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Abstract:  Despite installation of a large number of utilities, the rural water supply system in India still suffers from a number of 
problems. The rural drinking water utilities need to be examined for their existing strengths and weaknesses and to 
improve their efficiency and effectiveness. The framework for systematic evaluation of efficiencies and effectiveness 
of utilities has been developed in this study. The objectives and design parameters for rural drinking water supply 
utilities are entirely different from that for the urban utilities. Hence there evaluation needs a set of performance 
indicators that is specific and appropriate to measure performance of rural utilities. Data envelopment analysis (DEA) 
has been employed in this study for efficiency measurements and benchmarking. This study used four DEA models 
by identifying appropriate input and output variables to measure efficiency of utility in four performance areas i.e., 
service provisions, service operations, service reliability and financial sustainability. The evaluation framework has 
been applied to utilities in the Himachal Pradesh, a north Indian state. The results reveal that the utilities are operating 
at very low efficiencies in all the performance areas and there is significant scope for savings in inputs and improving 
performance with reference to best practices. 

Key words: Benchmarking, Indian rural drinking water utilities, Performance evaluation, Performance indicators, Data 
Envelopment Analysis, Himachal Pradesh. 

1. INTRODUCTION 

In majority of developing countries the responsibility for water provisioning rests with the states. 
Governments are vested with the responsibilities to plan, implement, operate and maintain water 
supply schemes. Despite clearly defined constitutional/legal rights and duties, formulation of 
policies and installation of a large number of schemes, the goal of providing safe and adequate 
domestic water to all still remains to be fully achieved. A study for the World Bank (Misra, 2008) 
found that rural water supply utilities are commonly weak in performance and the policy-makers 
need to adjust policies and improve the instruments for implementing them. There is an urgent need 
for using the approach of performance measurement of water utilities. Benchmarking can be a very 
useful tool for the policymakers, planners, those providing investment funds and consumers.  

This study focuses on benchmarking of rural water supply schemes of one of the hill states of 
India with the objective of highlighting the areas for improvements and interventions. Although the 
program planners understand that poor cost recovery in the rural water supply sector is resulting in 
exacerbating an already critical situation in terms of funds available for operation and maintenance 
of rural water supply schemes yet the cost recovery has not been given much importance to ensure 
financial sustainability. They propose that while working out profits of providing assured, safe and 
sustainable drinking water supply to the rural population the benefits in terms of increase in 
productivity, livelihood and health improvement must be recognized and considered as profits. 

So the performance indicators those have been used worldwide in many major performance 
evaluation initiatives to analyse cost recovery in urban water supply utilities do not remain much 
relevant in the evaluation of Indian rural water supply utilities. However these indicators may be 
useful in driving the policy formulation towards financial sustainability of the utilities. 
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2. NEED FOR BENCHMARKING 

In India, performance of rural water supply utilities is rarely evaluated. The rural water supply 
sector in India is, mostly, managed by government or semi-government authorities. So, there is 
monopoly and lack of competition, with the result that there is no incentive to enhance performance 
of utilities. Utilities, which are not subjected to competition, may compromise its service quality for 
reducing costs and to increase profits (Lynne, 2005).  

In India, the water utility managers mainly focus on evolving technically optimal system designs. 
The efforts for seeking optimal performance from the utilities are yet to get importance over the 
efforts made in raising the infrastructure. Almost all utilities are government owned and the prime 
objective of water utility managers is to address social concerns, without looking into the 
effectiveness and efficiency of operations. The issue of making the utilities effective and efficient 
has remained largely unaddressed.  

Recognizing the importance of the water sector, the emphasis should be on improving 
performance through reforming the management institutions, policies, and planning systems (World 
Bank, 2002). There is need for Performance Evaluation for assessment of existing service 
provisions, level of infrastructure in place and the quality of service provided. Since regulations of 
natural monopolies have shown positive impact on efficiency and performance of utilities (Reynaud 
and Thomas, 2013), their evaluation and regulation is required.  

Also benchmarking is needed to identify best practices, identify gaps in performances and set 
reasonable targets for improvement / emulations. Evaluation of performance of existing utilities and 
then using this information to build capacity is critical to the development of rural water supply 
sector.  

In all the service sectors, performances evaluation and benchmarking initiatives are becoming 
popular throughout the world. Benchmarking of utilities is a well-established process for 
monitoring and improving their performance, however, its use in managing the rural drinking water 
utilities in India or even abroad is very rare.  

3. LITERATURE REVIEW 

The concept of benchmarking was popularised by the seminal work of Camp (1989). 
Benchmarking is now amongst popular tools to improve organisations performance and 
competitiveness in service sector.  

Although, the focus of the present study is on rural water supplies, review of urban water 
supplies have also been covered in the literature review since most of the reported studies are on 
benchmarking of urban drinking water utilities. Singh et al. (2010) studied 13 different water 
utilities in the urban areas of different countries for the purpose of benchmarking. Berg (2010) 
reported eight benchmarking studies of urban water utilities of different countries (Peru, Brazil, 
England & Wales, Australia, Italy, Moldova, Romania, Vietnam, Cross country in Asia region and 
Cross country in Brazil,). De Witte & Marques (2009) described 22 benchmarking studies since 
1986 to 2006. 

In India (Kulshreshta, 2005; Singh et al., 2010; Vishwakarma and Kulshrestha, 2010) have 
conducted benchmarking studies of water sector utilities using frontier methods. The World Bank 
(Water and Sanitation Program - South Asia, website: www.wsp.org) and the Asian Development 
Bank also conducted detailed benchmarking studies in urban drinking water supply sector in India 
and South Asian region.  

The data availability and its reliability are major problems faced during evaluation process. The 
quality of necessary data and its collection techniques adopted are both crucial for the evaluation 
process (Tsitsifli and Kanakoudis, 2009). For all type of audits of water supply system weather 
supply side or for consumer sides the accuracy of results depends on the methods used to generate 
data (Charalambous and Hamilton, 2011). Non-availability of relevant and reliable data is reported 
as one of the main hurdle in effective performance assessment initiatives.  



Water Utility Journal 13 (2016) 31 

 

Non-availability of sufficient database for use in benchmarking techniques is one plausible 
reason for scarcity of performance evaluation studies in India and other developing countries. The 
knowledge of the layouts and characteristics of utility components is essential for efficient 
performance evaluation and dynamic management of any utility. However, many utility managers 
do not have suitable information (Cabrera et al., 2013). With the passing of time and due to many 
operational and maintenance activities, the networks of a given utility may have been intervened, 
modified or even closed down. Frequently, these changes in the network are not registered, and this 
information remains only in the personnel memory, and is eventually forgotten. 

The water is a social good, essential for life and welfare; also the water resources are limited and 
are in stress, the water users should pay affordable prices for water services. The pricing policies 
must be based on the socially fair water cost allocation. The authors (Kanakoudis and Tsitsifli, 
2014) propose the sharing of the water losses cost and the water cost allocation between the 
consumers and the water utility. 

The reduction in water leakages and water conservation are the biggest drivers for change to 
smart water networks, especially in countries facing serious water scarcity issues (Laspidou, 2014). 
Modern telecommunication facilities allow for efficient and centralized data collection and easy 
setup of data transmission all around the world. It is, nowadays, possible to implement integrated 
hydro-informatics systems for water utilities, including all aspects of operation, design and 
optimization, along with asset management and long-term investment scheduling. The adoption of 
technology from municipalities has shown signs of improvement; however, the commitment of 
management and staff remains low (Michas, 2014). 

Singh et al. (2010, 2011) explained that a variety of comparative efficiency measurement 
techniques are available from simple ratio analysis to sophisticated mathematical and statistical 
modelling. The initiatives on benchmarking, such as those by World Bank Water and Sanitation 
Program, Water Engineering Development Centre, International Water Association, etc., generally 
employ simple indicator-based comparisons. Recent developments on benchmarking frequently 
consider the use of frontier methods. Data Envelopment Analysis (DEA) and Stochastic Frontier 
Analysis (SFA) are the most widely used frontier-based techniques. These methods use the most 
efficient utilities to form a frontier with respect to which rest of the utilities are compared. From a 
regulatory perspective, frontier methods can be used as benchmarking instruments to close 
performance gaps at the preliminary phases of regulatory reforms (Giannakis et al., 2005).  

Gupta et al. (2006) explain various techniques such as ordinary least square (OLS), SFA and 
DEA in analysing the efficiency of water industry in various countries. Though the OLS technique 
is easy to use and simple to interpret, it suffers from the problem of specifying the functional form 
for the production technology and unable to provide information on frontier performance. SFA 
though able to solve the latter problem by specifying a composed error term, splitting the error into 
two different parts as data noise term and error due to the inefficiency, it also suffers from the 
problem of specifying the functional form and requires specification about the distributional 
patterns of its composed error terms. 

To the contrary of DEA, SFA is a parametric technique to conduct productivity analysis. It 
begins its existence from seminal papers of (Meeusen and van der Broeck, 1977). The two main 
differences of DEA and SFA are that the former is non-parametric and ascribes the whole deviation 
from estimated potential output to inefficiency, does not take account for noise, whereas the latter is 
parametric and accounts for noise. Being a parametric method, SFA relies heavily on the 
assumptions about the functional form of the production function, distributions of noise and 
inefficiency terms. However, when the true functional form of the production function is known, 
SFA allows us to take account for it, which is of great plus.  

As per Berg and Marques (2011), the water sector alone featured 190 papers (articles and 
reports) through 2009, with about 35% of them applying non-parametric techniques based on DEA. 
The nonparametric orientation of DEA is generally seen as its main advantage over the parametric 
alternatives. Also the conditions mentioned below favour the use of DEA technique for the 
benchmarking of rural drinking water supply utilities. 
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§ It doesn’t assume that all firms are efficient in advance. 
§ It could handle with efficiency measurement of multiple inputs and multiple outputs. 
§ It doesn’t need to price information available. 
§ It does not need to assume function type and distribution type.  
§ Both the CCR and BCC models have nature of unit invariance. 

4. OBJECTIVE AND SCOPE OF THIS STUDY 

The study evolves framework for performance assessment and benchmarking of rural drinking 
water supply utilities in India. The performance evaluation has been carried with reference to the 
objectives and programme guidelines of National Rural Drinking Water Programme (NRDWP). 
The efficiency analysis has been done for four components of utility performance; (i) service 
provision efficiency, (ii) service operation efficiency, (iii) service reliability and (iv) financial 
sustainability. 

The objective of this study is to: 
1. Identify inputs and outputs those affect the performance of rural drinking water supply 

utilities, 
2. Understand the relationship between inputs and outputs, 
3. Identify the best practices in rural drinking water supply utilities and establish the 

benchmarks, 
4. Estimate relative efficiency of water supply utilities and the potential for improvements.  
 
The DEA (Data Envelopment Analysis) has been used as a tool to estimate the relative 

efficiencies of utilities, to identify the best performing utilities, benchmarking and to identify the 
potential for improvements in low performing utilities. 

5. DATA COLLECTION 

As discussed above the rural water supply utilities are rarely put to any kind of performance 
analysis, so most of the data available is about coverage of population and expenditures incurred on 
construction/ renovation of new utilities. The data on costs of operation and maintenance of utilities 
is maintained as whole, the breakup like cost of manpower, energy, chemical, mechanical repairs is 
difficult to get. There is total absence of flow measuring devices in the conveyance system as well 
as at consumer / household level. The data on water produced, supplied and lost in network has to 
be worked out or estimated from pumping hours, supply durations and storages made by the 
consumers. It was found difficult to collect required relevant data for the whole country hence the 
primary data has been collected on rural drinking water supply utilities of Himachal Pradesh, a 
north Indian hill state. The data was collected by personally visiting the Divisional offices of the 
Himachal Pradesh Irrigation and Public Health Department and through interaction with the field 
level functionaries of this Department and the consumers. Himachal Pradesh Irrigation & Public 
Health Department (HPIPH Dept.) is the executing agency for rural drinking water utilities in the 
state. The state has 8411 water supply utilities, out of which1823 are lift type and 6588 are gravity 
type. Most of gravity type schemes are older and the recent trend is of lift type schemes. 

Most of the utilities in the state has been constructed or upgraded under NRDWP. The pipe 
networks of utilities are designed for 30 years and pumping machinery is designed for 15 years. The 
population projection is based on decadal growth rate. So, while collecting the data only those 
utilities were considered that are within the 15 years of design period. So the utilities commissioned 
between 2000 and 2012 have been included for data collection. 

The hill state has gravity flow type schemes as well as lift type schemes. These two types have 
largely different infrastructural and operational requirements. Hence for analysis, the utilities have 
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been segregated in two main groups: (1) Lift type; (2) Gravity flow type. Out of total 182 utilities, 
129 are Lift type and 53 of Gravity flow type utilities. The population wise detail of utilities is 
shown in Fig. 1 and Fig. 2. 

 

Figure 1. Population wise distribution of lift type utilities 

 

Figure 2. Population wise distribution of gravity type utilities 

The completion expenditure has not been changed to the present values. For the analysis the 
completion expenditures have been taken as on the completion of the utility. The annual O&M cost 
has been collected for the financial year 2011-12. The revenue assessed and revenue realized has 
also been collected for the financial year 2011-12. The number of taps has also been collected as on 
March 2012. 

6. DATA EXPLORATION AND RELATED DESCRIPTIVE STATISTICS  

The descriptions of statistical characteristics of the data on utilities are compiled, below in 
Tables 1 and 2, for Gravity type and Lift type respectively. The values of skewness and kurtosis 
coefficients reveal that in Lift type utilities the parameters do not follow normal distribution. Also, 
in case of Gravity type utilities most of the parameters do not follow normal distribution. Hence 
DEA methods will be suitable for analysing this non-parametric data. 

7. STATISTICAL DESCRIPTION OF DATA  

The performance of a drinking water supply utility is governed by many variables. It has 
multiple input variables and many output variables. These parameters or variables cannot be 
considered in isolation, they independently and simultaneously affect the performance. So it is 
necessary to understand their associations and relationships.  

Lift type utilities in various population groups 

Population group 

0-500 500-1000 1000-1500 1500-2000 2500-3000 

Gravity type utilities in various population  

Population Group 
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7.1 Association between Capital expenditure per person, Population served, population 
density, Annual O&M cost per person, Annual revenue collection and Number of 
complaints per year 

A bivariate correlation analysis of data on lift type utilities was done. Since the data on 
parameters do not follow normal distribution, hence non-parametric correlation analysis was 
preferred. The values of Kendall's tau (τ) correlation coefficients and Spearman’s rank correlation 
coefficients (ρ) were calculated. The values of correlation coefficients reveal that; 

• Capital expenditure per person has significant negative correlation with population served. 
This correlation with the population density is analysed separately.  

• The correlation between capital cost per person, population served and population density 
was also studied. Pipe length laid per person was used as a measure of population density. 
Statistically significant values of correlation coefficients between capital cost per person, 
population served and length of pipe laid per person ensure a linear dependency of capital 
expenditure per person (dependent) on independent variables population served and pipe 
length laid per person. This relationship was established through linear regression analysis 
and the linear model was found to be statistically significant. The values of correlation 
coefficients reveal that capital expenditure per person has negative correlation with 
population served, at the same time it has positive correlation with the length of pipe laid per 
person. So the reduction in per capita construction cost with increase in population is 
dependent on population density. Increase in population density will increase the rate of 
reduction in per capita construction cost.  

• Capital expenditure per person has significant negative association with annual revenue 
collection. Annual revenue collection is a function of population served. The per capita 
construction cost for utilities decreases with increase in population. So the correlation 
between Capital expenditure per person and annual revenue collection is again affected by 
the population served by the utility.  

• Capital expenditure per person has significant negative correlation with Annual O&M cost. 
Capital expenditure per person and Annual O&M cost per person has a significant positive 
correlation. In view of negative correlation between capital expenditure per person and 
population served, it can be concluded that larger utilities have lower annual O&M cost. 
Also Annual O&M cost per person has significant negative correlation with population 
served. This further concludes that utilities with larger population has less per capita O&M 
cost So the population served has definite bearing on the capital expenditure as well as the 
operation and maintenance cost of the utilities. 

• Capital expenditure per person has no significant correlation with number of complaints per 
year. Annual O&M cost per person also do not have any significant correlation with number 
of complaints per year. The number of complaints has a significant negative correlation with 
the source yield tapped i.e., ratio of water tapped to source yield. The correlations reveal that 
construction and operation & maintenance costs do not influence the number of complaints. 
The utilities based on dependable and sustainable sources can provide reliable service to the 
consumers. 

• There is a significant positive correlation between population served and number of 
complaints per year.  
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Table 1. Data Description for Gravity Schemes 

 Parameter Mean Median Std. Deviation Minimum Maximum Skewness Kurtosis 
1 Completion cost 3503500 2519300 3604190 37000 18300000 2.2 5.68 
2 Population benefitted 694.72 542 517.54 117 2928 1.86 5.4 
3 Annual O&M cost 293940 200000 275590 30000 1400000 2.37 6.28 
4 Total length of pipe network 13251 11327 8289.06 2445 38000 1.01 0.47 
5 Daily supply hours 9.23 6 6.53 2 24 1.41 1.01 
6 Annual average of daily water 

supplied 85.19 85 19.6 40 150 0.99 4.07 

7 Complaints per year 37.38 36 19.04 10 84 0.36 -0.42 
8 Water samples tested 30.49 25 18.79 4 84 1.16 1.78 
9 Total Private connections 45.08 32 42.03 0 157 1.05 0.27 
10 Public taps 32.21 28 27.46 1 121 1.42 1.99 
11 Total taps 77.28 64 56.64 6 215 0.79 -0.38 
12 Revenue assessed 12755 9576 13068 0 51500 1.39 1.67 
13 Revenue collected 11661 7934 11702.8 0 47600 1.28 1.24 
14 Capital Expenditure / person 6339 4014.9 5563.44 91.81 21600 0.94 0 
15 Source yield/ water tapped 3.54 2.87 2.69 0.34 12.99 1.6 2.51 
16 Annual O&M cost/ person 531.21 355.23 475.38 83.8 2408.03 1.94 4.24 

 
Table 2. Data Exploration for Lift type utilities 

 Parameter Mean Median Std. Deviation Minimum Maximum Skewness Kurtosis 
1 Completion cost 3503500 2519300 3604190 37000 18300000 2.2 5.68 
2 Population benefitted 694.72 542 517.54 117 2928 1.86 5.4 
3 Annual O&M cost 293940 200000 275590 30000 1400000 2.37 6.28 
4 Total length of pipe network 13251 11327 8289.06 2445 38000 1.01 0.47 
5 Daily supply hours 9.23 6 6.53 2 24 1.41 1.01 
6 Annual average of daily water supplied 85.19 85 19.6 40 150 0.99 4.07 
7 Complaints per year 37.38 36 19.04 10 84 0.36 -0.42 
8 Water samples tested 30.49 25 18.79 4 84 1.16 1.78 
9 Total Private connections 45.08 32 42.03 0 157 1.05 0.27 
10 Public taps 32.21 28 27.46 1 121 1.42 1.99 
11 Total taps 77.28 64 56.64 6 215 0.79 -0.38 
12 Revenue assessed 12755 9576 13068 0 51500 1.39 1.67 
13 Revenue collected 11661 7934 11702.8 0 47600 1.28 1.24 
14 Capital expenditure / person 6339 4014.9 5563.44 91.81 21600 0.94 0 
15 Source yield / water tapped 3.54 2.87 2.69 0.34 12.99 1.6 2.51 
16 Annual O&M cost / person 531.21 355.23 475.38 83.8 2408.03 1.94 4.24 

7.2 Association between Annual O&M cost per person, Total taps maintained and Daily 
supply hours  

• Annual O&M cost per person has significant negative correlation with number of taps 
maintained. The utilities with larger populations have larger number of taps hence this 
negative correlation is in consonance with that of population. 

• Annual O&M cost per person has significant positive correlation with daily supply hours. 
This shows higher (lower) O&M cost if daily supply hours are increased (decreased). 

• Annual O&M cost per person and Revenue collected has significant negative correlation.  
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7.3 Association between Source yield / water tapped and Annual average of daily water 
supplied 

• There is a significant positive correlation between Source yield / water tapped and Annual 
average of daily water supplied. This shows that utilities with larger water sources are more 
reliable in supplying water. 

8. DATA ENVELOPMENT ANALYSIS MODELS 

8.1 DEA Formulations 

For water utilities inputs are endogenous and act as decision variables. These inputs can be 
applied managerial controls. The utilities are designed to serve a fixed population at decided flow 
rate and quality and hence the outputs are fixed and exogenous. They are beyond managerial 
controls. Also, the objective in this study is to suggest benchmarks for input reductions. Hence, the 
DEA model used has an input orientation.  

According to Coelli et al. (2003), the input orientation is best suited to the case of endogenous 
inputs and exogenous outputs. Charnes, Cooper and Rhodes (CCR) developed (Charnes et al., 
1978) constant returns to scale (CRS) model with input orientation whereas the Banker, Charnes 
and Cooper (BCC) proposed a variable returns to scale (VRS) model with either input or output 
orientation (Banker et al., 1984). Both CCR and BCC are most commonly used DEA formulations 
in the evaluation of utilities in service sector. In the case of constant returns to scale formulation, 
increase in input levels produces equi-proportional increase in output levels. The CRS assumption is 
only appropriate when all utilities operate at an optimal scale. Under varying context of operation of 
utility such as imperfect competition, constraints on finance, etc., a utility may not operate at 
optimal scale. Banker et al. (1984) suggested an extension of the CRS DEA model by adding a 
convexity constraint (as shown in Eq. 3) to account for variable returns to scale situations and to 
accommodate nonlinear relationships between inputs and outputs. The water utilities in the state as 
well as in India operate under variable contexts and constraints, so Input oriented DEA model with 
VRS assumption is used. 

The efficiency score in the presence of multiple input and output factors is defined as: 

Efficiency = (weighted sum of outputs) / (weighted sum of inputs) (1) 

Assuming that the chosen sample has z utilities, each with m inputs and n outputs, the relative 
efficiency score of a test utility p is obtained by solving the model proposed by Charnes et al., 
(1978). 
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where:  I =1 to z; j=1 to m; k =1 to n;  
yki= amount of output k produced by utility i;  
xji=amount of input j utilized by utility i; 
vk=weight given to output k; and  
uj=weight given to input j. 
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The fractional program in Eq. (2) is subsequently converted to a linear programming format and 
a mathematical dual is employed, as shown in Eq. (3), to solve the linear program. The dual reduces 
the number of constraints from z+m+n+1 in the primal to m+n, thereby rendering the linear problem 
easier to solve. 
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       ---- Convexity constant 𝜆! ≥ 1  (3) 

where Ө =efficiency score and 𝜆! =dual variables (weights in the dual model for the inputs and 
outputs of the z utilities). 

The above problem is run z times for calculating the relative efficiency scores Ө of all the 
utilities. Each individual utility in the sample requires the solution of linear program. The distance 
of a utility from the frontier measures its efficiency scores. A utility is efficient if it operates on the 
frontier and also has zero associated slacks, this is a widely accepted description (Banker et al., 
1984). The technique also computes input and output targets required to cover inefficiency in a 
utility. MaxDEA 6.3 has been used to conduct DEA with input orientation and VRS model 
(MaxDEA, 2009) 

8.2 Inputs and outputs variables used in India for evaluation of water supply utilities  

Kulshrestha (2005) used an input oriented DEA study for Indian Utilities. Here 3 DEA models 
(Table 3) were used to analyze 147 urban water supply utilities based on the data collected by the 
Asian Development Bank.  
 

Table 3. DEA Models used in Kulshrestha (2005) 

Model Inputs Outputs 
1 OPEX 1. No. of connections 

2. Length of Distribution network (Km) 
3. Water Produced 

2 UFW 1. No. of connections 
2. Length of Distribution network (Km) 
3. Water Produced 

3 OPEX 
UFW 

1. Population covered (%) 
2. Length of Distribution network (Km) 
3. Water Produced 
4. No. of supply hours 

 
Singh et al. (2010) used following input and output variables in an input oriented DEA study. 

They used following 6 DEA models (Table 4) to analyse 18 urban water supply utilities. 
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Table 4. DEA Models used by Singh et al. (2010) 

 Sustainability 
Dimensions 

Sustainability 
Parameters 

Input Output 

1 Social Service 
adequacy 

1. Total expenditure (Rs. 
million/yr) 

1. Water produced (MLD) 
2. Total number of connections 
3. Length of dist. network km 

2 Social Service 
quality/ 
reliability 

1. Total expenditure (Rs. 
million/yr) 

1.  % Water treated 
2.  % Service coverage 
3. Net water supplied (MLD) 

3 Environmental Resource 
conservation 
(through UFW 
control) 

1. Total expenditure (Rs. 
million/yr) 
 2.UFW (MLD) 

1. Water produced (MLD) 
2. Total number of connections 
3. Length of dist. network (km) 

4 Environmental Resource 
conservation 
(through 
electricity 
savings) 

1. Electricity expenditure 
(Rs. million/yr) 
2. Remaining (total-
electricity) expenditure (Rs. 
million/yr)  

1. Water produced (MLD) 
2. Total number of connections 
3. Length of dist. network (km) 

5 Financial Staff 
rationalisation 

1. Total number of staff 
2. Remaining (total-staff) 
expenditure (Rs. million/yr.) 

1. Water produced (MLD) 
2. Total number of connections 
3. Length of dist. network (km) 

6 Financial Business viability 1. Total expenditure (Rs. 
million/yr.) 

1. Net water supplied (MLD) 
2. Total revenue receipts (Rs. million/yr.) 

8.3 Selection of inputs and outputs variables for DEA models  

The identification of the input and output variables to be used in DEA of utilities is very 
important. The results obtained depend crucially on the selected input and output variables. The 
comparative efficiency assessment by DEA requires the construction of production possibility set 
containing all input – output level correspondences which are capable of being observed. 
Correspondence of inputs and outputs in this context is based on a relationship of exclusivity and 
exhaustiveness between the two sets of variables. The ultimate aim is that the input- output set used 
should conform to the exclusivity, exhaustiveness and exogeneity requirements and should involve 
as few variables as possible. Thanassoulis (2001) concluded that the input output variables should 
be as few as possible, also the more the utilities being assessed the more the input output variables 
that can be tolerated without loss of discriminatory power of efficiencies.  

According to Golany and Roll (1989), in a DEA model the number of utilities should be at least 
twice the number of input and output variables. According to Aida et al. (1998), the number of input 
and output variables should not be more than one-third of the total number of DMU’s analysed. 
This restriction may help in avoiding “degree of freedom” problems. 

In this study four DEA models have been used to evaluate 182 utilities (Table 5). Each model 
has one input and three or four outputs. The four models cover four different performance 
components of a utility.  

9. DISCUSSION ON DEA MODELS 

For the validation of the DEA Models the assumption of isotonicity between the input and output 
variables needs to be examined (Charnes et al., 1985). If the correlation of the selected input and 
output variables is positive these variables are isotonically related and can be included in the model.  

To find out any significant correlation in between the input and output variables the Linear 
Regression Analysis was carried out on the sample data for all the four models. Regression 
Analysis is a useful procedure to examine the isotonicity relationships between the input and output 
variables. 
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Table 5. Description of DEA models used 

Model Efficiency type Inputs Outputs 

Model 1 Service efficiency Capital expenditure / 
person 

1. Population served 
2. Total taps / five persons 
3. Source yield / water tapped 
4. Length of pipes 

Model 2 Operational 
efficiency 

Annual O&M cost / 
person 

1. Length of pipes maintained 
2. No. of taps maintained 
3. Annual Average daily supply per person 
4. Daily supply hours 

Model 3 Reliability Annual O&M cost  1. No. of complaints per 100 persons 
2. Percentage of water samples found potable 
3. No. of days when water is supplied per year 

Model 4 Financial 
efficiency 

Annual O&M cost / 
person 

1. Revenue collected / annual O&M cost  
2. Revenue collected / revenue assessed per year 
3. No. of private connection / total taps 

9.1 Discussion on DEA model 1 

This model has been developed to analysis the efficiency in service provision in utility. Total 
water produced has been used as one of the outputs in many of the previous studies; here in this 
study population served has been used because the water requirement is a function of population 
served. The designed daily per capita supply rate is fixed. So the water demand is a direct function 
of population served. The difference in water demand and water actually supplied has been 
considered in Model 2 as a measure of operational efficiency.  

The total taps provided per five persons is a direct measure of service provision and was 
frequently used in previous studies to assess the service adequacy. The parameter has been reduced 
to per five persons. Under a rural water supply utility the water connections or taps are provided on 
household / family basis. So to reduce the number of taps per family level the strength of persons 
living in one family has been assumed as five.  

The utility planner, to economize the capital expenditure, may opt for a nearby smaller source in 
place of a larger source located at far of place. The larger water sources are definitely more 
sustainable, dependable in adaptation to climate change. The ratio of source water yield to water 
tapped has been used in this study, for the first time, to account for service sustainability along with 
the service adequacy.  

The linear regression analysis and ANOVA results suggest that a significant linear model exists 
among the input and output variables. Also the Bivariate correlation coefficients suggest that there 
is significant correlation among the parameters of the DEA Model 1. 

9.2 Discussion on DEA model 2  

This model has been developed to evaluate the operational efficiency. The outputs are direct 
measure of the quantum of work to be covered under operation and maintenance activities. 
The linear regression analysis and ANOVA results suggest that a significant linear model exists 
among the input and output variables. Also the Bivariate correlation coefficients suggest that there 
is significant correlation among the parameters of the DEA Model 2.  

Length of pipes maintained and Number of taps maintained has negative correlation with the 
annual O&M cost per person. Annual average daily water supplied has no significant relation with 
the Annual O&M cost per person because it is a fixed parameter for all the utilities irrespective of 
their context. Number of daily water supply hours has positive correlation with the input. 
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9.3 Discussion on DEA model 3 

This model has been developed to evaluate the service reliability. The output variables are 
measures of service reliability, reliable water quality and reliability in continuity of service.  

The DEA model used in this study has input orientation. The model finds maximum values 
among the output variables to select the most efficient input value. Whereas, in case of number of 
complaints as output variable the best output value will be the minimum value. So the inverse 
values of the number of complaints per 100 persons have been used in analysis of data for the 
model.  

The results of linear regression analysis and the results of ANOVA suggest that there exists a 
significant linear relationship among the input and output variables. The coefficients in the 
Bivariate Correlation Analysis reveal that the inverse value of Number of complaints per 100 
persons is significantly positively correlated with the O&M cost. This means that Number of 
complaints is inversely correlated with O&M cost. The other two output variables do not have any 
significant correlation with the input variable, individually. 

9.4 Discussion on DEA model 4 

This model has been developed to evaluate the financial efficiency. The linear regression 
analysis results of lift type utilities and ANOVA results suggest that there is significant linear 
relation between input and output variables. The Bivariate Correlation Analysis results reveal that 
there is a significant negative correlation between Annual O&M cost per person and ratio of 
revenue collected to Annual O&M cost. Also Annual O&M cost per person has a significant 
negative correlation with ratio of paid water connections to total water connections. It shows that 
expenditure on O&M does not have any influence on the number of private connections. 

 The number of private connection is affected by other factors like economic status of 
consumers, lifestyle, density of population and utility manager’s decisions regarding installation of 
public taps. However, this ratio is a significant indicator of the financial sustainability of the utility. 
The revenue collection efficiency has no significant correlation with the annual O&M cost per 
person. 

10. RESULTS AND DISCUSSION  

All the four DEA models each for lift type and gravity type utilities are analysed for Input 
Oriented Variable Returns to Scale (VRS) formulations of DEA. The results are shown in Tables 
6and Table 7. The results of DEA show that the Gravity type schemes have better efficiency scores 
than those of lift type utilities in all the four models. The main features of DEA results are discussed 
below separately for Lift type and Gravity type utilities.  
 

Table 6.Statistical description of Input efficiency in DEA of Models on Lift utilities 

 Efficiency Model Lift 1 
VRS 

Efficiency Model Lift 
2 VRS 

Efficiency Model Lift 
3 VRS 

Efficiency Model 
Lift 4 VRS 

Mean 18.90233 29.49070 22.65349 23.27519 
Minimum 0.400 1.200 2.100 1.000 
Maximum 100.000 100.000 100.000 100.000 

Percentiles 
25 2.40000 7.60000 7.75000 6.70000 
50 5.10000 16.80000 12.40000 14.50000 
75 18.60000 43.00000 24.35000 30.55000 
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Table 7. Statistical description of Input efficiency in DEA of Model on Gravity utilities 

 Efficiency VRS 
Model Gravity 1 

Efficiency VRS 
Model Gravity 2 

Efficiency VRS 
Model Gravity 3 

Efficiency VRS 
Model Gravity 4 

Mean 56.84151 47.01321 32.39623 37.65283 
Minimum 11.600 3.800 3.200 3.500 
Maximum 100.000 100.000 100.000 100.000 

Percentiles 
25 20.95000 16.55000 12.80000 13.95000 
50 48.30000 30.80000 24.00000 32.00000 
75 100.00000 100.00000 36.50000 45.80000 

10.1 Discussion on Input efficiency scores DEA of Models on Lift utilities  

The model 1 deals with the efficiency in service provision i.e., capital investment on drinking 
water supply coverage or construction of utilities. The results of DEA of Model 1 on Lift type 
utilities revealed that the utilities have very low efficiency in terms of construction or coverage. 
Table 6 shows that 75% utilities have efficiencies as low as 18.6 % with minimum efficiency as 
0.4%. Among 129 utilities only 10 utilities (7.8%) have been found on the efficiency frontier with 
100% efficiency. The per capita investment on these efficient utilities ranges between Rs. 66.62 to 
Rs. 14789.68. The Lift Water Supply Scheme (LWSS) Raj Khas has very high per capita 
completion cost yet it has been found on frontier among the most efficient schemes (input 
efficiency 100%) because it has very high population coverage with taps. Every household has a tap 
connection in its premises and all the institutions in the village have taps. The DEA results have 
projected large savings in per capita investments by suggesting reduction in per capita investments 
with reference to selected benchmark utilities from the Model data. These results are important as 
the capital investments on raising the water supply infrastructure are very large and proving 
deterrent to universal coverage. 

The results of DEA of Model 2 on Lift type utilities revealed that the utilities have low efficiency 
in terms of operation of utilities. The efficiencies are low but higher than those of model 1. Table 6 
shows that 75% utilities have efficiencies less than 43 % with minimum efficiency as low as 1.2 % 
and mean value as 29.49%. Among 129 utilities only 14 utilities (10.9 %) have been found on 
efficiency frontier with 100% efficiency. The per capita annual expenditure on operation and 
maintenance of these efficient utilities ranges between Rs. 44.94 to Rs. 779.94. The DEA results 
have projected large savings in per capita annual expenditure on operation and maintenance by 
selecting benchmark utilities from the Model data. These results are important as no or less 
availability of funds for operation and maintenance of utilities is one of the major issues related to 
sustainability of rural drinking water utilities.  

The results of DEA of Model 3 on Lift type utilities show the efficiency of studied utilities in 
terms of reliability in services. The efficiencies are again very low but still higher than those in 
model 1. Table 6 shows that 75% utilities have efficiencies less than 24.35% with minimum 
efficiency as low as 2.1 % and mean value as 22.65%. Among 129 utilities only 8 utilities (6.2 %) 
have been found on efficiency frontier with 100% efficiency. As there are not many variations in 
the values of two variables, i.e., % of potable water samples and the number of days water supplied 
in a year, the number of complaints largely decides the efficiency in reliability. The projected 
reductions in input i.e., annual expenditure in operation and maintenance shows that a lot of savings 
in annual O&M cost can be achieved by following the benchmarks.  

The results of DEA of Model 4 on Lift type utilities show the efficiency of studied utilities in 
terms of financial sustainability of the utilities. The efficiencies are again very low but still higher 
than those in model 1. 6 shows that 75% utilities have efficiencies less than 30.55% with minimum 
efficiency as low as 1 % and mean value as 23.27%. Among 129 utilities only 4 utilities (3.1 %) 
have been found on efficiency frontier with 100% efficiency. The LWSS Bhota has a higher per 
capita annual O&M cost yet it is on the efficiency frontier because it has very high (100%) revenue 
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collection efficiency and highest ratio of private to public water connections. The projected 
reductions in input i.e., annual expenditure in operation and maintenance per capita shows that a lot 
of savings in annual O&M cost can be achieved by following these benchmarks.  

10.2 Discussion on Input efficiency scores DEA of Models on Gravity utilities 

The gravity type utilities have better efficiency than that of lift type. The model 1 deals with the 
efficiency in capital investment on drinking water supply coverage or construction of utilities. The 
results of DEA of Model 1 on Gravity type utilities revealed that the utilities have good efficiency 
in terms of construction or coverage. Table 7 shows that in DEA 52% utilities have efficiencies 
lower than as 50% with minimum efficiency as 11.6%, with mean value as 56.84%. Among 53 
utilities 14 utilities (26.4%) have been found on the efficiency frontier efficiency. The per capita 
investment on these efficient utilities ranges between Rs. 91.81 to Rs.9185.19. The Water Supply 
Scheme (WSS) Kholdu has very high per capita completion cost of Rs. 9185.19, yet it has been 
found on frontier among the most efficient schemes (input efficiency 100%) because it has high 
population coverage with taps and very good availability of water at source. Water available at 
source is more than 10 times the requirement, hence highly sustainable. Every household has a tap 
connection in its premises. The DEA results have projected large savings in per capita investments 
by suggesting reduction in per capita investments with reference to selected benchmark utilities 
from the Model data. These results are important, as the capital expenditures on construction of 
water supply infrastructure are very large. 

 The results of DEA of Model 2 on Gravity type utilities revealed that the utilities have low 
efficiency in terms of operation of utilities. The efficiencies are lower than those of model 1. Table 
7 shows that 68% utilities have efficiencies less than 50% with minimum efficiency as low as 3.8% 
and mean value as 47.01%. Among 53 utilities 16 utilities (30.2%) have been found on efficiency 
frontier with 100% efficiency. The per capita annual expenditure on operation and maintenance of 
these efficient utilities ranges between Rs. 83.80 to Rs. 1082. The DEA results have projected large 
savings in per capita annual expenditure on operation and maintenance by selecting benchmark 
utilities from the Model data. These results are important because availability of sufficient funds for 
operation and maintenance of utilities is one of the major issues related to sustainability of rural 
drinking water utilities.  

The results of DEA of Model 3 on Gravity type utilities show the efficiency of studied utilities in 
terms of reliability in services. The efficiencies are again very low but still higher than those in 
model 1. Table 7 shows that 75% utilities have efficiencies less than 36.5% with minimum 
efficiency as low as 3.2 % and mean value as 32.40%. Among 53 utilities only 6 utilities (11.3 %) 
have been found on efficiency frontier with 100% efficiency. As there is not much variation in the 
values of two variables, i.e., % of potable water samples and the number of days water supplied in a 
year, the efficiency in reliability is largely decided by the number of complaints. The projected 
reductions in input i.e., annual expenditure in operation and maintenance shows that a lot of savings 
in annual O&M cost can be achieved by following the benchmarks.  

The results of DEA of Model 4 on Gravity type utilities show the efficiency of studied utilities in 
terms of financial sustainability of the utilities. The efficiencies are again very low. Table 7 shows 
that 79% utilities have efficiencies less than 50% with minimum efficiency as low as 3.51% and 
mean value as 37.65%. Among 53 utilities only 7 utilities (13.2%) have been found on efficiency 
frontier with 100% efficiency. The WSS Delag Tikri has a high per capita annual O&M cost (Rs. 
545.45) yet it is on the efficiency frontier because it has very high (91.5%) revenue collection 
efficiency and highest ratio (95%) of private to public water connections. The projected reductions 
in input i.e., annual expenditure in operation and maintenance per capita shows that a lot of savings 
in annual O&M cost can be achieved by following these benchmarks 

The results of DEA of Models for gravity type utilities (Table 7) show that only 2 utilities have 
100% efficiency in 3 Models and 4 utilities have 100% efficiency in 2 Models. None of the utilities 
have efficiency in all the four Models 100%. 



Water Utility Journal 13 (2016) 43 

 

The results of DEA of Models for lift type utilities (Table 6) show that only 2 utilities have 
100% efficiency in 3 Models and 4 utilities have 100% efficiency in 2 Models. None of the utilities 
have efficiency in all the four Models 100%. Tables 6 and 7 show that the gravity type utilities have 
better efficiencies than lift type utilities in all the four DEA Models. 

11. SUMMARY AND CONCLUSIONS 

The objectives of rural drinking water supply utilities are different from those of urban drinking 
water supply utilities. They need a separate framework for performance evaluation and efficiency 
analysis. In case of rural drinking water supply utilities; the commoditization and 
commercialization of drinking water is discouraged. The role of market forces is seen to adversely 
affect the basic objectives of National Rural Drinking Water Programme. The benefits from a utility 
are calculated in terms of improved health and improved economic activity. The direct revenue 
returns are not stressed in the guidelines. These issues separate the evaluation process in rural and 
urban drinking water utilities. 

A separate set of performance indicators relevant to rural drinking water utilities is urgently 
required. The utility managers need to be encouraged to regularly declare the performance 
assessment results to the stakeholders. Non-availability of relevant and reliable data is a major 
hurdle to the evaluation initiatives in rural drinking water supply sector. Regularly updated 
information on appropriate and relevant performance indicators needs to be made available in the 
public domain. 

The drinking water supply utility managers are struggling to ensure reliable distribution of 
potable quality water in adequate quantity to all. The initiatives for improving efficiency and 
effectiveness of water supply utilities are yet to gain priority over issues related to coverage. 

The study shows that the efficiencies of utilities are very low in all the four components of 
performance i.e., service provision, service operation, service reliability and financial sustainability. 
In 75% lift type utilities the efficiency in service provision is below 18.6 %, with minimum 
efficiency as low as 0.4%. This DEA reveals that there is scope for huge savings in capital 
expenditure. This is important as a number of states have shortage of funds for meeting capital 
expenditure to achieve universal and sustainable coverage. The benchmarking is required for cost 
savings.  

The gravity type utilities have better efficiency than that of lift type. 52% gravity type utilities 
have service provision efficiencies lower than as 50% with minimum efficiency as 11.6%, with 
mean value as 56.84%. Among 53 utilities, 14 utilities (26.4%) have been found on the efficiency 
frontier with 100% efficiency. 

The efficiency in service operation is also very low, the mean value is 29.49%, with minimum 
efficiency as low as 1.2%. Out of total 129 utilities only 14 utilities have found on efficiency 
frontier with 100% efficiency. The efficiency analysis revealed that there is huge scope for O&M 
cost reductions. The benchmarking will help in achieving these savings.  
The service operation efficiencies in gravity type utilities are also low but better than those of lift 
type. The DEA shows that 68% utilities have efficiencies less than 50 % with minimum efficiency 
as low as 3.8 % and mean value as 47.01%. Among 53 utilities, 16 utilities (30.2 %) have been 
found on efficiency frontier with 100% efficiency. 

The analysis for reliability of lift type utilities reveal that: 75% utilities have reliability 
efficiencies less than 24.35% with minimum efficiency as low as 2.1 % and mean value as 22.65%. 
Among 129 utilities only 8 utilities (6.2 %) have been found on efficiency frontier with 100% 
efficiency. As there is not much variation in the values of two variables, i.e., % of potable water 
samples and the number of days water supplied in a year, the number of complaints largely decides 
the efficiency in reliability. 

In gravity type utilities, reliability efficiencies are again very low but still higher than those lift 
type. DEA shows that 75% utilities have efficiencies less than 36.5% with minimum efficiency as 
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low as 3.2 % and mean value as 32.40%. Among 53 utilities only 6 utilities (11.3 %) have been 
found on efficiency frontier. 

The efficiencies in financial sustainability in 75% lift type utilities are less than 30.55% with 
minimum efficiency as low as 1% and mean value as 23.27%. Among 129 utilities only 4 utilities 
(3.1%) have been found on efficiency frontier with 100% efficiency. The results of DEA for 
financial sustainability of Gravity type utilities show that 79% utilities have efficiencies less than 
50% with minimum efficiency as low as 3.51% and mean value as 37.65%. Among 53 utilities only 
7 utilities (13.2 %) have been found on efficiency frontier with 100% efficiency. 

The gravity schemes have better efficiencies than lift type utilities. Gravity type utilities should 
be preferred in areas where suitable water sources are available. 

The analysis of consumer data on utilities revealed that the utilities are suffering from slip-back 
in coverage i.e., they have low sustainability. The research work revealed that this slip-back is a 
planning failure; it cannot be attributed to social, cultural and climatic changes. The planning 
process for utilities needs to be modified to check slip-back. Based on the analysis of the consumer 
data following modifications can be recommended: 

§ Instead of adopting a statewide norm on liter per capita per day basis, the water demand for 
a particular habitation be assessed considering the culture, lifestyle, climate and natural 
water availability in habitation.  

§ Provision of flow measurement devices is must for ensuring transparent and equitable 
distribution of water supply. Excess drawl of water by consumers at advantageous locations 
push other consumers towards lower water supply levels.  

§ The effect of development potential of a sector or zone on population growth needs to be 
considered while planning the zones and designing the distribution network, so that proper 
allocation of water supply can be ensured in all the zones. 

§ The drinking water supply utility must be designed as operated or operated as designed. The 
use of simulation softwares may help in deciding/ improving the operation/ designs. 

§ The hydro geological database must be developed and used for adequate selection of 
sources. 

§ Regulations and restrictions are required for protecting water sources against degradation 
and contamination. Government of Himachal Pradesh has recently banned mining/quarry 
within 300meters of water sources tapped for RWSS; this regulation would not help as first 
flood will erode the stream bed near the source to compensate the change in slope made by 
the mining beyond 300meters. Regulation must be decided on watershed basis. 

 
The statistical exploration of data on utilities revealed that: 
§ Careful selection of population size for a utility is necessary for cost savings. The population 

size and population density has significant correlation with the completion costs as well as 
the annual O&M costs of utilities. The revenue collection also has a significant positive 
correlation with population.  

§ The ratio of water available at source to the water tapped in utility plays an important role in 
the sustained performance of utility. This ratio has a significant positive correlation with the 
quantity of water supplied. The utilities must be based on larger sources. The ratio of water 
available at source to the water tapped in utility should not be compromised in economizing 
the completion costs. The ratio of water available at source to the water tapped needs to be 
benchmarked. The number of complaints has a significant negative correlation with the 
source yield tapped i.e., ratio of water tapped to source yield. The correlations reveal that 
construction expenditure and operation & maintenance costs do not influence the number of 
complaints, yet the higher ratio of source tapped has proved to reduce the number of 
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complaints. The utilities based on dependable and sustainable sources can provide reliable 
service to the consumers. 

The absence of flow measurement devices in the pipe networks is a major hurdle in the 
performance evaluation of utilities. Even if the volume based tariff structure is not being used in 
rural drinking water supply utilities, the provision of water flow meters is essential to ensure 
equitable distribution of water and measurements.  
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