the circular economy is to prevent waste. Manufacturers have to design reusable products 
and when a new product is needed, it has to be obtained sustainably. Hence when the raw material enters the 
life cycle, it must follow the production-use-recycling-production cycle. 

The circular economy is more profitable and less harmful to the environment and its main goals include 
sustainable economic growth, increased competitiveness, and new jobs. The circular economy needs joint 
efforts by entrepreneurs, researchers, industries, users, government, civil society, lawmakers, but most of all 
it needs innovation. 

Source: https://www.entrepreneurship-campus.org/the-difference-between-linear-circular-economy/; downloaded 12 May 2020
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STRENGTHENING MONITORING AND THE ENFORCEMENT OF REGULATIONS

Strengthening environmental monitoring

It is a truism that ‘you cannot manage what you cannot measure’. Despite a relatively dense network of monitoring 
stations, currently information collection and sharing are quite weak, and several areas need improvement. 
Periodic monitoring by DoNRE in the Tich and To Lich Rivers decreased from four times a year to twice a year 
in 2015–16 and has stopped altogether since 2017. Water quality in Nhue and Day rivers is also only measured 
twice a year by DONRE.

The lack of environmental monitoring data, for example on water quality and discharge in the four rivers, 
impedes planning, management and investment. It is recommended to:

·	 maintain, update and operate efficiently the information system on environmental monitoring. What is 
required is a clear procedure on raw data treatment (retrieving, checking, processing, storing) and on 
processed data handling (storing, updating, website uploading, and accessing), with a professional team 
set up for data treatment and management and operation of website. The maximum data and information 
should be made available on the website to the public and all relevant agencies and organizations should 
be able to access the processed data free of charge.

·	 increase the frequency of periodic monitoring of water quality. A roadmap to increase the frequency 
of water quality monitoring should be developed, from the minimum of two times a year to six and 
12 times a year to regular monitoring. To compensate the cost of increasing monitoring frequency, the 
monitoring network should be optimized. 

·	 restore monitoring programs for the To Lich, Tich and Cau Bay rivers, and increase monitoring points 
on Tich River and Cau Bay River

·	 explore ways to collect data on pollution loadings from agricultural drainage water and data on 
phosphorus levels 

·	 ensure quality of data by cross-checking with other agencies.

·	 establish baselines and targets for water quality. This could draw on the experience of hydrological 
monitoring in India, including that under the Ganga Action Plan (GAP). 

·	 extend the network of state-of-the-art hydrological and automatic water quality monitoring stations.

Strengthening enforcement of regulations on pollution

Although domestic wastewater is the largest source of pollution by both discharge volume and pollutant load, 
industrial effluent is many times more polluting per discharge unit. It can cause serious localized pollution and 
has proved difficult to regulate. The following steps are recommended:57

·	 Strengthen monitoring for systematic identification of non-compliant polluters and prioritize self-monitoring

·	 Accelerate the connection of automatic water quality and wastewater load monitoring equipment for 
industrial zones and clusters and large point-sources.

·	 Increase the frequency of periodic and random investigation of large and hazardous pollution sources 
and conduct pollution source surveys in a continuous and consistent manner. Selection of entities for 
compliance inspection should be based on a risk-management approach, which takes into account 
the likelihood of non-compliance and the risk to environment from their activities. The frequency of 
compliance inspection should be proportionate to the risk of harm and the likelihood of non-compliance. 

57 These recommendations include several made in the World Bank policy brief Priority policy solutions for water pollution in Vietnam.
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Pollution source survey should be done on a yearly basis for large point sources and hazardous sources, 
and one every two years for medium and small point sources.

·	 Name and shame and increase penalties on non-compliant entities and change from one-off to daily fines

·	 Strengthen crackdown on illegal sand mining in the Red River, re-evaluate sand mining licenses, such 
that an appropriate quota is allocated for legal sand mining operators

·	 Apply administrative sanctions such as withdrawal of permits or confiscation of equipment

·	 Increase financial resources and capacity for inspection and regulation.

·	 Use performance-based loans for effluent treatment plants.

ATTAINING FINANCIAL SUSTAINABILITY OF SERVICE DELIVERY

For sanitation to work, the costs of providing the service must be covered by a combination of government 
transfers and by service charges to users. Within the policy on sewage tariffs (see above), the following steps are 
required:

·	 Ensure stable and adequate revenue streams from wastewater through a combination of governmental 
support and cost recovery, moving to a regime where charges are defined clearly and reflect O&M 
expenses. In the long run, tariffs could be gradually increased to allow for recovery of capital expenditure. 
It is strongly recommended that the regulation on sewerage tariff be approved and implemented as soon 
as possible.

·	 Ring fence sewerage revenues to cover the cost of the O&M of sanitation services. The budget for 
sewerage needs to be considered as important as the budget to provide roads, electricity, and water

·	 Turn treated wastewater from a cost into a revenue stream by creating a viable market mechanism for 
sale and reuse of treated municipal wastewater.

MOBILIZING FINANCE FOR INVESTMENT

Improving public expenditure efficiency

The slow implementation of Hanoi’s master plan demonstrates the need to improve the efficiency of public 
expenditures. Strengthening the institutional capacity to plan, build and operate infrastructure can lead to 
significant savings that can then be ploughed back into the programme.

Explore new financing options

Investing in wastewater and drainage is a very expensive business, beyond the scope of traditional sources of 
public finance, even when ODA is taken into account. Hanoi City needs to develop different finance mobilization 
strategies. Measures could include:

·	 A region-wide review of how other cities and countries have financed their wastewater infrastructure.

·	 Approaches to other less concessional sources of finance from development partners. 
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Box 14: Emerging Strategies for CAPEX and OPEX Management

CAPEX refers to a capital expenditure while OPEX refers to an operational expenditure. Capital 
expenditure is incurred when a business (i.e. urban utility) acquires assets (i.e. a WWTP) that could be 
beneficial beyond the current tax year. Hence, depreciation of fixed assets that are used in the production 
process (i.e. urban services production and delivery) is considered Operational expenditure.

The total cost over the entire life cycle of a water/wastewater treatment facility, from construction to disposal 
is designated life-cycle costs (LCC). It includes the costs of design, procurement, and construction which arise 
as capital expenditures, O&M expenses such as the costs of power, chemicals, labour, and waste disposal, 
and the costs of reuse or demolition of facilities at the end of the project period. Because a water/wastewater 
infrastructure project extends over a long period of time, it is important to consider its overall financial impact, 
including costs during the period of O&M in addition to costs during the construction period.

In large-scale water infrastructure projects, because the maintenance period lasts for decades, the 
maintenance costs that arise over this entire period are generally quite substantial. Maintenance costs are 
dependent on the initial design and the quality of the constructed facilities, and it is difficult to achieve any 
large cost reductions after operation has begun. Therefore, the basic conditions of the project and the facility 
should be determined during the feasibility and design phase by performing a comparative study of various 
project schemes and treatment plant processes, with consideration given to OPEX as well as CAPEX, which 
is initial investment costs during design and construction. 

Next, in the procurement phase, LCC can be taken into consideration by providing a model for LCC 
calculation on the specification sheet and evaluating various factors that can affect LCC when selecting 
contractors. It is relatively difficult to accurately evaluate OPEX at the time of bidding, but for government 
contract agencies who conduct LCC evaluations, the recommendation is to estimate LCC to the extent 
possible by collecting and using detailed information on actual figures (e.g. past data and records on variable 
unit costs or consumption). It should be noted that the government contract agency needs to obtain the 
capability for evaluation in order to conduct LCC evaluations at the time of procurement.

In water infrastructure projects, power expenses account for a large proportion of OPEX. The cost of 
electric power to operate pumps and blowers and the cost of fuel to operate incineration facilities are large 
components. Therefore, it is important to take steps to reduce LCC in the design and construction phases, 
such as by procuring equipment with consideration for costs during the O&M period. Even during the 
O&M period, actual operation should continuously make attempts to lower LCC. Another important factor 
in the calculation of LCC is the development of an asset management plan, including the costs of repairs 
when responding to problems such as unforeseen breakdowns, medium to long-term repairs to extend their 
usable life and when facilities undergo aging, and rehabilitation or renovation plans.

OPEX and CAPEX of sanitation service can be best covered by pricing water, or an introduction and 
collection of sewerage tariff. The Singapore Water Authority, PUB, prices water to recover the full cost of 
water production as well as wastewater collection, treatment and reuse. In addition, PUB levies a water 
conservation tax to reflect its scarcity value and encourage water conservation by consumers. Thus, the tariff 
in the monthly water bill comprises of water tariff reflecting the full cost of treated water supply; a water 
conservation tax expressed as a percentage of water tariff; a sanitary appliance fee and a water borne fee to 
cover the full cost of the sewer network, water treatment plants and reuse network. In the context of Hanoi 
and Vietnam, with current level of socio-economic development and income, it is not feasible to charge a 
tariff allowing for full cost recovery (recovery of both OPEX and CAPEX), but it is a long term strategy that 
eventually should be adopted and mandated.

Source: Guideline for Quality of Water Infrastructure, Asia-Pacific Economic Cooperation (APEC), November 2018; FICCI Water Mission 
and the 2030 Water Resources Group (2030 WRG). Urban wastewater public – private partnerships. White Paper. 2016.
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INCREASING THE CONTRIBUTION OF THE PRIVATE SECTOR 

Hanoi City – and Vietnam as a whole – needs to establish investor confidence through policy, legal and institutional 
reforms that meet international standards, to streamline project delivery and to enable the development of a 
pipeline of bankable projects. First steps for Hanoi could include:

·	 Developing attractive models for PPP, adopting Design, Build, Operate (DBO) and Build, Operate, 
Transfer (BOT) models as an interim measure. For these models to work, the O&M payment or 
annuity payment should be assured by a financially sound counterpart, guaranteed by higher levels of 
government, or met through an earmarked fund.

·	 The city could also explore the potential of the Hybrid Annuity Model (HAM), in which the government 
and private partner share capital burden and revenue risk. In this model, about 30–40 percent of the 
capital investment may be paid by the Government at milestones linked to construction progress, and 
the O&M payments may be paid through annuities over the remaining life of the concession which may 
extend up to 20 years. The private partner will finance the rest of the 60–70 percent of the capital cost 
and recover this capital cost and O&M expenditure from annuities spread over the contractual operation 
period.

·	 Improving the quality of project preparation and design of PPP arrangements. Implementation of 
Hanoi’s sanitation programme has been long delayed. One reason has been the lengthy interagency 
process for approving technical designs and reviewing feasibility studies. Another has been the difficulty 
in designing packages that balance the assignment of risks between the public and private sectors. Project 
preparation and the design of PPP arrangements need to be streamlined.

An overarching consideration in reliance on the private sector for both financial and technological support, per 
se potentially constructive and enabling, is the need for continued strengthening of the public sector’s water 
resource professional competency. This competency is essential not just for insourced works but also outsourced 
services including and especially for PPP developments and operations. 
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INVESTMENT THEORY OF CHANGE

The Theory of Change diagram provides a graphical description of a comprehensive plan to address water 
resources management challenges in Hanoi City, focusing specifically on water pollution in the four rivers – To 
Lich, Nhue, Day and Tich/Bui – and on drainage and wastewater management in two districts – Long Bien and 
Gia Lam. The plan incorporates three strategic actions: 

1. Expanding, modernising and rehabilitating infrastructure in drainage and wastewater management and 
river flow enhancement

2. Developing an enabling environment, including:

a. Practical and implementable legal and regulatory system

b. Clearly accountable institutional organisations for wastewater and water quality outcomes

c. Strengthened environmental monitoring and institutional capacity to implement the regulations 
and enforce operations and management systems compliance

d. Strengthened financial management ensuring the improving availability of capital costs of needed 
investments and full cost recovery for efficient and effective operation and maintenance of essential 
infrastructure

3. Incorporating green infrastructure in urban planning and management approaches

A summary of the change mechanisms envisaged for the proposed infrastructure interventions for water pollution 
mitigation and improved management of drainage and wastewater in focused areas is provided in Figure 15.
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Annexes 

Figure 16: Network of water quality monitoring locations in Nhue – Day river basin
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Figure 17: Water quality in the four rivers in 2016 (left) and 2018 (right)
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