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Abstract

This study explores how the Balanced Scorecard (BSC) can enhance strategic management practices
aimed at minimizing treated water losses in a municipal water utility. Although operational efficiency
has shown improvement, unbilled treated water remained notably high in 2020, exceeding 17%
during distribution. This ongoing inefficiency underscores the importance of systematic, theory-
informed approaches for sustainable performance enhancement. A mixed-methods design was
employed, combining qualitative insights with quantitative data derived from financial statements and
managerial forecasting tools. These inputs were synthesized into a strategic map aligned with the four
BSC perspectives, enabling the effective translation of strategy into measurable objectives. Findings
indicate that implementing the BSC strengthened organizational alignment, refined planning
processes, and enhanced performance assessment. The framework also clarified the connections
between financial outcomes and non-financial performance drivers. Particular attention was given to
the learning and growth perspective, highlighting the crucial role of employee engagement in
addressing inefficiencies. This focus supports improvements in internal processes, such as
technological modernization and infrastructure upgrades, which contribute to stronger customer
relationships and increased awareness of efficient water use. Overall, the study confirms the BSC as a
valuable tool for strategic governance and evidence-based decision-making in the water utility sector.
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Introduction

A Portuguese municipal company, /fguas e
Energias do Porto (AEP), posed the following
real challenge to academic researchers:
although the company has recorded several
positive management indicators in recent years
(until 2020), it has a percent-age of unbilled
treated water (in recent years) at the level of
supply to citizens of around 17% (Aguas e
Energia do Porto [AEP], 2020a, 2020b). This
corresponds to a good quality of service
according to the reference ranges of the
regulator (Entidade Reguladora dos Servigos de
Agua e Residuos [ERSAR], 2020). This result
corresponds to an annual volume of 3,697,156
m3 of water, which is equivalent to a daily
average of 10,129 m3.

This company has already been the subject of
various academic studies in the field of
management, including studies on the
operationalization, implementation, and use of a
Balanced Scorecard (BSC), considering the
vision and strategy (Costa, 2015), without the
specific objective of reducing the losses of water
purchased but not sold to customers (unbilled
water). Unbilled water is an efficiency indicator
for managing entities because it represents the
value of water that has been collected, treated,
transported, stored, and distributed but not
billed, and is made up of real losses, apparent
losses, and unbilled authorized consumption
(ERSAR, 2020). In this activity, upstream
systems are those made up of a set of
components upstream of the distribution
network that connect the water medium to the
downstream system. In turn, downstream
systems are made up of a set of components that
enable the water supply service to be provided
to consumers. Systems can be integrated when
the connection between the water environment
and the consumer is provided by the same
system.

The strategic indicators for monitoring the
quality of the service provided to customers are
based on three different subsystems (AEP,
2020a, 2020b; ERSAR, 2020): (1) indicators
relating to the quality of the water and service
perceived by customers; (2) indicators relating
to the sustainability of the company, namely
economic, financial, infrastructural, operational
and human capacity; and (3) environmental
sustainability  indicators relating to the

conservation of natural resources, in particular
water resources.

An economy driven by sustainability objectives
is based on the trust that companies and their
management control systems communicate to
stakeholders (Backes and Traverso, 2022; Lépez
et al,, 2025). The strategic goal that defines an
organization’s direction always takes into
accounts the organization’s mission (Santos,
2014). Given that resources are limited,
organizations manage resources according to
strategic objectives. In the strategy map, the
objectives are linked to the financial and non-
financial perspectives of the BSC through an
understanding of cause-and-effect relationships
(Leite et al, 2026a, 2026b). The indicators
(measures) assess the level of achievement of
the objectives, and it is useful to link them to
time-bound and quantified targets against which
action plans (initiatives) can be developed
(Kaplan and Norton, 1996). Although an
organization must always strive to achieve its
objectives, they must be realistic if they are to be
achieved (Santos, 2014).

The cause-effect relationships in the BSC define
a logical chain in which intangible assets are
converted into tangible value, always taking into
account efficiency, efficacy and effectiveness
(Santos, 2014; Silva et al.,, 2025). The strategy
map makes it possible to understand and
visualize these cause-effect relationships based
on the interactions between objectives (Kaplan
and Norton, 2004; Wilson et al., 2004). These
causal relationships make it easier to analyze
and correct certain aspects that have a negative
impact, or to change an objective or indicator
that is no longer as important to the
organization.

The BSC is a management control tool that
clarifies not only the organization’s strategy, but
also the factors that influence performance
(Piantoni et al., 2024; Silva et al., 2025]. The
strategy map also aims to improve the quality of
teamwork and communication (Kaplan and
Norton, 2004). Strategy maps (cause-and-effect
relationships), which include four different
perspectives - the financial perspective, the
customer perspective, the process perspective
and the learning and growth perspective - allow
managers to organize useful information
considering the vision and strategy (Kaplan and
Norton, 1996; Leite et al, 2026a, 2026b).
Effective water resource management needs to
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integrate sustainability into organizations’
management control systems, which means
recognizing its strategic relevance (Beusch et al,,
2022).

In general, the literature on sustainability in the
BSC distinguishes between the stages of design
and implementation on the one hand and use
and evolution on the other (Mio et al, 2022).
Sustainability is a strategic option that creates
business value and contributes to the
appropriate  use of natural resources
(Frostenson et al., 2022). Management control
systems guide strategic implementation by
influencing  organizational behavior and
ensuring that activities are controlled (Osma et
al, 2022). The need for continuous strategic
reorganization is the focus of public sector
managers (Bianchi and Montemaggiore, 2008).

As the main objective of public sector
organizations is not financial performance
(Fontes et al., 2022), the original BSC model can
indirectly translate sustainability aspects or be
adapted according to each specific situation
(Bobe et al, 2017). In the public sector, the
perspective of providing a service to citizens
may be more relevant than the financial
perspective. However, public companies also
need to be transparent in their management of
public resources and can wuse strategic
management tools typically used by private
companies to improve their performance
(Northcott and Taulapapa, 2012).

Stakeholders (government, community,
financiers, suppliers, others) are interested in
the non-financial information generated by
management control systems, particularly
information related to sustainability, but the
success of decisions will always depend on the
ability of managers to make the best strategic
choices (Krylov, 2025; Monteiro et al,2022).
The effective use of sustainability practices in
management control systems, strategically
integrating economic, social, and environmental
factors, can enhance business performance and
improve profitability indicators (Qiu et al,
2022).

Given the situation described in the previous
paragraphs, there are several opportunities for
improvement (AEP, 2020a, 2020b; ERSAR,
2020): (1) rehabilitation of pipes and collectors;
(2) strengthening of measures to prevent
flooding due to dam-age to pipes; (3) adequate
training of human resources; (4) prevention of
structural collapse of collectors; and (5) control

of emergency discharges. In response, the
company’s main strategy has focused on the
detection of breaks and malfunctions in the
water distribution network, through the daily
work of active damage control teams and rapid
intervention to repair the anomalies detected, as
well as the rebuilding of the network (AEP,
2020a, 2020Db).

The strategic management of companies -
public sector, private sector and social or
cooperative sector (Abrantes, 2019) - involves a
set of planning, monitoring, and control tools,
with a particular focus on useful and practical
performance evaluation tools, which make it
possible to solve management challenges.
Among other valid alternatives, the BSC has
become a useful tool for managers to make long-
term decisions by organizing financial and non-
financial information (Cheng et al., 2018; Cooper
etal, 2017; Kaplan and Norton, 1996).

In this context, the aim of this study was to
understand how and why to use the BSC as a
management tool for the challenge of reducing
the indicator of unbilled water in a public water
supply company. Given this challenge for
academic research, a case study was justified as
a research method, supported by the theoretical
framework of sustainability and the BSC, with
the aim of organizing information in order to
implement management alternatives as
appropriate to the challenge in question.

The study is divided into three parts. It begins
with a theoretical framework in the context of
BSC and sustainability, highlighting the concepts
inherent to water losses in municipal water
companies. Next, it presents the scientific
methodology chosen: a case study of the
municipal company AEP. Finally, the results
present four strategic objectives, one in each
perspective of the BSC, culminating in a strategic
map that translates the cause-effect
relationships between these objectives. As this
is also about the sustainable management of
water, it was justified to complement the
approach from a sustainability perspective.

Methodology

In line with the research question, the aim of
this study is to understand how and why BSC
can be used to reduce treated water losses in a
municipal water  distribution = company.
Therefore, a theoretical framework in the
context of sustainability (Beusch et al., 2022;
Frostenson et al., 2022; Monteiro et al., 2022)
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and BSC (Cheng et al.,, 2018; Cooper et al., 2017;
Kaplan and Norton, 1996; Piantoni et al., 2024)
is considered appropriate. The research method
chosen was the holistic single descriptive case
study because it is suitable for answering
questions such as how and why (Yin, 2018). This
holistic single case study method is widely used
in qualitative research that seeks analytical
interpretation in a concrete context rather than
generating statistical generalizations (Parker,
2012).

AEP was the municipal company chosen for this
academic research. The data were collected by
analyzing documents from the following
entities:

- Foresight Management Instruments 2021-
2023 (AEP, 2020a);

- Financial Report 2019 (AEP, 2020b); and

- Annual Report on Water and Waste Services in
Portugal 2019 (ERSAR, 2020).

The analysis of these documents played a
fundamental role in this work, as all the
proposed objectives considered the follow-up
work that AEP is doing to reduce un-billed
water, taking into account sustainability and
ongoing technological developments.

Results

This section of the findings begins with a brief
overview of the company that is the subject of
this study. It then proceeds to explain the four
perspectives of the BSC, followed by the final
strategy map showing the identified cause-and-
effect relationships.

Presentation of the Company

AEP is a Portuguese municipal company
founded in October 2006, whose share capital is
wholly owned by the municipality of Porto,
although it is legally, administratively, and

financially autonomous (AEP, 2020a, 2020b).
The company’s social objective is the integrated
and sustainable management of the entire urban
water cycle in the municipality of Porto, namely:
(i) water distribution, (ii) wastewater collection
and treatment, (iii) storm water drainage, (iv)
management of watercourses (rivers and urban
streams), (v) management of the seafront, and
(vi) energy management and promotion of
environmental education and sustainability.

With more than 158,000 customers, the vision
of this municipal company is to be “an
internationally recognized benchmark company
in the management of the urban water cycle”
(AEP, 2020a, 2020b). The company’s mission is
to ensure the complete and effective
management of the urban water cycle, creating
economic and social value, focusing on the
customer, developing good environmental
management practices and internal motivation
(AEP, 2020a, 2020b), taking into account its
values: (1st) Sense of Public Service, (2nd)
Fairness, (3rd) Sustainability, (4th)
Transparency, (5th) Trust, (6th) Innovation and
(7th) Excellence.

Due to the Covid-19 pandemic, sales and
services decreased by 6.4% in 2020 (AEP,
2020a). Compared to the previous year, there
was a 23.5% decrease in the volume of non-
household customers due to the suspension or
slowdown of trade. There was an increase of 4%
in the household sector due to closures,
teleworking, lay-off, and school closures. This
had a negative impact on the financial
perspective and, although it weighed on the
company’s accounts, the volume of investment
totaled 18.2 million euros.

Table 1 illustrates the level of water losses (in
m®) by comparing the volume of water
purchased from Aguas do Douro e Paiva
company (the water supplier) with the volume
of water sold and billed to end users in 2019
and 2020.

Table 1: Average rate of unbilled water loss

Description 2019 2020
Volume of water sold 18 049 075 m3 16 683 637 m®
(billed)

Volume of water purchased

21746 231 m?

20118 457 m?

Average rate of water loss

17% 17,01%

Source: Authors’ own elaboration based on AEP (2020a, 2020b)
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The persistence of the average level of losses in
recent years, which has always been higher than
17%, makes the target of reducing this average
to 15% realistic and even ambitious. With the
aim of reducing unbilled water, this municipal
company has created a program with a series of
internal strategies and targets for 2019 to 2021,
with the main objective of achieving an overall
figure of 15% for this index by the end of 2022
(AEP, 2020a, 2020Db).

In order to achieve this target of 15% in the
average rate of (unbilled) water losses, the
company’s action program was based on the
following pillars (AEP, 2020a, 2020b): (1)
Reinforcement of teams specialized in the active
and rapid detection of leaks and faults using
acoustic loggers and reduction of the time taken
to carry out these interventions; (2) Renovation
and replacement of equipment (pipes, pressure
valves, meters, calipers); (3) Optimization of
consumption calculation models; (4) Execution
of contracts for the replacement of the supply
network and definition of 70 new water
pressure  measuring points; and  (5)
Reinforcement of operations to check zero and
high consumption meters.

It was in this context that the assessment of
financial and non-financial performance through
a strategic management tool such as the BSC,

enhanced by the implementation of a new
business intelligence system in the company,
was called into question. Thus, in 2020, the main
activities carried out by the company were
aimed at the following (AEP, 2020a, 2020b):
(1st) Reviewing performance indicators and
redefining targets; (2nd) Monitoring the
company’s monthly performance by evaluating
management indicators, analyzing results, and
producing  management  reports; (3rd)
Automating data collection to calculate
indicators; and (4th) Creating new daily
indicators to monitor performance.

Financial Perspective

In 2019, an investment of 3.9 million euros was
made, covering the replacement of 27
kilometers of pipelines, 1,913 house connections
and 190 hydrants (AEP, 2020a, 2020b). With a
view to improving the sustainability of the
infrastructure and reducing unbilled water, the
company awarded two new contracts for the
replacement of pipe-lines during the period in
question, for a value of approximately 1.5
million euros. It also launched a program to
reduce unbilled water, including a set of internal
strategies with targets for the period 2019 to
2021, with the aim of reducing these losses to
15% by the end of 2022. Table 2 summarizes
the objective, indicator, target, and initiative.

Table 2: Financial perspective for the municipal company AEP

Objective Indicator Target Initiative

Reducing financial Average rate of 15%/year Reward quick alerts from
losses related to water losses (%) customers and specialized
unbilled water teams on leaks and faults

Source: Authors’ own elaboration based on AEP (2020a, 2020b)

By reducing losses due to water not being billed
to customers, the company aims to increase its
financial income, which must also compensate
for upstream investments in the long term. By
managing the non-financial perspectives
(customers, internal processes and learning and
growth), this desired financial performance will
be a con-sequence.

Customer Perspective

All the company’s activities are focused on
meeting customers’ needs and exceeding their
expectations whenever possible (AEP, 2020a).
The Customer Management Unit is responsible

for liaising with all customers, regardless of the
service provided, man-aging the various
communication channels, and dealing with
requests for information and complaints. For
continuous improvement, this Customer
Management Unit is developing a project aimed
at ensuring accurate billing of services and
customer satisfaction, including:

(1) streamlining communication channels; (2)
standardizing the flow of customer requests; (3)
updating customer data; and (4) increasing
billing based on actual readings (AEP, 2020a).
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For the future, the company plans to:

(1) increase the number of customers using
electronic billing and direct debit; (2) increase
the number of customers registered with the
digital meter and the app; (3) maintain the

volume of actual readings and the level of
quality; (4) reduce the number of complaints;
and (5) focus processes on improving results
(AEP, 2020a). Table 3 summarizes the objective,
indicator, target, and initiative.

Table 3: Customer perspective for the municipal company AEP

and improving the
customer/company
relationship

Objective Indicator Target Initiative
Raising awareness about the Rate of use of 5% Annual
rational use of quality water intelligent more/year | campaigns on

equipment (%)

water use and
utilization

Source: Authors’ own elaboration based on AEP (2020a)

The main objective set by the company is to
meet the needs of customers and exceed their
expectations whenever possible, with the
strategic aim of raising awareness of the rational
use of quality water and improving the
customer/company relationship. Increasing the
number of bills based on real values will have a
positive impact on both the company and the
consumer, as real readings avoid errors due to
poor consumption estimation. It can also help to
detect water leaks (visible or not), which can
reduce water losses in the network.

Internal Process Perspective

Also close to the customer is the company’s
Operations Management Unit, which is
responsible for daily service requests from
customers and emergencies such as bursts,
flooding, water shortages, low pressure, and
blocked collectors (AEP, 2020a). The water
supply area has a budget of 19.3% for the
modernization and replacement of pipes and
meters, which could reduce real losses and
increase the reliability of the system. This will
have a positive impact not only financially, but
also in terms of the company’s image with
customers, i.e. there is an interdependence
between non-financial and financial
performance indicators. Table 4 summarizes the
objective, indicator, target, and initiative.

Table 4: Internal process perspective for the municipal company AEP

Objective Indicator Target Initiative
Installing smart water New installed 15%/year Replacement of water
meters and modernizing equipment meters for the largest
water supply pipes (%) consumers

Source: Authors’ own elaboration based on AEP (2020a)

The installation of new meters and the
modernization of pipelines contribute to the
automation of processes, the reorganization of
work routines, an improvement in the
productivity of teams and a reduction in the loss
of water resources. During 2020, 2,187 meters
were installed, thus surpassing the number of
meters installed the previous year and the
target of 1,720 meters, which corresponds to an
increase of 12.5% (AEP, 2020a). With a focus on
reorganizing work routines and improving team
productivity, the company’s Call Centre was
analyzed which, because of the Covid-19
pandemic crisis, saw an increase in membership
of 28.9% (AEP, 2020a).

Learning and Growth Perspective

The company’s Human Resources department is
responsible for managing its people and
promoting best practices in people management
and leadership (AEP, 2020a). The company has
launched a project called “People, Culture and
Organization” with the aim of developing an
integrated people management model based on
three pillars (AEP, 2020a): (1) Corporate
Project, which includes the mission, values, and
strategy; (2) Management System, which
consists of models and tools; and (3)
Leadership, which consists of performance
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models. The objectives of this project are based
on motivation and demand, improving
cooperation and vertical communication, and
promoting employee participation, which leads
to the creation of ideas, commitment, and a
sense of responsibility.

Given the size and growth of the company, it
was essential to modernize and up-date the
available IT tools (new business intelligence
system) for human resources management
(AEP, 2020a). The Human Resources
department supports decision-making and
ensures good administrative and legal practices,
consciously and safely managing employees,

promoting correctness and fairness in
recruitment and selection, salary processing
based on biometric data, contract management,
health, hygiene and safety at work, training
management and performance evaluation. The
company maintains occupational medicine as a
priority area of intervention in its human
resources policy, valuing the workplace as the
place of choice for primary prevention of
occupational risks, health protection and access
to health services. Workplaces are safe and
provide employees with motivation and
commitment. In this context, the objective,
indicator, target, and initiative are summarized
in Table 5.

Table 5: Learning and growth perspective for the municipal company AEP

Objective Indicator Target Initiative
Providing motivation and Municipal 50%//year New professional
commitment to create new technicians training courses on
skills for municipal in training water loss constraints
technicians in reducing water (%)
losses

Source: Authors’ own elaboration based on AEP (2020a)

The company is committed to continuous Strategic map

employee professional development and
satisfaction. In fact, training is essential to
improve the skills of the workforce, which has a
significant impact on the quality of the
company’s services. For example, in the case of
telemetry meters, it is necessary for workers
who are unfamiliar with this new equipment to
receive training to improve their performance
and safety. Investing in professional training
valorizes the company’s existing know-how and
helps to develop talent.

After presenting and justifying the company’s
strategic objectives in the previous sections, a
strategic map has been drawn in Figure 1 to
help visualize the cause-and-effect relationships
between each objective in each perspective of
the BSC for AEP.

Financial
Perspective

Reducing financial losses related to unbilled water

s

Raising awareness about the rational use of quality water and im-

Clients
Perspective

proving the customer/company relationship

als

Internal processes
Perspective

Installing smart water meters and modernizing water supply pipes

afly

Learning and growth
Perspective

Providing motivation and commitment to create new skills for
municipal technicians in reducing water losses

Figure 1. Cause-effect relationships for the municipal company AEP
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According to Figure 1, the motivation and
commitment of the municipal technicians to the
large amount of water that is purchased but not
billed, implying losses, is the basic objective of
the learning and growth perspective. This
objective has an impact on the necessary
installation of new and modern equipment in
terms of internal processes, with a direct
consequence on the improvement of the
company’s relationship with its customers,
raising awareness of the correct use of quality
water. Finally, it has a financial impact on
revenue by reducing losses due to water
purchased but not billed to customers.

Discussion and Conclusion

According to the results of this research, the
management planning and control of companies
shows causal relationships between strategic,
financial, and non-financial objectives, without
necessarily referring explicitly to the BSC tool or
any other. However, by organizing each
objective, indicator, target, and initiative into
the four perspectives of the BSC, it becomes
clearer how this tool can help to distinguish
between financial and non-financial information
and clarify causal relationships that support
decision-making (Cheng et al., 2018; Cooper et
al, 2017; Kaplan and Norton, 1996). Clarifying
the factors that affect performance enhances the
potential of the BSC as a strategic tool in
organizations (Fontes et al., 2022; Piantoni et al.,
2024), both in the design and implementation
phases (Mio et al., 2022).

The need for efficiency in the proper
management of water resources is also linked to
the need to integrate sustainability aspects into
management planning and control systems, thus
demonstrating their strategic relevance (Beusch
et al, 2022). In this way, sustainability
management creates business value and reflects
strategic choices that contribute to the best use
of natural resources (Frostenson et al., 2022),
directly influencing organizational behavior
(Osma et al.,, 2022). The potential for continuous
strategic reorganization through BSC is relevant
in both the private and public sectors (Bianchi
and Montemaggiore, 2008), including the sector
of water supply to citizens. Indeed, the quest to
improve corporate profitability indicators
benefits from the efficient adoption of
sustainability practices based on economic,
social, and environmental factors (Backes and
Traverso, 2022; Qiu et al.,, 2022).

This case study focused on a municipal water
distribution company, AEP, with the challenge of
understanding how to reduce treated water
losses with the support of the BSC. Therefore,
sustainability and BSC were the appropriate
theoretical framework for this academic
research. Relevant documentary data were
collected from the water distribution company,
as well as from the company that produces this
water and the public regulator of the sector. It
was possible to clarify the strategic objectives
and establish a cause-effect relationship
(strategy map) in order to achieve a final
financial objective: To increase the financial
revenues associated with the reduction of the
unbilled water tariff in a Portuguese municipal
water company.

As this is a case study of a single company, the
results should not be used to standardize
planning and control systems in water
companies, as it is only an analysis of a single
organization. As a result, the conclusions are
limited to the company analyzed, as the
organizational culture and the resources
available are factors that could influence the
results of the study in other companies and
other sectors of activity.

For future research, it is suggested that other
water distribution organizations be studied,
using the BSC as a management tool and
comparing organizations to understand which
aspects differ between them and which aspects
lead to better results. A different research
methodology is also suggested, namely
quantitative research as an alternative to the
case study, as well as studying other strategic
challenges/goals from a BSC perspective or even
another theoretical framework.
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