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Abstract

Water is an important natural resource and a building block to all life on earth. However,
substantial increase in water demand and consumption has led to numerous nations, including
South Africa, to face water scarcity. Improved water demand management strategies and water
monitoring approaches are imperative. In South Africa, it’s a legal requirement for all water
supply points to be metered. Currently, water flow is primarily measured by conventional meters.
However, substantial developments have been noted in the last two decades where conventional
meters with added capabilities (such as communication capabilities) added have been introduced.
These meters are known as advanced water meters. These capabilities offer functions such as
leakage detection and more immediate consumption feedback. However, advanced meters also
have significant disadvantages such as require high start-up capital and are susceptible to higher
failure rates than conventional meters. It remains to be seen if advanced metering technology is
an appropriate technology to be adopted in South Africa. Due to the different dynamics of South
Africa’s income level groups, the metering application and effects will differ for each income
level group. Therefore, the purpose of this study is to investigate the feasibility of implementing
advanced metering systems in high income areas in South Africa.

An evaluation framework was developed to gauge the viability of implementing advanced
metering systems on four performance criteria; technical, economic, environmental and social.
The composite indicator framework template was selected as it was not tailor made for a specific
reason and could be adapted for this research. The necessary framework input parameter data
were acquired from practitioners in the field through questionnaires and from literature. Due to
lack of advanced metering case studies in South Africa (except for prepaid meter), literature from
developed countries were used as proxies. The input data entailed details of the current metering
system, advanced metering system and new conventional metering system with the later used as
a control for comparative purposes. The typical high-income scenario was derived from typical
input data. For each input parameter, there were value ranges from the low parameter value to
high parameter value. These ranges were used to conduct the sensitivity analysis on the
framework to access critical input parameters to the success or failure of implementation

Implementing advanced metering systems in high income areas in South Africa was found
to be less economically viable than conventional meters. This is due to the lack of needed
infrastructure for advanced metering as well as high initial capital costs and high operating costs.
Advanced meters however proved to be more environmentally viable than conventional meters
as they offered higher reduction in consumption. However, the manner in which faulty batteries
are disposed could lead to environmental damage. Social factors were considered negligible for
high income areas as revolts to introduction to new meters arises from financial constraints that



those meters might induce. Further research with more South Africa based case studies and
smaller scale advanced metering systems has been recommended.
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CHAPTER 1: INTRODUCTION

1 INTRODUCTION

1.1 Background to the research

Water is one of the most important natural resources, second only to oxygen (Chaplin, 2001),
and a building block to all life on earth. Its described by Postel et al. (1996) as a commodity that
has no substitute for most of its uses. During the 2002 World Summit on Sustainable
Development in Johannesburg, Nelson Mandela alluded to this when he was quoted as saying:
“Among the many things | learnt as a president was the centrality of water in the social, political
and economic affairs of the country, the continent and the world” (Msangi, 2014).

Water makes up approximately 71% of the earth’s surface (Shakhashiri, 2009; Williams,
2014) of this, less than 3% is fresh water (Mehta, 2000; Jenerette & Larsen, 2006) and only
approximately 0.3% of global water is available for human consumption (Mehta, 2000; Fry et
al., 2006). Though fresh water is renewable, with the exception of ground water, there is a finite
amount of fresh water available for human consumption (Postel, Daily & Ehrlich, 1996). The
growth of global water demand and consumption of a limited resource has led numerous cities
and nations across the world to face a state of water scarcity (Jenerette & Larsen, 2006).

According to 2017 report by the World Economic Forum, water scarcity is ranked 3" most
concerning global risk in terms of impact (WEF, 2017). Though the term ‘water scarcity’ is
widely used, there are a lot of misconceptions around its definition. Water scarcity is often
viewed in absolute and rigid terms, such as the total globally available amount of water is running
out (Seckler, Molden & Barker, 1999). However, this viewpoint is problematic as it serves to
simplify a complex problem. The complexity of water scarcity is due to the various attributes
that contribute to its existence. As such water scarcity is described as the unavailability of water
when and where people need it (Seckler, Molden & Barker, 1999; Fry et al., 2006).

South Africa is a water scarce country with approximately 98% of the water in the country
termed to already be allocated(Hedden & Cilliers, 2014). In 2013, South Africa was characterised
as the 30" driest country in the world due to low and variable rainfall in conjunction with high
evaporation rate (DWA, 2013). However, the leading factor to the increasing water scarcity in
South Africa is the vast increase in water demand. In 2012, despite South Africa having a lower
water per capital than arid nations such as Botswana and Namibia, it has a higher water
consumption per capital (at 235 litres per person) than the world average (173 litres per person)
(Mckenzie, Sigalaba & Wegelin, 2012).
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Based on 2014 data, Hedden & Cilliers, (2014) stated that South Africa total water demand
and total water supply was estimated at 15.6km? and 14.6km? of water per annum respectively.
This was noted as a state of over-exploitation of water resources due to the gap between water
demand and water supply of 1km3. Using the International Futures (IFs) global forecasting
system, Hedden & Cilliers, (2014) demonstrates that in 2030, South Africa’s demand-supply gap
is expected to increase. Due to vast projected increase in Rural-Urban imigration and rising
income levels as well as increase in agricutural activity, water demand in 2030 is projected to
rise to 19.5km3 per annum. Water supply is also expected to rise to 16km* due to use of
renewable-energy production, increase in desalination and better water resource management.
The demand-supply gap, however, increases from 2014 to 2030 by 2.5km?®. This indicates further
stress on an already over-exploited resource. This could lead to consequences of environmental
resilience of aquatic ecosystems and the reliability of water supply for human consumption
(Hedden & Cilliers, 2014).

Water governing bodies such as municipalities are charged with the increasingly
challenging task of meeting the growing demand for water and the vital need to preserve the
limited available water resources and supply. According to Brooks, (2006), water utilities have
two options when presented with a higher water demand; increase the water supply input to meet
the rising demand or reduce water consumption through water demand management and leak
reduction. However, due to limited water resources and the cost incurred with attaining and
supplying more water, the latter option has often been the more favoured. Hedden & Cilliers,
(2014), further support this as they state that the high average per capita water consumption in
South Africa can be reduced through means of reducing the volume of non-revenue water lost
and better water consumption monitoring.

Water demand management (WDM) is briefly defined as the development and
implementation of strategies aimed at influencing demand, so as to achieve efficient and
sustainable use of a scarce resource (Kayaga & Smout, 2007). However, prior to implementing
any WDM strategy, it is critical to have knowledge of the amount of water being supplied and
consumed. This is done with the use of water meters.

Water meters are instruments used for recording the quantity of water passing through a
particular outlet. Water metering is vital as it applies the principle of “to measure is to know”.
This means that knowledge of what is happening with the water supply system can be obtained
which is key to properly managing this resource (Van Zyl, 2011).
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1.2 Problem statement

In South Africa, it is a legal requirement that all water supply points be metered. This makes
water meters very crucial and pivotal to service provision within communities and the country
as awhole. Currently water flow is measured mainly by conventional water meters. Conventional
meters are defined as the mechanical water meters from which the readings are taken on site,
monthly.

For a long time, conventional meters were a sufficient means for measuring water supply
and consumption. However, with the development of improved water consumption monitoring,
water consumption could be attained at a short interval as compared to monthly readings. Also,
with conventional meters, early detection of on-site leakages was impossible. Over the past two
decades, substantial developments in metering have been made, leading to the introduction of
water meters with added functionality known as advanced water meters.

Advanced meters are defined as conventional meters with added electrical components that
can record the consumption patterns at regular intervals and communicate this back to the service
utility as well as to the consumer. Advanced meters have added capabilities such as data storage
and communication (Britton, Stewart & O’Halloran, 2013). These meters are designed to provide
better and more efficient services in areas where conventional meters have become inefficient.
They also provide new services that could not be provided by conventional meters. However,
with regards to durability, advanced meters are still inferior to conventional meters as they are
not as robust and more susceptible to tampering and vandalism. Advanced meters are also
associated with high implementation and maintenance cost as compared to conventional meters.
Despite this, advanced meters are seen as the better solution to the increasing need of better
consumption monitoring and leakage detection due to their added capabilities. However, it still
remains to be seen if it’s an appropriate technology to be adopted in South Africa.

1.3 Motivation for the research

Advanced water meters are fairly new into the water metering market. Although research has
been done on the capabilities and effect of advanced meters, there is limited research on the
applicability of advanced meters in South Africa. As such, there is limited literature that offers a
framework to assess the collective impact of implementing advanced meters to South African
communities.

The Water Research Commission (WRC) sponsored a research project to determine the
state of the art in developments and application of advanced water metering to allow South
African municipalities to understand the available technology and how to best utilise it. Due to
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the different dynamics of South Africa’s income level groups, the applications and impacts
advanced metering technology would not same for all communities in South Africa. As such,
this project was further classified into the applications of advanced metering in high income areas
(taken up by the author of this dissertation) and low-income areas (taken up by the author’s
colleague, Malunga Masaobi). For this research, high income areas are defined by the monthly
income per household. Due the assumptions made in this thesis about high income areas, such
as little community volatility, high income areas is defined as a household with a monthly income
that exceeds R50 000 (Masemola, van Aardt & Coetzee, 2011).

Judging from the literature, advanced water meters are in theory more beneficial than
conventional meters due to the added capabilities they provide; however, that does not
necessarily mean they will be more practical if implemented. Therefore, this research has been
set up to explore the effects of advanced water metering on a high-income community as
compared to the currently used metering systems. For this purpose, this research will look at the
technical, economic, environmental, and social effects of advanced water metering as compared
to conventional water meters.

1.4 Research objectives

The research objectives are as follows:

e to determine the range of functionality available and being developed for advanced water
metering

e to document case studies of successful and failed implementation of advanced water
meters, including social perceptions and impacts

e to develop an evaluation framework for advanced water meters

e to conduct sensitivity analysis to access which input is crucial to the success or failure of
implementation of advanced metering systems.

1.5 Scope and limitations of the research

This research will be strictly looking at the application and effects of advanced water meters in
high-income areas. From a South African perspective, data required from field test were scarcely
available. As such data was estimated and motivated based on literature found on the application
of advanced metering technology in developed countries.
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As this research requires data on a vast number of variables, numerous assumptions were
made to simplify research conducted. These assumptions were primarily made on the individual
typical parameter and parameter ranges used. Other assumptions were made to reduce the scope
of the research. One such assumption was that social parameters such as income level and
unemployment rate were considered negligible in high income areas.

1.6 Overview of the study

The research study begins with Chapter 2 which presents a review of the literature on existing
conventional metering systems, technologies and the components required as well as the
advanced metering systems and technology and components required for the system. This
chapter also considers the development history of both types of meters and at the benefits and
drawbacks of both these systems.

Chapter 3 gives an overview of the case studies acquired on advanced water meters
implementation in high-income areas. Here, the conditions prior to implementation and the
drivers leading to the implementation are elaborated on; the implementation stage and the
documented results are also described.

Chapter 4 describes the development of evaluation frameworks and in detail describes the
two main components of the framework; validation phase and evaluation phase. Validation phase
is the first aspect of the evaluation framework chapter where project aims and objectives for
selecting a type of advanced metering option are outlined. This serves to match an advanced
metering option with the main objective for implementation. Thereafter, the chapter presents the
development of the evaluation phase of framework. This includes the criteria it examines, the
input data that is required, the recommended output that should be obtained and explanation of
the typical results generated from the typical input parameters previously outlined.

Chapter 5 discusses sensitivity analysis performed on the framework input parameters.
This serves to access which input parameter has the biggest impact and effect to the success or
failure of the implementation of advanced metering systems. The sensitivity analysis also serves
to access the relationship of changes to the input with changes to the output generated.

Finally, Chapter 6 discusses the conclusions that can be drawn from the research study as
well as recommendations made for the process taken, alternatives that could be used and best
approach for future research.
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2 LITERATURE REVIEW

2.1 Introduction

This chapter discusses the current knowledge and literature on this subject matter. This chapter
will expound on topics for both conventional and advanced meters such as the development of
water meters, market drivers for implementation of metering scheme, components and
classification of meters, types of water meters and benefits and drawbacks of both meters.

Lastly, the different types of evaluation frameworks will be discussed as a framework
layout will be used to access both conventional and advanced metering schemes.

2.2 Conventional Water Met