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Abstract
High levels of water losses in distribution systems are the main challenge that water utilities in developing countries currently face. The water meter is an essential tool for both the utility and the customers to measure and monitor consumption. When metering is inefficient and coupled with low tariffs, the financial sustainability of utilities is at stake. Apparent
water losses caused by metering inefficiencies can be reduced by assessing meters’ performance and identifying the main
causes of inefficiency. This paper examines the performance of 3 meter models, on the basis of failure records for a developing world water utility in Kampala city, Uganda. The influence of sub-metering on meter accuracy is also examined. The
results indicate a high meter failure rate (6.6%/year) in Kampala. Over 75% of failures were observed in the volumetric
(oscillating-piston) meter types with the main cause of meter failure being particulates in water. The study also indicates
an average reduction in revenue water registration of 18% due to sub-metering. The reduction was not because of water use
efficiency but due to the combined effect of the metering errors of the sub-meters. This clearly implies that when properties
are sub-metered, customers should be charged proportionately based on master meter readings, for accurate water accountability. The findings of this study will be useful for both utility managers and meter manufacturers who work in the water
industry, especially in developing countries, to make appropriate metering and sub-metering decisions.
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Introduction
Water losses in the distribution system are categorised as either
real losses (leakage) or apparent (commercial) losses. Apparent
losses occur due to illegal use, inaccuracies in metering, meter
reading errors, data handling and billing errors, and have a
negative impact on utility revenue and accuracy of water usage
data (AWWA, 2009).
One of the tools that has received considerable attention
in urban water demand management is universal metering
(McKenzie and Wegelin, 2009; Sharma and Vairavamoorthy,
2009). Universal metering refers to systems where meters
have been installed on all properties and billing is based on
the volume of water used rather than on flat rate (or nonmetered) billing. Sub-metering has also been widely used as
a tool to promote water conservation, notably in the USA.
Water use reduction in the range of 10 to 30% has been
reported as a result of sub-metering (AWWA, 2000). The
term ‘sub-metering’ refers to any metering that occurs downstream of a water utility’s master meter to measure individual
resident water usage in apartments, condominiums, mobile
home parks, and small mixed commercial properties (AWWA,
2000). However, universal metering and sub-metering has
not brought the much anticipated benefits to water utilities in
developing countries, most likely due to metering inefficiencies. Non-revenue water (NRW) resulting from meter inaccuracies and poor water meter management can be reduced
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by assessing meters’ performance and identifying the main
causes of malfunction.
It is now widely acknowledged that mechanical water
meter’s metrology becomes more and more inaccurate during
their operating life due to ‘wear and tear’ of the measuring
components (Arregui et al., 2006b; Male et al., 1985). However,
most studies carried out on metering have been based on water
utilities of developed countries, with well-managed water
distribution networks, notably the USA, Spain, France, and
Italy (Arregui et al., 2006a; Criminisi et al., 2009; Pasanisi and
Parent, 2004; Richards et al., 2010). Water meter performance
in water systems of the developing countries, often with poorlymanaged networks and relatively lower water quality in the
distribution system, is not very well understood.
This paper attempts to close the knowledge gap by investigating water utility metering problems in developing countries,
using a case study of Kampala city, Uganda. The utility meter
failure records were analysed for meters of size DN 15 mm.
In-situ investigations and meter testing were also carried out
for in-service meters, to investigate the influence of sub-metering on utility revenue water. The following section introduces
the case study, followed by the research methodology used in
this study. Subsequent sections present results, conclusions and
recommendations.

Profile of case study water utility
The Uganda National Water and Sewerage Corporation
(NWSC-Uganda) is a public utility wholly owned by the
Government of Uganda, East Africa. It was established in 1972
to operate and provide water and sewerage services in urban
areas entrusted to it, on a sound, commercially- and financiallyviable basis. The total number of towns currently served by
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