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EXECUTIVE SUMMARY1 
 
Policy Question 
 
How can cities in the developing world improve and extend the delivery of water supply to 
the urban poor even as the changing climate conditions may pose a challenge to the delivery 
of the service?  
 
Background 
 
In developing countries, 40% of the population now lives in urban areas, and this proportion 
is projected to rise to 56% by 2030 (United Nations Population Division 2002). With an 
increasing urban population, basic services in the urban areas may be increasingly 
insufficient to serve the needs of the people, especially the poor. This is because the 
government resources are limited and basic facilities are designed for those who are able to 
pay for those services. The urban poor, on the other hand, are thought to have low 
willingness and ability to pay for these services. Hence, they are largely left out of 
consideration by authorities when planning for delivery of urban services like water supply. 
 
At present, 884 million people in the world do not have access to safe water supplies (United 
Nations 2009). Poor access implies that poor people often pay five to ten times more per liter 
of water than richer people in the same city (United Nations Human Settlements Programme 
2003). 
 
The impacts of climate change may further threaten the continued supply of water to city 
dwellers.  Evidence suggests that the water sector will be affected by climate change and 
water resources will change in both quantity and quality (Danilenko, Dickson, and Jacobsen 
2010). Water infrastructure will face greater risk of damage posed by storms, floods and 
droughts. Thus, urban water utilities are faced with the increasing need to improve water 
resource management and associated infrastructure (Water Sector Board 2010).  
 
This report looks at a few case studies of water utilities across the world that have 
successfully extended service coverage to the poor and improved upon the existing quality of 
service. It also analyzes performance metrics, specifically the water supply coverage by 
utilities across the world from data provided by the World Bank.   
 

                                                  
1 This Master’s Project was prepared in 2011 in partial completion of the requirements for 
Pubpol 308, a course in the Masters of Public Policy Program at the Sanford School of 
Public Policy at Duke University.  The research, analysis, and policy recommendations 
contained in this paper are the work of the student who authored the document, and do not 
represent the official or unofficial views of the Sanford School of Public Policy or of Duke 
University. Without the specific permission of its author, this paper may not be used or cited 
for any purpose other than to inform the client organization about the subject matter. The 
author relied in many instances on data provided to her by the client and related 
organizations and makes no independent representations as to the accuracy of the data. 
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Research Method 
 
As mentioned above, I conducted a few in-depth case studies as well as quantitative analysis 
on the relationship between water coverage, poverty and other performance metrics of 
utilities to determine the quality and reliability of water service delivery in poor areas.  
 
Quantitative Analysis: I conducted statistical analysis mainly on data from the World Bank to 
look at the above-mentioned relationships. I further added a few variables on precipitation 
and water availability to the existing dataset to analyze the effects of change in climate on 
water coverage.  
 
Case Study Analysis: I identified three case study cities in the developing world, which have 
been able to provide good services for water supply. These are the pilot project in Hubli-
Dharwad, Phnom Penh Water Supply Authority and DMAE in Porto Alegre. While the first 
is a project under public-private partnership, the latter two are purely public projects. These 
case studies were deliberately chosen so as to represent different regions and economic 
conditions. Because of this diversity, any common policy solution across these utilities is 
more amenable to replication in other locations.  
 
Key Findings 
 

1) Since several of the variables in the data were endogenous, drawing causal 
conclusions from the data itself is difficult. However, a few interesting associations 
and trends emerge: 
 
a. There are systemic differences in utility management types and thus any 

difference in water coverage cannot be attributed to change in management type. 
This is reflected in the case study analysis where improvement in coverage is not 
a factor of management type. 
 

b. Increase in nonrevenue water is associated with reduced water coverage, thus 
making a case for checking leakages from illegal connections or unmetered 
connections.  
 

c. Increase in number of full-time employees and pipe breaks is associated with a 
decrease in water coverage while an increase in the number of hours of water 
supply service is positively related to the coverage of service.  
 

d. Not surprisingly, utilities not constrained by water scarcity can increase coverage 
by a much higher percentage than utilities, which are approaching water scarcity 
or those with economic scarcity. However, utilities with scarcity are associated 
with better coverage than the other three categories. This could be because the 
utilities with scarcity are located in richer countries or that they are more efficient 
in general. Controlling for income however, does not provide any significant 
results.  
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e. Utilities in regions with economic scarcity of water (human, institutional or 
financial capital limiting access to water, even though sufficient water is available 
locally to meet human requirements) are least likely to have good water service 
coverage, even though they produce more water per connection per year than 
utilities in any other region, including those with no water scarcity. This apparent 
anomaly could be due to poor management of utilities in these regions. These 
regions with economic scarcity also have the lowest GDP (PPP) per capita.  
 

2) The case studies demonstrate some of the same relationships that emerge from the 
quantitative analysis. One of the first measures undertaken was to reduce the non-
revenue water by ensuring that illegal connections were regularized and that all 
connections were metered. Secondly, operating and capital costs were recovered 
through tariffs, which were appropriately devised such that the new structure and 
prices did not overly burden the poor. Thirdly, greater attention was paid to upkeep of 
infrastructure. In the case of Phnom Penh, the number of employees per connection 
also went down, thus leading to greater labor productivity.  
 

3) Porto Alegre and PROSANEAR case studies have shown that taking into 
consideration resident’s priorities and greater water coverage are positively 
associated. While Porto Alegre is an example of political will leading to positive 
changes, PROSANEAR shows that collaborative efforts are possible in increasing 
coverage and improving service. 

 
4) All of the above case studies show that a large loan or grant from a multilateral 

organization is initially required to undertake the change in the system. Much of it is 
likely to be repaid through tariffs, which will be higher as a result.  

 
Recommendations 
 
The conclusions from the quantitative analysis, which are reinforced by the case studies, are 
that solutions are not likely to be simple or applicable in all circumstances. It is also not easy 
to separate symptoms of poor water management from causes. However, the following 
recommendations are a set of common policy levers across successful water utilities and 
found to have positive association with water coverage in the quantitative analysis.  
 
It is recommended that water utilities cover costs of providing efficient services from the 
users. This implies charging not only an appropriate level of tariff, but also devising an 
effective collection policy. Checking illegal connections and regularizing them is another 
measure that utilities should undertake to not only decrease non-revenue water, but also to 
ensure adequate maintenance of the piped network. 
 
Physical scarcity of water is not a deterrent to increasing service coverage. Rather, it is poor 
management of utilities that can hamper coverage. Increasing efficiency (by increasing hours 
of supply coverage, reducing number of pipe breaks etc) is associated with better coverage 
and thus must be pursued rigorously by utilities to increase coverage. 
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Background 
Demographics are Changing in the Developing World 
 
In 1950, there were 75 cities with more than one million inhabitants. This had 
increased to 380 by 2000, with most of them in low and middle-income countries. 
The average size of the cities has also increased- from 2.0 million inhabitants in 1950 
to 6.3 million inhabitants in 2000 (Satterthwaite et al. 2007). This high level of 
growth in urban areas is expected to continue, and it is going to be a challenge for 
developing countries with more limited resources to provide their increasing urban 
population with basic infrastructure facilities. 
 
Since the urban poor have limited housing options, they typically inhabit areas that 
are either environmentally vulnerable or that have sparse infrastructure and services 
(Hardoy and Pandiella 2009). In 2003, almost one billion people, who constituted one 
third of the world’s urban population, lived in slums. Asia has the largest number of 
slum dwellers with 554 million living in slums, and sub-Saharan Africa has the 
largest percentage (71%) of its urban population living in slums (United Nations 
Human Settlements Programme 2003). 
 
Increasing Urbanization in Low-Income Countries is straining their Urban 
Resources and Depleting Environmental Resources 
 
Local authorities lack the resources and capacity to manage urbanization in 
developing countries, which is expanding rapidly. Specifically, capital expenditure for 
all infrastructure per person was as low as US$ 35 in 1998 in African cities and fell 
below US$ 1 in smaller or poorer cities. In comparison, expenditure per person per 
year in Northern Europe was above US$ 1,000 (United Nations Human Settlements 
Programme 2003). 
 
A large number of the urban poor live without basic municipal services like water, 
sanitation and solid waste-management. At least 40% of the households in slums in 
Asia have no access to piped water supply (Asian Development Bank 2007).  

Inadequate Access to Basic Services and Depleting Resources Increases Exposure 
to Hazards of Climate Change 
 
Cities face environmental stress due to the inadequate expansion of basic services to 
keep up with rapidly expanding populations (Willoughby 2006). In addition, the 
inadequate access to basic municipal services for the urban poor implies that they are 
even more vulnerable in the event of extreme weather-events like floods and storms. 
It should be noted that the human cost of climate change in urban centers in poor and 
middle-income countries comes not from extreme events by themselves, but from the 
inadequate provision of protection for inhabitants from these disaster events 
(Satterthwaite et al. 2007).  
 
The challenge posed by climate change is expected to vary by geographic locations. 
While coastal cities are threatened by a rise in sea level, dryland cities may suffer 
from shortage of water resources due droughts induced by climate change 
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(Satterthwaite and et al 2009). Coastal cities may also experience contamination of 
their fresh-water supplies with salt (IPCC Working Group II 1997).  
 
In addition, climate change could impact different locations in various ways 
depending on the status of their water supplies, either due to economic shortage, or 
pure physical shortage of water. Economic scarcity is defined as a situation in which 
human, institutional and financial capital limit access to water, even though sufficient 
water is available locally to meet human requirements.  
 

The following map identifies regions by extent of water shortage.  

 

Source: UNEP/GRID 2008. Reproduced from Water Working Notes no 24. Pg 18. 
(Danilenko, Dickson, and Jacobsen 2010)  
 
 
Research Method 
To address my research question on the coverage of water supply services, I 
conducted a quantitative analysis to look at the determinants of water supply services. 
I also conducted research on several case studies of successful water utilities across 
the developing world. 
 
Quantitative Analysis  
 
I obtained the data for this analysis primarily from the World Bank. This data had 
been used previously in the report, Does Private Sector Participation Improve 
Performance in Electricity and Water Distribution? (Gassner, Popov, and Pushak 
2009). The dataset covered a comprehensive set of utilities that experienced private 
participation between 1990s and 2002. To this set of utilities, state-owned enterprises 
in the same countries or regions were added to include counterfactuals. I further 
added a few variables on precipitation and water availability to analyze the effects of 
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change in climate. Since residential water coverage is my primary variable of interest, 
I dropped all observations where water coverage data was not available.  
 
In addition to percentage coverage of residential water supply, the following variables 
are also analyzed – specifically the association of these variables with water coverage. 
See Table 1 and 2 for summary statistics on these variables.  
 

1. Utility management in terms of public or private sector participation (PSP) 
split by GDP per capita. Poor countries are defined as those with GDP per 
capita in 2000 PPP terms as less than $6,700. This cutoff was chosen as it is 
the median level of income for the countries in the sample;  
 

2. Nonrevenue water calculated as the value of total water sold less revenue in 
terms of 2005 Millions of USD per year. A negative amount implies that the 
revenues are more than the estimated worth of the total water sold. The 
summary statistics shows negative nonrevenue for utilities with PSP. This 
could be interpreted to mean that private sector utilities are more efficient. 
However, as the following ANOVA results show, there could be systemic 
differences between publicly managed and privately managed utilities; 

 
3. Labor productivity measured as number of full-time employees per 

connection; 
 

4. Difference in the tariff required for cost recovery (recovering operating costs) 
and actual tariff measured in 2005 USD per cubic meter of water per month. 
A negative amount implies that the actual tariff is more than what is needed to 
recover operating costs; 

 
5. Connection density measured as number of thousand connections per 

kilometer of network;  
 

6. Utility performance measured as annual number of pipe breaks per kilometer 
of network length; 

 
7. Service quality measured as number of hours of service in a day for 

residential water supply; 
 

8. Total water produced per connection per year in cubic meters; 
 

9. Physical water availability status as estimated from the International Water 
Management Institute’s map on Comprehensive Assessment of Water 
Management in Agriculture (Danilenko, Dickson, and Jacobsen 2010). These 
categories are no water scarcity, water approaching physical scarcity, physical 
water scarcity and economic water scarcity;  
 

10. Average precipitation measured in meters/year (FAO 2011); 
 

11. Total renewable water in 10^12 m3/year measured as the sum of internal and 
external renewable water resources from surface and ground resources. 
Internal refers to precipitation produced in the country. External refers to 
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water resources that are not generated in the country i.e. inflows from 
upstream countries and water in border lakes and rivers (FAO 2011). 

 
 

Table 1: With Private Sector Participation (PSP=1)   
Variable N Mean Std. Dev. 

Residential water coverage (%) 791 89 14 

Nonrevenue (Million USD per year in 2005 prices) 245 -0.03 4.10 
Number of full-time employee per connection (Labor 
productivity) 203 0.008 0.015 
Shortfall in tariffs (USD/m3 per month) 146 -0.40 0.28 

Connection density (1000 connections per km) 346 0.085 0.068 
Annual number of pipe-breaks per km (utility 
performance) 179 2.68 13.71 

Number of hours of service per day (service quality) 278 22 5 
Water produced (m3/connection per year) 638 706 1,535 
GDP (PPP) per capita (2000 USD) 791 8,642.11 3,587.18 
No water scarcity region 791 0.91 0.28 
Economic water scarcity 791 0.06 0.24 
Approaching water scarcity 791 0.01 0.10 
Physical water Scarcity 791 0.015 0.122 
Average Precipitation (meters/year) 791 1.38 0.71 
Total renewable water (in 10^12 m3/year) 791 1.85 2.58 
        
Table 2: With no Private Sector Participation (PSP=0)  

Variable  N Mean   Std. Dev. 
Residential water coverage (%) 3,423 77 23 
Nonrevenue (Million USD per year in 2005 prices) 838 1.00 16.58 
Number of full-time employee per connection (Labor 
productivity) 861 0.015 0.027 
Shortfall in tariffs (USD/m3 per month) 762 -0.55 0.83 

Connection density (1000 connections per km) 2,784 0.077 0.060 
Annual number of pipe-breaks per km (utility 
performance) 2,390 1.99 3.57 
Number of hours of service per day (service quality) 2,022 20 6 
Water produced (m3/connection per year) 2,950 1,001 3,574 
GDP (PPP) per capita (2000 USD) 3,423 5,529.46 3,211.01 
No water scarcity region 3,423 0.68 0.47 
Economic water scarcity 3,423 0.16 0.37 
Approaching water scarcity 3,423 0.10 0.30 
Physical water Scarcity 3,423 0.044 0.206 
Average Precipitation (meters/year) 3,075 1.19 0.66 
Total renewable water (in 10^12 m3/year) 3,075 3.36 3.53 

Source: Author calculations from World Bank data 
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Results from Analysis of Variance 
 
Since the data includes utilities from countries with varying income, I divided them 
into groups for my analysis. Running ANOVA on the difference of their means for 
various variables showed that the difference was statistically significant at the 1% 
level in most cases.  See Table 3 for the ANOVA results.  
 
One of the key statistically significant differences is the distribution of utilities in 
areas with water scarcity – either physical or economic. While public sector 
management is dominant overall, a few trends emerge. Among utilities that fall in 
regions with economic or physical water scarcity, relatively more utilities in poor 
countries are privately managed than utilities in rich countries. However, in regions 
with no water scarcity or approaching scarcity, relatively more utilities in poor 
countries have public management than those in the rich countries.  
 
Richer countries in general have better indicators than poorer countries irrespective of 
utility management. However, residential coverage is higher for utilities with PSP in 
both rich and poor countries. However, note that this does not mean that PSP 
management is the cause of higher coverage, since the private sector may be more 
likely to be involved with systems that have already been successful in reaching 
certain levels of coverage. 
 
Overall the utilities under the two management types could be systemically different 
due to the following reasons: 
 

1. Poorly managed utilities may be more likely to be privatized in developing 
countries, especially if government resources are constrained. Public utilities 
under pressure to expand coverage could be stretching their resources thinly, 
and hence set up conditions for the private sector to enter the market, as in the 
case pointed out above. The large customer base providing higher profits is an 
incentive for the private sector to enter. This profit motive in turn could lead to 
greater efficiency by the private sector.  
 

2. Municipalities that do not have an extensive public sector participation in 
water services may be more likely to have privatized water services to fill the 
gap. Under these difficult conditions, these PSP utilities may in turn struggle 
to provide adequate services. 

 
Running an ANOVA analysis on the means of variables of interest for the various 
water status categories (Table 4) also reveals statistically significant differences. An 
interesting fact that emerges from the analysis is that utilities in regions with 
economic scarcity have the lowest coverage (lower than regions with physical water 
scarcity), even while producing the largest amount of water per connection. Also, the 
utilities in regions with economic scarcity have the lowest GDP per capita in PPP 
terms. This information implies that poor countries also have poorly managed 
utilities. Thus, it can be surmised that it is not so much the scarcity of water that is a 
hindrance to better coverage, but the poor management of utilities. 
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Table 3: ANOVA for Utilities With and Without PSP and GDP per capita at 2000 PPP<>6,700     
Private Sector Public Sector 

GDP per capita PPP 
2000>USD 6,700 

GDP per capita 
PPP 2000<USD 

6,700 

GDP per capita 
PPP 2000>USD 

6,700 

GDP per capita PPP 
2000<USD 6,700 Variables 

Mean Value 

P-value 

Residential coverage for water services (%) 92.10 81.34 85.94 69.44 0.00 
Nonrevenue in Million USD (constant 2005 prices) 
per year 0.71 -1.56 0.40 1.46 0.35 
Number of full-time employees per water connection 0.010 0.005 0.011 0.018 0.00 
Shortfall between cost recovery tariff and actual tariff 
(USD/m3 per month) -0.54 -0.25 -0.95 -0.27 0.00 
Connection Density (1000 connections per km) 0.072 0.123 0.074 0.080 0.00 
Annual number of Pipe-breaks per km of network 
(utility performance) 2.66 2.74 1.09 2.57 0.00 
Number of hours per day of service (service quality) 23.49 19.64 23.76 18.54 0.00 
Water produced (m3/connection per year) 734.80 637.71 775.68 1,185.09 0.00 
Average Precipitation (meters/per year) 1.16 1.95 1.36 1.02 0.00 
Total Renewable water (10^12 m3/year) 2.07 1.29 5.61 1.10 0.00 
  Number of Utilities (% of utilities by income type)   
Water Status         0.00 
No water scarcity  561 (28%) 161 (15%) 1445 (72%) 890 (85%)   
Approaching physical water scarcity 8 (11%) 0 68 (89%) 277 (100%)   
Physical Water Scarcity 0 12 (9%) 23 (100%) 129 (91%)   
Economic Water Scarcity 0 49 (8%) 4 (100%) 552 (92%)   

Source: Author calculations from World Bank data 
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Table 4: ANOVA for Utilities with Diverse Water Status          

Variables No scarcity 
Approaching 

Physical 
Scarcity 

Physical 
Scarcity 

Economic 
Scarcity 

  Mean Value 

P-value 

Residential coverage for water services (%) 83.44 76.38 85.36 56.74 0.00 
Nonrevenue in Million USD (constant 2005 prices) per year 1.65 -1.20 - -1.07 0.02 
Number of full-time employees per water connection 0.013 0.017 0.007 0.016 0.15 
Shortfall between cost recovery tariff and actual tariff 
(USD/m3 per month) -0.75 -0.05 - -0.13 0.00 
Connection Density (1000 connections per km) 0.071 0.092 0.078 0.101 0.00 
Annual number of Pipe-breaks per km of network (utility 
performance) 1.89 1.95 2.28 2.70 0.02 
Number of hours per day of service (service quality) 20.71 20.08 16.24 18.68 0.00 
Water produced (m3/connection per year) 0.93 0.70 0.51 1.23 0.03 
Average Precipitation (meters/per year) 1.28 0.93 0.29 1.48 0.00 
Total Renewable water (10^12 m3/year) 3.94 1.91 0.09 0.62 0.00 
GDP (PPP) per capita (2000 constant $) 7,158.58 5,192.74 4,499.48 1,922.67 0.00 

Source: Author calculations from World Bank data 
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Regression Results 
 
I analyzed the association of the above-mentioned variables on water coverage by 
running OLS regression models, as well as panel regression models with fixed effects 
and random effects. There are considerable differences between the panel regression 
and OLS regression indicating that the variations over time have substantial effect on 
water coverage.  
 
The following table (Table 5) shows the results from a reduced regression analysis 
model (as compared to Table 7). This particular model was chosen because it allowed 
me to look at a few statistically significant utility performance metrics like pipe 
breaks and number of hours of service without substantially deviating from a very 
basic regression model (Appendix 1) or sacrificing too many observations due to 
missing data. When comparing the two models, I primarily analyzed the results of the 
panel regression with random effects. The basic regression model in Appendix 1 
analyzes the relationship between a few variables and residential coverage with the 
maximum number of observations in the sample.  
 
A key result as highlighted by this model is that higher income unequivocally leads to 
higher coverage across all regressions. Secondly, richer countries with PSP have 
higher water coverage as compared to richer countries with no PSP. This is 
statistically significant at the 1 percent and 0.1 percent level in the panel regression 
with random effects and OLS regression respectively. Poorer countries with PSP also 
show a higher coverage compared to rich countries with no PSP in both regression. 
However, it is only statistically significant at the 5 percent level in the panel 
regression.  
 
With regards to the performance metrics, most of them are endogenous (correlated 
with the error term), and hence no causal analysis can be made. However, it does 
seem that the higher number of pipe-breaks annually per kilometer of network is 
associated with lower coverage. Similarly, number of hours of water supply service in 
a day is positively related with water coverage in the panel regressions and is 
statistically significant at the 0.1 percent level. Water produced per connection per 
year is also positively associated with water coverage and is statistically significant at 
the 5 percent level in the panel regressions. 
 
Average precipitation and total renewable water show a negative association with 
water coverage level in both OLS and panel regression. This could be due to the fact 
that many poor countries with low water coverage levels are also tropical countries 
with high precipitation. Hence, the sample data may be reflecting this association.  
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Table 5: Reduced Regression Model predicting Residential Water Coverage 

OLS Panel Fixed 
Effects 

Panel Random 
Effects 

Coeff. Coeff. Coeff. 
Variables 

(SE) (SE) (SE) 
-0.40 -0.399 -0.416 Annual # pipe-breaks per km of network 

(utility performance) (0.18)* (0.10)*** (0.098)*** 
-0.19 0.94 0.69 Number of hours per day of service 

(service quality) (0.13) (0.13)*** (0.11)*** 
0.73 0.91 0.60 Water produced per connection (1000 

cubic meters per year per connection) (0.22)** (0.41)* (0.28)* 
-12.73 -14.07 

No water scarcity=1 (5.22)* - (10.47) 
-10.27 -23.51 

Economic Water Scarcity=1 (5.77) - (11.01)* 
-12.92 -14.63 

Approaching Physical Scarcity=1 (5.2)* - (10.49) 
-16.46 -8.49 

Average Precipitation (meters/per year) (1.68)*** - (2.88)** 
-1.38 -0.86 

Total Renewable water (10^12 m3/year) (0.39)*** - (0.78) 
-3.09 -0.38 -0.23 

No PSP with GDP per capita<6,700=1 (2.081) (0.52) (0.51) 
4.65 15.87 

PSP with GDP per capita< 6,700=1 (4.45) - (7.99)* 
9.42 11.38 

PSP with GDP per capita>6,700=1 (2.54)*** - (4.35)** 
12.75 6.02 7.31 Log GDP (PPP) per capita (2000 

constant $) (1.78)*** (1.49)*** (1.34)*** 
1.87 6.17 23.40 

Constant (16.41) (13.01) 15.32 
N 1,241 1,241 1,241 
R-squared 0.37 0.22 0.334 
R-squared within   0.09 0.090 
R-squared between   0.19 0.331 
F-statistic 59.24 18.72   
chi2     257.01 
Source: Author Calculations from Data by the World Bank  
*p<.05; **p<0.01; ***p<.001    

 
This next regression model (Table 6) looks at the possible policy levers by interacting 
the management type and water scarcity status with hours of water supply. This was 
the only performance metric in the above model, which had statistically significant 
interaction terms with water scarcity status and utility status (rich/poor and PSP/no 
PSP). 
 
The panel regressions shows that in a region with economic shortage of water, higher 
income leads to substantially greater water coverage, thus emphasizing the artificial 
scarcity of water due to poor management, a typical characteristic in poor countries 
(as also shown by ANOVA analysis). The OLS regression also shows that in poor 
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countries, increased income also leads to greater coverage irrespective of management 
type.  
 
The panel regressions reveal that increased hours of water supply is positively 
associated with water coverage level for all water scarcity status types. However, only 
poor countries with PSP show a positive relation between increased hours of supply 
and water coverage at a statistically significant level.  
 
While increasing hours of service does emerge as a significant variable, applying it as 
a policy lever needs some careful planning overall by the utilities. This is because the 
improved water coverage may be a result of overall increased efficiency by the utility 
and not a result of increased hours of service.  
 
 
Table 6: Regression Model with Interactions predicting Residential Water Coverage 

OLS Panel Fixed 
Effects Panel Random Effects 

Coeff. Coeff. Coeff. 
Variables 

(SE) (SE) (SE) 
-28.95 13.36 

No water scarcity=1 (68.31) - (48.89) 
83.91 -205.68 

Economic Water Scarcity=1 (70.69) - (51.98)*** 
-176.87 5.45 

Approaching Physical Scarcity=1 (102.61) - (52.02) 
-6.04 -10.63 Average Precipitation (meters/per 

year) (1.06)*** - (2.16)*** 
-1.02 -0.20 Total Renewable water (10^12 

m3/year) (0.37)** - (0.66) 
-130.67 44.95 8.32 No PSP with GDP per 

capita<6,700=1 (45.69)** (29.94) (28.51) 
-138.30 -17.31 PSP with GDP per capita< 

6,700=1 (50.09)** - (43.66) 
151.62 13.08 32.23 PSP with GDP per 

capita>6,700=1 (87.71) (63.97) (41.72) 
6.12 10.93 9.22 Log GDP (PPP) per capita (2000 

constant $) (9.41) 6.26045 (6.14) 
-0.76 -3.50 -1.25 Number of hours per day of 

service (service quality) (0.66) (0.99)*** (0.49)* 
N 1950 1950 1950 
R-squared 0.3609 0.2264 0.278 
R-squared within   0.1594 0.1369 
R-squared between   0.2399 0.3041 
F-statistic 49.46 17.5   
chi2     426.32 
Source: Author Calculations from Data by the World Bank  
*p<.05; **p<0.01; ***p<.001   
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Table 6 (cont): Regression Model with Interactions predicting Residential Water Coverage 

OLS Panel Fixed 
Effects 

Panel Random 
Effects 

Coeff. Coeff. Coeff. 
Variables 

(SE) (SE) (SE) 
        

2.21 -8.16 -4.96 
No Scarcity and income interaction (8.37) (5.97) (5.80) 

-13.95 53.96 23.27 Economic scarcity and income 
interaction (8.68) (7.58)*** (6.44)*** 

20.27 -2.03 -3.42 Approaching physical scarcity and 
income interaction (12.34) (6.18) (6.15) 

16.17 -1.02 0.71 
Income and poor w/ PSP interaction (5.72)** (6.56) (5.14) 

14.53 -5.64 -1.46 Income and poor w/ no PSP 
interaction (5.20)** (3.38) (3.21) 

-20.50 -0.52 -4.25 
Income and rich w/PSP interaction (9.61)* (4.50) (4.46) 

0.38 3.73 1.55 
Quality and no scarcity interaction (0.33) (0.99)*** (0.48)** 

0.85 3.28 1.23 Quality and economic scarcity 
interaction (0.33)* (0.99)** (0.48)* 

-0.01 3.64 1.03 Quality and approaching physical 
scarcity interaction (0.35) (1.01)*** (0.50)* 

0.48 1.31 1.25 
Quality and poor w/PSP interaction (0.64) (0.27)*** (0.26)*** 

0.18 0.17 0.18 Quality and poor w/ no PSP 
interaction (0.59) (0.17) (0.18) 

1.74 0.56 0.86 
Quality and rich w/ PSP interaction (1.05) (0.46) (0.45) 

57.24 -51.61 33.67 
Constant (78.60) (21.70)* (52.34) 
N 1950 1950 1950 
R-squared 0.3609 0.2264 0.278 
R-squared within   0.1594 0.1369 
R-squared between   0.2399 0.3041 
F-statistic 49.46 17.5   
chi2     426.32 
Source: Author Calculations from Data by the World Bank  
*p<.05; **p<0.01; ***p<.001       

 
 
The final model (Table 7) is the full model controlling for performance metrics, 
management types and scarcity status of regions. Since this model loses a lot of 
variables (n=524), some of the interpretations on coefficients are counter-intuitive. 
However, this model has been included to look at the associations between the 
explanatory variables that were left out of the reduced models and water coverage. 
This analysis shows that while poorer countries are likely to have less water service 
coverage than rich countries overall, private sector utilities in poorer countries have 
about 23 percent less coverage than public sector utilities in rich countries while 
public sector utilities in poor countries have only 3 percent less coverage than public 
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sector utilities in rich countries. This is in contrast to the ANOVA results and the 
previous regression models (where PSP led to higher coverage regardless of income) 
and may be due to the reduced number of observations in the current model. Also, 
while this result is statistically significant at the 1 percent level in the OLS regression, 
it is not so in the random effects panel regression. 
 
Variables that are significant in at least one of the regressions are nonrevenue, labor 
productivity, shortfall between cost recovery tariff and actual tariff, pipe breaks per 
kilometer, number of hours of service, GDP (PPP) per capita, whether utility is in a 
no water scarcity zone and average precipitation in a year. 
 
An increase in nonrevenue of 1 million dollars per year is associated with reduced 
coverage of 0.42 percent at the 1 percent significance level in the OLS regression. 
This suggests that leakages and illegal connections as well as non-payment of bills 
often coincide with low levels of coverage. As will be discussed further below, the 
case studies lend support to the idea that reducing leakages is important to increasing 
the service delivery of water. Panel regressions show an increase in coverage (0.035% 
-0.043%), though the results are not significant. 
 
A decrease in labor productivity (increase in one full-time employees per connection) 
is associated with a decrease in water coverage of 73 percent at the 5 percent 
significance level. This is corroborated by the experience of Phnom Penh, which 
increased its service coverage together with an increase in employee productivity over 
1993 and 2009 (Table 14). The panel regressions show a higher drop in water 
coverage with a decrease in labor productivity.  
 
A shortfall in tariffs of one dollar per cubic meter per month (actual tariffs are less 
than the tariffs required to recover operating costs) is associated with an increase of 
1.3 percent in residential water coverage at the 0.1 percent significance level in the 
panel regressions. OLS regression shows a higher but non-significant increase of 1.81 
percent. This is surprising, but could be the result of endogeneity in the regression. As 
utilities increase coverage, they may need to hire more employees thus increasing 
operating costs. However, without an appropriate increase in tariffs, this may cause a 
strain in the system, thus leading to a shortfall in the tariffs. 
 
An increase of one pipe-break per km annually decreases coverage in the panel 
regressions. The results are statistically significant at the 1 percent level. Similarly, an 
increase of one hour of service in a day is associated with an increase in water 
coverage of 1.1 percent at the 0.1 percent significance level in the panel regressions. 
However, OLS regression shows a decrease in coverage of 0.25 percent, which is not 
significant. This curious result could again be the result of endogeneity. This means 
that there may be a reverse causation – since most utilities in developing countries do 
not function optimally, any increase in coverage is likely to come at the expense of 
service delivery. At status quo, the increased pressure to deliver water to more people 
will mean less water per connection, which will lead to less number of hours of water 
supply to conserve on water. 
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Table 7:Regression results predicting residential water coverage 
 

OLS Panel Fixed 
Effects 

Panel Random 
Effects 

Coeff. Coeff. Coeff. 
Variables 

(SE) (SE) (SE) 
-0.41 0.043 0.035 Nonrevenue in 2005 Million USD 

per year (0.15)** (0.039) (0.039) 
-73.36 -92.54 -92.67 Number of full-time employees 

per water connection (Labor 
productivity) (34.48)* (49.53) (42.02)* 

1.81 1.32 1.30 Shortfall between cost recovery 
tariff and actual tariff (USD/m3 
per month) (1.21) (0.35)*** (0.34)*** 

11.25 -15.31 -12.78 Connection Density (1000 
connections/km) (17.53) (12.99) (12.23) 

-0.19 -0.264 -0.277 Annual number of pipe-breaks per 
km of network (utility 
performance) (0.24) (0.087)** (0.085)** 

-0.22 1.18 1.11 Number of hours per day of 
service (service quality) (0.23) (0.12)*** (0.11)*** 

1.11 0.45 0.54 Water produced (1000 cubic 
meters per year per connection) (0.87) (0.52) (0.48) 

-1.71 7.69  7.42 Log GDP (PPP) per capita (2000 
constant $) (3.99) (1.41)*** (1.39)*** 

14.57 8.64 
No water scarcity=1 (4.20)** - (5.07) 

-1.69 15.71 
Economic Water Scarcity=1 (7.67) - (9.75) 

-30.28 -34.44 Average Precipitation (meters/per 
year) (4.32)*** - (7.64)*** 

-4.47 -1.58 Total Renewable water (10^12 
m3/year) (3.78) - (4.57) 

-3.89 0.05 -0.07 
No PSP with GDP<6,700=1 (3.57) (0.75) (0.74) 

-23.25 -11.00 
PSP with GDP< 6,700=1 (7.73)** - (18.99) 

2.57 -1.13 
PSP with GDP>6,700=1 (3.95) - (8.73) 

122.94 -10.01 18.12 
Constant (35.57)** (12.22) (12.93) 
N 524 524 524 
R-squared 0.58 0.33 0.53 
R-squared within   0.33 0.33 
R-squared between   0.36 0.58 
F-statistic 46.45 21.16   
chi2     358.69 
Source: Author Calculations from Data by the World Bank  
*p<.05; **p<0.01; ***p<.001    
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No water scarcity leads a utility to increase coverage by 4.57 percent at the 1 percent 
significance level in the OLS regression. On the other hand, an increase in average 
precipitation of 1 meter is associated with a decrease in water coverage of around 30 
percent in both OLS and random effects panel regression at the 0.1 percent level. As 
mentioned earlier, this could be the result of the data reflecting the association 
between high precipitation and tropical countries. 
 
Although the causal relationships are unclear for many of the variables, these 
regression results provide some indication of the policy levers that can be used to 
address the problem of inadequate service coverage in urban areas. In order to 
complement these findings and study utility reform experiences, the following case 
studies will look at success stories in several developing countries’ water utility 
management and the policies they implemented to improve services.  
 
Since several of the explanatory variable in the regressions are endogenous and it is 
difficult to identify instrumental variables (i.e. variables that are correlated to the 
explanatory variable and affect the dependent variable through their effect on the 
explanatory variable) that would be appropriate in this case, the remainder of this 
analysis relies on a case study analysis to explore how successful experiences with 
reform of developing country utilities have proceeded. The following case studies 
highlight policies undertaken by water utilities to extend their services in general and 
especially for the poor. Given the unique circumstances of each country’s 
demography and location, these case studies together provide evidence that certain 
types of reforms can be successful across a variety of different circumstances. 
 
Case Studies 
 
I have identified three case study cities in the developing world, which have been able 
to provide good services for water supply. These are the pilot project in Hubli-
Dharwad, Phnom Penh Water Supply Authority and DMAE in Porto Alegre. While 
the first is a project under public-private partnership, the latter two are purely public 
projects. 
 
The primary criterion for the selection of these cities is that they have improved water 
supply infrastructure (improved being an assured and wider supply to its residents). 
Secondly, these cities are not only geographically diverse but also different in their 
economic status.   
 
Hubli-Dharwad 
 
General Water Service and Availability  
The twin cities of Hubli-Dharwad constitute the second largest city in Karnataka, with 
a combined population of about 1,100,000 in 2010 (Hubli-Dharwad Municipal 
Corporation 2010). Fifteen percent of the population lives in slums (Sangameswaran, 
Madhav et al. 2008). 
 
Hubli-Dharwad has two main sources of water-Renukasagar Reservoir and 
Neerasagar Tank. The former has a design capacity of 70 million liters per day 
(MLD) and the latter has a design capacity of 32 MLD. Currently, the cities get water 
supply of 90 MLD per capita on average (Hubli-Dharwad Municipal Corporation 
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2010). In addition to surface water, groundwater is also used (Sangameswaran, 
Madhav et al. 2008).  
 
In 2003, the Indian state of Karnataka proposed ‘demonstration projects’ in three 
cities to address the problem of intermittent supply of water, with the assistance of the 
World Bank. Hubli-Dharwad was one of the city agglomerations. The main objective 
was to undertake capital maintenance on the distribution network to prove that a 24/7 
service is affordable, sustainable, does not require additional water resources to keep 
the pipes full, and that even poor households are willing to pay a fair tariff for a 
consistently acceptable service (Franceys and Jalakam 2010).  
 
Instead of implementing the projects in the entire towns, segments of towns were 
taken which represented about ten percent of the population. These ranged across a 
range of topographies and a variety of housing areas and types, and with no major 
commercial or industrial consumers (Franceys and Jalakam 2010). To ensure that 
water supply to non-demonstration zones continued to be at least at the current level, 
the project undertook certain critical investments called priority investments, mainly 
for rehabilitation and replacement of bulk water transmission lines (Sangameswaran, 
Madhav et al. 2008).  
 
Stakeholders 
The operator-consultant (OC), which managed the implementation of improvements 
and operation of the upgraded system, was Compagnie Générale des Eaux (Veolia). 
The decision to select a private operator with international links was deliberate to 
ensure that best practices in pipe-laying and pipe-testing and later in water quantity 
monitoring and pressure management, were followed (Franceys and Jalakam 2010).  
 
A state level committee was set up by the Government of Karnataka to guide the 
project through its life cycle. A project management unit under the Karnataka Urban 
Infrastructure Development and Finance Corporation (KUIDFC) was established to 
coordinate project activities. The Urban Development Department was responsible for 
managing the sector reform. The Karnataka Urban Water Supply and Drainage Board 
(KUWSDB) managed the design, procurement, construction and supervision of the 
investment (Franceys and Jalakam 2010). KUWSDB was also in charge of priority 
investments in the non-demo zones (Sangameswaran, Madhav, and D'Rozario 2008).  
 
Veolia acted as the agent of the Urban Local Body (ULB) to deliver water services to 
the consumers. Urban Local Bodies in India are administrative units that provide 
infrastructure services in cities and towns. A Technical Auditor, Fichtner India, 
reporting to the ULBs and the KUIDFC, oversaw the performance of Veolia and 
KUWSDB, and payments were made only after certification from Fichtner 
(Sangameswaran, Madhav et al. 2008; Franceys and Jalakam 2010). Veolia was also 
supposed to train the staff from the ULB on deputation with it. (Sangameswaran, 
Madhav et al. 2008). 
 
The ownership of all assets would continue to remain with the ULB and at the end of 
the operations and management (O&M) period, which was initially stipulated for 104 
weeks, and later extended by further two years, the ULB would take over the 
distribution of the water in the demo zones (Sangameswaran, Madhav et al. 2008).   
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Project Preparation  
The demo zones were selected by an Austrian company, Bristol Water Services, 
based on technical considerations and socio-economic mix of households such that 
the zones had 30% of households from the lower income stratum (Anand, Basu et al. 
2009; Franceys and Jalakam 2010).  These zones were handed over to Veolia in 
September 2005 and it had fifteen weeks within which to assess the number of 
customers, the potential demand for water, and the condition of the existing pipes. 
Testing of pipes revealed that they were either too old or installed such that they 
would not be able to withstand higher pressure. Hence, Veolia replaced the entire 
distribution network, with only 0.2 Km of the original pipe length being retained in 
Hubli and none in Dharwad (Franceys and Jalakam 2010). The full replacement 
approach not only solved the problem of leakage in connection but also uncovered 
illegal connections. According to Dr Richard Franceys, Course Director of the Global 
Water Policy and Management at Cranfield University, and evaluator of the project at 
Hubli-Dharwad, giving every house a legal connection and having a database of 
consumption of each household should limit any new illegal connections in future 
(Franceys 2011). The total capital expenditure on distribution network the entire 
project (rehabilitating networks and rehabilitating connections for Hubli-Dharwad, 
Belgaum and Gulbarga2) was Rs 26.1 crore (US$5.8 million) as on March 2009, 60 
percent of the initial estimate of Rs 42 crore (US$ 9.4 million) (Anand, Basu et al. 
2009; Franceys and Jalakam 2010). 
 
Project Implementation 
Veolia hydraulically isolated the demonstration zone, installed a new pipeline, 
including service connections, along with bulk and consumer metering, pressure 
management, and monitoring devices. A billing and customer service system and 
performance monitoring system was established. Veolia also appointed a 
subcontractor for pipe renewals (Franceys and Jalakam 2010).  
 
Project Operations 
New water pipes and household connections were brought into service over 2006 and 
2007. All household connections and bulk supply were metered. The operations 
period formally began in April 2008. Households received continuous water supply 
24 hours a day, seven hours a week, at the design pressure that allowed middle-class 
households to fill their roof storage tanks (for any emergencies) without any extra 
expenditure on purchasing booster pumps or spending on electricity to run those 
pumps (Franceys and Jalakam 2010).  While there are no accounts of such 
emergencies occurring, it seems that it will take some time before people get out of 
their habit of storing water. The piped water was potable which allowed households to 
do away with household water treatment systems. However, not all households did so 
(Franceys and Jalakam 2010). 
 
The operations phase of the contract ended on March 31st 2010. The state government 
tendered a two-year extension contract for operations, customer care, and 
maintenance to ensure that the effectiveness of the project was maintained. Veolia 
won the extension contract as well (Franceys and Jalakam 2010).  
 
 

                                                  
2 Refer to Project Cost Summary Table (Appendix 2) 
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Project Costs 
The capital costs incurred in implementing and operating the new distribution 
network for all the four cities (Hubli, Dharwad, Belgaum and Gulbarga) with 24,451 
connections as on March 2009 was Rs 14,398 (US$ 320) per connection. The cost of 
the management contract (which is not part of the capital costs) to deliver this 
improved service was Rs 9,079 (US$ 202) per connection or Rs 1,254 (US$ 28) per 
person as on March 2009. The ongoing maintenance costs are Rs 8 (US$ 0.18) per 
household per month after the introduction of the service, as compared to the average 
of Rs 24 (US$ 0.54) earlier (Franceys and Jalakam 2010). The analysis by Franceys 
and Jalakam does not specify if management fee is included in the ongoing costs, or 
even if the fee is a onetime payment or paid periodically. Annualizing these costs 
using a cost recovery factor with a discount rate of 10% and number of years as 4 (i.e. 
assuming the management contract must be renewed every 4 years), the per 
connection costs increase to Rs 239 (US$ 5.30) per month. This is substantially higher 
than the earlier costs of $24.  
 
The following table shows the cost break-up for Hubli and Dharwad separately. These 
costs do not include those of Gulbarga and Belgaum.  
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Table 8: Project Cost Summary as per Operator at the end of March 2009 
       

Sl 
No Details Unit Hubli Dharwad 

Common for 
Hubli, 

Dharwad, 
Belgaum and 

Gulbarga 

Total 

1 Wards Number 
2 full and 

2 part 4 - 
16 full and 

13 part 

2 
Present Population 
(2009) Number 45,560 32,798 - 176,925 

3 
Projected Population 
(2035) Number 79,476 69,673 - 397,925 

4 
Total Connections (as on 
March 2009) Number 7,344 5,652 - 24,451 

5 
Total Connections (for Sl 
no 11) Number 6,904 5,002 - 22,769 

6 

Total Length of 
Distribution Mains 
Existing in DZ RMT 58,250 23,000 - 194,440 

7 

Total Length of 
Distribution 
Rehabilitated in DZ RMT 68,588 34,280 - 238,231 

8 Cost Breakup       -   

9 
Setting up Hydraulic 
Zones 

Rs 
thousands 20,285 13,408 - 69,857 

10 Rehabilitating Network 
Rs 
thousands 42,273 24,579 - 170,609 

11 
Rehabilitating 
Connections 

Rs 
thousands 30,519 20,245 - 99,240 

12 Others 
Rs 
thousands 304 290 - 3,455 

13 Management Fee 
Rs 
thousands - - 222,000 222,000 

14 
Operational 
Improvements 

Rs 
thousands - - 8,886 8,886 

15 Total Cost 
Rs 
thousands 93,381 58,522 230,886 574,048 

Source: Franceys 2011 

 
Results 
The average water supply of 10 hours per week has now become a continuous supply. 
While earlier authorized connections were estimated to serve 50 percent of the 
population, now 100 percent of the households have been connected in the demo 
zones. There was a five-fold increase in revenue billed, and a seven-fold increase in 
revenue collected, leading to a drop in nonrevenue of Rs 567,581 per month (US$ 
12,612 per month) or Rs 23 (US$ 0.51) per month per connection. The ongoing bill 
collection efficiency is recorded at 99 percent. All connections have functioning 
meters, and these are read and billed by Veolia (Franceys and Jalakam 2010). 
 
The overall amount of water supplied decreased from 178,800 m3 to 176,552 m3 in 
Hubli and from 203,400 m3 to 108,461 m3 in Dharwad demo zones, thus allaying 
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fears that the continuous water supply would put constraints on water resources. This 
was because of high physical losses earlier – as much as 35 liters per connection per 
day per meter head of pressure in Hubli before the project as compared to 5.43 liters 
per connection per day per meter head of pressure after the project (Franceys and 
Jalakam 2010).  
 
The transition to volumetric tariff experience in Hubli-Dharwad illustrates the need to 
deal with the transition period where the utility needs to assess the consumption 
patterns and billed amounts to address concerns about high water bills. These 
concerns were due to various factors like faulty internal plumbing, and several 
families served by one connection. Veolia undertook substantial customer redress 
mechanisms like inspection of leakages, closing of old connections and advice on 
waste minimization. Customer complaints have now settled at 10 per 1,000 customers 
per month (Franceys and Jalakam 2010).  It does not seem that such a redress 
mechanism was present earlier or in the non-demo zones and hence there is no scope 
for a pre and post improvement comparison.  
 
Water Supply for the Poor 
While there had been some resistance to the demonstration project, the benefits of a 
24x7 water supply service became apparent and everyone reconciled to the new 
system. The largest support came from the lowest-income households that earlier had 
to queue at distant stand-posts in the early hours of the morning for water. In the 
demonstration zone, these stand-posts were shut down because all poor households 
chose to get household connections, as this gave them continuous 24x7 access to 
water. This is important evidence for pro-poor advocacy arguments (Franceys and 
Jalakam 2010). 
 
Block tariffs were introduced in parallel. This meant that low-income households 
could avoid payments to water carriers or neighbors, and maintain their monthly 
water bill at a relatively affordable level of Rs 48 (US$1) per month for the minimum 
consumption of 8,000 liters (8 KL) per month at Rs 6 (US$0.13) per KL (Franceys 
and Jalakam 2010). Table 9 shows the tariff structure for domestic consumption of 
water in the demo zones. The minimum connection charge for all slabs is Rs 48 
(~US$ 1) (Sangameswaran, Madhav, and D'Rozario 2008). Where legal connections 
already exist, 50 percent of capital cost invested is to be recovered at Rs 50 per month 
from the monthly bill. In case of new connections, normal connection charges will be 
applied in addition to the full capital cost which will be collected at Rs 50 per month 
(Franceys and Jalakam 2010). The following tariffs do not include connection fee, 
which would be a one-time charge.  
 
Table 9: Tariff Structure for Domestic Connections in Hubli-Dharwad 
  

Water Consumption (KL) Rs/KL 

0-8 6 
8-15 10 
15-25 15 
>25 20 

Source: Sangameswaran, Madhav, and D’Rozario 2008 
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Limitations 
Because of the pilot nature of the project, the Government of Karnataka has passed on 
its entire contribution of Rs 55 crores (US$ 12.2 million) to the beneficiary ULBs as a 
grant (Sangameswaran, Madhav, and D'Rozario 2008). However, if the project is to 
scale up, this may not be possible. If this amount were to be recovered through tariff, 
they would have to rise additionally by Rs 22,494 ($500) per connection (dividing Rs 
55 crores by the total number of connections of 24,451). The project was contracted 
for 183 weeks and extended for two more years. If the costs were to be paid off in this 
amount of time, the tariff would be Rs 430 ($10) per connection per month (adjusting 
for capital recovery factor using n=6 and discount rate as 10 percent). This is 
assuming that poor and rich household would all pay an equal amount. However, this 
is rarely possible and so the relatively richer households would have to subsidize the 
poorer households to a certain extent, thus paying more tariffs. This may not be 
politically feasible, considering that the richer households are already unhappy about 
the increased tariffs they are having to pay and have lobbied for a reduction in the 
new tariff structure (Franceys and Jalakam 2010).  Bill collection efficiency has 
already started declining more than expected and this brings into question the 
sustainability of maintaining the new tariff structure (Franceys 2011). 
 
Secondly, not all costs have been taken into consideration. For instance, the 
management fee is not included in the ongoing costs, and this alone adds Rs 239 (US$ 
5.30) per month per connection to the costs. Thus, even though non-revenues have 
dropped ($0.51 per connection per month), they are nowhere near recovering the 
management fee.  
 
With the large number of stakeholders involved in the project, there is no clear system 
of accountability. For instance, it is not clear who should be held accountable for any 
problems in quality; KUWSDB is the supplier of bulk water and hence responsible for 
its quality, but Veolia is responsible for the quality within the demo zones 
(Sangameswaran, Madhav, and D'Rozario 2008).   
 
Given that the project and the associated infrastructure is new, the maintenance costs 
have so far been low. These costs can be expected to go up over time, and with it the 
tariffs.  
 
 
 
Porto Alegre 
Porto Alegre is the capital of the province Rio Grande do Sul in Brazil. It is the 10th 
most populous municipality in Brazil with a population of 1,409,939 in 2010, with a 
poverty incidence of 23.74 % (Brazilian Institute of Geography and Statistics 2010).  
 
The water supply services in Porto Alegre are in charge of the Water and Sanitation 
Municipal Department (DMAE), which is a public utility. In 2004, it provided a 
coverage of 99.5 % with 558,809 connections (ASSEMAE 2007; Gassner, Popov, and 
Pushak 2009). Between 1994 and 2004, household connections grew by nearly 23 
percent when the city population growth was only 8.5 % (Maltz 2005). Providing 
water to a population of 1,428,696 residents, DMAE charges one of the cheapest 
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prices3 for water in the country. (ASSEMAE 2007; Hall et al. 2002). This is 
especially impressive as DMAE receives no subsidies for the water supply services 
(Hall et al. 2002). 
 
 
Table 10: Comparison of Price of Monthly Water Consumption in Brazilian Cities 
(2002) 

Service/Company City/State Price (US$) per m3 
(2002) 

Corsan Rio Grande do Sul 0.75 
Casal Maceio/AL 0.56 
Casan Florianopolis/SC 0.56 
Sanepar Curitiba/PR 0.55 
Deso Aracaju/SE 0.48 
Compesa Recife/PE 0.45 
Cesan Vitoria/ES 0.45 
DMAE Porto Alegre/RS 0.38 
Saneago Goiania/GO 0.37 
CAESB Brasilia/DF 0.36 
SABESP Sao Paulo/SP 0.34 
CAERN Natal/RN 0.34 
Copasa Belo Horizonte/MG 0.34 
Sanasa Campinas/SP 0.28 
Cagece Fortaleza/CE 0.25 
Source: Vasquez 2004 
* Exchange Rate US$1=R$2.8  

  
 
DMAE Governance Structure  
To understand why Porto Alegre has been a model for water supply services, one 
needs to go back to the system of governance in Porto Alegre. DMAE is an 
autonomous public body even though it is wholly owned by the municipality of Porto 
Alegre. It can make its own decisions about its revenues, and the municipality cannot 
interfere in these decisions. It receives no subsidies, and does not cross-subsidize 
other public services (Hall et al. 2002). 
 
Until 1961, water and sanitation services in Porto Alegre were under the management 
of the municipal department in the central administration. In the late 1950s, Porto 
Alegre decided to expand the water supply services, for which it got a loan from the 
Inter-American Development Bank (IADB). However, IADB’s condition to provide 
the loan was that the borrowing entity had to be autonomous, self-sufficient and with 
its own separate accounts to ensure repayment of loan. In 1968, the water tariff was 
changed from a property tax, to a water tax linked to consumption (Hall et al. 2002).  
 
Aside from being financially independent, autonomy of the public body allowed it 
practice social control, which means that its budget is decided by a democratic 
decision making process. A deliberative council was created in 1961 for this purpose, 
which represents different civil society organizations in overseeing DMAE (Maltz 
2005). As such, it is the equivalent of the Board of Directors and has the power to 

                                                  
3 See section on Service Pricing 
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approve all major decisions made by DMAE and advise on secondary matters (Hall et 
al. 2002). 
 
Participative Budgeting (OP) 
Participative budgeting originated in 1989, and is a process allowing citizens in the 16 
neighborhoods of Porto Alegre, to participate in the neighborhoods they live in and 
choose the order of their priorities the municipality would implement. The 
Participatory Budget Council is the main participatory institution and comprises of 
elected citizens who decide how the funds are to be distributed for each priority in the 
district and applies a quota for district as well (Sustainable Cities 2007; Sousa Santos 
1998).  
 
Participative budgeting has also led to increased municipal revenues. This is because 
it is easier to identify the sources of taxes and how they are to be spent. As a result, 
municipal revenues of Porto Alegre constitute over 50 percent of the funds available 
to it, unlike other municipalities in Brazil which depend heavily on national 
government for resource allotments (Hall et al. 2002).  
 
Citizens vote on their priorities for the allocation of the existing resources, with each 
of the short-listed priorities being evaluated on the basis of their costs and benefits as 
well as their technical feasibility. Once the investment plan is adopted, a number of 
commissions are set up within the Participatory Budget Council to monitor the 
implementation of the project until its completion (Hall et al. 2002). Water supply 
services have clearly emerged as the priority for citizens of Porto Alegre as evidenced 
by the fact that DMAE supplies water even to peripheral and shanty areas today as 
opposed to only the downtown and affluent areas which it served until 1989 (Maltz 
2005).  
 
Coverage and Quality of Services 
DMAE provides water to 99.5% of its population in 2004, an increase from 95% in 
1990. The remaining 5 percent of the population that is not connected by the network, 
for example, illegal settlements, areas liable to geological risk like landslides or 
floods, environmental preservation areas is supplied with water by tank trunks 
provided by DMAE (Hall et al. 2002).  
 
Unaccounted for water (UWF), defined as the sum of leakages, consumption by 
illegal connections, sewer cleaning and public uses not invoiced for, was 34.37 
percent in 2001 in Porto Alegre. This methodology introduced in 1995, was a change 
from the previous methodology of calculating UWF as a difference between 
distributed water and invoiced water based on meter readings. The new method was a 
refined version of the previous methodology – in addition to consumption by non-
metered households (difference between total existing connections and connections 
that were read), it also took into account water provided by tank trucks to non-
connected households, water used to unblock sewers and wash filters and decanters, 
water used by Municipal Urban Cleaning Department for street cleaning, and water 
consumed by the Fire Brigade via hydrants. This change contributed for some of the 
decrease in this UFW, which used to be as high as 50.37 percent in 1991 (Hall et al. 
2002). In addition, a Water Losses Management Program was created in 1996, which 
also contributed to the decrease in UFW. This program consists of (Hall et al. 2002): 
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• Replacement of old water pipes, under a long term program of establishing a 
50 km per year substitution; 
 

• Installation of meters in the raw water intake at the water treatment plants; 
 

• Automation of pumping stations; 
 

• Regularization of illegal connections and 
 

• Improvement in sub-metering equipment. 
 

Automation of pumping stations led to reduction in operating costs and optimizing 
water supply. This was because automation reduced human error, allowed removal of 
employees from unhealthy sites, improved control on drinking water, allowed quick 
detection of leaks and faults in plants, and reduced the time of interruptions in water 
supply (Hall et al. 2002). 
 
DMAE also checks for the quality of drinking water by analyzing 3,000 samples of 
water taken from over 280 points along the pipeline network and at water treatment 
stations (Hall et al. 2002).  However, the results or frequency of these quality checks 
are not known and hence difficult to ascertain the measures undertaken to rectify any 
problems.   
 
By constructing two pumping stations to supply water in relatively high areas of the 
city, DMAE also aided a more balanced urbanization by ensuring that more people 
were settling in the hilly areas instead of the Lake Guaiba margins (Hall et al. 2002).  
 
Water Consumption in Porto Alegre 
As a result of public campaigns to build awareness for conserving water, water 
consumption decreased from 20.12 cubic meters per household per month in 1997 to 
15.82 million cubic meters per household per month in 2002. See Table 11. The 
progressive water tariff structure also contributed to this reduction (Hall et al. 2002). 
A progressive tariff structure implied that higher consumption led to higher block 
tariffs.  
 
 
Table 11: Water Prices and Consumption in Porto Alegre 
     

Year 
Water 
Prices 

(R$/m3) 

Exchange 
Rate 

(R$/US$) 

Water Prices 
(US$/m3) 

Average Consumption 
(m3/household/month) 

Mar-97 0.57 1.06 0.54 20.12 
Mar-98 0.61 1.14 0.54 18.71 
Mar-99 0.65 1.72 0.37 18.47 
Mar-00 0.76 1.75 0.43 17.63 
Mar-01 0.83 2.12 0.39 16.37 
Mar-02 1.07 2.32 0.46 15.82 
Source: Hall et al. 2002 (Hall et al. 2002) 
Note: Each household is assumed to have four people on average 
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Service Pricing 
The pricing of water supply services in Porto Alegre is fixed such that it covers 
operating costs, investments, and capital costs. Long-term loans for capital works are 
also repaid from tariff collections (Hall et al. 2002).  
 
It should be noted that the tariff structure in Porto Alegre cannot be directly compared 
with those of other Brazilian cities as receive regional water supply that is subsidized 
by the state or national budgets (Viero and Cordeiro 2003). However, such a 
comparison (Table 10) does provide some directional information.   
 
The pricing structure is designed so that it allows for improvements in the system 
while also accounting for social considerations by subsidizing low-income 
consumers. The pricing structure is progressive in that step block tariffs are applied 
for increased consumption of water. Thus the monthly charges are calculated as 
follows (Hall et al. 2002): 
 

1. Consumption up to 20 m3 
Tariff= P*C 
where P= Basic Price in terms of R$/m3 
C=consumption (m3) 
H=Households 

2.  Consumption between 21m3 and 1,000 m3 
Tariff=[P*0.2711*(C/H)1.43577)]*H 
 

3. Consumption over 1,000 m3 
Tariff=(P*C/H*5.5)*H 
 

The basic price varies for different categories of consumers – residential, commercial, 
industrial and public administration.  Since public offices have a poorer track record 
of payment, the tariff charged to them is substantially higher. Low-income 
households, such as those living in area less than 40 square meters, multiple-
occupancy, or communal houses built by the government, receive subsidy (Viero and 
Cordeiro 2003). Specifically they are charged the price corresponding to 4 m3 for the 
first 10 m3 consumed. If consumption exceeds 10 m3, the tariff is calculated linearly 
and not progressively, such that the basic price is applied to all cubic meters 
consumed (Hall et al. 2002). This tariff structure enables DMAE to generate an 
annual surplus of 15%-25% of their annual budget which is invested in new projects 
(Maltz 2005).  
 
In 2001, 10 percent of the bills were uncollected – mostly from households and public 
administration offices. In case of payment failure, DMAE tries to warn customers, as 
well as negotiate with easy conditions before proceeding to disconnect the service. 
There is no fund set up to mitigate non-payment of bills. To reduce non-payment, 
monthly bills are issued to consumers with information on outstanding debts (Hall et 
al. 2002). 
 
 
Customer Relations 
DMAE set up free phone line, receiving 1,500 calls a day on average, to allow 
customers to voice their complaints with regard to the water supply services. The 
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average response time is 24 hours after the complaint has been registered. In case of 
supply interruptions, water supply is re-established in 18 hours. Customers can also 
call DMAE on another conventional line as well as post queries on Internet for 
clarification on their bills and on services provided by DMAE (Hall et al. 2002).  
 
Potential Limitations 
As pointed out above, participative budgeting being followed by DMAE has been a 
central instrument in the success in the supply of water to citizens in Porto Alegre. 
This may make it difficult for other cities to follow the example as good services are 
clearly linked to participation by the citizens. Thus, unless other cities overhaul their 
governance and accountability structure, getting results like Porto Alegre may not be 
feasible.  
 
Another potential problem with applying the Porto Alegre experience to other cities is 
that DMAE is exempted from tax considerations, because it is a municipal 
undertaking, thus allowing it to keep lower water prices only to recoup current 
expenses and investments. DMAE is also exempt from a number of taxes like profits 
tax and contributions to social security (COFINS) levied on state water companies, 
which are transferred on to consumers (Hall et al. 2002). Countries where the tax 
structure is different may not be able to pass on the lower tax liability on to 
consumers in the form of lower tariffs. 
 
A potential alternative to the Porto Alegre experience could be the PROSANEAR, 
short for First Water Supply and Sanitation project for the Low Income Population, 
elaborated below.  
 
 
 
PROSANEAR  
This was a series of projects to connect more people to water supply and sanitation in 
various parts of Brazil between 1988 and 1996. It was designed to provide 200,000 
low-income urban consumers with water (Bakalian and Mejia 1997). Low income 
neighborhoods worked with engineers, consultants and officials from the local water 
agency worked together to make the services more affordable and technically feasible 
for poor and crowded settlements (Water Supply and Sanitation Sector Board 2006). 
The World Bank provided a US$ 100 million loan to support PROSANEAR, which 
led to piped potable water reaching 900,000 people into their homes, more than was 
originally intended. The unit cost of extending services was US$84 per capita for 
water, less than the original estimate of $98 (Water Supply and Sanitation Sector 
Board 2006; Bakalian and Mejia 1997).  
 
Project Preparation 
The criterion for selecting subproject areas were as follows (Bakalian and Mejia 
1997): 
 

• The areas was to be located in low-income areas of cities with populations of 
at least 50,000; 

• At least 40 percent of the families served should have an income less than one 
minimum salary (i.e. $100/month); 

• Per capita costs for water projects were to be limited to US$98; 
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• Subprojects were to comply with technical and environmental standards and 
should have represented the least-cost solution for providing water; 

• Recipients were to pay tariffs according to schedules set by water utilities; and 
• Participating areas were to have community participation to guide them on the 

implementation and maintenance of the project. 
 

Project Implementation 
The project was approved in June 1988 and physical implementation started in 1992 
(Bakalian and Mejia 1997). PROSANEAR projects operated in more than 100 
communities in 17 cities with varying characteristics in terms of executing agencies 
(municipalities, state water companies, other organizations) and communities 
(organized, less organized, migrant populations) (Katakura and Bakalian 1998).  
 
Project engineers drew up a list of technical options that would deliver an affordable 
and environmentally appropriate service, and residents of poor, crowded settlements 
could choose from these options. Community specialists facilitated the decision-
making process between the engineers and the community. Thus, instead of a pre-
designed project, communities were asked the kind of water project they wanted, if at 
all, and the kind they would be willing to support with their labor and money. Once 
the community settled on a plan, each household in the community signed a letter of 
agreement promising to pay for the services (Katakura and Bakalian 1998).  
 
This plan was submitted to the CEF for approval and then the construction companies 
were contracted. On completion of the construction, the contractor conducted system 
testing for a brief period. Communities choosing to undertake the construction 
themselves were provided technical assistance and supervision by the PROSANEAR 
team. Selected community representatives were given operation and maintenance 
training sessions (Katakura and Bakalian 1998).  
 
Once the system became operational, the field teams remained in the area for six 
months to review the general operation and maintenance of the constructed systems. 
In some areas, the project team also trained a few residents to perform maintenance 
activities like unclogging and repairing cracked pipes. In other places, the 
maintenance responsibilities were contracted out to private firms (Katakura and 
Bakalian 1998). 
 
PROSANEAR teams visited the project sites periodically to verify that the systems 
were working. Independent consultants were hired to carry out assessments measuring 
community satisfaction. Also, the community members themselves evaluated project 
performance (Katakura and Bakalian 1998).  
 
Community participation was a key to successful projects. Where communities were 
less organized and were fairly new (For example, migrant communities), some basic 
community development work was carried out before the project could be introduced. 
This development-centered approach helped the community beyond the water and 
sanitation project objectives. This required a large field team at all stages of the 
project, resulting in higher project costs. Reaching group consensus was often slow. If 
water and sanitation were not a priority, the PROSANEAR teams helped the 
communities get in touch with government organizations that could better serve their 
needs. However, in well-organized communities with clear priorities, PROSANEAR 
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teams focused on the technical aspects of the project, and projects were completed 
sooner (Katakura and Bakalian 1998). 
 
Management 
The PROSANEAR project was implemented by local executing agencies, with 
supervision and assistance provided by regional and national agencies. 
 
1. Executing Agencies: Once the executive agencies identified communities, they 
mobilized the community to build support for the project. These agencies oversaw the 
development of technical options, construction, training and monitoring. They further 
established a PROSANEAR execution team of engineers, community specialists like 
social scientists, and administrators. In addition, many other institutions like local 
schools, clubs and churches and local health agencies played important roles 
throughout the life of projects (Katakura and Bakalian 1998). 
2. Regional Offices: During the initial phase of the local projects, the regional offices 
of Brazil’s Caixa Economica Federal (CEF) helped the executing agencies with 
preparing the project designs and bidding documents. They also helped in mobilizing 
community participation. During the construction stage, CEF’s staff monitored 
progress and identified problems in the project (Katakura and Bakalian 1998). 
3. The National Office: A project coordination unit was set up in Brasilia, with CEF 
engineers, community participant specialists, procurement officers and contract 
administrators. This unit was responsible for overall program planning, supervision 
and program advancement. They provided basic guidelines for implementation, model 
terms of reference and procurement documents (Katakura and Bakalian 1998).  
 
Financing 
The project was jointly financed with The World Bank providing 50 percent of total 
costs, local, state or municipal water companies contributing another 25 percent, and 
the rest 25 percent by CEF. The water companies were responsible for paying back 
the World Bank and CEF loans (Bakalian and Mejia 1997).  
 
 
 
Phnom Penh 
Phnom Penh Water Supply Authority (PPWSA) has been hailed by the ADB as a 
“model public sector water utility,” with an estimated coverage of 100 percent in the 
inner city with a 24 hour water supply, and 90 percent coverage of its total service 
area, from 40 percent in 1993 (Velleman 2009; Heinonen 2008).  
 
This is a remarkable achievement for a country that was embroiled in a destructive 
civil war between 1975 and 1979. The war ravaged much of the country’s 
infrastructure, including its water utilities. The quality of services of Phnom Penh 
water utility, serving the country’s capital, was extremely poor and supply was 
intermittent with less than 10 hours of service in a day, and that too at low pressure 
(ASSEMAE 2007).   
 
In 1993, PPWSA was supplying 63,000 m3 of water per day to the city down from 
155,000 m3/day in the 1960s from two water treatment plants, Phum Prek and 
Chamkar Morn (Asian Development Bank 2007). The third treatment plant was taken 
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out of operation (the other two were shut down during the Khmer Rouge regime) due 
to deterioration resulting from lack of maintenance (ASSEMAE 2007). 
 
 
Table 12. Status of Water Supply to Phnom Penh in 1993 
    

Treatment Plant Phum Prek Chamcar 
Morn 

Chrouy 
Changwar 

Treatment Capacity (m3/day) 100,000 10,000 30,000 

Water Production in 1993 (m3/day)  56,000 7,000 0 

Water Source Sap River Bassac River Mekong River  
Year of Construction 1966 1953 1895 
Source: Biswas and Tortajada 2009 

 

The distribution network comprised about 282 km of pipeline, covering 40 percent of 
the central area but serving only 20 percent of the total downtown inhabitants. 30 
percent of these pipes were more than 100 years old and the newest ones were 40 
years old. This coupled with inadequate maintenance resulted in high water loss 
(ASSEMAE 2007). 
 
Out of the 26,881 connections, only 13 percent were metered, resulting in only 28 
percent of the water production being sold. Moreover, there were 1,945 public and 
private underground water tanks, which were constantly being filled from the 
network, leading to poor water quality and low pressure. Additionally, over 300 
connections in 1993 were illegal. This situation was perpetuated by the PPWSA staff 
itself as formal applications for water connections were very difficult, if not 
impossible. Thus, the market rate for illegal connections was around US$1,000. All 
these factors lead to over 70 percent of the supply being non-revenue water (NRW) in 
1993 (ASSEMAE 2007). The number of illegal connections was known from reports 
by customers and staff (Visoth 2011).   
 
The staff was under-paid and lacked motivation resulting in inefficiency. Nepotism 
was rampant and morale was low among workers. The management was also very 
corrupt as evidenced by the fact that some officers in the management position were 
very rich, even though the utility itself was poor (ASSEMAE 2007).  
 
The utility received huge subsidies from the government as the annual income 
covered only 30 percent of the operating expenditure. Despite the subsidies, the utility 
found itself unable to pay for electricity and chemicals for treating water (ASSEMAE 
2007).  
 
Reform 
In 1993, a new government was elected which worked towards rehabilitation of the 
country. The water sector seems to have been a priority since PPWSA was granted an 
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autonomous status with independent management, led by Ek Sonn Chan4. The 
political establishment was positively disposed towards the reform process in the 
water sector as seen by the availability of funds from various multi-lateral agencies to 
create an enabling environment. The Prime Minister also lent credibility to the reform 
process by making a public statement on the necessity of everyone, including 
government employees, paying their water bills on time (Das et al. 2010). In 1996, a 
computerized billing system was introduced which produced better customer 
management and more efficient billing process. A clear procedure for registering new 
connections was introduced such that they were established within a week. In 
addition, they were registered in the billing system not later than one day after 
installation. For customers outside of the service area, the utility was bound to inform 
them of when the connection would be made (ASSEMAE 2007).  
 
To deal with non-revenue water, five measures were instituted (ASSEMAE 2007): 
 
1) Meters were installed for all connections, so that by 1996, 85 percent of 32,404 
connections were metered, up from a mere 13% in 1993. In 2007, all 150,000 
connections were metered. 
 
2) To keep a check on illegal connections, an inspection team was set up. The public 
was encouraged to report illegal activity and rewarded for it. Additionally, heavy 
penalties were imposed on those with illegal connections. PPWSA staff found to be 
associated with such connections was sacked immediately. As a result, new illegal 
connections dropped from one per day in 1993, to less than 10 in a year. 
 
3) A repair team, which was on standby 24 hours a day, was initiated to check 
leakages. The staff and public were encouraged to call a toll-free phone to report 
leakages. 
 
4) Replacement and repair of the old network was carried out under a comprehensive 
program funded by the World Bank, the Asian Development Bank, and the 
Government of Japan between 1993 and 2001.  This program was crucial in the 
turnaround of PPWSA services and served to motivate the reform. As part of this 
program, all customers with new pipes were supplied with new, standardized 
connections. 
 
5) The supply network was divided into small zones to record and compare 
consumption in each billing cycle. Any unusual readings were noted to check for 
problems. A system was also introduced to enable monitoring of water flow and 
pressure in each zone.   
 
Bill Collection 
To improve upon the bill collection, the water meter readers are provided incentives 
for good collection, and penalized for bad results. Results are measured as good or 
bad by the number of meters read and billed, and reports on illegal connections. Each 

                                                  
4 Ek Sonn Chan, General Director of PPWSA was awarded the Ramon Magsaysay 
Award for Government Service in 2006 for his “exemplary rehabilitation of a ruined 
public utility, bringing safe drinking water to a million people in Cambodia’s capital 
city.” 
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meter reader is expected to read at least 1300 bills every two months, but not more 
than double this number (Visoth 2011). With the support of the Prime Minister, it has 
been possible to convince consumers, including high-ranking officials to pay. 
Disconnecting non-paying customers acts as a deterrent. However, lower income 
households are not disconnected from the service. A debt-monitoring program has 
been put in place especially to monitor the payment by institutional customers. As a 
result of these measures, ratio of issued bills to collected bills has improved from 48 
percent in 1993 to 99 percent in 2000 (ASSEMAE 2007).  
 
Service Pricing 
Tariffs were increased to cover all expenses. However, to avoid a huge jump, tariffs 
were proposed to be increased in three steps over a period of seven years. Service was 
also improved simultaneously. The first step was achieved by adopting a cross-
subsidized tariff scheme in June 1997. However, because of complaints by 
commercial and industrial customers who were subsidizing domestic customers, the 
cross-subsidy was reduced in the second step (ASSEMAE 2007). The third step of the 
tariff adjustment was not considered because revenues already covered costs by then.  
Since the poor urban community cannot afford the cost of connections at US$90, 
PPWSA allows the fee to be paid in installments. There is also a 20 percent discount 
available to them. For those who cannot pay even after these allowances, a subsidy 
was introduced in 2005 to cover some or all of the connection costs. As of November 
2006, the subsidy had benefitted 3,134 of the poorest people in Phnom Penh 
(ASSEMAE 2007). A focus on providing clean water for the poor has resulted in a 
total of 21,552 households getting water connections as the end of 2010. This number 
includes both those who got connection subsidies and those who did not get subsidies 
(Visoth2011).  
 
Households save around US$260 per year by subscribing to the utility water as 
compared to buying water from independent water sellers (ASSEMAE 2007).  
 
The following table shows the tariff structure over time. Even though tariffs 
increased, the greatly improved service was enough reason for the public to pay their 
water bills.  
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Table 13: Progressive tariff structure of PPWSA, in US$ per m3  

Timeline Domestic 
(USD/m3) 

Industry/Commercial 
(USD/m3) 

Government 
Institutions 
(USD/m3) 

Until 1983 

Free water for 
every 
household  n/a n/a 

1984 0.08 USD/m3 0.08 USD/m3 n/a 
1993- June 1994 0.08 USD/m3 0.26 USD/m3 n/a 

July 1994-May 1997 0.1 USD/m3 0.28 USD/m3 n/a 
0-15 
m3/month: 
0.12 USD/m3 

0-100 m3/month: 0.38 
USD/m3 

16-30 
m3/month: 
0.25 USD/m3 

101-200 m3/month: 0.5 
USD/m3 

31-100 
m3/month: 
0.38 USD/m3 

201-500 m3/month: 0.63 
USD/m3 June 1997: Block tariff 

rates were introduced. 
All connections were 
metered  

>100 
m3/month: 0.5 
USD/m3 

>500 m3/month: 0.76 
USD/m3 

Flat rate: 0.38 
USD/m3 

0.17 USD/m3 
0-100 m3/month: 0.29 
USD/m3 

0.23 USD/m3 
101-200 m3/month: 0.35 
USD/m3 

0.3 USD/m3 
201-500 m3/month: 0.41 
USD/m3 

2001 0.38 USD/m3 
>500 m3/month: 0.44 
USD/m3 

Flat rate: 0.28 
USD/m3 

Source: Biswas and Tortajada 2009 
 
 
Improved Service Quality  
The old supply network was replaced and water treatment plants were rehabilitated in 
2001 and 2000 respectively. Two water quality laboratories were upgraded to monitor 
the quality of water for the entire supply network. An information desk, a hotline and 
an education team have been set up to provide the information on water supply and 
the respective duties of suppliers and users (ASSEMAE 2007). 
 
Restructuring of PPWSA 
Staff training increased and salaries were increased ten times, with a performance 
bonus as an incentive. Penalties for poor performance were also brought in force. 
Those in higher management were given more responsibility, with better performance 
linked to higher roles (ASSEMAE 2007). Even with the increase in workload, the 
number of staff per 1,000 connections decreased from 22 in 1993 to just 3.2 in 2009 
(Das et al. 2010).  
 
Present Performance 
PPWSA has a total production capacity of 235,000 m3/day at present, with the service 
covering 90 percent of the whole city. In 2008, residents had access to 160 
liters/day/capita, which was almost double the amount from around 85 
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liters/day/capita in 1995 (Biswas and Tortajada 2009).  Share of non-revenue water 
dropped from 72 percent in 1993 to 6 percent in 2006 (Heinonen 2008). Cost recovery 
is essential to having a sustainable service. PPWSA achieved full cost recovery in 
1996 and is making a modest profit now (Das et al. 2010). The table below shows the 
comparison of indicators for 1993 and 2009.  
 
 
Table 14: Pre and Post Reform Indicators in Phnom Penh 

Indicators 1993 2009 
Staff/1,000 connections 22 3.2 
Capacity, m3/day 65,000 300,000 
Coverage (%) 25 90 
Supply Network (Km) 280 1556 
Supply Pressure (bar) 0.2 2.5 
Supply Duration (hr/day) 10 24 
Connections 26,881 191,092 
Illegal Connections (per year) >300 * 
Metered connections (%) 12 100 
Collection (%) 50 100 
NRW (%) 72 6 
Source: ASSEMAE 2007; Biswas and Tortajada 2009; Das et al. 2010  
* Biswas and Tortajada 2009 report that at present it is difficult to find even one illegal 
connection 

 
 
Water for the Poor 
PPWSA initiated a Clean Water for the Poor campaign in 1999 to provide water 
supply services to the poor. The poor get a subsidy in the connection as well as 
consumption fees. The average tariff is US$ 0.24 per m3, and a poor household’s 
average monthly bill is about US$ 1 for 7 m3 of water, accounting for 4 percent of the 
family’s monthly income. Thus, water bills declined by a factor of 5-6. An indicator 
of the better service of water supply is that private water vendors have disappeared 
from the areas serviced by PPWSA (Das et al. 2010). 
 
A grant from the International Development Association (IDA) makes it possible to 
provide subsidies on connection fee for poor households. Depending on the poverty 
level, subsidies ranging from 30 percent to 100 percent of the connection fee are 
provided to households. Additionally, households consuming a maximum of 7 m3 per 
month paid only 60 percent of the real costs of providing water, leading to a reduction 
in water bill amount ranging between US$ 31-US$ 91 per year. This difference comes 
from the lowest tariff of PPWSA and the flat rate of water seller that households may 
have bought water from (Das et al. 2010; Visoth 2011).   
 
Limitations 
1) In-Migration of Poor  
The slum population of the city increased by over 200,000 between 2000 and 2003. 
This leads to conflicting demands on land, and in the absence of any resettlement 
policy, the solution was to move the poor communities from the city centre to the 
outskirts.  In 2003, over 60 percent of the low-income population was located in the 
outskirts. The relocations are continuing and the city planners estimate that by 2020, 
only 100,000 out of the 1 million poor living in the city will be in the city centre. In 
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2004, only about 30 percent of the people living in the poor settlements had access to 
central pipe water connection. 60 percent bought water from private vendors and the 
rest got water from wells and ponds.  It is also common for households to purchase 
water from door-to-door sellers or collect rainwater for drinking and cooking, despite 
having a connection to treated pipe water (Heinonen 2008).  
 
Thus, much of initial success in reaching the poor is slowly getting overturned, and 
raises a question on the sustainability of the service as more poor people migrate to 
Phnom Penh.  
 
2) Financing Constraints 
PPWSA could undertake the reform process because of the financial assistance from 
the Government of Japan, the Government of France, the Asian Development Bank 
(ADB) and the World Bank (ASSEMAE 2007). The source of funds is shown in the 
table below. Cities, which do not have access to funds from such diverse sources, 
would find it difficult to undertake large upgrading projects. 
 

Table 15: Donor Fund Flow (1993-2009)   
     

Donor Amount USD 
Amount per 
connections 

(USD)* 
Type of Fund Status of Loans 

United Nations 
Development 
Program/World Bank 

2,803,000.00 14.67 Grant   

Japan International 
Cooperation Agency 

84,929,815.04 444.44 Grant   

21,160,810.14 110.74 Grant   Agence Francaise de 
Développement 14,099,882.67 73.79 Loans Grace period 

(13/12/2010 to 
31/12/2018) 

World Bank 28,654,894 149.95 Loans 100% Repaid 
Asian Development 
Bank 

12,638,749 66.14 Loans Currently, 
payments made 
twice a year 

Total 164,287,152 859.73     

Source: Das et al. 2010  
*Calculated as Amount in USD per connection as of 2008   

 
Replication of Case Studies  
 
Brazil is a relatively richer country with GDP (PPP) per capita more than $6,700. 
Statistically comparing the indicators for Brazil’s publicly managed utilities with its 
peer group in similarly placed countries, it appears that there are fundamental 
differences between the two groups. See Appendix 3. The average precipitation for 
Brazil is much higher for Brazil at 1.78 meters per year as compared to 0.70 meters 
per year for peer countries. Similarly, the total renewable water for Brazil is also very 
high at 8,230 billion cubic meters per year as compared to 1,440 billion cubic meters 
per year for peer countries. Thus, Brazilian utilities do not have to cope with and 
prepare for contingencies in case of water scarcity unlike other peer utilities. Brazil 
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seems to be doing better in increasing connection density and reducing pipe-breaks 
per kilometer. However, the water produced per connection is much lower at 334.12 
cubic meters per year per connection, as compared to 1,566 cubic meters per year per 
connection in peer countries. These differences could lead to challenges in replicating 
the case in other countries. The case of Porto Alegre and PROSANEAR are also 
unique in that people’s participation is encouraged and formally sought. However, the 
PROSANEAR model can be replicated at other places, because it outlines a model 
where collaboration between civil society and poor residents is used to an advantage. 
 
There is no similar data for India and Cambodia except that they fall in the poor 
county category, and hence the following comparisons are qualitative. The research 
on case studies of the cities in the two countries reflects some of the trends that 
emerged from the quantitative analysis. Firstly, both cities, in their efforts to improve 
coverage, point to increased collection of bills as an important factor in decreasing 
non-revenue and contributing to efficient service. Maintenance of infrastructure also 
emerges as a simultaneous effort in addition to increasing coverage. Old pipelines 
were replaced with new ones to check leakages. Prompt customer service to address 
any leakages shows a commitment towards the upkeep of the infrastructure, thus 
keeping pipe-breaks to a minimum. In the process of replacing old pipeline, illegal 
connections were discovered and capped. This led to further reduction in nonrevenue 
water. Labor productivity and increased hours of service do not seem to be the cause 
but look like a fall-out of the improved utility efficiency. 
 
The case of DMAE in Porto Alegre also suggests above similarities, even though the 
three countries have diverse geographic and economic indicators. Thus, there seems 
to be a common set of policy prescriptions that can be applied to successful water 
utilities. These findings are also at times in consonance with the results from 
quantitative analysis, which generalize several implications from these studies. 
Identifying policy levers based solely on the quantitative analysis was difficult due to 
missing data for the variables of interest. Also, the problem of endogeneity in the 
regression models could not be addressed because of the unavailability of appropriate 
instrumental variables. Hence, the policy recommendations listed below need to be 
looked at in the light of both the case studies as well as the quantitative analysis.  
 
 
Policy Recommendations 
 

1. Covering costs of an efficient service: The above case studies bring to 
attention the need for cost recovery strategies to provide efficient service. 
Indeed, David Foster, Senior Urban Environmental Advisor at the 
Administrative Staff College of India, who has worked extensively with water 
utilities, argues that better cost recovery leads to better coverage of water. 
Cost recovery strategies involve not only an appropriate level of tariff but also 
better collection policy by the utilities. The latter also implies that all 
connections are metered and read. Covering costs does not necessarily 
translate into higher tariffs as shown by the case studies. In fact, it is possible 
to provide a certain level of subsidy to the poor, even while maintaining good 
service coverage level.  
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2. Checking illegal connections: Illegal connections contribute not only to non-
revenue water but also undermine infrastructure maintenance. Since these 
connections are not detected by the utilities, any problem like a leaking pipe is 
likely to go undetected. This problem is compounded over time.  
 

3. Asking people their preferences and soliciting their participation: As the 
case study from Porto Alegre demonstrates, people’s participation in deciding 
the provision of services is important. However, as I mentioned earlier, 
adopting participative budgeting as a policy is not easy. Hence, a possibly 
easier alternative is for a PROSANEAR type of project where teams from 
utilities ask communities for their preference in water projects, and the kind of 
support they would be willing to give with their money and labor. This also 
ensures that people are adequately invested in the project so that they take full 
ownership of the project. This is a big factor in contributing to the 
sustainability and success of the project.  

 
4. Increased hours of Service: The regression results reveal that increasing the 

hours of water supply is associated with increased coverage for all water 
scarcity type. While this is not a stand-alone policy prescription, this analysis 
does suggest that water coverage and increased number of hours of service go 
hand in hand, irrespective of the climate conditions in the region.   
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Appendix 1: Basic regression models predicting residential water coverage 

OLS Panel Fixed 
Effects 

Panel Random 
Effects 

Coeff. Coeff. Coeff. 
Variables 

(SE) (SE) (SE) 
-3.90 -4.03 

No water scarcity=1 (1.60)* - (3.30) 
-16.73 -13.26 

Economic Water Scarcity=1 (1.90)*** - (3.78)*** 
-9.39 -10.19 

Approaching Physical Scarcity=1 (1.76)*** - (3.47)** 
-2.19 -2.10 

Average Precipitation (meters/per year) (0.58)*** - (1.20) 
-0.01 -0.02 

Total Renewable water (10^12 m3/year) -0.13 - (0.26) 
(0.39) 1.60 1.55 

No PSP with GDP per capita<6,700=1 (1.11) (0.65)* (0.63)* 
6.22 5.11 6.48 

PSP with GDP per capita< 6,700=1 (1.61)*** (1.78)** (2.29)** 
3.34 1.98 

PSP with GDP per capita>6,700=1 (0.99)** - (2.13) 
10.91 15.12 14.04 

Log GDP (PPP) per capita (2000 constant $) (0.97)*** (1.54)*** (1.22)*** 
-4.97 -50.50 -33.65 

Constant (8.75) (13.38)*** (10.65)** 
N 3,831 3,831 3,831 
R-squared 0.298 0.265 0.296 
R-squared within   0.03 0.032 
R-squared between   0.23 0.254 
F-statistic 180.36 33.10   
chi2     385.05 
Source: Author Calculations from Data by the World Bank  
*p<.05; **p<0.01; ***p<.001    
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Appendix 2: Project Cost Summary as per Operator at the end of March 2009     
Belgaum 

Sl No Details Unit Hubli Dharwad 
North South 

Gulabarga 
Common for Hubli, 

Dharwad, Belgaum and 
Gulbarga 

Total 

1 Wards Number 
2 full and 2 

part 4 
2 full and 2 

part 
4 full and 2 

part 
4  full and 7 

part - 
16 full and 

13 part 
2 Present Population (2009) Number 45,560 32,798 35,570 33,913 29,084 - 176,925 
3 Projected Population (2035) Number 79,476 69,673 64,618 70,085 114,073 - 397,925 

4 
Total Connections (as on March 
2009) Number 7,344 5,652 3,953 4,270 3,232 - 24,451 

5 Total Connections (for Sl 11) Number 6,904 5,002 3,692 4,178 2,993 - 22,769 

6 
Total Length of Distribution Mains 
Existing in DZ RMT 58,250 23,000 53,030 30,640 29,520 - 194,440 

7 
Total Length of Distribution 
Rehabilitated in DZ RMT 68,588 34,280 49,306 38,694 47,363 - 238,231 

8 Cost Breakup             -   

9 Setting up Hydraulic Zones 
Rs 
thousands 20,285 13,408 10,232 9,843 16,089 - 69,857 

10 Rehabilitating Network 
Rs 
thousands 42,273 24,579 27,521 22,315 48,921 - 170,609 

11 Rehabilitating Connections 
Rs 
thousands 30,519 20,245 15,708 17,322 15,445 - 99,240 

12 Others 
Rs 
thousands 304 290 505 1,062 1,296 - 3,455 

13 Management Fee 
Rs 
thousands - -       222,000 222,000 

14 Operational Improvements 
Rs 
thousands - -       8,886 8,886 

15 Total Cost 
Rs 
thousands 93,381 58,522 53,966 50,542 81,751 230,886 574,048 

Source: Franceys 2011         
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Appendix 3: Anova for Brazilian publicly managed utilities and those in countries with GDP (PPP) 
per capita>US$ 6,700 
    

Public Sector 

Brazil 
Other Countries with GDP 

(PPP) per capita> 
US$6,700 

Variables 

Mean Value 

P-value 

Residential coverage for water 
services (%) 83.50 89.81 0.00 
Nonrevenue in Million USD (2005 
constant prices) per year 0.15 0.43 0.84 
Number of full-time employees 
per water connection (labor 
productivity) 

No 
observations 0.011   

Shortfall between cost recovery 
tariff and actual tariff (USD/m3 
per month) 

No 
observations -0.95   

Connection Density (1000 
connections per km) 0.089 0.045 0.00 
Annual number of pipe-breaks per 
km of network (utility 
performance) 0.75 1.51 0.00 
Number of hours per day of 
service (service quality) 

No 
observations 23.76   

Water produced (cubic meters per 
year per connection) 334.12 1,566.98 0.00 
Average Precipitation (meters/per 
year) 1.78 0.70 0.00 
Total Renewable water (10^12 
m3/year) 8.23 1.44 0.00 
  Number of Utilities   
Water Status     0.00 
No water scarcity 877 568   
Approaching physical water 
scarcity 68 0   
Physical Water Scarcity 0 23   
Economic Water Scarcity 0 4   
Source: Author calculations from World Bank data
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