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Abstract

Rapid population growth and urbanisation are being experienced worldwide; in
industrialised and developing countries alike, although more vigorously in the latter. The
implicating pressures placed on social services, infrastructure, and the environment is
enormous. The urban water cycle and water supply services are among the essential systems
affected. Thus, the need to constantly improve the quality, availability, efficiency, and
affordability of water in urbanised environments is paramount. The presence of performance
measuring systems is among the tools utilised to attain these parameters and improve the

quality of service in water companies.

This dissertation aims to attain an empirical understanding of benchmarking and the
application of regulated performance indicators to determine the quality of service in water
companies, over a 6-year evaluation period. The 14 Portuguese regulated performance
indicators were applied to 24 water companies, and the performance of an identified water
company; Be Water - Aguas de Ourém was compared to the national and cluster

performance.

The advantage and effectiveness of benchmarking and the use of regulated Pls was evident
in this work. The Pls produced a measurable status quo and its evolution for all the multi-
dimensional water companies, and the benchmarking offered an opportunity to identify the
‘best practice’ and a reference point to explore the characteristics, systems, and technologies

used to promote operation and management productivity.

Keywords: Urbanisation, Benchmarking, Performance Indicators, Water supply services
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Benchmarking and performance indicators in Portugal: A case study of & water supply company

1. Introduction

1.1.Background

1.1.1. Population growth

Population is defined as a set of elements which a conclusion can be drawn about. The units
used depend on the nature of the research topic and its objectives (Defining and Framing the
Population, 2015).

‘Demography is the study of human population including their composition, distributions,
densities, growth and other characteristics’ (Demena, 2005). It includes fertility, mortality,

and migration. A census is one of the major sources of demographic data.

The 2021 Portuguese census is ongoing, and the results still not available. The information
from the 2011 Portuguese census characterized the population with 10,555,853 inhabitants;
a population density of 114 inhabitants per km?; 4,079,577 families, living in 5,879,845
households and occupying 3,550,823 buildings (Mendes & Magalhdes, 2011).

According to (Duarte & Gil, 2019), the demographic outlook for the population in Portugal
seems unfavourable due to low birth rates, aging population and an increase in emigration.
The average age in 2019 was recorded as 44.8 year from 33.9 in 1990’s ; this may introduce
challenges such as a reduction in the labour force, thus affecting economic growth and
increasing the number of pensioners and healthcare expenditure. Furthermore, the balance
between emigrant outflow and immigrant inflow has Portugal at a disadvantage as there are

more individual with higher education departing (51,000) versus those arriving (24,000).

Population growth is anticipated to vary between industrialised countries (Portugal) and
economically developing countries (South Africa).

In 2011, South Africa’s census revealed the total geographical land areas as 1,220,813 km?;
distributed among the 9 provinces and occupied by 51,770,560 inhabitants; with the average
age recorded as 25 which increased from 22 years in 1996 (Ngyende, 2011).
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The birth rate is 0.65% ,and life expectancy (drastically influenced and reduced by the
HIV/AIDS epidemic) is 57.6 (Kohler & Behrman, 2015).Immigration is centred around
economic opportunities, particularly for miners from neighbouring countries (Shimeles,
2010).

It is evident that the demography in both Portugal and South Africa are divergent and
influenced by different characteristics, although they do have one concept in common
‘Urbanisation’; 65% of South Africa’s population is urban (Kohler & Behrman, 2015), and
similarly 65.75% of Portugal’s population lives in urban areas and cities (O’Neill, 2021).

1.1.2. Urbanisation

Urbanisation is the process that transforms rural areas into urban settlements through the
built environment. This complex socio-economic process alters the demographic and social
structure (Montgomery et al., 2003), and the reclassification of areas from rural to urban or
rural-urban migration (Buhaug & Urdal, 2013); is inspired by economic development,

employment and educational opportunities (United Nations et al. 2018).

The effects of urban expansion, if unplanned may lead to rapid sprawl, which destroys
natural landscapes and its biodiversity, through pollution, irregular production, and
consumption patterns as well as environmental degradation. Thus, spatial planning is crucial
(Angel et al., 2011).

More specifically, rapid population growth in urban areas leads to massive pressure placed
on social services such as electricity, housing, water supply, health care and education. The
environmental implications include water scarcity, contamination, and inadequate sanitation
(Buhaug & Urdal, 2013). A study by Mikovits et. al., suggests that urban water infrastructure
should be adapted through simulation to considering urban development and population
growth (Mikovits et al., 2014).
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1.1.3. Urban Water Cycle

Unfortunately, the effects of urbanisation are not limited to the water supply infrastructure,
but the whole natural hydrological cycle. Figure 1.1 demonstrates the continuous
transportation of water between waterbodies, through evaporation, transpiration (by plant),
condensation, precipitation, soil infiltration and runoff; this process is referred to as the

hydrological cycle (or water cycle) (U.S Geological Survey, 1984).

HYDROLOGICAL
CYCLE Aiw A8

RAIN CLOUDS Y CLOUD FORMATION

/ FRon i,
/ éV R, u EVAPORATION

A\ INFILTRATION

Surface water soaks into soil

B\ PERCOLATION
Surface water soaks into soil and
mixeswith groundwater

C\ DEEP PERCOLATION
Surface water soaks down into deep
rock and mixes with groundwater

ﬁ ' MURRAY
% % DARLING
Australian Covernment

--------------

Figure 1.1 : Hydrological Cycle (Australian Environmental Education, 2019)

The main source of water in the urban water cycle is precipitation and the municipal water
supply. The latter is largely dependent on the population served, commercial, institutional,
and industrial activities within the area of concern. While on the other hand precipitation

varies greatly in quantity, depending on local climate (Marsalek, 2014).
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The municipal water supplied in urban areas originates from surface water (rivers, lakes, and
reservoirs) or groundwater; this is referred to as raw water. It is transported to a treatment
plant and thereafter to the distribution network to provide water to the different end users.
The integrity of the entire infrastructure determines the quantity of water from the treatment
plant to the end user’s outlet tap. The systems’ functionality and layout must have sufficient
storage and pumping capacity to supply and maintain minimum pressures, under reasonable
power requirements (Marsalek et al., 2006).

Figure 1.2 exemplifies the layout of the urban water cycle and the associated infrastructures.
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e ek v FSIJNDATION E
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Figure 1.2 : Urban Water Cycle (WaterDM Demand Management, 2016)

Water supply and sewer treatment infrastructure is paramount in the transfer of large
quantities of water and wastewater across the urban area (McGrane, 2016). Urban drainage
is designed to prevent and minimize flooding and surface water ponding (Marsalek et al.,
2006).
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Simulation software’s and mathematical models provide an opportunity to assess the
hydrological impact and effectiveness of water supply and wastewater infrastructure, prior

to and post construction (Pefia-Guzman et al., 2017).

1.1.4. Water Supply Services

Prehistorically the first well documented and successful water supply system existed in Italy,
Rome around the first century AD (Mays, 2000). The system contained of approximately
420 km of pipework, covering distances up to 90 km and conveying almost 1 million m? of
water per day (Trevor & Duckworth, 2002). Nowadays, water supply systems have achieved

tremendous progress from their predecessor models.

The operation and maintenance of these systems require thorough knowledge and
understanding of their components, geographical and physical information of the layout.
Geographical Information System (GIS) is the preferred mapping system, due to its ability
to create a database within a mapped area consisting of detailed information on the water
supply system’s physical structure and accompanying attributes (engineering, maintenance,

and inspection information) (Ministry of Water and Energy, 2013).

Following water supply treatment (ground or surface), the integrity of the water distribution
network is pivotal; composed of 3 areas: physical integrity, hydraulic integrity, and water
quality integrity. The performance of each of these areas influences the others, e.g. If the
physical integrity is compromised due to cracks in the pipe, this may result in increased
friction losses (hydraulic integrity) and pollutants entering the network (water quality
integrity) (van Zyl & Water Research Commission, 2014).

Figure 1.3 exemplifies the conventional water treatment method and Table 1.1 elaborates on

the integrity areas of the water distribution system.
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Preliminary treatment
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Figure 1.3: Schematic of conventional surface water treatment process (Harris et al., 2021)

Table 1.1 Water distribution system integrity

Group Causes of loss in integrity Consequences
Design and construction factors e Unable to function as intended
—  Design faults e  Loss of water

—  Defective material Risk of contamination
—  Missing or defective parts
— Improper construction or repair
—  Improper use
—  Cross connection
Physical factors
—  Excessive loads
—  Damage to components
—  Erosion
—  Exposure to sunlight
—  Cavitation
Chemical factors
—  Corrosion
—  Permeation

Physical Integrity

“The ability to have correctly
functioning components and
maintain a physical barrier
between the water in the
network and the external
environment”

Excessive demand e Inability to satisfy consumer
Reduction in system capacity demand

Hydraulic Integrity

Negative pressure e Damage
Pumping directly from the network e  Contamination
“The ability to meet all user PIng - Y . .
. X Pressure transients e Accumulation of sediments
demands while ensuring - . . .
R . Excessive pressures e Depletion of disinfectant residuals
desirable pressures, velocities 3 ociti
and water age in the system” ow velocities - -
Incorrect operational settings
Air in the system
Water Quality Integrity e Health risk
Contamination from external sources e Unacceptable aesthetics
The water distribution e Corrosion
systems’ ability to deliver e  Reduction in system capacity

water of acceptable quality to  |nternal deterioration of water quality
its’ users

Reduced effectivity of water meters

Source: Information extracted from (van Zyl & Water Research Commission, 2014)
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Due to the dynamic and complex environment water supply systems exist in, accompanied
by many influencing factors with competing objectives, it is necessary to enforce policies
and procedures, but moreover apply benchmarking and performance indication system to
guide operation and maintenance to achieve optimal results (van Zyl & Water Research

Commission, 2014).

1.2.Problem statement

Rapid population growth and urbanisation have a large impact on the society, particularly in
the water sector. The growing demand on already pressurised infrastructure is enormous and
requires rapid solutions from an international perspective. This is a challenge experienced
worldwide, although more vigorously in developing countries; due to institutional,

economical, and financial shortcomings (Varis & Somlyddy, 1997).

The water sector in relation to urbanisation can be confronted by either scarcity or lack of
water resources and its environmental impacts (Marsalek et al., 2006), or can also be affected
by the lack of water supply systems, due to the deterioration of aging infrastructure or

nonexistence of water supply systems (Varis & Somlyddy, 1997).

The quality, availability, efficiency, and affordability of water in urbanised environments
are amongst the many parameters which constantly require re-adaptation and advancement
in operation and management due to the ever-increasing population and changing

environmental dynamics.

In the last two decades, interest has grown in the implementation of tools and management
techniques to facilitate improvement in the performance of companies in the water and
wastewater sector (Rautu et al. 2017). Specific or holistic performance indicators are the
main quantitative management tool utilised to assess the serviceability of individual water
companies and benchmarking these results encourages performance improvement, creates
communication opportunities to seek the best practice and supports funding application to
the government. (European Environmental Agency, 2014; Gonzalez Villarreal & Lartigue,
2017);
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1.3.Global and specific objectives

According to the United Nations World Water Development Report (United Nations, 2015);
freshwater resources are encountering pressure in relation to providing for the three
dimensions of sustainable development (social, economic, and environmental) for the
growing world population.

This is the case particularly for slum populations in urban areas of the developing world,
without access to water and sanitation. With some of the local and national governments
unable (or unwilling) to provide adequate water and sanitation facilities.

The vision for 2050 is to make safe and sufficient water available to meet a populations basic
need and maintain a healthy lifestyle through reliable and affordable water supply and
sanitation services (United Nations, 2015).

Access to safe drinking water is the cornerstone of any healthy population, hence from 1981
to 1990, the goal from the United Nations International Drinking Water Supply and
Sanitation was to provide safe drinking water for all (Mays, 2000).

The objective of this dissertation is to attain an empirical understanding of the application of
performance indicators to evaluate and monitor the effectiveness and efficiency of water
supply companies in Portugal, leading to opportunities for improvement in the quality of
service.

Furthermore, through benchmarking the performance amongst water companies; a status
quo can be established, and the best practice identified. This will as a result, exhibit the
characteristics and technologies that promote operation and management productivity in
reference to the guidelines outlined in the relative regulations.

The methodology considered aims at attaining a practical understanding of benchmarking
through the application of performance indicators amongst Portuguese water companies,
possessing similar characteristics, as well as assessing the evolution of their performances.



Benchmarking and performance indicators in Portugal: A case study of & water supply company

1.4.Document structure

Chapter 1 introduces the concept of population growth and urbanisation; the implications
and effects it has on the environment, particularly the urban water cycle as well as the overall
operation of water supply services. It further describes the objectives of this report and
exhibits the structure and overview to facilitate comprehension.

Chapter 2 explores the concept of benchmarking and exemplifies the performance indicators
used in the South African and Portuguese water sector. It also assesses the national evolution
of the identified performance indicators, and an additional an in-depth evaluation of
Portugal’s non-revenue water (NRW) performance indicator.

Chapter 3 is based on a case study of Be Water - Aguas de Ourém, a water supply company
located in the centre region of Portugal. The investigation examines the performance of this
company against the 14 performance indicators specified by ERSAR (the Portuguese water
regulator). This is done over a 6-year evaluation period to assess the evolution within each
performance indicator.

Furthermore, the results are benchmarked to the national average as well as the cluster
average, which is inclusive of 23 other water supply companies located in the same
moderately urban areas, in the centre region.

Chapter 4 presents a discussion of the results from both the South African and Portuguese
implemented performance indicators, and the effectiveness of benchmarking. The discussion
also includes the identification of significant performance indicators in the individual
developing and developed countries respectively. Recommendations and future work,
building on the content of this thesis is presented.
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2. Performance Indicators and Benchmarking

In the last two decades, management techniques have been explored in the water supply
sector to improve company performance. One of the main techniques designed to advance
performance through systematic research and adaptation of the ‘best practice’ is
Benchmarking. This management tool is used and recommended by the International Water
Association (IWA) (ERSAR, 2021a).

The other tools utilised to track the systems performance are performance indicators
(Ganjidoost et al., 2018), developed by a combined effort from researchers, legislators, and

industry practitioners.

The importance of Performance Monitoring is outlined in a report by (Palestine Water
Authority, 2011); expounding on the interests of the different stakeholders; commencing
with regulators and their ability to define targets and monitor compliance of the service

providers through the application of the monitoring systems.

Secondly service providers, and their propensity to measure and understand the performance
of various departments with the aim of developing methods of improvement and adapting

best practices through benchmarking.

Policy makers benefit through performance monitoring systems, as they assist in formulating
and implementing policies in the water sector, allocating investment and resources, as well
as developing updated regulating tools and standards. The best interest of the end user is also
considered through the quality of service of performance indicators related to tariffs and

response to customer suggestions.

According to (Independent Pricing and Regulatory Tribunal, 2018), these measures assess
change and performance against set targets, navigating the direction to be taken to achieve

the desired outcome based on accurate and aligned data.

A comparison between lag indicators (out-put related historical measures) and lead

indicators (in-put related predictive measures) is essential.
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2.1. Performance Measurement Concept

The availability and affordability of water is heavily dependent on water supply system
performance, which affects the economic, environmental, and social spheres of sustainable

development (Vilanova et al., 2015).

The efficiency and effectiveness by which a water company conducts its services and the
process of quantifying these actions is referred to as performance measurements. In this
context ‘efficiency’ refers to the measure of how practical the company uses its resources to
provide services and ‘effectiveness ‘refers to the extent to which the requirements of water

users are met (Neely et al., 2005).

Performance measurements can be examined individually, as a set, or in relation to the
environment they operate in (Neely et al., 2005). The objective is to monitor performance
trends; better inform decision makers; indicate priorities and actions; verify the effectiveness
of optimized measures and benchmark performance with other counterparts (Vilanova et al.,
2015).

The importance of performance measurements was exhibited in a study from India by
(Jaladhi et al., 2016), whereby the absence of performance assessment systems (measuring
and monitoring) in the Urban Water Supply and Sanitation (UWSS) services led to the
misallocation of resources and emanated in the deterioration of the level of service and

performance over time.
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2.2.Benchmarking Concept

Benchmarking is a valuable tool that promotes quality and excellence in any day-to-day
public or private organisation, and this has been the case since the early 1900s. This business

tactic can be applied in goal setting, process improvement, planning and problem solving.

Benchmarking can be applied through adaptation and systematically improving the
company’s performance and operation based on its’ own processes or the performance of
other successful companies (best in practice /most effective) (Gonzalez & Salman, 2002).
Depending on the comparison and what the item/system is being compared against, there are

different types of benchmarking; some of which are exemplified in Table 2.1.

Table 2.1 Benchmarking types

Types Definitions

Performance The comparison of performance measures for the purpose of determining the efficiency of a
benchmarking company compared to another.

Process When the company’s methods and processes are compared with the aim to improve them.
benchmarking

Strategic This is conducted when the company attempts to change their strategic direction, by also
benchmarking evaluating similar competing company strategies.

Internal Comparisons made between departments/ divisions within the same company.
benchmarking

Competitive This is the performance and result comparison against the “best” competing.

benchmarking

Functional The comparison of technology/process within one’s industry with the aim of becoming the best.
benchmarking

Generic Best process comparison, irrespective of the industry.

benchmarking

Source: (Bhutta & Hug, 1999)
Benchmarking is an ongoing process that continuously adapts to effectively serve the
company’s customers with relevant, optimised, and efficient solutions. It does come at a cost
(e.g., travel expenses and overtime worked by employees), although if carefully planned and
executed in narrow, and defined stages; the cost can be controlled and kept at a minimum.

Some of the misconceptions about benchmarking are (Bhutta & Huq, 1999);

— Benchmarking is a onetime project.
— Benchmarking is too expensive.

— Benchmarking gives too much information to one’s competitors.

Successfully improved performance requires constant performance evaluation based of set
goals and ‘best practice’ standards, thus benchmarking cannot be viewed as a onetime
project. The cost can be managed and employees providing information should exercise

caution not to give out core company data.
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2.2.1. Benchmarking in Water Services

Benchmarking in water services requires the analysis of a set of Pls to obtain a meaningful
comparison of the multi-dimensional regulated activities (Henriques et al., 2020). The two
commonly used methods for benchmarking include metric benchmarking (overall
performance compared with other companies) and process benchmarking (identifying
internal procedures to be improve). Table 2.2 exhibits the application areas for each method
(Seppald, 2015).

Table 2.2: Main methods of benchmarking utilised in Water Services

Methods Application areas

Metric Service coverage, Water production and consumption, non-revenue water, Metering, Network

benchmarking performance, Operating costs and staff, Quality of service, Affordability, Billing and collections,
financial performance, Process indicators, Assets

Process Customer service, Billing and revenue collection, Debt management, Capital procurement,

benchmarking Sewage treatment plants, Renovation of sewers, Maintenance, Laboratories, Research and

development, Information systems, Energy management,
Asset management

Source: (Seppald, 2015)

When benchmarking water companies, the basic operating conditions need to be recognised
and this is done to achieve relevant and comparable results. Elements such as topography,
geology, hydrology, scale of production, network age, customer density and income are
essential as these factors are beyond the control of the present management team (S. v Berg,
2020).

The supervision of operations’ activities independently of the water company and ensuring
overall quality of service (QoS) is the responsibility of the regulator (Henriques et al., 2020).
Hence clearly defining the QoS targets as public policy is essential (Melo Baptista, 2018).
Table 2.3 exemplifies the range of potential targets for QoS.

Table 2.3: Potential targets for Quality of Service

Item Defined targets
Quality of Service Quality of Service based on Performance Indicators
Annual assessment of Quality of service
Annual assessment of the water companies
Annual benchmarking between water companies
Assessment of the evolution for each indicator
Promoting water Quality
Assessment of the evolution of the quality
Source:(Melo Baptista, 2018)

13



Benchmarking and performance indicators in Portugal: A case study of & water supply company

In Europe, water utilities have used benchmarking either voluntarily or due to regulatory

requirements for more than 25 years, and since the 1990’s these activities were developed in

a more institutionalised manner. Table 2.4 illustrates the benchmarking initiatives found in

European countries (EurEau, 2015).

Table 2.4: Benchmarking Initiatives in Europe

Name Scope Created Short description

Vewin benchmark Reflections Netherlands 1997 It started as an initiative of the Dutch drinking

on performance water companies. The benchmarking is now part
of the transparency obligations under the Drinking
Water Act; executed by the supervising
government. All Dutch drinking water companies
take part.

BDEW (German Association of German 2002 BDEW and DVGW supports various benchmarking

Energy and Water Industries) projects and conducts the development of

and DVGW (German Technical systems in Germany.

and Scientific Association for

Gas and Water)

Entidade Reguladora dos Portugal 2009 ERSAR is in charge of regulating public water

Servigos de Aguas e Residuos supply services, urban wastewater management

(ERSAR) and municipal waste management services.

The Water and waste Services

Regulation Authority in

Portugal

OFWAT England and 1989 OFWAT publishes a wide range of data about

Wales companies’ performance. The water companies
also publish benchmarking data annually on a
voluntary basis.

Water Industry Commission for  Scotland 2002 The regulator WICS publishes benchmarking

Scotland (WICS) information about Scottish Water performance
including cost, customer service and leakage.

Observatoire National des France 2006 The national observatory on water & sanitation

Services D’eau et services provides access to information and data

d’Assainissement on the public drinking-water and sanitation
services, their organisation, price(s) and

National observatory on water performance levels. The data is provided on a

& sanitation services by the voluntary basis.

French national agency for

water (Onema)

DANVA Benchmarking Denmark 2002 Majority of Danish water and wastewater
companies take part in the benchmarking
initiative for the purpose of measuring and
enhancing performance.

FIWA benchmarking (VENLA) Finland 2006 FIWA is a voluntary benchmarking system with

member utilities.

Source: (EurEau, 2015)
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Globally there are several successful benchmarking initiatives utilizing performance
indicators as the main tool. These are illustrated in Table 2.5.

Table 2.5 : International Benchmarking Initiatives

Name Scope Created Short description

IWA Benchmarking Worldwide 2010 This is a forum for networking opportunities, discussing,

& performance promoting, and improving all activities related to performance
Assessment assessment and benchmarking of water services

Specialist Group

(BPA SG)

The European Europe 2004 This not-for-profit benchmarking initiative aims to facilitate
Benchmarking water utilities in improving their performance and raising
Corporation (EBC) transparency

ISO (International Worldwide 2007 Standardisation might help water services to organise
Organisation for Benchmarking between utilities to improve their performance
Standardization) and set confidence with Stakeholders by developing an

appropriate communication.

ISO/TC 224 Service

activities relating to

drinking water

supply systems and

wastewater systems

— Quality criteria of

the service and

performance

indicators

The International Worldwide Late This is an initiative to encourage water and sanitation utilities
Benchmarking 1990’s to compile and share a set of core cost and PI’s, and thus meet
Network for Water the needs of the various stakeholders

and Sanitation
utilities (IBNET)

Source: (EurEau, 2015)

As majority of water utilities worldwide are natural monopolies, national regulators are
essential. A regulatory authority with a solid organisational structure and resources, clear
public policies on water services and requirements from service providers is what every
country should strive to establish. Furthermore, in addition to the outlined benchmarking
benefits, regulators can ensure user protection, particularly if thoroughly researched and

implemented.
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2.3.0verview of the Water Service Performance in South Africa and
Portugal

2.3.1. A case study from a developing country (South Africa)

2.3.1.1. Introduction

Pre-1994 the apartheid era left an impact in South Africa that is still difficult to ignore in the
different elements of the water sector and other sectors. The Native Land Act of 1913
introduced restrictions which lead to poverty, poor potable water access, illiteracy, and
malnutrition amongst black South Africans. Post 1994, the democratic government’s priority
was to address the highly unequal access to water and other services to meet the minimum
basic needs of the population and reconstruct the social & economic base of the country
(Madigele, 2018).

The above was attained through the Water Services Act (RSA, 1997) which was aimed at
ensuring that all citizens have access to basic water supply and sanitation services, and the
National Water Act (RSA, 1998) which established a foundation for management of water
resources on a catchment basis (for sustainability, equity, and efficiency) (Mokgope et al.,
2001).

These two Acts are the fundamentals in the regulatory framework used by the Department
of Water and Sanitation (DWS) to provide governance and develop & implement policies
and legislation in the South African water sector (Beck et al., 2016; Masindi & Dunker,
2016).The need to speed up the provision of safe and acceptable household sanitation
facilities and water supply was influenced by the outbreak of cholera in 2000 (Department
of water and forestry, 2001).

This led to the national government implementing the Free Basic Water policy in 2001. After
acknowledging the ongoing affordability and capacity challenges across different
municipalities (the policy was revised in 2007) (Beck et al., 2016).

In 2000, South Africa was among the countries from the global community who pledged to
attain the eight Millennium Development Goals (MDGs), and meet specific targets aimed
at eradicating extreme poverty by 2015 (United Nations, 2000).The MDG (Target 7C;
Ensuring Environmental sustainability) in relation to water, anticipated halving the number
of people without sustainable access to safe drinking water and basic sanitation services in
both urban and rural areas. South Africa had already set goals related to water access and
infrastructure in 1994 (Parliamentary Monitoring Group, 2012) , hence achieving these
targets in 2005 and 2008 respectively (Masindi & Dunker, 2016).
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Table 2.6 exemplifies the list of all the policies and legislation that provide structure and a
framework to guide the Department of Water and Sanitation in governing and Table 2.7
displays the institutional framework in the South African water sector.

Table 2.6 : Policies and Legislation governing the Department of Water and Sanitation (DWS)

Legislation

Description

Water Service Policy, (White Paper)
1994

Prioritises the backlogs in the country’s water service and institutions and
mechanisms needed to remedy the backlogs.

Republic of South Africa
Constitution Act 108 of 1996

Establishes a human’s right dimension for access to adequate and sustainable
services (including water supply) and dignify the Bill of Right.

National Water Act 36 of 1998

Establish institutions to ensure that water resources are conserved, protected,
developed, used, and managed in a sustainable manner.

Water Services Act 108 of 1997

Set a national framework that promotes effective water resource management
and conservation, that will enable access to basic water supply and sanitation;
improving the quality of life and averting a harmful environment to the health
and wellbeing of the population.

The Free Basic Services Policy of
2001

Entitles households to free basic services; defined as 6 kilolitres of water per
month and free basic sanitation services (in the form of Ventilated Improved
Pit toilet, and others. The cost to be met by Municipality’s “equitable share” of
national revenue.

Strategic Framework for Water
Services (2003)

It sets goals and defines responsibilities for Water Services Authorities (WSA)
and Water Services Providers (WSP).

National Water Policy Review (2013)

Aims to address water challenges experienced by DWS; regarding improved
access, efficiency, equity, and sustainability.

National Water Resources Strategy
Second edition (2013)

Informs and encourages achieving sustainability of water resources, their
security, and national priorities.

National Sanitation Policy Draft
(2016)

Provides measures to be taken to provide citizens with access to basic
sanitation services, as well as encourages good hygiene and effective
management of sanitation facilities.

Source: (Folifac, 2007; Masindi & Dunker, 2016)

Table 2.7 : The Institutional Framework in the South African water sector

Level Entity Abr.  Description / Responsibility
National Department of Develops and implements policy and strategies that governs the water sector.
Water and DWS Regulates and monitors the performance of the sector.
Sanitation Responsible for large water resource infrastructure !
Regional Catchment
Management CMA Manages water resources
Agencies
Water Boards Manages bulk water and wastewater distribution
Local Municipalities
/Water Service WSA  Responsible for the provision of water services (water supply and sanitation)
Authorities
Water Service
Providers Provides water and/ or sanitation services for municipalities & may also
WSP  perform contractual duties, as specified by WSA (may be public, private, mixed,

or governed by the municipality itself).

1The management of water resources has been decentralised in RSA, therefore Catchment management agencies
(CMA), within water managements Areas (WMA) were established

Source: (Beck et al., 2016; Masindi & Dunker, 2016)
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According to (Carden & Armitage, 2013), there have been several benchmarking initiatives
implemented in the South African water sector in terms of regulatory performance
measurements as well as operational business performance measurements for municipal
water services. The initiatives under the Department of Water and Sanitation (DWS) were
implemented as a National Water Service Regulation Strategy aimed at assessing the poor
performance for services and delivery of infrastructure from municipalities and water service
authorities (WSAs). They included three priority programs.

I. The Regulatory Performance Measurement System (RPMS) — A centralised
regulatory system to address the performance and compliance in municipalities.

ii. The ‘Blue Drop’ — A national drinking water quality regulatory initiative.

iii. The ‘Green drop’ — A national effluent quality regulation initiative.

The RPMS was designed to measure and monitor the performance of individual WSA
according to the 11 Key Performance Indicator (KPI) areas indicated in Table 2.8.

Table 2.8 Key Performance indicators from the RPMS

Indicator  Description

KPI 1 Access to water supply

KPI 2 Access to sanitation

KPI 3 Access to free basic water

KPI 4 Access to free basic sanitation

KP1 5 Drinking water quality management
KPI 6 Wastewater quality management
KP17 Customer service quality

KPI 8 Institutional effectiveness

KPI19 Financial performance

KPI 10 Strategic asset management

KPI 11 Water use efficiency

Source:(Selowa, 2018)

After identifying a gap in the RPMS from the leak of regulation on the entire water value
chain (raw water, bulk water, and retail water), additional capacity was sourced in 2014,
through the economic and social regulation Chief Directorate. The RPMS resulted in
improvements, although significant challenges in achieving its goals were experienced due
to (Selowa, 2018):

I. Lack of legislative backing for implementation of punitive measures
ii. Lack of capacity in implementation of the RPMS in DWS

iii. Lack of prioritisation of the programme by DWS

iv. Lack of prioritisation of the programme by WSAs

v. Lack of capacity in the regulated institutions
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Contrarily, the 2008 ‘Blue drop’ initiative aimed to monitor compliance of the quality of
drinking water provided by the country’s municipalities, experienced its first significant
improvements in 2011 (Creamer Media, 2012). The incentive-based programme evaluates
municipalities using the criteria in Table 2.9; where there are 5 categories of assessment,
each contributing to the final municipal Blue Drop score.

Table 2.9 : Blue Drop Certification criteria

Group Weight [%] Performance Areas Weight [%]
Water safety 35 Water safety planning process 10
Planning Risk assessment 30
Risk-based monitoring programme 25
Credibility of DWQ data 20
Incident management 15
....... / [100]
DWQ process 10 Works’ classification compliance 15
management & Process control registration compliance 50
control Availability of water treatment works logbook 35
....... / [100]
Drinking Water 30 DWQ compliance (Microbiological) 50
Quality DWQ Compliance (Chemical) 40
Compliance Risk refined Compliance 5
Operational Efficiency Index 5
....... / [100]
Management, 10 Management Commitment 40
Accountability, Publication of Performance 30
& Local Service Level agreement/ Performance Agreement 15
Regulation Submission of DWQ data 15
....... / [100]
Asset 15 Annual Process Audit 20
Management Asset Register 15
Availability & Competence of Maintenance Team 15
Operations & Maintenance manual 15
Operations & maintenance Budget and expenditure 20
Design Capacity vs. Operation capacity 15
....... / [100]

Municipal Blue
Drop Score

Source: (Department of Water Affairs, 2012)

The Blue Drop certification is the highest drinking water quality classification, amongst 5
lower classifications. It is achieved when a municipality attains 95% score. The assessment
is conducted by a team consisting of a qualified drinking water quality professional (leader),

2-4 inspectors (assessors) and a leaner assessor (Department of Water Affairs, 2012).
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2.3.1.2.  National evolution of performance indicator from 2009 - 2014

The data used to conduct this analysis was collected from the Blue Drop Reports published
by the Department of Water and Sanitation. Table 2.10 provides a consolidated and
indicative overview of the national performance and results of the water quality management
programme, with the core objective of safeguarding and improving the quality of life for

South Africans.

Table 2.10 : Evolution of the Blue Drop Program

(a)

(b)

(a)

(c)

(c)

(c)

Performance Category Unit 2014 2013 2012 2011 2010 2009
Number of municipalities assessed Nr. 152 152 153 162 153 107
1036 1009 931 914 787 402

Number of water supply systems assessed Nr.
Nr. - - - 536 370 183
Number of Blue Drop scores > 50% [%:] . . 8.7 a7 455
Nr. - - - 378 417 219
Number of Blue Drop scores < 50% [%:] . . . 413 53 52
Number of Blue Drop awards Nr. 44 - 98 66 38 25
National Blue Drop Score [%] 79.6 - 87.6 729 67.2 51.4

Source: @ (Department of Water and Sanitation, 2014); ®)(Department of Water and Sanitation, 2013); )(Department of

Water Affairs, 2011);
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2.3.2. A case study from a developed country (Portugal)

2.3.2.1 Introduction

Portugal’s water supply services are organised as bulk and retail operations recognised as
Economic Service of General interest under the Law of Essential Public Services. The
responsibility for these services is generally shared by the state and municipalities. In 1993
the public holding Aguas de Portugal (AdP) was established to link central government
investment with those of municipalities and the shared capital was 51% to 49% respectively
(Martins & Fortunato, 2016).

The Portuguese Strategic Plan of Water and Wastewater Sewerage (known as PEAASAR)
indicated its aim of prioritising the constructions of bulk infrastructure between 2000 — 2006.
As a result, this induced integrated solutions that created 13 multi-municipal and 7 inter-
municipal systems.

In 2006 a first revision of the strategic plan known as PEAASAR Il 2007-2013 was
formulated and focused on retail services in relation to improving efficiency and establishing
guidelines and financial models for tariff policies. In 2014 the Portuguese Government
presented a second revision of the strategic plan for the water industry with the aim to
achieve territorial and social cohesion, sustainability, and increased levels of efficiency from
2014 to 2020, known as PENSAAR 2020.(Martins & Fortunato, 2016).

Presently a third revision of the Portuguese Strategic Plan of Water and Wastewater
Sewerage for the next decade is ongoing (known as PENSAARP 2030). The new policies
for Urban Water Cycle Management includes rainwater management, Water Circular
Economy, diversification of water sources, services decarbonization and digital
transformation.

According to the last Annual Report of the ERSAR — Portuguese Water and Waste Services
Regulation Authority (ERSAR, 2021a) , the water supply service in Portugal has drastically
evolved in the last two decades. This was achieved through substantial investment from the
Water Companies in infrastructures and human resources — through self-financing and
European Funds.

Bulk water services are generally provided by State owned companies, while municipalities
are responsible for retail operation (Marques et al., 2005). At a retail level, the water supply
industry is very fragmented with approximately one service provider per municipality (308
Portuguese municipalities), thus resulting in small and focused utilities within each
municipality (Martins & Fortunato, 2016).

21



Benchmarking and performance indicators in Portugal: A case study of & water supply company

The methodology for evaluating the quality of water supply service provided to users is
defined by ERSAR and updated annually. Table 2.11 below outlines the methodology
applied and sequence followed in the evaluation process of efficiency and effectiveness in
the activities of management entities (ERSAR, 2021a).

Table 2.11 : The implementation phases of the quality-of-service assessment

Description Responsibility  Responsibility
of Water of ERSAR
Company

Provision of data by the water company ]

Validation of data by ERSAR for all the water companies .

Data processing and interpretation of results by the ERSAR for each water .

company

Data processing and interpretation of results by the ERSAR for all water °

companies

Publication and dissemination of the annual evaluation report of water °

service quality

Source: (ERSAR, 2021a)

Nowadays Portugal uses 14 performance indicators to measure the water supply quality in
terms of efficiency and effectiveness of the service provided by the water companies. Table
2.12 illustrates the performance indicators.

Table 2.12 : Water Supply performance indicators (ERSAR, 2020)

Group Description Code Performance indicator Unit
Adequacy of the Accessibility of the AA 01 Physical accessibility of the .
user interface service to users service %
AA 02 Economic accessibility of the
0,
service %
Quality of service AA 03 Occurrence of water supply
provided to users failures [no/(1000 branches-year)]
AA 04 Safe water %
AA 05 Response to complaints and

suggestions %

Service Economic sustainability ~ AA 06 Spending coverage %
management AA 07 Service subscription %
sustainability AA 08 Non-revenue water %
Infrastructure AA 09 Pipeline rehabilitation (%/year)
sustainability AA 10 Damage to pipes [no/(100 km-year)]
Physical productivity of AA 11 Adequacy of human N
human resources resources m?/(km-day)]
Environmental Efficiency in the use of AA 12 Actual water losses [m3/(km-day)]
sustainability environmental [I/(branch-day)]
resources AA13 Energy efficiency of pumping

[kWh/(m3:100 m)]

installations
Efficiency in preventing  AA 14 Proper handling of %
pollution treatment sludge ’

Source: (ERSAR, 2020)
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2.3.2.2 National evolution of performance indicators from 2015 — 2020.

In preparation for the analysis, data was collected from the annual ERSAR publication
regarding the national performance of the 14 indicators prioritised by Portugal. Table 2.13
captures the national evolution of the 14 indicators; including the percentage difference
within individual indicators estimated by Formula (3.1).

Table 2.14 provides an indicative overview of the performance indicators over the last 6-
year evaluation period, including an exposition of the results.

Lowest Value—Highest Value
(Lowest Value+Highest Value)/2

Percentage Dif ference = x 100 (3.2)

Table 2.13 : Evolution of performance indicators in Portugal from 2015 - 2020

Code (@) (b) (9 (@ (e) () Unit Percentage Consolidated
2020 2019 2018 2017 2016 2015 difference % Difference
AA PUA 99 99 99 99 100 100 1.0
01 MUA 95 95 95 95 95 94 % 1.1 1.4
PRA 93 92 92 92 92 91 2.2
AA 02 0.36 0.37 0.38 0.4 0.4 0.4 % 10.5 10.5
AA 03 07 08 09 08 09 09 [no/ (1000 25.0 25.0
branches-year)]
AA 04 98.79 98.76 989 98.88 98.78 98.63 % 0.3 0.3
AA 05 92 92 90 89 84 89 % 9.1 9.1
AA 06 109 109 109 108 107 105 % 3.7 3.7
AA 07 88.2 87.6 87 86.5 85.8 85.8 % 2.8 2.8
AA 08 28.8 294 30.2 29,8 29.8 30.1 % 4.7 4.7
AA 09 0.5 0.5 0.6 0.6 0.8 0.6 (%/year) 46.2 46.2
AA10 38 38 42 40 41 37 [no/ (100 12.7 12.7
km-year)]
AA PUA 3.6 3.7 3.6 3.6 3.7 3.6 2.7
1  MUA 2 2 2 2.1 2 21 m3/(km-day)] 49 4.4
PRA 1.7 1.7 1.7 1.7 1.7 1.8 5.7
AA 12 125 128 137 126 126 127  [l/(branch-day)] 9.2 9.2
3 29 4 36 23 21 [m3/(km-day)] 62.3 62.3
AA13 0.47 0.47 048 0.49 0.5 0.48 [kWh/rf:;]}lOO 6.2 6.2
AA 14 97 98 98 97 95 99 % 4.1 4.1

Observation: PUA — Predominantly Urban Area; MUA — Moderate Urban Area; PRA — Predominant Rural Area
Source : @ (ERSAR, 2021a); ®(ERSAR, 2019); )(ERSAR, 2018); @W(ERSAR, 2017); ®(ERSAR, 2016b); N(ERSAR,
2016a)
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Table 2.14 : Analysis of the last 6-year evolution of the performance indicators

Code

Annual report

(a)
20
20

(b)
20
19

(c)
20
18

(d)
20
17

(e)
20
16

(f)
20
15

Comment

AA 01

PUA

A 1% decrease was experienced between 2016 - 2017.

MUA

The results were constant over the 6-years evaluation period

PRA

A 1% increase was experienced between 2019-2020

AA 02

Between 2015 - 2017, the results were constant, although thereafter a
continual decrease was recorded, amounting to a total of 10.5%.

AA 03

There was 25% reduction in the occurrence of water supply failures
between 2015 - 2020. This is the 3" largest improvement among other
indicators.

AA 04

The results for this indicator pertaining to water quality have remained
constant at 98.7% with slight fluctuation.

AA 05

Response to complaints and suggestions have seen a 9.1% increase
gradually over the 6-years evaluation period.

AA 06

This indicator has only experienced a 3.7% variation over the 6-year
evaluation period. These are excellent results.

AA 07

This indicator has increased by 2.8%, commencing at 85.8% in 2015 to
88.2% in 2020. To improve the customers’ quality of life, opportunities
within this indicator should be explored.

AA 08

The highest recorded non-revenue water was in 2018 at a total of 30.2%.
This value has from that point decreased to 28.8% in 2020. -There are still
high percentages of NRW from some utilities, thus improvement &
reinforcement is required.

AA 09

This indicator is governed by several factors, from types of leaks, age of
infrastructure and the utility’s asset management programs. There was a
decrease of 46.2% over the evaluation period. Rehabilitation programs are
essential to assess opportunities for improvement.

AA 10

This indicator experienced a 12.7% gradual decrease over the evaluation
period. An increase in pipeline rehabilitation will in turn contribute to a
reduction in the number of failures.

AA 11

PUA

PUA — The values are above the acceptable range; it is necessary that water
utilities seek to permanently designate human resources.

MUA

MUA —The values are within the good quality range, with a slight variation
of 4.9%.

PRA

PRA - This indicator has remained constant over the evaluation period.

AA 12

This was the best performing indicator with a 62.3% percentile difference in
(m3/km-day) . The year 2018 had the most losses, although prior and post
2018 the losses were lower.

The percentile difference in (I/branch-day) was 9.2 %.

AA 13

This indicator has gradually decreased over the evaluation period with a
total of 6.2%.

AA 14

Proper handling of treatment sludge has improved by 4.1%; from 95% in
2015 to 97% in 2020.

== Good Quality of service |

Average Quality of service |

== Unsatisfactory Quality of service

Source: @ (ERSAR, 2021a); ®(ERSAR, 2019); ©(ERSAR, 2018); @(ERSAR, 2017); ©(ERSAR, 2016b); D(ERSAR,

2016a)
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2.3.3. Non-revenue water (NRW) performance indicator

There are several Performance Indicators (PI) available in the water sector, including the Pls
published by the International Water Association (IWA), which range from simple network
operational management to detailed functions and operational practice (Kanakoudis &
Tsitsifli, 2010). However, due to urbanization, water utilities are faced with chronic water
losses worldwide (Liemberger & Wyatt, 2019), resulting in a high-water production and
delivery cost (Gonzalez-Gomez et al., 2012a).

According to (Kingdom, Liemberger, & Philippe, 2006) the volume of NRW worldwide in
urban supply systems annually is estimated at more than 32 billion cubic meters of treated
water, physically leaking and 16 billion cubic meters delivered to customers for zero
revenue. The total financial losses from utilities around the world is estimated at US $ 14
billion.

There are several characteristics that influence the volume of water lost, which include the
pipe network, operational practices applied by the water utility and the type of technology
and expertise utilised (Farley & Trow, 2003).Exploration and understanding of the
characteristics and factors affecting water losses, and the challenges associated with its
reduction is crucial in developing a solid and effective management strategy (C. van den
Berg, 2015a).

The overall reduction of NRW is beneficial in terms of environmental, social, and
economical sustainability. Amongst the water savings benefits, the reduction of NRW would
improve water supply services and reliability, improve water quality, decrease energy
consumption, save resources, and delay water capacity expansion projects. (Liemberger and
Wyatt, 2019).

The basic concept of NRW is extracted from the International Water Association (IWA)
standard for Water balance (Glingor-Demirci et al., 2018), and is exemplified in Figure 2.1.
It is defined as the difference between the volume of water at entry point of the network and
the volume billed to the end user (Kingdom et al. 2006).

Billed Authorized Billed Metered Consumption Revenue
Authorized Consumption Billed Unmetered Consumption Water
Consumption Unbilled Authorized Unbilled Metered Consumption
Consumption Unbilled Unmetered Consumption
Water at Unauthorised consumption
Apparent Losses — -
entry Metering inaccuracies
point of Leakage and transmission and/or Non- Revenue
System distribution mains Water
Water Losses —
Leakage and overflows at utility’s storage
Real Losses
tanks
Leakage on service connections up to
point of customer metering

Figure 2.1 : Water Balance (Kanakoudis & Tsitsifli, 2010)
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2.3.3.1.  Objective and scope

This section aims to examine the relationship between the four types of NRW indicators
namely, NRW as a percentage, NRW per length per hour, NRW per customer per day, and
NRW per service connection per day. In addition, it also aims to identify the determinates
that influence NRW in Portugal.

The study utilized information sourced from ERSAR for 256 water companies in Portugal
(excluding 17 with insufficient information, all based in Predominantly Rural Areas) for the
years 2015-2020. In addition, information was extrapolated from a study by (Marques et al.,
2005).

2.3.3.2.  Variables

The IWA recommends NRW to be measured as a percentage from the water entering the
system, although alternatively; NRW per connection and NRW per network length are also
recommended (Alegre et al., 2006).Previous studies have identified a positive relationship
between NRW and the length of the network (Alkasseh et al., 2013) , as a larger network
would demand more finances to maintain and preserve its functionality (C. van den Berg,
2014).

According to(Gonzélez-Gomez et al.,, 2012a), The relationship between NRW and
connection density (expressed as the number of connections per km of length) is ambiguous,
as the relationship can either be positive due to higher pressures required to provide
sufficient water on all the elevations of a buildings; creating a higher risk of pipe leaks &
bursts. While on the other hand a negative relationship can be expected as high-density areas
require lower network coverage, thus lower maintenance cost per connection.

The study by (Lee et al., 2012), indicates a positive relationship between the pressure in the
network and the frequency of leaks and bursts; urging water companies of the importance of
maintaining the structural integrity of their pipe & overall water systems.

Table 2.15 exhibits the equations utilized to analyse the performance indicator for non-
revenue water in the remaining 239 water supply companies in mainland Portugal.
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Table 2.15 : Criteria and equations used for non-revenue water.

Code Performance Units
Indicator

AA08 Non-revenue water  Percentage (%) AA08ab = (dAA53ab®/dAAA1ab@) x 100
Length of conduit _ (dAA53ab %1000
per hour AA08ab = (—dAAle(m) )/(365 * 24)
(lkm1h?)
Customer per day _ (dAA53ab * 1000)
(I cut day) AA08ab = (————————/(365)

i dAA53ab 1000

service AA08ab = (—)/(365)
connections per
day
(IsC1day?)

(i) Unbilled water (m3/ year)
(ii) Water entering the system (m3/year)
(iii) Total length of conduit (km)

(iv) Accommodation with effective service (no.)

(v) Connection extensions (no.)

2.3.3.3.  Results

The main characteristics of Portugal’s water industry in the year 2019 are exemplified in
Table 2.16. The findings indicate that the total water produced was approximately 825 hm*
with the revenue water at 578 hm* This implied that 30% of the total water entering the

system was non-revenue water.

Table 2.16 : Main characteristics of the water industry in Portugal

Description Units Quantity
Inhabitants no. 10 555 853 (@
Coverage level % 95.62
Distributed volume hm3 824.47
Revenue volume hm3 577.07
Domestic volume hm3 372.14
Water services no. 256
Customers no. 4715776
Mains km 109432.5
Staff no. 7717

@The value is from the 2011 census

The indicative results for NRW in percentage, the conduit length per hour, customer per day
and by service connection per day for each of the 239 water companies is presented in

Figures 2.2 - 2.4, including an analysis in Table 2.17.
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Table 2.17 : Assessment of Results
Fig. Description
2.2 Having an average of 40% and a range from 6.3-79.9%; it appears there are water companies that are
managing NRW exceptionally well and those that are struggling. Compared with results from 2005, the
dominate range has moved from 30 — 40% to 40 — 50%.
23 195 out of 239 water companies experienced less than 400 I-km-1 h1 of NRW. The results were similar to those
from 2005 with slight improvement as only 5 water companies were above 1000 I-km-1 h-1. In 2005 there were
28 water companies above this, with the highest being 3000 |-km h of NRW.
2.4 The results match those from 2005 in terms of obtaining an average in NRW of 200 |-cu! day! and a highest of
695 |-cul day?; the only difference being that the 2005 results had 6 water companies with higher values.
2.5 220 out of 239 water companies experienced NRW of less than 400 |-sc! day!, with the highest value being

924 |-sct dayt. These results match those from 2005, although they had an addition of 6 water utilities above
924 |-sct dayL.

28



Benchmarking and performance indicators in Portugal: A case study of & water supply company

The relationship between the four types of NRW namely, NRW as a percentage, NRW per
length per hour, NRW per customer per day, and NRW per service connection per day is
examined in Table 2.18 and 2.19, respectively.

A range of four groups, composed of 60 water companies each, are created to accommodate
the total 239 water company. Thereafter a ranking system was utilised to establish the
positioning of 2 water companies (including Be Water - Aguas de Ourém) after the
application of all four NRW indicators and a differential margin was established.

Table 2.18 : Water Utility Ranking after application of NRW indicators - Aguas de Ourém

Aguas de Ourém

Water Utility Ranking

Unit Group 1 Group 2 Group 3 Group 4 Margin
(1-60) (60-120) (120-180) (180-240)
(%) - - - 189
(I km h?) - - - 224 14.6 %
(1 cut day?) - - - 191 R
(I SCt day?) - - - 213

Table 2.19 : Water Utility Ranking after application of NRW indicators - SMAS de Leiria

SMAS de Leiria

Unit Water Utility Ranking Margin
Group 1 Group 2 Group 3 Group 4
(1-60) (60-120) (120-180) (180-240)
(%) - - 147 -
(I km h1) - - 128
(I cut day) ; - 124 9.6%
(ISCtday?) - - 143

Table 2.18 and 2.19 have attained results within the same boundaries, irrespective of the
application of different units; with a differential margin of less than 15%. It is evident and
the results reinforce the important of using different NRW indicators to assess the efficiency
and effectiveness of the water distribution system and associated characteristics.

The correlation my not be very strong, although it displays a more realistic picture rather
than the use of a single indicator (C. van den Berg, 2014). Some of the factors discovered to
affect NRW by (Gonzalez-Gomez et al., 2012a), include population density and growth,
minimum percentage of the storage reservoir, model of distribution system (gravity fed or
pumped), management and tariff structures as well as the financial obligations of the utility.

A study by (C. van den Berg, 2014) indicates that water utilities have limited or no control
over the key drivers of water losses, However, they are partially linked to the physical
characteristics of the water supply system (C. van den Berg, 2015b).
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3. Case Study

3.1. Be Water - Aguas de Ourém.

3.1.1. Introduction

Be Water — Aguas de Ourém is a water company responsible for the management and
operation of water systems in the municipality of Ourém since 1996 (Be Water Group
Limited, 2013). Ourém is a small city geographically located in mainland Portugal; central
west, under the Santarém district. The city’s historical value enables it to be part of the
Leiria-Fatima Tourism Region; inclusive of several historic-tourist cities. Ourém covers an
area of approximately 420 km?with 45 932 inhabitants and is divided into two distinct areas,
the North known for its productive agriculture and the South for its high elevations which
exceed 300 meters (Ferreira Reis, 2018).

Ourém municipality is subdivided into eighteen parishes and is bordered by the municipality
of Pombal on the north, Ferreira do Zereré and Tomar on the east, Alvaidzere on the
northeast, Torres Novas on the southeast, Alcacena on the southwest, and Leiria and Batalha
on the west (Medrado Cardoso, 2019). Figure 3.1 exemplifies the geographical location of
the Municipality of Ourém.

BATALHA

Figure 3.1: Geographical location of Ourém (Ferreira Reis, 2018; Rei, 2006)
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In the process of exploration, collection, treatment, and distribution of water for public
consumption, the organizational structure of Be Water - Aguas de Ourém is displayed in
Figure 3.2.
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Figure 3.2 : Organisational Structure from Be Water — Aguas de Ourém (Be Water - Aguas de Ourém, 2019)

In 2019, the number of registered users was recorded as 26,506 with 2,512,617 m® of billed
water, averaging a consumption rate of 7.98 m3/ user/ month. In the same year 2,958 water
quality examinations were carried out from the 19 catchments from which only 1 non-
compliance with the maximum allowable value was obtained in the copper parameter.

A furthermore 2,735 examinations were carried out from reservoirs and fire hydrants to
determine microbiological, physiochemical, and organoleptic parameter. Compliance was
achieved with a rate of 99.88% (Be Water - Aguas de Ourém, 2019).

Extensive sampling of water is amongst the many priorities and commitments made by Be
Water - Aguas de Ourém and this is evident in the company’s performance when
benchmarked.
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3.1.2. Analysis of performance indicators and benchmarking

The methodology considered aims at attaining an empirical understanding of benchmarking
amongst water companies in the same region, possessing similar characteristics such as
serving moderately urban areas.

The procedure used was concerned with dividing mainland Portugal into 3 regions, and
focusing on one category within one region, as per depiction in Table 3.1. The choice of
region and cluster was influenced by the cooperation of one Water Company (Be Water -
Aguas de Ourém), whereby additional physical research and consultation on the 14
performance indicators, their influences and challenges would be possible.

This case study will thus focus on the moderately urban area of the centre region of Portugal,
which accommodates 24 water companies. A benchmarking exercise will thereafter be
conducted to determine their quality of service within the 14 regulated performance
indicators.

Table 3.1 : Water Companies clusters

Region Cluster No. of Water Companies
North PUA 10
MUA 20
PRA 50
Centre PUA 11
MUA 24
PRA 67
South MUA 16
PRA 58

PUA - Predominantly Urban Area; MUA - Moderate Urban Area; PRA- Predominantly Rural Area

As a pivotal part of this study, the performance of Be Water - Aguas de Ourém, will be
assessed among the other water companies within this cluster, and compared with the
national and cluster average performance.

The results from the analysis will provide guidance with regards to which indicator should
be prioritised due to poor quality of service or leak of improvement, failure to provide
information and other limitations. Furthermore, the study aims to reveal other features and
consistency’s/or inconsistencies on a national scale, compared to a cluster level.
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3.1.3.1 Physical accessibility of the service (AA 01)

Performance criteria [%] ; Poor : 0 - 80 | Moderate : 80 - 95 | Good : 95 - 100
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Figure 3.3 : Physical accessibility of the service — AAO1

This indicator aims to determine the adequacy of the physical infrastructure from the water
company to the end users; and can be expressed as a percentage of the total number of
households in the area served by the water company. The results are obtained by the
application of formula (3.2).

AA01b = (dAA11b + dAA12b)/dAA13b x 100 (3.2)

Where dAA11b are the households with effective services (no.); dAA12b are households
with non-effective available services (no.); and dAA13b are the total existing households
(no.).

Figure 3.3 exemplifies a good quality of service from the national average throughout the
period of the analysis, although the cluster average performed better; with more than 60%
of the water companies attaining a service score between 99-100% in physical accessibility
to the service.
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Be Water — Aguas de Ourém achieved results well between the national and cluster average,
starting at 95% in 2014, thereafter maintaining a 2% increase from 2016 to 2019.

3.1.3.2 Economic accessibility of the service (AA 02)

Performance criteria [%] ; Poor : © - 1.00 | Moderate : 1.00 - 0.50 | Good : 0.50 - 0
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Figure 3.4: Economic accessibility of the service — AA02

The aim of this indicator is to assess the affordability of the services provided by the water
company in relation to the economic capacity (disposable income) per household in the water

company’s intervention area. The results are obtained by the application of formula (3.3).
AA02ab = dAA84ab/dAA85ab x 100 (3.3)

Where dAA84ab is the average cost for the water supply services (€/year); and dAA85ab
is the household disposable income (€/ year).

Figure 3.4 exemplifies a good quality of service which is maintained over the evaluation
period from the national average; by steadily decreasing from 0.40% to 0.36%. The cluster
average displayed similar performance by steadily decreasing from 0.46% to 0.40%.
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The results for Be Water — Aguas de Ourém sharply increased between 2014 and 2015 from
0.48% to 0.61% and thereafter gradually decreased. The performance criteria achieved by
Be Water — Aguas de Ourém is a moderate quality of service, which is still considered
acceptable.

3.1.3.3 Occurrence of water supply failures (AA 03)

Performance criteria [no / (1000 service connections- year)]; Poor : oo - 2.5 | Moderate : 2.5- 1.0 |

Good:1.0-0.0
[Aguas de... 42 5.5 5.2 4.6 7.7 5.1

SMAS de Vila... m— I —
CM de Arruda... mmm ———
SMAS de Caldas... -
SMAS de Torres... ——
Aguas de... mm——————
SMAS de Mafra ——
SMAS de Montijo N
NATIONAL... T T—T 1T 11
CM de Sesimbra  mmm
CLUSTER... T T T 111
CM de Palmela s
SMAS de Leiria
CM de Guarda  mmmss
SM de Nazaré mmmmm
SM de Abrantes mmum
Aguas da... mmm
CM de Lousa mm
SMAS de Peniche mm
SMAS de Viseu
Aguas de...m
Aguas da Figueira
SMAS de Tomar
SM de Castelo...
CM de Marinha...
CM de Alcochete

m 2019 W 2018 2017 2016 W 2015 m 2014

Figure 3.5 : Occurrence of supply failures — AA03

This indicator aims to assess the frequency of interruptions that occur in the service provided
to the users by the water company. It is defined as the number of supply failures per 1000
service connections per year. The results are obtained by the application of formula (3.4).

AA03b = dAA35b/dAA18b x 1000 (3.4)

Where dAA18b are the service connections (no.); and dAA35b are the supply failures (no.
lyear).

Figure 3.5 displays results of the national average achieving good quality of service, starting
at 0.9 in 2014 and decreasing to 0.7 in 2019. The cluster average performed slightly better
with results also starting at 0.9 in 2014, although ending at 0.5 in 2019.
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Be Water — Aguas de Ourém was the worst performing water company in the cluster, with
poor quality of service results. Although since 2017 there has been a regression from 7.7 to
4.2 equivalent occurrence of water supply failures. It is recommended that Be Water - Aguas
de Ourém continue to explore possible solutions to improve this indicator, as it surpasses the
other utilities by a large margin.

3.1.3.4 Safe water (AA 04)
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Figure 3.6: Safe water — AAO4

This indicator intends to assess the quality of water supplied by the water company. It is
defined as the percentage of good quality water in terms of compliance with the frequency
of sampling, parameters set in the legislation and inspection control as defined in the Water
Quality Control Plans. The results are obtained by the application of formula (3.5).

AA01b = (dAA40ab/dAA38ab) x (dAA37ab/dAA39ab) x 100 (3.5)

Where dAA37ab is mandatory water quality analyses (no./year); dAA38ab is the analyses
carried out on parameters with parametric values (no./year); dAA39ab is mandatory
regulatory water quality analyses (no./year); and dAA40ab is the analyses performed in
compliance with the parametric value (no./year).
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Figure 3.6 exemplifies the national average performing exceptionally well over the last 6-
year evaluation period, achieving a constant 99% result. The cluster average accomplished
better results, with a constant 100%. Be Water — Aguas de Ourém was amongst the best
performing water companies in the cluster, with exceptional results.

3.1.3.5 Response to complaints and suggestions (AA 05)
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Figure 3.7 : Responding to complaints and suggestions — AAQ5.

The aim of this indicator is to evaluate the quality of service provided to the user in relation
to the water company’s response to complaints and written suggestions from the user. The
results are obtained by the application of formula (3.6).

AAO05ab = dAA70ab/dAA69ab x 100 (3.6)

Where dAA69ab are the complaints and suggestions (no./year); and dAA70ab are the
replies to complaints and suggestions (no./year).

Figure 3.7 exemplifies the national average achieving moderate results, gradually improving
from 89% in 2014 to 92% in 2019. The cluster average also achieved moderate results, which
fluctuated between 87% - 83%.
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The cluster average was influenced by an equal divide; with 50% of the water companies
accomplishing good-moderate results, while the others performed poorly. Be Water — Aguas
de Ourém performed outstandingly well, achieving 100% throughout the evaluation period,
amongst 7 other water companies with the same results.

3.1.3.6 Spending coverage (AA 06)

CM de Alcochete

CM de Marinha Grande
Aguas da Figueira
SMAS de Viseu

CM de Sesimbra

SMAS de Montijo
SMAS de Leiria
CLUSTER AVERAGE**
CM de Palmela

SMAS de Mafra

Aguas de Alenquer
Aguas da Regido de Aveiro
Aguas de Coimbra
SMAS de Peniche

SMAS de Vila Franca de...

[Aguas de Ourém]
NATIONAL AVERAGE*
SMAS de Torres Vedras
SMAS de Caldas da Rainha
CM de Guarda

SM de Castelo Branco
SM de Abrantes

CM de Arruda dos Vinhos
SM de Nazaré

SMAS de Tomar

CM de Lousa

This indicator aims to measure the water company’s economic and financial levels of
sustainability in relation to its ability to generate income from its activities. This is defined
by the ratio of total income (tariff’s, other income, and subsidies) and total expenditure. The
results are obtained by the application of formula (3.7).
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Figure 3.8: Spending coverage — AA06
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AA06ab = (dAA80ab + dAA81ab + dAAB2ab)/dAAB3ab x 100

Where dAA80ab is the tariff income (€/year); dAA8lab is other income (€/year);
dAA82ab is investment subsidies (€/year); and dAA83ab are total expenses (€/year).

Figure 3.8 exemplifies the national average performing exceptionally well, maintaining a
good quality of service throughout the evaluation period.

m 2014

Performance criteria [%] ; Poor : © - 120 or 0 - 90| Moderate :120 - 110 or 90 - 100 | Good : 110 -
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The performance of the cluster average indicated a moderate quality of service, this was due
to the variation in performance from the individual companies whereby 45% of the water
companies performed poorly, 37% performed moderately and only 18% resulted in a good
quality of service. Be Water — Aguas de Ourém displayed poor quality of service from 2014
to 2017 and improved to a moderate quality of service in 2018 and 2019.

3.1.3.7 Service subscription (AA 07)
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Figure 3.9: Service subscription — AAQ7

This indicator intends to assess the economic and financial stability of the water companies
in relation to the connection of users to the physical infrastructure. This is defined as a
percentage of the total number of households in the vicinity of the water company that have
available and effective services in the water distribution infrastructure. The results are
obtained by the application of formula (3.8).

AA07b = dAA11b/(dAA11b + dAA12b) X 100
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Where dAA11b are the households with effective services (no.); and dAA12b are
households with non-effective available services (no.).

Figure 3.9 exemplifies the national average experiencing a 2% increase gradually over the
last 6-year evaluation period, although it remains in the ‘poor quality of service’ category.
The cluster average exhibited similar behaviour, with an overall 3% gradual increase from
85% to 88%: with the cluster performance distribution being 66.6% poor quality, 20.8%
moderate quality, and 12.5% good quality performance.

Be Water — Aguas de Ourém was amongst the worst performing companies in the cluster,
with a constant of 77% from 2014 - 2017 and an increase to 81% in 2019.

3.1.3.8 Non-revenue water (AA 08)
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Figure 3.10 : Non-revenue water — AA08
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The aim of this indicator is to assess financial management sustainability in reference to
water losses, which despite being collected, treated, transported, stored, and distributed is
not billed to the user. It is described as the water entering the system, and not billed. The
results are obtained by the application of formula (3.9).
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AA08ab = dAA53ab/dAA41ab x 100 (3.9)

Where dAA41ab is water entering the system (m3/year); and dAA53ab is non-revenue
water (m3/year).

Figure 3.10 exemplifies the national average with a moderate quality of service, maintaining
a constant 30% from 2014 to 2017, and thereafter experiencing a 1% decrease in 2018.

The cluster average achieved poor quality results; with a slight decrease from 33% to 31%
over the evaluation period. The results from the cluster were influenced by 50% of the water
companies performing poorly, while the other 50% performed moderately and good, with
constantly decreasing non-revenue water. Be Water — Aguas de Ourém has achieved a
moderate quality of service, with results decreasing from 27% to 24% during the evaluation
period.

3.1.3.9 Network rehabilitation (AA 09)
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Figure 3.11 : Network rehabilitation — AA09
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This indicator aims to assess sustainability regarding the management of infrastructure;
particularly the continues practice of network rehabilitation. The indicator is defined as the
average annual percentage of distribution network with more than 10-years in age, that has
been rehabilitated in the last 5-years. The results are obtained by the application of formula
(3.10).

AA09ab = dAA17ab/dAAl6ab x 100/5 (3.10)

Where dAA16ab is the average length of pipeline (km); and dAA17ab is the rehabilitated
pipelines over the last 5 years (km).

Figure 3.11 exemplifies the national average with poor results, which varied during the
evaluation period between 0.5% to 0.8% per year. The performance of the cluster average
declined from moderate quality of service in 2014 and 2015 to poor quality of service from
2016 to 2019. Only 16% of the water companies achieved good quality performance,
approximately 70% performed poorly and 14% experienced a moderate quality of service.
Be Water — Aguas de Ourém was amongst the utilities which performed poorly, during the
evaluation period.

The water company indicated that network renovation goals are established mainly through
a contract between themselves and the municipality, and after the end of the concession there
IS no motivational factor or return on investment in efforts to improve this indicator.
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3.1.3.10 Occurrence of faults in pipes (AA 10)

Performance criteria [no / (100km- year)] ; Poor : © - 60 | Moderate : 60 - 30 | Good : 30 - 0
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Figure 3.12 : Occurrence of faults in pipes — AA10

This indicator intends to assess the water companies’ infrastructure sustainability regarding
the reduced frequency of damage to the pipes. It is defined as the annual number of faults in
pipes per 100 km of the network. The results are obtained by the application of formula
(3.11).

AA10ab = dAA36ab/dAA15ab x 100 (3.11)

Where dAA15ab is the total length of pipeline (km); and dAA36ab are the faults in the
pipeline (no./year).

Figure 3.12 exemplifies the national average with a moderate quality of service with results
starting at 37 faults in 2014 and rising to 42 faults in 2017, and thereafter decreasing to 38
faults in both 2018 and 2019. The cluster average had similar performance to the national,
with the most unfavourable results also in 2017 at 45 faults.

Over the evaluation period, 45% of water companies within the cluster resulted in good
quality of service, 37% with a moderate quality, and 18% with poor quality of service.
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Be Water — Aguas de Ourém obtained moderate quality of service, with results varying
between 46 to 36 faults, and experiencing the most unfavourable results in 2017.

3.1.3.11 Adequacy of human resources (AA 11)
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Figure 3.13 : Adequacy of human resources — AA1l

The aim of this indicator is to assess management sustainability in terms of human resources
productivity. It is defined as the equivalent annual number of full-time employees assigned
to the water supply service per 1000 service connections. The results are obtained by the

application of formula (3.12).
AA11b = (dAA09b + dAA10b)/dAA18b x 1000 (3.12)

Where dAA09b is the Personnel involved in the water supply service (no.); dAA10b are the
outsourced personnel working in the water supply service (no.); and dAA18b are the
connection extensions (no.).
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Figure 3.13 exemplifies the national average with a good quality of service having results
varying between 2.3 and 2.2 equivalent people throughout the evaluation period. The cluster
average also obtained good quality, with varying results between 2.4 and 2.6 equivalent
people. The performance of Be Water — Aguas de Ourém was progressive from a moderate
quality of service in 2014 — 2016 to a good quality of service from 2017 — 20109.

3.1.3.12 Water losses (AA 12)

Performance criteria [/ (service connection - day)] ; Poor : o= - 150 | Moderate : 150 - 100 | Good :
100-0

CM de Arruda dos Vinhos nempvsessssspocmms 452 535 e 447
CM de LouSS s o ) O/ 352 282  ENUSEENTATH
CM de Sesimbra Sz EEE——C0m— 340 259 W33
CM de Marinha Grande mEEpgoEEEEEDSEENIN]0 223 EEUESENIE4W
CM de Alcochete mvomNISERIN27T 232 EEUSSEENN]Z9MN
SM de Nazaré IE7SEEENIGZEENIOTNN148" ENISSENNNIoN
SMAS de Vila Franca de Xira pscmmmspsgmm3m:169" ESEmuGsm
SMAS de Montijo |2 ICEEENDPSENNNI?29NN"138  NeuNSsl
CM de Palmela mussmmpaommgsem 173 SUSENIASE
SMAS de Peniche crmsrsmmmmy7pms 140" NI2EENN70m
CLUSTER AVERAGE** 14511371 154 T 143 T 12811351
SMAS de Caldas da Rainha mISuEsISEEmZEm"176" EISUENITEI
Aguas de Coimbra  mmssIszemIsom 141 EySSEmIS2S
NATIONAL AVERAGE* 25T 12RII37 126 (12611271
SMAS de Leiria m2ump7mios: 111 NOZNEE

CM de Guarda s ——
SMAS de Viseu mmmm —
Aguas da Regido de Aveiro ———
SM de Abrantes I—E—————
SMAS de Torres Vedras —
[Aguas de Ourém] —T—T—T—T—T
Aguas de Alenquer  mmmm ——

SMAS de Mafra =
SMAS de Tomar mm m=
Aguas da Figueira s m—
SM de Castelo Branco mmm s

0 500 1000 1500 2000 2500

m 2019 w2018 2017 2016 m 2015 m 2014

Figure 3.14 : Water losses — AA12

This indicator intends to assess the efficiency in the use of environmental resources
regarding water losses. It is defined as the daily volume of real losses per service connection.
The results are obtained by the application of formula (3.13).

AA12b = (dAA55h/dAA18b) x (1000/365) (3.13)

Where dAA18b are the service connections (no.); and dAA55b are the actual water losses
(m3/year).

Figure 3.14 exemplifies a moderate quality of service from the national average, with
varying results from 125 to 137 litters per service connection per day. The cluster average
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also experienced a moderate quality of service throughout the evaluation period, excluding
the year 2017 whereby the performance was recorded as 157 litters per service connection
per day (poor quality).

Majority of the water companies experienced their most unfavourable performance in the
year 2017, although this was not the case with Be Water — Aguas de Ourém. It achieved a
good quality of service with results varying between 62 and 91 litters per service connection
per day, which reflects a good quality of service.

3.1.3.13 Energy efficiency of pumping installations (AA 13)
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Figure 3.15 : Energy efficiency of pumping installations — AA13

The aim of this indicator is to assess environmental sustainability in the appropriate use of
energy resources. It is defined as the normalized average energy consumption of pumping
installations. The results are obtained by the application of formula (3.14).

AA13ab = dAA6lab/dAA62ab (3.14)
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Where dAA61ab is the

energy consumption for pumping (kWh/year); and dAA62ab is the

smoothing factor (m3/year « 100m).

The results for the quality of service are based on the energy efficiency criteria in Table 3.2.

Table 3.2 : Energy Efficiency criteria

Quality of service description Avg. Energy Efficiency [%] Performance Indicator [kWh / (m3-100 m)]
Good 100-68 % 0.27-0.40
Moderate 68 —50 % 0.40-0.54
Poor Below 50 % 0.54 -5.00

Figure 3.15 exemplifies

the national average with a moderate quality of service, however the

cluster average displayed results of poor quality of service ranging between 0.6 — 0.81
equivalent energy efficiency, over the evaluation period. Even though close to 60% of the
water companies have displayed poor quality of service, Be Water — Aguas de Ourém has
achieved a moderate quality of service.

3.1.3.14 Proper handling of treatment sludge (AA 14)
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Figure 3.16 : Proper handling of treatment sludge — AA14
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This indicator aims to assess environmental sustainability regarding efficiency in preventing
pollution during the handling of sludge produced during water treatment as it is a potential
contaminate to natural resources.

It is defined as the percentage of sludge from the water treatment, delivered to a licenced
operator. The results are obtained by the application of formula (3.15).

AAl4ab = [(dAA65ab x 0.18)+(dAA67ab x 0.60)]
[(dAA66ab x 0.18 )+ (dAA68ab X 0.60)]

x 100 (3.15)

Where dAA65ab is the dehydrated sludge delivered to licensed operator (t/year); dAA66ab
is the dehydrated sludge drained from treatment facilities (t/year); dAA67ab is the dry
sludge delivered to licensed operators (t/year); and dAA68ab is the dry sludge drained from
treatment facilities (t/year).

Figure 3.16 exemplifies the national average with a moderate quality of service, over the
evaluation period with results varying between 99 - 95%. However, the cluster average is
indeterminable, due to a limited set of data. Only 3 out of the 24 water companies within this
cluster produced results; this may be due to water companies either not providing
information to the regulator or not having a sludge producing water treatment station.

Be Water - Aguas de Ourém does not have a sludge producing treatment station.
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3.1.3.15 Summary of the performance indicators from Be Water — Aguas de
Ourém.

The overview of the performance indicators from Be Water - Aguas de Ourém is presented
in Figure 3.17; whereby the aim is to (1) benchmark Be Water - Aguas de Ourém in reference
to the performance of the whole cluster, and (2) asses the cluster performance in individual
Pls.

To qualify for consideration in this evaluation, individual water companies must have
produced performance results throughout the 6-year evaluation period, within each
performance indicator.

Poor Moderate [ Good Be Water - Aguas de Ourém
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25N
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Figure 3.17 : Performance and Benchmarking for Be Water — Aguas de Ourém

The performance indicators from Be Water — Aguas de Ourém predominantly produced
good or moderate quality of service, with only 3 performance indicators resulting in poor
quality of service.

Be Water — Aguas de Ourém’s best performance was recorded under Safe water (AA 04),
Response to complaints and suggestions (AA 05) as well as water losses (AA 12). These
were followed by adequacy of human resources (AA 11), spending coverage (AA 06), and
physical accessibility of the service (AA 01).

The worst performing indicators were Occurrence of water supply failures (AA 03); which
had results that were approximately 3 times unsuitable compared to other water companies.
It was followed by Service subscription (AA 07) and Network rehabilitation (AA 09). Be
Water — Aguas de Ourém indicated that PI’s such as network rehabilitation depend on
contract between themselves and the municipality, and after the end of the concession there
IS no motivational factor or return on investment in efforts to improve this indicator.
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However, it is essential to assess the interdependency of some of the performance indicators
to understand the dynamics and influences they have on each other, and moreover on the
functioning and operation of the water company. Figure 3.18 illustrates the relations and
performance of the identified indicators from Be Water — Aguas de Ourém.

AA 03 - Occurrence of water supply failures

AA 10 - Occurrence of faults in pipes

AA 09 - Network Rehabilitation
AA 12 - Water Losses

AA 08 - Non-revenue water

AA 01 - Physical accessibility of the service \
AA 07 - Service subscription

Figure 3.18 : Interdependent performance indicators from Be Water — Aguas de Ourém

The occurrence of faults in pipes (AA 10), directly affects the occurrence of water supply
failures (AA 03) and the Network rehabilitation (AA 09). These indicators are all related to
the integrity and sustainability of the infrastructure.

Theoretically, it can be presumed that the efforts applied in the rehabilitation of the network
will result in the reduced occurrence of faults in the pipes as well as the occurrence of water
supply failures. Furthermore, Figure 3.18 illustrates that the decision to rehabilitate the
network would not be influenced by water losses (AA 12), as this performance indicator
achieved a good quality of service.

Concerning Non-revenue water (AA 08), it can also be assumed that this indictor is more
likely to be influenced by Apparent losses and unbilled authorised consumption rather that
Water losses (AA 12).

The poor quality of service from the performance indicator service subscription (AA 07) is
less likely to be influence by the physical accessibility of the service (AA 01), as it achieved
a good quality of service. The results may be influenced by the nature of the environment
(moderately urban area), whereby some of the residence may be utilizing independent
ground water extraction systems.
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3.1.3. Procedure used by Be Water — Aguas de Ourém to obtain the
performance indicators

According to Mr. Nuno Martinho, a representative from Be Water — Aguas de Ourém, the
information related to the functioning, operation, and maintenance of the system is collected,
analysed, and presented on a monthly basis to all relevant stakeholders within the company.
Much emphasis and attention is given to the quality and reliability of the information, this is
done to reproduce a true reflection of the entire operation.

Annually the Portuguese Water and Waste Services Regulation Authority (ERSAR),
evaluates the quality of water supply service provided to users, and the initial procedure is
to request data to be provided by the water companies. This is done through a standardised
reporting template, issued to all water companies to be populated and submitted within a
specified period.

Figures 3.20 to 3.36 exemplifies the different areas and elements required by ERSAR, to
evaluate the quality of service through assessment and the implementation of performance
indicators.

Be Water - Aguas de Ourém indicated that due to the structure and comprehensiveness of
their internal monthly reports, completing the template is relatively straightforward. Mr.
Martinho elaborated further “it’s not about the company itself, but it’s about the information
it gathers, what it means, the influencing factors, and the interlinking of the different
elements and how they influence each other”.

Figure 3.19 is a summary from the internal monthly report from Be Water — Aguas de
Ourém, illustrating the volume of water introduced to the system.
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Figure 3.19 : Summary from Be Water — Aguas de Ourém’s monthly report on water volume introduced to the system
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3.1.3.1. Human Resources from Water Company

To guarantee a high quality of service, and efficiently functional work environment, the
employed number of people in specified working areas, with clearly defined activities is
fundamental. Thus, Table 3.3 outlines the data extracted from Figure 3.20 and 3.21, in
relation to In-house or Outsourced Human Resources.

This information can be used to substantiate the retention of employees, assess performance
management for training & development opportunities, review payroll and financial
incentives, and generate a credibility rating for the water company. Furthermore, the
planning of health & safety services can use this data to safeguard the interests of both the
organization and the employees.

Table 3.3 : In-house and Outsourced Human resources

Fig.  Description Unit Section Required data
Employee identification, functional area,
percentage of water supply allocation,

3.20 Staff assessing water supply service Nr. i percentage of sanitation allocation, Nr. of
months in service and full-time equivalent
workers.

Employee identification, functional are,
Outsourced personnel to the water outsourcing activity, methodology, Nr. of
3.21  supply company Nr. ii workers, Nr. of hours / percentage (%), service

provider and, description of the allocation
methodology.

tengio:
Pessoal afeto 80 servigo de abastecimento de dgua (n.9)

Percentagem de afetacdo a
abastecimento de dgua (W)

Percentagem de afetagdo a
saneamento (%)

Descrigio da metodologia de atetagio

Figure 3.20 : Human Resources

Atengao. pes 08 Campos abaIX0 que se encontram a branco
Passoal em outsourcing afeto a0 servico de abastecimento de dgua (n.9)

@AA10B | Selecione o valor

Viabiidade dAA10b Nimero de horas semansis de trabalho na 0

Exatiddo dAA1Ob Seledone o valor

Atengdo: Preencha apenas os campos a branco do quadro abaixo

Pessoal afeto estimado

Atividade em outsourcing Metodologla e

Descrigho da metodologla de afetagho

Figure 3.21 : Outsourced Human Resources
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3.1.3.2. Accommodation with effective and non-effective services

Information pertaining to accommodations with effective & non-effective service is prudent
in identifying the number of users dependent on the services from the water supply company.
This data provides a “picture’ of the total accommodations within the vicinity and creates an
opportunity to investigate sources of water used by accommodations with non-effective
services.

Furthermore, this data is fundamental when planning and assessing the demand on the
network, establishing the boundaries for asset management infrastructure systems, and
identifying unauthorised water consumption. Table 3.4 and Figure 3.22 exemplify the data
required, which is also used as an input in the calculation of the national performance
indicators ‘Physical accessibility of the service (AAO1), and Service subscription (AA07)’.

The number of connecting extensions is used to quantify the performance indicators
concerned with ‘Adequacy of human resources (AA11l), Occurrence of supply failures
(AAO03), and Water losses (AA12)’.

Table 3.4 : Accommodation with effective & non-effective services

Fig.  Description Unit Section Required data

Accommodation with effective

service Name of the municipality and subsystem, total
322 Accommodation with non-effective NF. i nr. of accommodations with effect and non-

effective services on the 315t December of the
year in reference, and the Nr. of extensions.

service

Connecting extensions

AAAIZL | Selecicns r >
Fiabilidade dAATZD
Exatifio dAATZE foscotur.s axatiodiy

Ramais de ligagio (n.%)
Py E————
Fabilidads dAATGD

Exalido dAATRD prp—

Flabitigade 00 dago SARLID

atorios mm Falhascavalas | Vol

[GRISTEIET] Alojamentos e Ramais Caplagoes

Figure 3.22 : Accommaodation and connecting extensions
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3.1.3.3.  Water Supply Distribution Network

By retaining information such as the year in which the network was constructed and the
different timeframes when segments of the pipeline were rehabilitated, the rate of restoration
can be calculated. As a result, financial planning, fundraising, and scheduled prioritization
is justified. This information is also significant for the operations and maintenance
department, enabling anticipated failures, having further insight on pressure limits and
quality precautions outside the scope of software and simulations.

For optimum functionality, the network layout, pipe material, fittings and relationship
between pressure and flow require expert co-ordination, testing, and approval of hydraulic
simulations, including water quality assessments. When isolated from the entire water supply
system; the distribution network accounts for majority of water losses, thus routine
maintenance, pressure, and asset management are a must. Table 3.5, extracted from Figure
3.23 exemplifies the required data.

Table 3.5 : Water Supply Distribution Network

Fig.  Description Unit Section Required data
Total length of duct Name of the municipality and subsystem, total
length of pipeline, the year of network
Average length of duct km construction, material, diameter, technical
3.23 Rehabilitated pipelines in the last 5 v service life (years), remaining service life,
years current network value, length of ducts less and
Current network value more than 10 years, company responsible for
€ rehabilitation and registration Nr. of the
Replacement cost intervention.

Compimente [r—
e o| Fiabaidate 40 | wsponsbuet | W 4o rogh o
dado dAAL pela ol da interven

o RH - Pessoal || RH - Outsourcing [ Alojamentos e Ramais [[CIMECH Caplacdes Reservatorios m

Figure 3.23 : Water Supply Distribution Network
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3.1.3.4. Water Catchment

Quantifying, allocating and scaling catchment features correctly enables the efficient use of
the resource and protects the environment, resulting in healthy aquatic ecosystems. The data
required in Table 3.6, extracted from Figure 3.24; creates a status quo, allowing for better
catchment management and input for simulations (e.g., the performance of the catchment
after excessive precipitation).

There are several factors that affect water catchment areas (more significantly in
aboveground water resources) including, biological, geological, water quality, hydrology &
hydraulics and, other barriers.

Furthermore, data on energy requirements, consumption, and own production, assist in
indicating the appropriate use of energy resources and determine the average energy
consumption for pumping installations.

Table 3.6 : Water captured from resource

Fig. Description Unit Section Required data
Groundwater catchment nr. Name of the municipality and subsystem, the
Nr. designation of the catchment and type of

Surface water catchment nr.

W i r capture, the issued date for the use of the
ater captured in licensed captures m3/ V. water resource, the maximum annual volume
year defined in the title of use (m3), the date of
Captured water expiry of the title and the volume of water
captured (m3).
3.24 . . kWh /
Energy consumptions for pumping car
\r/n3/ Pump manometric height (m), uniformity factor
Uniformity factor year o (m3/ year ¥100m), energy consumption and
100m vi. pumping energy consumption (kWh / year),
efficiency test and own energy production (kWh
Own energy production Jyear)
- kwWh/ ’
Energy consumption year

mm Falhas e avd

umo | Outras £G | RH - Pessoal | RH - Outsourcing | Alojamentos e Ramais | Condutas [REStitaell E1A | EE | Reservatonos

Figure 3.24 : Water captured from resource
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3.1.3.5. Water Treatment Station

The integrity of a water treatment facility is dependent on the 4 distinct areas and data require
in Table 3.7, extrapolated from Figure 3.25, which identifies the following: The type of
installation & processes, the total capacity & operations requirement, energy consumptions,
and the disposal & quantity of the sludge.

In the process of producing quality potable water (relative to the resource), operation
efficiency and environmental sustainability remain equally paramount. The water treatment
at Be Water — Aguas de Ourém includes operations of pH regulation, with sodium hydroxide
and disinfection using sodium hypochlorite.

Table 3.7 : Water treatment station

Fig. Description Unit Section Required data

Water treatment Station The name of the municipality and subsystem,
the type of installation, the installation
identification, the coordinates, and the
Filling stations treatment line (liquid phase).

Other treatment facilities Nr. vii.

Overuse of treatment stations

The total capacity of the treatment station (m3),
Underuse of treatment stations - vii the over-use and under use of the treatment
Proper use of treatment stations ' station (m?), and the proper use of the
treatment station.

Total capacity of treatment station

3.25 ; kWh .
Energy consumption / . The energy consumption and own energy
year ix. .
Own energy production production.
Dehydrated sludge delivered to The destination of the treatment plant filters
licensed operator washing water, treatment line (solid phase),

Dehydrated sludge drained from dehydrated sludge delivered to licensed

treatment facilities t/ operator (t/ year), dry sludge delivered to

- - year X. ) .
Dry sludge delivered to licensed licensed operator ( t/ year), dry sludge drained
operator from treatment facilities ( t / year ), final
Dried sludge drained from destination ,Operator identification, License
treatment facilities number, tons allowed in license (t)

Figure 3.25 :Water Treatment Station
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3.1.3.6. Lifting Station & Reservoir

The areas of importance with Lifting Stations and Reservoirs are energy consumption (kWh)
and reservoir capacity (m®). Table 3.8 exemplify the data extracted from Figure 3.26 and
3.27 respectively and required by ERSAR.

Table 3.8 : Lifting station & Reservoir

Fig. Description Unit Section Required data
Lift stations Nr.
Name of the municipality and subsystem, the
. ) kWh / . L R . .
Energy consumption for pumping lift station identification and installed capacity
year (m3/h), High annual volume (m3), manometric
3.6 ) ) m3/ i height (m), uniformity factor (m3 / year
: Uniformity factor year e ’ 100m), Energy consumption (kWh /year),
100m energy consumed for pumping (kWh /year),
Own energy production kWh / lifting installation efficiency test, own energy
year production (kWh /year).
Energy consumption
Reservoirs Nr. T
. . i The name of the municipality and subsystem,
Water reserve c.apéuty.ln adduction m3 . the reservoir and capacity (m3).
and distribution
3.27 e . Wh
nergy consumption year/ iii The energy consumption (kWh / year), and own

energy production (kWh /year).

Own energy production

Jll

Figure 3.26 :Lifting Station
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Exatidlo dAA2sb NA. ! p.::‘:,z Preencher pela £G na folha Resumo.
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dAA63b

Reservatério

Municipio Freguesia Subsistema

(dAA25b)

(dAA26b) (parte de dAAGAD) (parte de dAAG3L

Xili.

Figure 3.27 : Reservoirs
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Furthermore, water levels in both water source & reservoir, pressure and flow are other
crucial elements to regularly monitor the operation of a water supply system. Figure 3.28
illustrates a ‘mimic diagram’ of the installation features from Be Water — Aguas de Ourém.

IS— —

78.89 m3
4585 _130m3
milm Wiax

0.00 m3/h

nal GSM:
&) 20/08/2021 08:12:08 m

Figure 3.28 : Operational system used at Be Water — Aguas de Ourém

The detailed information of all the components produced in ‘real time’, provides an
opportunity to make undoubtably accurate decisions and address technical challenges as
soon as they occur. These operations and management systems are the solution to improving
the quality of service and efficiency in water supply systems.

3.1.3.7. Infrastructure Knowledge Index

Maximum effectiveness and efficiency are only guaranteed when all the water supply
structural features from initial resource to the final product consumed by users work in
tandem. The data required in Table 3.9, extracted from Figure 3.29 intends to ensure that all
the different structural components are compatible.

The full specifications, operational conditions, and state of conservation of the existing plant,
ducts & connecting extensions, measuring equipment, interventions, and the interconnection
between GIS and both customer & operational management systems is the principal
information required for the Infrastructure Knowledge Index.
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Table 3.9 : Infrastructure Knowledge Index

Fig.  Description Unit Section Required data
Name of the subsystem and length of the duct
within the subsystem (under all descriptions),
the use of trace mapping or orthophoto
cartography, up-to-date information on the
Existence of infrastructure plant N/A Xiv. location of capture points, water treatment
facilities and filling stations, reservoirs, and
lifting facilities. (All this information on paper,
computer media, GIS and updated for at least
2-5 years).
Recorde.d mformat_lon on ducts and N/A " Table 3.5
connection extensions
Water treatment facility — Table 3.7
Reservoirs — Table 3.8, nr. of cells, and slum &
water inlet dimensions
Recorded information on other N/A i
infrastructure ’ Lifting installations — Table 3.8, pump shaft
dimensions.
The Year / decade of installation and equipment
3.29 renovations for all featured infrastructure.
. . . Location, and description for monitoring
Recorded information on measuring . .
equipment N/A Xvii. eqmpment (flow meters, pressure, or water
quality analysers).
. . . The state of conservation of the catchment,
Registered information on the state e e s
of conservation of infrastructure N/A xviii. treatme‘nt facilities, lifting facilities, and
reservoirs
Network & extension interventions, including
location of the component, date of
. . . intervention, justification, and description
Registered information on . .
. . . . N/A Xix (repair, renewal, etc.)
interventions in the public network
History of interventions & replaced
components.
Existence of direct and automatic
interconnection between GIS & customer
Interconnection between GIS and management information systems, and GIS &
other EG information systems and N/A XX operations and management

recording of risk factors

Critical components and major risk factors for
failure to be recorded.

_-”FE apBBetE

poopo ool oooED)

XVil.

Figure 3.29 :Infrastructure Knowledge Index
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3.1.3.8. Flow Measurement Index

The data required from infrastructure measuring equipment is indicated in Table 3.10, which
is extracted from Figure 3.30. Accuracy and calibration are additional elements that can be
addressed.

Table 3.10 :Flow Measurement Index

Fig. Description Unit  Section Required data
The designation of the catchment, annual
Measurement in water catchment N/A XXi. volume of water captured (m3), and the
existence of a measuring point in the capture.
Measurements at Water Treatment N/A il The designation of the treatment station, the
stations annual volume treated (m3), the existence of
Measurements in other water N/A xili measuring point at input & exit, and whether it
treatment facilities ’ is an entry point into the system.

The designation of the reservoir, the total
volume of water in/out of the reservoirs (m3),

Measurements in reservoirs N/A XXiv. the existence of a measuring point at the input
or output, and whether it is an entry point into
the system.

The designation of the lifting station, the high
annual volume (m3), the existence of high flow
measurement, and whether it is an entry point
into the system.
The designation of the control zone, the length
3.30 Measurements in control zones or N/A Vi of the subsyste.m (km), the existence of
subsystems measurement in the control zones or
subsystems.
The subsystem, the total volume of
consumption billed to home users and non-
home users (m3/year), volumes billed to
domestic users and non-domestic users subject
to measurement (m3/year), Total volume of
Measurements for billing purposes unbilled authorized consumption (m3/year),
and other water outlets in the N/A XXVii. unbilled authorized consumption subject to
system measurement (m3/year) , total volume of
treated water exported ( m3/year) ,volume of
treated water exported subject to
measurement (m3/year), the existence of a
metrological control procedure applicable to all
flow meters.
The infrastructure, Annual volume of water
N/A XXiii. measured (m3), and the total annual water
volume (m3).

Measurements at lifting stations N/A XXV.

Measurements at water entry
points in the system

Figure 3.30 : Flow Measurement Index
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3.1.3.9. Failures and Breakdowns

The data required in Table 3.11, extracted from Figure 3.31 is extremely essential as any
intervention in the water infrastructure may affect customers and their water related activities
including industrial, manufacturing, and corporate designated areas. Understanding the
nature of the intervention and the amount of time allocated to reinstate the operation of the
water supply network is imperative.

In Be Water — Aguas de Ourém the accuracy in reporting, reliability and quality of data
related to failures and breakdowns is prioritized for transparency. The age of the water
supply network is the biggest contributing factor, Figure 3.32 illustrates the network
characteristics in one of the subsystems.

Table 3.11 :Failures and Breakdowns

Fig.  Description Unit Section Required data
The name of the municipality and subsystem,
Supply failures the type and date of occurrence, the duration
Nr. . of the failures (hours), whether it was planned
/year . and if a notice was given, the reason for the
Duct breakdowns occurrence and the company responsible for

the repairs.

331

Figure 3.31 :Failures and Breakdowns
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Figure 3.32 : Network Characteristics including age from one subsystem in Be Water — Aguas de Ourém
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3.1.3.10. Water Volumes

The data required in Table 3.12 and 3.13, extracted from Figure 3.33 consists of water
administration and characterisation on a primary and secondary scale. Once ascertained and
collaborated, the information can produce the water balance (see Figure 3.34).

Table 3.12 : Water volumes |

Fig. Description Unit Section Required data
Water entering the system
Imported treated water The name of the municipality and subsystem,
.y the designation of the water entry and exit
N/A  Imported raw water year N/A point in the system, annual volume of raw

Exported raw water

Treated water exported

water and treated water imported or exported
(m3).

Table 3.13 : Water volumes Il

Fig. Description Unit Section Required data
Authorised consumption
Measured invoiced consumption m3/ The name of the municipality and subsystem,
Unmeasured invoiced consumption . the type of client, methodology, billed water
— year XXXi.
Domestic billed water volume (m3), Nr. of annual volume
Non-domestic billed water measurement taken.
Billed water
3.33 Unbilled water m3/ The name of the municipality and subsystem,
) Unbilled Measured consumption year XXXii. the customer designation, methodology,
Unbilled Unmeasured consumption volume of unbilled water (m3 /year).
m3
Unauthorised use / XXXiii. L
year The name of the municipality and subsystem,
3 3
Loss by measured error m3/ ‘ the volume (m3), and methodology.
year XXXiV.

Actual losses

XXXil.

—
AGUA NAQ FATURADA

XXXill.

R

eservatorios | VI | Falhas e avarias

olumes de agua [INEITACTER IR Balanco

Figure 3.33 : Water Volumes Il
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Arenpdo: Freencha agenas a5 campas abdivs que s eacaniram 3 Sranca l
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Figure 3.34 :Water Balance
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3.1.3.11. Complaints and Responses

Communication between the utility and users establishes a base for change and
improvement, hence the data required in Table 3.14, extracted from Figure 3.35 is
significant. Complaints can be associated with Billing, Supply Interruptions, Poor Service
Delivery, Water quality, Claims or Services. Be Water — Aguas de Ourém registered 2
suggestions and 110 complains in 2019, of which 2.73% were considered to be well founded.

Table 3.14 : Complaints and Responses

Fig. Description Unit Section Required data
The registration number of the complaint
/suggestion, means of communication, subject,
Nr. .
3.35 R lai 4 Vear XXXV. date of entry, response date, deadline for reply
esponse to complaints an (working days), and response type

suggestions (intermediate /end).

Complaints and suggestions

Areng o Preencka apenas os campas 3baia que 52 SAconiram 3 branca
Reclamagdes e sugestes [n."lanol

3
Fiabilidade dAAG3b fescalts o Asbitaa
Exatidio dAAGIb foscalhe o exatidin)

Resposta areclamagdes e sugestdes [n."lanc)

dAATOB | Telecions a valor

Fiabilidade dAATOb 7 feroolte 2 fabiNdade}
Exatidic dAATOb feseoihe s exaeiaief

Ana Novo 202010001
Sexta Feira Santa 202010410
Pascoa 20200104112
Dia da Liberdade 2020104425
Dia do Trabalhador 2020005/01
Dia de Portugal 202010610
Corpo de Deus 202010611
Assungio Nossa Sr=. 202010815

5o da Republi 2020H0M05
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Figure 3.35 :Complaints and Responses

64



Benchmarking and performance indicators in Portugal: A case study of a water supply company

3.1.3.12. Certification and Planning

Attaining certification with regulators and associated institutions improves the organisations
prestige and image, increases confidence of workers & customers, and fosters a culture of
continuous improvements.

Cooperation and collaboration with requests for information from the Municipality of
Ourém, the health authority, APA, INE, ERSAR and other entities were attended to by Be
Water — Aguas de Ourém; including an audit according to the NP EN 1SO 9001:2015, NP
EN 1SO 14001:2015, and OHSAS18001:2007/NP4397:2008. This took place in May 2019

prioritizing integrated management (environment, quality, and security) by APCER (Be
Water - Aguas de Ourém, 2019).

Table 3.15, extracted from Figure 3.36 exemplifies the required data in this regard.

Table 3.15 : Certification and Planning

Fig.  Description Unit Section Required data
Certification of environmental
management systems
Certification of quality management

systems The certification identification, certifying body,
Certification of safety and health N/A XXXVi. date of issue, expiration date, and the scope of
management systems at work certification.

3.36 Energy certification

Asset management certification

Other certifications

Contingency plan

Energy efficiency plan N/A XXXVil.
Water Safety plan

The plan, date of preparation, percentage of
accommodation covered, and the scope.
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Figure 3.36 :Certification and Planning
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4.Conclusion

Population growth and urbanisation have placed tremendous pressure on several services
and natural processes, particularly the urban water cycle and urban water supply services.
Industrialised countries such as Portugal in particular seem better equipped to continuously
adjust and restructure water policies and processes to accommodate the changing
environment. This is due to well-developed institutions, sector structures, infrastructure, and

a rigorous regulator.

Economically developing countries such as South Africa, which were previously plagued
with oppression and inequality are still relentlessly trying to restore balance in institutions,
policy, and infrastructure, hence to some degree unable to deal with the pressures of

population growth and urbanisation in water services and infrastructure.

Even though encountering different challenges, both countries share a common goal, to
consistently improve the quality, availability, efficiency, and affordability of water and water
supply services. The presence of performance measuring systems is among the tools used to

improve the quality of service in water companies.

In this work, we assessed the application of benchmarking using the 14 Portuguese regulated
Pls to determine the quality of service in water companies. The performance of 24 water
companies located within the same region and possessing similar characteristics were
evaluated over a period of 6 years. The goal was to (1) compute the 14 Pls for each water
company and determine the quality of service, (2) benchmark the results from Be Water —
Aguas de Ourém with the national and cluster averages, and (3) identify Be Water — Aguas

de Ourém’s position relative to the other water companies within each P1.

Furthermore, an in-depth analysis on the data required from water companies annually by

the Portuguese water regulator was examined and its significance discussed.

The advantage and effectiveness of benchmarking and the use of regulated Pls was evident
in this work. Through the Pls a status quo was established; whereby Be Water — Aguas de
Ourém only performed poorly in 3 out of 14 Pls and the 6-year evaluation period was

beneficial for assessing performance trends.
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The best performing Pls from Be Water — Aguas de Ourém’s were Safe water (AA 04),
Response to complaints and suggestions (AA 05), and water losses (AA 12). While the poor
quality of service was identified under Pls; Occurrence of water supply failures (AA 03),
Service subscription (AA 07), and Network rehabilitation (AA 09).

In conjunction to these results Be Water — Aguas de Ourém is able to isolate these Pls, assess
them in depth individually and also examine their interdependency to understand their

dynamics and influences.

Nationally, the Pls that experienced the biggest changes over the 6-year evaluation period
were Actual Water Losses (AA 12) which increased by 62.3% between 2014 - 2017 and
gradually reduced thereafter, Pipeline Rehabilitation (AA 09) which increased by 46%
between 2014 — 2017 and slightly decreasing thereafter, and lastly the occurrence of water
supply failure (AA 03) which was reduced by 25% between 2017 -2019.

It is indisputable that the presence of well-structured and regulated performance measuring
systems such as benchmarking, and Pls improve the efficiency and effectiveness of water
companies. These methods secure continuous advancements in the quality of service and
offer water companies an opportunity to identify the ‘best practice’ and evaluate the
characteristics, systems, and technologies used to promote operation and management
productivity.

The recommendation for future work is to investigate and propose a restructured and well-
developed set of performance indicators to be used as the central regulatory performance
measurement system in South Africa; inspired by the quality of water supply service
evaluation methodology from the Portuguese Water and Waste Services Regulation
Authority (ERSAR).
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