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SUMMARY  
 

i. Objectives of the Study 

 

Accompanying with rapid industrialization and urbanization in Hanoi City, domestic and 

non-domestic wastewater discharge is increasing significantly. Japanese Government has assisted 

the Hanoi City to protect the City’s water environment from increasing wastewater discharge by 

constructing sewerage facilities in Kim Lien, Truc Bach, North Thang Long through the Hanoi 

City Water Environment Improvement Project Phase 1&2 implemented by Japanese ODA Loan 

Program. In near future, construction of additional two sewerage facilities for water environment 

improvement will be commenced by Japanese ODA Loan in Bai Mau and Yen Xa.  

Hanoi Sewerage and Drainage Company (HSDC) has been assigned by the Hanoi People’s 

Committee (HPC) as a public entity for Operation and Maintenance (O&M) of drainage and 

wastewater facilities owned by the City. In order to accommodate expanding the sewerage service 

area and increasing the sewerage facilities in near future, Japan International Cooperation Agency 

(JICA) conducted the Study for Introduction of PPP for Sewerage Facilities in Hanoi. The Study 

contains three scopes below; 

(1)   Betterment of Operation and Maintenance in the existing wastewater treatment plants 

(2)   Development of a framework for the Integrated Operation and Maintenance Services 

(IOMS) to Bai Mau and Yen So WWTPs by using maximum benefits of PPP scheme 

(3)   Formulation of Sewerage Tariff Plan and Financial Plan related the sewerage service 

for ensuring sustainability of the sewerage services in Hanoi. 

Table S1  Existing & Additional Wastewater Treatment Plants in Hanoi 

Plants 
Feature 

Existing Plants 
Kim Lien Truc Bach North Thang Loang 

Capacity (m3/d) 3,700 2,500 42,000 

Service population 15,700 － 110,000 

Start operation year 2005 2005 2009 

Fund Japanese ODA loan Japanese ODA loan Japanese ODA loan 

O&M body HSDC 

 

Plants 
Feature 

Additional Plants 
Bai Mau Yen So Yen Xa Phu Do Ho Tay 

Capacity (m3/d) 14,000 200,000 270,000 84,000 15,000 

Status Bidding Construction Plan Plan Construction 

Fund ODA loan Private ODA loan Private 

O&M body Not decided y HSDC Not decided Not decided HSDC 

Source: HSDC and JICA Study Team 
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Source：Strengthening of Operation and Maintenance of Sewerage Facilities in Hanoi 

Figure S1  Wastewater Treatment Plant in Hanoi 
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ii. Operation and Maintenance of Drainage and Sewerage Facilities in Hanoi 

 

The administration agencies for drainage and sewerage in Hanoi People’s Committee (HPC) are 

Hanoi Planning and Investment Authority for the planning aspect, the Department of Finance for 

the financial aspect and the Department of Construction (DOC) for the technical aspect. Under 

DOC, Hanoi Sewerage & Drainage Project Management Board (HSD-PMB) is assigned for the 

project management and HSDC is assigned for O&M of facilities.  

HSDC’s working field has expanded widely, hence HSDC is managing facilities through their 

subsidiary company called Wastewater Treatment Enterprise (WTE). 
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Source：Strengthening of Operation and Maintenance of Sewerage Facilities in Hanoi 

Figure S2  Institutional Framework of Sewerage Service in Hanoi  
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iii. Betterment of Operation and Maintenance of existing Wastewater Treatment Plants 

 

HSDC’s O&M works in 3 existing WWTPs are implemented based on the O&M manual. The 

JICA study team intended to introduce Plan-Do-Check-Action (PDCA) cycle in their O&M works. 

PDCA cycle means P for decision making, D for working as per decision, C for monitoring & 

evaluation and A for rectification, that is essential for continuous improvement of organizational 

working efficiency.  

PDCA
Cycle

PLAN
Operation plan based on  

O&M manual and database 
system

DO
Operation of the system 

based on O&M manual and 
database system 

CHECK
Monitoring function and 

efficiency of the operation

ACTION
Improvement of O&M 

manual and data entry form 

 

Source: JICA Study Team 

Figure S3  PDCA cycle 
 

The JICA study team used the O&M manual as a medium for introduction of PDCA cycle. 

The existing O&M manual was authorized by HPC at completion of each WWTP construction 

that covers most things for O&M works, though HSDC found necessary improvement of the 

O&M manual during 5 year operation of WWTPs requested The JICA study team to improve 

the O&M manual relating to the points below; 

(a) Add the evaluation criteria of O&M data, 

(b) Contingency plan of the sewage treatment process and safety measures 

(c) Glossary of technical terms 

In order to respond to HSDC’s request, the JICA study team prepared the supplemental O&M 

manual with following information; 

a)   O&M data format by adding the further O&M data to be monitored in preparation for 

introduction of the computerized O&M database in near future, 

b) Evaluation criteria of O&M data by showing the normal range of the data, 

c)   Contingency plan been relational with the evaluation criteria of O&M data for when 

O&M data becomes out of the normal range, 

d) Safety plan of WWTP O&M works, and 

e)   Glossary of technical terms regarding the sewage treatment process and electric works for 

unskilled operator. 
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In order to practice the improved O&M manual and PDCA cycle, the JICA study team 

implemented the improvement trial of the sewage treatment process in the North Thang Long 

WWTP as the On-the-Job Training (OJT) to HSDC site staff. The OJT practice is to improve the 

dehydration efficiency of excess sludge by using the primary sedimentation tank as sludge 

thickener as shown in the figure below. The result of practice achieved the expected efficiency. 

Based on this practice, the JICA study team asked HSDC to apply this result as an example of 

PDCA cycle of O&M work. 

Through the abovementioned technical transfer, HSDC got the suggestions for betterment of O&M 

works. In the wrap-up meeting, HSDC asked the JICA study team to provide further information of 

computerized O&M database system.  

 

 

 

 

 

 

 

 

 

 

 

 
 

Source: JICA Study Team 

 
Figure S4  Modification of the excess sludge flow as PDCA practice 

Table S2  Introduction Step of Computerized O&M database 

Step Target Description Status

1 
Accumulation of O&M 
data 

Improvement of the existing O&M data sheet 
format 

Short term 

2 

Upgrade of O&M data 
filing as database 
level 

Assessment of O&M data by versatile software. Mid term 

Standardization of 
O&M data formats in 
all WWTPs 

Standardization of O&M data input format for 
looking forward introduction of computerized O&M 
database 

3 
Networking of O&M 
database 

Development of Inter-WWTP O&M data network 
applying Internet VNP or IP-VNP for the WWTP 
remote control system 

Long term 

Source: JICA Study Team 

PST Aeration Tank FST 

Dehydrator 

Existing Excess Sludge Flow 

Modified Excess Sludge Flow 

Return Sludge 

Thickened Excess Sludge 

Excess 
Sludge 
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iv. Development of a framework for the Integrated Operation and Maintenance Services 

(IOMS) to Bai Mau and Yen So WWTPs by using maximum benefits of PPP scheme 

 

At present, 3 WWTPs with a sum total capacity of 48,200m3/day are in-service. After additional 2 

WWPs including Yen So WWTP and Bai Mau WWTP start operation in the near future, total 

sewage treatment capacity in Hanoi will be 252,000m3/day, which is about 5 times the present 

capacity. This study proposed the asset management of sewerage facilities in the near-future Hanoi 

applying the Integrated O&M Service (IOMS) concept. 

IOMS is the multi-year performance base contract meanwhile the conventional O&M contract is 

the single-year cost-plus-fee contract. In 2010, 251 IOMS projects are on-going in Japan. 

Advantage of IOMS is to save O&M works. IOMS allows the wider range of contractor’s 

originality and creativity in the O&M work than the conventional contract. On the other hand, the 

contractor’s outcome accountability is bigger than the conventional contract. By using the wider 

allowance in the O&M works, the contractor is motivated to save the O&M costs for their profit. In 

fact, the Japanese IOMS cases are realizing 8 to 12 % reduction of sum of the employer’s 

administration costs plus the contractor’s O&M costs. Cost-cut measures in the Japanese cases are 

combination of the contractor’s saving effort of power consumption, chemical consumption and 

worker input, and the reduction of employer’s administration job. The Japanese IOMS are 

classified into 4 levels by sizes of repair & replacement work included in the contract. The most 

popular IOMS contract in Japan is the level 2 as shown in the table below;  

Table S3  Comparison of Conventional O&M and IOMS 

 Conventional O&M IOMS 

Basis of Contract 
 Fixed Scope of Work 
 Single-year & Unit price base 

contract 

 Performance Indicators & Delivery 
conditions at the end of the contract. 

 Multi-year & Lump-sum contract 

Repair & 
Replacement 

 Quantity and budget of repair 
and replacement is accounted 
as a Provisional-Sum. 

 Repair and replacement budget is 
included in lump-sum amount as a 
provisional-sum. 

Source: Japan Sewage Works Agency (JSWA) 

Table S4  Japanese IOMS types  
Contract Level Period Cost components 

Conventional Single year Process cost (measurement base) 

IOMS level-1 
Short term multi 
year 

Process + utility cost (Lump sum) 

IOMS level-2 Process + utility cost (Lump sum) + Small repair 

IOMS level-3 Process + utility cost (Lump sum) + Medium repair 

IOMS full scale 
Long term multi 
year 

Process + utility cost (Lump sum) + Large repair and 
replacement 

Source: Japan Sewage Works Agency (JSWA) 
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The reason why includes the repair and replacement in the contract is that the reduction of repair 

and replacement by appropriate O&M works can be their profit. As the result, IOMS can prolong 

the lifetime of equipment. 

The JICA study team examined an appropriate body to undertake the IOMS through the alternative 

study. As HSDC has a 5-year O&M experience of new WWTPs, their ability to undertake the 

IOMS contract is supposed to be not sufficient at this moment. But if HPC orders the IOMS to the 

experienced company, HSDC cannot have skills for IOMS. Based on the alternative study shown 

in the table below, the JICA study team suggest that the Joint Company established with HPC and 

the skilled private firm is appropriate because the Joint Company can synergizes HSDC’s locality 

and the private firm’s technical ability as Option 2.  

Table S5  Alternatives of IOMS Contractor 

 Option 1 Option 2 Option 3

Capacity to undertake 
IOMS 

Need time for new 
experience 

Enough capacity Enough capacity 

Cost saving 
opportunity 

Less because lack of 
experience 

Promising 
High cost due to 
Foreign company 

Comfort for HPC Comfort Comfort 
Uncomfortable to ignore 

HSDC 

Compliance of laws 
and regulations 

Complied Complied Complied 

Evaluation 
Need enough time for 

experience and 
support from outside 

HSDC’s locality and 
Private firm’s skill 
produce synergy. 
Recommendable 

HSDC’s 5 year 
experience cannot 

contribute in this option.

Source: JICA Study Team 

 

As mentioned above, the IOMS is potential alternative of the sewerage O&M work for Hanoi from 

technical and institutional points of view. Then the JICA study team checked a financial viability 

of the IOMS in Hanoi. The financial viability analysis is carried out in conditions of total 8 

WWTPs in service (incl. existing 3 WWTPs plus Bai Mau, Yen So, Yen Xa, Phu Do and Ho Tay). 

According to discussion with the counterpart working group, HSDC undertakes the O&M works of 

the existing 3 WWTPs, and the Joint Company undertakes the O&M works of other 5 WWTPs. 

Based on the analysis, the cost-saving opportunity by the IOMS will be VND 17 billion/year 

(equiv. at JPY 63 million/year) assuming 10% reduction of the Direct O&M costs and the Joint 

Company Capital is VND 47 billion (equiv. at JPY 170 million) shared evenly by HPC and the 

Joint Company. Internal Rate of Return (IRR) of the Joint Company is 10 to 20% even if the cost 

reduction will be shared at 50:50 by HPC and the Joint Company. Hence it is found that the IOMS 

by the Joint Company is feasible. 
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Compiling the above study results, the JICA study team proposed to establish the Joint Company 

for IOMS, and got the basic consensus from the counterpart working group. The counterpart 

working group will carry over the JICA study team’s proposal to discuss internally further together 

with the introduction of the sewerage tariff system.  

 
Source: JICA Study Team 

Figure S5  Operational Framework of the IOMS contract 
 

The operational framework to implement the IOMS is shown in the Figure above. The IOMS 

contractor carries out the O&M works as per the IOMS contract, and reports the performance data 

to the Regulator. The Regulator verifies the performance data with the Performance Indicators 

(PIs), and submits the Statement of Performance to HPC. HPC will pay the O&M fee to the IOMS 

contractor based on the Regulator’s report. Usually, the PIs are set to be more severe than the 

environmental control criteria. The spread between the PIs and the environmental control values is 

a safety allowance against unforeseeable malefaction of the treatment process. Proposed PIs for 

sewerage IOMS in Hanoi are shown in the Table below. 

Table S6  Proposed Performance Indicators 

Items Legal Effluent Quality Proposed Effluent 
Quality 

BOD5 (mg/L) 50 40 

COD (mg/L) 100 80 

SS (mg/L) 100 80 

Nitrogen (mg/L) 30 24 

Phosphorus (mg/L) 6 5 

Source: JICA Study Team 
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Table S7  Conventional vs. IOMS by Joint Company in 2022 

Items 
Conventional(A) Joint Company(B) Difference (B-A) 

million VND % million VND % million VND % 

Direct Cost 461,239 89.7% 426,769 83.0% -34,470  -7.5%

Utilities   183,653 35.7% 165,288 32.1% -18,365  -10.0%

Chemicals    87,157 16.9%     78,441 15.3% -8,716  -10.0%

Repairs   72,517 14.1%     65,265 12.7% -7,252  -10.0%

Sludge disposal 52,773 10.3% 52,773 10.3% 0  0.0%

Small replace 20,944 4.1% 20,944 4.1% 0  0.0%

Labor 29,952 5.8% 29,952 5.8% 0  0.0%

Site establish 10,472 2.0% 10,472 2.0% 0  0.0%

Other Expenses 3,771 0.7% 3,633 0.7% -137  -3.6%

Overhead 29,981 5.8% 27,740 5.4% -2,241  -7.5%

Provisional sum 23,062 4.5% 21,338 4.1% -1,724  -7.5%

Profit 0 0.0% 21,338 4.1% 21,338  4.1%

Total   514,282 100.0%    497,186 96.7% -17,096  -3.3%

Source: JICA Study Team 

v. Formulation of Sewerage Tariff Plan and Financial plan related the sewerage service for 

ensuring sustainability of the sewerage services in Hanoi  

 

In 2010, the O&M costs for existing 3 WWTPs are estimated at VND 20 billion/year. When Yen 

So WWTP starts operation, total O&M costs becomes VND 143 billion/year that is 8 times of the 

current O&M costs. In order to sustain the sewerage services in Hanoi, new sewerage revenue 

mechanism is indispensable. 

Table S8  Estimated O&M costs of new WWTPs (excl. replacement)  
(unit : VND million/year) 

 Yen So Bai Mau Yen Xa Puu Do Ho Tay 

O&M costs  142,858 26,620 192,022 75,660 26,620 

Source: JICA Study Team 

Finance to the Sewerage development in Hanoi are combination of the Government grant for the 

initial capital and the Environmental Protection Fee (EPF) for the O&M. EPF has collected at 10% 

of water supply fee and contributed to infrastructure services such as drainage, sewerage, road 

sweeping and so on. Based on the water supply company data from HAWACO and VIWACO, the 

average household water supply fee in 2010 was about VND 80,000/month that is equivalent at 

10% of household income. As the EPF is 10% of the water supply fee, VND 8,000/month is 

collected from household in average.  
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The JICA study team conducted the Willingness-To-Pay for the sewerage service. According to the 

survey results, the domestic responders answered VND 21,212/month and the non-domestic 

responders (commercial & industry) answered VND 2.8 million/entity. 

In principal, the sewerage tariff revenue shall fulfill the operation expenditures including O&M 

costs, replacement and depreciation. However when the tariff revenue is lower than the required 

amount, the Government needs to subsidize the deficit. The JICA study team calculated 4 cases of 

the tariff revenue shown in the table below and compared with the operation expenditures. The 

JICA study team’s tariff calculations were based on the water consumption volume because the 

sewerage tariff maybe collected by the water company together with the water supply fee. The 

wastewater generation is assumed to be 80% of water supply volume. 

Table S9  Cases of the analysis 
Case No. Sewage Discharge Tariff Collection Area 

1 190L x 80% Service Area 

2 190L x 80% Whole of Hanoi 

3 153L x 80% Service Area 

4 153L x 80% Whole of Hanoi 

Source: JICA Study Team 
 

Cases are set with the following conditions. 

Sewage Discharge 

190L: It is assumed that water consumption for domestic use is 190L/day/person. This 

amount is assumed in accordance with the Plant Design of WWTPs. Sewage discharge is 

estimated based on the forecast population in 2020. 

153L: Water consumption for domestic use in the service area is 153L/day person, based on 

data provided by the water company. Sewage discharge is estimated based on current water 

consumption and population in Hanoi.  

Tariff Collection Area 

Service Area: Sewerage tariffs will be collected from the service area of the WWTPs. 

Whole of Hanoi: The sewerage tariffs will be collected from the whole Hanoi region. This 

area is separated into the urban area and the rural area. It is assumed that tariffs in the rural 

area are half the amount of the tariffs in the urban area, because the average income in the 

rural area is approximately 50% of the average income in the urban area. 

Cost Recovery Level 

In setting up the tariff for domestic use, the following 5 levels are taken into consideration: 
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Table S10  Cost Recovery level in Tariff Calculation 

Level Description

a Refer to the Willingness-To-Pay of domestic customers 

b Fulfill the O&M costs of WWTPs 

c Fulfill the O&M costs of WWTPs and sewers 

d Fulfill the O&M costs of WWTP and sewers, and replacement of equipment 

e Fulfill the O&M costs of WWTP and sewers, replacement of equipment and depreciation 

Source: JICA Study Team 

 

Calculation Results 

Among 5 cases, Case 3 is practical and understandable for the citizen. Sewerage tariff per 

m3-water consumption and average amount to be paid by household are shown in the tables 

below:  

Table S11  Sewerage Tariff of Case 3  
(unit: VND/m3-water supply)  

Level Domestic tariff Non-domestic 
tariff 

Refer to the Willingness-To-Pay of domestic customers 1,111  2,221  

Fulfill the O&M costs of WWTPs 3,577  7,153  

Fulfill the O&M costs of WWTPs and sewers 4,371  8,742  

Fulfill the O&M costs of WWTP and sewers, and 
replacement of equipment 

5,939  11,878  

Fulfill the O&M costs of WWTP and sewers, replacement 
of equipment and depreciation 

15,207  30,414  

Condition 1:  Average water consumption per capita = 153 L/day 

Condition 2: Tariff collection area is equal to the sewerage service area. 

Condition 3:  Object WWTPs are eight including Truc Bach, Kim Lien, North Thang Long, Bai Mau, Yen So, Yen 
Xa, Phu Do and Ho Tay 

Source: JICA Study Team 

 

Table S12  Average Household Payment for Sewerage  
(excl. VAT & collection fee) 

Level Average Monthly Payment(VND/Mon） Sewerage Fee/Household Income 

a 21,000 0.3% 

b 64,400 0.9% 

c 78,700 1.0% 

d 106,900 1.3% 

e 273,700 3.4% 

Condition: Average water consumption per household is 18m3 

Source: JICA Study Team 
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On August 30 2011, the JICA study team summed up the study activities and proposed the 

following matters to the counterpart working group.  

1)   After the Yen So WWTP will be in service since year 2012, annually VND 160 billion will be 

required for the O&M works of sewerage facilities in Hanoi that is about 8 times of the 

present O&M expenditure. In order to accommodate such huge growth of O&M costs, new 

revenue mechanism is indispensable for Hanoi City.  

2)   Charging area of the sewerage tariff are two choices, the first is collection from the sewerage 

service area as the service price and the other is collection from whole Hanoi as the public 

environmental fee. Taking into account easiness of consensus building to the payers, the first 

one is practical.  

3)   Since the legal and administrative procedure for setting new tariff system takes, at least, 2 

years. It is recommended to start the further work for new tariff setting in HPC in order to 

effectuate the tariff system in 2014 until when Yen So WWTP will fully handed over from the 

investor to HPC.  

4)   The JICA study team recommends that the starting tariff is recommended to be the 

Willingness-To-Pay level in 2014, and afterword the tariff will be risen up to the O&M 

cost-recovery level within ten year.  Hence the Government assistance to fill the gap 

between revenue and expenditures is required from 2014 till 2023. (refer to the Figure below) 

5)   O&M costs for WWTPs shall be reduced by introducing the Integrated O&M Service (IOMS) 

contract. 

6)   Inclusion of the return on initial capital investment for the construction and additional capital 

investment for the equipment investment shall be discussed further based on the customer’s 

affordability to pay and the environmental protection policy of the Government.  
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Source: JICA Study Team 

Figure S6  Cost and Revenue Balance of Tariff Case staring in 2014 and 
catching-up to the O&M recovery level within 10 years. 

 

The counterpart working group gave a basic consensus to the JICA study team’s aforementioned 

proposal of introduction of the sewerage tariff in 2014. In order to materialize the proposal, the 

JICA study team suggested the counterpart working group to transfer further works for the tariff 

setting to the Joint Company for assisting HPC regarding the subjects below;  

－ Willingness-To-Pay survey for sewerage service in whole Hanoi 

－ Checking wastewater characteristics in non-domestic customers 

－ Reference survey of sewerage tariff in Japan and similar cities 

－ Additional financial simulation of sewerage revenue and expenditures 

－  Details of tariff collection system and budget allocation mechanism 

－ Subsidiary analysis of the sewerage services 

－ Draft and modification of legislation document relating to the sewerage tariff system 

The counterpart working group accepted to bring the JICA study team’s proposal to HPC for sake 

of the internal meeting of HPC. 
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Abbreviations and Glossary 
 

ATP Affordability to Pay 

BOD Biochemical Oxygen Demand 

C.A.S Conventional Activated Sludge Process 

CI Commercial and Industrial Costomer 

COD Chemical Oxygen Demand 

DO Dissolved Oxygen 

DOC Department of Construction 

FST Final Settling Tank 

HAPI Hanoi Authority for Planning and Investment 

HAWACO Hanoi Water Limited Company 

HH Household 

HPC Hanoi People’s Committee 

HSDC Hanoi Sewerage and Drainage One-Member State Company Limited 

HWBC Hanoi Water Business Company 

HWSC Hanoi Water Supply Company 

IOMS Integrated Operation and Maintenance Services 

IRR Internal Rate of Return 

JICA Japan International Cooperation Agency 

JICWELS Japan International Corporation of Welfare Services 

JPY Japanese Yen 

JSWA Japan Sewage Works Agency 

MLSS Mixed Liquor Suspended Solid 

NRW Non-Revenue Water 

O&M Operation and Maintenance 

O.D Oxidation Ditch Process 

ODA Official Development Assistance 

OJT On-the-Job Training 

ORP Oxidation Reduction Potential 

PDCA Plan-Do-Check-Action 

PIs Performance Indicators 

PP Purification Plant 

PPP Public-Private Partnership 

PST Primary Settling Tank 

S.A.S Standard Activated Sludge Process 

SCADA Supervisory Control and Data Acquisition 

SPC Special Purpose Company 
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SS Suspended Solid 

T-N Total Nitrogen 

T-P Total Phosphorus 

TSA Technical Support Assisst 

TSE Treated Sewage Effluent 

USD US Dollar 

VINACONEX Vietnam Construction and Import - Export Joint Stock Corporation 

VIWACO Vietnam Water Company 

VND Vietnamese Dong 

WTP Willingness to Pay 

WWTP Wastewater Treatment Plant 
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Chapter 1 Introduction  

1.1 Background 
Deterioration of the water environment has been a non-negligible issue in Hanoi, the 

Vietnamese Capital. The causes of the deterioration are insufficient wastewater treatment 

and an increase in water pollution due to urbanization and industrialization.  

The Government of Japan has continuously supported water environment improvement in 

Hanoi through Official Development Assistance (ODA) since 1997. Presently, 3 

wastewater treatment plants (WWTPs) constructed under Japanese ODA are in service 

including Truc Bach WWTP 3,700 m3/day, Kim Lien WWTP 2,500 m3/day and North 

Thang Long WWTP 42,000 m3/day. In addition, another 2 WWTPs are under construction 

by Japanese ODA and private fund including Yen So WWTP 200,000 m3/day and Bai Mau 

WWTP 14,000 m3/day, and construction of more plants is planned in the future. 

With the expansion of sewerage services over the years, appropriate management of 

sewerage services is becoming more important to sustain system performance, ensure 

customer satisfaction and secure the financial aspects of the business. In response to this, 

the Japan International Cooperation Agency (JICA) conducted a study called the 

“Assistance for Strengthening of the Operation and Maintenance of Sewerage Facilities in 

Hanoi” in 2010. The “Assistance for Strengthening of the Operation and Maintenance of 

Sewerage Facilities in Hanoi, 2010” provided (1) suggestions for plant Operation and 

Maintenance (O&M), (2) technical transfer to other cities and (3) road mapping for the 

introduction of Public Private Partnership (PPP). This “Study for Introduction of PPP for 

Sewerage Facilities in Hanoi” focuses on procedures for outcomes (1) and (3) as described 

in the box below; 

Output of 2010 JICA Study  (1) Suggestions for plant operation and maintenance 

 

The study team conducted the survey on the existing facilities and made suggestions for 

improvement of operation and maintenance (O&M) to the counterpart (HSDC), for which 

the counterpart showed his understanding. However, concrete action plans were not 

discussed or decided in this stage.  It is one of the major objectives in this study to discuss 

the suggested action plans with the counterpart and to practice those plans for encouraging 

him to continuous action. 
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Output of 2010 JICA Study (3) Road mapping for the introduction of Public Private 

Partnership (PPP) 

 

As a result of discussions with the relevant organizations in Hanoi City, the study team 

explained the advantages of conducting PPP in O&M of the existing facilities and 

construction and O&M of the planned facilities and obtained their understanding in 

principle. This study aims at coming to an agreement about introduction of PPP by 

preparing more detailed proposals for introducing PPP in O&M of Bai Mau WWTP and 

Yen So WWTP which are now under bidding and under construction respectively. 

 

1.2 Objectives 
 

The objectives of the Study for Introduction of PPP for Sewerage Facilities in Hanoi 

a. Development of an approach for streamlined operation and maintenance in the existing 

sewage treatment plants 

b. Creation of a framework for applying the Integrated O&M Services (IOMS) to Yen So 

WWTP (under-construction) and Bay Mau WWTP (bidding stage) by using maximum 

benefits of PPP scheme 

c. Financial analysis and sewerage tariff plan for sustainability of the Hanoi sewerage 

services 

d. Organization of an appropriate administrative structure for the sewerage system in 

Hanoi 

e. Enhancement of advantageous effects of Japanese ODA loans. 
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Truc Bach WWTP

Ho Tay WWTP
(planned)

private fund
15,000 m3/day

North Thang Long WWTP 
(in service)

Japanese ODA
42,000 m3/day

Truc Back WWTP 
(in service)

Japanese ODA
2,500 m3/day

Phu Do WWTP
(Plan)

fund not decided
84,000 m3/day

Bai mau WWTP 
(Bidding)

Japanese ODA
14,000 m3/day

Kim Lien WWTP 
(in service)

Japanese ODA
3,700 m3/day

Yen So WWTP 
(Construction)
Private fund

200,000 m3/day

Yen Xa WWTP 
(Plan)

Japanese ODA fund
270,000 m3/day

 
Source: JICA Study Team 

Figure 1.2.1 Locations of WWTPs 
 

1.3 Study Area 
Hanoi City, Socialist Republic of Vietnam 

 

1.4 Implementation Structure of the Study 
In the planning stage of drainage and sewerage services, the Hanoi Planning and Investment 

Authority (HAPI) and the Department of Construction (DOC) lead the city planning aspect and 

the technical aspects respectively. In the Construction stage, the Hanoi Sewerage & Drainage 
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Project Management Board (HSD-PMB) under DOC is assigned for the project management 

and the Department of Finance (DOF) administers the financial matters. In O&M stage, HSDC 

is assigned for O&M of facilities by Hanoi People’s Committee (HPC).  

HPC organized the counterpart working group for this “Study for Introduction of PPP for 

sewerage facilities in Hanoi” by inviting DOC, HAPI, DOF and HSDC to cover the aspects 

throughout the sewerage development. The counterpart working group was chaired by the 

Deputy Director of DOC. 

HPC

DOC
(Department of 
Construction)

DPI(HAPI)
(Department of 

Planning & Investment)

HSDPMU
(Hanoi Sewerage & 

Drainage Project 
Management Unit)

DONRE
(Department of Natural 

Resources & Environment)

UIPMU
(Urban Infrastructure Project 

Management Unit)

HSDC
(Hanoi Sewerage & 

Drainage Limited
Company)

Planning & implementation 
of

Sewerage Works

Procurement of ODA

Environmental Protection

Implementing Agency Water 
Improvement Works of Hanoi

Public company for O&M of 
Sewerage and Drainage 
Facilities

HPC

DOC
(Department of 
Construction)

DPI(HAPI)
(Department of 

Planning & Investment)

HSDPMU
(Hanoi Sewerage & 

Drainage Project 
Management Unit)

DONRE
(Department of Natural 

Resources & Environment)

UIPMU
(Urban Infrastructure Project 

Management Unit)

HSDC
(Hanoi Sewerage & 

Drainage Limited
Company)

Planning & implementation 
of

Sewerage Works

Procurement of ODA

Environmental Protection

Implementing Agency Water 
Improvement Works of Hanoi

Public company for O&M of 
Sewerage and Drainage 
Facilities

 
Source：Strengthening of Operation and Maintenance of Sewerage Facilities in Hanoi 

Figure 1.4.1 Institutional Framework of Sewerage Service in Hanoi  
 

1.5 Scope of Work 
The scope of work and methodologies are as described below. The consultants will prepare 

proposals on each subject through examination and discussions with the counterparts and 

make a proposition to the working group to come to an agreement among relevant 

organizations. 

(1) Approach to streamlined 0peration and maintenance of the existing WWTPs 

 

Goal of (1) 

The betterment of operation and maintenance of 3 existing WWTPs  

 

(1)-1  The consultants shall assist Hanoi sewerage and drainage company (HSDC) to 

achieve the betterment methods of operation and maintenance for the 3 existing 
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WWTPs (Truc Bach, Kim Lien and North Thang Long) proposed in this study, 

“JICA Assistance for Strengthening of the Operation and Maintenance of Sewerage 

Facilities in Hanoi in 2010”. 

a. Improvement of Wastewater Treatment Process 

b. Upgrading O&M Manual 

c. Introduction of Equipment Resister 

 

(1)-2  To realize the above, the consultants shall prepare concrete / practical approaches 

based on the findings from monitoring the one and a half month long trial 

on-the-job training and day-to-day guiding of the HSDC.  

 

(2) Proposal of framework for applying the Integrated Operation and Maintenance 

Services (IOMS) to Yen So WWTP (under construction) and Bay Mau WWTP 

(bidding stage) by using maximum benefits of PPP scheme 

 

Goal of (2) 

The proposal on the integrated operation and maintenance framework taking into 

consideration the PPP for the Yen So and Bay Mau WWTPs will be formulated based on 

the consensus of the counterpart working group. 

 

 

 

 

 

EXPLANATION OF THE INTEGRATED OPERATION AND MAINTENANCE 
SERVICES (IOMS) 

 In contrast to the individual asset-based contracts as a conventional operation 
and maintenance ordering system, the IOMS is a system-based ordering system. 
One of the main advantages of this paradigm shift is that it enables the 
evaluation of the business value brought about by reaching solutions that 
balance or trade-off between technical necessity and overall system economical 
feasibility. 

 The IOMS is premised on the IOMS contractor’s experiential problem solving 
capacity including proactive measures and contingency measures. The 
contractor’s holistic view of the asset management process is expected to save 
the life-cycle costs of the system with prolongation of equipment lifespan. 
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(2)-1 Framework of Integrative Operation and Maintenance Services (IOMS) 

a. Study of alternative framework for the IOMS 

The consultants shall carry out a comparative analysis of the following 3 options for 

the IOMS framework: 

Option 1:  HSDC to undertake the Integrated Operation and Maintenance 

Services (IOMS) 

Option 2:  Joint Company established by HPC, HSDC and Private firm to 

undertake the IOMS 

Option 3:  A Private firm to undertake the IOMS 

 

Major points in the comparative analysis are: 

 Ease of transition of framework from a current operation to the IOMS 

 Effects of cost saving in regular operation and maintenance, replacement of 

equipment 

 Potential of operational efficiency improvement 

 Compliance of laws and regulations 

 

b. Feasibility analysis of establishment of a Joint Company by HPC, HSDC and a 

private firm and Concession Agreement 

The consultants shall analyze the feasibility of (1) establishment of a Joint 

Company with HSDC and a private firm, and (2) applicability of the Concession 

Agreement into the IOMS. 
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Source: JICA Study Team 

Figure 1.2 Image of Option 2 
 

c. Proposal of the IOMS in Yen So WWTP and Bay Mau WWTP 

The consultants shall propose the most practical and effective IOMS framework for 

Yen So WWTP and Bay Mau WWTP. The proposed framework shall mention the 

institutional structure, size, sharing of roles and responsibilities between the 

ordering party (Government) and contractor (Private), the contract form and the 

ordering system.  
 

REFERENCE: STATUS OF YEN SO WWTP AND BAY MAU WWTP AS OF 
DECEMBER 2010 

i. Yen So WWTP 
- Design Treatment Capacity is 270,000 m³/d 
- Under construction funded by the investor 
- Commissioning test is scheduled in 3rd quarter of 2011 
- After the defect liability period of 1 year, the facilities are to be transferred to 

the Hanoi People’s Committee 

ii. Bay Mau WWTP 
- Design Treatment Capacity is 14,000 m³/d 
- Bidding stage of the construction package 
- Planned construction period is 2 years 
- Construction work is funded by the Japanese ODA loan  
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(2)-2 Needs analysis for modification of legal system for the proposed IOMS 

a. Legal consistency of the proposed IOMS 

The consultants shall review the consistency between the existing laws and 

regulations and the proposed IOMS, and identify necessary revisions of the legal 

system for the proposed IOMS. 
 

b. Costs of operation and maintenance of Yen So WWTP and Bay Mau WWTP, cost 

sharing plan between stakeholders, and Hanoi City financial program for the entire 

sewerage services 

The consultants shall estimate the costs for operation and maintenance of Yen So 

WWTP and Bay Mau WWTP, and propose a cost-sharing plan between the 

customers, Hanoi People’s Committee and the Central Government. In line with 

this, the consultants shall simulate the financial program of Hanoi People’s 

Committee to incorporate the costs for all the sewerage services in the city. This 

work shall coordinate with the “Financial Plan with Sewerage Rate Structure for 

Sustainability of the Hanoi Sewerage Services”. 

 

c. Suggestions on other subjects 

The consultants shall provide suggestions on subjects other than a. and b. above for 

materialization of the proposed IOMS.  

 

d. Action plan for materialization of the proposed IOMS 

The consultants shall formulate an action plan for materialization of the proposed 

IOMS. When formulating this action plan, the consultants shall confirm the 

consensus of the counterpart working group for all essential matters such as IOMS 

framework, tariff system, cost sharing plan, etc. 

 

(3) Financial plan with a sewerage rate system for sustainability of Hanoi sewerage 

services 
 

Goal of (3) 

Proposal of the financial plan for Hanoi sewerage services and sewerage rate system will 

be formulated taking into account the affordability for customers including low-income 

households. 

 

(3)-1 Estimates of operation and maintenance cost of each sewerage system 

a. Interannual operation and maintenance costs 

The consultants shall estimate the interannual operation and maintenance cost of 

each sewerage system, including collection, treatment and disposal. 
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b. Interannual overhead costs for sewerage services 

The consultants shall estimate the interannual overhead cost of each sewerage 

system to be borne by the stakeholders including customers, the operator, Hanoi 

People’s Committee and the Central Government. 

 

c. Interannual financial gap for sewerage services 

The consultants shall analyze the interannual financial gap between income and 

expenditure for each sewerage system in Hanoi. 

 

(3)-2 Review of water and sewerage rates 

 

 

 

 

 

 

 

 

 

 

 

Source: JICA Study Team 

Figure 1.5.2 Flow of rate setting 
 

a. Rate setting based on reasonable cost sharing to the customers 

The consultants shall carry out a questionnaire survey regarding household 

expenditure structure and willingness to pay for sewerage service (with samples 

targeting 100 households). If the census or any other statistic reference can be used, 

the consultants shall propose an alternative approach regarding this subject to JICA. 

The consultants shall analyze the customers’ reasonable share for the sewerage 

service costs and determine an appropriate sewerage rate based on the questionnaire 

survey results. 

 

b. Rate setting for low income households 

With reference to the questionnaire survey results and the poverty alleviation policy 

of Hanoi People’s Committee, the consultants shall propose the sewerage rate 

setting for the low-income households.  
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c. Analysis of financial gap  

Based on the above survey and analysis, the consultants shall analyze the 

interannual financial gap in the sewerage services in Hanoi for each sewerage 

system.  

 

d. Cross-subsidy between rate categories 

The consultants shall propose sewerage cost sharing through cross-subsidy methods 

between residents, businesses and industries.  

 

e. Sewerage rate system 

Based on the above survey and analysis, the consultants shall propose a sewerage 

rate system and a cost sharing policy for sustainable sewerage services in Hanoi.  

 

(3)-3 Sewerage rate plan and financial plan 

a. Interannual financial balance 

Based on the analysis mentioned above, the consultants shall forecast the 

interannual financial balance for the sewerage services of Hanoi. 

 

b. Government subsidy plan in case of negative financial balance 

The consultants shall propose a government subsidy plan to compensate for 

negative balance years for the sewerage service operation in Hanoi. 

 

c. Sewerage rate plan and financial plan 

The consultants shall propose a sewerage rate plan and a financial plan for 

sustainability of the sewerage service operation in Hanoi.  

 

(4) Interim meeting and wrap-up meeting 

In order to present the progress of the study and build consensus between the 

counterpart working group and JICA about the consultants’ outputs, the consultants 

shall organize an Interim meeting and Wrap-up meeting. The decision makers of the 

study in Hanoi People’s Committee shall be invited to both meetings. In addition, the 

consultants shall report their outputs and the progress of the study to the decision 

makers of the study in Hanoi People’s Committee based on instruction from JICA. 
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1.7 Staffing 
 

Task Person in charge 

 
Team Leader 
 

Mr. Koichi SUZUKI (OC) 

(1) Approach to Streamlined Operation and 
Maintenance in the Existing WWTPs 

Mr. Takehiro NAKANO (Water Agency) 
Mr. Kota KINOSHITA (Water Agency) 
Mr. Etsuo FUJIWARA (Water Agency) 

 
(1)-1 Betterment methods of O&M for 3 existing 

WWTPs 

 (1)-2 On-The-Job training of O&M for HSDC 

 
(1)-3 Upgrading equipment register and O&M 

manuals 

(2) Proposal for Applying the IOMS to Yen So WWTP 
and Bay Mau WWTP by Using Maximum Benefits 
of PPP Scheme 

Mr. Koichi SUZUKI (OC) 
Mr. Yoichiro ONO (ORIX)  

(2)-1 Framework of Integrative Operation and 
Maintenance Services (IOMS) 

 
(2)-2 Needs analysis for modification of legal 

system for the proposed IOMS 

(3) Financial Plan with Sewerage Fare System for 
Sustainability of Hanoi Sewerage Services 

Mr. Kenji SUZUKI (PADECO) 
Ms. Nami TANAKA (PADECO) 
Mr. Takeo TANAKA (Yokohama Water) 
Mr. Susumu SHIBUYA (Yokohama Water) 

 
(3)-1 Estimates of operation and maintenance 

cost of each sewerage system 

 (3)-2 Review water and sewerage rate 

 (3)-3 Sewerage rate plan and financial plan 
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Chapter 2 Approach to Streamlined Operation and Maintenance of 
the Existing WWTPs   

2.1 Aim of Task 
This task is aiming at upgrading O&M skills of HSDC.  

For achieving the aim, the JICA study team implemented On-the-Job Training to develop 

Plan-Do-Check-Action (PDCA) cycle in cooperation with HSDC for upgrading O&M 

manuals and improvement of the O&M database. 

 

2.2 Improvement of O&M Manuals 

2.2.1 Necessity for Improvement 
HSDC’s daily operation in its existing 3 Wastewater Treatment Plants (WWTPs) is 

based on the original O&M manuals submitted by the contractor at the handing-over of 

the plants and authorized by Hanoi People’s Committee (HPC). The original O&M 

manuals cover most of the requirements however HSDC has been aware of the 

necessity for improving a part of the O&M manual. The JICA study team responded to 

HSDC’s demand for improving the O&M manuals by supplementing with the following 

information;; 

a. More control parameters for evaluating status of treatment processes and equipment 

conditions 

 

HSDC is periodically monitoring five very fundamental items for checking the sewage 

treatment process and for controlling aeration ratio, return sludge ratio and excess 

sludge volume. In order to improve the skill for the operation control for HSDC, the 

JICA study team proposed additional monitoring items and the allowable range of each 

monitoring value for evaluation of the treatment process as shown in Table 2.2.1 and 

2.2.2. 
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Table 2.2.1 Original Monitoring Items (Monitoring at Reactor) 

Control 
parameter unit 

Allowable Range
(added by JICA study team) Countermeasures for 

deviation of data 
Kim Lien Truc Bach North Thang

Long

DO  mg/L 2.5-3.5 2.5-3.5 2.0-3.0 
Control aeration rate
Maintenance of blower 
and diffuser  

MLSS  mg/L 2000-3000 1500-2000 2000-3000 Control excess sludge 
volume  

Anaerobic tank 
ORP  mV < -50 < -150 < -50 Control return sludge ratio

Control aeration rate
Anoxic tank 
ORP  mV < -50 < -150 none Control recirculation ratio

Control aeration rate
Aerobic tank 
ORP  mV > 100 > 50 > 50 Control aeration rate  

Source: JICA Study Team 

 
Table 2.2.2 Monitoring Items added by the JICA study team 

Place  Control 
parameter unit Target 

Min.  
Target 
Max. 

Countermeasures for 
deviation of data 

Receiving well pH  － 6.5 8.0  
(abnormal influent flow)  
Check waste water quality  

Reactor  pH  － 6.0 7.4  Control aeration rate  

Final settling 
tank  

Sludge-liquid 
interface  

m ---  0.5  Control excess sludge volume  

Dehydrator  Water content % ---  
85 (TB) 
83 (KL) 

82 (NTL) 

Control sludge volume of supply 
Control polymer injection 
Control FeCl3injection rate  

Maintenance of dehydrator  

Source: JICA Study Team 

b. Contingency plan 
 

HSDC requested the JICA study team to provide a contingency plan to accommodate 

fluctuation of influent water quality of the WWTP. Because the influent water quality 

has fluctuated due to the inflow of rain. 

In responce to HSDC‘s request, the JICA study team provided a series of items to be 

checked and potential countermeasures relating to fluctuation of influent water quality 

as shown in Table 2.2.3 to 2.2.5. 

Table 2.2.3 Contingency plan: Total phosphorus value of effluent increase 

Condition Occasions Countermeasures 

More than 
-50mv ORP  

DO interfusion by rainfall  
Increase coagulant (FeCl

3
) injection rate 

(Be careful of excess injection)  

DO interfusion by return sludge  
Reduce return sludge ratio  
Reduce aeration rate  

Under -50mv 
ORP  

BOD/P ratio of influent to the 
reactor is under 20.  

Bypass Primary settling tank  
Supply methanol etc. to increase BOD   

Shortage of coagulant dosage  
Increase coagulant (FeCl

3
) injection rate 

(Be careful of excess injection)  

Source: JICA Study Team 
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Table 2.2.4 Contingency Plan: Floating sludge from bottom of  
final settling tank 

Condition Occasions Countermeasures 

Bubbling surface of brown 
colored sludge  

NO
3
-N is denitrified in 

bottom of FST  

Reduce the aeration rate  
Reduce the sludge retention time 
with high return sludge volume.  

Surfacing of gray–black 
colored sludge  

Sludge retention occurs for 
long time.  

Increase the return sludge ratio  
Increase the excess sludge volume 
Cleaning of FST  

Source: JICA Study Team 

Table 2.2.5 Contingency Plan: Abnormal activated sludge 
Condition Occasions Countermeasures 

Black colored sludge  
(Accumulation of sulfide)  

Factory wastewater (Industrial 
wastewater)  
Over-retention of Sludge  

Governmental instruction  

Many filamentous 
microorganisms occur  

Deposition of sludge in a pipe (It is 
easy to increase the filamentous 
microorganisms.)  

Removal of deposition of 
sludge in the pipe  

Source: JICA Study Team 

c. Definitions of technical terms 

Responding to HSDC’s request, the JICA study team made a glossary of technical terms 

regarding the treatment process and electric works. 

2.2.2 Development of Supplemental O&M Manual 
 

Compiling all additional inputs mentioned above, the JICA study team developed and 

submitted the supplemental O&M manual, which is attached in Appendix 2. 

Table 2.2.6 Table of Contents combining the Original Manual & 
 Supplemental Manual developed by the JICA Study Team 

Original  1.  Explanation of Wastewater Treatment Plant  

Original  2.  Equipment List  

Original  3.  Operation and Maintenance  
3.1  Operation Method  

• Grit chamber facility  
• Lift pump facility  
• Wastewater treatment facility  
• Disinfection facility  
• Water supply facility  
• Sludge treatment facility  
• Deodorization facility  
• General room facility  

Supplemental  3.1.S  Operation Method - Supplemental  
• Control parameters  
• Frequency of water analysis  

Supplemental  3.1.S  Safety, Health, Contingency Plan - Supplemental  
• Measures for safety and health  
• Contingency plan  
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Original  3.2   Maintenance  
• Grit chamber facility  
• Lift pump facility  
• Wastewater treatment facility  
• Disinfection facility  
• Water supply facility  
• Sludge treatment facility  
• Deodorization facility  
• General room facility 

Original 3.3   Maintenance for non-operation period  
1. Grit chamber facility  
2. Lift pump facility  
3. Wastewater treatment facility  
4. Disinfection facility  
5. Water supply facility  
6. Sludge treatment facility  
7. Deodorization facility  
8. General room facility  

Supplemental  3.4   Supplemental Manual - Electric & Instrumentation 
Equipment Inspection / Maintenance  
1. Cautions  
2. Monthly Inspection Items  
3. Annual Inspection Items  
4. Device List 

Original  4. Trouble Shooting and Fault Finding  
• Process  
• Control panel  

Original  5.  Reference Documents  
• Design calculation  
• Calculation of capacities  
• Motor and control list  

Supplemental  5.S Glossary of Technical terms  
• Operation  
• Electric equipment  
• Instrumentation equipment 

Source: JICA Study Team 

 

2.3 Suggestion for O&M Database System 

2.3.1 Purpose of O&M Database System 
The purpose of the O&M Database is to ensure that the treated sewage quality satisfies 

the environmental control values or the Performance Indicators and proactively 

recognizing signs of trouble. In order to develop the PDCA cycle in O&M of WWTPs, 

O&M data shall be utilized more dynamically for self-rectifying of working results.  
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Table 2.3.1 Advantage of O&M Database 
For Operation For Maintenance 

 Evaluation of settings for the treatment 
process  

 Cause analysis of unacceptable treated 
quality for determination of 
countermeasures  

 Determine the impact on  influent due to 
weather and temperature and how it affects 
the treatment process  

 Determine the relationship between the 
characteristics of the treatment process 
and the resultant quality of the treated 
water  

 Check and optimize the control parameters 
of the treatment process  

 Evaluation of condition of the system and 
equipment   

 Recognizing signs of trouble from the 
trend of monitoring data and take 
countermeasures. 

 Optimize the monitoring program 

 Scheduling the replacement of equipment 
based on fault data and repair record. 

 Review of the specifications of the 
equipment. 

Source: JICA Study Team 

2.3.2  Integrated Control System 
The O&M database system is a sub-system of the integrated control system. The 

integrated control system is a centralized monitoring and operation system linking with 

several facilities for not only remote operation of the equipment but also stock logistic 

control, statistical analysis of data, maintenance and repair schedule control, etc. The 

JICA study for the “Preparatory study on the project for Yen Xa Wastewater Treatment 

Plant in Hanoi, Vietnam” examines the Integrated Control System Design. Figure 2.3.1 

shows the sub-systems of the Integrated control system with the work scope of this 

study. Hardware, software, and networks for an O&M database system will be 

considered in the above-mentioned study. It is desirable that the Integrated control 

system includes an upgraded sewer management system. 

 
Source: JICA Study Team 

Figure 2.3.1 Sub-systems of the Integrated control system 
 

 

SCADA 
system 

Reporting 
system 

Alarm 
system 

O&M database 
system 

Database 

Work scope of this study 
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2.3.3 Recording Items and Format 
In the past the existing O&M data have been recorded and filed on a paper-base which 

is simple but it is just records. Items currently recorded are: 

- Operation data 

- Maintenance logs 

- Water quality  

The JICA study team proposed additional items and new format as follows: 

Further details of the O&M data base format are attached in Appendix2. 

Table 2.3.2  Contents of O&M Database 

Sheet Name  Item List  

Equipment  installation location, year, manufacturer, builder, expected lifetime, 
specification  

Construction  Construction year, name, description, equipment, location, contract date, 
completion date, contractor  

Books Year, title, contractor, description, equipment, storage location, electronic 
file name  

Stock List  Item name, category, equipment, manufacturer, specification, location  

Operation  Weather, temperature, flow rate, sludge volume, operating hours of 
machine, water quality  

Maintenance  voltage, current value, insulation resistance, repair year, overview of repair, 
contractor 

Source: JICA Study Team 

Table 2.3.3  Data entry form - Equipment 

Equipment 
name 

Facility 
name Classification Style Year 

Installed Contractor

            

       

Source: JICA Study Team 

Table 2.3.4  Data entry form - Stock 

Item Name Specification Storage  Unit 
Present 
stock 

quantity 

Minimum 
stock 

quantity 

            

       

Source: JICA Study Team 
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Table 2.3.5  Data entry form - Operation 

D
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1 Su             

2 Mo             

Source: JICA Study Team 

2.3.4  Introduction Procedure of O&M Database 
We proposed 3 steps to introduce this system. Table 2.3.6 shows the procedure for 

introduction. 

Table 2.3.6 Introduction procedure 
Step Objectives Procedures Status

1 

Data collection  HSDC can collect data using new data 
entry sheets recorded on paper daily at 
each WWTP. 
These basic data are expected to be 
computerized at Step 2. 

Method presently 
used (Carried out 
in this Study) 

2 

Data 
computerization 

HSDC computerizes the data using 
Microsoft excel software on personal 
computers. 

Mid-term goal 
(JICA study for Yen 
Xa is studying this 
Step 2) 

Data 
standardization 

HSDC should revise and standardize items 
on the data entry sheets. It is important to 
standardize items of data among WWTPs 
being operated by HSDC in Hanoi.  
Data standardization will be helpful to 
design a better database at Step 3. 

3 

Data sharing In this step, the existing WWTPs and other 
places are networked via the Internet VPN 
or IP-VPN. Each site has its own Web 
server for its O&M database system. 
Authorized users can access this system 
with Web browsers, and utilize the data with 
the advantages listed in 2.3.1. 

Final goal 

Source: JICA Study Team 
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2.3.5 Introduction Cost of O&M Database 

Table 2.3.7 Cost per each site 

No Item Price
(Mil. VND) Qty Unit Sum

(Mil. VND) 

1 Package software 1,008 1 set 1,008 

2 
Software customization 
(localization) 

403 2 M/M 806 

3 Adjustment cost (on site) 605 1 M/M 605 

Total 2,419 

Source: JICA Study Team 

 

2.4 PDCA Cycle Activities 

Due to change of influent quality and quantity, and deterioration of equipment for 

treatment, there is a need for the operation methods of the WWTPs to be changed 

accordingly. 

The PDCA cycle is helpful to guide appropriate treatment processes if there are any 

problems or if changes are required. 

PDCA cycle activities for improving the O&M manuals are as follows: 

“PLAN” means modifying an operation method based on existing O&M manuals using the 

database. 

“DO” means implementing the modified method. 

“CHECK” means judging works that were implemented according to the modified method 

based on data accumulated in the database, and comparing the results with the desirable 

range of parameters described in current O&M manuals. 

“ACTION” means operation within the desirable range of parameters studied in “CHECK” 

generally. If we have no problems with the operation and it is within the desirable range of 

parameters studied in “CHECK”, we can review (rewrite) the existing manual. But, if we 

have any unexpected problems, we have to consider the process again. 

By repeating this PDCA cycle, the manual will be continuously improved. 

One example is shown in Figure 2.4.1. That is for North Thang Long - Van Tri WWTP. In 

the study of JICA in 2010, low efficiency of dehydration in the sludge treatment process 

was reported. It was caused by excess sludge with too high a water content going to the 

dehydrator. As the countermeasure, the JICA study team made a plan using a PDCA cycle 

to thicken the excess sludge of FST using the PST as shown in Figure 2.4.2. 



Study for Introduction of PPP for Sewerage Facilities in Hanoi, JICA 
Final Report 

 

2-9 

 

As expected, we were able to obtain a good result. The details are presented in 2.5. 

Based on this result, the JICA study team suggested adding the method of thickening 

excess sludge using the PST. 

 

 
Source: JICA Study Team 

Figure 2.4.1 Example of PDCA cycle for the quality betterment of dehydrated sludge 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: JICA Study Team 

Figure 2.4.2 Modified excess sludge flow for sludge concentration  
in North Thang Long WWTP 

 

PLAN 
Change an operation method to reduce 
water content in sludge:  
Transfer sludge to PST to thicken.  

DO
Trial test:
Thicken sludge in PST. 

ACTION 
If the thickened sludge is in good condition, 
adopt the modified method “transfer sludge 
to PST and thicken in the tank.” 
If it is not, consider an alternative modified 
method. 

CHECK 
Monitor thickened sludge concentration 
compared with design value in manual. 
Analyze the causes, if expected result 
was not gained. 

PST Reactor FST 

Dehydrator
Current flow of excess sludge 

Modified flow of excess sludge 

Return sludge  

Concentrated sludge 

Excess 
sludge 

PDCA Cycle
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2.5 Review for Ability to Thicken Excess Sludge and Improving Effluent 
Water Quality (North Thang Long WWTP) 
In the study of “Strengthening of the Operation and Maintenance of Sewerage Facilities in 

Hanoi in 2010“, the study team found dehydrated sludge with high water content and the 

study team pointed out the reason for the poor dehydration was due to the poor sludge 

concentration and proposed to utilize the PST, which was not being used, to thicken the 

excess sludge. 

In this study, through the following test, the JICA study team confirmed the efficiency of 

using the PST as the thickener. 

1) The thickening test using a cylinder 
An excess sludge thickening test using a cylinder was implemented before a trial test at 

the site. Figure 2.5.1 shows the relationship between time and sludge volume. Sludge 

volume was reduced to less than 40 % of original volume in 3 hours. Based on the 

result, the JICA study team chose the thickening time for the trial test as 3 hours. 

 

Source: JICA Study Team 

Figure 2.5.1 The thickening test in a cylinder  

2) Trial test on site 
Before the test, HSDC cleaned the PST and set the temporary pump for transfer of the 

excess sludge from the FST. The temporary pump was set to pump from the return 

sludge canal and 100 m3 of excess sludge was pumped to the PST. After 3 hours, the 

JICA study team took a sample of the thickened sludge from the drainage pipe of the 

PST. 

Table 2.5.1 shows the results of the analysis as measured by HSDC. Even though the 

concentration rates of the sludge measured were very high compared to general 

concentration rates, the results showed that excess sludge was thickened by a factor of 

more than 3. 
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Table 2.5.1 Analysis result by HSDC 

Status Concentration of sludge (%) 

Before (Excess Sludge) 2.0 

After (Thickened Sludge) 6.3 

Source: HSDC 

3) Result consideration 
The JICA study team considered that the concentration of thickened sludge was very 

high in this analysis by HSDC. Nevertheless, judging from the appearance, the JICA 

study team guessed that excess sludge concentration was not more than 1 %, and 

thickened sludge concentration in the PST was about 2 to 3 %. 

Anyway, the effectiveness of sludge thickening using the PST was confirmed, and this 

method will be helpful to concentrate excess sludge. Based on the good results, the 

JICA study team suggested continuous measuring and determination by HSDC of the 

appropriate allowable range for sludge concentration.  
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Chapter 3 Proposal for the Integrated Operation and Maintenance 
Services (IOMS) by using Maximum Benefits of PPP 
Scheme 

3.1 Introduction of IOMS 

3.1.1 What is IOMS 
The Integrated Operation and Maintenance Service (IOMS) is the system-base ordering 

system in contrast to the individual asset-based contracts as a conventional operation 

and maintenance ordering system. One of the main advantages of this paradigm shift is 

that it enables the evaluation of the business value brought about by reaching solutions 

that balance or trade-off between technical necessity and overall system economic 

feasibility. 

The IOMS is premised on the IOMS contractor’s experiential problem solving capacity 

including proactive measures and contingency measures. The contractor’s holistic view 

of the asset management process is expected to save the life-cycle costs of the system 

with prolongation of equipment lifetime. 

Table 3.1.1 Comparison of conventional O&M and IOMS 
 Conventional O&M IOMS 

Basis of Contract  Fixed Scope of Work 
 Single-year & Unit price base 

contract 

 Performance Indicators (mainly 
treatment quality) & Delivery 
conditions at the end of the 
contract. 

 Multi-year & Lump-sum contract

Criteria of 
contractor’s 
performance 

 The contractor shall comply 
with Performance Indicators 
and methods bound in the 
contract. 

 The contractor shall comply with 
Performance Indicators bound in 
the contract. 

Repair & 
Replacement 

 Budget of repair and 
replacement of equipment is 
accounted as a 
Provisional-Sum. 

 Repair budget is either included 
in lump-sum amount or 
accounted as a provisional-sum.

 Replacement budget is usually 
accounted as a provisional-sum.

Source: Japan Sewage Works Agency (JSWA) 

 

3.1.2 On-going IOMS in Japan 

1) General 
In Japan, IOMS is called “Hokatsu Itaku” in Japanese, and has been implemented for 

over ten years. IOMS is classified in three levels generally. The levels are determined 
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by the scale of the replacement. Each scale is limited by the actual price for the 

replacement within a single or multi year.  

According to the statistic data as of 2009, 251 IOMS projects have been implemented. 

A Level-2, 3-year contract is the most popular so far. The Japanese government 

encourages the long term, full scale IOMS contract since the new PFI law was 

effectuated in 2011. 

Table 3.1.2 Levels of IOMS 

Contract Level Period Cost components 

Conventional Single year Process cost (measurement base) 

IOMS level-1 

Short term 
multi year 

Process + utility cost (Lump sum) 

IOMS level-2 Process + utility cost (Lump sum) + Small replacement 

IOMS level-3 Process + utility cost (Lump sum) + Medium replacement 

IOMS full scale 
Long term 
multi year 

Process + utility cost (Lump sum) + Large replacement 

Source: JSWA 

 
Table 3.1.3 Number of IOMS projects Table 3.1.4 Contract period 

Number of IOMS project in 2009 

Level-1 29 projects 

Level-2  201 projects 

Level-3 21 projects 

Total 251 projects 

Source: Kokyo Toshi Journal Inc.

 

Statistic, Contract Period (as of 2009) 

1 year 32 projects 

3 years 182 projects 

4 years 14 projects 

5 years 14 projects 

Over 5 years 1 project 

Total 243 projects 

Source: Kokyo Toshi Journal Inc.

2) Hanamigawa no.2 WWTP - Case 1 
Hanamigawa no.2 WWTP is one of the representative examples of IOMS, which is 

located in Chiba prefecture, next to Tokyo. It was implemented in 2007, with a level-2, 

3-year contract. 

(1) Plant features 

 Capacity: 576,000m3/day 

 Conventional activated sludge treatment 

 Sludge incinerator: 150 ton/day 

 Treated Sewage Effluent (TSE) Tertiary Treatment  

 Photovoltaic power generation (1828 KWh) 

(2) Scope of work 

 O&M of sewage treatment, sludge treatment, TSE transmission 
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 Environmental monitoring & protection 

 Ancillary facility maintenance 

 Replacement of equipment (less than JPY 2,500,000 per item) 

 Procurement of consumables 

(3) Outcome of IOMS (2007-2009) 

The post-project evaluation presents three notable merits; one is 14% reduction of 

total O&M costs. Second is 7% saving of electricity consumption, and last is a 12% 

reduction in equipment mal-functions and system failures. 

Table 3.1.5 Hanamigawa cost comparison before & after project in 3 years 
 (Unit: million JPY) 

Item Before project
(2006) 

After project
(2009) Improvements 

Public Remuneration 231 138 ▼93 or -40%

Direct costs incl. Utilities 3,548 2,886 ▼662 or -19%

Small replacement 
(<JPY250K) 

72 52 ▼20 or -28%

Large replacement 
(>JPY250K) 

954 1,049 △95 or +10%

Others 114 118 △4 or +4%

Total 4,919 4,243 ▼676 or -14%

Source: Chiba prefecture 

3) Amagasaki East WWTP - Case 2 
Another IOMS example is Amagasaki East WWTP, which is located in Hyogo 

prefecture, next to Osaka. It was first introduced in 2003, with a level-2, 5-year 

contract.  

(1) Plant features 

 Capacity: 134,000m3/day for sewage 

 Conventional activated sludge treatment 

 Relay Pumping S-1: 139m3/min(S) + 1971m3/min(R) 

 Relay Pumping S-2: 1745m3/min(R) 

 Sludge transmission pumping station 

(2) Scope of work 

 O&M of Sewage treatment 

 Environmental monitoring  

 O&M of relay pumping stations 

 Inspection and maintenance of plant utilities 

 Procurement of consumables and utilities 
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 Equipment replacement (> JPY 1M)  

 O&M of rooftop plaza, planting zone 

(3) Outcome of IOMS 

Although detail figures are not available, it seems that total costs have been reduced 

by 20% over the five years. 

Table 3.1.6 Amagasaki cost comparison before & after project 

Item 
Before project

(2002) 
After project 

(2007) Improvements

Public Remuneration 28% 7% -21%

Direct costs incl. Utilities, and Others 72% 73% +1%

Total 100% 80% -20%

Source: Kankyoshimbunsha, Co., Ltd. 

 

4) Other IOMS cases in Japan 
Other typical IOMS cases are listed in Table 3.1.7. The 3-year, level-2 contract is most 

popular. The Performance Indicators are different due to the conditions of areas and 

capacity. 

Table 3.1.7 Other Japanese IOMS Cases 

Item Shiwa 
(Iwate) 

Hamakurosaki 
(Toyama) 

Arakawa 
(Saitama)

Nagata 
(Shizuoka)

Takehara 
(Hiroshima) 

Matsuyam
a (Ehime)

Period 3 year 3 year 3 year 3 year 3 year 3 year 

Type Combined Separated Separated Separated Separated Combined

Contract level 2 2 2 2 1 2 

Replacement 
Max at one time 

USD 
10,000 

N/A USD 5,000 USD 5,000 N/A USD 5,000

Process C.A.S C.A.S O.D C.A.S S.A.S C.A.S 

Design capacity 
(m3/d) 

9,200 178,500 38,700 17,000 N/A 151,000 

PI - BOD 13 mg/L 5.6 mg/L N/A N/A 5 mg/L 4.3 mg/L 

COD  8.9 mg/L N/A N/A 10 mg/L 7.2 mg/L 

SS 20 mg/L 5.3 mg/L N/A N/A 5 mg/L 2 mg/L 

T-N None None N/A N/A 10 mg/L 13 mg/L 

T-P None None N/A N/A 1 mg/L 0.48 mg/L

Coliform G 80 MPU/mL 7 MPU/mL N/A N/A Nil Nil 

Source: Ministry of Land, Infrastructure, Transport and Tourism 
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3.1.3 Cost Merit Analysis 

1) Total O&M cost 
Hanoi will develop at least 5 WWTPs in ten years. When Yen So WWTP starts in 

service in 2012, the O&M cost would be approximately 150,000 million VND. In 2022, 

when 5 WWTPs are in service, the O&M cost will be about 550,000 million VND. 

Taking into consideration such substantial costs, it will be necessary to adopt efficient 

O&M in the near future. 

(Unit: million VND) 
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Source: JICA Study Team 

Figure 3.1.1 Total O&M cost of newly developed WWTPs 
 

2) Breakdown of direct cost 
Figure 3.1.2 shows the breakdown of direct O&M cost in 2022. A total of 75% of the 

direct cost is occupied by Utilities, Chemicals, and Repairs. These items are variable 

costs and tend to be less expensive under IOMS because of the contractor’s 

optimization effort for the O&M works. According to the IOMS statistics, the Ministry 

of Land Infrastructure and Transportation of Japan 2010, the IOMS reduces these costs 

by 8 to 12%. 

 

Yen So in Service 

Yen Xa & Ho Tay 
In Service 

Bay Mau in Service

Phu Do in Service 
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Source: JICA Study Team 

Figure 3.1.2 Breakdown of direct cost in 2022 
 

3) Cost comparison 
Suppose IOMS could reduce the costs of Utilities (mainly Electricity and Water), 

Chemicals, and Repairs by 10% compared with Conventional O&M, total direct cost 

will be reduced by 7.5%. Table 3.1.8 presents the result of the trial calculation. This 

shows that IOMS is worth introducing. 

Table 3.1.8 Direct cost comparison; conventional vs. IOMS in 2022 

Items 
Conventional IOMS Reduction 

rate (%) million VND million VND 

Utilities 183,653            165,288  10.0%

Chemicals 87,157              78,441  10.0%

Repairs 72,517              65,265  10.0%

Sludge disposal 52,773 52,773  0.0%

Small-scale replacement 20,944 20,944  0.0%

Labor 29,952 29,952  0.0%

Others 14,243 14,105 1.0%

Total Direct Cost 461,239 426,769 7.5%

Source: JICA Study Team 
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3.1.4 Terms of IOMS Contract 
As mentioned in section 3.1.2, the Japanese IOMS level-2 is the most popular form for 

IOMS contract in Japan. Referring to the Japanese IOMS level-2, the JICA study team 

proposes the Terms of IOMS Contract as follows; 

1)  Project owner & contractor 
The project owner is HPC, and the contractor is the Joint Company, which is referred to 

later. 

2) Contractor’s obligation 
The contractor shall provide the IOMS stipulated by the IOMS contract.  

3) Payment 
The owner shall confirm conformity of the contractor’s performance compared with the 

performance indicators. 

Nonconforming work by the contractor will cause the reduction of the payment to the 

contractor. 

4) Contractor’s possession of site and duty to reserve function 
The owner shall grant the right to use the sewerage facility to the contractor for the 

purpose of fulfilling the contractor’s obligation. 

The contractor shall maintain the function of the facility and compensate for any 

damage or losses caused by the contractor. 

5)  Scope of Work in IOMS Contract 
The scope of work is composed of general, technical, and optional parts. The major 

points of each part are described below. 

1) General 

 Staff management and Material Control for O&M 

 Reporting of results of O&M work to the regulator 

 Customer technical service 

2) Technical 

 O&M in wastewater treatment and sludge treatment/disposal in compliance 

with Performance Indicators (PIs) 

 Repair work of facilities 

 Small scale replacement of equipment 

3) Option 

 Promotion of sewerage service 

 Engineering service to other cities 

 Staff Training to other cities 
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3.1.5 Performance Indicators 
The IOMS contractor carries out all necessary work for conforming with the Performance 

Indicators (PIs). Usually the PIs are set to be more severe than the environmental control 

criteria. The difference between the PIs and the environmental control values is a safety 

allowance against unforeseeable malefaction of the treatment process. Proposed PIs for 

sewerage IOMS in Hanoi are shown in the Table below. 

These items should be checked and reported to the regulator weekly, and then the 

regulator verifies and reports the conformity of the contractor’s performance to HPC. If 

the performance does not conform to the PIs, HPC reduces the payment to the 

contractor. 

Table 3.1.9 Performance indicators 

Items Legal Effluent Quality
QCVN24:2009 column B

Proposed Effluent 
Quality 

BOD5 (mg/L) 50 40 

COD (mg/L) 100 80 

SS (mg/L) 100 80 

Nitrogen (mg/L) 30 24 

Phosphorus (mg/L) 6 5 

Source: JICA Study Team 

 

3.1.6 Contractor’s Risk 

1) Major risk 
In the performance based lump-sum contracts such as IOMS, it is essential to share the 

risk and clarify the responsibilities between the owner and the contractor. Table 3.1.10 

shows the major risks in the contract that the contractor should mitigate. Among those 

risks, price escalation and tariff collection are critical issues for the IOMS contractor. 

Table 3.1.10 Contractor’s major risks 

 Third-party Liability 

 Complaints from Residents 

 Changes of Regulations 

 Fluctuation of Influent Volume 

 Increase of repair expense due to sudden failure 

 Price Escalation 

 Tariff Collection 

Source: JSWA 
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2) Price escalation 
Price escalation impacts on Utilities, Chemicals, Repairs, Overhead, and Labor cost. A 

10% price escalation causes an 8-9% O&M cost increase. O&M cost in the contract is 

usually a lump-sum. 

As an assurance, a price adjustment clause against unexpected price escalation is 

needed in the contract. Also, the contract period of IOMS shall be set within a 

predictable range of price escalation. 

3) Tariff collection 
Non-revenue sewage would be encountered due to the lack of user’s appreciation for 

sewerage services and to the additional burden on the households’ economy. 

It is difficult for the contactor to directly request households to pay for non-revenue 

sewage. The contractor will not incur financial loss due to non-revenue sewage risk. 

To collect the sewage tariff steadily, one bill for water supply and sewerage is 

recommendable. 

 

3.1.7 Service Fee 
The service fee, which the contractor receives from the owner, is composed of variable 

and fixed expenses. Variable expenses are in proportion to actual inflow volume. 

Usually, Chemicals, Fuel, and Electricity are set as variable expenses. By including 

variable expenses, the service fee becomes a performance based payment. 

Monthly Service Fee = α×(Actual inflow volume) + β 

 α= Variable expenses basic unit = Total variable expenses / Design flow 

 β= Monthly fixed expenses 

Table 3.1.11 Fixed and variable expenses 

Items Type 

Labor Fixed 

Chemicals Variable 

Fuel Variable 

Electricity Variable 

Consumables  Fixed 

Repair Fixed 

Other expenses Fixed 

Overhead Fixed 

Source: JSWA 
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3.2 Implementation of IOMS 

3.2.1 Implementation Framework of IOMS 
The relationship of concerned parties is described in Figure 3.2.1. The WWTP IOMS 

contractor provides IOMS to customers, i.e. the contractor treats the wastewater for the 

domestic and non-domestic users. The contractor has to report the result of their service 

to the regulator routinely. The customers pay the sewerage tariff along with water tariff 

to the water company of each area. The water company pays the collected sewerage 

tariff to HPC. Judging from the regulators reports, HPC pays the service fees to the 

IOMS contractor in accordance with the IOMS contract.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: JICA Study Team 

Figure 3.2.1 Implementation framework of IOMS  
 

3.2.2 Framework of Regulator 
The objective of the regulator is to audit the IOMS quality according to the 

Performance Indicators. The regulator audits and reports to HPC the result of the 

contractor’s performance. If the performance does not satisfy the PIs in the IOMS 

contract, HPC could reduce the payment of the service fee to the contractor. 

The regulator consists of the State Auditor, Tax Office, Labor Office, and Technical 

Office, and so on. In Hanoi, DOC and HSDC might play a key role to develop it. 

2) Sewerage Tariff 

 

 

2) Report
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Source：JICA Study Team 

Figure 3.2.2 Framework of regulator 
 

3.2.3 Contractor of IOMS 
The study team carried out a comparative analysis of the following 3 options for the 

IOMS framework; 

 Option 1: HSDC to undertake the IOMS 

 Option 2: Joint Company established by HPC, HSDC and a private firm to 

undertake the IOMS 

 Option 3: A Private firm to undertake the IOMS 

 

Table 3.2.1 shows the result of the comparative analysis. As a conclusion, option 2 

would be the best option for the contractor due to the advantage of synergy created by 

HSDC’s locality and the private firm’s skill and experience. 

Table 3.2.1 Comparison of contractor’s options 

 Option 1 Option 2 Option 3 

Capacity to 
undertake IOMS 

Need time for new 
experience 

Enough capacity Enough capacity 

Cost saving 
opportunity 

Less because lack of 
experience 

Promising 
High cost due to 
Foreign company 

Comfort for HPC Comfort Comfort 
Uncomfortable to 

ignore HSDC 

Compliance of laws 
and regulations 

Complied 
 

Complied 
Complied 

Evaluation 
Need enough time for 

experience and 
support from outside 

HSDC’s locality and 
Private firm’s skill 
produce synergy. 
Recommendable 

HSDC’s 5 year 
experience cannot 
contribute in this 

option. 

Source: JICA Study Team 
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3.2.4 Analysis for Modification of Legal System for IOMS by Joint 
Company 

1) Related Laws and Regulations for IOMS 
The futures of IOMS contracts are lump-sum, multi-year, and performance based 

payment. The study team examined whether IOMS can be implemented under existing 

related laws or regulations. The following decree and circular are the related ones. 

 Decree No. 88/2007/ND-CP, on Urban and industrial-park water drainage 

 Circular No. 09/2009/TT-BXD, Defining detailed guidelines to implement some 

contents of Decree 88/2007/ND-CP 

 

(1) Assignment of O&M contract 

HPC can assign O&M to the contractor in accordance with the contracts on the 

agreement of the HPC and the contractor. 

In article 29 of decree 88/2007, it is stated “Water drainage units may assign part or 

the whole of their obligations and rights in the management and operation contracts 

to a third party upon the agreement of the water drainage work owners.”  

Also in article 4 of the circular 09/2009, it is provided “they (the Municipal 

People’s Committee) will assign contracts to specialized agencies with the relevant 

capacity to carry out those O&M performance contracts. 

(2) Contract type 

Lump-sum contract is possible to implement. Article 10 of circular 09/2009 

stipulates “contract type shall be defined approximately, such as lump-sum contract, 

unit price contract, or combined.”  

(3) Duration 

Although it seems a multi-year contract has not been adopted in Vietnam yet, 

legally it is possible. 

In article 33 of decree 88/2007, it is provided that “A management and operation 

contract has a minimum term of 5 years and a maximum term of 10 years.”  

(4) Payment to contractor 

Performance based payment will be possible to include in the contract although it is 

not clearly stipulated in the decree or the circular.  

According to article 11 of circular 09/2009, the contract price is the total value for 

carrying out O&M, and it shall be agreed by both parties (the owner and the 

contractor). This context enables performance based payment as long as both 

parties reach an agreement. 
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2) Related Laws and Regulations for Joint Company 
Regarding the establishment of the Joint Company between HPC and the foreign 

private companies, the issues to be discussed are the proportion of contributed equity, 

the amount of subsidy, and organization form. The related laws are as follows; 

 Decision No. 71/2010/QD-TTg, Promulgating the regulation on pilot investment in 

the public-private partnership form (Pilot PPP Law) 

 Law No. 59/2005/QH11, On Investment (Investment Law) 

 Decree No.108/2006/ND-CP, Providing Detailed Provisions and Guidelines for 

Implementation of a Numbers of Articles of Law on Investment 

 Law No. 60/2005/QH11 on Enterprise (Enterprise Law) 

 

Although the study team has discussed with working group members whether or not 

decision 71/Pilot PPP Law is applied in this case, no conclusion has been reached. This 

is because decision 71 has just taken effect in January in 2011, and has much to be 

considered. 

(1) Proportion of Joint Company’s contributed equity 

The proportion of the contributed equity can be set at the demand of HPC and the 

Private Firm whether decision 71 is applied or not. Article 9, clause 2 of decision 

71 stipulates “The total state participation portion must not exceed 30% of the total 

investment level of a project, except in other cases decided by the Prime Minister”. 

However, article 2 clause 4 stipulates “the state participation portion is neither the 

contributed equity capital in the project enterprise nor associated with the right to 

receive the profits from the project’s revenues.” Judging from this clause, 30% is 

not the limit of the contributed equity from HPC 

(2) The amount of subsidy 

Decision 71 stipulates the ceiling of the state participation portion at 30% of the 

total investment. It will take time to establish and raise the sewerage tariff to the 

level of full cost recovery for O&M. A subsidy has to be injected until the tariff is 

raised high enough to recover the full cost of O&M. If the subsidy portion is limited 

to 30% of total O&M cost, it may cause a shortage of O&M budget. 

(3) Organization form 

The organization form of the Joint Company shall comply with Law 60/Enterprise 

Law regardless of whether decision 71 is applied. The possible form will be a 

“Limited Liability Company with More Than One Member” capitalized by HPC 

and a private firm or a “Shareholding Company”. Taking into consideration the 

operational procedures, a “Limited Liability Company with More Than One 

Member” is suitable in this case. Legal capital is not regulated in this case. 
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3.3 Business Plan of Joint Company for IOMS  
 

Through the working group meeting between the counterpart working group and the JICA 

study team, the whole concept of the Joint Company was discussed many times and we 

came to a basic consensus to establish the Joint Company for the IOMS implementation in 

the near future based on the following points. 

3.3.1 Objective, Mission, and Operating Plan of the Joint Company 

1) Objectives 
 To implement IOMS in Hanoi 

 To develop the standard IOMS model in Vietnam 

 To promote the standard IOMS model throughout Vietnam with HSDC 

2) Mission 
 To provide users the a sanitary environment  

 To provide an efficient O&M of WWTPs 

 To upgrade the skills of WWTP operators 

3) Operating Plan 
 Starts to operate IOMS at Yen So WWTP in 2014 

 Starts to operate IOMS at Yen Xa and Ho Tay WWTP in 2018 

 Starts to operate IOMS at Bay Mau in 2020 

 Starts to operate IOMS at Phu Do in 2022 

 

3.3.2 Company Structure 

1) Company ownership 
 Hanoi People’s Committee (HPC): Japanese Consortium (*1) = 50: 50 

*1 Japanese Consortium will consist of ORIX Corp, Water Agency Inc., and 

others. 
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Figure 3.3.1 Participation image  

2) Company locations and facilities 
 Headquarters: One room in HSDC (Rental base) 

 Branches: Each WWTP’s site office (Provided by HPC) 

 

3.3.3 Management Plan 

1) Management board members 
(1) President 

a. Qualification 

Vietnamese, who shall be appointed by HPC subject to acceptance of the Japanese 

Consortium having enough experience in the management of similar works. 

b. Task 

He/she has the right of representation of the company that shall be responsible for 

all aspects of the company including internal and external matters. He/she will 

have the lead role in making decisions that concern the well-being of the Joint 

Company. 

(2) Vice president 

a. Qualification 

Japanese, who shall be appointed by the Japanese consortium subject to 

acceptance of HPC having enough management experience in similar works. 

b. Task 

He/she shall be responsible for the financial aspects of the company including 

accounts payable, accounts receivable, and bookkeeping. 
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2) O&M staff 
(1) Senior advisor 

a. Qualification 

Japanese, who has enough experience in the IOMS of wastewater treatment plants. 

JICA’s technical assistance might be utilized in this position. 

b. Task 

He/she shall be knowledgeable of, and capable of communicating regarding the 

entire O&M works in which he/she advises; 

- Monitoring O&M staff's progress. 

- Providing guidance for developing and achieving meaningful educational, 

professional, and personal goals for O&M staff. 

- Proactively involving O&M staff in their career planning process, 

self-reflection. 

(2) Director 

a. Qualification 

Vietnamese who has a bachelor decree or higher in engineering and has enough 

experience in the O&M works of wastewater treatment plants. 

b. Task 

He/she shall represent the site office being responsible for all aspects in the O&M 

works and administration of the wastewater treatment plant. 

(3) Vice director 

a. Qualification 

Vietnamese who has a bachelor degree or higher in engineering and has enough 

experience in similar works. 

b. Task 

He/she shall be responsible for the technical aspects in the operation and 

maintenance of each plant.  

(4) Engineer 

a. Qualification 

Vietnamese who has a bachelor degree or higher in engineering, science or 

equivalent. 

b. Task 

He/she shall be a superintendent of a part of the O&M work. 

(5) Worker 

a. Qualification 

Vietnamese who has a junior high school diploma or higher. 
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b. Task 

He/she shall carry out a part of the O&M work under the engineer. 

3) General staff 
(1) Secretary 

a. Qualification 

Vietnamese who has a bachelor degree or higher having experience in a similar 

job. 

b. Task 

Bilingual secretary to support the management board member. 

(2) Procurement 

a. Qualification 

Vietnamese who has a bachelor degree or higher having experience in a similar 

job. 

b. Task 

Control the procurement and stock of consumables and spare parts. 

(3) Accountant 

a. Qualification 

Vietnamese who has a high school diploma or higher and has enough experience 

in accounting. 

b. Task 

Accounting and financial affairs. 

(4) General Staff 

a. Qualification 

Vietnamese who have a junior high school diploma or higher. 

b. Task 

General affairs. 

4) Recruit plan 
The initial recruit plan is on the basis of operation for Yen So WWTP in 2014. Total 

number of Staff is 84 including 3 management board members, 1 senior adviser. 

Resources will be recruited from DOC, HSDC, member companies of the Japanese 

Consortium. 
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Table 3.3.1 Initial recruit plan 

Labor Type 
Numbers 

Grade
Labor unit cost Subtotal (year) 

（Persons） VND(month) VND(year) VND USD 
 Unit price - - 2,000,000 24,000,000 - -

Headquarters Labor Cost (A)   
 President 1 10 20,000,000 240,000,000 240,000,000 11,459
 Vice president 1 8 16,000,000 192,000,000 192,000,000 9,167
 Secretary 1 5 10,000,000 120,000,000 120,000,000 5,730
 Accountant 1 5 10,000,000 120,000,000 120,000,000 5,730
 Procurement 1 4 8,000,000 96,000,000 96,000,000 4,584
 General Staff 2 4 8,000,000 96,000,000 192,000,000 9,167
 Senior Advisor 1 - 314,160,000 3,769,920,000 3,769,920,000 180,000
 Sub-Total 8 - - - 4,729,920,000 225,837

Direct Labor Cost (B)   
 Director 1 7 14,000,000 168,000,000 168,000,000 8,021
 Vice Director 2 6 12,000,000 144,000,000 288,000,000 13,751
 Manager 5 5 10,000,000 120,000,000 600,000,000 28,648
 Engineer & Worker 70 4 8,000,000 96,000,000 6,720,000,000 320,856

 Sub-Total 78 - - - 7,776,000,000 371,276

 Total (A+B) 86 - - - 12,505,920,000 597,112

Source: JICA Study Team 

 

3.3.4 Financial Plan 

1) Contributed equity 
The contributed equity will consist of the preparatory costs and operating funds to cover 

the preparatory period and a three-month operating fund for Yen So WWTP. 

(1) Preparatory costs 

Our preparatory costs will be approximately 11,000 million VND which will be 

arranged by the contributed equity of each shareholder. The components of the 

preparatory cost are listed below: 

The preparatory costs are the costs for the twelve-month preparation time prior to 

commencement of O&M service in Yen So WWTP. 
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Table 3.3.2 Preparatory costs 
A) Preparatory Expenses USD VND Remarks 
Legal 12,000 251,328,000 1,000USD*12 months

Phone/utilities deposits 500 10,472,000  

Licenses/tax deposit 5,000 104,720,000  

Brochures/sales literature 500 10,472,000  

Employee salaries (12 months) 225,837 4,729,920,000 Headquarters labor 

Office Rental (12 months) 12,000 251,328,000 1,000USD*12 months

Car Rental (12 months) 6,000 125,664,000 500USD*12 months 

Furniture and supplies 5,000 104,720,000  

Website development 1,500 31,416,000  

Miscellaneous 20,000 418,880,000  

Sub Total 288,337 6,038,920,000  
B) Preparatory Assets   
Cash Required 200,000 4,188,800,000  

Personal Computers 10,000 209,440,000  

Initial Inventory 10,000 209,440,000  

Sub Total 220,000 4,607,680,000  
Provisional Sum for Contingency 25,417 532,330,000 (A+B)*5% 

Total Preparatory Costs 533,753 11,178,930,000  
Source: JICA Study Team 

 

(2) Operating fund 

The operating fund is to cover 3-month direct cost and overhead of O&M service in 

Yen So WWTP. The amount will be approximately 35,000 million VND. 

 

(3) Total amount of contributed equity for the Joint Company 

The amount of contributed equity will be 47,000 million VND. Total contributed 

equity will be paid by HPC and the Japanese Consortium in proportion to the equity 

contribution. 

Table 3.3.3 Total amount of Contributed Equity for the Joint Company 

 USD VND Remark 

Initial Expenses 533,753 11,178,930,000  

3-month JC Cost of Yen So 1,687,463 35,342,215,345 Direct Cost + Overhead

Total Equity 2,221,216 46,521,145,345 JPY 184,360,918

Total Equity (Round Up) 2,244,079 47,000,000,000 JPY 186,258,594

Source: JICA Study Team 

2) Projected profit and loss  
The table shown below summarizes the anticipated profit and loss of the Joint Company 
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for the first ten years. Year 2013 is the preparatory period. The commencement of O&M 

service in Yen So WWTP is in 2014 (Year 1). Yen Xa WWTP and Ho Tay WWTP will 

be operated in 2018 (Year 5), and Bay Mau WWTP in 2020 (Year 7), Phu Do WWTP in 

2022 (Year 9). 

The sales of the company is the amount equal to the total costs required for O&M 

service in Yen So WWTP estimated by the JICA study team. Tariff revenue is not linked 

with the sales because the sewerage tariff will be short for the O&M service in the first 

ten years. It is anticipated that there will be a Government subsidy to compensate the 

deficit of the tariff revenue. 

Cost cuts by IOMS are considered in the direct cost. Utilities, Chemicals, and Repairs 

are reduced by 10% compared with conventional O&M.  

It is assumed that the company benefits from corporate tax exemption and reduction. 

According to Law No.14/2008/QH12 on Corporate Income Tax, the tax rate of ten per 

cent shall apply for fifteen years to an environmental entity. In addition, the 

environmental entity is entitled to tax exemption for four years and a 50% reduction of 

payable tax amounts for no more than nine subsequent years. That is, the corporation 

tax is exempted for the first four years, 5% for the next nine years, and 10% for next 

two years. 

The duration of the preferential tax rates stipulated in this article shall be calculated 

from the first year in which the enterprise has turnover. 
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3) Comparison of conventional O&M and IOMS by Joint Company 
As mentioned in 3.1.3, IOMS delivers a 7.5% reduction in direct cost compared with 

conventional O&M. When considering the establishment of the Joint Company, the 

Joint Company should achieve the total cost reduction even including the profit from it. 

Table 3.3.5 presents the Total cost comparison between conventional O&M and IOMS 

by the Joint Company as of 2022. If the profit, which is 5% of direct cost, is added, the 

Joint Company is able to realize a 3.3% cost reduction. This means cost savings by 

IOMS can be shared with both HPC and the Joint Company. 

Table 3.3.5 Conventional vs. IOMS by Joint Company in 2022 

Items 
Conventional(A) Joint Company(B) Difference (B-A) 

million VND % million VND % million VND % 

Direct Cost 461,239 89.7% 426,769 83.0% -34,470  -7.5%

Utilities   183,653 35.7% 165,288 32.1% -18,365  -10.0%

Chemicals    87,157 16.9%     78,441 15.3% -8,716  -10.0%

Repairs   72,517 14.1%     65,265 12.7% -7,252  -10.0%

Sludge disposal 52,773 10.3% 52,773 10.3% 0  0.0%

Small replace 20,944 4.1% 20,944 4.1% 0  0.0%

Labor 29,952 5.8% 29,952 5.8% 0  0.0%

Site establish 10,472 2.0% 10,472 2.0% 0  0.0%

Other Expenses 3,771 0.7% 3,633 0.7% -137  -3.6%

Overhead 29,981 5.8% 27,740 5.4% -2,241  -7.5%

Provisional sum 23,062 4.5% 21,338 4.1% -1,724  -7.5%

Profit 0 0.0% 21,338 4.1% 21,338  4.1%

Total   514,282 100.0%    497,186 96.7% -17,096  -3.3%

Source: JICA Study Team 

4) Projected cash flow  
Tables 3.3.6 and 3.3.7 show the projected cash flow in the one-year preparatory period 

and the first ten years of the IOMS service by the Joint Company. 

The base case is assumed not to be a loan from a bank. The operation fund is covered 

by only equity and service fees. On the other hand, the bottom case is based on short 

term borrowing from a bank for the operational fund. The amount of the short term 

borrowing is the three-month cost of the Joint Company. The interest rate is set at 

12.5% by reference to the latest financial market of Vietnam. 

As a result of the calculation, 10-year IRR (free cash flow base) of the base case is  

19.7%, and of the bottom case is 10.1%. The difference is the interest payment for the 

short term borrowing. 
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3.4 Conclusions 

1) Features and advantages of IOMS 
IOMS is a system-base ordering system, which includes multi-year, lump-sum, and 

performance based payment contracts. 

Compared with conventional O&M, IOMS could realize a 7.5% reduction of direct cost. 

In addition, it enables the contractor to enhance its ability for asset management and 

efficient O&M. 

2) Implementation of IOMS 
In order to implement IOMS, a Joint Company between HPC and private firms (Japan 

Consortium) would be the best option due to the synergy of HSDC’s locality and 

private firms’ skills and experiences. 

Although there is still much room to discuss the application of Decision 71, it is 

possible to implement IOMS under current laws and other regulations.   

3) Profit performance of the Joint Company 
Even adding the profit, the Joint Company could achieve a 3.3% reduction in total cost. 

A win-win relationship would be built between HPC and the Joint Company by 

implementing IOMS. 

The JICA study team proposes 50:50 equity proportions between HPC and the Japanese 

Consortium, and the amount of total contributed equity is 47,000 million VND.  

The project IRR (10year, cash flow base) is 19.7% in the base case, 10.1% in the 

bottom case. 

 

Taking into consideration the results of the research, it is recommendable to establish 

the Joint Company to introduce IOMS.  
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Chapter 4 Proposal for Tariff and Financial Plan for Sustainable 
Sewerage Operation in Hanoi 

4.1 Current Situation of Sewerage Operation in Hanoi 

4.1.1 Sewerage Operation Status in Hanoi 
In Hanoi, 3 WWTPs (Truc Bach, Kim Lien, and North Thang Long) are operating now. 

In addition 5 WWTPs are planned. The locations of the WWTPs are shown in Figure 

4.1.1 and summary of the WWTPs are shown in Table 4.1.1. 

 

 

Source: JICA Study Team 

Figure 4.1.1 Location of WWTPs in Hanoi 
 

Table 4.1.1 Summary of WWTPs 
 WWTP Capacity (m3/day) Basin Expected Operation 

Start Year 
1 Truc Bach  2,300  - In operation 

2 Yen So  200,000  
S-1 

2012  

3 Bay Mau  14,000  2020  

4 Kim Lien  3,700  
S-2 

In operation 

5 Yen Xa  270,000  2018  

6 Phu Do  84,000  S-3 2022  

7 North Thang Long 42,000 - In operation 

8 Ho Tay 15,000 - 2018 

 Total  574,000    

Note: The basins are defined in “Partial Adjustment to Hanoi Drainage Master Plan (Wastewater 
Drainage Plan) Oct, 2010” 

Source: JICA Study Team 
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4.1.2 Related Legal Documents 
In Decree No. 88/2007/ND-CP, sewerage tariff in Vietnam is identified. The 

methodology to determine sewerage tariff is set for domestic use and for non-domestic 

use separately. In Hanoi, sewerage tariff is not collected, but an environmental 

protection fee is collected. The environmental protection fee is mentioned in Decree No. 

67/2003/ND-CP. In the decree, the objectives of the environmental protection fee are 

defined as follows; “In order to limit the environmental pollution caused by waste 

water; to economically use clean water and create the funding source for the 

Environmental Protection Fund in protecting the environment and addressing the 

environmental pollution”. Currently, the environmental protection fee has been 

collected at the rate of 10% of the water supply fee and contributed to infrastructure 

services such as drainage, sewerage, road sweeping and so on. The current rate of the 

environmental protection fee for domestic use is defined in Decision No. 

119/2009/QD-UBND, and the rate for non-domestic use is defined in Decision No. 

120/2009/QD-UBND. In the following, the main legal documents related to sewerage 

tariff, including documents mentioned above and their supporting legal documents, are 

summarized. 

1) Decree No.88/2007/ND-CP  
This decree establishes drainage and sewerage for urban areas and industrial zones. 

“Chapter VI WATER DRAINAGE CHARGES” establish the basic concepts of 

sewerage tariff. Items of this chapter are as follows. 

Article 48 - Subjects liable to collection of water drainage charges 

Article 49- Principles for determination of water drainage charges 

Article 50- Methods of determining water drainage charge rates 

Article 51- Determination of charged wastewater volumes 

Article 52- Determination of contents of charged pollutants 

Article 53- Determination of water drainage charge levels 

Article 54- Grounds for formulation of water drainage charge schemes 

Article 55- Responsibility to formulate, competence to appraise and decide on water 

drainage charges 

Article 56- Adjustment of water drainage charges 

Article 57- Modes of water drainage charge collection and payment 

Article 58- Management and use of water drainage charges 

2) Circular No. 09/2009/TT-BXD 
This circular defines detailed guidelines to implement some contents of Decree 

No.88/2007/ND-CP.  The following 2 articles mention sewerage tariff. 

Article 8: Differentiation and application of wastewater fees in accordance with the 
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stipulations of Decree No.88/2007/ND-CP and environmental protection fees applicable 

to wastewater as stipulated in Decree No.67/2003/ND-CP and Decree 

No.04/2007/ND-CP amending and supplementing a number of articles of the 

Government’s Decree No. 67/2003/ND 

Article 9: Development and submission of wastewater fee options to authorized 

agencies for approval as stipulated in clause 1, Article 55 of Decree 88/2007/ND-CP 

3) Decree No. 67/2003/ND-CP 
This decree prescribes the environmental protection charges for waste water; the regime 

of collection, remittance, management and use of the environmental protection charges 

for waste water. 

4) Joint Circular No. 125/2003/TTLT-BTC-BTNMT 
This decree guides implementation of Decree No. 67/2003/ND-CP. 

5) Decree No. 04/2007/ND-CP 
This decree amends and supplements a number of clauses in Decree No. 67/2003/ND-CP. 

6) Decision No. 119/2009/QD-UBND 
This decision defines water tariff and environmental protection fees for domestic use in 

Hanoi. 

7) Decision No. 120/2009/QD-UBND 
This decision defines water tariff and environmental protection fees for non-domestic 

use in Hanoi. 

 

4.2 Expenditure Forecast for Sewerage Operation in Hanoi 

4.2.1 Estimation of Operation and Maintenance Cost of WWTPs 

1) Operation and maintenance cost of operating 3 WWTPs 
Currently, 3 WWTPs (Truc Bach WWTP, Kim Lien WWWTP and North Thang Long 

WWTP) are operating. Their operating and maintenance costs in 2010 are indicated by 

HSDC. The amounts are summarized in Table 4.2.1. 

Table 4.2.1 Operating and maintenance costs of 3 WWTPs in 2010 

WWTP Annual Operation and maintenance Cost 

Truc Bach VND 4,581 million 

Kim Lien VND 5,732 million 

North Thang Long VND 7,321 million 

Source: HSDC 
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2) Operation and maintenance cost of 5 WWTPs 
The JICA study team estimated operation and maintenance cost of 5 WWTPs. They are 

Yen So WWTP, Bay Mau WWTP, Yen Xa WWTP, Phu Do WWTP, and Ho Tay WWTP. 

First, the JICA study team estimated direct cost, based on data from HSDC and 

calculations. Direct cost consists of 10 items. The estimated amounts by item are shown 

in Table 4.2.2. These numbers are averages over 15 years. 

Table 4.2.2 Annual direct cost of 5 WWTPs 
(million VND/year) 

WWTP Yen So Bay Mau Yen Xa Phu Do Ho Tay 

Labor Cost  7,776 4,080 7,776  6,240  4,080 

Utilities  59,674 6,967 80,020  30,026  6,967 

Chemicals  29,927 2,106 40,422  12,596  2,106 

Legal Inspection Cost  240 240 105  240  240 

Sludge Disposal Cost  18,135 1,269 24,482  7,616  1,269 

Repairs  20,075 5,391 31,991  12,180  5,391 

Small-scale Replacement  4,189 4,189 4,189  4,189  4,189 

Cleaning and yard maintenance 178 178 178  178  178 

Site Establishment  2,094 2,094 2,094  2,094  2,094 

Insurance  569 106 765  301  106 

Total 142,858 26,620 192,022  75,660  26,620 

Source: JICA Study Team 

 

Total operation and maintenance costs of 5 WWTPs are estimated by calculating the 

provisional sums for contingencies and overhead. The results are summarized in Table 

4.2.3.   

Table 4.2.3 Annual total operation and maintenance costs of 5 WWTPs 

WWTP Direct Cost (DC)
(million VND/year)

Provisional Sum 
for 

Contingencies 
(million VND/year,

5% of DC)

Overhead 
(million 

VND/year, 6.5% 
of DC) 

Total 
(million VND/year)

Yen So  142,858 7,143 9,286  159,286 

Bay Mau  26,620 1,331 1,730 29,682 

Yen Xa  192,022 9,601 12,481  214,105 

Phu Do  75,660 3,783 4,918  84,361 

Ho Tay 26,620 1,331 1,730 29,682 

Source: JICA Study Team 

4.2.2 Estimation of Replacement Cost of WWTPs 
The JICA study team estimated replacement costs of 5 WWTPs in 20 years, and then 

divided by 20 years to gain average annual replacement cost. Replacement costs of 3 
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operating WWTPs are estimated based on the result of the 5 WWTPs, considering 

capacity of each WWTP. The results are summarized in Table 4.2.4. 

Table 4.2.4 Replacement cost of 8 WWTPs 

WWTP Capacity
(m3/day) 

Replacement Cost 
(million VND/year) 

Truc Bach 2,300 9,726

Kim Lien 3,700 10,082

North Thang Long 42,000 19,806

Yen So 200,000 52,119

Bay Mau 14,000 13,996

Yen Xa 270,000 83,053

Phu Do 84,000 31,620

Ho Tay 15,000 13,996

Source: JICA Study Team 

4.2.3 Other Costs 

1) Operation and maintenance cost of sewer networks 
Unit rate of operation and maintenance cost of sewer networks in 2007 is VND 5.94 

million/ha/year1. Unit rate of operation and maintenance costs of sewer networks in 

2010 is estimated by utilizing the price escalation rate from 2007 to 2010. The rate is 

1.432. As a result, the unit rate of operation and maintenance cost of sewer networks in 

2010 is VND 8.49 million/ha/year. The estimated operation and maintenance costs of 

the sewer systems for each WWTP are estimated as shown in Table 4.2.5. 

Table 4.2.5 Operation and maintenance costs of sewer systems 

WWTP Service Area 
(ha) 

Operation and Maintenance 
Costs of Sewer Systems 

(million VND/year) 
Truc Bach 39 331

Kim Lien 55 467

North Thang Long 3,282 27,864

Yen So 2,951 25,054

Bay Mau 240 2,038

Yen Xa 4,634 39,343

Phu Do 2,547 21,624

Ho Tay 240 2,038

Source: JICA Study Team 

                                                      
1 Source: Feasibility Study for the Construction Project of Central Large-Scaled Wastewater Treatment Plants for Hanoi 
Environmental Improvement, p8-7 
2 Source: World Economic Outlook Database, Inflation in 2008 x Inflation in 2009 x Inflation in 2010 = 1.23115 x 1.06717 
x 1.09207 = 1.43 
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2) Depreciation of WWTPs 
The JICA study team estimated initial cost for machinery and equipment and initial cost 

for civil works of 5 WWTPs. They are Yen So WWTP, Bay Mau WWTP, Yen Xa 

WWTP, Phu Do WWTP, and Ho Tay WWTP. Initial costs of the 3 operating WWTPs 

are estimated based on the result of the 5 WWTPs, considering the capacity of each 

WWTP. 

Duration of use of fixed assets is defined in Circular No. 203-2009-TT-BTC. In 

appendix 1 of the circular, minimal duration and maximal duration of use are defined. 

In this analysis, the average of minimal duration and maximal duration are utilized to 

estimate the depreciation of the WWTPs. The durations are summarized in Table 4.2.6. 

Table 4.2.6 Durations of use for depreciation 

Item 
Minimal 
Duration 

(year) 

Maximal 
Duration 

(year) 

Average 
Duration 

(year) 
Item Referred to in Circular No. 
203-2009-TT-BTC Appendix 1 

Machinery and 
Equipment 

5 12 8.5 
B-18 Other working machinery and 
equipment 

Civil Works 5 20 12.5 
F-4Storehouses, tanks/reservoirs; 
bridges, roads; air runways; parking 
lots, drying yards and so forth 

Source: JICA Study Team 

 

The results of the estimation are summarized in Table 4.2.7. 

Table 4.2.7 Depreciation of WWTPs 

WWTP 

Initial Cost Depreciation 
Machinery and 

Equipment 
(million VND) 

Civil Works 
(million VND)

Machinery and 
Equipment 

(million VND/year) 

Civil Works
(million 

VND/year) 

Truc Bach 144,938 12,823 17,052 1,026

Kim Lien 164,616 13,642 19,367 1,091

North Thang Long 702,961 36,028 82,701 2,882

Yen So 2,084,745 2,178,993 245,264 174,319

Bay Mau 55,833 35,982 65,863 2,879

Yen Xa 3,322,137 1,471,316 390,840 117,705

Phu Do 1,264,808 586,432 148,801 46,915

Ho Tay 55,833 35,982 65,863 2,879

Source: JICA Study Team 
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4.3 Questionnaire Survey 

4.3.1 Questionnaire Survey for Households 

1) Objectives of the survey 
The objectives of the household (HH) survey are to provide baseline data and 

information for the following aspects; 

- To determine the rate setting based on reasonable cost sharing to the customers 

- To analyze the financial gap of sewerage services and systems 

 

In order to fulfill the above objectives, the JICA study team carried out a HH 

questionnaire survey of 105 HHs in seven districts, where either existing or planed 

sewerage plants service. Five different levels of income groups were included in the 

sample HHs to take into account the economically valuable households. 

The general descriptions of the surveyed districts are as follows (Table 4.3.1). 

Table 4.3.1 Surveyed districts 

 WWTP District 
Name Categories Area 

(km2) 
Total No. 

of HH 
No. of 

Poor HH* 
Rate of 

Poor HH 
(%)* 

1 Truc Bach Ba Dinh Urban 9.25 58,431 814 1.69

2 Kim Lien Dong Da Urban 9.96 96,669 790 1.09

3 Bay Mau Hai Ba Trung Urban 10.01 77,188 793 1.06

4 Yen So Hoang Mai Urban 39.81 91,783 885 1.12

5 Yen Xa Thanh Tri Rural 62.93 54,455 1,761 3.68

6 Phu Do Tu Liem Rural 75.33 112,228 1,906 3.04

7 North Thang Long Dong Anh Rural 182.14 87,002 3,136 3.95

 Whole city   3,344.6 1,667,331  

Source: Hanoi Statistical Yearbook 2009, *Labor Department, Hanoi (2010)  

2) Methodology of the survey 
The survey applied direct interviews with fixed questionnaires by a team that consisted 

of four surveyors and one supervisor. The questionnaire design was closely consulted 

with local authorities and the experienced survey supervisor (refer to Appendix 5). Prior 

to the survey implementation, the surveyors were instructed by the supervisor and 

pre-testing of the questionnaire was done. The survey team acknowledged their 

gratitude to the responsible leaders and staff from all relevant agencies for their 

cooperation during the survey. 

In each district, 15 households from 3 or 4 wards or communes were selected for 

interviews. The surveyors interviewed households from five income groups. In total, 

105 households were interviewed. 
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3) Results of the survey 
(1) Profiles of surveyed households 

Table 4.3.2 Profiles of surveyed households 

Respondents Male:21%, Female:79% 

Age (average) 45 years old 

Occupation Trade and Service:47%, Public:7%, Production& Manufacturing:7% 

HH size (average) 4.1 person 

HH Income 

Monthly Average: VND 8,560,962  
Upper:11,936,667 (11%) (More than VND 4,000,000 /person/month) 
Middle: 9,349,683 (34%) (More than VND 2,000,000-4,000,000)  
Low:6,161,338 (40%) (More than VND 1,000,000-2,000,000)  
Almost Poor:4,116,667(10%) (More than VND 750,000-1,000,000)  
Poor: 2,833,333(5%) (Less than VND 750,000)  

HH Expenditure Monthly Average: VND 7,015,320 (81.9% of Income) 

Source: JICA Study Team 

 
The majority of the respondents were female (79%) and the average age was 45 

years old. The HH size was 4.1 persons and this is close to the 3.9 of the targeted 

district average in the official statistics3. The average monthly HH income was 

VND 8,560,962 and when divided by the average HH size it indicated an income 

per capita of VND 2,088,040. This is higher than the VND 1,719,600 of the Old 

Hanoi average statistics4 (Table 4.3.2). 

(2) Awareness of sewerage facilities 

Awareness of the sewerage facilities was investigated for different aspects. One is 

awareness of sewerage connection and the environmental protection tariff. The 

other was awareness of positive impacts from the sewerage facilities (Figure 4.3.1). 

                                                      
3  Source: Hanoi Statistical Yearbook 2009 
4 Source: STATISTICAL PUBLISHING HOUSE, Government of Vietnam, Result of the survey on household living 

standards 2008 
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Source: JICA Study Team 

Figure 4.3.1 Awareness of sewerage facilities and  
environmental protection fee 

 

More than 98% answered that their house was connected to the sewerage facility. 

Contrarily, the environmental Protection fee which is utilized for sewerage service 

provision and collected through their water tariff is not well recognized 

(Figure 4.3.2). 

As for the positive impacts from the sewerage facilities, most of the indicated items 

were recognized as “known”. The source of their information was mainly through 

the media, which indicates that the media has a strong potential as an awareness 

campaign tool. 

The interview extended a question as to whether or not they discussed the role of 

sewerage facilitation. The answers included that the discussion is mainly about 

conserving the sewerage system, avoiding empting rubbish into the sewerage 

system, avoid obstructing the sewerage system, conserving sanitation, and 

conserving water resources. 



Study for Introduction of PPP for Sewerage Facilities in Hanoi, JICA 
Final Report 

 

4-10 

 

95% 94% 95% 95%
79%

5% 6% 5% 5%
21%

Improve
sanitation

&public health

Mitigate
inundation

Conserve
water resource

Create
aesthetic

urban view

Heard about
sewage facility

role

Yes No

 
Source: JICA Study Team 

Figure 4.3.2 Awareness of positive impacts from the sewerage facilities 
 

(3) Household expenditures 

a. Overall household expenditures 

Household expenditures were queried item by item applying the same items used 

for the official data of the 2008 Living Standard Survey5. However, the national 

survey combined the housing items (rent and repair), water, electricity and 

sanitation together but the HH survey asked for a breakdown of the respective 

amounts. 

The results showed food stuffs (staple foods) and food items represented more 

than 30% of the expenditures. This is still lower than the whole nation average 

(41.1%)6. Education (14.1% VS 6.2%) and fuel (8.0% VS 2.9%) are relatively 

higher than national averages (Figure 4.3.3). 

When housing, water, electricity and sanitation are combined, it totals on average 

VND 708,810 per month (10.1% of income), which is higher than the national 

average of 3.9%. 

                                                      
5 Source: STATISTICAL PUBLISHING HOUSE, Government of Vietnam, Result of the survey on household living 
standards 2008 
6 Note: the national data is per capita percentage 
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Hanoi 2011 HH Survey
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Source: JICA Study Team 

Figure 4.3.3 Household expenditures (%) 
 

b. Water expenditure and income groups 

An average expenditure for water was VND 85,972 per month and this is 1.2% of 

total expenditures and 1.0% of income. Only four HH in Dong Anh district use 

well water and they pay for the costs of operation and maintenance of the well. An 

average expenditure was VND 33,000 per month. 

Although the amount is low, the percentage to income indicates Middle Low and 

Lower Low HHs bear a higher percentage than other income groups. The high 

income HHs only pay 0.7% of income for water and this is less than half the 

percentage of Lower Low HHs (1.6%). This implies that the current water tariff is 

more favorable to the higher income HHs rather than poor HHs (Table 4.3.3).  

Table 4.3.3 Water expenditure by income level 

 Poor Almost 
Poor Low Middle High 

Water Expenditure  
(average VND per month) 

45,917 88,167 88,978 77,981 107,000

% of Income 1.6% 2.1% 1.4% 0.8% 0.7%

Source: JICA Study Team 

 

c. The public measures for poor households 

The poor HHs in Hanoi mostly live in the districts of old Ha Tay province. In 

Hanoi, there were no special public measures/ supports for water or sewerage but 



Study for Introduction of PPP for Sewerage Facilities in Hanoi, JICA 
Final Report 

 

4-12 

 

the following supports exist for poor HHs. The financial support may mitigate the 

gaps between the wealthier and poor HHs. 

There is “Social welfare systems benefits, financial support for low income HHs in 

Hanoi 2010”, which is based on Plan No13/ KH-UBND dated 19 January 2010 of 

the Hanoi People’s Community (HPC) and the Hanoi Poverty Reduction Program 

in 2010, the welfare benefits and financial supports for the poor HHs are as 

follows: 

- Monthly financial support for the poorest (11,250 persons) in the amount of 

VND 200,000 per person per month; 

- Financial support in professional skill training for 2,300 poor persons; 

- Financial support in training for Hanoi poverty reduction staffs; 

- Financial support in house building in the amount of VND 15,000 thousand 

per house; 

- Financial support in buying health insurance certificates for 400,000 poor 

persons; 

- Financial support in buying cows in the amount of VND 7,000 thousand per 

cow; 

- Financial support in buying small production tools, machines and equipment 

for the poor HHs; 

- Financial support in buying seeds for cultivation and husbandry in poor 

communes (more than 25% of poor HH) in the amount of VND 200, 000 per 

HH; 

- Small preferable financial credit for the poor for trade business, production 

development, and education; 

 

d. Willingness to pay (WTP) for the sewerage tariff 

WTP and amount 

The Willingness to Pay (WTP) for the sewerage tariff was queried regarding both 

their intention and the amount per month in VND. 

Most of respondents answered “Yes” for the WTP. Only six HHs (6%) answered 

“No”. The “No” answering HHs were all from Dong Da district and income levels 

are Middle (2), Low (3), and Almost Poor (1). The reasons are; they do not have 

enough money to pay for the sewerage tariff, their household is in the low-income 

group, they do not create pollution so they do not intend to pay the sewerage tariff, 

and the Government should pay this sewerage tariff. 

Among the “Yes” HHs, an average indicated amount was VND 21,212 per month, 

which is 0.25% of Income. The amount is higher than the current environmental 
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protection fee for an average household (VND 6,460/month) which is 10% of the 

water tariff (Table 4.3.4). 

Table 4.3.4 Willingness to pay and amount 

WTP Yes 94%, No:6% 

Average WTP Amount VND 21,212 per month（0.25％of Income） 

Source: JICA Study Team 

WTP and income groups 

WTP amount differs by income group. The highest amount mentioned among the 

Low HHs as VND 21,600 per month and the lowest amount was VND 6,667 per 

month among the Poor HHs. This is a huge variation, but the share of their income 

and expenditures shows the different trends. The highest percentage of 0.39% is 

among the Almost Poor HHs and the lowest percentage of 0.17% is among the 

Upper HHs. This implied, if the same sewerage rate was applied for all income 

groups, the economically vulnerable HHs (Poor, Almost Poor and Low HHs) will 

bear a higher percentage than the others (Figure 4.3.4). 
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Source: JICA Study Team 

Figure 4.3.4 WTP and income group 
 

e. Affordability to pay (ATP) 

Method of ATP survey 

In order to determine the ATP, the HH survey applied the anchoring method. This 

survey asks whether the respondents feel comfortable to pay an amount 

(percentage) equal to that which they are currently spending on another item for 

VND 6,667 

VND 15,900 VND 21,600

VND 19,592 

VND 20,229
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the water tariff, sewerage tariff, and water and sewerage combined tariff.  The 

average current HH expenditures are shown in Figure 4.3.5, which was prepared 

based on the Household Living Standards Survey 20087. If respondents were not 

comfortable to pay an amount equivalent to what they were spending on the item 

chosen by the survey, they were asked to indicate which alternative item they 

would be comfortable with.. 

The three separate questions were presented as follows. 

- Are you comfortable to pay a sewerage tariff equivalent to your current 

expenditure on “culture, sports, and recreation”? If “No” please select an 

alternative item from the figure. 

- Are you comfortable to pay a combined tariff for water and sewage equivalent 

to your current expenditure on “health care”? If “No” please select an 

alternative item from the figure. 

- Are you comfortable to pay a water tariff equivalent to your current 

expenditure on “drinking and smoking”? If “No” please select an alternative 

item from the figure. 

Vietnam 2008 Monthly per capita
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Source: JICA Study Team 

Figure 4.3.5 Expenditure figure used for ATP questions 
 

                                                      
7 Source: STATISTICAL PUBLISHING HOUSE, Government of Vietnam, Result of the survey on household living 
standards 2008 
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The results of the questionnaires 

- For the sewerage tariff, 50% of the respondents answered “Yes” to pay the 

equivalent amount of “culture, sports, and recreation”. This is 1.5% of total 

HH expenditure as reported in the National data and 2.2% of the surveyed HH 

expenditures. The figure below indicates both ratios accordingly. 

- Both water and sewerage combined tariff and water tariff received fewer 

positive replies than sewerage tariff. A total of 35% answered “Yes” for the 

water and sewerage combined tariff being the same amount as for “health 

care”. Only 23% answered “Yes” for the water tariff being the same amount as 

for “drinking and smoking (Figure 4.3.6) 
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Source: JICA Study Team 

Figure 4.3.6 Results of ATP questions 
 

When the respondents answered “No”, they were asked to select an alternative 

item from the figure. Nevertheless, they said it was difficult to choose from the 

figure since the other items were of higher import than the indicated items. 

Therefore, the survey asked for an alternative amount in VND. 

Regarding the sewerage tariff, the alternative amount (VND 22,053 per month) 

was close to the WTP amount of VND 21,212 per month. Meanwhile, water tariff 

VND 91,923 per month is about 7 percent higher the current average expenditure 

of VND 85,972 per month (Table 4.3.5). 
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Table 4.3.5 Alternative amount given by “No” respondents 

Tariff Indicated Items 
(National/HH) Results Average Alternative Amount

（Income%/Expenditure%） 

Sewerage 
Culture, Sports, 
Recreation (1.5%/2.2%) 

Yes 50% 
No:50% 

VND 22,053/month (0.26%/0.44%）

Water& 
Sewerage 

Health Care (5.6%/3.0%) 
Yes 35% 
No:65% 

VND 106,074/month (1.24%/1.61%) 

Water 
Drinking and Smoking 
 (2.7%/4.2%) 

Yes 23% 
No:77% 

VND 91,923/month (1.07%/1.50%) 

Source: JICA Study Team 

 

(4) Difference among income groups 

In the following, answers for ATP questions, shown in Figure 4.3.6, are broken 

down by income category. As for the sewerage tariff, a half of Low income HHs 

answered “Yes”. The “No” answer was dominant in the other groups and the trend 

was the same among the Middle and Upper income HHs. The combined tariff for 

water and sewerage and water tariff also showed a similar trend dominated by “No” 

answers in all income groups (Figure 4.3.7). 
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Figure 4.3.7 Composition of answers by income groups 
 

When compared with the alternative amount indicated by the “No” answering HHs, 

there are significant gap by groups. Especially for the sewerage tariff, while the 

Poor HHs indicated VND 5,000, the Upper HHs indicated VND 33,000. The Upper 

HH amount comprises 2.2 % of their income, therefore, their ATP can be considered 

as higher than the other income groups. The same trend was observed for the 

combined tariff for water and sewerage and water as well (Table 4.3.6). 
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During the interview survey, the low income HH (Low, Almost Poor and Poor HHs) 

mentioned that they could afford the same amount for the sanitation fee as for the 

sewerage tariff, which was on an average VND 15,219 per month and (0.2%-0.5% 

of Income). 

Table 4.3.6 Alternative amount and income group  
(VND per month/% of Income) 

Tariff HH No. Average Poor Almost 
Poor Low Middle Upper 

Sewerage 52 
22,053

(0.26%)
5,000

(0.2%)
10,833
(0.3%)

19,650
(0.3%)

23,667 
(0.3%) 

33,000
(2.2%)

Water & Sewerage 68 
106,074
(1.24%)

86,667
(3.1%)

90,833
(2.2%)

87,111
(1.4%)

119,913 
(1.1%) 

144,222
(9.7)

Water 82 
91,923

(1.07%)
47,500
(1.7%)

91,250
(2.2%)

77,310
(1.3%)

106,407 
(1.1%) 

113,500
(7.6%)

Source: JICA Study Team 

 

4.3.2 Questionnaire Survey for Commercial and Industrial Organizations 

1) Objectives of the survey 
The objectives of the Commercial and Industrial (CI) survey are to provide baseline 

data and information for CI’s awareness, willingness to pay, affordability to pay and 

cross-subsidy capacity. In order to fulfill the above objectives, the JICA Team carried 

out a CI questionnaire survey of 35 CIs in 7 districts, where there were either existing or 

planned sewerage plants. 

2) Methodology of the survey 
The CI questionnaires were designed and prepared before the survey implementation. 

The questionnaire design was closely consulted with local authorities and the 

experienced survey supervisor (refer to Appendix 5). The CI survey team consisted of 3 

surveyors and 1 supervisor. Prior to the survey implementation, the surveyors were 

trained by the supervisor and completed a pretest. The survey team acknowledged their 

gratitude to the responsible leaders and staffs from all relevant agencies for their help 

and active cooperation during the survey. In each survey district, 5 CI organizations 

from 3 or 4 wards or communes are selected for interviews. The surveyors tried to 

select CI organizations from both state and private sectors for interviews 

3) Results of the survey 
(1) Profile of interviewed CI organizations 

Figure 4.3.8 shows the profiles of the surveyed CI organizations. The largest 

business category was hotels and restaurants and next was industrial production. 

From 8 to 15 in number of staff is the largest category. These samples were selected 
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as typical CI organizations in each district by the survey supervisor in cooperation 

with local authorities. 
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Source: JICA Study Team 

Figure 4.3.8 Business category and number of staff 
 

(2) Awareness of sewerage system 

The left side of Figure 4.3.9 shows awareness of the sewerage system role. The 

questionnaire offered five roles as shown below and all of these items are 

recognized as a role of sewerage services by more than 90% of the CI 

organizations. 

The right side of Figure 4.3.9 shows the awareness of sewerage system benefits. 

Overall, numbers on the right are lower than the numbers on the left. In particular, 

“contribution for expansion of business” is the lowest item. Awareness of sewerage 

benefit for their business is a critical factor for a CI organizations’ willingness to 

pay, hence further promotion is necessary to improve their willingness to pay for 

sewerage. 
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Figure 4.3.9 Awareness of sewage facility 
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(3) Expenditure for water supply 

Table 4.3.7 shows the average of monthly water tariff payment per district. In the 7 

districts interviewed, Hai Ba Trung district is the highest water consumption area. 

Average consumption of 35 CI organizations is 683 m3, and payment is 2,659,571 

VND. Eight organizations interviewed, 23% of this survey sample, use wells. This 

number includes organizations not only in rural areas but also in urban areas, such 

as Hai Ba Trung district. 

Table 4.3.7 Monthly average water payment per district 

District Average Water 
Payment (VND) 

Water Payment  
per Average 

Monthly Sales 

Water Payment 
per Average 

Monthly Expense

Ba Dinh 5,040,000 1.04% 0.89% 

Dong Da 1,202,000 1.25% 0.70% 

Hai Ba Trung 6,112,000 0.63% 0.31% 

Hoang Mai 2,150,000 0.12% 0.03% 

Thanh Tri 644,000 0.05% 0.04% 

Tu Liem 1,309,000 0.09% 0.08% 

Dong Anh 2,160,000 1.15% 1.02% 

Total average 2,659,571 0.291% 0.129% 

Source: JICA Study Team 

 

Table 4.3.8 shows water payment per business category. The largest category that 

pays water tariff is the "hotels and restaurants" industry segment and the second is 

the processing industry. 

Table 4.3.8 Monthly water payment average per business category 

Business Category Average Water 
Payment (VND) 

Water Payment 
per Average 

Monthly Sales 

Water Payment 
per Average 

Monthly Expense

Manufacturing Industry  783,333 0.08% 0.06% 

Processing Industry 3,242,000 0.31% 0.25% 

Production Industry 2,120,000 0.12% 0.09% 

Trade 800,000 0.50% 0.42% 

Hotels, restaurants  3,610,333 1.34% 1.05% 

Other services 1,371,000 0.08% 0.02% 

Total average 2,659,571 0.29% 0.13% 

Source: JICA Study Team 
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(4) Willingness to pay considering the benefit of sewerage system 

CI organizations were asked around what percent of water tariff payment they were 

willing to pay considering the benefit of sewerage. Table 4.3.9 shows the result. A 

total of 94% of CIs are willing to pay 100% or more for sewerage. A total of 6% of 

CIs will pay less than 100% but most of the CI organizations are willing to pay for 

sewerage when the sewerage system brings them some kind of benefit for their 

business. However, it is uncertain whether or not it might be beneficial for them as 

of now (refer to Figure 4.3.9), and the answer range between 100% and 120%. 

Table 4.3.9 Willingness to pay for sewerage considering its benefit 

Percentage of water tariff Number of CI Rate 

Same as now (100% of water tariff) 22 

33 

63% 

94% 10% More (110% of water tariff) 7 20% 

20% More (120% of water tariff) 4 11% 

30% More (130% of water tariff) 0 - 

40% More (140% of water tariff) 0 - 

Less than now 2 6% 

Source: JICA Study Team 

 
The average of CI organizations’ percentage was 105% of water tariff which is 

0.13% of their monthly sales. 0.13% of the monthly sales of 33 CI organizations 

which will pay more than 100% of water tariff is equivalent to VND 

2,823,668/month. 

(5) Question regarding cross-subsidy 

Interviewees were told that their unit rate for sewerage was around 20% or more 

than that for households to support the poor citizens, and then asked how much 

higher was acceptable. Table 4.3.10 shows the result. A total of 77% of CI 

organizations want the same level as the current cross-subsidy rate. 
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Table 4.3.10 Acceptable unit rate for cross-subsidy 

Acceptable percentage Number of CI Rate 

Same as now (120% of households). 27 77% 

No more than 150% of unit rate for households 8 23% 

No more than 170% of unit rate for households 0 - 

No more than 180% of unit rate for households 0 - 

No more than 200% of unit rate for households 0 - 

No more than 300% of unit rate for households 0 - 

More than 300% of unit rate for households 0 - 

Source: JICA Study Team 

 

4.4 Analysis of Water Supply Operation 

4.4.1 Summary of Current Water Supply Operation 

1) Operating organization 
Four water supply companies, HAWACO, VIWACO, Ha Dong Water Supply Company 

and Son Tay Water Supply Company, are supplying water in Hanoi City now 

(Figure 4.4.1). In this report only HAWACO and VIWACO are mainly mentioned, 

because the 2 companies are supplying the central area of Hanoi. 
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Figure 4.4.1 Water supply in Hanoi City 
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(1) HAWACO 

The water supply in central Hanoi was handed over from the national government 

to HWSC (Hanoi Water Supply Company) in 1991 and HWSC was reorganized 

into an autonomous organization and renamed HWBC (Hanoi Water Business 

Company) in 1994. Since 1996, the newly established HWBC No.2 had begun to 

supply water to the left bank of the Hong River (existing HWBC’s supply area was 

the right bank). These companies were combined into one and named HAWACO 

(Hanoi Water Company Limited) in 2008. HAWACO’s water source is the Hong 

River and the average volume of daily water supply was around 556,000m3 in 2010. 

In this report, hereinafter, HAWACO’s water supply information to the right bank of 

Hong River will be mentioned mainly without former HWBC No.2’s area, because 

the central area of Hanoi is located on the right bank of the Hong River. Figure 

4.4.1 shows the water supply area of the right bank. Main data for HAWACO is 

summarized in Table 4.4.1. 

Table 4.4.1 Main data for HAWACO  

Population 3,009,975 persons 

Supplied Water Population 2,031,200 persons 

Supplied Water Customers 507,800 customers 

Number of Installed Meters 507,605 meters 

Public Taps 0 taps 

Water Supply Capacity per Day 556,214 m3/day 

Daily Average of Water Supply 556,214 m3/day 

Rate of Non-revenue Water 31.7% 

Total Length of Distribution Pipes 4,363 km 

Number of staff 2,316 persons 

Number of the Meter Reader 490 persons 

Note: as of 2010 
Source: HAWACO 

 

(2) VIWACO 

VIWACO is a joint stock company established in 2009 and its supply area was 

broken off from HAWACO’s southwest network system (Figure 4.4.1). The share 

holders are VINACONEX (51%), HAWACO (30%), ACUATICO (15%) and others. 

VIWACO’s water source is the surface water of the Da River and the distance 

between intake point and supplied area is around 47.5km. Average of daily water 

supply volume was around 71,000m3 in 2010. VIWACO gets purified water through 

VINACONEX’s purification plant in Hoa Binh Province. Diameters of the 

transmission pipes are from 1500mm to 1800mm. 
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2) Water tariff income 
Figure 4.4.2 shows the last five years’ water tariff income for HAWACO and VIWACO. 

In step with the recent growth of the city, water consumption is increasing year by year, 

and the incomes of HAWACO and VIWACO are growing steadily except for the year 

2009 ( HAWACO and VIWACO were split in 2009). 

Table 4.4.2 Annual water tariff income 
 year Number of user Consumption(m3) Annual revenue (VND) 

HAWACO 

2006 362,439 93,987,830 360,383,815,500

2007 386,183 105,700,806 407,822,339,800

2008 418,695 112,546,209 437,593,007,300

2009 392,032 111,015,719 161,452,562,179

2010 428,123 118,132,305 658,981,698,318

 

VIWACO 
2009 58,769 15,883,416 59,486,246,606

2010 66,931 25,933,698 131,949,733,168

Sources: HAWACO, VIWACO 

 

4.4.2 Technical Issues and Water Supply Operation 

1) Facility operation 
(1) Purification 

In HAWACO’s service area, 9 major purification plants (PP) and 5 minor plants 

have been supplying water to the right bank of the Hong River. All plants share the 

same water source, which is the Hong River. The sizes and the method of 

purification of the plants are similar throughout. The main data regarding Yen Phu 

PP as a representative sample is as follows 

Table 4.4.3 Main data of Yen Phu PP 

Intake Facilities 
33 wells (Capacity: 100,000m3/day, Daily average pumping 
volume is 92,000m3/day) 

Purification Process Sprinkling aeration with 13 rapid sand filtration basins 

Disinfection Chlorination (with liquefied chlorine) 

Reservoir 1,000m3 (semi subterranean reinforced concrete structure) 

Water Distribution Pumps 7 pumps 

Source: JICA Study Team 

 

This plant is operated by one director, one vice director and 70 workers in shifts. 

Shift work is performed by 10 teams which consist of 6 or 7 workers each. The 

contact oxidation process with rapid sand filtration is applied, because raw 
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groundwater contains highly-concentrated manganese and iron. Backwash 

frequency is setup according to the water head loss at the sand filtration basin and 

was every 48 hours. The disinfection process is controlled to keep the chlorine 

concentration at 0.3 mg/L at the terminal of all distribution pipes. To achieve this 

number, the operation maintains chlorine concentration at 0.5mg/L at the exit of the 

reservoir, but their chlorination management along the distribution pipes is 

unknown. 

  

Source: JICA Study Team

Figure 4.4.2 Aeration in Yen Phu PP 
Source: JICA Study Team

Figure 4.4.3 Pumps in Yen Phu PP 
 

This plant has 7 pumps in total and operates some of them according to the water 

demand. Daily peak demand period is from 4am to 10 am and from 5pm to 10 pm. 

During these periods, 5 pumps (water pressure is 0.5MPa) are operated. The other 2 

pumps (water pressure is 0.2MPa) are operated alternately. The 7 pumps are 

alternated sequentially. 

(2) Distribution 

In HAWACO’s service area, 5 subsidiary enterprises are maintaining distribution 

and service the pipe line network systems. The service area is flat and linked to the 

reservoirs through the pumping system. The water service pressure, however, is 

unstable because of the alternating of running pumps. Water users tend to install 

their own booster pumps or elevated tanks to deal with the low water pressure. 

HAWACO maintains linkage with VIWACO’s water supply network to tackle over 

capacity water demand, but they have not been supported through this network so 

far. 

In VIWACO’s service area, 6 subsidiary enterprises are maintaining distribution and 

the service pipe line network systems by observing water pressure with a remote 
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supervisory control system. The water pressure is stable because of gravity flow 

from Hoa Binh province. 

Table 4.4.4 Breakdown of distribution pipes as of 2010 
(Unit: km) 

Distribution pipe HAWACO VIWACO Distribution pipe HAWACO VIWACO

Ductile iron pipe 596.47 50.0 HDPE 416.82 -

Cast iron pipe 389.88 174.1 PEH 1,730.75 -

PVC pipe 259.56 3.0 Steel pipe 11.70 1.5

PE pipe 6.18 35.0 Fiber glass - 4.4

Galvanized steel pipe 8.64 1.0 TOTAL 3420 269

Source: JICA Study Team 

2) Non-revenue water 
(1) HAWACO 

HAWACO’s non-revenue water (NRW) rate was 31.7% in 2010. Referring to the 

JICWELS report8, HAWACO’s NRW rate in 2001 was 52%. This number was 

reduced to 48% in 20039. Considering these data, the NRW rate of HAWACO had 

been reducing annually by around 2% over these 10 years. This rate of 

improvement can make it possible that their next year’s NRW rate target will be less 

than 30%. 

Table 4.4.5 HAWACO’s NRW as of 2010 

Category Quantity Rate 

Revenue (Paid water) 138,016,139 m3 68.07%

Non- 
revenue 
water  

Unpaid water 469,486 m3 0.23%

Commercial and Physical Loss 64,242,810 m3 31.68%

Waterworks usage 31,090 m3 0.02%

Source: JICA Study Team 

 

In 2010, there were 10,074 leakage problems. Among these leaks, 2,941 were 

reported by general citizens. These visible ground surface leakages are repaired by 

the staff, but there is no information about underground water leakage. A total of 

172 network workers are maintaining the pipeline systems, but there is no specific 

leakage detection team. Actually, they keep leakage detectors made in Israel or 

other countries and some staff member have taken intensive leakage detection 

                                                      
8 Source: Japan International Corporation of Welfare Services “Survey Report on Hanoi urban water supply improvement 
plan in the Socialist Republic of Vietnam” March.2002 
9 Source: Yokohama Waterworks Bureau “Study Report of water supply in Hanoi” March.2003 
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training. Leakage detection activity, however, is not applied in the routine of the 

organization so far. According to the executive staff, HAWACO does not intend to 

adopt leakage detection because of lack of skilled human resources. Within the 32% 

NRW rate, water leakage, meter loss and stolen water (illegal connections) are not 

distinguished. 

(2) VIWACO 

VIWACO’s NRW rate is 33% and they defined the breakdowns of NRW as 8% for 

meter loss, 7% for stolen water and 18 % for water leakage with other unknown 

water losses. Executive staff said that they estimated these contents by their 

experience. VIWACO assigns 3 technicians at their headquarters, 2 or 3 workers to 

every 6 service stations and totally 20 staff are dealing with water leakage trouble. 

No leakage detection team, however, has been organized so far. There were 72 

cases of leakage trouble in 2010 and all of them were reported by general citizens. 

Table 4.4.6 VIWACO’s NRW as of 2010 
Category Quantity Rate 

Revenue 
water 

Water Tariff 25,939,670 m3 66.92%

Others 469,486 m3 0.05%

Non 
revenue 
water  

Meter loss 3,200,000 m3 8.25%

Stolen water 2,800,000 m3 7.22%

Unpaid water 9,000 m3 0.02%

Leakage water 6,200,000 m3 15.99%

Waterworks usage 0 m3 0.00%

Unknown water 603,094 m3 1.55%

Source: JICA Study Team 

 

A Technical Support Assistant program (hereinafter TSA program) will start within 

2011 at VIWACO. The target of this 5 year-long program is reducing NRW with 

ACUATICO’s support. ACUATICO is an investor, developer and operator of water 

infrastructure established in Singapore in 2006. VIWACO have recently focused on 

replacement of water meters, their main countermeasure for deducing NRW, and 

they have been replacing from 2,000 to 3,000 water meters annually. From this year 

the main countermeasure shifts to the TSA program. Executive staff is expecting 

good results through this program, because ACUATICO  reduced the NRW rate 

from 46% to 10% in Jakarta. 

3) Tariff collection 
Meter readers read meters monthly in HAWACO and VIWACO. They report daily to 

their service stations and operators process the data with a customer administration 
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system at their stations. Money collectors visit water users with the processed bills. The 

unpaid water rate is 0.23% at HAWACO and 0.02% at VIWACO. These comparatively 

low rates mean that unpaid water charge is not a serious issue in Hanoi. A matter for 

concern is stolen and leaked water. It is important to check the condition of the water 

meters and to analyze changes in consumption to reduce stolen water and find terminal 

leakage. Meter readers and money collectors are not expected to deal with these tasks. 

The processing contents of customer administration systems are not focused on 

analyzing data to reduce the NRW rate. 

 

4.4.3 Suggestions for Water Supply Operation 

1) Suggestions for water leakage reduction 
(1) Estimation of water leakage in Hanoi 

Table 4.4.7 is an estimation of HAWACO’s NRW contents. In this table, meter loss 

rate of HAWACO is estimated as 4%. This number was applied referring to the 

Yokohama Waterworks report in 2003. They were supposed to maintain almost the 

same rate since 2003, because they have been continuously checking water meters 

every 5 years after their organization reorganized from HWBC to HAWACO. 

Stolen water rate is estimated at 7% which is almost same as VIWACO’s in 2010 

and HWBC’s in 2003. Hence we get the number of 21% as the water leakage rate. 

Figure 4.4.4 is an estimation of water leakage in Hanoi in these 10 years. 

Table 4.4.7 Estimation of HAWACO’s NRW contents 
Category VIWACO in 2010 HWBC in 2003 HAWACO in 2010

Revenue 
water 

Water Tariff 66.92%
52% 

68.07%

Others 0.05% (0%)

Non 
revenue 
water  

Unpaid water  0.02% 8% 0.23%

Stolen water 

33
.0

1
%

 

7.22%

40
%

 

6% 

31
.6

8
%

 

(7%)

Meter loss 8.25% 4% (4%)

Leakage water 15.99%
30% (21%)

Unknown water 1.55%

Waterworks usage 0.00% - 0.02%

Source: JICA Study Team 
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Source: JICA Study Team 

Figure 4.4.4 Estimated water leakage rate in Hanoi 
 

(2) Leakage reduction case in Yokohama 

Figure 4.4.5 shows the leakage reduction in Yokohama. After World War II, leakage 

rate in Yokohama was estimated to be from 70% to 80% and Yokohama 

Waterworks Bureau established a leakage detection team in 1948. The team 

basically detected leakage with acoustic rods. The curve seems to go down sharply 

in the ‘50s, but this did not reflect the reduction of leakage trouble but the 

expansion of the distribution pipe line system. With the surge of population in 

Yokohama which was brought on by the big economic growth after the world war, 

total water consumption also surged. This growth of distribution quantity was 

supported by newly installed pipelines. Leakage troubles were rare in these new 

pipes, thus the growing total distribution and the almost same number of leakage 

troubles made the leakage rate smaller at that time. Leakage rate in Yokohama had 

decreased to lower than 20 % by the 1970’s. However, this leakage rate reduction 

slowed down in the early 70’s and the percentage was stagnant at around 15%. 

Yokohama Waterworks divided their supply area into blocks in 1975 and started to 

detect all blocks every 2 years with acoustic rods and leakage detectors. From the 

middle of the 1980’s a minimum night flow method and correlator were applied to 

leakage detection activity and the leakage rate began to reduce again. Present 

leakage rate in Yokohama is stable at around 5% for the most recent 10 years. 
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Source: JICA Study Team 

Figure 4.4.5 Water leakage in Yokohama 
 

According to JICWELS’s report in 2001, daily water supply of HWBC was 150 m3 

and that of HAWACO plus VIWACO in 2010 was more than 220 million m3. The 

water supply in central Hanoi has grown 1.5 times in these 10 years. This rapid rise 

resembles that of Yokohama in its high-growth period. Along with this growth, the 

leakage rate in Hanoi has been steadily decreasing these 10 years. Intensive 

distribution pipe line installation reduced the leakage rate, and such case also can be 

seen in Phnom Penh in Cambodia. However, after the period of expansion, the 

leakage rate reduction activity must proceed to the next phase like Yokohama. Key 

factors are highly skilled leakage detection personnel and precisely planned 

distribution pipe line replacement. Intensive replacement will reduce water leakage 

and illegal connections along the replaced area. This ripple effect was proved in 

Manila in the Philippines. Figure 4.4.6 shows the correlation of leakage rate and 

replaced distribution pipe line length in Yokohama after the period of its expansion. 
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Figure 4.4.6 Leakage rate and pipe line replacement in Yokohama 
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The leakage rate in Hanoi is estimated at 21%, but the reduction will slow down in 

the near future, because the maintenance skill for expanded long distribution pipe 

lines is not adequate now in Hanoi. Figure 4.4.7 shows the prospection of water 

leakage rate and revenue water rate in Hanoi. To realize this curve, intensive 

leakage prevention and detection are necessary. They are summarized in the 

following. Without them, reduction in leakage rate may slow down in the near 

future. 

Organizing leakage detection teams and intensive training for the team members is 

necessary. HAWACO has already obtained leakage detectors, but they are not 

utilized at all. As of now, they depend on citizens’ reports to find leakage points. 

However, to reduce leakage rate to less than 20%, it is necessary to tackle 

underground leakage which is difficult to find for general citizens and can be found 

only with special apparatus like leakage detectors. 

A precise distribution pipe line replacement plan is necessary. In this plan, the 

following data has to be included. 

- Past leakage points and treatment history 

- Organized pipe line data of material, position, set term years, etc. 

- Transportation condition 

- Soil properties 

 

With these data, priority of replacement can be determined and efficient 

replacement can be implemented. 

A long term investment plan is necessary to maintain stable distribution pipe line 

replacement. It is difficult to execute continuous replacement without keeping a 

balance between investment for leakage countermeasures and expected revenue 

yielded by the countermeasures. 

 

 

 

 

 

 

 

 
Source: JICA Study Team 

Figure 4.4.7 Water leakage rate prospection in Hanoi 
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2) Suggestions for tariff collection methodology 
(1) Water supply tariff 

Table 4.4.8 Water tariff for domestic use  
 (unit: VND/m3) 

No. 
Water usage level of 

household 
(m3/month/HH) 

Tariff 
before tax & 

fee 
VAT (5%)

Environmental 
protection fee 

(10%) 
Payment 

tariff 

1 First 16m3 3,478.26 173.91 347.83 4,000

2 Above 16m3 to 20m3 4,086.96 204.35 408.70 4,700

3 Above 20m3 to 35m3 4,956.52 247.83 495.65 5,700

4 Above 35m3 8,173.91 408.70 817.39 9,400

Source: Decision No. 119/2009/QD-UBND 

 

Table 4.4.9 Water tariff for non-domestic use  
(Unit VND/m3) 

No. Usage purpose 
Tariff 

before tax & 
fee 

VAT (5%)
Environmental 
protection fee 

(10%) 
Payment 

tariff 

1 
Water usage for 
Administrative 
organizations 

4,956.52 247.83 495.65 5,700

2 
Water usage for 
Implementation 
organizations 

4,956.52 247.83 495.65 5,700

3 
Water usage for public 
purpose 

4,086.96 204.35 408.70 4,700

4 
Water usage for 
Manufacturing units 

6,086.96 304.35 608.70 7,000

5 
Water usage for 
Business and Service 
units 

10,434.78 521.74 1,043.48 12,000

Source: Decision No. 120/2009/QD-UBND 

 

(2) Observation of user information 

The current tasks of meter readers and money collectors are focused on their daily 

routines to read the meters or to collect the payments. The scope of their tasks, 

however, should be enlarged to include observing the users total condition. When a 

meter reader or money collector visits a user, they can observe the way of daily life 

of the user including meter condition. A sudden surge in consumption means the 

possibility of terminal water leakage, and a sudden reduction can be an illegal 

connection. The water tariff, however, must be determined not only reflecting these 

facts but also considering other trivial matters like sudden change in the number of 

occupants, long term absence or other change of users’ daily lives. Meter readers 

and money collectors are available to get such kind of information, because they 
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keep in touch with each user’s ordinary lives. Assigning them to observe and report 

these items can contribute to find terminal water leakage and illegal connections. 

At the same time the customer administration system must be modified to analyze 

users’ data for dealing with these matters. Automatic water consumption checks 

comparing with annual averages, last month's consumption or same month of last 

year's consumption is helpful for meter readers or money collectors to become 

aware an unusual situation. These analysis data are useful for not only for finding 

the troubles but also settling and solving the troubles. 

(3) Improvement of willingness to pay 

The authority of meter readers or money collectors is limited and the tasks 

concerning the tariff are fragmented. But they are the most familiar staff for 

ordinary water users and their performance affects customer satisfaction directly. 

Customer satisfaction is one of the key factors for willingness to pay. The economy 

and society of Vietnam is maturing year by year. Importance of customer 

satisfaction is becoming larger nowadays. In particular, money collectors are key 

players to ask for cooperation by all users when the water or sewerage rate is raised. 

Training has to be held more often for these staff members as representatives of 

their organization and their awareness should be improved. 

At the same time the public relations activities of the water supply organization 

should be improved. Recent activity tends to be one way notification. In order to get 

more positive understanding of users and to progress the willingness to pay, 

interactive communication is important. Not only meter readers or money collectors 

but also other organization-wide staff should be involved in such a public relations 

activity. Solving these challenges is effective not only to gain users’ willingness to 

pay but also to promote staffs’ motivation. 

 

4.5 Tariff Level Analysis 

4.5.1 Introduction of Cross-subsidy 

1) Determination of sewerage tariff in Vietnam 
In Vietnam, Decree No.88/2007/ND-CP Article 53 defines sewerage tariff. The 

definition is as follows; 

Article 53. Determination of wastewater tariff 

Wastewater tariff is determined by the following formula: 

F = f x V x k 
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Where: 

f is wastewater tariff determined on percentage (%), and no less than 10% of 

water supply fee applied for various water supply customers. 

V is charged wastewater volume which is determined. 

K is coefficient of adjustment which depends on pollutant loading. K = 1 

applies for domestic wastewater. 

 

K is determined as follows: 

STT COD (mg/L) Adjustment coefficient (K) 

1 <= 100 1 
2 101-200 1.5 
3 201-300 2 
4 301-400 2.5 
5 401-600 3.5 
6 >600 4.5 

 

Therefore, sewerage tariff for non-domestic users is set higher than sewerage tariff for 

domestic users in accordance with COD level. 

2) Application of cross-subsidy 
Cross-subsidy means charging higher sewerage tariff to one group of sewerage users in 

order to subsidize another group by applying lower sewerage tariff to the latter group. 

There are 2 kinds of cross-subsidy. 

(1) Cross-subsidy according to the scale of discharged amount 

A progressive rate system is a typical cross-subsidy through scale of discharged 

amount. In this case, those who discharge larger amounts pay higher unit rates of 

tariff than the unit rate of sewerage tariff for those who discharge smaller amounts. 

(2) Cross-subsidy according to the usage of water 

This is the cross-subsidy among different types of users. By setting higher unit rates 

of sewerage tariff for non-domestic users, domestic users, especially poor 

households, are subsidized. 

In Decree No.88/2007/ND-CP, cross-subsidy according to the usage of water is 

applied, considering the level of COD of the discharged wastewater. 
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4.5.2 Methodology of the Analysis 

1) Concept of tariff calculation 
The following figure shows the basic concept for the methodology of the analysis. 

 
Source: JICA Study Team 

Figure 4.5.1 Basic concept for the methodology of the analysis 
 

Main points of the methodology are as follows. 

The sewerage tariff for domestic use is set to cover the necessary costs of sewerage 
operation for domestic use in Hanoi. 

The cost of sewerage operation is estimated by cost combinations for WWTP O&M, 
replacement, and depreciation, as well as the O&M cost of the associated sewer system. 
The necessary cost for domestic service is established by the proportion of domestic 
sewage to non-domestic sewage. 

In the analysis, tariffs are collected from (i) the service area of the WWTPs, or (ii) the 
whole Hanoi region. 

In the analysis, sewage will be discharged in accordance with (i) design of WWTPs, or 
(ii) actual water consumption in Hanoi. 

The sewerage tariff for non-domestic use is set in accordance with Decree No. 
88/2007/ND-CP. 
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The sewerage tariff for non-domestic use is set as indicated in Decree 88/2007/ND-CP 

Article 53. Waste water from non-domestic use is assumed to be STT3 (COD 201-300 

mg/L), and their adjustment coefficient (K) is 2.0. This indicates that the tariff for 

non-domestic use is twice as much as that for domestic use. 

Based on these concepts, the tariff setup and financial gap in each case are estimated. 

2) Calculation flow 
Along the concept mentioned above, calculation flow is summarized in the following 

figure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Source: JICA Study Team 

Figure 4.5.2 Calculation flow 
 

3) Cases of the analysis 
The studied cases for tariff setup and financial gap estimation are summarized in the 

following table. 

(A) Estimate cost of sewerage operation 
(O&M Cost of WWTP, O&M Cost of Sewer System 
Replacement Cost of WWTP, Depreciation of WWTP) 

(B) Set breakdown of sewage flow 
into domestic use and non-domestic 
use 

(C) Estimate costs.  (D) Estimate costs.  

(E) Set tariff and estimate revenues.  
[Case: Tariff Collection Area] 
[Case: Tariff Level] 

(F) Set tariff and estimate revenues.  
 

(G) Estimate Financial Gap 
[4 x 5 cases] 

NON-DOMESTIC USE DOMESTIC USE 
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Table 4.5.1 Cases of the analysis 

Case No. Sewage Discharge Tariff Collection Area 

1 190L x 80% Service Area 

2 190L x 80% Whole of Hanoi 

3 153L x 80% Service Area 

4 153L x 80% Whole of Hanoi 

Source: JICA Study Team 

Cases are set with the following conditions. 

Sewage Discharge 

190L: It is assumed that water consumption for domestic use is 190L/day/person. This 

amount is assumed in accordance with the Plant Design of WWTPs. Sewage discharge 

is estimated based on the forecast population in 2020. 

153L: Water consumption for domestic use in the service area is 153L/day person, 

based on data provided by the water company. Sewage discharge is estimated based on 

current water consumption and population in Hanoi.  

Tariff Collection Area 

Service Area: Sewerage tariffs will be collected from the service area of the WWTPs. 

Whole of Hanoi: The sewerage tariffs will be collected from the whole Hanoi region. 

This area is separated into the urban area and the rural area. It is assumed that tariffs in 

the rural area are half the amount of the tariffs in the urban area, because the average 

income in the rural area is approximately 50% of the average income in the urban area. 

In setting up the tariff for domestic use, the following 5 levels are taken into 

consideration: 

a. Willingness to Pay Level 

b. O&M Cost of WWTPs Full Recovery Level 

c. b + O&M Cost of Sewer System Full Recovery Level 

d. c + Replacement Cost Full Recovery Level 

e. d + Depreciation of WWTPs Full Recovery Level 

 

4.5.3 Result of the Analysis 
Details and processes of the calculation for the analysis are shown in Appendix 6. The 

results of the analysis are shown in the following tables. 
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4.5.4 Sensitivity Analysis 
Collection rate of the sewerage tariff will influence the tariff revenue. If the tariff 

collection rate becomes lower, the revenue will decrease. In the urban area of Hanoi, 

sewerage tariff can be collected with the water supply tariff by the water companies. 

But, tariff collection in rural areas may be a difficult task, because the Peoples 

Committee of each district has to issue the sewerage bills and collects only sewerage 

tariff. In the following, a sensitivity analysis by collection rate is conducted. In the 

analysis, tariff collection rate in rural areas changes from 0% to 100%, and tariff 

collection rate in urban areas changes from 70% to 100%. 

The following table shows the result of the sensitivity analysis. The table shows how 

necessary sewerage tariff changes as collection rates in urban and rural areas changes. 

The indicated tariff is sewerage tariff for domestic use in the urban areas of Case No. 4, 

e (O&M cost of WWTP, O&M cost of sewer system, replacement cost, and depreciation 

of WWTPs recovery level). The result of the analysis indicates that tariff for domestic 

use in urban areas becomes VND 7,385/m3, if tariff collection rate is 100%. 

Table 4.5.2 Results of sensitivity analysis for domestic use in urban areas  
(Case No.4 e) 

(Unit: VND/m3) 

 
Collection Rate in Rural Areas 

100% 80% 60% 40% 20% 0% 

C
ol

le
ct

io
n 

ra
te

 
in

 U
rb

an
 A

re
as

 

100% 7,385 8,000 8,727 9,598  10,664  11,995 

90% 7,870 8,572 9,412 10,433  11,704  13,327 

80% 8,423 9,232 10,213 11,427  12,970  14,993 

70% 9,059 10,002 11,163 12,631  14,542  17,135 

Source: JICA Study Team 

 

4.6 Financial Plan for Sewerage Operation 

4.6.1 Tariff Plan 
Considering the results of the tariff level analysis, the JICA Team recommends that a 

tariff is introduced and increased via the following scenarios: 

A sewerage tariff is to be introduced in 2014 and at Willingness to Pay Level across the 

whole of Hanoi. Hence, the tariff for domestic use in the urban area is 1,111 VND/m3. 

The tariff for non-domestic use in the urban area should cost 2,221 VND/m3. (Case 

No.3 a) 

The sewerage tariff should be increased every 5 years until it reaches the necessary cost 

for sewerage operation recovery level in 2024. The tariff for domestic use in the urban 

area would then be 15,207 VND/m3. The tariff for non-domestic use in the urban area 
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would then be 30,414 VND/m3. (Case No.3 e)  

 

4.6.2 Cash Flow Analysis of Sewerage Operation 
Along with the tariff plan mentioned in 4.5.1, a cash flow analysis was conducted. Cost 

includes O&M cost of WWTP, O&M cost of sewer system, replacement cost, and 

depreciation of WWTPs. As for revenue, it is assumed that the tariff is collected from 

the area served by WWTPs. Therefore, the collection area expands as new WWTPs start 

their operation. 

The result is shown in the following figure. 
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Figure 4.6.1Cash flow analysis for sewerage operation in Hanoi 
 

The result indicates that total financial gap to be covered in 13 years (2012 to 2024) 

becomes VND 8,893 billion.  

 

4.6.3 Recommendations for Sewerage Tariff 

1) Potential case of sewerage tariff  
(1) Tariff collection area 

There are 2 choices of tariff collection areas, those are i. sewerage service area and 

ii. whole of Hanoi. 

Collecting tariff in the sewerage service area is an understandable option. In the 

same manner as electric power and water supply, the end user pays the money 

corresponding to the value of the service. This option could adapt the existing water 
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supply tariff collection mechanism to the sewerage tariff collection. 

Collecting tariff in the whole of Hanoi is an autonomous idea based on the idea that 

the polluter should pay for the service, since every citizen is discharging sewage to 

the environment and the government is treating it. The advantage of this choice is to 

avoid the citizen’s feeling of injustice in payment of sewerage tariff between the 

service area and non-service area. Needless to say, the individual sewerage tariff for 

the whole of Hanoi will be less than the individual tariff that is collected only in the 

service area. It may be suitable to utilize a tax payment mechanism for sewerage 

tariff collection. 

Our recommendation is the tariff collection in the service area. This idea could be 

applied as an extension of the current tariff collection system operated by the water 

company, and does not require new legislation for tariff collection. 

(2) Tariff for domestic & non-domestic sewage 

Characteristics of influent to the sewage treatment plant are limited by the design 

condition of the plant.  

Domestic sewage can meet the design condition of the plant because the design 

conditions of the plant were fixed based on the characteristics of domestic sewage. 

Non-domestic sewerage tariff, presently, shall comply with Decree 88/2007/ND-CP. 

This decree requests that the non-domestic tariff be determined based on COD 

influent. The Characteristics of non-domestic sewage are widely varied by the 

discharger’s activities. However the characteristic data of non-domestic sewage are 

adequate to use as baseline data for the tariff. 

It is recommended that the Hanoi People’s Committee survey the characteristics of 

non-domestic sewage in order to set the non-domestic sewerage tariff. The 

non-domestic sewage discharger shall be obligated to pre-treat their sewage to meet 

the design conditions of the sewage treatment plant. 

(3) Coverage of tariff revenue 

Coverage levels of tariff revenue are five; 

a. Revenue to be in accordance with Willingness to Pay 

b. Revenue to fulfill O&M costs of Sewage Treatment Plants 

c. Revenue to fulfill O&M costs of Sewage Treatment Plants and Sewer 

d. Revenue to fulfill O&M costs of Sewage Treatment Plants, Sewer and 

Replacement of Equipment 

e. Revenue to fulfill O&M costs of Sewage Treatment Plants, Sewer, 

Replacement of Equipment and Depreciation 
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It is recommended that the sewerage tariff is started from the willingness to pay 

level in order to introduce the sewerage tariff as soon as possible without heavy 

objections from the citizens. Then, the sewerage tariff is to be raised to the level 

covering O&M costs within 10 years. Taking into consideration the required time 

for administrative processes, raising of the tariff may be once every five years. 

As a long term target, the tariff should catch up with the full costs including O&M, 

equipment replacement and depreciation in accordance with the growth of the 

household economy. 

2) Introduction schedule for sewerage tariff 
The legal decision made by the Hanoi People’s Committee is required, and this will take 

at least two years. Assuming that the official process for the sewerage tariff 

establishment will be started in the beginning of Year 2012, the sewerage tariff system 

will be implemented in year 2014. 

3) Assistance of Joint Company for establishment of sewerage tariff system 
Prior to the implementation of the sewerage tariff system, there needs to be a great deal 

of surveys and research such as; 

- willingness to pay survey in the whole of Hanoi, 

- survey of non-domestic sewage characteristics, 

- comparison study of sewerage tariff in other cities and countries, 

- design and establishment of tariff collection and accounting system and 

- financial calculation relating to sewerage tariff. 

 

It is recommended that the Joint Company for IOMS proposed in this report assist 

Hanoi People’s Committee regarding establishment of the sewerage tariff. Because the 

DOC & HSDC will be core members of the Joint Company and they shall drive this 

matter to the goal with the assistance of experienced people. 
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INTRODUCTION OF PPP FOR 
SEWERAGE FACILITIES IN HANOI

STUDY A
KICK‐OFF MEETING

20 April 2011, Hanoi

Study Team A

JAPAN INTERNATIONAL COOPERATION AGENCY
(JICA)

Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)
Conventional O&M

Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

HPC

HSDC

Truc Bach WWTP
Kim Lien WWTP
North Thang Long WWTP
Yen So Storm Water PS
Others

Fixed Scope of Work
Annually updated Cost-plus-profits-contract

O&MI. Sewage treatment quality 
shall comply with the 
Environmental Standards

II. Repair and replacement of 
equipment is carried out 
within the budget.  

Integrated O&M
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

HPC

O&M contractor

Yen So WWTP
Bai Mau WWTP

Performance Benchmarks (mainly treatment quality)
Delivery conditions at the end of contract period
Multi-year Lump-sum contract

O&MI. Sewage treatment quality shall 
comply with the Environmental 
Standards

II. Repair and replacement of 
equipment is carried out in order 
to satisfy the delivery conditions 
by the contractor’s discretion.  

Integrated O&M
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Conventional O&M Integrated  O&M

Basis of 
Contract

a. Fixed Scope of Work

b. Annually updated Cost‐
plus‐profits‐contract

a. Performance Benchmarks 
(mainly treatment quality) 
& Delivery conditions at the 
end contract.

b. Multi‐year Lump‐sum 
contract

Employer’s 
Requirement

I. Sewage treatment quality 
shall comply with the 
environmental standards

II. Repair and replacement of 
equipment is carried out 
as per the Scope of Work.  

I. Sewage treatment quality 
shall comply with the 
environmental standards

II. Repair & replacement of 
equipment is carried out by 
the contractor’s discretion, 
in order to comply with the 
delivery conditions.  

IMAGE of IOMS CONTRACTOR
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

HSDC

HPC
as Project Owner

Existing Sewerage Works

Kim 
Lien 
STP

Truc
Bach 
STP

North 
Thang

Long STP

IOMS Contractor

Drainage Works

Yen So 
Storm 

Water PS

Other 
Strorm
Water 
PSs

New Sewerage Works

Bay 
Mau 
STP

Yen So 
STP

Sponsor & 
Skilled Operation 

Company

Resource Input

PLACE TO GO
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

TOR‐1: Streamlined O&M in the 
existing WWTPs

TOR‐2: Integrated O&M Services to 
Yen So and Bay Mau WWTP 
applying  PPP

TOR‐3: Financial plan with new 
sewerage Tariff structure

TOR-1: HSDC’s O&M capacity up in 
asset management

TOR-2

A) Design of the Integrated O&M 
Hanoi model

B) Feasibility check and Legal check 
of the proposed O&M model

C) IOMS Implementation Action 
Plan

TOR-3: New Tariff for 
funding to the IOMS contract 

SUPPORT

JOIN
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Points to be concerned
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

7

 improving environment → improve health, 

wealth & lifestyle

 financially viable → not exposed to budgetary 

trauma 

 socially acceptable → create benefits – not a 

grudge purchase 

 administratively understandable by 
community

 ‘pay for use’ → no subsidies?! Encourage 

economic efficiencies

REVENUE, MOST CONCERN
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Drivers – factors that most affect 
revenue from tariffs collection:

– Willingness to Pay;

– Affordability;

– Tariff level;

– Service Coverage;

– Level of cost recovery;

– Community Service 
Obligations

The income structure 
shall be made within 
local situation.

History of low tariffs and fees 

– Difficult to get decisions 
on a ‘cost recovery’ basis

– Often perceived as 
easier 

• to subsidize and/or 

• Provide a low quality 
service

WORK PLAN (TOR‐1)
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

AUGUST

JUNE
JULY

OJT in 3 WWTPs

APRIL
MAY

Planning

Improvement of 
Treatment Process

Conclusion of an Effect

Improvement of 
Equipment Register

TOR-1: Streamlined O&M in the existing WWTPs

A. Improvement of 
Treatment Process B. Upgrading O&M 

Manual
C. Introduction of 
Equipment Register

Proposal of O&M 
Manual

Improvement of 
O&M Manual

Proposal

OJT in 3 WWTPs Supplemental OJT AUGUST

JUNE
JULY

APRIL
MAY

Work Plan (TOR‐2 & TOR‐3)
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Institutional Design of 
Integrated O&M service 
(IOMS)

Cost estimates of 
IOMS

Feasibility check of 
IDMS for the company 
to undertake

IOMS Implementation 
Action Plan

Legal check of IDMS

TOR-2  IOMS & PPP

Interview Survey for 
Willingness to Pay and 
Affordability

New Tariff Case Study

Financial Plan for 
viability check of IOMS 
for HPC

New Tariff Plan
Financial Plan 

TOR-3  Tariff & 
Financial Plan

FAQ (frequently‐asked question)
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Frequent Questions Our Answers

B)   This PPP is just for money to 
Japanese?

No it isn’t. Japan invest to this PPP with you. 

D)   Suppose, PPP uses his 
money not my money, right?

We share costs , so you save money. 

E) What is advantage of this 
PPP for us?

You can have more employment opportunities in this 
PPP. Most staff in new company is Vietnamese who 
can learn and earn in the job. 

New company gives opportunity to wider business 
into staff training services and even planning & 
engineering in sewerage field.

Study Team
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Phase 2 Introduction of PPP for Sewerage Facilities in Hanoi, 2011

TOR‐1: Streamlined 

O&M in the 

existing WWTPs
Takehiro NAKANO

(HELS)
Kota KINOSHITA

(HELS)
Etsuo FUJIWARA

(HELS)

TOR‐2: Integrated 
O&M Services 
to Yen So & Bay 
Mau WWTPs 

applying PPP Koichi SUZUKI
(OC)

Yoichiro ONO
(ORIX)

Masami SHIRAI 
Assistant (OC)

TOR‐3: Financial 
plan with new 
sewerage 

Tariff
structure Kenji SUZUKI 

(PADECO)
Nami TANAKA

(PADECO)
Susumu SHIBUYA
(Yokohama Water)

Takeo TANAKA
(Yokohama Water)
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ASSIGNMENT SCHEDULE

APRIL MAY JUNE JULY AUGUST
Sun 26 2 9 16 23 30 7 14 21 28 4 11 18 25 2 9 16 23 30 6 13 20 27

Mon 27 3 10 17 24 1 8 15 22 29 5 12 19 26 3 10 17 24 31 7 14 21 28

Tue 28 4 11 18 25 2 9 16 23 30 6 13 20 27 4 11 18 25 1 8 15 22 29

Wed 29 5 12 19 26 3 10 17 24 31 7 14 21 28 5 12 19 26 2 9 16 23 30

Thu 30 6 13 20 27 4 11 18 25 1 8 15 22 29 6 13 20 27 3 10 17 24 31

Fri 31 7 14 21 28 5 12 19 26 2 9 16 23 30 7 14 21 28 4 11 18 25 1

Sat 1 8 15 22 29 6 13 20 27 3 10 17 24 1 8 15 22 29 5 12 19 26 2

Koichi Suzuki (Leader) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■

Takehiro Nakano (O&M) ■ ■ ■ ■ ■ ■ ■ ■

Kota Kinoshita (O&M) ■ ■ ■ ■ ■ ■

Etsuo Fujiwara (O&M) ■ ■ ■ ■ ■ ■

Yoichiro Ono (PPP) ■ ■ ■ ■ ■ ■

Kenji Suzuki (Financial) ■ ■ ■ ■ ■

Nami Tanaka (Financial) ■ ■ ■ ■ ■

Takeo Tanaka (Tariff) ■ ■ ■ ■ ■ ■

Susumu Shibuya (Tariff) ■ ■
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TOR2 Integrated O&M + PPP TOR3 Tariff & Financial Plan
APR 1. PPP model and proposal of 

Joint Company Option
2. Design of Joint Company

A. Approach to New Tariff and 
Financial Plan

B. Implementation Plan of Interview 
Survey

MAY Interview Survey
JUN 1. Cost estimates of JC incl. O&M,

office running costs
2. SPC business expansion plan
3. Preliminary FS of JC
4. Review of Regulations 

concerned

A. Analysis of Interview survey result
B. Case study for New Tariff
C. Conditions for Financial Planning
D. Review of Regulations concerned
E. Current status of Water works in 

Hanoi
JUL
AUG 1. FS for establishing Joint

Company
2. Road Map for establishing Joint

Company

A. Proposed amendment of Tariff 
system

B. Financial plan for HPC (incl. 
Subsidy plan)

Work Plan (TOR-2 & TOR-3) Oriental Consultants (OC) , ORIX Corporation (ORIX) , 

Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)
PREDICTION Oriental Consultants (OC) , ORIX Corporation (ORIX) , 

Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Current Status of Sewage Works in Hanoi

2

Waste Water 
Treatment Plant

Capacity
(m3/day)

Operation 
Year

Kim Lien 3,700 2005

Truc Bac 2,500 2005

North Thang Long 42,000 2009

Bay Mau Lake 14,000 2013(Planned)

Yen So 190,000 2011(Planned)

Yen Xa 270,000 2016(Planned)

Phu Do 84,000 2016(Planned)

Total 606,200 

O/M cost vs. Budget
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Many WWTPs to be 
operated in the near future

The more WWTPs, the more cost 
of Construction and O&M…

INTRODUCTION OF PPP FOR SEWERAGE 
FACILITIES IN HANOI, STUDY A

TOR-2 Integrated O&M service by PPP

A. Approach to TOR 2
B. Required Data & Information
C. Selection of PPP model

21 April 2011, Hanoi

JAPAN INTERNATIONAL COOPERATION AGENCY
(JICA)

Oriental Consultants (OC) , ORIX Corporation (ORIX) , 

Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)
SOLUTION Oriental Consultants (OC) , ORIX Corporation (ORIX) , 

Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

ISSUES SOLUTION

With increasing WWTPs

a.  Operation costs
increase. →

Direct costs (power, chemical) are increasing 
as per treatment volume. Overheads
(management, administration) shall be 
minimized.

b.  More O&M staff 
are required. →

Recruitment of additional O&M staff is 
needed but to be minimized by rationalizing 
work- procedure. 

c. Stock 
management 
becomes cumbersome.

→

Stock (chemical, spare parts, consumables) 
shall be managed transparently by 
computerized database. 

With aging equipment

d.  Replacement 
costs are required.

→
Proper maintenance with proactive care can 
prolong the life-time of equipment.

Conventional O&M Oriental Consultants (OC) , ORIX Corporation (ORIX) , 

Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

HPC

HSDC

Truc Bach WWTP
Kim Lien WWTP
North Thang Long WWTP
Yen So Storm Water PS
Others

Fixed Scope of Work
Annually updated Cost-plus-profits-contract

O&M
I. Sewage treatment quality 

shall comply with the 
Environmental Standards

II. Repair and replacement of 
equipment is carried out 
within the budget.  

Integrated O&M Oriental Consultants (OC) , ORIX Corporation (ORIX) , 

Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

HPC

O&M contractor

Yen So WWTP
Bai Mau WWTP

Performance Benchmarks (mainly treatment quality)
Delivery conditions at the end of contract period
Multi-year Lump-sum contract

O&M
I. Sewage treatment quality shall 

comply with the Environmental 
Standards

II. Repair and replacement of 
equipment is carried out in order 
to satisfy the delivery conditions 
by the contractor’s discretion.  
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Integrated O&M Oriental Consultants (OC) , ORIX Corporation (ORIX) , 

Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Conventional O&M Integrated  O&M

Basis of 
Contract

a. Fixed Scope of Work

b. Annually updated Cost-
plus-profits-contract

a. Performance Benchmarks 
(mainly treatment quality) 
& Delivery conditions at the 
end contract.

b. Multi-year Lump-sum 
contract

Employer’s 
Requirement

I. Sewage treatment quality 
shall comply with the 
environmental standards

II. Repair and replacement of 
equipment is carried out 
as per the Scope of Work.  

I. Sewage treatment quality 
shall comply with the 
environmental standards

II. Repair & replacement of 
equipment is carried out by 
the contractor’s discretion, 
in order to comply with the 
delivery conditions.  

Who will undertake IOMS? Oriental Consultants (OC) , ORIX Corporation (ORIX) , 

Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Option 1: HSDC to undertake the IOMS

Option 2: Joint Company established by HPC, HSDC and Private firm to 
undertake the IOMS

Option 3: A Private firm to undertake the IOMS

Option 1 Option 2 Option 3

Capacity to 
undertake IOMS

Lack of capacity to 
undertake

Enough capacity Enough capacity

Cost saving 
opportunity

Less because lack of 
experience

Promising High cost due to 
Foreign company

Comfort for HPC Comfort Comfort Uncomfortable to 
ignore HSDC

Compliance of laws 
and regulations

Complied Need to study Complied

Evaluation Need more capacity 
development of 
HSDC. 

HSDC’s locality and 
Private firm’s skill 
make synergy.
Recommendable

HSDC’s 5 year 
experience cannot 
contribute in this 
option.

IMAGE of IOMS CONTRACTOR Oriental Consultants (OC) , ORIX Corporation (ORIX) , 

Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

HSDC

HPC
as Project Owner

Existing Sewerage Works

Kim 
Lien 
STP

Truc
Bach 
STP

North 
Thang

Long STP

IOMS Contractor

Drainage Works

Yen So 
Storm 

Water PS

Other 
Strorm
Water 

PSs

New Sewerage Works

Bai 
Mau 
STP

Yen So 
STP

Sponsor & 
Skilled Operation 

Company

Resource Input

Scope of Work of Joint Company OC, ORIX, HELS, 

PADECO,  YW

Integrated O&M service
A) Sewage treatment & disposal
B) Sludge treatment & disposal
C) Repair and Replacement of equipment
D) Water quality check and report to DONRE
E) Management of spare parts and consumables

Staff Training Service (OPTION)
A) Capacity building course for sewerage operators (Junior, Senior)
B) Capacity building course for administrators of sewerage

Technical Service (OPTION)
A) Sewerage development planning
B) Engineering of sewerage facilities
C) Construction management, Project management

Finance of Joint Company OC, ORIX, HELS, 
PADECO,  YW

Income WWTP O&M fee from HPC

In addition (as option), 
Sewerage operator training fee from other cities
Engineering service fee from other cities

Expenses WWTP O&M costs

WWTP repair/replacement costs

(optional) Sewerage operator training costs
(optional) Engineering service costs

Overheads (administration & management)

Taxes

Structure of Joint Company OC, ORIX, HELS, 
PADECO,  YW

Managing Board

O&M Department

Bay Mau O&M 
Unit Yen So O&M Unit Common 

Engineering Unit

Side Business 
Department

Administration 
Department

Procurement & 
Stock 

Management Unit
General Affair Unit
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Location, Assets of Joint Company OC, ORIX, HELS, 
PADECO,  YW

Location Either Bay Mau WWTP 
site or Yen So WWTP site

Assets Administration office
Side business office

Facilities 
provided 
at no cost

Bay Mau WWTP
Yen So WWTP

NEXT STEP OC, ORIX, HELS, 
PADECO,  YW

I. Cost Estimates of O&M costs, 
Running costs of JC, Overhead 
of JC

II. Feasibility Study of JC

INTRODUCTION OF PPP FOR SEWERAGE 
FACILITIES IN HANOI, STUDY A

TOR-3 Tariff Plan & Financial Plan

A. Approach to TOR 3
B. Required Data & Information
C. Interview Survey

21 April 2011, Hanoi

JAPAN INTERNATIONAL COOPERATION AGENCY
(JICA)

Oriental Consultants (OC) , ORIX Corporation (ORIX) , 

Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)
Content of the Study

Goal: 
Proposal of financially sustainable 
mechanism for Hanoi sewerage services

1. Review of Water and Sewerage Rates
2. Estimates of WWTP O&M Costs 
3. Sewerage Rate Plan and Financial Plan

Flow of Sewerage Charge Rate Setting

Government Level

Operation Level

Public Level

Financial Plan
Rate Setting

Government 
subsidy plan

O&M costs Analysis of 
financial gap

Affordability
Domestic

Non-domestic

Cases of Tariff Setting

Case 1: Current rate setting

Case 2: Based on current Willingness-to-Pay

Case 3: Based on current Affordability-to-Pay

Case 4: 3% of average household income
(referring No. 09/2009/TT-BXD)

Case 5: Based on all O&M costs
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Output image of Tariff Setting
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SOCIAL LIMITS

LEGAL LIMITS

ULTIMATUM

• Hanoi: 10% (≈VND300)

• Haiphong: VND300

• Cantho: VND300

• Nhatrang: VND250

• Danang: VND300

Charges in Vietnamese Cities

Charges in Other Cities (USD/m3)

• HCMC 0.32
• Manila East 3.19
• Manila West 5.36
• Tokyo 14.97 
• Sydney  36.16 
• London 19.84 

Monthly Household Income in Hanoi
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Average

Monthly Household Income in Hanoi

Year 2007

Year 2008

Year 2009

2010

Very Preliminary Calculation
(no confident)

Monthly sewage discharge (Preliminary) 

= 120Lpcd x 4 peroson/HH = 0.48m3/day HH = 14.4 m3/month HH

Current expenses for Water & Sanitary
(World Bank 2009)

VND / month HH VND / m3

Water max 100,000

Water min 20,000

Sanitary max 10,000 694 

Sanitary min 2,000 139 

Census 2009 Average Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5

3% of household income VND 206,400 64,200 114,840 166,320 231,960 453,360

per Water+Sanitation Max 188% 58% 104% 151% 211% 412%

per Water+Sanitation Min 938% 292% 522% 756% 1054% 2061%
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Ratio of Average (Sewerage + Water) Charge to 
Household Expenditure
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Sewerage 
Water 
Supply

Developing Country Group Developed Country Group

(Average Sewerage  + Water Supply Cost) / (Household Expenditure)

Sewerage tariff/ Water tariff
(Sewerage Charge/m3) / (Water Supply Charge/m3)

London

Exeter

Singapore
Bonn

Kansas City

Washington DCBerlin

Paris

Île-de-France

Miura, Japan

Japan (Yokohama)

São Paulo

Rio de Janeiro

Santiago de Chile

Shenzhen, China

Kuala Lumpur

Perak, Malaysia

Vietnam

Pataya, Thai

Bangkok

Xi'an, ChinaJakarta

GDP per capita (USD)

Immediate Action after this Meeting

a. Check Willingness-To-Pay Interview survey

b. Check Social Limits Per% of Household Income

c. Check Legal Limits 3% of Household Income

d. Check Financial Gap Affordability - Willingness

Water Supply Data Oriental Consultants (OC) , ORIX Corporation (ORIX) , 

Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Classification 
of water user

Number of 
the user

Unit price
(VND/m3)

Consumption
(m3)

Annual turn 
over

General 
household

Commercial 
user

Industrial user

…

Total

Water supply data as follows is necessary for  
analyzing sewage income.

Study at Public Level
Questionnaire Survey
Target: 

Households (100 samples)
Commercial and Industrial Organization (30 samples)

Item:
Willingness to Pay (WTP): the maximum amount a person 
would be willing to pay, sacrifice or exchange in order to 
receive a good or to avoid something undesired

Schedule:
Preparation: Mid. April – Early May
Implementation: Mid. May
Data Processing: Late May – Early June

MAY

APRIL

Survey Schedule
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 

Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Preparation
-Questionnaire Forms
-Local survey team arrangements
-Endorsement letter by HAPI
-Identification of CI by DOC (request letter dispatched) 

Interview Surveys Implementation(planned schedule)
-25 April- 5 May Household Survey
-27 April - 12 May Commercial & Industry Survey

Household Survey: (105 samples)

Survey Area: 7 Districts (Ba Dihn, Dong Da, Hai BaTrung, Hoang Mai, 
Thanh Tri, TuLie, Dong Anh)

Household Survey: 105 samples (15 household/Districts)
Commercial & Industry Survey: 35 Samples (5 CI/Districts)

Results analysis and Reporting
-6 May-25 May: Analysis, preparation of materials for the 26th meeting
-26 May: Survey Results Reporting at the Meeting
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ASSIGNMENT SCHEDULE

APRIL MAY JUNE JULY AUGUST
Sun 26 2 9 16 23 30 7 14 21 28 4 11 18 25 2 9 16 23 30 6 13 20 27

Mon 27 3 10 17 24 1 8 15 22 29 5 12 19 26 3 10 17 24 31 7 14 21 28
Tue 28 4 11 18 25 2 9 16 23 30 6 13 20 27 4 11 18 25 1 8 15 22 29

Wed 29 5 12 19 26 3 10 17 24 31 7 14 21 28 5 12 19 26 2 9 16 23 30
Thu 30 6 13 20 27 4 11 18 25 1 8 15 22 29 6 13 20 27 3 10 17 24 31

Fri 31 7 14 21 28 5 12 19 26 2 9 16 23 30 7 14 21 28 4 11 18 25 1
Sat 1 8 15 22 29 6 13 20 27 3 10 17 24 1 8 15 22 29 5 12 19 26 2

Koichi Suzuki (Leader) ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■

Takehiro Nakano (O&M) ■ ■ ■ ■ ■ ■ ■ ■

Kota Kinoshita (O&M) ■ ■ ■ ■ ■ ■

Etsuo Fujiwara (O&M) ■ ■ ■ ■ ■ ■

Yoichiro Ono (PPP) ■ ■ ■ ■ ■ ■

Kenji Suzuki (Financial) ■ ■ ■ ■ ■

Nami Tanaka (Financial) ■ ■ ■ ■ ■

Takeo Tanaka (Tariff) ■ ■ ■ ■ ■ ■

Susumu Shibuya (Tariff) ■ ■

TOR2 Integrated O&M + PPP TOR3 Tariff & Financial Plan
April 1. Approach to TOR2

2. Design of Joint Company (SPC)
A) Scope of Work (O&M, Training 

Services, Planning & Engineering)
B) Profit Structure
C) Staffing (HSDC + Private firms)
D) Location, Assets, Equipment

A. Approach to TOR3
B. Approach to New Tariff and Financial Plan
C. Implementation plan and utilization of 

Interview survey (Willingness to Pay)
D. Analysis of current sewerage income
E. Linkage between Tariff and Financial Plan
F. Necessary data for Financial Plan

May
June 1. O&M costs of Bay Mau & Yen So STP

2. SPC Running Costs
3. SPC Training service business plan
4. SPC Engineering service business plan
5. Preliminary FS for establishing SPC
6. Regulations for establishing SPC

A. Analysis of Interview survey result
B. Case study for Amendment of Tariff
C. Conditions for Financial Planning
D. Regulations for New Tariff & Financial Plan
E. Current status of Water works in Hanoi

July
August 1. FS for establishing SPC under New Tariff 

System proposed
2. Road Map for establishing SPC in 

compliance with current regulations

A. Proposed amendment of Tariff system
B. Income forecast under New Tariff System
C. Financial plan under New Tariff System for 

HPC (incl. Subsidy plan)

Work Plan (Detail) Oriental Consultants (OC) , ORIX Corporation (ORIX) , 

Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

JAPAN INTERNATIONAL COOPERATION AGENCY
(JICA)

Oriental Consultants (OC) , ORIX Corporation (ORIX) , 

Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Koichi SUZUKI
(OC)

Team Leader
Framework of Integrated O&M Services

Kenji SUZUKI
(PADECO)

Financial Planner
Financial Plan for PPP

Susumu SHIBUYA
(Yokohama Water)

Water Works Expert
Liaison of Water Supply and Sewerage

Takehiro NAKANO
(HELS)

Sewerage & Drainage
Expert 

(Treatment Process)

Nami TANAKA
(PADECO)

Financial Planner
Questionnaire Survey

Takeo TANAKA
(Yokohama Water)

Water Works Expert
Water and Sewerage Rate

Kota KINOSHITA
(HELS)

Sewerage & Drainage
Expert

(Mechanical & Electric)

Etsuo FUJIWARA
(HELS)

Sewerage & Drainage
Expert

(O&M System)

Yoichiro ONO
(ORIX)

PPP Expert
PPP Framework
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INTRODUCTION OF PPP FOR SEWERAGE FACILITIES IN HANOI

Working Group Meeting – Study A
26 May 2011, Hanoi

TOR-3 Tariff Plan & Financial Plan

AGENDA
A. Household Interview Survey
B. Commercial & Industry Survey
C. Next action

JAPAN INTERNATIONAL COOPERATION AGENCY
(JICA)

Oriental Consultants (OC) , ORIX Corporation (ORIX) , 

Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Phu Do

Bay Mau

Truc Bach

North Thang Long

Hoa Binh

Phu Tho

Vinh Phuc

Bac Giang

Bac Ninh

Hung Yen

Ha Nam

Yen SoKim Lien

Ha Noi

TOR-3:HH Survey Result Oriental Consultants (OC) , ORIX Corporation (ORIX) , 

Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Contents
1. Outline of the Survey
2. Household Income & Expenditure
3. Awareness of Sewerage Services
4. Willingness to Pay
5. Recommendation

PURPOSE OF THE HOUSEHOLD SURVEY

• To grasp the citizen’s awareness of sewerage services
• To get the citizen’s willingness to pay for the sewerage services

TOR-3:HH Survey-Outline Oriental Consultants (OC) , ORIX Corporation (ORIX) , 

Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Profiles of HH

SEX Male:21%, Female:79%

Age 45 year old (average)

Occupation Commercial:47%, Public:7%, Manufacturing:7%, Others (incl. 
agriculture, temporary workers, unemployed) 39%

Income 8,560,962 VND /month per HH in average

Expenditure 7,024,368VND/month per HH in average (82.1% of Income)

Outlines of Survey

Surveyed Area
7 Districts in Hanoi

Ba Dinh, Dong Da, Hai BaTrung, Hoang Mai, Thanh Tri, Tu Liem, 
Dong Anh

Sampled Number 105 House Hold (15HH from each district)

Method Interview by trained surveyors

Duration of Survey 6th to 9th May 2011

Average HH Expenditure
7,024,368 VND/month (82.1% of HH Income)

TOR-3:HH Survey-Expenditure Oriental Consultants (OC) , ORIX Corporation 

(ORIX) , Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

HH Expenditure for Housing, Electricity, Water, and Sanitation
Average Water Expenditure: 85,971 VND/month

(1.0% of Income)

TOR-3:HH Survey-Current Fee Oriental Consultants (OC) , ORIX Corporation (ORIX) , 

Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)
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Awareness of Sewerage Facility
Average payment of Environmental Charge

TOR-3:HH Survey-Awareness Oriental Consultants (OC) , ORIX Corporation (ORIX) , 

Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Awareness of Sewerage Facility Effectiveness

TOR-3:HH Survey-Awareness Oriental Consultants (OC) , ORIX Corporation (ORIX) , 

Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Willingness to Pay (WTP) for Sewerage Tariff
Average Amount: 21,212 VND/month

TOR-3:HH Survey-WTP Oriental Consultants (OC) , ORIX Corporation (ORIX) , 

Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

WTP for Sewerage Tariff by Income Level 

TOR-3:HH Survey-WTP Oriental Consultants (OC) , ORIX Corporation (ORIX) , 

Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Upper (11%) : > VND 4M person/mon VND 11.9M in Ave. 
Middle (34%) :    VND 2M-4M person/mon VND 9.3M in Ave. 
Low (40%) :    VND 1M-2M person/mon VND 6.2M in Ave. 
Almost Poor (10%) :    VND 0.75M-1M person/mon VND 4.1M in Ave. 
Poor (5%) :      VND 0.55M-0.75M person/mon VND 2.8M in Ave.

Our HH Survey Results & Other Factors
1) Citizen are recognizing to be served by the sewerage service 

conducted by HPC. 
2) Willingness to Pay was VND 21,212 per month in average that is 

equivalent to 0.25% of average HH income.

Recommendations
1) Remarks to determine the sewerage charge are (1) Willingness-

to-Pay (WTP), (2) Legal Max 3% and (3) Revenue for full 
coverage of O&M costs.

2) Reasonable Affordability-to-Pay (ATP) is subject to the required 
budget for O&M of sewerage services.

TOR-3:HH Survey Result Oriental Consultants (OC) , ORIX Corporation (ORIX) , 

Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)
TOR-3:CI Survey Result Oriental Consultants (OC) , ORIX Corporation (ORIX) , 

Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Contents
1. Outline of the Survey
2. Sales
3. Awareness of Sewerage Services
4. Willingness to Pay
5. Recommendation

PURPOSE OF THE Commercial & Industry (CI) SURVEY

• To grasp the CI’s awareness of sewerage services
• To get the CI’s willingness to pay for the sewerage services
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TOR-3:CI Survey-Outline Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Survey Area: 7 Districts
Ba Dinh, Dong Da, Hai Ba Trung, Hoang Mai, Thanh Tri, TuLiem, Dong Anh

Interviewed CIs: 35 CI
Every 5 CIs per district

Sampling:
Interviewed ICs selected by District People’s Committees

Duration:
from May 5th to May 13th 2011

9%
Processing

14%

Industrial
Production

17%

Commercial3%

Others
11%

Hotels and
Restaurants

46%

Manufacturing
81-500
staffs

5CIs
6CIs

4CIs

16CIs

4CIs51-80
staffs

31-50
staffs

16-30 staffs

8-15
staffs

TOR-3:CI Survey Result Oriental Consultants (OC) , ORIX Corporation (ORIX) , 

Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)Water Consumption

TOR-3:CI Survey-Water Charge Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, 
YOKOHAMA Water (YW)

TOR-3:CI Survey Result Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, 
YOKOHAMA Water (YW)

TOR-3:CI Survey Result Oriental Consultants (OC) , ORIX Corporation (ORIX) , 

Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)Awareness to Sewerage
TOR-3:CI Survey Result Oriental Consultants (OC) , ORIX Corporation 

(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Willingness to pay

CI’s Willingness-to-Pay (WTP) is 0.13% per month sales that is 
equivalent to monthly VND 2.8 million per  entity.

Recommendations

a. Awareness of the sewerage benefit is low in interviewed CI, hence 
further promotion is required.

b. It shall be noted that WTP of CI per entity (VND 2.8M) is 132 times of 
WTP per HH (VND 21K). CI customer shall be reserved for Cross-
Subsidy Financial Source. 

c. Reasonable Affordability-to-Pay (ATP) is subject to the required 
budget for O&M of sewerage services and cross-subsidy plan.
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C. Sewerage Charge Financial Analysis

Purpose: Provide framework and action plan of the 
financial aspects for sustainable sewerage 
operation in Hanoi

C. Sewerage Charge-Legal Basis

Customer

Sewerage user

Served by Public 
Water Services

Domestic Sewage is assumed to be 
100% of Water supplied. 

Non-domestic Sewage is assumed to be 
80% of Water supplied.

Not served by 
Public Water 

Services

Domestic Sewage is assumed to be 
4m3/capita/month.

Non-domestic Sewage is based on 
volume measured.

Non-sewerage 
user

Domestic Environmental Protection Fee shall be less than 
10% of water charge.

Non-domestic
Environmental Protection Fee shall be less than 

(10% of water charge + surcharge based on 
pollution load)

YES

No

Decree 88/2007/ND-CP

Decree 67/2003/ND-CP

Sewerage Charge <F>
F=f x V x k
f:Unit rate
V:Discharge volume
k:Pollution load based on COD (applied 
only for non-domestic.

 Currently, 10% of water charge is collected for 
Environmental Protection Charge.

 Circular 09/2009/TT-BXD recommended that 2-3% of 
household income  maybe appropriate for sewerage charge.

A

B

C

C. Sewerage Charge-EPF Hanoi 2010 C. Sewerage Charge-EPF Hanoi 2010
EPF Hanoi, Domestic

(From 119/2009/QD-UBND)

Water usage level of household 
(m3/month/HH)

EPF
(VND/m3)

1 First 16m3 347.83

2 Above 16m3 to 20m3 408.70

3 Above 20m3 to 35m3 495.65

4 Above 35m3 817.39

EPF: Environmental Protection Fee

C. Sewerage Charge Financial Analysis
Scenario for Analysis to be done

 Scenario Set 1: 4WWTPs (Truc Bach, Kim 
Lien, Bay Mau and Yen So)  in service

 Scenario Set 2: 6 WWTPs (Truc Bach, Kim 
Lien, Bay Mau, Yen So, Yen Xa and PhuDo) in 
service

C. Sewerage Charge Financial Analysis
Analysis of Set A: 4 WWTPs  in service

Case (EPF at HH) per 
(Average HH Income)

(EPF at HH) per 
(O&M Cost)

1: Current rate setting 0.09% Under analysis

2: Based on current WTP 0.30% based on Census

0.25% based on the Survey
Under analysis

3: To cover all O&M Costs O&M costs is under-calculation Under analysis

4: Based on ATP will be determined subject to 
required budget for O&M. Under analysis

5: 3% of average HH Income 3.00% Under analysis

EPF: Environmental Protection Fee
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C. Sewerage Charge Financial Analysis
Result of the Analysis (Set B: 6 WWTPs operate)

Case (EPF at HH) per 
(Average HH Income)

(EPF at HH) per 
(O&M Cost)

1: Current rate setting 0.09% Under analysis

2: Based on current WTP 0.30% based on Census

0.25% based on the Survey
Under analysis

3: To cover all O&M Costs O&M costs is under-calculation Under analysis

4: Based on current ATP will be determined subject to 
required budget for O&M. Under analysis

5: 3% of average HH Income 3.00% Under analysis

6: To Cover Initial Investment Costs Total investment is under-
calculation. Under analysis

EPF: Environmental Protection Fee

Following Works

1. Estimates of O&M costs

2. Check Legal Limits (3% of Household Income) 

3. Determination of ATP per household Income

4. Estimates of Operator’s running costs & overheads

5. Project cash flow

6. Check Financial Gap in Full cost recovery, Affordability, 
and Willingness

7. Proposal for Cross Subsidy Plan

Thank You
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INTRODUCTION OF PPP FOR SEWERAGE FACILITIES IN HANOI

Study‐A Working Group Meeting no.5
20 June 2011, Hanoi

TOR‐2 Integrated OM services
TOR‐3 Tariff Plan & Financial Plan

AGENDA

1. PPP law & IOMS

2. Tariff plan

3. Sewerage promotion

JAPAN INTERNATIONAL COOPERATION AGENCY
(JICA)

Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)
Previous Meeting

Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Date Agenda Participants

Kick‐off M April 20 Purpose and Scope of Work
Study schedule

DOC, HAPI, 
DOF, HSDC

WGM no.1 April 21 Required Data & Information for Study
Selection of PPP model for Integrated O&M
Implementation plan of Interview survey

DOC, HAPI, 
DOF, HSDC

WGM no.3 May 26 Analysis of Interview survey result
Willingness to pay for Sewerage service
Average Household Income

DOC, HAPI, 
DOF, HSDC

Interim M June 23 Status report of TOR 1,2 & 3 DOC, HAPI, 
DOF, HSDC

WGM no.4 June 28 Project Cost Estimates
JC Business Plan
New Tariff Plan
Pre FS

DOC, HAPI, 
DOF, HSDC

TOR‐2
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

TOR‐2

Integrated O&M service (IOMS) 
applying Public Private Partnership 

IOMS, Regulator, Pilot PPP Law

TOR‐2: What IOMS brings
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

平準化できる
長くてLevel上げたほうが効果的だが、最初はLevel1or2から、
期間は1年から始めたほうがよい

 Cost Reduction
 Generally in Japan, 10‐15% cost reduction is achieving. 
 Cost merit is significant when the duration is longer and 

the level is higher.

 Prolongation of Equipment and Facility 
Lifetime

 Appropriate equipment inspection can act as a proactive 
measure against failure.

 Regulate equipment running time.

 After the contract period, what will happen? 
(Japan’s case)

 Most contractors are re‐contructing same job.
 Tends to keep or raise the level.
 Never return to Single‐year, measurement base payment.

TOR‐2: Regulator For IOMS
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

• Framework of Regulator

 Object: Supervision of O&M quality in accordance with 
Performance Indicators.

 Position: Inside or Outside of HPC?

 Members: State auditor, tax office, DOC, HSDC, and 
Independent Party, etc?

Joint 
Company

WWTPs Technical 
Office

HPC
Operation

&
Maintenance

AssignedSupervise

Regulator

State Auditor

Tax Office

Labor Office

TOR‐2: Issues of PPP Pilot Law
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

<Applied or not>
Article 2: Interpretation
Clause 2: Project means pilot project for infrastructure 
development or public provision implemented in the form 
of public –private partnership investment

Article 4: Areas
8: Environment (waste treatment plants)
9: Other infrastructure development & public services

Article 5: Criteria 
Clause 3: A project which is capable of exploiting 
advantages in regards of technological and management 
and operation experiences, …
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TOR‐2: Issues of PPP Pilot Law
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

 Article 9 clause 2
 State Contribution shall not exceed 30% of the total 

project investment

→ In this case, 30% of project cost (IOMS Cost) will be 
subsidies, but…

Cost

Period

TOR‐2: Subsequent Work
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

1. “Scope of Work” and “Contract terms” of IOMS

2. Estimates of operator’s running costs & 
overheads

3. Project cash flow & Sensitivity Analysis

4. Feasibility Check

5. Road map to materialize IOMS

6. Draft MOU between HPC and Partners for 
establishment of Joint Company

TOR‐3
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

TOR‐3

New Tariff Plan
Financial Plan

Estimates of O&M costs
New Tariff Plan

TOR-3:OM & Replacement Costs
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Inflow O&M Cost O&M + Replacement Cost

WWTP m3/day mil VND/year VND/m3 mil VND/year VND/m3

1 Truc Bach WWTP 2,300 3.672 (HSDC)
4,294 (JICA)

4,374 (HSDC)
5,057 (JICA)

6,435 (JICA) 7,052 (JICA)

2 Kim Lien WWTP 3,700 4,798 (HSDC)
5,465 (JICA)

3,552 (HSDC)
4,047 (JICA)

8,047 (JICA) 5,959 (JICA)

3 Bay Mau WWTP 14,000 18,485 (JICA) 3,617 (JICA) 28,372 (JICA) 5,552 (JICA)

4 Yen So WWTP 200,000 140,674 (JICA) 1,927 (JICA) 219,771 (JICA) 3,011 (JICA)

5 Yen Xa WWTP 270,000 167,634 (JICA) 1,701 (JICA) 246,731 (JICA) 2,504 (JICA)

6 Phu Do WWTP 84,000 70,789 (JICA) 2,309 (JICA) 90,563 (JICA) 2,954 (JICA)

7 North Thang Long 6,000 ?? 7,231 (HSDC)
9,800 (JICA)

3,301 (HSDC)
5,962 (JICA)

35,676 (JICA) 2,327 (JICA)

Note: North Thang Long Data is only reference because Inflow rate is not confirmed.

TOR-3: Assumptions of Analysis
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Assumptions for Financial Analysis
•This analysis focuses on central area of Hanoi, without North 

Thang Long WWTP.

•Commercial Operation Schedule

-2011: Truc Bach, Kim Lien

2012-2013: Truc Bach, Kim Lien, Yen So

2014-2016: Truc Bach, Kim Lien, Yen So, Bay Mau

2017-2019: Truc Bach, Kim Lien, Yen So, Bay Mau, Yen Xa

2020- : Truc Bach, Kim Lien, Yen So, Bay Mau, Yen Xa, 

Phu Do

TOR-3: WWTP Operation
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Capacity and Service Population of WWTPs

Note: Current population of central Hanoi (Cau Giay, Ba Dinh, Dong Da, 
Hoan Kiem, Hai Ba Trung , Thanh Xuan, Hoan Mai) is 1,842 thousand.
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TOR-3: Assumptions of Analysis
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Concept of Income for WWTP Operation
•Existing 2 WWTPs are operated by local budget.

•New WWTPs are operated by sewerage tariff. Sewerage 

tariff is collected in service areas.

•Both sewerage tariff is collected from domestic and non-

domestic. 

•It is assumed that 58% of total tariff income is collected from 

domestic. Remaining 42% is collected from non-domestic.

TOR-3:WWTP Operation
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Capacity and OM + Replacement Cost

Set A

Set B

TOR-3:Cost Analysis Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Operating New WWTPs Year

OM + 
Replacement 

Cost per 
Capacity

(VND/m3/day)

OM + 
Replacement 

Cost per 
Service 

Population
(VND/person)

Yen So 2012-2013 1,065,812 299,458

Yen So, Bay Mau 2014-2016 1,126,896 320,145

Yen So, Bay Mau, Yen Xa 2017-2019 1,009,534 295,430

Yen So, Bay Mau, Yen Xa, Phu Do 2020- 1,019,569 299,442

OM + Replacement Cost of New WWTPs

TOR-3:Results of Analysis Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Sewerage tariff 
and EPF per 

Household Income

Revenue per O&M 
+ Replacement 

Costs

Case 1 (Current, EPF) 0.085%
(6,461 VND/HH/m) 0%

Case2 (Willingness to Pay) 0.278%
(21,212 VND/HH/m) 24%

Case3 (Full recovery of O&M costs) 0.880%
(67,246 VND/HH/m) 100%

Case4 (Legal Max) 3.000%
(229,233 VND/HH/m) 366%

Set-A: 5 WWTPs in service 
(Kim Lien, Truc Bach, North Thang Long, Bay Mau, Yen So)

Note: All collected EPF from households is taken into consideration in this analysis.  

TOR-3:Results of Analysis Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Set-B: 7 WWTPs in service 
(Kim Lien, Truc Bach, , North Thang Long Bay Mau, Yen So, 

Yen Xa, Phu Do)
Sewerage tariff 
and EPF per 

Household Income

Revenue per O&M 
+ Replacement 

Costs

Case 1 (Current, EPF) 0.085%
(6,461 VND/HH/m) 0%

Case2 (Willingness to Pay) 0.278%
(21,212 VND/HH/m) 28%

Case3 (Full recovery of O&M costs) 0.829%
(63,315 VND/HH/m) 100%

Case4 (Legal Max) 3.000%
(229,233 VND/HH/m) 392%

Case5 (Full recovery of WWTP 
Investment)

1.261%
(96,369 VND/HH/m) 158%

TOR-3: Tariff Scenario
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

• Example: Set A, Case 3 (Full recovery of O&M costs)

Sum of Sewerage tariff and EPF per Household Income: 

0.880%

[ For Domestic]

Supplied Water 
Use

Water Tariff Sewerage Tariff

‐16m3 4,000 VND/m3 3,273 VND/m3

16‐20m3 4,700 VND/m3 3,845 VND/m3

20‐35m3 5,700 VND/m3 4,663 VND/m3

35m3‐ 9,400 VND/m3 7,690 VND/m3
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TOR-3:Example of Tariff Plan
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

(Sample) Sewerage tariff increases to WTP level in 2012. Then, 

increases 30% every 2 years.

TOR-3:Example of Tariff Plan
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Income and Cost of New WWTP Operation

Total Deficit: 1,417,639 million VND

Subsequent Works
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

1. Determination of Affordable Tariff per Household Income

2. Operation Cash Flow

3. Check Financial Gap in Full Cost Recovery, Affordability, 
and Willingness

4. Proposal for Cross Subsidy Plan

Strategy of Public Awareness 
Development for Sewerage

OC
ORIX

HELS/PADECO
Yokohama Water

Strategy
Sewerage service is a silent force behind the scene of living. 
Hence the people are not aware of value of sewerage.
Lack of awareness makes introduction of sewerage tariff and 
PPP promotion been slow down. To avoid it, Strategies of 
public awareness development are;

A)Environmental education to School children for teaching 
importance of sewerage as a part of discipline.
B)Sewerage service promotion through the media such as TV, 
radio and internet.
C)HPC’s Public consensus meeting to make  residents’ 
understanding  of sewerage tariff.
D)Sewerage customer service counter is established in HPC 
website for inquiry and complain.

Environmental Education Program

Life & Nature

Resource &
EnergyWaste &

Pollution

Biology & Environment

Value of Life

Natural Environment
Urban Environment

Life & Pollution

Life & Waste

Waste Treatment
& Disposal

Waste & Pollution

Reduce, Reuse &
Recycle of Waste

Water & Life

Energy & Life

Water Resource
& Conservation

Energy Resource
& Conservation

Wastewater treatment
& recycle
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Environmental Protection Leadership

Commitment

Expertise

Leadership

Commitment to sustainable development as well as 
awareness of all the  facets and complexities involved.

Expertise in areas other than the environment (law, 
business, technologies, etc.
See relationship between environment and his 
expertise.

Come up with innovative ideas for integrating social, 
economic and environment.
Convince relevant people  consensus building 

Awareness of Sewerage

WASTEWATER COLLECTION

Domestic Wastewater

Rain

Combined
Sewer

Industrial 
Wastewater

Ki
tc

he
n

W
as

hi
ng

To
ile

t

Ba
th

Processing
Dyeing
Cleansing
Etc.

Rain is flowing into sewers. Water discharged from kitchen, 
toilet, washing and bath is combined with rain water in the 
sewer. Industrial water  also come into sewer after pretreatment. 
This system is called the Combined Sewer System.  

Pre-
treatment

WASTEWATER COLLECTION

Wastewater

Pumping up

Rain water

Building  contains a lot of 
people. Water used in 
people’s activity is flowing 
into the sewer. 

WASTEWATER
TRANSFER 
SEQUENCE

• House connection sewers

• Service sewers 
(COMBINED SEWER)

• Main sewers 
(INTERCEPTER)
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Environmental education ‐ Promotion 
Video for Kids

Aduh gimana ya..?
Lingkungan Kotaku

Ada apa Om?

Proyek Perbaikan Lingkungan Kota Jakarta
(Air Limbah)

JWDP

MASALAH KESEHATAN 
dan LINGKUNGAN

Karena terbatasnya kebutuhan 
Sanitasi dasar seperti sarana 
pembuangan kotoran manusia, air 
bersih dan lain lain.

Jamban merupakan salah 
satu pemutus mata 
rantai penularan 
penyakit dari tinja

Pengelolaan lingkungan adalah tanggung jawab masyarakat dan pemerintah. Salah 
satu bentuk bantuan pemerintah berupa rehabilitasi MCK yang telah rusak.

Begitu Om
Oh Yeh!
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INTRODUCTION OF PPP FOR SEWERAGE FACILITIES IN HANOI

Study‐A Interim Meeting, 23 June 2011

AGENDA

1. Status report‐TOR1 OJT with improvement of 

O&M manual

2. Status report‐TOR2 IOMS cases in Japan & 

Thai

Implementation framework for Integrated OM 
Service

3. Status report‐TOR3 Sewerage Tariff plan and 

sewerage O&M costs

JAPAN INTERNATIONAL COOPERATION AGENCY
(JICA)

Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)
Previous Meeting

Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Date Agenda Participants

Kick‐off M April 20 Purpose and Scope of Work
Study schedule

DOC, HAPI, 
DOF, HSDC

WGM no.1 April 21 Required Data & Information for Study
Selection of PPP model for Integrated O&M
Implementation plan of Interview survey

DOC, HAPI, 
DOF, HSDC

WGM no.2 May 26 Analysis of Interview survey result
Willingness to pay for Sewerage service
Average Household Income

DOC, HAPI, 
DOF, HSDC

Interim M June 23 Status report of TOR 1,2 & 3 DOC, HAPI, 
DOF, HSDC

WGM no.3 June 28 Project Cost Estimates
JC Business Plan
New Tariff Plan
Pre FS

DOC, HAPI, 
DOF, HSDC

Proposal in the Study
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Single Year Cost+ base O&M contract

to be converted to

Multi-year Performance base O&M contract 

Why? 

Because expecting the Saving Project Life-cycle costs

A) Conventional O&M ordering system is  the Cost plus contract in which the 
contractor is paid his cost plus a stated percentage of profit for achieving 
fixed scope of work.

B) IOMS is the Performance-based ordering system in which the contractor is 
paid his cost and create his profit in achieving performance benchmarks.

Key Factor & TOR
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

 TOR-1: Selection of capable contractor with
• experiential problem solving capacity
• holistic view of the asset management process with 

prolongation of equipment lifespan.

 TOR-2: Terms of reference clarifying 
• performance indicator & project delivery method
• liabilities of government & contractor 

 TOR-3 : Political support for 
• financially viable revenue stream
• fair allocation of profits and losses

5

TOR‐1
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

TOR‐1

Betterment of O&M in 3 WWTPs

OJT with upgrading O&M manual

6

Purpose

• Upgrading O&M manual with HSDC

• Upgrading O&M data management system 
with HSDC

Goal

• Upgrading HSDC’s O&M skills

TOR‐1:Purpose & Goal
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)
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7

• JICA team provided supplemental O&M 
manual that HSDC have checked.

• Exchange of opinions between HSDC and JICA 
team about up‐gradation of O&M manual and 
O&M data management system

• Exchange of opinions between HSDC and JICA 
team about treatment process testing

TOR‐1: Work done
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

8

• HSDC is using the O&M manuals authorized by 
HPC at taking-over the WWTP.

• HSDC is recording O&M data by simple data 
management system.

Current status

Alternative treatment process was scheduled in 3 
WWTPs however cancelled due to technical issues. 

TOR‐1: Findings
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

9

O&M manual will be supplement for existing one.

O&M manual

TOR‐1: Common
understanding

Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

O&M data management system
HSDC is using equipment resister.

O&M data management system is proposed to make up…
•Historical failure record
•Repair / restore record
•Water quality analysis record

10

TOR‐1: Common
understanding

Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

HSDC asks JICA team to add more information in O&M 
manual. 

•Further control parameters
•Contingency plan for unexpected case
•Definitions of technical term

HSDC’s expectation

11

• JICA team reviews existing O&M manual and data 
recording sheet.

• JICA team feeds back into the upgraded O&M 
manual and O&M data management system

• JICA team provides more information for O&M in 
the upgraded O&M manual

• HSDC checks particular water quality items for 
stabilization of effluent quality

TOR‐1: Actions in July
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

12

Existing O&M 
manual Supplemental 

O&M manual 
and O&M data 
management 

system

To upgrade the O&M manual and 
O&M data management system

+Existing O&M 
data 

management 
system

TOR‐1:Actions in August
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

JICA team asks HSDC will upgrade supplemental O&M 
manual and O&M data management system continuously
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TOR‐2
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

TOR‐2

Integrated O&M service (IOMS) 
applying Public Private Partnership 

IOMS cases in Japan & Thai
Proposed IOMS framework

TOR‐2: Japanese IOMS cases
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Contract Level Period Cost components

Conventional Single year Process cost (measurement base)

IOMS level‐1 Short term multi year Process + utility cost (Lump sum)

IOMS level‐2 Process + utility cost (Lump sum) + Small replacement

IOMS level‐3 Process + utility cost (Lump sum) + Medium replacement

IOMS full scale Long term multi year Process + utility cost (Lump sum) + Large replacement

Number of IOMS project in 2011

Level‐1 29 projects

Level‐2 201 projects

Level‐3 21 projects

Total 251 projects

Statistic, Contract Period (as of 2011)

1 year 32 projects

3 years 182 projects

4 years 14 projects

5 years 14 projects

Over 5 years 1 project

Total 243 projects

Plant 

feature

Capacity 576,000m3/day

Conventional activated sludge treatment

Sludge incinerator 150 ton/day

Treated Sewage Effluent (TSE) Tertiary Treatment 

Photovoltaic power generation (1828 KWh) 

Scope 

of work

1) O&M of sewage treatment, sludge treatment, 

TSE transmission

2) Environmental monitoring & protection

3) Ancillary facility maintenance

4) Replacement of equipment (less than JPY 

2,500,000 per item)

5) Procurement of consumables

Integrated O&M service

Hanamigawa WWTP 

no.2, Chiba, Japan, 

3-year contract

Project started in 2007

TOR‐2: Japanese IOMS cases
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Employer’s Requirements, Performance Indicator (PI)

Item Unit Legal limits Contract target

Effluent 
Standard

pH
Transparency
BOD
COD
SS
T‐N
T‐P
F.Coli

cm
mg/L
mg/L
mg/L
mg/L
mg/L
MPU/mL

5.8~8.6
‐

15
‐

40
30
4.0

<3000

5.8~8.6
>80
3
12
3
13
1.5

<500

incinerator 
Emission

NOx
SOx

ppm
ppm

250
‐

20
20

Odor H2S ppm ‐ 1.0

Energy 
saving

Year‐on‐year decrease 1%

Integrated O&M service, Hanamigawa WWTP no.2, Chiba, Japan

TOR‐2: Japanese IOMS cases
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Integrated O&M service, Hanamigawa WWTP no.2, Chiba, Japan

3‐year operation outcome (2007‐2009)

i.Total O&M costs decreased 14% .
ii.Electricity consumption had been saved 7%.
iii.Equipment malfunction and system failure decreased 12% (52 to 46 per year) 

Item 3‐year costs 
before project

3‐year costs 
during project

Improvements

Remuneration 231 138 ▼93 or ‐14%

Direct costs incl. Utilities 3,548 2,886 ▼662 or ‐19%

Small replacement (<JPY250K) 72 52 ▼20 or ‐28%

Large replacement (>JPY250K) 954 1,049 △95 or +10%

Others 114 118 △4 or +4%

total 4,919 4,243 ▼676 or ‐14%

Costs Comparison before & after project in 3 years, unit million JPY

TOR‐2: Japanese IOMS cases
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Plant 

feature

Capacity 134,000m3/day for sewage

Conventional activated sludge treatment

Relay Pumping S‐1  139m3/min(S) + 1971m3/min(R)

Relay Pumping S‐2  1745m3/min(R)

Sludge transmission pumping station

Scope 

of work

(1) O&M of Sewage treatment

(2) Environmental monitoring

(3) O&M of relay pumping stations

(4) Inspection and maintenance of plant utilities

(5) Procurement of consumables and utilities

(6) Equipment replacement (> JPY 1M)

(7) O&M of rooftop plaza, planting zone

Integrated O&M service

Amagasaki East 

WWTP, Hyogo, Japan

5-year contract

Project started in 2003

TOR‐2: Japanese IOMS cases
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)
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Integrated O&M service, Amagasaki East WWTP, Hyogo, Japan

0

200,000

400,000

600,000

800,000

1,000,000

1,200,000

2001 2003 2004 2007

JP
Y 

10
00

Government administartion
O&M of rooftop plaza & planting

Plant yard maintenace
Chemicals
Electricity

Water
Consumables
Small replacement

Large replacement
Sludge treatment outsourcing

2001 2003 2004 2007
Sludge treatment outsourcing 465.6 465.6 465.6 465.6
Large replacement 42.1 42.1 42.1 42.1
Government administration 132.4 70.1 70.1 70.1
IOMS fee 417.8 411.9 406.5 400.4
Total 1,057.9 989.7 984.2 978.1
Improvement 100% 94% 93% 92%

Costs Comparison before & after project, unit million JPY

TOR‐2: Japanese IOMS cases
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Item
Shiwa
(Iwate)

Hamakurosaki 

(Toyama)
Arakawa 
(Saitama)

Nagata 
(Shizuoka)

Takehara 
(Hiroshima)

Matsuyama 
(Ehime)

Period 3 year 3 year 3 year 3 year 3 year 3 year

Type Combined Separated Separated Separated Separated Combined

Contract level 2 2 2 2 1 2

Replacement 
Max

USD 10,000 Not available USD 5,000 USD 5,000 0 USD 5,000

Process C.A.S C.A.S O.D C.A.S S.A.S C.A.S

Design capacity 
(m3/d)

9,200 178,500 38,700 17,000 Not available 151,000

PI ‐ BOD 13 mg/L 5.6 mg/L Not available Not available 5 mg/L 4.3 mg/L

COD 8.9 mg/L Not available Not available 10 mg/L 7.2 mg/L

SS 20 mg/L 5.3 mg/L Not available Not available 5 mg/L 2 mg/L

T‐N None None Not available Not available 10 mg/L 13 mg/L

T‐P None None Not available Not available 1 mg/L 0.48 mg/L

Coliform G 80 MPU/mL 7 MPU/mL Not available Not available Nil Nil

TOR‐2: Japanese IOMS cases
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

TOR‐2: Thailand IOMS case
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Plant 

feature

Capacity 157,000m3/day in Nong Khaem WWTP

Vertical loop reactor activated sludge

Sludge transmission pumping station

Scope of 

work

(1) O&M of Sewage treatment

(2) O&M of Sludge treatment (dehydrate)

(3) Environmental monitoring

(4) Inspection and maintenance of plant utilities

(5) Procurement of consumables and utilities

P.I SS, BOD, COD, T‐N, T‐P, Coliform group, F.Coli & 

E.Coli

Payment Payment = Kfix + Kq(Q) + KB + Ksludge

where, fix = fixed rate, Q = inflow rate , B = storm 

water bypass flow and Sludge = sludge volume

Integrated O&M service

Nong Khaem WWTP , 

Bangkok, Thailand

5-year contract

Project started in 2003

TOR‐2: Integrated OM Service
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Circular 09/2009/TT‐
BXD ANNEX1

Hanoi Model
(This Study)

Compliance

Duration 5 to 10 years 3‐5  Years? To be Discussed

Scope

Drainage
Sewerage

Disposal of Sludge
Asset Management, etc

Yen So STP
Bay Mau STP
(Other STPs)
(Other PSs)

Complied

Contract Type
Lump‐Sum, 
or Unit price

Lump‐Sum Complied

Repair & 
Replacement 

cost
Partly included

Japanese Level 2 is 
recommended

Under Consideration

Regulating Body
Drainage/Sewerage

system owner
Not Appointed To be Discussed

TOR‐2: Regulation to be
Applied

Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

 Decision 71/2010/QD‐TTg: Pilot PPP Law is 
not applied in this case

 Article 1. This regulation provisionally provides the 
conditions, procedures, and principles applied for 
investment projects for infrastructure development … 
under the PPP model.

→ Article 1 is not applied for the IOMS because the work 
dose not include a infrastructure development. 

 Article 4: Areas of pilot investment under PPP
Road, Bridges, Railway, Airport, Seaports, Power Plant, 

Fresh Water Supply System, Waste Treatment Plant, etc. 
→Wastewater is not included.

TOR‐2: Regulation to be
Applied

Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

 Regulations to be applied are as below

・59/2005/QH11: Law on Investment

・60/2005/QH11: Law on Enterprises 

and other related decrees and circulars

 Joint Company’s Proportion of Capital 
Contribution

Vietnam: Japan = 50:50 (To be considered)

Vietnam: HPC

Japan: ORIX, and other skilled companies 
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TOR‐2: JC’s Legal Framework
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

• According to Law on Enterprise, possible legal 
framework 

Shareholding 
Company

Single member 
Limited Liability 

Company

Limited Liability 
Company with 2 or 
more Members

Investor’s 
Responsibility

Limited Limited Limited

Power of 
Operation

Board Meeting Company Owner
Members

(Capital Contributor)

Decision Making Shareholder Meeting Board meeting Board Meeting

Number of 
Membership

At least 1 At least 1 2 or more

• Generally in Vietnam, limited liability company with 
2 or more members is preferred. 

TOR‐2: Business Menu of JC
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

・Business Menu
A) O&M: 
 Utilization of HSDC’s 

Engineers and Staff at a 
maximum

B) Training: 
 Capacity building course 

for operators in Hanoi 
and other neighboring 
cities

 Establishment of Training 
facilities by ODA fund 
(Possibility)

C) Planning & Engineering: 
 Sending Japanese skilled 

engineers by ODA 
Technical Assistance

TOR‐2: Subsequent Work
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

1. “Scope of Work” and “Contract terms” of IOMS

2. Estimates of operator’s running costs & 
overheads

3. Project cash flow & Sensitivity Analysis

4. Feasibility Check

5. Road map to materialize IOMS

6. Draft MOU between HPC and Partners for 
establishment of Joint Company

TOR‐3
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

TOR‐3

New Tariff Plan
Financial Plan

Estimates of O&M costs
New Tariff Plan

Hanoi

TOR‐3: Survey Area
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)
TOR‐3:HH Survey‐Outline

Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Income  8,560,962 VND /month per HH in average

Expenditure 7,024,368VND/month per HH in average (82.1% of Income)

Outlines of Survey

Surveyed Area
7 Districts in Hanoi

Ba Dinh, Dong Da, Hai BaTrung, Hoang Mai, Thanh Tri, Tu Liem, 
Dong Anh

Sampled Number 105 Household (15HH from each district)

Method Interview by trained surveyors

Duration of Survey 6th to 9th May 2011

PURPOSE OF THE HOUSEHOLD SURVEY

• To grasp the citizen’s awareness of sewerage services
• To get the citizen’s willingness to pay for the sewerage services
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HH Expenditure for Housing, Electricity, Water, and Sanitation
Average Expenditure for Sanitation: 8,600 VND/month

TOR‐3:HH Survey‐Current Fee
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Housing
46.490%

Electricity
39.254%

Water
12.1%

Sanitation
2.1%

Food
5.696%

Foodstuff
27.255%

Fuel
7.737%

Outdoor meals
7.1%

Drinking & 
smoking
5.1%

Garment, hat, 
shoes, & sandals

3.9%

Housing
4.684%

Eectricity
3.955%

Water
1.222%

Sanitatiion
.214%

Furniture
1.3%

Health 
care
3.6%

Travel, 
communication

5.3% Education
14.562%

Culture, sport, 
recreation

2.2%

Others
6.299%

10.1%

Willingness to Pay for Sewerage Tariff by Income Level 

TOR‐3:HH Survey‐WTP
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Upper (11%) : > VND 4M person/mon VND 11.9M in Ave. 
Middle (34%) :    VND 2M-4M person/mon VND 9.3M in Ave. 
Low (40%) :    VND 1M-2M person/mon VND 6.2M in Ave. 
Almost Poor (10%) :    VND 0.75M-1M person/mon VND 4.1M in Ave. 
Poor (5%) :      VND 0.55M-0.75M person/mon VND 2.8M in Ave.

14.519%

18.034%

24.276% 25.124%

18.905%

Poor Almost poor Low Middle Upper

%of Water Expenditure

19,592VND

20,229VND
6,667 VND

15,900 VND

21,600 VND

TOR‐3:HH Survey‐WTP
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

1. Average monthly household income in survey area is 

VND 8,561,000 / month.

2. Average monthly household income of whole Hanoi 

(estimated based on GSO) is VND 7,641,100 / month 

(89.3 % of the survey).

3. Willingness to Pay (WTP) in survey area is VND 

21,210/month. 

4. WTP / Income is 0.25%.

5. Average Water Charge is VND 85,000/month.

6. (WTP : Ave. Water Charge) is (1 : 4).

TOR-3:CI Survey-Outline Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

9%
Processing

14%

Industrial
Production

17%

Commercial3%

Others
11%

Hotels and
Restaurants

46%

Manufacturing
81-500
staffs

5CIs
6CIs

4CIs

16CIs

4CIs51-80
staffs

31-50
staffs

16-30 staffs

8-15
staffs

Survey Area 7 Districts including Ba Dinh, Dong Da, Hai Ba Trung, Hoang Mai, 
Thanh Tri, TuLiem, Dong Anh

Interviewed CIs 35 CI, Every 5 CIs per district

Sampling Interviewed ICs selected by District People’s Committees

Duration from May 5th to May 13th 2011

TOR-3:CI Survey-Water Charge Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Average of Monthly Water Charge per entityMillion
VND

0.78 3.24 2.12 0.80 3.61 1.37 2.66

TOR-3:CI Survey Result Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Willingness to pay

CI’s Willingness-to-Pay (WTP) is 0.13% per month sales 
that is equivalent to monthly VND 2.8 million per  
entity.

Recommendations

a. Awareness of the sewerage benefit is low in interviewed 
CI, hence further promotion is required.

b. It shall be noted that WTP of CI per entity (VND 2.8M) is 
132 times of WTP per HH (VND 21K). CI customer shall 
be reserved for Cross-Subsidy Financial Source. 
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TOR-3:OM & Replacement Costs
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Inflow O&M Cost O&M + Replacement Cost

WWTP m3/day mil VND/year VND/m3 mil VND/year VND/m3

1 Truc Bach WWTP 2,300 3.672 (HSDC)
4,294 (JICA)

4,374 (HSDC)
5,057 (JICA)

6,435 (JICA) 7,052 (JICA)

2 Kim Lien WWTP 3,700 4,798 (HSDC)
5,465 (JICA)

3,552 (HSDC)
4,047 (JICA)

8,047 (JICA) 5,959 (JICA)

3 Bay Mau WWTP 14,000 18,485 (JICA) 3,617 (JICA) 28,372 (JICA) 5,552 (JICA)

4 Yen So WWTP 200,000 140,674 (JICA) 1,927 (JICA) 219,771 (JICA) 3,011 (JICA)

5 Yen Xa WWTP 270,000 167,634 (JICA) 1,701 (JICA) 246,731 (JICA) 2,504 (JICA)

6 Phu Do WWTP 84,000 70,789 (JICA) 2,309 (JICA) 90,563 (JICA) 2,954 (JICA)

7 North Thang Long 6,000 ?? 7,231 (HSDC)
9,800 (JICA)

3,301 (HSDC)
5,962 (JICA)

35,676 (JICA) 2,327 (JICA)

Note: North Thang Long Data is only reference because Inflow rate is not confirmed.

TOR-3:OM & Replacement Costs
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Note: This graphic is based on JICA team’s O&M cost estimates.
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TOR-3:OM & Replacement Costs
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Image of Income and Cost of Sewerage Operation

TOR-3:OM and Replacement 
Costs

Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Sewerage tariff 
and EPF per 

Household Income

Revenue per O&M 
+ Replacement 

Costs

Case 1 (Current, EPF) 0.080%
(6,143 VND/HH/m) 0%

Case2 (Willingness to Pay) 0.278%
(21,347 VND/HH/m) 26%

Case3 (Full recovery of O&M costs) 0.857%
(65,807 VND/HH/m) 100%

Case4 (Legal Max) 3.000%
(230,363 VND/HH/m) 381%

Set-A: 5 WWTPs in service 
(Kim Lien, Truc Bach, North Thang Long, Bay Mau, Yen So)

Note: All collected EPF from households is taken into consideration in this analysis.  

TOR-3:OM and Replacement 
Costs

Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Set-B: 7 WWTPs in service 
(Kim Lien, Truc Bach, , North Thang Long Bay Mau, Yen So, 

Yen Xa, Phu Do)
Sewerage tariff 
and EPF per 

Household Income

Revenue per O&M 
+ Replacement 

Costs

Case 1 (Current, per EPF) 0.080%
(6,143 VND/HH/m) 0%

Case2 (Willingness to Pay) 0.278%
(21,347 VND/HH/m) 26%

Case3 (Full recovery of O&M costs) 0.847%
(65,039 VND/HH/m) 100%

Case4 (Legal Max) 3.000%
(230,363 VND/HH/m) 385%

Case5 (Full recovery of WWTP 
Investment)

1.284%
(98,595 VND/HH/m) 158%

Subsequent Works
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

1. Determination of Affordable Tariff per Household Income

2. Operation Cash Flow

3. Check Financial Gap in Full Cost Recovery, Affordability, 
and Willingness

4. Proposal for Cross Subsidy Plan
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JAPAN INTERNATIONAL COOPERATION AGENCY
(JICA)

Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Thank You For Attention

JICA Study Team ‐ A
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INTRODUCTION OF PPP FOR SEWERAGE FACILITIES IN HANOI

Study‐A Working Group Meeting #4
12 August 2011

AGENDA

JAPAN INTERNATIONAL COOPERATION AGENCY
(JICA)

Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

TOR‐3
Tariff & 
Financial Plan

1. Determination of Affordable Tariff per Household Income
2. Operation Cash Flow
3. Check Financial Gap in Full Cost Recovery
4. Proposal for Cross Subsidy Plan

TOR‐2
IOMS

1. IOMS “Contract terms” and “Scope of work” 
2. Running costs & overheads
3. Sensitivity factors for project cash flow
4. Pay item for feasibility check
5. Road map to materialize IOMS
6. Draft MOU for establishment of Joint Company

Previous Meeting
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Date Agenda Participants

Kick‐off M April 20 Purpose and Scope of Work
Study schedule

DOC, HAPI, 
DOF, HSDC

WGM no.1 April 21 Required Data & Information for Study
Selection of PPP model for Integrated O&M
Implementation plan of Interview survey

DOC, HAPI, 
DOF, HSDC

WGM no.2 May 26 Analysis of Interview survey result
Willingness to pay for Sewerage service
Average Household Income

DOC, HAPI, 
DOF, HSDC

Interim M June 23 Status report of TOR 1,2 & 3 DOC, HAPI, 
DOF, HSDC

WGM no.3 June 28 Project Cost Estimates
New Tariff Plan

DOC, HAPI, 
DOF, HSDC

WGM no.4 August 
12

IOMS Road Map
Tariff Case Study & Cash Flow Simulation

DOC, HAPI, 
DOF, HSDC

Wrap‐up 
Meeting

August 
30

Study Results
Conclusion

DOC, HAPI, 
DOF, HSDC

Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

TOR‐3

New Tariff Plan
Financial Plan

Determination of Affordable Tariff per Household Income
Operation Cash Flow

Check Financial Gap in Full Cost Recovery
Proposal for Cross Subsidy Plan

TOR-3: OM + Replacement Cost
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

O&M Cost

Total Capacity
(m3/day)

Annual O&M 
Cost

(mil. VND/year)

O&M Cost per 
Capacity
(VND/m3)

Existing 
3WWTPs

48,200 17,544 997

Existing 
3WWTPs
+Yen So

248,200

190,891
(147,544 based on 
existing 3 WWTPs 

and GAMUDA)

2,107
(1,629)

Existing 
3WWTPs

+Yen So, Yen 
Xa, Bay Mau

532,200

445,739
(402,392 based on 
existing 3 WWTPs 

and GAMUDA)

2,295
(2,071)

Note: without replacement costs

TOR-3: OM + Replacement Cost
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

O&M + Replacement Cost (2012-2026)

↑Yen So Starts ↑Yen Xa and Bay Mau Starts

↑Phu Do Starts

Total Cost (2012-2026):
VND 7,248 billion

(VND 6,598 billon with GAMUDA Cost)

TOR-3:Tariff Level Analysis Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

4 WWTPs in service 
(Kim Lien, Truc Bach, North Thang Long, Yen So)

Sewerage Tariff plus 
EPF per Household 

Income

Financial Gap 
(mil. VND/year)

A : Current, EPF
0.08%

(VND 6,461/HH/m)

A-C= -173, 347

A-D= -252, 444

B: Acceptable Tariff based on 

Willingness to Pay
0.28%

(VND 21,212/HH/m)

B-C= -117,842

B-D= -196,983

C: Tariff for Full O&M Cost 

Recovery
0.69%

(VND 52,532/HH/m)
C-D= -79,091

D: Tariff for Full O&M and 

Replacement Cost Recovery
0.96%

(VND 73,551/HH/m)
Note: Include collection fee 
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TOR-3:Tariff Level Analysis Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

7 WWTPs in service 
(Kim Lien, Truc Bach, North Thang Long, Bay Mau, 
Yen So, Yen Xa, Phu Do)

Sewerage tariff plus 
EPF per Household 

Income

Financial Gap 
(mil. VND/year)

A : Current, EPF
0.08%

(VND 6,461/HH/m)

A-C= -512,273

A-D= -702,222

B: Acceptable Tariff based on 

Willingness to Pay
0.28%

(VND 21,212/HH/m)

B-C= -369,454

B-D= -559,403

C: Tariff for Full O&M Cost 

Recovery
0.78%

(VND 59,372/HH/m)
C-D= -189,951

D: Tariff for Full O&M and 

Replacement Cost Recovery
1.03%

(VND 78,991/HH/m)

Note: Include collection fee 

TOR-3: Tariff Issue 
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Yen So WWTP Operation Case

• O&M + Replacement Cost: VND 252 bil.

• Income from tariff at Willingness to Pay Level: VND 56 bil.

• It is political issue whether sewerage tariff starts at full cost 

recovery level or at willingness to pay level.

7 WWTPs Operation Case

• O&M + Replacement Cost: VND 702 bil.

• Income from tariff at Willingness to Pay Level: VND 143 bil.

TOR-3: Cash Flow Analysis
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Case Study for Sewage Tariff Introduction in Hanoi

Premise
a.Tariff collection will be started in 2014

b.Tariff will be started at Willingness to Pay level.

c.Tariff will catch up the full cost recovery level within 10 years

Parameter

Duration of Tariff Raising-up

Tariff Option 1: every 3 years

Tariff Option 2: every 5 years

TOR-3: Cash Flow Analysis
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Tariff Option 1:Tariff is raised every 3 years

Total Amount (13 years, 2012-2024): -822 billion VND

TOR-3: Cash Flow Analysis
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Tariff Option 2:Tariff is raised every 5 years

Total Amount (13 years, 2012-2024): -1,637 billion VND

TOR-3: Weighting of Tariff Category
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Unit Rate of Water Supply in Hanoi as of 2010

Water Supply Tariff Income Share in Hanoi as of 2010

Category Weighting
Domestic 1.00
Manufactures 1.71 
Administrative offices, and Implementation organization 1.40 
Service business purposes 2.94 
Public purposes 1.15 

Category Share
Domestic 60%
Manufactures 6% 
Administrative offices, and Implementation organization 10% 
Service business purposes 24%
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TOR-3: Conclusion
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

1. Hanoi needs the sewerage tariff to cover increasing O&M 

cost of sewerage facilities due to construction of new 

WWTPs.

2. As the result of willingness to pay survey does not meet 

O&M cost, it is required to make up the budgetary shortage 

somehow.  (i.e. governmental subsidy)

3. In order to accommodate the operation of Yen So WWTP, 

preparation of tariff introduction should be conducted in 

2012 and 2013.

TOR-3: Conclusion
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

4. Considering current social opinion, it is recommended that 

the tariff starts from willingness to pay level, and then 

catches up full O&M cost recovery level within 10 years. 

5. Government shall support the O&M cost for Yen So WWTP 

with amount of VND 120 bil. per year in the early stage.

6. Large scale equipment replacement (relating to equipment 

life time) shall be discussed.

7. Weak point of this scenario is that the tariff level is not 

enough for Yen Xa operation when it will start.

TOR‐2
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

TOR‐2
Integrated Operation & 
Maintenance Service

(IOMS)
1. IOMS “Contract terms” and “Scope of work” 

2. Running costs & overheads

3. Sensitivity factors for project cash flow

4. Pay item for feasibility check

5. Road map to materialize IOMS

6. Draft MOU for establishment of Joint Company

TOR-2: Objective of IOMS
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Please remember the reasons why we suggest 

IOMS (multi‐year performance‐base contract) those are;

1.To reduce the life cycle O&M costs, and

2.To level up the O&M skills taking certain 

level of the risks.

TOR-2: IOMS Contract Terms
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Key Clause Description

Project Owner & 
Contractor

Owner: HPC

Contractor: Joint Company

Contractor’s 
Obligation

The Contractor shall provide the IOMS  stipulated by the IOMS 
contract.  (refer to the next slide)

Payment • The owner shall confirm a conformity of the contractor’s 
performance in collation with the performance indicators.

• Unconformable work of the contractor will cause the 
reduction of the payment to the contractor.

Contractor’s 
possession of site 
and duty to 
reserve function

• The owner shall grant the right to use the sewerage facility to 
the contractor for the purpose of contractor’s obligation. 

• The contractor shall reserve the function of facility and 
compensate the damage or losses caused by the contractor.

TOR-2: IOMS Scope of Work
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

General a. Staff management and Material Control for O&M

b. Reporting of results of O&M work to the regulator

c. Customer technical service

Technical a. O&M in wastewater treatment and sludge treatment/disposal in 
compliance with Performance Indicator (PI)

b. Repair work of facilities

c. Small scale replacement of equipment (refer to Japanese case)

d. Technical transfer through O&M PDCA cycle

Option a. Promotion of sewerage service

b. Engineering service to other cities

c. Staff Training to other cities 
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TOR-2: O&M Cost for 15 years (Yen So, 
Bay Mau, Yen Xa, Phu Do)

Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

2012: Yen So, 2017: Bay Mau, Yen So, 2018: Phu Do

4WWTPs

6WWTPs

7WWTPs

TOR-2: Hanoi’s O&M cost for 15 years
(Yen So, Bay Mau, Yen Xa, Phu Do)

Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

15-year Average Proportion Possibility of Cost Reduction

Utilities

Chemicals

Repairs

According to Japan’s 
experienced rule, 
approximately 10% of the 
O&M cost might be reduced 
by introducing IOMS.  

TOR-2: Sensitivity factors for project 
cash flow 1

Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

 Price Escalation Risk

Issues 

Price escalation impacts on Utilities, 
Chemicals, Repairs, Overhead, Labor 
Cost.

10% price escalation causes 8‐9% of 
O&M cost increase.

O&M cost in the contract is used to be 
a lump‐sum.

Rescues

Price adjustment clause against 
unprojected price escalation is 
needed to stipulate in the IOMS 
contract.

The IOMS contract period shall be 
set at the period within a 
predictable range of price escalation.

TOR-2: Sensitivity factors for project 
cash flow 2

Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Tariff Collecting Risk

Issues

Non‐revenue sewage would be 
occurred 

1) due to the lack of  user’s appreciation 
for sewerage .

2) due to the additional burden of 
households’ economy.

It is difficult for contactor to directly 
request households to pay for non‐
revenue sewage.

Rescues

Contractor will not be incurred 
financial loss due to non‐revenue 
sewage risk. 
One water bill for water supply and 
sewerage is recommendable

TOR-2: Pay Item for feasibility check
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Services fees payable by the Owner to the Contractor shall be calculated 
according to the following formula:

Services fees= Variable Expenses(A) + Fixed Expenses(B)

Detail of the simulation will be presented in the Wrap‐Up meeting.

(A) 
Variable Expenses

= Basic unit x Volume of treated water
(Electricity and chemical consumptions relating to 
treatment process are the majority of variable 
expenses.) 

(B)
Fixed Expenses

= Costs other than A

TOR-2: Road map to materialize IOMS
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Events HPC’s Actions IOMS

2012 Yen So 
in service

2012‐
2014

Setup of tariff system Establishing JC

2014 Collection of sewerage tariff Implementing IOMS at 
Yen So

2015‐
2016

Preparatory period of rising 
tariff (tariff option 1)

2017 Bay Mau & Yen 
Xa in service

Rising Up tariff  (tariff option 1) Implementing IOMS at 
Bay Mau & Yen Xa

2018 Phu Do in service Implementing IOMS at 
Phu Do

2017‐
2018

Preparatory period of rising 
tariff (tariff option 2)

2019 Rising Up tariff  (tariff option 2)
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TOR-2: Draft MOU between HPC and 
Partners for Joint Company

Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Whereas:

HPC and JSC has been interest in establishing a joint venture 

company (JC) with HPC for the IOMS of sewerage facilities in 

Hanoi, based on their investment experiences to the 

infrastructure business. Both parties hereby confirm mutual 

understandings to commence further preparation for the 

actions listed below. 

1. JSC desires to establish the JC with HPC for IOMS in the 

Yen So WWTP, Bai Mau WWTP and new sewerage 

facilities to be constructed in future.

2. The JC will operates the planning, engineering, 

construction management, operation and 

maintenance, operator’s skill‐up coaching and any 

other type of business related to sewerage.

3. JSC’s share ratio in the JC with HPC will be determined 

later during the course of the establishment of the JC.

4. Both parties agree that the JC will be a licensed user of 

Bay Mau WWTP and Yen So WWTP.

5. HPC and JSC will assign members of the Coordination 

Committee to establish the JC.

It is further understood by the parties hereto that

a. JSC shall have the right to access and review all 

documents for the purpose of establishment of the JC.

b. Both party shall treat this M.O.U strictly confidential. 

Either party shall not disclose any information 

contained in this M.O.U to any third party without prior 

written consent of the other party.

The term of this M.O.U shall remain valid for an initial period 

of two (2) years starting from the date first set above, unless 

earlier terminated pursuant hereto or modified.

Thank you very much 
for your attention!
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INTRODUCTION OF PPP FOR SEWERAGE FACILITIES IN HANOI

Study‐A WRAP‐UP MEETING
30 August 2011

AGENDA

JAPAN INTERNATIONAL COOPERATION AGENCY
(JICA)

Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

TOR‐1
Improvement 
of O&M

Betterment of O&M in 3 WWTPs

OJT by interactive approach with HSDC and JICA team

TOR‐3
Tariff & 
Financial Plan

New Tariff Plan & Financial Plan
a. Comparison of Cost & Revenue
b. Tariff System
c. Financial Gap

TOR‐2
IOMS

1. Introduction of IOMS
2. Implementation of IOMS

Previous Meeting
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Date Agenda Participants

Kick‐off M April 20 Purpose and Scope of Work
Study schedule

DOC, HAPI, 
DOF, HSDC

WGM no.1 April 21 Required Data & Information for Study
Selection of PPP model for Integrated O&M
Implementation plan of Interview survey

DOC, HAPI, 
DOF, HSDC

WGM no.2 May 26 Analysis of Interview survey result
Willingness to pay for Sewerage service
Average Household Income

DOC, HAPI, 
DOF, HSDC

Interim M June 23 Status report of TOR 1,2 & 3 DOC, HAPI, 
DOF, HSDC

WGM no.3 June 28 Project Cost Estimates
New Tariff Plan

DOC, HAPI, 
DOF, HSDC

WGM no.4 August 
12

IOMS Road Map
Tariff Case Study & Cash Flow Simulation

DOC, HAPI, 
DOF, HSDC

Wrap‐up 
Meeting

August 
30

Study Results
Conclusion

DOC, HAPI, 
DOF, HSDC

Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

TOR‐1

Betterment of O&M in 3 WWTPs

OJT by interactive approach with 
HSDC and JICA team

TOR‐1 Goal & Approach
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Goal

• Upgrading HSDC’s O&M skills

Approach

• Interactive approach in Upgrading O&M manual and 
Upgrading O&M database system at the sites

• On‐The‐Job Training

TOR‐1 Upgrading O&M Manual
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Original O&M manual

• HSDC is using the O&M manuals authorized by HPC at taking‐over the 3WWTPs.

• HSDC’s O&M work shall be comply with the original O&M manual because it was 
authorized by HPC.

• HSDC asked JICA team to add the information of (a) more control parameters for 
the operation, (b) Contingency plan for unexpected case and (c) Definitions of 
technical term in O&M manual. 

Work done
• JICA team submitted the supplemental O&M manual covering of (a) more control 

parameters for the operation, (b) Contingency plan for unexpected case and (c) 
Definitions of technical term.

TOR‐1 Upgrading O&M Manual
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Original 1.  Explanation of Wastewater Treatment Plant
Original 2.  Equipment List
Original 3.  Operation and Maintenance

3.1  Operation Method
• Grit chamber facility
• Lift pump facility
• Wastewater treatment facility
• Disinfection facility
• Water supply facility
• Sludge treatment facility
• Deodorization facility
• General room facility

Supplemental 3.1.S  Operation Method ‐ Supplemental
• Introduction
• Control parameters
• Frequency of water analysis

Supplemental 3.1.S  Safety, Health, Contingency Plan ‐ Supplemental
• Measures for safety and health
• Contingency plan
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TOR‐1 Upgrading O&M Manual
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Original 3.2    Maintenance
• Grit chamber facility
• Lift pump facility
• Wastewater treatment facility
• Disinfection facility
• Water supply facility
• Sludge treatment facility
• Deodorization facility
• General room facility

Original 3.3   Maintenance for non‐operation period
1. Grit chamber facility
2. Lift pump facility
3. Wastewater treatment facility
4. Disinfection facility
5. Water supply facility
6. Sludge treatment facility
7. Deodorization facility
8. General room facility

Supplemental 3.4   Supplemental Manual ‐ Electric & Instrumentation 
Equipment Inspection / Maintenance
1. Introduction
2. Cautions
3. Monthly Inspection Items
4. Annual Inspection Items
5. Device List

TOR‐1 Upgrading O&M Manual
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Original 4. Trouble Shooting and Fault Finding
• Process
• Control panel

Original 5.   Reference Documents
• Design calculation
• Calculation of capacities
• Motor and control list

Supplemental 5.S Definitions of Technical terms
• Introduction
• Operation
• Electric equipment
• Instrumentation equipment

TOR‐1 Upgrading O&M Manual
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Evaluation of Monitoring Data currently recorded by HSDC

Place
Control 

parameter
unit

Allowable Range

Countermeasures
Kim Lien

Truc 
Bach

North 
Thang 
Long

Reactor

DO mg/L 2.5‐3.5 2.5‐3.5 2.0‐3.0
Control aeration rate
Maintenance of blower and 
diffuser

MLSS mg/L
2000‐
3000

1500‐
2000

2000‐
3000

Control excess sludge 
volume

Anaerobic 
tank ORP

mV < ‐50 < ‐150 < ‐50
Control return sludge ratio
Control aeration rate

Anoxic tank 
ORP

mV < ‐50 < ‐150
Control recirculation ratio
Control aeration rate

Aerobic 
tank ORP

mV > 100 > 50 > 50 Control aeration rate

TOR‐1 Upgrading O&M Manual
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Evaluation of Monitoring Data to be recorded additionally by HSDC

Equipment
Control 

parameter
unit

Target 
minimum  

Target 
maximum

Countermeasures

Influent pH － 6.5 8.0
(abnormal influent flow)
Check waste water quality

Reactor pH － 6.0 7.4 Control aeration rate

Final settling 
tank

Sludge‐liquid 
interface

m ‐‐‐ 0.5 Control excess sludge volume

Dehydrator Water content % ‐‐‐
85 (TB)
83 (KL)
82 (NTL)

Control sludge volume of 
supply
Control sludge conc. of supply
Control polymer injection rate
Control FeCl3 injection rate
Maintenance of dehydrator

TOR‐1 Upgrading O&M Manual
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Problem‐solving: Total phosphorus value of effluent increase

Condition

More than
‐50mv ORP

• DO interfusion by
rainfall

• Increase coagulant (FeCl3) injection rate 
(Be careful of excess injection)

• DO interfusion by return 
sludge

・Reduce return sludge ratio
・Reduce aeration rate

Under ‐50mv ORP

• BOD/P ratio of influent 
to the reactor is under 
20.

・Bypass Primary settling tank
・Supply methanol etc. to increase BOD  

• Shortage of coagulant 
dosage

• Increase coagulant (FeCl3) injection rate 
(Be careful of excess injection)

TOR‐1 Upgrading O&M Manual
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Problem‐solving: Floating sludge from bottom of final settling tank

Problem‐solving: Abnormal activated sludge

Condition Occasions Countermeasures

Bubbling surface of brown 
colored sludge

• NO3‐N is denitrified 
in bottom of FST

・Reduce the aeration rate 
・Reduce the sludge retention time with high 

return sludge volume.

Surfacing of gray–black 
colored sludge

• Sludge retention 
occurs for long time.

・Increase the return sludge ratio
・Increase the excess sludge volume 
・Cleaning of FST

Condition Occasions Countermeasures

Black colored sludge
(Accumulation of sulfide)

・Factory wastewater

(Industrial wastewater)
・Over‐retention of Sludge

• Governmental instruction

Many filamentous 
microorganism occur

• Deposition of sludge in a pipe (It is 
easy to increase the filamentous 
microorganism.)

• Removal of deposition of 
sludge in a pipe
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Present recording items (on daily bases)
a.Operation data,
b.Maintenance log, and 
c.Water quality data.

Proposed additional recording items
d.Building and structural information,
e.Material and parts information, and
f.Technical document list (including design, drawings, manuals, 
instructions, warranties and correspondences) 

JICA team proposes to consolidate the above data records 
and utilize for proactive trouble shooting and betterment of 
O&M work.

O&M database 
System

TOR‐1:O&M database system
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

14

Advantage of O&M database system

• Evaluation of condition of the system 
and equipment  

• Know about sign of trouble from trend 
of monitoring data and take 
countermeasure.

• Optimize monitoring program

• Scheduling the replacement  of 
equipment based on fault data and 
repair record.

• Review of specification of equipment.

TOR‐1: O&M database system
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO,  YOKOHAMA Water (YW)

Maintenance

• Evaluation of settings of treatment 
process

• Cause analysis of unacceptable 
treated quality for determination of 
countermeasure

• Know about influent by weather and 
temperature to the treatment process

• Know about the relationship between 
setting of treatment process and 
quality of treated water

• Check and optimize the control 
parameters of treatment process

Operation

15

Installation Procedure

Step Procedure Status

1 Paper-based recording

• Method presently used.

• JICA study is proposing 
improvement of the present  
method with new formats 
(refer to next sheets)

2
Upgrading the paper-based 
recording with computerized 
recording as data-base.

• Mid-term Goal

• JICA study will provide the 
concept for step-2 in the 
report.

3
Applying internet-base data 
recording system aiming at the 
centralized control for plural 
facilities.

• Final Goal

• JICA study will provide the 
concept for step-2 in the 
report.

TOR‐1:O&M database system
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

16

Get Started by collecting O&M data

Sheet Name Item List

Equipment installation location, year, manufacturer, builder, expected lifetime, 
specification

Construction Construction year, name, description, equipment, location, 
contract date, completion date, contractor

Book Year, title, contractor, description, equipment, storage location, 
electronic file name

Stock List Item name, category, equipment, manufacturer, specification, 
location

Operation Weather, temperature, flow rate, sludge volume, operating hours 
of machine, water quality

Maintenance voltage, current value, insulation resistance, repair year, overview 
of repair, contractor

TOR‐1:O&M database system
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

17

Example of Data Entry Sheet

TOR‐1:O&M database system
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Equipment List
Equipment 
name

Facility name Classification Style
Installed
year

Contractor

Stock List
Item 
Name

Specification Storage  Unit
Present

stock quantity
Minimum

stock quantity

Operation data
Day Wea‐

ther
Rain 
mm

Inflow rate  Raw Sewage

IPS 
m3/d

PSD 
m3/d

Temp 
deg‐C

Appea
rance

pH SS 
mg/L

COD 
mg/L

BOD 
mg/L

T‐N 
mg/L

T‐P 
mg/L

1 Su

2 Mo 1818

TOR‐1: PDCA Cycle
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

PDCA
Cycle

PLAN
Operation plan based on  

O&M manual and database 
system

DO
Operation of the system 

based on O&M manual and 
database system 

CHECK
Monitoring function and 
efficiency of the operation

ACTION
Improvement of O&M 

manual and data entry form 

IMPORTANT
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Check: Low efficiency of dehydration due to High loading in FST 
Action: Divert FST sludge to PST for concentration 

TOR‐1: Example of PDCA 
Cycle in Van Tri WWTP

Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

PST
Primary 

settling tank

FST
Final settling 

Tank

dehydrator

Sludge 
Concentration 

Reactor 

Plan: Revision of O&M manual  
Do: Change process flow based on revised O&M manual

Old flow 

New flow 

Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

TOR‐3

New Tariff Plan
Financial Plan

Comparison of Cost & Revenue
Tariff System
Financial Gap

TOR-3: Comparison of Cost  and 
Revenue

Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

 Major Items of Direct Cost (% in Yen So)
Utilities 41.8%
Chemicals 20.9%
Repairs 14.1%
Sludge Disposal Cost 12.7%
Labor Cost 5.4%

O&M Cost Projection –Direct Cost 
Yen So Bay Mau Yen Xa Phu Do

Labor Cost 7,776  4,080  7,776  6,240 
Utilities 59,674  6,967  80,020  30,026 
Chemicals 29,927  2,106  40,422  12,596 
Legal Inspection Cost 240  240  105  240 
Sludge Disposal Cost 18,135  1,269  24,482  7,616 
Repairs 20,075  932  31,991  12,180 
Small‐scale Replacement 4,189  4,189  4,189  4,189 
Cleaning and yard maintenance 178  178  178  178 
Site Establishment 2,094  2,094  2,094  2,094 
Insurance 569  88  765  301 
Total 142,858  22,143  192,022  75,660 

(M VND/year)

TOR-3: Comparison of Cost  and 
Revenue

Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

O&M Cost Projection - Total 
• O&M Cost consists of “Direct Cost”, “ Provisional Sum for Contingency” and  

“Overhead”.

Note : All amounts are average in 15 years.

WWTP
Direct Cost (DC)
(M VND/year)

Provisional 
Sum for 

Contingency 
(M VND/year,
5% of DC)

Overhead
(M VND/year, 
6.5% of DC)

Total
(M VND/year)

Yen So 142,858 7,143 9,286 159,286

Bay Mau 22,143 1,107 1,439 24,690

Yen Xa 192,022 9,601 12,481 214,105

Phu Do 75,660 3,783 4,918 84,361

TOR-3: Comparison of Cost  and 
Revenue

Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

O&M Cost of WWTPs (2012-2026)

↑Yen So Starts ↑Yen Xa and Bay Mau Starts

↑Phu Do Starts

Total Cost (2012-2026): VND 5,759 billion

TOR-3: Comparison of Cost  and 
Revenue

Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Estimation of Average Household Income in Hanoi

(Monthly Income per Capita in 2008)
X (Average Number of Household)
X (Price Index Labor 2010 /Price Index Labor 2008)
= Average Household Income 2010= VND 7.64 

M/HH/month 
where

 Monthly Income per Capita (Source: Household Living Standards 2008)
Hanoi (Old Hanoi, 2008): VND 1,719.6 thousand
Ha Tay (New Hanoi, 2008): VND 876.4 thousand

 Average Number of Household (Source: Hanoi Statistical Year Book 2009)

3.92 person/HH

 Price Escalation 

1.443 (=Price Index Labor 2010 /Price Index Labor 2008)
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TOR-3: Comparison of Cost  and 
Revenue

Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Interview Survey
• In order to find the willingness to pay, JICA Team carried out the interview 

survey in 7 districts concerned to sewerage service in May, 2011.

• Sample number is 105 for domestic and 35 for commercial and industry 

organization.

[Questions in the interview survey]

Profile of respondents

Awareness of Sewerage

Household monthly expenditure

Willingness to pay for the sewerage

Comfortable payment for sewerage

Please see Handout for reference of TOR and questionnaire sheet of 

interview survey

TOR-3: Comparison of Cost  and 
Revenue

Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Comparison of Statistical Household Income and Surveyed 

Household Income
Statistical Household Income for whole Hanoi 

= VND7.64 M/HH/month 

District Average HH Income (M VND/month)
Ba Dinh 14.10 
Dong Da 7.67 
Hai Ba Trung 10.33
Hoang Mai 9.40
Thanh Tri 7.63 
Tu Liem 5.97 
Dong Anh 4.83

Total 8.56 

Surveyed Household Income in 7 Districts

TOR-3: Comparison of Cost  and 
Revenue

Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

[ Income Category] (Average Monthly HH Income)
Upper (11%) : > VND 4M person/month VND 11.9M in Ave. 
Middle (34%) :    VND 2M-4M person/month VND   9.3M in Ave. 
Low (40%) :    VND 1M-2M person/month VND   6.2M in Ave. 
Almost Poor (10%) :    VND 0.75M-1M person/month VND   4.1M in Ave. 
Poor (  5%) :    VND 0.55M-0.75M person/month VND   2.8M in Ave.

Willingness to Pay for Sewerage
Total answer: 105, (Positive to Pay: 99, Negative to Pay: 6)

(% of Total Income by 
Income Category)

Average: 
VND 21,212/HH/month
(among positive answers)

(VND/HH)

TOR-3: Comparison of Cost  and 
Revenue

Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Water Consumption and Rate in 2010
(Source: HAWACO and VIWACO)

Category Number of 
Connection

Unit Price 
(VND/m3) Consumption (m3) Annual Turnover                 

(M VND)

Water 
Rate :F/D
(VND/m3)

A B C D E F G H

Households 488,106 4,000-
9,400 106,548,468 75% 472,694 60% 4,436

Commercial 
organizations

6,947

12,000 15,658,277

25%

187,899

40% 8,769
Industrial and 
manufacturing 
organizations

7,000 6,775,231 49,729

Administrative 
organizations 5,700 13,329,814 75,980

TOR-3: Comparison of Cost  and 
Revenue

Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

OM COST

REQUIRED 
BUDGET FOR 

OM=
REVENUE

INFLOW

÷

= COST per INFLOW
Full OM cost 
recovery tariff

Willingness to 
Pay for 

Sewerage

TOR-3: Comparison of Cost  and 
Revenue

Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Treatment Plants & Service Area

WWTP Capacity
(m3/day) Basin

Service 
Area 
(ha)

Service 
Pop.
2010

Service 
Pop. 
2020

Sewage 
2010 

(m3/d)

Sewage 
2020 

(m3/d)

Operation 
Start

1 Truc Bach 2,300 - 39 9,697 9,541 1,953 2,333

2 Yen So 200,000 
S-1 3,006 697,870 711,635 140,779 174,016

2012

3 Bay Mau 14,000 2017

4 Kim Lien 3,700 
S-2 4,874 967,418 900,000 195,153 220,077

5 Yen Xa 270,000 2017

6 Phu Do 84,000 S-3 2,547 290,276 280,000 58,556 68,468 2018

Total 574,000 10,465 1,965,261 1,955,093 396,445 464,895
Note: 
 Inflow of North Thang Long WWTP is set 6,500 m3/day from manufacturing 

organizations, based on current operation. 
 Service population in 2010 is estimated based on statistical data. Sewage is 

estimated based on water company data. (water consumption: 152L/day/person)
 Service area and service population in 2020 are estimated based on “Partial 

Adjustment of Hanoi Drainage Master Plan” (October, 2010). Water consumption is 
assume to be 190L/day/person.
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TOR-3: WWTP Service Area
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

North Thang Long WWTP

Phu Do WWTP

Yen Xa WWTP

Yen So WWTP

Bay Mau WWTP

Kim Lien WWTP

Truc Bach WWTP

TOR-3: Comparison of Cost  and 
Revenue

Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Revenue Calculation
(Revenue from Domestic) = (Water Consumption by Domestic) x (Unit Rate for Domestic) 
 (Revenue from Nondomestic) = (Revenue from Domestic) x 39.9% / 60.1% + (Revenue in 

service area of North Thang Long)
39.9% / 60.1% is estimated based on Annual Turnover of Water Company in 2010.

(Revenue) = (Revenue from Domestic) + (Revenue from Nondomestic)

Based on Plant Design 
(Capacity of WWTP) = (Inflow) x (Daily Maximum 

Factor, 1.225) 

 (Inflow) = (Water Consumption) x (Wastewater 

Generation Factor, 0.9) x (Infiltration Ratio, 1.1)

(Water Consumption) = (Water Consumption by 

Domestic) + (Water Consumption by Nondomestic)

 (Water Consumption by Domestic) : (Water 

Consumption by Nondomestic)=75%: 25%

Based on Population 
(Population) x (Water Consumption 

per person) = (Water Consumption by 

Domestic)

(Water Consumption by Domestic) : 

(Water Consumption by 

Nondomestic)=75%: 25%

Water Consumption Calculation

TOR-3: Comparison of Cost  and 
Revenue

Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Tariff Level Analysis (7 WWTPs in Service) 
(Kim Lien, Truc Bach, North Thang Long, Yen So, Bay Mau, Yen Xa, Phu Do)

Sewerage Tariff  Payment, 
Fee, VAT and EPF at 
Average Household 

(% of Average Income)

Financial Gap
(Average Cost)-

(Revenue) 
(M VND/year)

A : Current, EPF
VND 6,460/HH/m

(0.08%)

A-C= -499,986

A-D= -669,197

B: Acceptable Tariff based on 

Willingness to Pay

VND 21,212/HH/m

(0.28%)

B-C= -344,026

B-D= -513,237

C: Tariff for Full O&M Cost 

Recovery

VND 53,753/HH/m

(0.70%)
C-D= -169,205

D: Tariff for Full O&M and 

Replacement Cost Recovery

VND 69,758/HH/m

(0.91%)
Note: Revenue is estimated based on plant designs. 

Water consumption is set 18.19 m3/month at average household.

TOR-3: Tariff System
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Legal Tariff Management
• Establishment of Sewerage Tariff 

(Source: Decree No.88/2007/ND-CP, Article 55)

Note: CMDOTP: Central Municipal Departments of Transportation of & Public Works

• Establishment of Tariff Collection System 

(Source: Decree No. 88/2007/ND-CP, Article 57)

“Organizations that provide water supply services shall be responsible for 

sewerage tariff collection by including sewerage tariffs in water bills for 

customers consuming water supplied from a centralized water system.”

(3) People’s Committee: 
Determine Tariff flowing 
discussion with People’s 
Councils

(1 )Owner of 
Sewerage Works: 
Preparation of 
Tariff Alternatives

(2) DOC & 
CMDOTP with 
DOF: Appraise the 
Alternatives

TOR-3: Tariff System
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Tariff Collection System
Option Collection Rate Fee for 

Collection
HSDC 

Contribution

Option 1 (HSDC)

Low
(due to lack of 

public appreciation 
to sewerage)

High 
(collect only 

sewerage tariff)

High
(issue bills and 

collect tariff)

Option 2 (Water Company) Middle
Middle 

(collect sewerage 
and water tariff)

Low

Option 3 (Public Charge Collection 
Office) High

Low 
(collect several 
public tariffs)

Low

•Joint Circular No. 125/2003/TTLT-BTC-BTNMT V. Management, Use of the Revenue from EPF

“Leave a portion of the total amount of the collected EPF for water supply units to cover the costs 

of fee collection. The retained percentage is not exceeded 10% of the total obtained EPF for the 

domestic water.”

•Recommendation: Option 2 (Easy to introduce and consideration for legal manner)

•Assumption for Analysis: Water company gains 8% of total sewerage tariff as collection fee.

Water Supply Tariff

TOR-3: Comparison of Cost  and 
Revenue

Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Paid Amount of Customers

Sewerage Tariff

State Budget
(for the purpose 

other than 4 WWTPs)

Revenue for New 
WWTP operation

Water Company

Circular No. 09/2009/TT-BXD  Article 8

“3. Dischargers who already paid the wastewater fee as stipulated in the Decree No. 88/2007/ND-

CP shall not have to pay the environmental protection fee applicable to wastewater as stipulated 

in the Decree No. 67/2003/ND-CP and Decree No. 04/2007/ND-CP”

Environmental 
Protection Fee (EPF)

VAT 5%

Tariff Collection Fee

HPC
DOF
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TOR-3: Tariff System
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Tariff Table (2014, Acceptable Tariff based on Willingness to Pay)

Water Use Level of 
Household(m3/month/HH)

Sewerage Tariff  
before Tax 
(VND/m3)

Water Supply Tariff 
before Tax and Fee 

(VND/m3)
First 16m3 756 3,478
Above 16m3 to 20m3 889 4,087
Above 20m3 to 35m3 1,078 4,957
Above 35m3 1,778 8,174

Usage purpose
Sewerage Tariff  

before Tax 
(VND/m3)

Water Supply Tariff 
before Tax and Fee 

(VND/m3)
Water use for administrative organizations 1,078 4,957
Water use for implementation organizations 1,078 4,957
Water use for public purpose 889 4,087
Water use for manufacture units 1,324 6,087
Water use for business and service units 2,269 10,435

[Domestic]

[Nondomestic]

Note: Include collection fee.

TOR-3: Tariff System
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Tariff Table (2024, Tariff for Full O&M Cost Recovery)

Water Use Level of 
Household(m3/month/HH)

Sewerage Tariff  
before Tax 
(VND/m3)

Water Supply Tariff 
before Tax and Fee 

(VND/m3)
First 16m3 2,425 3,478
Above 16m3 to 20m3 2,849 4,087
Above 20m3 to 35m3 3,456 4,957
Above 35m3 5,699 8,174

Usage purpose
Sewerage Tariff  

before Tax 
(VND/m3)

Water Supply Tariff 
before Tax and Fee 

(VND/m3)
Water use for administrative organizations 3,456 4,957
Water use for implementation organizations 3,456 4,957
Water use for public purpose 2,849 4,087
Water use for manufacture units 4,244 6,087
Water use for business and service units 7,275 10,435

[Domestic]

[Nondomestic]

Note: Include collection fee.

Tariff Scenario: 
Stage 1: Sewerage tariff is introduce in 2014 by starting from 
the Willingness to Pay Level. 
Stage 2: Thereafter the tariff will be raised in every 5 years and 
catch up the O&M Full Cost Recovery Level in 2024. 

In this case, the government subsidy of VND -2,134 billion in total for 
13 years (2012-2024) will be required.

TOR-3: Financial Gap
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

TOR-3: Advertisement
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Sewerage service is a silent force behind the scene of living. 
Hence the people are not aware of value of sewerage.
Lack of awareness makes introduction of sewerage tariff and 
PPP promotion been slow down. To avoid it, strategies of 
public awareness development are;

A)Environmental education to school children for teaching 
importance of sewerage as a part of discipline.
B)Sewerage service promotion through the media such as TV, 
radio and internet.
C)HPC’s public consensus meeting to make  residents’ 
understanding  of sewerage tariff.
D)Sewerage customer service counter is established in HPC 
website for inquiry and complain.

TOR-3: Advertisement
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Life & Nature

Resource &
EnergyWaste &

Pollution

Biology & Environment

Value of Life

Natural Environment
Urban Environment

Life & Pollution

Life & Waste

Waste Treatment
& Disposal

Waste & Pollution

Reduce, Reuse &
Recycle of Waste

Water & Life

Energy & Life

Water Resource
& Conservation

Energy Resource
& Conservation

Wastewater treatment
& recycle

TOR-3: Summary
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

1. Hanoi needs the sewerage tariff to cover increasing 
O&M cost of sewerage facilities due to construction 
of new WWTPs.

2. As the result of willingness to pay survey does not 
meet O&M cost, it is required to make up the 
budgetary shortage somehow.  (i.e. governmental 
subsidy)

3. In order to accommodate the operation of Yen So 
WWTP, preparations of tariff introduction should be 
conducted in 2012 and 2013.

4. Public understanding for sewerage shall be 
improved by continuous advertisement activities.
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TOR-3: Summary
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

5. Considering current social opinion, it is 
recommended that the tariff starts from 
willingness to pay level, and then catches up full 
O&M cost recovery level within 10 years. 

6. Government shall support the O&M cost for Yen 
So WWTP with amount of VND 120 bil. per year in 
the early stage.

7. Financial source of large scale equipment 
replacement (relating to equipment life time) shall 
be discussed.

8. Weak point of this scenario is that the tariff level is 
not enough for Yen Xa operation when it will start.

TOR‐2
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

TOR‐2: IOMS

1. Introduction of IOMS
a. Comparison of Conventional O&M vs. IOMS
b. On-going IOMS in Japan & Thailand
c. Cost merit analysis
d. Terms of IOMS contract
e. Scope of work in IOMS contract
f. Performance Indicators

2. Implementation of IOMS
a. Organizational plan
b. Financial plan
c. Analysis for modification of legal system for 

the proposed IOMS by JC

TOR-2: Comparison of Conventional 
O&M vs IOMS

Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Conventional O&M Integrated  O&M
Basis of 
Contract

• Fixed Scope of Work

• Annually updated Cost-
plus-profits-contract (Unit 
price base)

• Performance Benchmarks 
(mainly treatment quality) & 
Delivery conditions at the 
end contract.

• Multi-year Lump-sum
contract

Criteria of 
contractorʼs 
performance

• The contractor shall comply 
with Performance Indicator 
bound in the contract.

• The contractor shall comply 
with Performance Indicator 
bound in the contract.

Repair & 
Replacement

• Budget of repair and 
replacement of equipment 
is accounted a Provisional-
Sum.  

• Repair budget is either
included in Lump-Sum 
amount or accounted as a
Provisional-Sum.

• Replacement budget is 
accounted as a Provisional-
Sum.  

TOR-2: On-going IOMS in 
Japan

Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Contract Level Period Cost components

Conventional Single year Process cost (measurement base)

IOMS level‐1 Short term multi year Process + utility cost (Lump sum)

IOMS level‐2 Process + utility cost (Lump sum) + Small replacement

IOMS level‐3 Process + utility cost (Lump sum) + Medium replacement

IOMS full scale Long term multi year Process + utility cost (Lump sum) + Large replacement

Number of IOMS project in 2011

Level‐1 29 projects

Level‐2 MAJORITY→ 201 projects

Level‐3 21 projects

Total 251 projects

Statistic, Contract Period (as of 2011)

1 year 32 projects

3 years MAJORITY→ 182 projects

4 years 14 projects

5 years 14 projects

Over 5 years 1 project

Total 243 projects

Plant 

feature

Capacity 576,000m3/day

Conventional activated sludge treatment

Sludge incinerator 150 ton/day

Treated Sewage Effluent (TSE) Tertiary Treatment 

Photovoltaic power generation (1828 KWh) 

Scope 

of work

1) O&M of sewage treatment, sludge treatment, 

TSE transmission

2) Environmental monitoring & protection

3) Ancillary facility maintenance

4) Replacement of equipment (less than JPY 

2,500,000 per item)

5) Procurement of consumables

Integrated O&M service

Hanamigawa WWTP 

no.2, Chiba, Japan, 

3-year contract

Project started in 2007

TOR-2: On-going IOMS in 
Japan

Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Integrated O&M service, Hanamigawa WWTP no.2, Chiba, Japan

3‐year operation outcome (2007‐2009)

i.Total O&M costs decreased 14% .
ii.Electricity consumption had been saved 7%.
iii.Equipment malfunction and system failure decreased 12% (52 to 46 per year) 

Item 3‐year costs 
before project

3‐year costs 
during project

Improvements

Remuneration 231 138 ▼93 or ‐14%

Direct costs incl. Utilities 3,548 2,886 ▼662 or ‐19%

Small replacement (<JPY250K) 72 52 ▼20 or ‐28%

Large replacement (>JPY250K) 954 1,049 △95 or +10%

Others 114 118 △4 or +4%

total 4,919 4,243 ▼676 or ‐14%

Costs Comparison before & after project in 3 years, unit million JPY

TOR‐2: Japanese IOMS cases
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)
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Plant 

feature

Capacity 134,000m3/day for sewage

Conventional activated sludge treatment

Relay Pumping S‐1  139m3/min(S) + 1971m3/min(R)

Relay Pumping S‐2  1745m3/min(R)

Sludge transmission pumping station

Scope 

of work

(1) O&M of Sewage treatment

(2) Environmental monitoring

(3) O&M of relay pumping stations

(4) Inspection and maintenance of plant utilities

(5) Procurement of consumables and utilities

(6) Equipment replacement (> JPY 1M)

(7) O&M of rooftop plaza, planting zone

Integrated O&M service

Amagasaki East 

WWTP, Hyogo, Japan

5-year contract

Project started in 2003

TOR‐2: Japanese IOMS cases
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Integrated O&M service, Amagasaki East WWTP, Hyogo, Japan

0

200,000

400,000

600,000

800,000

1,000,000

1,200,000

2001 2003 2004 2007

JP
Y 

10
00

Government administartion
O&M of rooftop plaza & planting
Plant yard maintenace
Chemicals
Electricity
Water
Consumables
Small replacement
Large replacement
Sludge treatment outsourcing

2001 2003 2004 2007
Sludge treatment outsourcing 465.6 465.6 465.6 465.6
Large replacement 42.1 42.1 42.1 42.1
Government administration 132.4 70.1 70.1 70.1
IOMS fee 417.8 411.9 406.5 400.4
Total 1,057.9 989.7 984.2 978.1
Improvement 100% 94% 93% 92%

Costs Comparison before & after project, unit million JPY

TOR‐2: Japanese IOMS cases
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Item
Shiwa
(Iwate)

Hamakurosaki 

(Toyama)
Arakawa 
(Saitama)

Nagata 
(Shizuoka)

Takehara 
(Hiroshima)

Matsuyama 
(Ehime)

Period 3 year 3 year 3 year 3 year 3 year 3 year

Type Combined Separated Separated Separated Separated Combined

Contract level 2 2 2 2 1 2

Replacement 
Max at one time

USD 10,000 Not available USD 5,000 USD 5,000 0 USD 5,000

Process C.A.S C.A.S O.D C.A.S S.A.S C.A.S

Design capacity 
(m3/d)

9,200 178,500 38,700 17,000 Not available 151,000

PI ‐ BOD 13 mg/L 5.6 mg/L Not available Not available 5 mg/L 4.3 mg/L

COD 8.9 mg/L Not available Not available 10 mg/L 7.2 mg/L

SS 20 mg/L 5.3 mg/L Not available Not available 5 mg/L 2 mg/L

T‐N None None Not available Not available 10 mg/L 13 mg/L

T‐P None None Not available Not available 1 mg/L 0.48 mg/L

Coliform G 80 MPU/mL 7 MPU/mL Not available Not available Nil Nil

TOR-2: On-going IOMS in 
Japan

Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)
TOR-2: On going IOMS in 

Thailand

Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Plant 

feature

Capacity 157,000m3/day in Nong Khaem WWTP

Vertical loop reactor activated sludge

Sludge transmission pumping station

Scope of 

work

(1) O&M of Sewage treatment

(2) O&M of Sludge treatment (dehydrate)

(3) Environmental monitoring

(4) Inspection and maintenance of plant utilities

(5) Procurement of consumables and utilities

P.I SS, BOD, COD, T‐N, T‐P, Coliform group, F.Coli & 

E.Coli

Payment Payment = Kfix + Kq(Q) + KB + Ksludge

where, fix = fixed rate, Q = inflow rate , B = storm 

water bypass flow and Sludge = sludge volume

Integrated O&M service

Nong Khaem WWTP , 

Bangkok, Thailand

5-year contract

Project started in 2003

TOR-2: Features & Merits of IOMS
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

 Features of IOMS
1.Multi-year contract

2.Performance based payment (Lump-sum)

 Merits of IOMS
1.Reduction of the life cycle O&M costs

→ 8-12% cost reduction is expected based the Japanese 
experience.

2. Level up of the O&M skills taking certain level the risks

Introduction of IOMS Summary

TOR-2: New PFI Law & IOMS
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

 Acknowledgment for IOMS so far 
IOMS has been enough verified to be worth for 
cost reduction in trial stage as shown in previous 
sheets.

 New PFI Law effectuated in 2011
New PFI Law is almost same as EU standard and 
encourages to have long term contract for 
operation.

Japan just started full scale IOMS under new 
PFI law.
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TOR-2: IOMS for Hanoi
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

 Our Result will be carried over to Yen Xa
JC is supposed to be established to implement full 
scale IOMS under the PPP contract b/w SPC and 
HPC.

 To maximize Benefit of IMOS for Hanoi
Meantime, IOMS can be usually applied to 
operation itself after the construction.

The following calculation is the impact of IOMS 
for new 4 STPs.

TOR-2: O&M cost of Yen So, Bay Mau, 
Yen Xa, and Phu Do (2012-2026)

Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Million VND

Yen So 
in service

Bay Mau & 
Yen Xa 

in service

Phu Do
in service

Year 2022 is selected as 
a model year for cost analysis

TOR-2: Cost merit analysis
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

 Breakdown of Direct 
Costs  in 2022

Potential Reduction of Direct 

costs, such as 

Utilities

Chemicals

Repairs

According to Japan’s 
experience, 8-12% of such 
direct costs might be 
reduced by introducing 
IOMS.  

TOR-2: Cost merit analysis
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

Comparison of Direct Costs between Conventional O&M 
contract vs. IOMS in Year 2022 under 4 new WWTPs in 
service.

Items
Conventional 

Contract IOMS Contract
Reduction  (%)

million VND million VND
Utilities 176,687 159,018 10.0%

Chemicals 85,051 76,546 10.0%

Repairs 75,205 67,684 10.0%

Sludge disposal 51,504 51,504 0.0%

Small-scale
replacement 16,755 16,755 0.0%

Labor 25,872 12,240 0.0%

Others 11,657 11,529 1.1%

Total Direct Cost 442,730 408,908 7.６%

TOR-2: Cost merit analysis
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

It is, therefore, that IOMS is worth introducing.

 Result of the analysis
Based on the costs analysis referring to the 
Japanese experience, the IOMS can reduce 7.6% of 
the direct cost comparing with the conventional 
O&M contract.

TOR-2: IOMS Contract Terms
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Key Clause Description

Project Owner & 
Contractor

Owner: HPC

Contractor: Joint Company

Contractor’s 
Obligation

The Contractor shall provide the IOMS  stipulated by the IOMS 
contract.  (refer to the next slide)

Payment • The owner shall confirm a conformity of the contractor’s 
performance in collation with the performance indicators.

• Unconformable work of the contractor will cause the 
reduction of the payment to the contractor.

Contractor’s 
possession of site 
and duty to 
reserve function

• The owner shall grant the right to use the sewerage facility to 
the contractor for the purpose of contractor’s obligation. 

• The contractor shall reserve the function of facility and 
compensate the damage or losses caused by the contractor.
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TOR-2: IOMS Scope of Work
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

General a. Staff management and Material Control for O&M

b. Reporting of results of O&M work to the regulator

c. Customer technical service

Technical a. O&M in wastewater treatment and sludge treatment/disposal in 
compliance with Performance Indicator (PI)

b. Repair work of facilities

c. Small scale replacement of equipment

d. Technical transfer through O&M PDCA cycle

Option a. Promotion of sewerage service

b. Engineering service to other cities

c. Staff Training to other cities 

TOR-2: Performance Indicators
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Item Legal Effluent 
Quality

Proposed Effluent 
Quality

BOD5 (mg/L) 50 40

COD (mg/L) 100 80

SS (mg/L) 100 80

Nitrogen (mg/L) 30 24

Phosphorus (mg/L) 6 5

• 5 out of 36 items in QCVN24:2009 shall be used as Performance 
Indicators after the construction in 2009.

• These items shall be checked and reported to the regulator weekly.  

QCVN24:2009, 
column B

TOR-2: Performance Indicators
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

 How to use the Performance Indicators

If the performance is not conformed with PI, HPC reduces the 
payment to the contractor.

The regulator verifies and reports the conformity of the 
contractorʼs performance to HPC

The contractor reports the results of the wastewater treatment in 
accordance with PI.

TOR-2: Contractor’s Risk
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

 Contractor’s Major Risk

 Third‐party Liability

 Complaints from Residents

 Changes of Regulations

 Fluctuation of Influent Volume

 Increase of repair expense due to sudden failure

 Price Escalation

 Tariff  Collection

Critical matters for  
the IOMS Contractor

TOR-2: Contractor’s Risk
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

 Price Escalation Risk



Issues 

Price escalation impacts on 
Utilities, Chemicals, Repairs, 
Overhead, Labor Cost.

10% price escalation causes 8‐
9% of O&M cost increase.

O&M cost in the contract is used 
to be a lump‐sum.

Rescues

Price adjustment clause 
against unprojected price 
escalation is needed to 
stipulate in the IOMS contract.

The IOMS contract period 
shall be set at the period 
within a predictable range of 
price escalation.

TOR-2: Contractor’s Risk
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Tariff Collecting Risk

Issues

Non‐revenue sewage would be 
occurred 

1) due to the lack of  user’s 
appreciation for sewerage .

2) due to the additional burden 
of households’ economy.

It is difficult for contactor to 
directly request households to 
pay for non‐revenue sewage.

Rescues

Contractor will not be 
incurred financial loss due to 
non‐revenue sewage risk. 

One water bill for water 
supply and sewerage is 
recommendable.
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TOR-2: Service fees
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

 Formula of Services fees 
(Payment form the Owner to the Contractor)

Services fees= Variable Expenses(A) + Fixed Expenses(B)

(A) 
Variable Expenses

= Basic unit x Volume of treated water
(Electricity and chemical consumptions relating to 
treatment process are the majority of variable 
expenses.) 

(B)
Fixed Expenses

= Costs other than A

TOR-2: Service fees
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Items Type

Labor Fixed

Chemicals Variable

Fuel Variable

Electricity Variable

Consumables Fixed

Repair Fixed

Other expenses Fixed

Overhead Fixed

Calculation 1

α = Variable expenses basic unit = 
Total variable expenses / Design flow 

Calculation 2

β = Monthly fixed expenses

 Services Fee Calculation

Calculation 3

Monthly Service Fee = α×(Actual inflow volume) + β

Water 
Company

HPC
(Hanoi People’s 

Committee)
Customers

1.Service

2.Sewerage 
Tariff

3.Sewerage 
Tariff

4. WWTP IOMS Fee

2.Report

Regulator
3.Report

 Implementation framework of WWTP IOMS

TOR‐2: Organizational plan of  IOMS
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

WWTP IOMS 
Contractor

TOR‐2: Organizational plan of  IOMS
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

 Framework of Regulator

 Objective: Supervision of O&M quality in accordance with 
Performance Indicators.

 Members: State auditor, tax office, DOC, and Independent 
Party, etc.

Joint 
Company

WWTPs Technical 
Office

HPC
Operation

&
Maintenance

AssignedAudit

Regulator

State Auditor

Tax Office

Labor Office

TOR‐2: Organizational Plan of JC
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Option 1: HSDC to undertake the IOMS

Option 2: Joint Company established by HPC and Private firm to 
undertake the IOMS

Option 3: A Private firm to undertake the IOMS

Option 1 Option 2 Option 3

Capacity to 
undertake IOMS

Need time for new 
experience

Enough capacity Enough capacity

Cost saving 
opportunity

Less because lack of 
experience

Promising High cost due to 
Foreign company

Comfort for HPC Comfort Comfort Uncomfortable to 
ignore HSDC

Compliance of laws 
and regulations

Complied Need to study Complied

Evaluation Need enough time 
for experience and 
support from 
outside  

HSDC’s locality and 
Private firm’s skill 
make synergy. 
Recommendable

HSDC’s 5 year 
experience cannot 
contribute in this 
option.

TOR‐2: Organizational Plan of JC
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

HPC
as Project Owner

Sponsor & 
Skilled Operation Companies

Investment
Company

Consultant
O&M

Company

HSDC
IOMS Contractor
= Joint Company

Dividend
Equity Invest &
Resource Input Equity Invest 

(already)
Equity
Invest 

Resource 
Input
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TOR‐2: Organizational Plan of JC
Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Vice 
Director

Director

General 
Affair

Procurement

General

Yen So 

Operation

Maintenance

(daily)

Bay Mau 

Operation

Maintenance

(daily)

Yen Xa, 
Phu Do 

Operation

Maintenance

(daily)

Maintenance

(Repair,

Replacement,

Inspection)

Vietnamese

Japanese

TOR-2: Financial Plan of Joint 
Company

Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

 Conventional vs. IOMS by JC (as at 2022)

Even the JC ensures a certain profit (5% of Direct 
Cost), HPC can reduce 3.5% of O&M cost.

TOR-2: Analysis for modification of 
legal system for IOMS by JC

Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

Circular 09/2009/TT‐
BXD ANNEX1

Hanoi Model
(This Study)

Compliance

Duration 5 to 10 years 3‐25  Years To be Discussed

Scope

Drainage
Sewerage

Disposal of Sludge
Asset Management, etc

Yen So STP
Bay Mau STP
Yen Xa STP
Other STPs

Complied

Contract Type
Lump‐Sum, 
or Unit price

Lump‐Sum Complied

Repair & 
Replacement 

cost
Partly included

Japanese Level 2,3 or 
full scale IMOS are 
recommended

Under Consideration

Regulating Body
Drainage/Sewerage

system owner
Not Appointed To be Discussed

<Decision 71: Issues>
Article 2: Interpretation
Clause 4: The state participation portion is neither the contributed 
equity capital in the project enterprise nor …

Article 9: State participation portion
Clause 2: The total stale participation portion must not exceed 30% 
of the total investment level of a project, except other cases 
decided by the Prime Minister.

JICA team’s understanding and proposal
⇒ Decision 71 stipulates that the ceiling of the state participation 
portion at 30% of the total investment. It may cause a shortage of 
OM budget when the sewerage tariff level does not meets total OM 
costs. 
⇒ Decision 71 does not stipulate  the private sector’s equity 
capital for the O&M contract case. We propose Joint Company’s 
equity proportion is Vietnam: Japan = 50:50.

TOR-2: Analysis for modification of 
legal system for IOMS by JC

Oriental Consultants (OC) , ORIX Corporation 
(ORIX) , Nihon HELS Industry (HELS), 
PADECO, YOKOHAMA Water (YW)

TOR-2:Conclusion
Oriental Consultants (OC) , ORIX Corporation (ORIX) , 
Nihon HELS Industry (HELS), PADECO, 

YOKOHAMA Water (YW)

 Applying IOMS can be expected 7.6% reduction of 
WWTP O&M direct cost comparing with the 
conventional contract.

It is, therefore, recommendable to establish Joint 
Company to introduce IOMS.

 HPC and Joint Company can share the profit of 
O&M cost reduction according to the capital share.

Establishment of Joint Company - SummaryEstablishment of Joint Company - Summary

Thank you very much 
for your attention!
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Original 1. Explanation of Wastewater Treatment Plant 

1.1 Introduction 

1.2 Basis process description 

1.3 Design concept 

1.4 Summary of design basis and main equipment 

1.5 Explanatory of each facilities 

1.5.1 Inlet Works 

1.5.2 Wastewater treatment 

1.5.3 Sludge treatment 

1.5.4 Water supply system 

1.5.5 Deodorization system 

1.5.6 Data logging system 

1.6 Design conditions 

1.7 Location of facilities 

Original 2. Equipment List 
2.1 Grit chamber facility 

2.2 Lift pump facility 

2.3 Wastewater treatment facility 

2.4 Disinfection facility 

2.5 Water supply facility 

2.6 Sludge treatment facility 

2.7 Sludge Storage Facility 

2.8 Deodorization facility 

2.9 General room facility 

Original 3. Operation and Maintenance 
3.A Operation Method 

3.1 General 

3.2 Grit chamber facility 

3.3 Lift pump facility 

3.4 Wastewater treatment facility 

3.5 Disinfection facility 

3.6 Water supply facility 

3.7 Sludge treatment facility 

3.8 Sludge Storage facility 

3.9 Deodorization facility 

3.10 Data Sheet of Electrical Instruments(Level Setting List) 

3.11 Timer Setting Table 

3.12 Daily Check Sheet 

Supplemental 3S.A Operation Method– Supplemental 
A-1. Introduction 

A-2. Control parameters 

A-2.1. Control parameters based on past data 

A-2.2. Additional proposal of the control parameters 

A-3. Response to the characteristic of wastewater treatment plants 

A-3.1. Truc bach and Kim Lien WWTPs 

(a) The total nitrogen value of effluent increases 

A-3.2. North Thang Long WWTP 

(a) The increase in the flow rate of influent 

A-3.3. Common to the all WWTPs 

(a) Total phosphorus value of effluent increases 

(b) Floating sludge from bottom of final settling tank 

(c) Abnormal activated sludge 

A-4. Frequency of water analysis 

A-4.1. Truc bach and Kim Lien WWTPs 
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A-4.2. North Thang Long WWTP 

A-4.3. Check based on solid balance 

Supplemental 3S.B Safety, Health & Contingency Plan – Supplemental 
B-1. Measures for safety and health 

B-1.1. Appropriate working clothes 
B-1.2. Health management 

B-1.3. Display of emergency contact 

B-1.4. Safety and health training 

(a) Contents of training 

(b) Evacuation training in case of disaster 

B-2. Contingency Plan 

(a) Thermal conditions 

(b) Hydrogen sulfide poisoning and oxygen deficiency 

(c) Somatic injury 

(d) Handling of chemicals 

(e) Fire 

(f) Safety belt 

(g) Ventilator 

(h) First aid box 

Original 3.B Maintenance 

3.13 Maintenance of equipment 

3.14 Grit chamber facility 

3.15 Lift pump facility 

3.16 Wastewater treatment facility 

3.17 Disinfection facility 

3.18 Water supply facility 

3.19 Sludge treatment facility 

3.20 Sludge Storage Facility 

3.21 Deodorization facility 
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3.26 Wastewater treatment facility 
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Inspection / Maintenance 

C-1. Introduction 

C-2. Cautions 

C-2.1. Qualified Electrician (also written in the original) 

C-2.2. Power Cut-off Planning for Annual inspection 

C-2.3. Schedule Suspended 

C-3. Monthly Inspection Items 

C-3.1. Panel Outside 

C-3.2. Panel Inside 

C-3.3. Ultrasonic Level Sensor / Magnetic Flow Meter / DO Meter 

C-3.4. Manometer 

C-3.5. Others 

C-4. Annual Inspection Items 
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C-4.5. Weir Flow Meter  

C-4.6. Others 
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Original 4. Trouble Shooting and Fault Finding 
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Original 5. Reference Documents 
5.7 Design calculation 
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Supplemental 5S.A Reference Documents – Supplemental 
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A-1.1. Introduction 

A-1.2. Operation 
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A-1. Supplement - Introduction 
This manual is supplement for the original O&M manual. This is compiled based on the past operation 

information. Therefore, it is required to revise by change of wastewater influent and change of institutions. 

 

A-2. Control parameters 
A-2.1. Control parameters based on the past data 

This chapter focuses on water quality parameters, which we set based on the past data. For 

targeted water levels of each tank which is important parameter, please refer to the original O&M 

manual. 

 
(a) Kim Lien WWTP 

 

Equipment Control parameter unit 
Target 

minimum 

Target 

maximum
Countermeasures 

DO mg/L 2.5 3.5 
Control aeration rate 

Maintenance of blower and diffuser 

MLSS mg/L 2000 3000 Control excess sludge volume 

Anaerobic tank ORP mV --- -50 
Control return sludge ratio 

Control aeration rate 

Anoxic tank ORP mV --- -50 
Control recirculation ratio 

Control aeration rate 

Reactor 

Aerobic tank ORP mV 100 --- Control aeration rate 

 

 

(b) Truc Bach WWTP 

 

Equipment Control parameter unit 
Target 

minimum 

Target 

maximum
Countermeasures 

DO mg/L 2.5 3.5 
Control aeration rate 

Maintenance of blower and diffuser 

MLSS mg/L 1500 2000 Control excess sludge volume 

Anaerobic tank ORP mV --- -150 
Control return sludge ratio 

Control aeration rate 

Anoxic tank ORP mV --- -150 
Control recirculation ratio  

Control aeration rate 

Reactor 

Aerobic tank ORP mV 50 --- Control aeration rate 
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(c) North Thang Long WWTP 

 

Equipment Control parameter unit 
Target 

minimum 

Target 

maximum
Countermeasures 

DO mg/L 2.0 3.0 
Control aeration rate 

Maintenance of blower and diffuser 

MLSS mg/L 2000 3000 Control excess sludge volume 

Anaerobic tank ORP mV --- -50 
Control return sludge ratio 

Control aeration rate 

Reactor 

Aerobic tank ORP mV 50 --- Control aeration rate 

 

 

A-2.2. Additional proposal of the control parameters 
Furthermore, the required control parameters are as follows. We recommend storing data and 

defining the proper control parameters for management. 

 

Equipment Control parameter unit 
Target 

minimum 

Target 

maximum
Countermeasures 

Influent pH － 6.5 8.0 
(abnormal influent flow) 

Check waste water quality 

Reactor pH － 6.0 7.4 Control aeration rate 

Final 

settling tank 

Sludge-liquid 

interface 
m --- 0.5 Control excess sludge volume 

Dehydrator Water content % --- 

85(TB) 

83(KL) 

82 (NTL)

Control sludge volume of supply 

Control sludge conc. of supply 

Control polymer injection rate 

Control FeCl3 injection rate 

Maintenance of dehydrator 
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A-3. Response to the characteristic of wastewater treatment plants 
A-3.1. Truc bach and Kim Lien WWTPs 

(a)  total nitrogen value of effluent increases 

 

 

 

 

 

Condition Occasions Countermeasures 

DO is low   Increase aeration rate 

Actuation fault of blower, 

plugging of diffuser 
Maintenance of blower and diffuser 

Lowering of pH by coagulant 

injection 
Reduce coagulation injection rate 

Ammonia nitrogen is 

detected much. 

(The nitrification is not 

advancing) 

Low MLSS conc. Increase MLSS conc. 

The BOD/N ratio of influent to 

the reactor is under 3.   

・Bypass Primary settling tank  

・Supply methane etc. to increase BOD  

Ammonia nitrogen is not 

detected. 

(The denitrification is not 

advancing) 
ORP of Anoxic tank goes up  Reduce the rate of recycle water   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Check the Ammonia nitrogen in effluent  
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A-3.2. North Thang Long WWTP 
(a) The flow rate of influent 

The correspondence to the increase in the flow rate of influent is indicated in the original manual. 

However, as shown in the following table, the present influent quality value and flow rate is a very 

small value as compared with a design value. Moreover, as shown in the following fig, the difference 

of the influent flow rate between weekday and holiday is large. When increasing the number of 

reactors according to the original manual, it is necessary to consider the quality of influent.  

 

 

 
Flow rate 
(m3/day) 

BOD 
(mg/L) 

MLSS 
(mg/L) 

Capacity of 
aeration tank 

(m3) 

F/M ratio 
(kgBOD/kgML

SSday) 

Design 42000 132 2000 10512 0.26 

Weekday 6500 50 2500 1752 0.07 
present 

Holiday 2000 50 2500 1752 0.02 

Weekday 6500 50 2500 3504 0.04 
Using 2 trains 

of reactor Holiday 2000 50 2500 3504 0.01 
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A-3.3. Common to the all the WWTPs 
(a) The total phosphorus value of effluent increases 

 

 

 

Condition Occasions Countermeasures 

DO interfusion by rainfall 
Increase coagulant (FeCl3) injection rate 

(Be careful of excess injection) 
More than -50mv ORP 

DO interfusion by return 

sludge 

・Reduce return sludge ratio 

・Reduce aeration rate 

The BOD/P ratio of influent to 

the reactor is under 20. 

・Bypass Primary settling tank 

・Supply methane etc. to increase BOD   
Under -50mv ORP 

Shortage of coagulant dosage
Increase coagulant (FeCl3) injection rate 

(Be careful of excess injection) 

  

(b) The floating sludge from bottom of final settling tank 

 

Condition Occasions Countermeasures 

Bubbling surface of brown 

colored sludge 

NO3-N is denitrified in bottom 

of FST 

・Reduce aeration rate  

・Reduce sludge retention time with high 

return sludge volume. 

Surfacing of gray – black 

colored sludge 

Sludge retention occurs for 

long time. 

・Increase return sludge ratio 

・Increase excess sludge volume  

・Cleaning 

 

(c) Abnormal activated sludge 

 

Condition Occasions Countermeasures 

Black colored sludge 

(Accumulation of a sulfide) 

・Inflow of factory effluent 

・Sludge retention occurs for long 

time 

Removal of occasions 

Many filamentous 

microorganism occur 

Deposition of sludge in a pipe 

(It is easy to increase the 

filamentous microorganism.) 

Removal of deposition of sludge in a 

pipe 

 

 

 

 

 

Check the ORP in Anaerobic tank 
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A-4. Frequency of water analysis 
In order to confirm adequate operation condition and good performance of equipment, it is necessary to 

check water quality on operation. After confirming of water quality, operation condition should be changed. 

Required inspection items of water quality for operation (plan) is shown below. 

 

A-4.1. Truc bach and Kim Lien WWTPs 
 

 Waste water influent Primary Settling Tank effluent Recycle Flow 

Appearance ○ ○ ○ ○ 

Odor test ○ ○ ○ ○ 

Water 
Temperature 

○  ○  

pH ○ ○ ○ ○ 

BOD △ △ △  

SS △ △ △  

COD △ △ △  

NO3-N   △  

NH4-N  △ △  

T-N △ △ △  

T-P △ △ △  

Residual 
Chlorine 

  △  

Coliform Group   △  

 

 
Anaerobic 

Tank 
Anoxic 
Tank 

Aerobic 
Tank 

Raw 
Sludge 

Return 
Sludge 

Dewatered 
Sludge 

Appearance ○ ○ ○    

Water 
Temperature 

  ○    

pH ○ ○ ○    

ORP ○ ○ ○    

DO   ○    

SV   ○    

MLSS   △    

TS    △ △  

Water content      △ 

 

○：once every day △：once every week 
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A-4.2. North Thang Long WWTP 
 

 Waste water influent effluent Recycle Flow 

Appearance ○ ○ ○ 

Odor test ○ ○ ○ 

Water Temperature ○ ○  

pH ○ ○ ○ 

BOD △ △  

SS △ △  

COD △ △  

NH4-N  △  

T-N △ △  

T-P △ △  

Residual Chlorine  △  

Coliform Group  △  

 

 Anaerobic 
Tank 

Aerobic Tank Raw Sludge
Return 
Sludge 

Dewatered 
Sludge 

Appearance ○ ○    

Water Temperature ○ ○    

pH ○ ○    

ORP ○ ○    

DO  ○    

SV  ○    

MLSS  △    

TS   △ △  

Water content     △ 

 

○：once every day △：once every week 
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A-4.3. Check based on solid balance 
Sludge treatment implemented with checking solid balance for whole plant enable to produce good 

treated water.  

Please check solid balance 4 times or more per year. A measurement items are shown below. 

 

(a) Kim Lien and Truc Bach WWTP 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) North Thang Long WWTP 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Primary Settling 
Tank 

Final Settling 
Tank  

Thickener Dehydrator 

Reactor 

Quantity (m3/day) 

SS (mg/L) 

Quantity × SS (kg/day) 

Quantity (m3/day) 

SS (mg/L) 

Quantity × SS (kg/day)

Quantity (m3/day) 

TS (%) 

Quantity × TS (kg/day)

Quantity (m3/day) 

SS (mg/L) 

Quantity × SS (kg/day)

Quantity (m3/day) 

TS (mg/L) 

Quantity × TS (kg/day) 

Quantity (m3/day) 

TS (mg/L) 

Quantity × TS (kg/day)

Quantity (m3/day) 

Water content (%) 

Quantity × (1-water content)  (kg/day) 

Final Settling 
Tank  

Dehydrator 

Reactor 

Quantity (m3/day) 

SS (mg/L) 

Quantity × SS (kg/day) 

Quantity (m3/day) 

TS (mg/L) 

Quantity × TS (kg/day) 

Quantity (m3/day) 

SS (mg/L) 

Quantity × SS (kg/day) 

Quantity (m3/day) 

TS (mg/L) 

Quantity × TS (kg/day) 

Quantity (m3/day) 

Water content (%) 

Quantity × (1-water content)  (kg/day) 

Sludge storage 
tank 
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B-1. Measures for safety and health 
B-1.1. Appropriate working clothes 

Appropriate working clothes can prevent accident and improve working efficiency. 

The workers should be provided with a complete change of work clothes to be worn during working 

hours. Gumboots should also be provided for the worker. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (Source: HP of National Center for Teacher’s Development) 

 

B-1.2. Health management 
The workers should be instructed to keep finger nails short and well trimmed, wash hands with soap 

and water before taking food and to keep fingers out of nose, mouth and eyes, because the hands 

carry most infections. 

 

B-1.3. Display of emergency contact 
Displayed emergency contact is helpful in case of accident. The contact list should contain 

addresses/ telephone numbers of hospitals and a police station. Necessary information should be 

simply listed. 

 

B-1.4. Safety and health training 
(a) Contents of training 

It is important to provide trainings which are based on actual works and which improve hazard 

predictive ability. 

 

 

・Wear fitted (size-matched) working clothes  

・Keep working clothes clean 

・Do up buttons of sleeves  

・Keep working clothes nice without open seam or tear 

・Not to be undressed. It is dangerous 

・Wear helmet and safety boots. Wear helmet properly 

Good Bad 
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(b) Evacuation training in case of disaster 

In event of disaster, if pre-training on evacuation has been provided with personnel, it can minimize 

victims, damages, or disaster itself. Assuming fire, implement evacuation training. 

 

B-2. Contingency plan 
(a) Thermal conditions 

Keep temperature and humidity in appropriate level according to works and seasons. When working 

under high temperature and high humidity condition, take some measures such as taking breaks in 

cool places and taking some water and salt to prevent heatstroke. 

 

(b) Hydrogen sulfide poisoning and oxygen deficiency 

Hydrogen sulfide is generated by anaerobic decomposition of organic matters and sulfur oxide in 

sewage. In a sewer or a channel with low flow rate and in a tank, hydrogen sulfide is likely to 

generate and accumulate up to dangerously high level. At the same time, it is likely to consume 

oxygen and cause oxygen deficiency. Under such conditions, other gasses such as carbon 

monoxides and hydrogen cyanide may generate. 

Check concentrations of each substance prior to works. If it is high, ventilate or take other measures 

to reduce the concentration below their allowable limits before starting works. Comply with relevant 

laws and regulations.  

Keep temperature and humidity in appropriate level according to works and seasons. When working 

under high temperature and high humidity condition, take some measures such as taking breaks in 

cool places and taking some water and salt to prevent heatstroke. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Source: Ministry of Health, Labour and Welfare, Japan) 

 

 

 

O2 

O2 
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(c) Somatic injury 

Many kinds of rotating equipment are installed in WWTPs. Take cautions not to be involved. Fallings 

from high places or into tanks are frequently happened. These accidents can be avoided by 

installing safety fences, using ladders or safety belts appropriately and so on.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(d) Handling of chemicals 

Chemicals used in WWTP should be handled with thorough care because they are very dangerous 

if they contact on bodies and they may harm treatment facilities and surrounding environment of a 

plant if they are spilt. 

Handle chemicals carefully with wearing rubber gloves, rubber long boots, and protective glasses to 

prevent chemicals from contacting with skin, eyes, and clothes. If chemicals on, cleanse thoroughly 

with running clean tap water. 

If sodium hypochlorite and poly aluminum chloride or ferric chloride are mixed, they generate 

chlorine gas and it is very dangerous. In Kim-lien, pay attention in handling with them because their 

tanks are located in the same place, which means that it is danger once they are spilt.  

 

 

 

 

 

 

 

 

 

 

 

 

Attention not to be involved into rotating parts 

of a dehydrator. 
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Common chemicals used in WWTPs are as below.  

 

Sodium hypochlorite

（NaClO） 

－Colorless to yellow, characteristic breach odor, strong alkali liquid with specific 

gravity 1.2. Utilized as disinfectant for water treatment. 

－Highly corrosive and almost metals and natural fibers are eaten. Titanium, 

polyfulorocarbons, rigid polyvinyl chloride, and polyethylene are 

corrosion-resistance. 

－Eye contact causes severe pain. Immediately flush eyes with water otherwise 

cornea will be damaged. Skin contact causes inflammation. Inhalation of the mist 

irritates mucous membrane of the mouth, larynx, and pharyngeal tube and produces 

burning sensation and pain. 

Ferric chloride 

（FeCl3） 

－Blackish brown, characteristic bleach odor, strong acid liquid with specific gravity 

1.4. Utilized as disinfectant for water treatment. 

－Highly corrosive and almost metals and natural fibers are eaten. Titanium, 

polyfulorocarbons, rigid polyvinyl chloride, and polyethylene are resistant to 

corrosion. 

－Eye contact causes severe pain. Immediately flush eyes with water otherwise 

cornea will be damaged. Skin contact causes inflammation. Inhalation of the mist 

irritates mucous membrane of the mouth, larynx, and pharyngeal tube and produces 

burning sensation and pain 

Polyaluminum 

chloride  

（Al2(OH)nCl6-n） 

－Faun colored, odorless, acid liquid with specific gravity 1.2. 

－Iron, aluminum, copper and alloy of these metals are gradually corroded. SUS316 

and higher, hastelloy, vinyl chloride, and polyethylene are resistant to corrosion. 

－Skin contact causes inflammation. Eye and mucous membrane causes irritation. 

Polymer 

Currently used alon flock(C-525H) is cation polymer. Solution of cation polymer is 

acid and highly corrosive. Store in tanks made of rigid vinyl chloride, plastic such as 

FRP, stainless and so on. 

Sodium hydroxide 

(NaOH) 

－Colorless, strong alkali liquid with specific gravity 1.2. 

－Iron, copper, aluminum, and natural fibers are corroded. Vinyl chloride and 

polyethylene are resistant to corrosion. 

－Eye contact cause severe pain. Immediately flush eyes with water otherwise 

cornea will be damaged. Skin contact causes inflammation. Inhalation of the mist 

irritates mucous membrane of the mouth, larynx, and pharyngeal tube and produces 

burning sensation and pain. 
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(e) Fire 

As measures against fire, fire distinguishers should be installed. Fire distinguishers should be 

allocated to each place. Pay attention to effective periods of fire extinguishers. And evacuation 

trainings are effective. 

 

 

 

 

 

 

 

 

 

 

(f) Safety belt 

Wear a safety belt to prevent fallings during works at high place more than 2 meters. Also wear a 

safety belt for works in sludge tanks or manholes which has risk of oxygen deficiency. 

 

 

 

 

 

 

 

 

 (Source: HP of Polymer Gear Co., Ltd) 

 

(g) Ventilator 

A ventilation device consists of a fan and a duct aiming to exchange oxygen deficient air and fresh 

air. There are two ways to send air: blowing air and exhausting air. Blowing air is more efficient as 

ventilation. 

 

 

 

 

 

 

 

(Source: HP of Shizuoka Seiki Co., Ltd) 
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(h) First aid box 

First aid box is used for small injury such as cut or burn. Place the box where easily accessed.  
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C-1. Introduction 
This is the supplemental manual for the original one. This manual focuses on “Electric” and 

“Instrumentation” equipments. For other equipments, please refer to the original O&M manual. 

 

C-2. Cautions  
C-2.1. Qualified Electrician (also written in the original) 

Only qualified electricians are permitted to maintain electrical equipments. 

 

C-2.2. Power Cut-off Planning for Annual inspection 
Planning power cut-off is very important to prevent electric shock and to keep worker’s safety. 

(A) Power cut-off / resume schedule 

Power cut-off / resume schedule Are as follows: 

a. What time, power cut-off? 

b. How long, power cut-off? 

c. What time, resume power supply? 

(B) Power Resume 

Before resuming power supply, check following items: 

a. All workers finished inspection and/or maintenance works. 

b. Every each terminal is isolated. 

c. Cross-check the number of used cleaning tools. Remaining used cleaning tools in the panel 

will be high risk of short circuit. If the number dose not match between before and after, find 

out all used cleaning tools. 

 

C-2.3. Schedule Suspended 
In rainy day, there is very high risk in inspection / maintenance works. If it rains on the planned 

date, inspection / maintenance works should be suspended. Occasional date is also needed to 

be included into an original inspection / maintenance plan in advance. 

 
C-3. Monthly Inspection Items 

C-3.1. Panel Outside 
(A) Stain / Coating 

a. Visually inspect if there is neither stain nor paint come-off on equipment. 

b. If stain or paint come off is observed, scrape the surface and paint there. 

 

(B) Deformation / Deterioration 

a. Visually inspect if there is neither deformation nor deterioration on equipment.  

b. If deformation or deterioration is observed, report to related authorities for repairing the 

defect. 
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(C) Fouling 

a. Visually inspect if equipment is not severely fouled with dust or oil. 

b. If observed fouling is severe, rub with dry cloth to clean the equipment. 

 

(D) Confirmation of Indicated Values 

a. Check an indicated value on an indicator of each panel. 

b. Record checked values on every panel. 

 

(E) Confirmation of Indicator Lamp 

a. Pressing down a test button, confirm if the indicator lamp will be on. 

b. If it doesn’t turn on, consider replacing the lamp. 

 

C-3.2. Panel Inside 
(A) Abnormal Noise 

a. Aurally inspect if there is not abnormal noise such as buzzing on devices in each panel (such 

as circuit breaker, contactor, and relay) compared with usual sound. 

b. When abnormal noise is detected, stop and resume related equipment and see if the noise 

stops.  

c. After for a while, if it is still making a noise, replace the device. 

 

(B) Vibration 

Before checking vibration, remove your rings, watches, bracelets, anything metals from 
your fingers and wrists to prevent electric shock! 
a. Conduct inspection with the sense of hearing and touch, and confirm if there is abnormal 

vibration on devices in each panel (such as circuit breaker, contactor, and relay) compared 

with usual sound. 

b. When abnormal vibration is detected, stop and resume related equipment and see if the 

vibration stops. After for a while, if it is still making a vibration, replace the device. 

 

(C) Abnormal Smell 

a. Using sense of smell, confirm if abnormal smell such as burnt smell is not detected. 

b. If abnormal smell is detected, see carefully if any device, wire, and terminal is not discolored 

or smoking. 

c. If any abnormal part is observed, stop related equipment and replace the part. 
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(D) Generation of Heat 

Before checking vibration, remove your rings, watches, bracelets, anything metals from 
your fingers and wrists to prevent electric shock! 
a. Using sense of touch and comparing with usual state, confirm if devices are not overheated 

(such as circuit breaker, contactor, and relay) in each panel. 

b. If generated heat is out of ordinary, replace the device. 

 

C-3.3. Ultrasonic Level Sensor / Magnetic Flow Meter / DO Meter 
(A) Error Code / Alarm 

a. If indicator shows some error code and/or alarm signal, refer to manufacturer’s manual. 

b. If the device will not be fixed, report to related authorities and plan the urgent repairing / 

maintenance schedule. 

 

(B) Incorrect Indication 

a. If indicator is installed on a converter, check if the indicated value is correct. 

b. If incorrect indication is seen, consider replacing the converter. 

 

(C) Abnormal Smell 

a. Using sense of smell, confirm if abnormal smell such as burnt smell is not detected. 

b. If any abnormal part is observed, stop related equipment immediately and report to related 

authorities for the part replacement. 

 

(D) Generation of Heat 

a. Using sense of touch and comparing with usual state, confirm if converters are not 

overheated. 

b. If generated heat is out of ordinary, report to related authorities and replace the converter. 

 
C-3.4. Manometer 

(A) Incorrect Indication 

a. Checking if the indicated value is correct and/or manometer is broken. 

b. If incorrect indication and/or broken manometer are seen, report to related authorities and 

consider replacing plan. 

 

C-3.5. Others 
(A) Junction Box 

a. Visually inspect if there is no deformation on a junction box. 

b. If deformation is observed, report to related authorities and plan the junction box 

replacement. 
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(B) Junction Box Connector 

a. Visually inspect if there is no damage on a junction box connector. 

b. If junction box connector is damaged, report to related authorities and plan the junction box 

connector replacement. 

 

(C) Cable 

a. Visually inspect if there is no damage on a cable. 

b. If the cable is damaged, report to related authorities and plan the cable replacement. 

 

C-4. Annual Inspection Items 
Before starting annual inspection, cut off power supply by qualified electrician. 
 
C-4.1. Panel Inside 

(A) Loose Terminal 

a. Using an insulated screwdriver, confirm tightness with sense of touch. 

b. If the terminals are loose, re-torque them. Pay attention not to wrench off the bolt. 

 

(B) Cleaning 

a. Clean inside of panel and inner devices while power supply is cut off. 

b. After power supply is cut off (just before starting cleaning), check voltage at energized parts 

to prevent electric shock. 

 

(C) Performance Test of Protective Relay 

“Performance Test” needs power supply. Follow qualified electrician and be careful to 
prevent electric shock. 
a. Pressing down a test button, confirm performance of each protective relay, such as 

ground-fault circuit interrupter and thermal relay. 

b. If it doesn’t work, consider replacing the protective relay. 

c. Performance test procedure should follow to manufacturer’s manual. 

 

C-4.2. Float Level Switch 
When opening the tank, take care to not inbreathe some gas! 

(A) Cleaning 

a. Lifting up float level switch and clean it with water. 

(B) Performance Test 

a. Lift up float switch and checking if that works correctly (relay makes or breaks). 

b. Check if relay performance (make/break) is referring to the diagram drawing. 
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C-4.3. Electrode Level Switch 
When opening the tank, take care not to inbreathe some gas and/or chemicals. 
Electrode switch is often used for chemical tanks. Some chemicals damage human body. 
For preventing injury, taking goggle (for eye), mask (for not inbreathing) and gloves (for 
hands) is very important. 

(A) Cleaning 

a. Checking the electrode level switch if some garbage there. 

b. If some garbage is observed, remove it. 

(B) Performance Test 

a. Lifting up whole electrode level switch with terminal socket and short common electrode. 

b. Check electrode with some electrical conductors if relay works correctly (make or break) 

c. Check if relay performance (make/break) is referring to the diagram drawing. 

 
C-4.4. Ultrasonic Level Sensor / Magnetic Flow Meter / DO Meter 

(A) Indicated Value 

a. Cross-check the indicated value between the local and the center. 

b. If the values are not identical, report to related authorities and consider of the manufacturer’s 

maintenance and/or calibration. 

 

(B) Replace Consumables 

a. Replace consumables. 

b. Consumables to be replaced should be according to “Equipment Manual by EBARA”. 

c. Consumable replacement procedure  should follow to manufacturer’s manual. 

 
C-4.5. Weir Flow Meter  

(A) Indicated Value 

a. Cross-checking the indicated value between the local and the center. 

b. If the indicated values are not identical, report to related authorities and consider of the 

manufacturer’s maintenance and/or calibration. 

 

C-4.6. Others 
(A) Junction Box Connector 

a. With sense of touch, inspect if there are connectors loosen. 

b. If connectors are loose, re-torque them by hand. 
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C-5. Device List 
Following device lists show panels and instrumentation devices for monthly and annually inspection. 

C-5.1. Kim Lien WWTP 
(A) Panels 

Tag Name Notes 

LP-1  Local Control Panel outside 

LP-2 Local Control Panel outside 

LP-3 Local Control Panel outside 

LP-4 Local Control Panel inside 

LP-5 Local Control Panel outside 

LP-6 Local Control Panel inside 

LP-7 Local Control Panel inside 

SVP  Supervisory Panel inside 

LTDP L/T Distribution Panel inside 

PS-LTDP Low Tension Distribution Panel inside 

 
(B) Instrumentation Devices 

Tag Name Type 

K-LS2 Equalization Tank Level float level switch 

K-LS3 PST Scum Pit Level float level switch 

K-LS4A Reactor Level float level switch 

K-LS4B Reactor Level float level switch 

K-LS5 FST Scum Pit Level float level switch 

K-LS6 NaClO Storage Tank Level electrode level switch 

K-LS7 Sludge Reservoir Level float level switch 

K-LS8 Polymer Tank Level electrode level switch 

K-LS9 Dehydrator Room Drainage Tank Level float level switch 

K-LS10 Filtrate Return Pit Level float level switch 

K-LS11 Recycle Water Pit Level float level switch 

K-LS12 Coagulant Storage Tank Level electrode level switch 

K-LIA1 Equalization Tank Level ultrasonic level sensor 

K-FI1 Grit Chamber Air Flow manometer 

K-FI3A Recirculation Pump Flow magnetic flow meter 

K-FI3B Recirculation Pump Flow magnetic flow meter 

K-FI4 Effluent Flow weir flow meter 

K-FI5A Reactor Air Flow manometer 

K-FI5B Reactor Air Flow manometer 

K-FIQR4 ET Transfer Pump Flow magnetic flow meter 

K-FIQ1 PST Sludge Flow magnetic flow meter 
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K-FIQ2 WAS Flow magnetic flow meter 

K-DOI1A Reactor DO   

K-DOI1B Reactor DO   

 
C-5.2. Truc Bach WWTP 

(A) Panels 

Tag Name Notes 

LP-1 Local Control Panel outside 

LP-2 Local Control Panel outside 

LP-3 Local Control Panel outside 

LP-4 Local Control Panel inside 

LP-5 Local Control Panel outside 

LP-6 Local Control Panel inside 

LP-7 Local Control Panel inside 

LTDP L/T Distribution Panel inside 

SVP Supervisory Panel inside 

(B) Instrumentation Devices 

Tag Name Type 

T-LS1 Truc Bach Influent Pump Pit Level  float level switch 

T-LS2 Equalization Tank Level float level switch 

T-LS3 PST Scum Pit Level float level switch 

T-LS4A Reactor Level float level switch 

T-LS4B Reactor Level float level switch 

T-LS5 FST Scum Pit Level float level switch 

T-LS6 NaClO Storage Tank Level electrode level switch 

T-LS7 Sludge Reservoir Level float level switch 

T-LS8 Polymer Tank Level   

T-LS9 Dehydrator Room Drainage Tank Level float level switch 

T-LS10 Filtrate Return Pit Level   

T-LS11 Recycle Water Pit Level float level switch 

T-LS12 Coagulant Storage Tank Level electrode level switch 

T-LS13 Effluent Pump Pit Level   

T-LIA1 Equalization Tank Level ultrasonic level sensor 

T-FI1 Grit Chamber Air Flow manometer 

T-FI3A Recirculation Pump Flow magnetic flow meter 

T-FI3B Recirculation Pump Flow magnetic flow meter 

T-FI4 Effluent Flow weir flow meter 

T-FI5A Reactor Air Flow manometer 

T-FI5B Reactor Air Flow manometer 
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T-FIQR1 ET Transfer Pump Flow magnetic flow meter 

T-FIQ1 PST Sludge Flow magnetic flow meter 

T-FIQ2 WAS Flow magnetic flow meter 

T-DOIR1A Reactor DO   

T-DOIR1B Reactor DO   

 
C-5.3. Kim Lien Pumping Station 

(A) Panel 

Tag Name Notes 

PS-LTDP Low Tension Distribution Panel inside 

 
(B) Instrumentation Device 

Tag Name Type 

K-LS1 Kim Lien PS Level float level switch 
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C-5.4. North Thang Long WWTP 
(A) Panels 

Tag Name Notes 

SVP Supervisory Panel inside 

LVIP Low Voltage Incoming Panel inside 

CSP Changeover Switch Panel inside 

LVDP Low Voltage Distribution Panel inside 

PSSP Primary Sludge Scraper Panel outside 

AFSSP Anaerobic & Final Sludge Scraper Panel outside 

SAP-1 Surface Aeration Panel-1 outside 

SAP-2 Surface Aeration Panel-2 outside 

SAP-3 Surface Aeration Panel-3 outside 

SAP-4 Surface Aeration Panel-4 outside 

CMBP Channel Mixing Blower Panel inside 

DP Deodorization Panel outside 

GCP Grit Chamber Panel inside 

LPP Lift Pump Panel 1-3 inside 

PSP Primary Sludge Panel inside 

RWP RAS & WAS Panel inside 

WSSP Water Supply System Panel inside 

FWP Filter Water Panel inside 

STP-1 Sludge Treatment Panel -1 inside 

STP-2 Sludge Treatment Panel -2 inside 

DWP Dewaterer Panel inside 

  Cake Hopper Control Panel inside 

  Deodorization Control Panel outside 

  Charger No.1 Cubicle inside 

  Charger No.2 Cubicle inside 
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(B) Instrumentation Devices 

Tag Name Type 

LCA1 Grit Chamber Level electrode level switch 

LCA2-1 Pump Well Level electrode level switch 

LCA2-2 Pump Well Level electrode level switch 

LICA3 Pump Well Level ultrasonic level sensor 

LCA4 Secondary Effluent Tank Level electrode level switch 

LCA5 Filtered Water Tank Level electrode level switch 

LCA6 Mixed Sludge Storage Tank Level float level switch 

LICA7 Mixed Sludge Storage Tank Level ultrasonic level sensor 

LCA8 Filtrate Tank Level float level switch 

LCA9 NaClO Storage Tank Level   

LCA10 FeCl3 Storage Tank Level   

LCA11 Polymer Tank Level float level switch 

LCA12 NaClO Storage Tank Level float level switch 

LCA13 NaOH Storage Tank Level float level switch 

LC14 Deep Well Level   

LCA15 Water Supply Unit Tank Level electrode level switch 

LCA16 NaClO Storage Tank Level for Well Water electrode level switch 

LCA17 FeCl3 Storage Tank Level for Well Water electrode level switch 

LCA18 Chemical Scrubber Level   

DOI-1 Reactor DO   

DOI-2 Reactor DO   

FIQ1 Pump Well Flow magnetic flow meter 

FIQ2-1 FST RAS Flow magnetic flow meter 

FIQ2-2 FST RAS Flow magnetic flow meter 

FIQ3 PST Sludge Flow magnetic flow meter 

FIQ4 FST WAS Flow magnetic flow meter 

FIQ5 Effluent Flow weir flow meter 

pHI-1 NaOH Storage Tank pH   

RS-1 No.1 Lifting Pump Rotation Speed   

RS-2 No.2 Lifting Pump Rotation Speed   
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A-1.1. Introduction 
Following definitions of technical terms are supplemental for original O&M manuals. If you can’t find the 

technical term what you would like to know, please refer to the original O&M manuals. 

 

A-1.2. Operation 
(A) Water temperature 

If water temperature rises, the activity of microorganisms will also go up. Therefore, the efficiency of 

wastewater treatment increases. On the other hand, decomposition and generating of hydrogen 

sulfide also increase. The design value of the water temperature of these WWTPs is 20℃ to 30℃. 

 

(B) Appearance 

Check tint and shade of color, and existence of floating matter and foaming. By checking a daily 

change, abnormalities are found quickly 

 

(C) Odor test 

The odor of wastewater is generated by decomposition of organic matter. The main odor ingredients 

are ammonia, methyl mercaptan, trimethylamine, acetaldehyde, hydrogen sulfide, and dimetyl 

sulfide. By checking a daily change, abnormalities are found quickly. 

 

(D) pH 

Express acid / neutral / alkali in numerical values. Suitable pH value for biological treatment is 7.2 - 

7.4. 

 

(E) DO (dissolved oxygen) 

Concentration of oxygen dissolved in water. The concentration is affected by water temperature. DO 

is an important parameter for operating aeration tanks. 

 

(F) ORP (oxidation-reduction potential) 

Express oxidation-reduction potential. In living cells, anaerobic cells have high potential and 

anaerobic cells have low potential. Therefore ORP in an anaerobic tank and an anoxic tank should 

be kept low. ORP in an aerobic tank should be controlled so as to keep positive.  

 

 

 

 

 

 

 

 

 

Anaerobic 
tank 

Anoxic 
tank 

Aerobic 
tank 

ORP  － － ＋

Release of 
phosphorus 

Denitrification Nitrification 
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(G) BOD (biological oxygen demand) 

BOD is a parameter to determine water pollutant index. It is oxygen consumption when 

microorganisms utilize in oxidizing water pollutant under a certain condition. High BOD indicates 

more pollutants in water.  

 

(H) SS (suspended solid) 

SS is one of parameter to see water pollutants. Solids suspended in water. 

 

(I) Nitrogen（In wastewater） 

Nitrogen change forms by nitrifying bacteria and denitrifying bacteria through processes in WWTP. 

Treatment states can be assessed by measuring concentrations of each form of nitrogen. 

 

 

 

 

 

 

 

 

 

 

 

 

(J) Phosphorus 

Phosphorus included in human waste, detergent, and manure flows into wastewater treatment plant. 

Being treated in anaerobic tank and the following aerobic tank, PO4
3- is accumulated in cells of 

microorganism as granular polyphosphate.  

Bacteria returned to anaerobic tank from final settling tank take organic matters in mixed liquor and 

accumulate it as PHB (poly-β-hydroxy butyrate) in the cell. At the same time, transform 

polyphosphate into phosphate ion and release it into mixed liquor. 

After returning to the aerobic tank, bacteria then oxidize PHB in the cell. By using the energy 

obtained through oxidation, bacteria store more phosphate as polyphosphate in the cell than 

released in anaerobic tank 

Bacteria other than nitrification bacteria are heterotrophic bacterium, which requires organic matters 

to survive and multiplication. 

 

 

 

 

 

Total nitrogen Inorganic 
nitrogen 
compound 

Organic 
nitrogen 
compound 

Ammonia nitrogen 

Nitrate nitrogen 

Nitrite nitrogen 

From urine 

Generated by oxidizing ammonium 

Generated by oxidizing nitrite 

From protein and amino acid 
Decompose into ammonia nitrogen by biological 
treatment 
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(K) BOD:N:P ratio 

The ratio of BOD, nitrogen and phosphorous in influent. In biological wastewater treatment process, 

it is supposed as nutritional balance required for multiplication of a microbe that BOD:N:P is 100:5:1. 

Moreover, BOD/N ratio required for denitrification is over 3. BOD/P ratio required for removal of 

phosphorus is over 20.  

 

(L) MLSS 

Concentration of activated sludge in an aeration tank. Appropriate MLSS values change according 

to plants and seasons. Check MLSS regularly and designate target values of MLSS. 

 

(M) SV 

Sample 1 litter of mixed liquor and decant it in a measuring cylinder for 30 minutes. SV is 

percentage of settled sludge volume to mixed liquor. It is an important parameter to estimate sludge 

settleability in a final settling tank. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Anaerobic Aerobic 

BOD 
PO4

3- 

PHB in Microorganism 

Luxury Uptake 

 30  

minutes  

100% 

30minuts 

Decantation 
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(N) SVI 

Calculate with the following equation. SVI expresses sludge settleability and sludge consolidation 

characteristics. Around 100 of SVI is preferable.  

SVI＝SV(%)×10000/MLSS(mg/L) 

 

(O) Microorganism 

Kinds of microorganisms appeared in activated sludge are relevant to treatment conditions. 

However, treatment conditions should be assessed by not only microorganisms but also overall 

aspects including other water qualities.  

 

Group 
Major indicating 

microorganism 
Characteristics 

Non-activated sludge 

organisms 

Uronema, Colpidium, 

Glaucoma, Oicomonas, 

Bodo, Dexiotrichides, 

Oaramecium 

Performance of activated sludge: not enough 

Efficiency of decomposing organics: low.  

Intermediate activated 

sludge organisms 

Litonotus, Loxophyllum, 

Chilodonella, Oxytricha, 

Trachelophyllum 

Performance of activated sludge: almost 

enough 

Efficiency of decomposing organics: Unstable 

Activated sludge 

organisms 

Aspidisca, Vorticella, 

Epistylis, Carchesium, 

Opercularia, Zoothamnium, 

Philodina, Rotaria 

Performance of activated sludge: Stable 

Efficiency of decomposing organics: High 
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(P) Coliform Group 

Gram-negative, asporogenic single rod bacteria. A general term for aerobic / facultative bacteria 

which decomposes lactose into gasses and acid. The number of coliform group is a parameter to 

determine purifying effect of WWTP and hygienic safety of effluent. Design values of the number of 

coliform groups is < 20,000MPN / 100mL. 

 

(Q) Residual Chlorine 

For purpose of disinfection of treated water, sodium hypochlorite is dosed in a disinfection tank. 

Concentration of sodium hypochlorite decreased as it is consumed in disinfection. Concentration of 

remained sodium hypochlorite is called concentration of residual chlorine.  

When coliform increases, dosage of sodium hypochlorite should be increased. However, high 

concentration of residual chlorine in treated water affects biological environment in receiving water 

body. It is preferable to keep residual chlorine under 0.1 mg/L at outlet of a disinfection tank. 

 

(R) Water content 

Percentage of water contents by weight to sludge or dewatered sludge cake. Deteriorated (high) 

water contents indicates that sludge condition deteriorates, sludge supply volume is improper, 

chemical dosage is not appropriate, tension of filter cloth is not suitable, and filter cloth is clogged. 

 

(S) Organic loading and ratio of food to microorganisms (F/M) 

Amount of BOD which is treated per unit of sludge by day. F / M is expressed as the following 

equation. 

 

F / M = QS / VX 

Where 

Q = flow rate 

S = concentrate of BOD5 of influent 

V = Reactor volume 

X = MLSS 

 

(T) Return sludge ratio 

Return sludge is sludge which is returned from a final settling tank to a reactor in order to keep 

MLSS concentration. Return sludge ration is expressed as the following equation. 

 

Return sludge ratio = Return sludge volume / Influent volume into a reactor×100 
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(U) Recirculation ratio 

Recirculation is to circulate a part of nitrification mixed liquor from an aerobic tank to an anoxic tank. 

The supplementary explanations to the existing manual are as follows.  

Design value of total nitrogen contained in influent to the reactor is 36 mg/L. It is designed that 80% 

of the total nitrogen is nitrified in the reactor. Therefore, NOx-N contained in effluent of the reactor is 

to be 28.8 mg/L. And designed concentration of NOx-N in effluent from the final sedimentation tank 

is 8mg/L. To remove NOx-N further more, circulate water into the reactor.  

As a result, recirculation ratio is calculated as 28.8/8-1=2.6, which is designed in the existing manual. 

This is described in a diagram below. It is important for operational management to check 

proceeding of nitrification at outfall of the reactor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(V) Sludge-liquid interface 

Interface which can clearly divide settled sludge and supernatant in a settling tank. When interface is 

high, it is easy to cause the outflow of sludge. Moreover it is easy to decompose sludge. Therefore, 

managing with the lowest possible value is desirable. 

 

(W) Mass balance 

Details of checking of mass balance are described in the existing manual of North-Tang Long. It is 

the most important operational subject for wastewater treatment to treat sludge properly.  

 

 

 

 

 

 

 

 

Anaerobic 
tank 

N2 

NOxT-N :  

36mg/L 

NOx

1Q 

2.1Q

0.5Q

3.6Q
1.5Q

1Q 
Anoxic 

tank 
Aerobic 

tank 

NOx :  

28.8mg/L 

NOx :  

8mg/L 

Q = flow rate 
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A-1.3. Electric Equipments 
A-1.3.1. Panel Equipments 

(A) MCCB (Molded Case Circuit Breaker) 

MCCB turns on / cuts off the circuit by manual. In the case of circuit have over-load and/or short, 

MCCB trips that circuit automatically. 

(B) ELR (Earth Leakage Relay) 

Checking circuit if no earth leakage is happening. If earth leakage happens, ELR trips the circuit and 

alarms equipment fault. 

(C) ELCB (Earth Leakage Circuit Breaker) 

This equipment has both functions of MCCB and ELR in one molded case. 

(D) Thermal Relay 

Checking circuit if no over-load is happening. If over-load happens, Thermal Relay trips the circuit 

and alarms equipment fault. 

(E) Relay 

Relay is one of the components of automatic control circuit. Some relay have indicator lamp when it 

works. By this indicator lamp, qualified electrician can grasp current automatic control condition with 

control diagram drawing. 

(F) Time Switch 

Time Switch is one of the components of automatic control circuit. This makes equipments on/off 

control by setting time in auto mode. 

(G) Controller 

Controller is the main device of automatic control circuit. 

 

A-1.4. Instrumentation Equipments 
A-1.4.1. Flow Meter 

(A) Magnetic type 

 Measuring pipe flow quantity. This type is often installed in influent pipes, return sludge pipe, waste 

sludge pipe and so on. 

  

(B) Weir type 

 Measuring canal flow quantity. This type is often installed to effluent flow canals. 

 

A-1.4.2. DO Meter 
(A) Measuring device for DO (Dissolved Oxygen) value in the aeration tank. 

 

A-1.4.3. Level Sensor 
Measuring water, chemical and sludge level with the sensor. This device is installed for automatic 

control. We can grasp water, chemical and sludge level numerically. 
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A-1.4.4. Level Switch 
(A) Float type 

Making / breaking contact with floatation of the switch. We can make automatic control by the control 

circuit with these making/ breaking contacts. 

  

(B) Electrode type 

Making / breaking contact with conduction of liquid. We can make automatic control by the control 

circuit with these making/ breaking contacts. 
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Data Entry Sheet – Equipment
Item Name Description

Equipment name

Plant name

Installed location

Status of use

Facility name

Classification of facility

Installed year

Expected lifetime

Depreciation period

Construction name

Contractor

Main Equipment

Panel number
for Electrical Instrumentation

Style

Style number

Production number

Manufacturer name

Production date

Specification

Notes

Accessory

Name

Quantity

Style

Style number

Production number

Manufacturer name

Production date

Specification

Notes
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Data Entry Sheet - Spare parts
Facility Name

Classification

Parts Name

Specifictions

Manufacturer

Storage
location

Unit

Maximum
storage
quantity

Minimum
storage
quantity

Notes

Object of
stock
management

Yes / No

Order Volume
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Data Entry Sheet – Construction
Item Name Description

Construction number

Construction name

Year

Facility name

Location of construction

Classification of construction

Overview of construction

Contractor

Contract amount

Contract date

Completion date

Notes

Target Equipment

No.1
Equipment Name,
Amount,
Notes

No.2
Equipment Name,
Amount,
Notes

No.3
Equipment Name,
Amount,
Notes

No.4
Equipment Name,
Amount,
Notes

No.5
Equipment Name,
Amount,
Notes

No.6
Equipment Name,
Amount,
Notes
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Data Entry Sheet – Maintenance
Item Name Description

Maintenance number

Maitenance name

Year

Facility name

Location of maintenance

Overview of maintenance

Contractor

Contract amount

Contractor

Contract date

Completion date

Notes

Target Equipment

No.1
Equipment Name,
Date,
Amount,
Notes

No.2
Equipment Name,
Date,
Amount,
Notes

No.3
Equipment Name,
Date,
Amount,
Notes

No.4
Equipment Name,
Date,
Amount,
Notes

No.5
Equipment Name,
Date,
Amount,
Notes

No.6
Equipment Name,
Date,
Amount,
Notes
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Monthly Water Quality Report 1/10 

Flow rate wastewater influent 
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mm m3 m3 m3 ℃ cm - mg/L mg/L mg/L mg/L mg/L

--- ---            Target/Setting 

Value --- ---            

1 Sun              

2 Mon              

3 Tue              

4 Wed              

5 Thu              

6 Fri              

7 Sat              

8 Sun              

9 Mon              

10 Tue              

11 Wed              

12 Thu              

13 Fri              

14 Sat              

15 Sun              

16 Mon              

17 Tue              

18 Wed              

19 Thu              

20 Fri              

21 Sat              

22 Sun              

23 Mon              

24 Tue              

25 Wed              

26 Thu              

27 Fri              

28 Sat              

29 Sun              

30 Mon              

31 Tue              

Sum --- --- # # # # --- --- --- --- --- --- --- ---

Max --- --- # # # # #.# # #.# # # # #.# #.#

Min --- --- # # # # #.# # #.# # # # #.# #.#

Avg --- --- # # # # #.# # #.# # # # #.# #.#
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Monthly Water Quality Report 2/10 

Primary settling tank 
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        Target/Setting 

Value         

1 Sun         

2 Mon         

3 Tue         

4 Wed         

5 Thu         

6 Fri         

7 Sat         

8 Sun         

9 Mon         

10 Tue         

11 Wed         

12 Thu         

13 Fri         

14 Sat         

15 Sun         

16 Mon         

17 Tue         

18 Wed         

19 Thu         

20 Fri         

21 Sat         

22 Sun         

23 Mon         

24 Tue         

25 Wed         

26 Thu         

27 Fri         

28 Sat         

29 Sun         

30 Mon         

31 Tue         

Sum --- --- --- --- --- --- --- --- ---

Max --- # #.# # # # #.# #.# #.#

Min --- # #.# # # # #.# #.# #.#

Avg --- # #.# # # # #.# #.# #.#
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Monthly Water Quality Report 3/10 

Reactor A 
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℃ - mg/L  mg/L  mV mV mV 

K
g/

kg
・

da
y 

Day 

           Target/Setting 

Value            

1 Sun            

2 Mon            

3 Tue            

4 Wed            

5 Thu            

6 Fri            

7 Sat            

8 Sun            

9 Mon            

10 Tue            

11 Wed            

12 Thu            

13 Fri            

14 Sat            

15 Sun            

16 Mon            

17 Tue            

18 Wed            

19 Thu            

20 Fri            

21 Sat            

22 Sun            

23 Mon            

24 Tue            

25 Wed            

26 Thu            

27 Fri            

28 Sat            

29 Sun            

30 Mon            

31 Tue            

Sum --- --- --- --- --- --- --- --- --- --- --- --- 

Max --- #.# #.# #.# # # # # # # #.## #.# 

Min --- #.# #.# #.# # # # # # # #.## #.# 

Avg --- #.# #.# #.# # # # # # # #.## #.# 
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Reactor B 
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℃ - mg/L  mg/L  mV mV mV 
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kg
・
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y 

Day 

           Target/Setting 

Value            

1 Sun            

2 Mon            

3 Tue            

4 Wed            

5 Thu            

6 Fri            

7 Sat            

8 Sun            

9 Mon            

10 Tue            

11 Wed            

12 Thu            

13 Fri            

14 Sat            

15 Sun            

16 Mon            

17 Tue            

18 Wed            

19 Thu            

20 Fri            

21 Sat            

22 Sun            

23 Mon            

24 Tue            

25 Wed            

26 Thu            

27 Fri            

28 Sat            

29 Sun            

30 Mon            

31 Tue            

Sum --- --- --- --- --- --- --- --- --- --- --- --- 

Max --- #.# #.# #.# # # # # # # #.## #.# 

Min --- #.# #.# #.# # # # # # # #.## #.# 

Avg --- #.# #.# #.# # # # # # # #.## #.# 
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Reactor A Reactor B 

supplied air 

flow 

internal 

recycle 
Return activated sludge supplied air flow

internal 

recycle 

Return activated 

sludge 
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Nm3 times m3 ％ mg/L m3 ％ Nm3 times m3 ％ mg/L m3 ％ 

              Target/Setting 

Value               

1 Sun               

2 Mon               

3 Tue               

4 Wed               

5 Thu               

6 Fri               

7 Sat               

8 Sun               

9 Mon               

10 Tue               

11 Wed               

12 Thu               

13 Fri               

14 Sat               

15 Sun               

16 Mon               

17 Tue               

18 Wed               

19 Thu               

20 Fri               

21 Sat               

22 Sun               

23 Mon               

24 Tue               

25 Wed               

26 Thu               

27 Fri               

28 Sat               

29 Sun               

30 Mon               

31 Tue               

Sum --- # --- # --- --- # --- # --- # --- --- # ---

Max --- # #.# # # # # # # #.# # # # # #

Min --- # #.# # # # # # # #.# # # # # #

Avg --- # #.# # # # # # # #.# # # # # #
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Final settling tank 

Sludge-liquid interface 

1-
1 

1-
2 

1-
3 

2-
1 

2-
2 

2-
3 

tr
an

sp
ar

e
nc

y 

D
ay

 

D
ay

 o
f w

ee
k 

m m m m m m cm 

       Target/Setting 

Value        

1 Sun        

2 Mon        

3 Tue        

4 Wed        

5 Thu        

6 Fri        

7 Sat        

8 Sun        

9 Mon        

10 Tue        

11 Wed        

12 Thu        

13 Fri        

14 Sat        

15 Sun        

16 Mon        

17 Tue        

18 Wed        

19 Thu        

20 Fri        

21 Sat        

22 Sun        

23 Mon        

24 Tue        

25 Wed        

26 Thu        

27 Fri        

28 Sat        

29 Sun        

30 Mon        

31 Tue        

Sum --- --- --- --- --- --- --- ---

Max --- #.# #.# #.# #.# #.# #.# #

Min --- #.# #.# #.# #.# #.# #.# #

Avg --- #.# #.# #.# #.# #.# #.# #
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Final effluent 

sodium 

hypochlorite 
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℃ cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L

M
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L 

mg/L L mg/L

             Target/Setting 

Value              

1 Sun              

2 Mon              

3 Tue              

4 Wed              

5 Thu              

6 Fri              

7 Sat              

8 Sun              

9 Mon              

10 Tue              

11 Wed              

12 Thu              

13 Fri              

14 Sat              

15 Sun              

16 Mon              

17 Tue              

18 Wed              

19 Thu              

20 Fri              

21 Sat              

22 Sun              

23 Mon              

24 Tue              

25 Wed              

26 Thu              

27 Fri              

28 Sat              

29 Sun              

30 Mon              

31 Tue              

Sum --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Max --- #.# # # #.# # #.# #.# #.# #.# # #.# # #

Min --- #.# # # #.# # #.# #.# #.# #.# # #.# # #

Avg --- #.# # # #.# # #.# #.# #.# #.# # #.# # #
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Raw sludge Waste activated sludge Gravity thickening sludge 
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- % m3 DS-kg % m3 DS-kg - % m3 DS-kg 

           Target/Setting 

Value            

1 Sun            

2 Mon            

3 Tue            

4 Wed            

5 Thu            

6 Fri            

7 Sat            

8 Sun            

9 Mon            

10 Tue            

11 Wed            

12 Thu            

13 Fri            

14 Sat            

15 Sun            

16 Mon            

17 Tue            

18 Wed            

19 Thu            

20 Fri            

21 Sat            

22 Sun            

23 Mon            

24 Tue            

25 Wed            

26 Thu            

27 Fri            

28 Sat            

29 Sun            

30 Mon            

31 Tue            

Sum --- --- --- # # --- # # --- --- # # 

Max --- #.# #.# # # #.# # # #.# #.# # # 

Min --- #.# #.# # # #.# # # #.# #.# # # 

Avg --- #.# #.# # # #.# # # #.# #.# # # 
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- % m3 DS-kg % m3 DS-kg (TS%) kg mg/L kg kg 

            Target/Setting 

Value             

1 Sun             

2 Mon             

3 Tue             

4 Wed             

5 Thu             

6 Fri             

7 Sat             

8 Sun             

9 Mon             

10 Tue             

11 Wed             

12 Thu             

13 Fri             

14 Sat             

15 Sun             

16 Mon             

17 Tue             

18 Wed             

19 Thu             

20 Fri             

21 Sat             

22 Sun             

23 Mon             

24 Tue             

25 Wed             

26 Thu             

27 Fri             

28 Sat             

29 Sun             

30 Mon             

31 Tue             

Sum --- --- --- # # --- # # --- #.# --- # #

Max --- #.# #.# # # # # # #.# #.# # # #

Min --- #.# #.# # # # # # #.# #.# # # #

Avg --- #.# #.# # # # # # #.# #.# # # #
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Comments on water treatment Comments on sludge treatment 

1 Sun   

2 Mon   

3 Tue   

4 Wed   

5 Thu   

6 Fri   

7 Sat   

8 Sun   

9 Mon   

10 Tue   

11 Wed   

12 Thu   

13 Fri   

14 Sat   

15 Sun   

16 Mon   

17 Tue   

18 Wed   

19 Thu   

20 Fri   

21 Sat   

22 Sun   

23 Mon   

24 Tue   

25 Wed   

26 Thu   

27 Fri   

28 Sat   

29 Sun   

30 Mon   

31 Tue   

 

 

A2-69



A2-70



A2-71



A2-72



A2-73



A2-74



A2-75



A2-76



A2-77



A2-78



A2-79



A2-80



A2-81



A2-82



A2-83



A2-84



A2-85



A2-86



A2-87



A2-88



A2-89



A2-90



A2-91



A2-92



A2-93



A2-94



A2-95



A2-96



A2-97



A2-98



A2-99



A2-100



A2-101



A2-102



A2-103



A2-104



A2-105



A2-106



A2-107



A2-108



A2-109



A2-110



A2-111



A2-112



A2-113



A2-114



A2-115



A2-116



A2-117



A2-118



A2-119



A2-120



A2-121



A2-122



A2-123



A2-124



A2-125



A2-126



A2-127



A2-128



A2-129



A2-130



A2-131



A2-132



A2-133



A2-134



A2-135



A2-136



A2-137



A2-138



A2-139



A2-140



A2-141



A2-142



A2-143



A2-144



A2-145



A2-146



A2-147



A2-148



A2-149



A2-150



A2-151



A2-152



A2-153



A2-154



A2-155



A2-156



A2-157



A2-158



A2-159



A2-160



A2-161



A2-162



A2-163



A2-164



A2-165



A2-166



A2-167



A2-168



A2-169



A2-170



A2-171



A2-172



A2-173



A2-174



A2-175



A2-176



A2-177



A2-178



A2-179



A2-180



A2-181



A2-182



A2-183



Study for Introduction of PPP for Sewerage Facilities in Hanoi, JICA 
Final Report, Appendices 

 

 

Appendix 3  Proposed Business Plan of Joint Company for IOMS



 

JAPAN INTERNATIONAL 
COOPERATION AGENCY 
(JICA) 

Study for Introduction of PPP for 
Sewerage Facilities in Hanoi

Oriental Consultants
ORIX Corporation

Nihon HELS Industry
PADECO

YOKOHAMA Water

 

Proposed Business Plan of Joint Company for IOMS 

August 25, 2011 

 

 

1. Objectives & Missions of the Joint Company 

1.1 Objectives 

 To implement IOMS in Hanoi 

 To develop the standard IOMS model in Vietnam 

 To promote the standard IOMS model throughout Vietnam with HSDC 

1.2 Mission 

 To provide users the sanitary environment  

 To provide an efficient O&M of WWTPs 

 To upgrade the skills of WWTP operators 

 

2. Company 

2.1 Company Ownership 

 Hanoi People’s Committee (HPC): Japanese Consortium (*1) = 50: 50 

*1 Japanese Consortium will consist of ORIX Corp, Nihon Hels Industry, and others. 

2.2 Preparatory Cost before commencement of O&M work 

 Our preparatory costs will be approximately 11,000 million VND which will be 

arranged by the contributed equity of each shareholder. The components of 

preparatory cost are listed below: 
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Preparatory Costs 

Preparatory Expenses USD VND Remark 

Legal 12,000 251,328,000 1,000USD*12 months 

Phone/utilities deposits 500 10,472,000  

Licenses/tax deposit 5,000 104,720,000  

Brochures/sales literature 500 10,472,000  

Employee salaries (12 months) 225,837 4,729,920,000 Headquarters labor 

Office Rental (12 months) 12,000 251,328,000 1,000USD*12 months 

Car Rental (12 months) 6,000 125,664,000 500USD*12 months 

Furniture and supplies 5,000 104,720,000  

Website development 1,500 31,416,000  

Miscellaneous 20,000 418,880,000  

Total Preparatory Expenses 288,337 6,038,920,000  

Preparatory Assets  

Cash Required 200,000 4,188,800,000  

Personal Computers 10,000 209,440,000  

Start-up Inventory 10,000 209,440,000  

Provisional Sum for Contingency 31,474 659,191,729  

Total Preparatory Assets 251,474 5,266,871,729  

Total Preparatory Costs 539,811 11,305,791,729  

 

2.3 Company Locations and Facilities 

 Headquarters: One room in HSDC (Rental base) 

 Branches: Each STP’s site office (Provided by HPC) 

 

3. Management 

3.1 Management Board Member 

A.  President 

・ Qualification: Vietnamese, who shall be appointed by HPC subject to 

acceptance of the Japanese Consortium having enough experiences in the 

management of similar works. 
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・ Task: He/she to have the right of representation of the company who shall be 

responsible for the entire aspects of the company including internal and 

external matters. He will have the lead role in making decisions that concern 

the well being of the Joint Company.  

B.  Vice president 

・ Qualification: Japanese shall be appointed by the Japanese consortium 

subject to acceptance of HPC having enough management experiences in 

similar works. 

・ Task: He/she shall be responsible for the financial aspects of the company 

including accounts payable, accounts receivables, and bookkeeping.  

3.2 O&M Staff 

C. Senior Advisor 

・ Qualification: Japanese to have enough experience of the IOMS of 

wastewater treatment plants, JICA’s technical assistance might be utilized in 

this position. 

・ Task: He/she shall be knowledgeable of, and communicating the entire the 

O&M works in which he/she advises; 

-   Monitoring O&M staff's progress. 

-   Providing guidance for developing and achieving meaningful 

educational, professional, and personal goals for O&M staff. 

-   Proactively involving O&M staff in their career planning process, 

self-reflection. 

D. Director 

・ Qualification: Vietnamese who has a bachelor decree or higher of engineering 

and has enough experiences in the O&M works of wastewater treatment 

plants.  

・ Task: He/she shall represent the site office being responsible for entire 

aspects in the O&M works and administration of the wastewater treatment 

plant.  

E. Vice Director 

・ Qualification: Vietnamese who has a bachelor decree or higher of engineering 

and has enough experiences in the similar works.  

・ Task: He/she shall be responsible for the technical aspects in the operation 
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and maintenance of each plant.  

F. Engineer 

・ Qualification: Vietnamese to have a bachelor degree or higher in engineering 

or science or equivalent. 

・ Task: He/she shall be a superintendent of a part of O&M work.  

G. Worker 

・ Qualification: Vietnamese to have a junior high school degree or higher. 

・ Task: He/she shall carry out a part of O&M work under the engineer. 

3.3 General Staff 

H. Secretary 

・ Qualification: Vietnamese to have a bachelor degree or higher having 

experiences of the similar job. 

・ Task: Bilingual secretary to support the management board member. 

I. Procurement 

・ Qualification: Qualification: Vietnamese to have a bachelor degree or higher 

having experiences of the similar job. 

・ Task: Control the procurement and stock of consumables and spare parts. 

J. Accountant 

・ Qualification: Vietnamese to have a high school degree or higher to have 

enough experiences of the accounting job. 

・ Task: Accounting and financial affairs. 

K. General Staff 

・ Qualification: Vietnamese to have a junior high school degree or higher. 

・ Task: General affairs 

3.4 Recruit Plan 

 Total number of Staff is 84 including 3 management board members, 1 senior 

adviser. 

 Resources will be recruited from DOC, HSDC, member companies of the 

Japanese Consortium. 
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Numbers Labor unit cost Subtotal (year) 
Labor Type 

（Persons） 
Grade

VND(month) VND(year) VND US$ 

 Unit price - - 2,000,000 24,000,000 - -

Headquaters Labor Cost (A)   

 President 1 10 20,000,000 240,000,000 240,000,000 11,459

 Vice president 1 8 16,000,000 192,000,000 192,000,000 9,167

 Secretary 1 5 10,000,000 120,000,000 120,000,000 5,730

 Accountant 1 5 10,000,000 120,000,000 120,000,000 5,730

 Procurement 1 4 8,000,000 96,000,000 96,000,000 4,584

 General Staff 2 4 8,000,000 96,000,000 192,000,000 9,167

 Senior Advisor 1 - 314,160,000 3,769,920,000 3,769,920,000 180,000

 Sub-Total 8 - - - 4,729,920,000 225,837

Direct Labor Cost (B)   

 Director 1 7 14,000,000 168,000,000 168,000,000 8,021

 Vice Director 2 6 12,000,000 144,000,000 288,000,000 13,751

 Manager 5 5 10,000,000 120,000,000 600,000,000 28,648

 Engineer & Worker 70 4 8,000,000 96,000,000 6,720,000,000 320,856

 Sub-Total 78 - - - 7,776,000,000 371,276

 Total (A+B) 86 - - - 12,505,920,000 597,112

Framework of Joint Company 
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4. Financial Plan 

4.1 Contributed Equity  

・ The contributed equity will consist of the preparatoty costs and operating fund to cover 

the preparatory period and half-year operating fund of Yen So WWTP. The 

preparatory costs are the costs of 12-month preparation time perior to 

commencement of O&M service in Yen So WWTP. Operating fund is to cover 6-month 

direct cost and overhead of O&M service in Yen So WWTP. The amount of contributed 

equity will be 83,000 million VND. 

 

Total Amount of Contributed Equity for the Joint Company 

 USD VND Remark 

Preparatory Costs 539,811 11,305,791,729  

Operating fund 

(6-month JC Cost of Yen So) 

3,423,138 71,694,208,271 Direct Cost + Overhead

Total Equity 3,962,949 83,000,000,000 JPY 328,924,752 

 

・ Total contributed equity will be paid by HPC and Japanese Consortium in proportion to 

the equity contribution. 

4.2 Projected Profit and Loss 

・ The table shown below summarizes the anticipated profit and loss for the first ten 

years. Year 2013 is the preparatory period. The commencement of O&M service in 

Yen So WWTP (Year 1) is in 2014.  

・ The sales of the company is the amount equal to the total costs required for O&M 

service in Yen So WWTP estimated by the JICA study team. Tariff revenue is not 

linked with the sales because the sewerage tariff will be short for the O&M service in 

the first ten years. It is anticipated the Government subsidy to compensate the deficit 

of the tariff revenue.  
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4.3 Projected Cash Flow 

・ The table below shows the projected cash flow in one-year preparatoty period and the 

first ten years of the O&M service by the Joint Company.  

・ It is assumed that Vietnamese Corporate Income Tax will be exempted anticipating a 

incentive based on the Law on Corporate Income Tax. 

・ As a result of calculation, 10-year IRR (cash flow base) will be 10.7%. This figure 

shows the project is worth investing for both HPC and the Japanese Consortium.  

 

 

 

 

 

 

(Million VND) 0 1 2 3 4 5 6 7 8 9 10

Items 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 

Sales 

(=Total JC's Cost) 
0 156,852 156,852 156,852 352,856 421,769 461,576 476,370 476,370 476,370 476,370

Direct Cost 0 134,637 134,637 134,637 302,881 362,033 396,202 408,901 408,901 408,901 408,901

Utilities 0 53,706 53,706 53,706 131,995 159,018 159,018 159,018 159,018 159,018 159,018

Chemicals 0 26,934 26,934 26,934 65,210 76,546 76,546 76,546 76,546 76,546 76,546

Repairs 0 20,847 20,847 20,847 20,847 20,847 55,036 67,684 67,684 67,684 67,684

Sludge disposal 0 18,135 18,135 18,135 43,887 51,504 51,504 51,504 51,504 51,504 51,504

Small replacement 0 4,189 4,189 4,189 12,566 16,755 16,755 16,755 16,755 16,755 16,755

Labor 0 7,776 7,776 7,776 19,632 25,872 25,872 25,872 25,872 25,872 25,872

Site establishment 0 2,094 2,094 2,094 6,283 8,378 8,378 8,378 8,378 8,378 8,378

Inspection & Cleaning 0 418 418 418 1,253 1,671 1,515 1,515 1,515 1,515 1,515

Insurance 0 536 536 536 1,207 1,442 1,578 1,629 1,629 1,629 1,629

Other Expenses 0 954 954 954 2,460 3,114 3,094 3,144 3,144 3,144 3,144

Overhead -11,306 8,751 8,751 8,751 19,687 23,532 25,753 26,579 26,579 26,579 26,579

Provisional sum 0 6,732 6,732 6,732 15,144 18,102 19,810 20,445 20,445 20,445 20,445

Profit before Tax -11,306 6,732 6,732 6,732 15,144 18,102 19,810 20,445 20,445 20,445 20,445

Projected Profit and Loss 
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2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

0 1 2 3 4 5 6 7 8 9 10

Sources of Funds
   Pre-Operation
      Equity 83,000 83,000

      Debt 0 0

   Operation
      Revenues Received 3,612,235 156,852 156,852 156,852 352,856 421,769 461,576 476,370 476,370 476,370 476,370

Total Sources of Funds 3,695,235 83,000 156,852 156,852 156,852 352,856 421,769 461,576 476,370 476,370 476,370 476,370

Uses of Funds
   Operation
      O&M Costs -3,100,631 -134,637 -134,637 -134,637 -302,881 -362,033 -396,202 -408,901 -408,901 -408,901 -408,901

      Initial Expenses -11,306 -11,306 0 0 0 0 0 0 0 0 0 0

      Provisional Sum -155,032 -6,732 -6,732 -6,732 -15,144 -18,102 -19,810 -20,445 -20,445 -20,445 -20,445

      Overhead -201,541 -8,751 -8,751 -8,751 -19,687 -23,532 -25,753 -26,579 -26,579 -26,579 -26,579

Total Uses of Funds -3,468,510 -11,306 -150,120 -150,120 -150,120 -337,712 -403,667 -441,766 -455,925 -455,925 -455,925 -455,925

Cash Surplus 226,726 71,694 6,732 6,732 6,732 15,144 18,102 19,810 20,445 20,445 20,445 20,445

Equity IRR (Cash Surplus)
   Equity Subscribed 83,000        83,000   

   Cash Attributable to Shareholders 155,032      0 6,732     6,732     6,732     15,144   18,102   19,810   20,445   20,445   20,445   20,445   

Equity Cash Flow 72,032        -83,000 6,732     6,732     6,732     15,144   18,102   19,810   20,445   20,445   20,445   20,445   

Project IRR 10.69%

million VND

 

Projected Cash Flow 
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Appendix 4  O&M Cost Estimates
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Appendix 5  Questionnaire Surveys



1 
 

2011/3/25 

Outlines of Questionnaire Surveys 

I. Methodology for the questionnaire survey for households (HH) 

1) Objectives and Methodology 

The survey conducts questionnaire survey with 100 samples in the form of interview. The sample 

households will be extracted from the households groups who will gain benefit from the project. To 

determine the fee for low-income households, the sampled households need to include the group. 

 

2) Content of the survey (draft) 

① HH profiles 

- Age, Sex, Occupation, HH number, HH income, major source of income, and years of 

living in the area 

② Awareness of sewerage facility (Yes or No question and comments) 

- Water pollution is caused by wastewater discharge 

- Role/benefits of sewage system: improve public health, mitigate storm water 

inundation, conserve water environment and resource, and create aesthetic urban view 

and recreation zone 

- Ever heard of sewage facility role (i.e., by media, awareness program by governments 

and NGO) 

- Ever discussed about the environmental protection and sewage facility among gamily 

③ HH expenditure: an average (approximate) current monthly expenditure on following items.  

- Food 

- Foodstuff 

- Fuel 

- Outdoor meals 

- Drinking & smoking 

- Garment, hat, shoes, sandals 

- Housing, electricity, water, sanitation 

- Furniture 

- Health care 

- Travel, communication 

- Education 

- Culture, sport, recreation 

- Others 

④ Questions for willingness to pay for sewage water fee (WTP) 

- Monthly amount of willingness to pay for sewage water fee with the description of 
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planned facilities (preferably with photos) with service conditions, and policy of O&M 

cost sharing by beneficiaries 

- If respondents refused to answer the WTP, ask for reasons. 

⑤ Questions for affordability to pay (ATP) 

- Monthly amount of affordability to pay applying the following method. 

The survey asks whether the respondents feel reasonable to pay the same 

amount(percentage) from their current expenditure for the following water and sewage 

charges showing the current percentage of expenditure as in the sample figure. 

0 5 10 15 20 25 30

Culture, sport, recreation

Others
Drinking & smoking
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Housing, electricity, water, sanitaion
Garment, hat, shoes, sandals
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Travel, communication

Foodstuff

Vietnam 2008 Monthly Per Capita

 
 

The above figure will be prepared reflecting the latest official HH expenditure data in Hanoi 

or Vietnam. The followings are the examples of questions used. 

- Whether or not it is comfortable to pay water supply charge as equivalent as the cost 

for drinking. If answered “No”, ask which item is reasonable. 

- Whether or not it is comfortable to pay sewage charge as equivalent as the cost for 

culture, sport, and recreation. If answered “No”, ask which item is reasonable. 

- Whether or not it is comfortable to pay combined water supply and sewage charge as 

equivalent as the cost for fuel. If answered “No”, ask which item is reasonable. 

 

3) Schedule of the survey (tentative) 

Chief support surveyor 

(1 person, 35 days) 

Support surveyor 

(4 persons, 8 day each) 

Implementation schedule and 

activities of Tanaka(PADECO)

Survey preparation : 15days 

Activities: 

-Collect basic information 

-Proposal of survey plans 

including support surveyor 

recruitment 

Survey preparation : 1days 

Activities: 

-Attend the briefing session 

for the survey to understand 

survey methodology 

 

Middle April – Early May 

Activities:  

-Determining the sampling 

methodology and survey sites 

with the discussion and 

consultation  with CP and 
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-Proposal of sampling 

methods and survey areas 

-Acquisition of research 

permission by CP 

-Translation of draft 

questionnaire and 

pre-testing 

-Carryout HH sampling, 

listing 

- Recruitment and training 

support surveyors at the 

briefing session 

-Reporting to the Japanese 

expert 

Chief surveyor 

-Preparation of  the draft 

questionnaire and finalization 

with CP and Chief surveyor 

(The communication/direction 

with chief support surveyor 

through emails and discussion 

in Hanoi during her stay in 

mid-April)  

Survey Implementation: 

8days 

Activities: 

-Supervising support 

surveyors and monitoring 

achievements 

-Reporting to the Japanese 

expert 

Survey Implementation: 

5days (25 household per 

surveyor) 

Activities: 

-Conduct HH interviews 

with questionnaire 

-Reporting the progress to 

the chief surveyor 

Middle May 

Activities: 

-Supervise and monitor the 

survey implementation 

(will be on site in mid-May) 

Follow up of the survey: 

12days 

Activities: 

-Analysis of the result of the 

survey 

-translation of  the result 

-Reporting to the Japanese 

expert 

- Follow up the survey if 

required 

Follow up of the survey: 

2days 

-Inputting  the result of the 

survey and submit it to the 

chief surveyor 

Late May – Early June 

Activities: 

-Receive the results from chief 

surveyor (preferably while in 

Hanoi) 

-Confirm the results and direct 

follow-ups if required 

(Communication will be via 

email after May)  

Note: Chief support surveyor participate in both the survey for households and for commercial 

and industrial organization survey 

4) Qualification and Tasks of Chief Surveyor 

1. Qualification: 
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a) Knowledge and experiences of socio-economic status quo and survey implementation and 

analysis in Vietnam (preferably in Hanoi). 

b) Knowledge of socially disadvantaged households (low-income HH) in Hanoi (where do 

they live and how much they earn etc.,) 

c) English fluency for both written and oral communication with Japanese expert 

d) Computer skills for report writing and research analysis (Word and Excel are must) 

e) Internet access for communication as well as research 

f) Familiarity with the governments’ agencies (access to data and acquiring permission for the 

survey) 

g) Leadership at the survey implementation including recruitment of support surveyors, 

training and monitoring 

2. Tasks: 

a) Basic Information collection and preparation :  

- The latest existing official HH expenditure data in Hanoi (such as census results) 

in order to crate the survey figure (see an attached Excel file for the reference). If 

Hanoi specific data is not available, collect the latest national data. 

- The distribution of HH by income level in Hanoi in order to determine the 

percentage of sampling for the survey. The survey needs to include low-income 

HH to determine the fee for those HH. The percentages of HH in Hanoi as in the 5 

income quintile in national data if data is available. If not, find out the districts 

where the lowest quintile HH reside (the lowest 25% (VDN275,000 or less than 

official urban poverty line for 2006-2010 of VND270,000 per month ). See the 

statistic offices’ website for further reference of existing data 

http://www.gso.gov.vn/default_en.aspx?tabid=515&idmid=5&ItemID=9647F 

- Collect the data and information of low-income HH in Hanoi such as definition 

(latest official poverty line set by the government) of Low-income HH and public 

measures for supports relate with waste water and water fee. Social welfare 

systems/benefits/financial supports for the Low-income HH relate with the project 

if there are any. According to the official statistics, 18% of HH in Vietnam is under 

the poverty line. 

- Suggest the methods considering the project targets area and possible affected 

households for 100 sampling (i.e., distribution of HH and survey districts). After 

the discussion with the CP and Japanese expert, carryout the sampling and prepare 

the lists. 

- Translation of Questionnaire prepared by the Japanese expert and pre-test of the 

Questionnaire 
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- Acquisition of research permission from the Authority if needed. 

- Recruitment of support surveyors 

- Briefing of support surveyors 

b) Survey implementation: as in the above tale (details will be determined during the 

course of survey preparation in April) 

c) Analysis and submission of report: as in the above tale(details will be determined 

during the course of survey preparation in April) 

 

The end of the document 
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As of 18 April 2011 
Nami Tanaka 

Households Questionnaire 
 

Sample No.: Date of Survey:  

Surveyor: District name:  

Q1 Profile 

Q1-1:Age (respondents)  

Q1-2:Sex (respondents) Male Female 

Q1-3: Position in the HH(respondents)  

Q1-4:Occupation(respondents)  

Q1-5:HH Family number  

Q1-6:HH Monthly Income VND/Month

Q1-7: Who earns majority of the HH income and %  

Q2: Awareness of Sewage Facility 

Q2-1: Are you connected to the sewage pipe? Yes No Unknown

Q2-2: How much do you pay for the environmental 

tariff? 

VND/Month Unknown 

Q2-3: Do you know the environmental tariff (10% of 

the water tariff) is utilized for the sewage services? 

Yes No 

Q2-4 Do you know that water pollution is caused by 

wastewater discharge? 

Yes No 

Q2-5: Do you know role of sewage systems as follows? 

Q2-5(a): to improve sanitation and public health Yes No 

Q2-5(b):to mitigate storm water inundation Yes No 

Q2-5(c):to conserve water environment and water 

resource 

Yes No 

Q2-5(d): to create aesthetic urban view and recreation 

zone 

Yes No 

Q2-6: Have you ever heard of above sewage facility 

role? 

Yes No 

Q2-7: If yes for the Q2-6, please describe how? (i.e., 

media, awareness campaign by the governments, 

NGOs, and school (from children)) 

 

Q2-8: Have you ever discussed about the 

environmental protection and sewage facility among 

your family? 

Yes No 
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Q2-9: If yes for the Q2-8, please describe details of 

your discussion 

 

Q3: HH monthly expenditure (please indicate monthly mount) 

Q3-1: Food (staple food only) VND/Month

Q3-2: Foodstuff VND/Month

Q3-3: Fuel VND/Month

Q3-4:Outdoor meals VND/Month

Q3-5: Drinking & smoking VND/Month

Q3-6: Garment, hat, shoes, sandals VND/Month

Q3-7: Housing, electricity, water, sanitation (with 

breakdown as follows) 

VND/Month

Q3-7(a):Housing VND/Month

Q3-7 (b):Electricity VND/Month

Q3-7 (c):Water VND/Month

Q3-7 (d): Sanitation VND/Month

Q3-8: Furniture VND/Month

Q3-9: Health care VND/Month

Q3-10: Travel, communication VND/Month

Q3-11: Education VND/Month

Q3-12: Culture, sport, recreation VND/Month

Q3-13:Others VND/Month

Q4: Willingness to pay for the sewage tariff 

Q4-1: How much are you willing to pay the sewage? 

(please indicate the monthly amount) 

VND/Month

Q4-2: If you do not intend to pay the sewage tariff, 

please describe reasons. 

 

Q5: Please see the following HH expenditure figure and answer the following questions 
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Q5-1: Are you comfortable to pay sewage tariff as 

equivalent as “culture, sports, recreation”?  

Yes No 

(Indicate 

alternative 

items and 

reason) 

Q5-2: Are you comfortable to pay the combined tariff 

for water and sewage as equivalent as “health care”?

Yes No 

(Indicate 

alternative 

items and 

reason) 

Q5-3: Are you comfortable to pay the water tariff as 

equivalent as “drinking and smoking”? 

Yes No 

(Indicate 

alternative 

items and 

reason) 
End of Questions 

Thank you very much for your cooperation 
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Outlines of Questionnaire Surveys 

 

I. Methodology for the questionnaire survey for commercial and industrial organization (CI) 

1) Investigation Object and Methodology 

The survey conducts questionnaire survey with 30 samples in the form of interview. The sample 

organizations will be extracted from commercial and industrial organizations which will gain benefit 

from the project. In extracting samples, it is considered that the samples include various categories 

of business  

2) Content of the survey (draft) 

① CI profiles 

Name, location, contents of the business, profile of the representative (contact number, 

e-mail account etc.), establishment year and financial data (such as annual sale, capital 

stock, B/S or P/L etc.) 

② Awareness of sewerage facility (Yes or No question and comments) 

> Water pollution is caused by wastewater discharge 

> Role/benefits of sewage system: improve public health, mitigate storm water inundation, 

conserve water environment and resource, and create aesthetic urban view and recreation 

zone 

> Ever heard of sewage facility role (i.e., by media, awareness program by governments and 

NGO) 

> Ever discussed about the environmental protection and sewage facility at the office 

③ Questions for willingness to pay for sewage water fee (WTP) 

> Monthly amount of willingness to pay for sewage water fee with the description of 

planned facilities (preferably with photos) with service conditions, and policy of O&M 

cost sharing by beneficiaries 

> If respondents refused to answer the WTP, ask for reasons. 

④ Questions for affordability to pay (ATP) 

Monthly amount of affordability to pay applying the following method. 

The survey asks whether the respondents feel reasonable to pay the same amount 

(percentage) from their current expenditure for the following water and sewage charges 

showing the current percentage of expenditure as in the sample figure. 
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The above figure will be prepared reflecting the latest official CI expenditure data in Hanoi 

or Vietnam. According to the actual condition of the business condition, some items will be 

modified to coordinate with the survey for HH 

 

3) Schedule of the survey 

Chief support surveyor 

(1 person, 35 days) 

Support surveyor 

(3persons, 12 day each) 

Implementation schedule and 

activities of Tanaka(Yokohama 

Water) 

Survey preparation : 15days 

Activities: 

-Collect basic information 

-Proposal of survey plans 

including support surveyor 

recruitment 

-Proposal of sampling 

methods and survey areas 

-Acquisition of research 

permission by C/P 

-Translation of draft 

questionnaire and 

pre-testing 

-Carryout CI sampling, 

listing 

- Recruitment and training 

support surveyors at the 

briefing session 

Survey preparation : 2days 

Activities: 

-Attend the briefing session 

for the survey to understand  

survey methodology 

 

Middle April – Early May 

Activities:  

-Determining the sampling 

methodology and survey sites 

with the discussion and 

consultation  with C/P and 

Chief surveyor 

-Preparation of  the draft 

questionnaire and finalization 

with C/P and Chief surveyor 

(The communication/direction 

with chief support surveyor 

through emails and discussion 

in Hanoi during his stay in 

mid-April) 
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-Reporting to the Japanese 

expert 

Survey Implementation: 

8days 

Activities: 

-Supervising support 

surveyors and monitoring 

achievements 

-Reporting to the Japanese 

expert 

Survey Implementation:  

8days (10 organizations per 

surveyor) 

Activities: 

-Conduct CI interviews with 

questionnaire 

-Reporting the progress to 

the chief surveyor 

Middle May 

(Supervise and direct the 

survey) 

Follow up of the survey: 

12days  

Activities: 

-Analysis of the result of the 

survey 

-translation of  the result 

-Reporting to the Japanese 

expert 

- Follow up the survey if 

required 

Follow up of the survey: 

2days 

-Inputting the result of the 

survey and submit it to the 

chief surveyor 

Late May – Early June 

(Direct and confirm the works 

in Hanoi. If necessary, 

communicate by email after 

going back to Japan) 

Note: Chief support surveyor participate in both the survey for households and for commercial 

and industrial survey 

4) Qualification and Tasks of Chief Surveyor 

1. Qualification: 

a) Knowledge and experiences of socio-economic status quo and survey implementation and 

analysis in Vietnam (preferably in Hanoi). 

b) Knowledge of commercial and industrial organization in Hanoi (locations, foreign or 

domestic investment, and other economical conditions). 

c) English fluency for both written and oral communication with Japanese expert 

d) Computer skills for report writing and research analysis (Word and Excel are must) 

e) Internet access for communication as well as research 

f) Familiarity with the governments’ agencies (access to data and acquiring permission for the 

survey) 

g) Leadership at the survey implementation including recruitment of support surveyors, 

training and monitoring 

2. Tasks: 
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a) Basic Information collection and preparation :  

- The list of latest existing CI in Hanoi and its financial data (such as annual sales, 

capital stock, B/S or P/L etc.) in order to determine the survey targets. If Hanoi 

specific data is not available, collect the latest national data. 

- Suggest the methods considering the social and economical concerns to contact 

with 30 sample organizations. After the discussion with the C/P and Japanese 

expert, carryout the sampling and prepare the lists. 

- Translation of Questionnaire prepared by the Japanese expert and pre-test of the 

Questionnaire 

- Acquisition of research permission from the Authority if needed. 

- Recruitment of support surveyors 

- Briefing of support surveyors 

b) Survey implementation: as in the above tale (details will be determined during the 

course of survey preparation in April) 

c) Analysis and submission of report: as in the above tale(details will be determined 

during the course of survey preparation in April) 
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as of 08.04.2011

Classification of the Business: Sample No. :
Surveyor :
Date of Survey : District:

Q1 Profile
1-01 Name of the Organization
1-02 Address of the Organization
1-03 Contents of the Business

1-04 Name of the Respondent
1-05 Position of the Respondent in the organization
1-06 Number of the staff persons

Q2 Awareness of Sewage Facility
2-01 Do you know that water pollution is caused by  wastewater discharge? Yes No
2-02 Do you know role of sewage systems as follows?

(a): to improve sanitation and public health Yes No
(b):to mitigate storm water inundation Yes No
(c):to conserve water environment and water resource Yes No
(d): to create aesthetic urban view and recreation zone Yes No

2-03 Have you ever heard of above sewage facility role Yes No
2-04 If yes for the Q2-03, please describe how? 

(i.e.) media, awareness campaign by the governments, NGOs, and school (from children))

2-05 Have you ever discussed about the environmental protection
 and sewage facility at the office? Yes No

2-06 If yes for the Q2-05, please describe details of your discussion

Q3 Expenduture for water
3-01 Monthly consumption of water m3

3-02 Monthly payment for water VND
3-03 Maximun payment in the past several years VND
3-04 Minimum payment in the past several years VND
3-05 How much % are you using the water for business %

Q4 Willingness to pay
4-01 Which benefit are your organization will get from sewage system?

(a):Reduction of the bad smell Yes No
(b): Reduction of the disease Yes No
(c): Reduction of the maintenance of cleaning the trench Yes No
(d): Improving the toilet Yes No
(e): Enlargemet of the business Yes No
(f): Others

4-02 How much do you intend to pay for sewage fee, if you get the benefit as above?
Pleasel answer how much % in comparizon with payment to water (Q3-02)
1. same as now 2. more than 10% 3. more than 20% 4. more than 30%
5. more tha 40% 6. more than 50% 6. more than 60% 6. more than 70%

  Commercial & Industrial Organization Questionnaire
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7. more than 80% 8. more tha 90% 9. more than 100% 10. Less than now

Q5 Affordability to pay
5-01 How much is your monthly sales VND
5-02 How much is your monthly expense VND

< contents of expense>
payment to buy the material VND
payment to the staff VND
payment to the machinary VND
payment to for the electricity VND
payment for location (rending house) VND
tax payment VND
other payments

payment to [                                                                                      ] VND
payment to [                                                                                      ] VND
payment to [                                                                                      ] VND

5-03 How much can your organization pay for sewage system
Pleasel answer how much % in comparizon with payment to water (Q3-02)
1. same as now 2. more than 10% 3. more than 20% 4. more than 30%
5. more tha 40% 6. more than 50% 6. more than 60% 6. more than 70%
7. more than 80% 8. more tha 90% 9. more than 100% 10. Less than now

Q6

1 same as now (120%).
2 until 150% of unit rate for households
3 until 170% of unit rate for households
4 until 180% of unit rate for households
5 until 200% of unit rate for households
6 until 300% of unit rate for households
7 more than 300% of unit rate for households

to the rate for household?"

Unit rate for sewerage for CI organizations is set around 20% or more than that for
households, to support the poor citizens in Hanoi. 
How much unit rate for sewerage cost is acceptable for you to pay in comparison
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Appendix 6  Calculation of Sewerage Tariff 
 

 
 



 

1 

Calculation of Sewerage Tariff 
 

Summary 
 
[Concept of Tariff Calculation] 

REVENUE

Water 
Consumption  
by Domestic 

Use

÷

=
COST per Water 
Consumption by 

Domestic Use

Full Operation Cost 
Recovery Tariff for 

Domestic Use

Willingness to 
Pay for 

Sewerage

Revenue from Tariff 
for Non-domestic  

Use

Equal To

OM COSTS

Domestic 
Use

Non-
Domestic 
Use

BUDGET

 
 

 The sewerage tariff for domestic use is set to cover the necessary costs of sewerage operation for 
domestic use in Hanoi. 
The cost of sewerage operation is estimated by cost combinations for WWTP O&M, replacement, and 
depreciation, as well as the O&M cost of the associated sewer system. The necessary cost for domestic is 
established by the proportion of domestic sewage to non-domestic sewage. 
 

 In the analysis, tariffs are collected from (i) the service area of the WWTPs, or (ii) the whole Hanoi 
region. 
 

 In the analysis, sewage will be discharged in accordance with (i) design of WWTPs, or (ii) actual 
water consumption in Hanoi. 
 

 The sewerage tariff for non-domestic use is set in accordance with Decree No. 88/2007/ND-CP. 
The sewerage tariff for non-domestic use is set as indicated in Decree 88/2007/ND-CP Article 53. Waste 
water from non-domestic use is assumed to be STT3 (COD 201-300 mg/l), and their adjustment coefficient (K) 
is 2.0. This indicates that the tariff for non-domestic use is twice as much as that for domestic use. 
 

Based on these concepts, the tariff setup and financial gap in each case are estimated. 
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[Case] 

The studied cases for tariff setup and financial gap estimation are summarized in the following table. 

 

Case No. Sewage Discharge Tariff Collection Area 

1 190L Service Area 

2 190L Whole Hanoi 

3 153L Service Area 

4 153L Whole Hanoi 

 

Note: 

Sewage Discharge 

190L: It is assumed that water consumption for domestic use is 190L/day person. This amount is assumed 
in accordance with the Plant Design of WWTPs. Sewage discharge is estimated based on the forecasted 
population in 2020. 

153L: Water consumption for domestic use in the service area is 153L/day person, based on data provided 
by the water company. Sewage discharge is estimated based on current water consumption and 
population in Hanoi.  

 

Tariff Collection Area 

Service Area: Sewerage tariffs will be collected from the service area of the WWTPs. 

Whole Hanoi: The sewerage tariffs will be collected from the whole Hanoi region. This area is separated 
into the urban area and the rural area. It is assumed that tariffs in the rural area are half the amount of 
the tariffs in the urban area, because the average income in the rural area is approximately 50% of the 
average income in the urban area. 

(A) Estimate cost of sewerage operation 

(O&M Cost of WWTP, O&M Cost of Sewer System 

Replacement Cost of WWTP, Depreciation of WWTP) 

(B) Set breakdown of sewage flow into 

domestic use and non-domestic use 

[Case: Sewage Discharge] 

(D) Estimate costs.  (E) Estimate costs.  

(F) Set tariff and estimate revenues.  

[Case: Tariff Collection Area] 

[Case: Tariff Level] 

(G) Set tariff and estimate revenues.  

(C) Estimate Financial Gap 

[4 x 5 cases] 

NON-DOMESTIC USE DOMESTIC USE 
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In setting up the tariff for domestic, the following 5 levels are taken into consideration: 

 

a. Willingness to Pay Level 

b. O&M Cost of WWTPs Full Recovery Level 

c. b + O&M Cost of Sewer System Full Recovery Level 

d. c + Replacement Cost Full Recovery Level 

e. d + Depreciation of WWTPs Full Recovery Level 
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