
Madhya Pradesh Urban Services Improvement Project – Additional Financing (RRP IND 42486-018) 

ECONOMIC ANALYSIS 
 

A. Introduction  
 
1. Increased urbanization of 2.3% per annum (p.a.) during 2001–2011,1 impressive 
economic growth (7.7% p.a. during 2015–2019),2 and the unmanaged growth of cities have 
resulted in environmental degradation, pollution, and an increase in urban poverty in Madhya 
Pradesh. The proposed additional financing of Madhya Pradesh Urban Services Improvement 
Project aims to improve urban service delivery in 70 second-tier towns, with 37 subprojects in 
water supply and wastewater management based on a sector loan modality. Under the sector 
loan modality, the economic analysis was carried out for four sample subprojects: water supply 
subprojects in Badoda and Gohad and wastewater management subprojects in Rajnagar and 
Khajuraho, for which detailed project reports were completed. 
 
B. Rationale  
 
2. The rationale for Government of India and Government of Madhya Pradesh (GOMP) 
involvement is sound as the project will focus on urban basic services, wherein (i) there is a natural 
monopoly and (ii) the services are public goods managed by the government. Inadequate tariff 
for cost recovery together with large up-front capital investment costs have not attracted private 
investment to urban infrastructure in Madhya Pradesh, which justifies GOMP’s involvement in the 
project. 
 
C. Demand Analysis 
 
3. Current inadequate urban services are posing a major health risk and have been 
considered as one of GOMP’s main challenges. At present, average piped water supply is only 
40.0 liters per capita per day (lpcd) in Badoda with 50% coverage and 28.0 lpcd in Gohad with 
60% coverage, much less than the minimum required 123.6 lpcd (weighted average for two 
sample towns—Baroda with 70.0 lpcd and Gohad with 135.0 lpcd)3 with 100% coverage. Also, 
there are no sanitation systems including sewerage and fecal sludge management in Rajnagar 
and Khajuraho, the two sample towns. Existing inadequate supply, costly and unhygienic water 
supply from other sources, and  the existing unhygienic sanitation conditions together underline 
existing poor service delivery in water supply and sanitation. All these issues combined and the 
increasing urban population lead to a strong demand for improved services through the project.  
 
D. Alternative Analysis  
 
4. Alternative designs were assessed for lifecycle cost analysis in the detailed project reports 
for water supply and sanitation components.4 Water supply components have considered (i) water 
sources,5 (ii) alignment for pipeline from source, (iii) zoning (distribution network divided into 
different control zones for better network management and water loss control), and (iv) selection 

 
1 Government of India. 2011. Census of India. Final Population Totals Madhya Pradesh Profile.  

http://censusindia.gov.in/2011census/censusinfodashboard/stock/profiles/en/IND023_Madhya%20Pradesh.pdf. 
2    Reserve Bank of India. 2019. Handbook of Statistics on Indian Economy 2018–19. Mumbai. 
3  Madhya Pradesh Urban Development Company (MPUDC). 2018. Design Guidelines. Bhopal. Seventy lpcd for up 

to 30,000 people (2018) and 135 lpcd for more than 30,000 people as per the design criteria.  
4    Madhya Pradesh Urban Development Company. 2019. Updated Detail Project Reports (2019). Bhopal.  
5  For Gohad, nearby Kotwal Dam with sufficient water up to 2028 is selected as source after considering two other 

surface sources and ground water. Similarly, Aheli River supported by ground water during summer is selected as 
source for Badoda water supply, after considering two other river sources.   

http://www.adb.org/Documents/RRPs/?id=42486-018-3
http://censusindia.gov.in/2011census/censusinfodashboard/stock/profiles/en/IND023_Madhya%20Pradesh.pdf
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of pipe materials (selecting Ductile Iron K9 pipe for raw water and clear water rising main and 
high-density polyethylene for distribution network). In sanitation, sequencing batch reactor 
treatment technology has been selected from five options to suit local conditions, and double-wall 
corrugated high-density polyethylene for pipes up to 400 millimeters in diameter and ductile iron 
pipes for pipes of greater than 400 millimeters diameter have been selected as pipe materials 
after considering four different materials. Selection of the above options were considered along 
with other considerations including economic, environmental and social safeguards issues, 
availability of materials, and ruling specifications6 during project design. As per the comparison 
study, all the subprojects were found to be the most economically viable option for meeting the 
demand in terms of scale, technology, and timing.   
 
E. Cost–Benefit Analysis  
 
5. An economic analysis assessed the economic viability of the sample subprojects by their 
economic internal rates of return and net present value in accordance with Asian Development 
Bank guidelines.7 
 
6. Economic costs. The following assumptions are made for the economic analysis: (i) all 
costs were expressed in 2020 constant prices and converted at $1 = ₹72.4; (ii) projections 
covered 2020–2045, including 5 years of construction (2021–2025), and assets created were 
assumed to have a 20-year life span on completion; (iii) all costs, including capital and operations 
and maintenance (O&M) expenditure, were valued using the domestic price numeraire; (iv) 
tradable inputs and unskilled labor costs were further adjusted by a shadow exchange rate factor 
of 1.048 and a shadow wage rate factor of 0.949; and (v) the economic opportunity cost of capital 
was assumed to be 9% in real terms.  
 
7. By adding all economic costs by component estimated separately (foreign, unskilled labor, 
and remaining local costs), the economic costs were derived for each subproject, translating into 
81% of the project cost (Table 2).  
 

Table 2: Details of Project Costs for Sample Subprojects 
($ million) 

Subprojects 
Project 
Town 

Capital Costs O&M Costsa 
Implement-

ation O&M 
Project

Cost 
Economic 

Costb 
Project

Cost 
Economic

Costb 
Water 
supply 

Badoda 3.3 2.7 0.8 0.7 

2020–2025 2026–
2045 

Gohad 20.2 16.2 5.1 4.5 
Sanitation Rajnagar 5.6 4.5 4.4 3.9 

Khajuraho 8.8 7.0 5.6 5.0 
Total  37.8 30.4 15.8 14.1   

O&M = operation and maintenance. 
a Annual O&M cost increase of 0.5% has been considered for additional maintenance requirements. 

 
6  Revised detailed project reports (DPRs)of all subprojects (2019) have considered all technical options discussed, 

cost alternatives, safeguard issues, material availability and design specification requirements in arriving the final 
design and costing. Thus, DPR costs were adopted for economic analysis. 

7  ADB. 2017. Guidelines for the Economic Analysis of Projects. Manila. 
8  Shadow exchange rate factor is calculated as follows: 1+ $26.30 billion (average customs duties during 2015-

2019)/ [$290.2 billion (average exports during 2015 - 2019) + $429.1 billion (average imports during 2015 - 2019)] 
= 1.04. Source: Government of India, Ministry of Finance. 2019. Receipt Budget 2016–2017 to 2018–2019. New 
Delhi. 

9  Shadow wage factor 0.94 was estimated through dividing $4.2 per day (unskilled labour cost, using practiced labour 
wage rate paid by contractors to unskilled labourers) into $4.5 per day (minimum wage of Madhya Pradesh in 2019). 
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b Excludes taxes and duties, price contingencies, and financing charges. 
Source: Asian Development Bank estimates. 

 
8. Economic benefits. On completion, the four sample subprojects will address (i) the water 
supply issues in Badoda and Gohad towns from 2026, benefiting about 0.10 million people; and 
(ii) sanitation problems in Rajnagar and Khajuraho towns, benefiting about 0.05 million people.10 
The water supply subprojects will contribute to (i) reducing water use from other costly unhygienic 
sources, (ii) reducing the daily water collection time from other sources, and (ii) reducing earning 
loss during sick days resulting from waterborne disease. The sanitation subprojects will help to 
reduce (i) waterborne diseases, resulting in reduction in earning loss during sick days and flood 
days and health expenditure; (ii) septic tank maintenance costs; and (iii) road maintenance costs 
as a result of drainage improvements. Details of estimated benefits for the sample subprojects 
are summarized in Tables 3 and 4. 
 
9. Water supply. The construction of transmission mains, water treatment plants, 
distribution networks, and household connections will be included and designed to provide 70 
lpcd of water in Badoda and 135 lpcd of water in Gohad, benefitting 0.1 million people in 2026. 
The current per capita piped water supply is 40.0 lpcd in Badoda and 28.0 lpcd in Gohad, and 
total water consumption is 65.8 lpcd in Baroda and 73.1 lpcd in Gohad. The difference between 
the existing supply and the present consumption is considered as nonincremental benefit, and 
the supply beyond the existing consumption up to the target (70 lpcd in Badoda and 135 lpcd in 
Gohad) is treated as incremental benefit (Table 3). 
  

Table 3: Economic Benefits of Water Supply Component 

($ million) 
  Total NPV (2026–2045) 
Category Unit Rate Badoda Gohad 
A.   Nonincremental benefits    

Savings in resource cost  $69.3/household/yeara 1.00  7.00  
Savings in time to collect water $104.9/household/yearb 2.20 10.1  
Savings in earning loss during sick days $51.6/household/yearc 1.20 4.90  

B.   Incremental benefits    
Average unit cost for incremental benefit $0.1/kiloliterd 0.03  0.80  

NPV = net present value. 
Notes: 
a. Replaced water breakdown: 12.5 kiloliter (kl) via open well at ₹17.6/kl, 80.9 kl via borewell at ₹32.0/kl, 0.4 kl via 

bottled water at ₹1,500.0/kl, and 12.6 kl via tanker water at ₹125.0/kl. The average cost of replaced water of 106.4 
kl was estimated at ₹5,020.3/household/year ($69.3/household/year). 

b. 0.81 hours (average daily water collection time per household) x 80% time saved x 365 days x ₹32 (average time 
value for women and children during nonworking hours who collect water) = ₹7,594.9/household/year 
($104.9/household/year). Households use mostly community-based infrastructure and most of the time people have 
to wait for their turn to collect water. This is the main reason for the high average water collection time of 0.81 hours 
daily, as revealed from the socioeconomic baseline survey. However, the situation is better in Badoda than Gohad, 
as per the discussion with officials. 

c.  ₹943.6 (average daily household income of subproject towns for slums at ₹510.1 and for nonslum at ₹1,056.7) x 
11.7 days (average annual working days lost [10 days in Badoda and 12 days in Gohad]) = 
₹10,993.2/household/year (average annual household earning loss during sick days from waterborne diseases); 
34% of loss (₹3,737.7/household/year or $51.6/household/year) is assigned to water supply. High fluoride content, 
untreated water, and unhygienic sanitation conditions are the main reason for the high incidence of waterborne 
diseases, as revealed from the discussion with urban local body officials and other stakeholders.  

d. Using the long-term average annual inflation rate of 5%, the water treatment plant information from the 2015 
baseline survey was updated to 2020 (₹7.31/kl or $0.1/kl) for the incremental unit rate.  

 
10    Madhya Pradesh Urban Development Company. 2019. Detailed project reports of water supply projects in 

Badoda and Gohad and Sanitation projects in Rajnagar and Kajuraho. Bhopal. 
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Sources for water supply and sanitation benefits: (i) Madhya Pradesh Urban Development Company. 2019. Updated 
detailed project reports. Bhopal; (ii) ADB. 2015. Social and Gender Analysis, Project Number 42486. 2015; (iii) United 
Nations Children's Fund. 2016. The Impact of Water, Sanitation and Hygiene on Key Health and Social Outcomes: 
Review of Evidence. New York; and (iv) Government of India, Ministry of Statistics and Programme Implementation. 
2013. Key Indicators of Household Consumer Expenditure in India, 2011–2012. Delhi.  

  
10. Sanitation. Lack of sanitation with treatment in project towns poses a health risk. Sample 
subprojects propose implementation of sanitation systems with 100% coverage with components 
such as sewer networks, house service connections, treatment plants, fecal sludge management 
systems for households that cannot be provided with sewer networks, and storm water drain 
network improvement to control flood issues. It is estimated that about 50,050 people (10,010 
households) will benefit in 2026.  
 

Table 4: Economic Benefits of the Sanitation Component  
($ million) 

Nonincremental Benefits Unit Rate 
Total NPV (2026-2045) 

Khajuraho Rajnagar 
  Savings in earning loss during sick days 71.7/household/yr a 2.9 1.5 
  Savings in annual maintenance of septic tank costs 44.7/household/yr b 1.8 0.9 
  Savings in health expenditure because of sanitation   

improvement 
63.3/household/yr c 2.6 1.3 

  Savings in earning loss during flood days 51.6/household/yr d 2.1 1.0 
  Savings because of reduced damage to road infrastructure 0.1 million/yr e 0.4 0.4 

NPV = net present value, yr = year. 
a. Estimated at 44.5% of household daily income (₹972.1) and 12 days lost because of sickness as 

₹5,190.9/household/ year ($71.7). 
b. Average annual maintenance cost = ₹3,750 annual maintenance for septic tanks x 85% septic tank usage plus 

₹600 annual maintenance for low-cost sanitation x 8% usage of low-cost sanitation (₹3,235.5 or $44.7).  
c. ₹11,147.8 (average annual household medical expenditures for waterborne diseases) x 44.5% (savings assigned 

to sanitation) x 92% (portion of medical expenses) = ₹4,584.2/household/year ($63.3/household/year); balance of 
8% medical expenses is estimated as doctors’ consultation fees as a cash transfer within the economy. 

d. Estimated at 38% of households affected by flooding with daily income (₹972.1) and 10 days lost because of 
waterlogging as ₹3,735.0/household/year ($51.6). Estimate of 10 days per annum of waterlogging is based on 
discussion with local officials and focus group discussions.  

e. Savings because of reduced damage to road infrastructure = 95.1kilometer road length benefited by storm water 
drain improvement x annual flood maintenance ₹0.05 million/kilometer = ₹4.8 million/year or $0.1 million/year. 

Sources: Refer para 9.  
 
11. Results of cost–benefit analysis. The result of the cost–benefit analysis shows that all 
sample subprojects are economically viable with the economic internal rates of return ranging 
between 11.6% and 19.8%, higher than the economic opportunity cost of capital, estimated at 
9.0% (Table 5).  

Table 5: Costs and Benefits Streams 
($ million) 

Year 

Water Supply Sanitation 
Badoda Gohad Khajuraho Rajnagar 

Cost
s 

Benefit
s Net Cost

s 
Benefit

s Net Cost
s 

Benefit
s Net Cost

s 
Benefit

s Net 

2020 0.0    0.0    0.0       0.0      0.0    0.0    0.0    0.0    0.0    0.0    0.0    0.0    
2021 0.4  0.0    (0.4)  2.4  0.0    (2.4)  1.1  0.0    (1.1)  0.7  0.0    (0.7)  
2022 0.5  0.0    (0.5)  3.2  0.0    (3.2)  1.4  0.0    (1.4)  0.9  0.0    (0.9)  
2023 0.5  0.0    (0.5)  3.2  0.0    (3.2)  1.4  0.0    (1.4)  0.9  0.0    (0.9)  
2024 0.5  0.0    (0.5)  3.2  0.0    (3.2)  1.4  0.0    (1.4)  0.9  0.0    (0.9)  
2025 0.7  0.0    (0.7)  4.1  0.0    (4.1)  1.8  0.0    (1.8)  1.1  0.0    (1.1)  
2030 0.0  0.8  0.8  0.2  4.0  3.7  0.3  1.7  1.5  0.2  0.9  0.7  
2034 0.0  0.8  0.8  0.2  4.3  4.1  0.3  1.9  1.6  0.2  0.9  0.7  
2038 0.0  0.9  0.8  0.2  4.6  4.3  0.3  2.0  1.7  0.2  1.0  0.8  
2042 0.0  0.9  0.8  0.2  4.9  4.6  0.3  2.1  1.8  0.2  1.0  0.8  



5 

2045 0.0  0.9  0.9  0.3  5.1  4.9  0.3  2.2  1.9  0.2  1.0  0.8  
NPV 2.1  4.5  2.4  12.7  22.8  10.1  6.4  9.8  3.5  4.2  5.0  0.8  
EIRR   19.8%   16.6%   15.3%   11.6% 

( ) = negative, EIRR = economic internal rate of return, NPV = net present value.  
Source: Asian Development Bank estimates. 
 
F. Risk and Sensitivity Analysis  
 
12. Sensitivity analysis of four sample subprojects was conducted to assess the effect of 
adverse changes in key variables, including (i) a capital cost overrun of 20%, (ii) an overrun in 
operation and maintenance costs by 20%, (iii) a decline in estimated benefits by 20%, (iv) a 1-
year delay of implementation, and (v) all of the above downside risks combined. The sensitivity 
analysis has revealed that the results are satisfactory, except for when benefits decrease by 20% 
and in the combined scenario for the Rajnagar sanitation subproject (Table 6). The project’s 
economic viability increases if unquantifiable benefits such as environmental improvements are 
included in the analysis. 
 

Table 6: Economic Internal Rate of Return and Sensitivity Analysis  
($ million) 

Scenario  

WS - Badoda WS - Gohad SW - Khajuraho SW - Rajnagar 

NPV 
EIRR 
(%) NPV 

EIRR 
(%) NPV 

EIRR 
(%) NPV 

EIRR 
(%) 

Base case 2.4  19.8 10.1  16.6 3.5 15.3 0.8  11.6 
Construction cost +20% 2.1  17.1 7.8  14.2 2.5 13.0 0.2  9.5 
O&M cost +20% 2.4  19.7 9.9  16.5 3.2 14.8 0.6  10.9 
Benefit –20% 1.5  16.4 5.6  13.5 1.5 12.0 (0.2)  8.3 
1-year delay of operation 2.1  19.7 8.8  16.5 3.0 15.1 0.7  11.4 
Combined 1.0  13.6 2.4  11.0 0.1 9.2 (1.0)  5.3 

( ) = negative, EIRR = economic internal rate of return, NPV = economic net present value, SW = sanitation, WS = 
water supply. 
Source: Asian Development Bank estimates 
 
G. Distribution Analysis and Poverty Analysis 
 
13. Distribution analysis was used to calculate the poverty impact ratio, i.e., the proportion of 
project net benefits accruing to the poor. To distribute the net economic benefits, the stakeholders 
are grouped into households, unskilled labor, project municipalities, and the government. The 
analysis shows that the poverty impact ratio is found to be 23.4% for Badoda (water supply), 
23.9% for Gohad (water supply), 24.4% for Khajuraho (sanitation), and 25.4% for Rajnagar 
(sanitation). Considering that the proportion of urban households below the poverty line in Madhya 
Pradesh State is 21%,11 the sample subprojects are expected to benefit the poor considerably. 
 
H. Sustainability Analysis  
  
14. Financial sustainability of sample subprojects is an identified risk, as the required 
volumetric tariff introduction in project municipalities may be delayed. To ensure sustainability of 
assets, sustainability plan for project ULBs addressing key issues with time bound action plans 
have been agreed with GOMP. GOMP will monitor implementation of the sustainability plans and 
ensure full O&M recovery through tariff adjustment and O&M gap funding to wastewater 
subprojects where an O&M shortfall exists. Also, the project will provide capacity building support 
for revenue enhancement including increased tariff revenue, improved collection efficiency, 
awareness campaigns, and consultations to mitigate this risk.  

 
11   Government. of India, Planning Commission. 2012. Press Note on Poverty Estimate 2011–2012. Delhi. 
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