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Abstract
PURPOSE: The review of the literature and numerous online sources, in particular 
the information platforms of international organizations supporting the activities of 
the water sector, was aimed at verifying research experiences in the field of digital 
maturity of enterprises, identifying research approaches used in benchmarking water 
utilities, and determining the level of interest in the analysis of the water supply 
industry value chain. It was found that there is no benchmarking methodology that 
would enable the observation of changes in the business processes of water supply 
companies under the influence of digital technologies. Therefore, this article presents 
a framework for benchmarking the digitization of business processes. The article 
also presents the premises for benchmarking the digitization of processes included 
in the value chain of a water supply company and the benefits of including digital 
technologies supporting processes from an economic, social, and environmental 
perspective. One of the key stages of creating the concept of benchmarking research 
is creating a matrix of variables relating to the objectives pursued by water supply 
companies. METHODOLOGY: The proposed concept of benchmarking the digitization 
of business processes included in the value chain of a water utility company was 
prepared based on literature studies and analysis of selected internet platforms of 
international organizations operating in the water sector. FINDINGS: The analysis of 
the decomposition of the enterprise value chain, the criteria, and levels of process 
maturity assessment, and the latest digital technologies made it possible to prepare 
two scenarios of the benchmarking stages of processes and use digital technologies 
depending on the level of process maturity and benchmarking experience. 
IMPLICATIONS FOR THEORY AND PRACTICE: The proposed model is highly conceptual 
and requires validation in pilot studies to verify the levels of decomposition of the 
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value chain, to select key digital technologies for research and to determine the scale 
of digital maturity for each of the technologies included in the study. Organizations 
conducting benchmarking research can broaden the scope of their research and 
provide water utilities with information on the latest digital technologies supporting 
business processes. ORIGINALITY AND VALUE: Using value chain taxonomy to assess 
the support of business processes by digital technologies is an original approach. It 
enables the acquisition of knowledge about the importance of digital technologies in 
all processes carried out in the enterprise. 
Keywords: value chain, process benchmarking, process maturity, digital maturity, 
Industry 4.0.

INTRODUCTION

Dynamic social, demographic and environmental changes pose increasing 
challenges in the economic sphere for every sector, industry, and enterprise. 
This means the need to search for new technological and organizational 
solutions, as well as new competences that will contribute to the optimization 
of production costs while promoting access for all people. Benchmarking has 
been a widely used method supporting the development of an enterprise 
since the nineties of the twentieth century. 

Benchmarking as a research method is invariably used to compare the 
performance of processes, products, or services. The use of this method 
helps enterprises to overcome barriers faster and optimize costs. The 
method of comparing oneself with recognized or best-in-class entities is 
to simultaneously search for own solutions and inspire innovation. The 
usefulness of the method is emphasized by the latest publications by Ahmed 
et al. (2020), presenting research on enterprises (SMEs) in the Greater 
Toronto Area (GTA), as well as studies by Francisco et al. (2020) on the use of 
benchmarking to reduce energy consumption in cities. Benchmarking is also 
used to create models for cost reduction at the national level. An interesting 
example is the research of the National Electricity Agency (ANEEL) in Brazil, 
which was presented in a recent article by Lopes et al. (2020). 

The analysis of the latest benchmarking research shows that benchmarking 
is a cross-sectoral research method, which means that it can be applied in all 
sectors of the economy. This is evidenced by the latest research, for example: 
Morse et al. (2020) dedicated to bus performance in the US; studies by Luo et 
al. (2020) in the Chinese construction sector; studies by Salim et al. (2020) for 
the comparison of Indonesia’s foreign trade with Singapore and Hong Kong; 
studies by Williams et al. (2020) including a cost-effectiveness analysis of water 
retail in England and Wales; Beath and Flynn’s research in the financial sector 
(2020) comparing the performance of private equity portfolios of the largest 
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institutional investors in the world; a study by Ferreira and Marques (2021) on 
public–private partnerships in healthcare services in Portugal.

The benchmarking methodology is consistently improved, developed, 
and subject to systematic reviews. Among the latest publications, Daraio et al. 
(2020) works is the first attempt to systematically review all available empirical 
research in a wide range of efficiency and productivity analysis using the 
boundary estimation methodology. The research by Malik et al. (2021), which 
aimed to test and document a new approach to best practice benchmarking, 
is known as rapid benchmarking. They define rapid benchmarking as an 
approach to reduce drastically the typical time needed to conduct a successful 
best-practice benchmarking project. The latest research by Kulikowski (2021), 
aimed at filling the gap in the creation of theoretical models relating to human 
limitations in performance management, also seems valuable. 

The article’s main aim is to present the concept of extending benchmarking 
research in the water supply industry to identify digital technologies supporting 
business processes included in enterprise value chains. The classic research 
model based on key performance indicators (KPIs) indicates the possible 
level of improvement of the company or selected processes. However, 
contemporary social and environmental challenges force an increase in the 
pace of creating innovations and implementing modern technologies. It is 
assumed that the knowledge obtained from classic benchmarking studies, 
given the current technological challenges, does not sufficiently support the 
development strategies of water supply companies, which should take into 
account digital development. There is, therefore, a need to develop research 
methods to build knowledge on innovative digital technologies that make 
a significant contribution to improving water supply companies. 

The importance of benchmarking, and at the same time its problematic 
nature, is strongly recognized in the water sector, especially in the water supply 
industry. The problem with the availability of drinking water and sewage 
services on a global scale is growing. Reports by international organizations, 
such as WHO, UNICEF, UNESCO, indicate that over 2 billion people do not 
have access to safely managed water services, 4.5 billion people are deprived 
of decent sanitary conditions, 80% of wastewater returns to the ecosystem 
without treatment or reuse, around 1.7 billion people live in areas where 
groundwater resources and / or groundwater-dependent ecosystems are 
under threat (WHO–UNICEF JMP 2017; World Water Development Report, 
UNESCO, 2017; Gleeson et al., 2012).

Given such data, it is believed that the global water sector is facing an 
urgent strategic change. Many international organizations and initiatives, 
such as the International Water Association (IWA), The International 
Benchmarking Network for Water and Sanitation Utilities (IBNET), and 
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various regional and national organizations, have developed a cooperation 
network for technological, organizational, and legal development. The IWA 
points out that it is necessary to build an interdisciplinary environment 
for the development of the water sector, bringing together scientists, 
researchers and technology companies, as well as water and sewage 
companies (Strategic Plan IWA 2019-2024). 

The problems in the water sector outlined above represent major 
challenges for the various water resource operators, entities responsible 
for water treatment and supply, and all users. However, the involvement 
of national and local decision-makers is not sufficient in all regions of the 
world. Many cross-sectoral organizations of cross-sector importance initiate 
activities to build knowledge on water resource management for various 
stakeholder groups, e.g. World Bank Group (IBRD – IDA) with financial support 
from The International Bank for Reconstruction and Development (IBRD).

In this article, the author assumed that the most important development 
directions in water supply companies currently include the digitization of 
as many operational and support processes as possible. It is assumed that 
new digital technologies will help to solve water problems more quickly. The 
technology development so far, ranging from stationary computerization of 
workplaces through the Internet and mobile devices, has become a lever for 
the development of 4.0 technologies, such as the Internet of Things, artificial 
intelligence, robotization, and cloud solutions. Although it has always been 
a priority, technological development for water companies is now becoming 
a challenge, forcing the rapid acquisition of new digital competencies.

The water supply industry, like any other, is created by entities that 
are at various stages of implementing industrial innovations. Diffusion 
of innovation, according to the concept of Rogers (2010), takes place in 
many stages and requires making many decisions: taking action to obtain 
information, expanding knowledge about innovation, developing one’s 
own position on innovation, making a decision on the use of innovation, 
implementation, and evaluation of the usefulness of innovation, the end of 
confirming the usefulness of the innovation. In the era of rapidly occurring 
technological changes, it is also necessary to search for methods that will 
significantly shorten the diffusion of innovation. These include benchmarking 
studies, and as long as they are not limited only to the obtained indicators 
and compare the methods or technologies of achieving them. Observations 
of the changes taking place in the value chain meet the demand for system 
solutions relating to all organization activities. The attempt made in the 
article to expand benchmarking research with an analysis of the value chain, 
allows the identification of innovations undertaken by enterprises from the 
perspective of the processes implemented in the value chain that create 
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a dynamic, multi-instance structure of tasks, resources, technologies, and 
competences. The innovations implemented by enterprises have a significant 
impact on the structure of the value chain. 

The article presents the concept of benchmarking of business processes 
forming the value chain to identify, above all, innovative digital technologies 
and the benefits of using them in achieving higher efficiency and taking on 
new civilization challenges. Proposing the concept of benchmarking research 
in the field of digital support in processes requires, first of all, a reference to 
research on the digital maturity of enterprises, the nature of benchmarking 
research in the water supply industry, and research experience in the analysis 
of the value chain in the water supply industry. Hence, the presentation of the 
original research concept was preceded by the identification and analysis of 
research approaches to date. Therefore, the conducted research was aimed 
at answering the following questions:

RQ 1: What are the research experiences in the field of digital maturity of
enterprises?

RQ 2: What research approaches are used in benchmarking water utilities?
RQ 3: What is the level of interest in water, value chain analysis?
RQ 4: What are the possible scenarios for process benchmarking research

considering the use of digital technologies?

Each change made in the value chain structure is associated with 
a change in production costs, use of material and intangible resources, human 
resources and, above all, the quality of the products and services provided. 
Therefore, this consistency is an important premise for the development of 
benchmarking of digitization of the processes that make up the value chain 
in any enterprise.

METHODOLOGICAL PROCEEDING

The presented concept of the benchmarking study is dedicated to the water 
supply industry in the utility sector. When starting the new concept of the 
benchmarking methodology, it is assumed that benchmarking research should 
also provide information on the impact of the digital technologies used on 
the company’s results. The use of digital technologies will be understood as 
a combination of various digital techniques (aimed at creating digital circuits 
and their application in digital devices) and information systems (including 
various hardware and software configurations) intended for information 
processing. In developing the benchmarking methodology, it is also 
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necessary to adopt the perspective of management science, which considers 
economic aspects and technical, human, and organizational aspects in the 
use of digital technologies in business processes. It is also necessary to adopt 
an appropriate perspective in understanding the concepts of digitization of 
business processes and value chains. In each of these cases, digitization is 
a technological process that uses digital techniques and devices and other 
tangible and intangible resources of an enterprise to improve business 
processes and optimize manufacturing costs.

Benchmarking based on the identification and comparison of performance 
indicators does not give an idea of the technologies used (including digital 
ones) or how those technologies have changed the enterprise. The presented 
approach is based on the analysis of the value chain structure and digital 
maturity of business processes. Both issues: value chain and digital maturity 
of processes are discussed in detail in the next part of the article.

The concept of extending benchmarking research with applied digital 
technologies in the entire value chain should enable answers to the following 
questions: 1) Which technological innovations have led to changes in the 
value chain?; 2) Which changes in the value chain structure made after 
the implementation of technological innovations have influenced the 
improvement of performance and quality indicators (KPIs)?

The author developed the concept of the benchmarking study after 
a critical review of the literature and the identification of the research 
gap. Due to the practical usefulness of the benchmarking methodology, 
she consciously used both scientific literature and research results from 
specialized organizations such as WHO, IWA, IBNET, World Bank Group (IBRD - 
IDA), EurEau. The review of the scientific literature was made primarily based 
on two scientific databases: Scopus and Web of Science (WoS). Other sources, 
mainly online, were collected according to the same keywords (tags) used in 
the review of scientific databases. Both literature studies and the analysis 
of online platforms run by the above-mentioned organizations allowed to 
recognize various research problems and concepts of comparative research 
in many sectors. The water sector was subject to detailed identification.

The research was carried out in the three stages presented below; the 
purpose was to answer the RQ1–RQ3 questions included in the Introduction.

Stage 1. Identification of research on the digital maturity of enterprises.
Stage 2. Identification of research approaches and methods used in

benchmarking water utilities.
Stage 3. Analysis of the level of interest in analyzing the value chain in the

water supply industry.
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The Scopus and Web of Science research databases were reviewed 
within selected research areas and without any time limits. The subject area: 
Business Management Accounting is included in the Scopus database. The 
following WoS categories were selected: Management Business Economics 
and Operation Research Management.

Initial identification of literature sources was carried out based on titles, 
keywords, and abstracts, according to the following keywords:

Stage 1: “digital maturity”, “digitization”, “Industry 4.0”.
Stage 2: “benchmarking methodology”, “benchmarking” and “utilities”,

“benchmarking” and “water sector”.
Stage 3: “value chain analysis”, “value chain” and “utilities”, “value chain” and

“water sector”.

Finally, 32 publications in the first stage, 45 publications in the second 
stage and 43 publications in the third stage were selected for in-depth analysis. 
All selected publications were in English and the vast majority (approx. 90%) 
was published in open access.

The answer to the fourth question (RQ4) concerning the scenarios of using 
benchmarking of digitization of processes in the value chain was included in 
the last part of the article. Ultimately, two benchmarking research scenarios 
depending on the benchmarking experience and the level of digitization 
were proposed. Then, presented examples of variable matrices for the 
analysis of digital maturity of the value chain in water supply companies. The 
presented concept does not contain technical and tool details. These stages 
of benchmarking conceptualization should be designed adequately to the 
scope of research: subject, subjective, temporal, and spatial.

LITERATURE REVIEW

Digital transformation of value chains

The value chain concept is a standard in economics today because it explains 
in a consistent and logical way the systemic structure of activities necessary 
to create and deliver value to the customer, which is contained in a product 
or service. The sets of activities included in individual elements of the first 
model developed by Porter (1985) were distinguished according to the 
functional area of   the enterprise. The reference to the key functions of an 
enterprise in the value chain model resulted from the commonly dominant 
functional orientation of enterprises. Currently, functional orientation in the 
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company is giving way to a process approach that has been developing for 
several decades, mainly due to information systems and digital technologies 
(Shafagatova & Van Looy, 2021; Glavan, 2020; Christiansson & Rentzhog, 
2020; Looy, 2020; Novak & Janeš, 2019; Ponomarenko, 2019; van Assen, 
2018; Broberg et al., 2018; Miri-Lavassani & Movahedi, 2018; Potoczek, 2017; 
Khosravi, 2016; Movahedi et al., 2016). The contemporary approach to the 
value chain primarily exposes the processes implemented in the enterprise, 
the organization of which resembles the structure of the Porter value chain 
in its basic assumption. An important component of the original model was 
the margin obtained by the enterprise, the amount of which reflected the 
level of competitiveness. Currently, the margin reflects the level of customer 
satisfaction, but also the results of performance management (Goni et al., 
2021; Muntean, 2018; Baldwin & Venables, 2015). The value chain concept 
is much more applicable today than it was in the 1980s. It is used in many 
sectors, and it can be used in any organization where value is created for 
the recipient of products or services. Thus, both the commercial and public 
sectors can structure their activities according to the value chain and thus 
have a greater impact on creating value for the customer.

The subject of many studies is the changes taking place in value chains, and 
the observations concern both the structure of the chain, its decomposition 
from processes, through sub-processes, to various activities undertaken 
by teams and individuals. The changes taking place in the structure of the 
value chain are a consequence of planned and unplanned activities. They 
are both the result of applying methods of improving processes, introducing 
innovations, expanding activities (Bustinza et al., 2015), and internal 
omissions or late reactions to changes in the environment, resulting in short 
life cycles of processes. 

The last strong trend in research on value chains in enterprises is the 
identification of changes under the influence of digital technologies used in 
processes. Robotization and process automation, which was initiated in the 
last decades of the twentieth century, is gaining a new pace and a new quality 
today, thanks to the Internet, Internet of Things (IoT), artificial intelligence, 
cloud computing, working on large data sets, or the use of augmented reality. 
Analytical skills in enterprises and digital skills of employees are developed 
to an unprecedented extent. The impact of new digital technologies on 
changes in enterprise value chains, on productivity growth and economic 
growth, is the subject of many studies (Garzoni et al., 2020; Bickauske et al., 
2020; Telnov et al., 2020; Sommarberg & Makinen, 2019; Valdez-De-Leon, 
2019; Trabucchi et al., 2018; Fonseca, 2018; Pagani & Pardo, 2017; Graetz & 
Michaels, 2018). Accelerated digitization of processes is driven by technological innovation, rapidly 
changing customer needs, and a variety of environmental, social, political, and health factors.
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Various studies on value chains show that the use of digital technologies 
has influenced the crossing of functional boundaries and affects the entire 
value chain in the company, and therefore all groups of processes. Many 
authors, such as Nagy et al. (2018), point to the evolution of value chains 
due to the increasingly used digital technologies. Operational processes such 
as production, procurement, logistics, marketing and sales, and customer 
service are supported by various technologies, e.g. robot automation and 
autonomization, RFID sensors, M2M technologies, network technologies, 
customer relationship management, CRM in real-time, blockchain, and the 
analysis of big data on customer behavior. Supporting processes are also 
developed using advanced technologies, e.g. ensuring data security, financial 
data analysis or real-time controlling, remuneration management based on 
current work results. For the area carrying out tasks related to human resources, 
the challenge is to manage the disappearing and new areas of work caused by 
the implementation of digital technologies. The progressive implementation 
of digital technologies helps to increase the flexibility and adaptability of 
enterprises to the environment, to cooperate with other market players, 
and especially to participate in shared supply chains. Digital technologies 
significantly accelerate the maturation of processes in organizations and 
increase enterprises’ ability to implement processes with external partners.

The process maturity of enterprises has been the subject of many studies. 
Over the last two decades, there have been many proposals for methods of 
testing process maturity (Röglinger et al., 2012). There were also a number of 
studies identifying and classifying models for testing process maturity, which 
had the greatest impact on the progress of research in this area. Undoubtedly, 
the English-language publications had the greatest impact on the progress 
of research, although many researchers published their model proposals in 
their native languages. More important model combinations can be found 
in Harmon’s (2009) publication, where he referred to fourteen articles 
presented in BPTrends.com during the period 2003–2009. The quoted articles 
refer to proposals from various environments: academia, industrial and 
industry centers, or consulting companies. Some publications are complete 
and provide the full set of information needed to implement the model in 
business practice, while other publications present the main framework of the 
model and the benefits of application. However, the full versions have been 
commercialized. The identification and comparison of the most recognizable 
models were also made by Rosemann and vom Brocke (2015), who presented 
nine models of process maturity that are the most important in the BPM trend. 
Another important analysis of business process maturity assessment models 
was made by Röglinger, Pöppelbuß, and Becker (2012), who identified further 
publications devoted to process maturity assessments, including: Willaert et 
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al. (2007), McCormack (2007), Magdaleno et al. (2008), McCormack et al. 
(2009), Rohloff (2009). The study by Röglinger et al. (2012) is of particular value 
for researchers and practitioners, because the authors select the previously 
identified ten models due to their usefulness in managing business processes. 
At the same time, they analyze the spread of the models, indicate the lowest 
and highest level of process maturity, and provide a variety of information 
about the nature, purpose, adaptability and many other features of models, 
including sources of information about the models.

In view of the objectives of this study, the range of maturity of the 
processes included in individual models seems to be particularly important. 
The ongoing implementation of digital technologies supporting the 
implementation and management of business processes constitute the basis 
and the need to develop the concept of process maturity assessment. Of the 
ten models reported by Röglinger et al. (2012), only in two cases is the highest 
level of maturity associated with the use of integrated IT systems. This applies 
to the Business Process Maturity Model (BPMM) (Fisher, 2004), in which the 
lowest level of maturity is associated with a distributed and uncoordinated 
activity in the organization on process optimization, and the highest level 
means the creation of an intelligent operational network, thanks to which the 
efficiency of the entire chain is optimized and information flows freely, in real-
time. The second model that directly relates to IT support is the Process and 
Enterprise Maturity Model (PEMM) (Hammer, 2007). The author of the model 
at the first indicated level of process maturity (P1) assumes that the process 
has not been designed as a comprehensive one, and that it is also supported 
by fragmented older IT systems. The highest level of maturity (P4) means that 
the process design matches the customer and supplier processes, and there is 
a modular IT architecture. Other models indicated in the study, such as BPM 
Maturity Model (BPMMM) (Rosemann & Bruin, 2005); Process Performance 
Index (PPI) (Rummler & Brache, 2012); BPR Maturity Model (BPRMM) (Maull 
et al., 2003); Process Management Maturity Assessment (PMMA) (Rohloff, 
2009); BPO Maturity Model (BPOMM) (K. McCormack et al., 2009); Process 
Maturity Ladder (PML) (Harmon, 2019) and Business Process Maturity Model 
(BPMMOMG) (Weber et al., 2008), indicate maturity in a systemic perspective 
as the highest level of process maturity, but mainly in relation to process 
management systems and without indicating specific digital technologies that 
would be used in supporting implementation and process management.

The natural consequence is the continuation of research on the digital 
maturity of the organization. Various paths of digital maturity research have 
been outlined in the literature. So far, many research reports have been 
published presenting the current level of digital advancement of enterprises 
and forecasts for further development.
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For the analysis of changes in value chains, it is desirable to develop 
a method and methodologies for assessing the digital maturity of processes, 
so that it is possible to have a systemic view of the importance of digital 
technologies in achieving the business, social and environmental goals of 
various economic entities. The current proposals for a model approach to 
digital maturity, group the symptoms of digital maturation of enterprises in 
several areas, which gives the opportunity to develop them along with the 
development of digital technologies and progressing implementations. For 
example, the concept of Gill and Van Boskirk (2016) presented by Forrester 
includes four dimensions determining process maturity:

1) Culture – indicates the company’s approach to digitally controlled 
innovation and the way in which it provides employees with access to 
digital technology.

2) Technology – defines the use and adoption of new technology by the 
company.

3) Organization – explains how the company adapted to support, manage 
and implement the digital strategy.

4) Insights – determines how well the company uses customer data and 
business data to measure success and create strategies.

In similar configurations, other models of digital maturity are presented, 
many of which can already be found, for example:

 • Connected Enterprise Maturity Model (2016) developed at Rockwell 
Automation Inc. The maturity model includes a five-step approach 
to the implementation of Industry 4.0 (Assessment; Secure and 
upgraded network and controls; Defined and organized working data 
capital (WDC); Analytics; Collaboration). The assessment focused 
on the use of 4.0 technologies in the improvement of inventory 
management, delivery time, customer service, and efficiency;

 • IMPULS – Industrie 4.0 Readiness (2015) developed in collaboration 
with VDMA, RWTH Aachen, and IW Consult. The model enables 
assessment in six dimensions including 18 items indicating readiness 
on five levels; defined barriers in moving to the next stage, as well as 
advice on how to overcome them;

 • A maturity model for assessing Industry 4.0 readiness and maturity 
of manufacturing enterprises (Schumacher et al., 2016). The model 
is based on nine dimensions, to which 62 items have been assigned 
to assess the maturity of Industry 4.0. The test is based on a three-
step procedure;

 • Industry 4.0 maturity model – PwC (2016) covers four levels of 
digital enterprise maturity: 1. Digital Novice, 2. Horizontal (Internal 
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Processes) Integrator, 3. Cooperating Vertically (with External 
Partners), 4. Digital Champion. Assessment of digital maturity is 
carried out according to seven groups of criteria:

- digital business model and customer access;
- digitization of the product portfolio;
- digitization, horizontal and vertical integration of the value chain;
- data and analysis as a key capability;
- agile IT structure;
- complaints handling, security, law and taxes;
- organization, employees, and digital culture.

The author of the article believes that the desirable direction would be to 
combine the assessment of process maturity and digital maturity for a better 
understanding of the changes taking place in the processes themselves and 
in their systemic approach in the value chain. An important question that 
should be asked is how to assess the digital maturity of a company, whether 
through technologies used in main production processes, where in the classic 
sense it is mainly focused on increasing efficiency, or in all processes, including 
supporting ones, which reflect the general level of digital competences of the 
enterprise, and therefore its development potential.

Benchmarking research in the water sector

Benchmarking initiatives are an important contribution to building knowledge 
in the water sector, especially on improving the performance of water 
utilities. Benchmarking research is, as a rule, relative. The obtained results 
refer to the real results regarding the quality of products and services and 
the efficiency of the activities of all enterprises, which was indicated by the 
researchers in the early periods of benchmarking, e.g. Partovi et al. (1994). 
Research on production capacity and costs is carried out in various scientific 
environments, both technical and economic disciplines. The application 
of the obtained research results, both in enterprises and by regulators, is 
unsatisfactory, especially in countries with middle and low incomes. Berg and 
Marques (2011), followed by Cetrulo et al. (2019), indicate examples of over 
two hundred quantitative studies, the importance of which for regulatory 
purposes turned out to be insignificant, for various reasons. They indicate 
a low level of trust in the conducted research, often also barriers on the side 
of technical competences, which are usually missing in the circles responsible 
for creating public policies. Berg’s many years of research in collaboration 
with other researchers (Mugisha & Berg, 2008; Berg, 2010; Berg & Marques, 
2011; Berg, 2013; Berg & Phillips, 2017) and other researchers as Cabrera 
(2010) or Mugisha (2011) were devoted to the search for research methods 
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that would increase the usefulness of the obtained research results, both for 
the main entities of the water sector, i.e. water companies, regulators and 
entities responsible for creating public policy in the industry.

By far, the most popular over the last two decades have been 
benchmarking studies based on key performance indicators (KPIs). Such 
examples are provided by the International Water Association (IWA) or The 
International Benchmarking Network for Water and Sanitation Utilities (IBNET) 
initiatives at the global level, the European Federation of National Association 
of Water Services (EurEau) at the European level, and various initiatives at 
the national or regional level, e.g. AQUABENCH, a special purpose company 
established by water companies from Germany, Austria and Switzerland, 
which started benchmarking in 1996. The impulse for such research was the 
remarkable development of the water supply industry in recent decades and 
undoubtedly the still strongly sustained pace of development. The observed 
increase in water production, distribution and wastewater treatment is due 
not only to the improvement of people’s living standards in various regions, 
but also due to economic development in various sectors, where water is one 
of the most important resources. Water companies still face many challenges, 
the scale of which varies in different regions of the world, mainly due to the 
abundance and availability of water resources, or the level of advancement 
in environmental protection and, at the same time, protection of water 
resources. The challenges for the water sector highlighted in recent years, 
such as water quality and scarcity in many places around the world, aging 
infrastructure, stricter national and international regulatory requirements, 
climate change and pressure on environmental impact, bearing operating 
costs and capital investment, and changing demographics, are clearly 
reflected in research into the efficiency of water utilities. Examples include 
the US Environmental Protection Agency (EPA), which supports research in 
the development of water quality and safety legislation.

Comparative research conducted in the water sector, based primarily on 
performance indicators, is the result of changes in the understanding and 
research of business in connection with the dissemination of the concept of 
sustainable development based on multi-indicator analysis. In the scientific 
literature and business sources, many sets of indicators can be grouped 
and generalized. For example, KPI Institute (Minelli, 2021) conducted 
a secondary benchmarking study for the utilities sector, entitled Performance 
Benchmarking in the Water Utilities Sector. A total of 178 key performance 
indicators (KPIs) in five main areas are included in the report, of which the 
operational area is the best documented:
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1) Operation (68 KPIs, e.g. net energy consumption from water, tanks 
cleaned, restoration of unscheduled water supply within five hours, 
average time to restore sewers to service, etc.).

2) Customers (25 KPIs, e.g. water quality complaints per 100 customers, 
overall communication rate, billing accuracy, number of calls answered 
within 30 seconds, etc.).

3) Environment (22 KPIs, e.g. greenhouse gas emissions, % waste going 
to landfill, % solid waste recycled, paper consumption, total net CO2 
emissions, etc.).

4) Human capital (61 KPIs, e.g. senior managers, share of women in senior 
management positions, rate of accidents related to lost time, male 
employees, % of senior managers, etc.).

5) Corporate governance (2 KPIs, number of meetings, number of 
employees entitled to participate in meetings).

Benchmarking studies evolve over time. According to Watson (1993a), 
the first benchmarking studies, which he classified as the first generation, had 
the most simplified form, related to product design (reverse benchmarking), 
comparing its most important features, functionality and possibilities in relation 
to other competing products. This type of comparative research dominated 
until the end of the 1980s. According to Watson, the second generation is 
competitive benchmarking, which dominated the next decade of the 1990s. 
This type of benchmarking was closely related to the development of various 
methods of strategic analysis of the environment. The third generation of 
comparative research development was dominated by process benchmarking, 
which developed on the basis of the popular Porter value chain model (Porter, 
1980), initially based on basic functions and activities, later developed in 
relation to all processes carried out in enterprises. Hence, the next generation 
of research has been associated with the strategic importance of benchmarking 
in enterprises, relating to all its areas. Strategic benchmarking differs from the 
previous one in terms of greater scope and depth. This approach resulted in 
institutionalization of this activity in enterprises in the 90s. The next generation 
of comparative research was associated with the strong development of 
globalization and, at the same time, with easier access to information thanks 
to the global Internet network (Evans et al., 2012; Meybodi, 2015; Trento et 
al., 2016; Ebner et al., 2016; Ebner et al., 2019).

The Watson model has been the subject of many analyses and 
modifications, taking into account new trends in the economy. Many scholars 
have contributed to the development of knowledge on benchmarking, 
including Ahmed and Rafiq (1998), Kyrö (2003), Andad and Kodali (2008), 
Blancharrd et al. (2008), and Meybodi (2009). Recent research shows that new 
types of benchmarking are developing, e.g. intellectual capital benchmarking 
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(Marti, 2000; Wudhikarn et al., 2020), competency benchmarking (Maciel 
& Wallendorf, 2017; Castka & Balzarova, 2018; Al Khamisi et al., 2019; 
Zhang, 2020; Brazinskas et al., 2021) or network benchmarking (De Toni & 
Meneghetti, 2000; Walther & Spengler, 2004; Zagkas & Lyridis, 2011; Tsironis 
& Matthopoulos, 2015). An essential contribution to the organization of 
knowledge on benchmarking was also made by Evans et al. (2012).

The newest, developing trend is Industry 4.0. Benchmarking is already used 
to make comparisons in the application of new digital technologies. You can 
already learn about this application of benchmarking from the article by Peruzzini 
et al. (2017), where they make comparisons in terms of communication and 
interaction of people and production systems in terms of work ergonomics. The 
impact of digital technologies on the organization studied using benchmarking 
has been presented in recent years by Lokuge et al. (2019), Gurbaxani and 
Dunkle (2019), Keller et al. (2019), and Härting et al.(2019).

Benchmarking studies also in water supply companies are carried out in 
all possible forms used so far. Undoubtedly, the most popular benchmarking 
projects, especially those with the greatest reach and scope, are based on 
the ratio analysis in terms of quality and efficiency obtained at the level of the 
entire enterprise. In line with the observation presented above, comparing 
indicators (KPIs) at the level of the entire enterprise gives a picture of 
possible achievements, perhaps facilitates the formulation of challenges, 
provides a vision for the development of the enterprise, and even business 
goals. However, it is of limited use in the operationalization of goals at the 
level of business processes.

Value chain analysis

The use of the value chain concept in the development of processes in the 
enterprise is now an indispensable starting point for understanding the role 
of the process approach in enterprise management. The value chain concept 
is now firmly established in business theory and practice. The value chain 
is a structure that allows one to organize various activities in organizations 
regardless of the sector of the economy or, in a narrower sense, an industry 
focused around a specific product or service. Therefore, the value chain 
has quickly become an attractive field of comparison for various economic 
actors. First of all, it allows you to get to know the structure of the activity, the 
connections of individual areas of the enterprise that occur in the processes, 
and the flows of resources and products taking place within them and 
between them, in order to ultimately deliver the expected value   to customers. 
The deeper the analysis of the value chain is carried out, the more the field of 
observation for the various elements and their connections increases.
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Value chain analysis is used to achieve various corporate goals, not 
only business but also social and environmental. Interesting examples are 
provided by the studies of Villamayor-Tomas et al. (2015) on the use of value 
chain analysis to study the water–food–energy relationship, similarly to the 
studies by White et al. (2018). Other examples are also provided by research 
in the area of sustainable development (Ockwell et al., 2019), in which value 
chain analysis was used to develop payment methods (e.g., for water, energy) 
in line with the current real resource consumption. An important contribution 
to the development of this systems approach is the new research presented 
by Chofreh et al. (2019). They presented the benefits of mapping the water 
and wastewater value chain to contribute to sustainable development. The 
particular value of these studies is also expressed in their uniqueness because, 
from an academic perspective, there are few studies devoted to mapping 
the processes of the value chain of water and sewage systems. The research 
was carried out in a water company in Iran, and the results obtained by the 
researchers indicate the lack of integration of sustainable development in the 
water management system, which in turn leads to ineffectiveness. Experts’ 
opinions in the presented studies indicate that mapping the value chain itself 
enables organizations to increase operational efficiency and eliminate waste 
by approx. 57%. Other research examines the relationship between cost 
management tools and pricing policies to improve the price of potable water, 
which helps cover production costs on the one hand and rationalizes the 
consumption of the product on the other. This is done by utilizing the Activity-
Based Costing (ABC) and Value Chain Analysis (VCA) to fix the cost and price 
of potable water (Al-Hashimi & Jabbar, 2019). An equally interesting example 
of the use of value chain analysis is provided by the team of researchers, 
Choi et al. (2020). In their document, they presented the value chain and 
the stakeholder-oriented, product platform design process. Various options 
for the Water Treatment Products Platform were generated and assessed for 
their impact on the value chain, such as organizational structure, production 
line configuration, economic effect, and various stakeholders’ preferences.

The starting point for carrying out a value chain analysis is to identify and 
organize the main and supporting business activities, i.e. value chain mapping 
(Vasanth Kumar et al., 2020). The constantly developing scope of activities 
undertaken in the enterprise, both basic and supportive, is most often the 
main reason for organizational and competence problems, and consequently 
for incurring larger, poorly controlled costs. Value chain mapping enables 
setting process boundaries and a precise definition of responsibilities, as well 
as process goals, necessary resources, and expected results. Mooney (2014), 
in his research, indicates the importance of subsequent stages of the value 
chain analysis for improving the quality and effectiveness of assessments of 
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the obtained business results. When analyzing the usefulness of the value 
chain analysis for the needs of transforming business towards sustainable 
development, he pointed to several important benefits, e.g. the mapping 
process and further stages of the value chain analysis are also a platform for 
communication and discussion with stakeholders of water management. 

The use of an appropriate methodology for mapping and analyzing the 
value chain requires an interdisciplinary perspective. The greatest experience 
in this area has been gathered by researchers of production processes, such 
as Haefner et al. (2014), who presented a value stream mapping method in 
order to design the required product quality in manufacturing companies. 
Tonelli et al. (2016) applied value mapping techniques to identify the value 
chain in manufacturing companies. Saguin (2018) used value chain mapping 
to identify access mechanisms in the value chain of urban aquaculture on 
a lake. This analysis was carried out to assess the social, economic and 
environmental relationships of urban aquaculture, reduce poverty and 
develop aquaculture strategies to promote sustainable development.

The latest trend of research using the concept of the value chain to 
conduct business activity is undoubtedly related to the possibilities provided 
by the latest digital technologies, which enable the collection of large amounts 
of data and the possibility of processing them and using them for business 
analytics. The current challenge is not how to get or produce data, but how 
to use it and turn it into something with a business character and value. Many 
researchers note the importance of understanding how companies apply 
the well-known Ackoff DIKW (Data, Information, Knowledge, and Wisdom) 
hierarchy in their value chains. This ability to turn data into wisdom in real-
time mode puts pressure on companies to follow digital transformation 
(Welchman, 2015; Rothberg & Erickson, 2017). Also, in the utilities sector, 
the way of thinking about using IT systems as a tool of strategic added value 
in decision-making is changing (Nagy et al., 2018; Schumacher et al., 2016; 
Liboni et al., 2018; Alcácer & Cruz-Machado, 2019). This means that it is no 
longer a mere technological support activity as originally defined by Porter 
(1985) in his concept of the value chain. Currently, companies are already 
developing digital development strategies to better control and improve 
their value chains.
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FRAMEWORK APPROACH TO BENCHMARKING THE 
DIGITIZATION OF PROCESSES IN VALUE CHAINS

Premises for benchmarking the digitization of processes

Research to date shows that digitization makes value chains, both at the 
company level and globally, more efficient, flexible, and better customer-
oriented. The greatest potential of digital value chains to this prime is 
believed to be in Industry 4.0 and the fourth industrial revolution. It is 
assumed that ultimately, as digital technologies are implemented, virtually 
every area of   business will be transformed through the vertical integration 
of R&D, production, marketing and sales, and customer service along with all 
the supporting processes and activities. As a result, the economy is evolving 
towards an entire digital ecosystem based on technologies such as clouds 
(cloud), big data, the Internet of Things, 3D printing, augmented reality, 
and many others. The technologies themselves have already contributed to 
building new business partnerships and creating new digital business models. 
It is predicted that the next stage of economic development, possibly also 
revolutionary, may take place due to digital ecosystems in which already used 
and new technologies will be combined. This means even greater progress in 
making the value chain network more flexible and integrated, the possibility 
of virtualizing customer processes and interfaces, and tightening industry 
cooperation, which has already been articulated in research on the needs of 
various market entities (Transformation through innovation, ecosystems and 
sustained outcomes, PwC, May 28, 2021). 

Low process competences are definitely one of the biggest 
implementation barriers. The use of a process approach in managing a water 
company, especially in smaller entities, is still at the implementation stage, 
and often pre-implementation. It is hard to disagree that the implementation 
of business process management is in itself a tedious and time-consuming 
process. Identifying the value chain, decomposing the chain within individual 
categories and groups of processes, and then mapping and measuring the 
processes requires a lot of work, developing appropriate process competences 
and implementing systems supporting process management, such as BPMS 
(Business Process Management System). Taking into account the different 
level of process maturity of water supply companies, different scenarios for 
making comparisons should be assumed. Process benchmarking conducted 
within the water supply industry, at the national or regional level, should 
undoubtedly take into account the level of process maturity of enterprises so 
that the knowledge provided by selected patterns (benchmarks) is useful and 
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possible to be quickly used in enterprises using benchmarking. The presented 
concept of process benchmarking in the water supply industry serves primarily:

 • quick recognition of digital technologies used in leading enterprises;
 • obtaining information on the level of process and digital maturity of 

leading companies;
 • assessment of the benefits obtained from the use of technologies 

(business, social and environmental);
 • gaining knowledge about implementation processes and the 

necessary competences;
 • assessment of the costs of purchasing and implementing new 

technologies.

Benchmarking the digitization of processes should primarily take into 
account:

 • information on the processes (and their key elements) supported by 
digital technologies;

 • information about the technologies used in the tested processes;
 • information on the place of the analyzed processes in the structure 

of the value chain;
 • information on the expected and obtained business, social and 

environmental benefits from the applied digital technologies;
 • presentations of reference models of processes supported by digital 

technologies.

Even though process benchmarking is a valuable method used in the 
improvement of the organization, it has its limitations due to the time-
consuming nature and different standards of documenting processes. 
Therefore, there is a need to create benchmarking methodologies that will 
make it easier for enterprises to focus on those processes and technologies 
that release added value faster, understood both in a business, social and 
environmental sense.

Scenarios for the use of the benchmarking methodology

The presented approach to creating a benchmarking methodology for 
digitizing the value chain in water supply companies considers two alternative 
research scenarios. The first scenario (Figure 1) assumes using the current 
results obtained in benchmarking projects related to key performance 
indicators (KPIs). The previously identified indicators will make it possible to 
shorten the research process through a faster transition to the second stage 
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of benchmark identification. It can be assumed that enterprises achieving 
more favorable performance indicators indicate a higher level of process 
and digital maturity. Thus, the probability of recruiting the most mature 
enterprises for research in the third stage increases. The assessment of 
process and digital maturity requires the use of maturity models adapted to 
the specifics of the entire industry, taking into account both legal regulations 
relating to the quality of supplied water and treated wastewater and 
environmental and social conditions. Determining the level of process and 
digital maturity of the analyzed processes is an important point of reference 
in designing measures for assessing the contribution of digital technologies 
in achieving company goals.

Figure 1. Stages of the research process - Scenario 1

The second scenario (Figure 2) is more demanding and increases the 
usefulness of the obtained research results for enterprises that would like 
to use this knowledge to develop their own business. The first stage of 
benchmarking research requires assessing the process and digital maturity 
of enterprises, taking into account both 3.0 and 4.0 technologies. For many 
companies, clients of benchmarking research, it is also important to refer 
not only to past technologies but also those that fit into the standards of 
water management. It is assumed that the above-average level of process 
and digital maturity should nominate companies to remain benchmarks. 
The process maturity scale should reach a range adequate to the target level 
of meeting stakeholders’ expectations, the profitability of the conducted 
activity, and the acceptable environmental footprint.

The assessment of the digital advancement of enterprise processes 
in the third stage requires a multi-level creation of a matrix of processes 
in combination with digital technologies. The use of the enterprise value 
chain as a starting point for designing the levels of data refinement dictates 
decomposing the model.
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Figure 2. Stages of the research process - Scenario 2

The starting point for building a matrix is   to establish the structure of 
the value chain and the set of digital technologies that will be the subject 
of the study. One of the most recognizable benchmarking models is the 
Process Classification Framework (PCF) model developed by the American 
Productivity & Quality Center (APQC). The summary in Figure 3 relates to 
a PCF dedicated to Utilities. The PCF covers the decomposition of the value 
chain on five levels:

1) Process categories (14 categories).
2) Groups of processes within each category.
3) Processes within each group of processes.
4) Activities within each process.
5) Activities within the activity.

The use of an appropriate model of value chain decomposition should 
consider the specificity of enterprises within the industry under study.

Building a matrix for the purposes of benchmarking analysis results from 
the adopted structure of the value chain, and the analysis of the use of digital 
technologies can be performed at every level of the value chain, depending 
on the set research goals. Sample matrices are included in Figure 3. Each 
matrix in Figure 4 contains 14 process categories in the first column. This set, 
according to the PCF-Utilities/APQC model, starts with operational processes 
(1–6), and then supporting processes (7–14). The following columns contain: 
1) First matrix: digital technologies selected for research; 2) Second matrix: 
functionalities of selected technologies; 3) Third matrix: the level of replacing 
human labor with machines; 4) Fourth matrix: the level of cost reduction by 
applying a given digital technology.
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Figure 3. Value chain of a water utility company
Source: Own study based on https://www.apqc.org/resource-library?f[0]=industry:2317

The number of matrices will depend on the scope of the research. Adding 
matrices is conceptual work. The number of matrices should depend on the 
research questions and, consequently, the structure of the research tools with 
which the data will be collected. The matrices presented in Figure 4 should 
answer the following questions: 1) What digital technologies are used in each 
process category?; 2) What functionalities of the selected technologies have 
been implemented?; 3) What is the level of replacing human work with digital 
technologies?; 4) What level of cost reduction in processes was achieved 
after the implementation of the selected technology?

Matrices used to assess the digitization of enterprise processes should 
include technologies already used in a given industry (in the case of water 
and sewage) or are likely to be implemented in the future. The sources 
used in the article indicate preliminary experiences and research and 
development works relating to many key technologies for Industry 4.0, e.g. 
mobile devices, IoT platforms, location detection technology, advanced 
human–machine interfaces, authentication and fraud detection, intelligent 
sensors, Big analytics Data and advanced algorithms, multi-level interactions 
with customers and their profiling, augmented reality or cloud computing.
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Figure 4. Selected process digitization assessment matrices resulting 
from the decomposition of the value chain

The last stage of benchmarking research in the second scenario is assessing 
the share of digital technologies in achieving company goals (Figure 2). The 
knowledge obtained in process benchmarking is an opportunity to broaden 
the perspective of assessing business, social and environmental goals. Tracking 
changes in the structure of the value chain and in specific processes that occur 
thanks to digital technologies help develop knowledge about all elements of 
processes and their configuration. Each process is a specific system of goals, 
tasks, decisions, material and non-material resources, organizational roles, 
human and financial resources, quality and performance measures, risks 
and control activities, or flows and collaboration. The use of more and more 
advanced digital technologies leads to more and more significant changes in 
such systems. In line with the objectives of Business Process Improvement 
(BPI), benefits are obtained in the field of eliminating human and technical 
errors, reducing human activity in favor of intelligent machines, obtaining 
information about the course of processes in real-time, fast data processing, 
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and decision making, e.g. thanks to the use of artificial intelligence, and 
above all, shortening the time of process implementation and reducing the 
consumption of resources, not only in production or operational processes 
but in all processes of the organization.

Process benchmarking potential

The essence of the benchmarking method relating to comparing oneself 
with more advanced or mature entities indicates unlimited possibilities 
for formulating goals, subject and subjective, spatial and temporal scopes, 
and research methodologies covering both the quantitative and qualitative 
approaches. Increasingly serious water management challenges arise before 
the management of any water company. Social expectations regarding 
unlimited access to high-quality water and sewerage services are at the 
same time related to the expectation of low prices for water and sewage 
services. Regulations concerning the shaping of tariffs are variable and do 
not always secure all water management stakeholders in the same way. 
Entities obliged to conduct collective water supply (e.g., local government 
units) and entities authorized to collect and treat water and collect and treat 
wastewater (plants, municipal companies) are obliged to conduct sustainable 
activities in the economic, social and environmental sense. Due to the level 
of technological advancement, legal obligations will become more and 
more detailed and demanding. An example of new research and regulatory 
perspectives is developing research into water and environmental footprint 
assessment. The ability to precisely measure the footprint of human activity 
and achieve better and better indicators should also be an important goal 
of benchmarking the digitization of business processes. Figure 5 shows the 
stages of benchmarking studies aimed at helping companies to identify the 
Environmental Footprint (similarly to Water Footprint) and to make efforts to 
improve their performance in this respect.

Figure 5. Assessment of the achievement of environmental goals 
in benchmarking
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Making an effort in enterprises to reduce the negative consequences 
of their activities requires rethinking their processes and taking actions 
towards their improvement or innovative reformulation. Therefore, it is 
necessary to develop the potential of benchmarking research, which, as 
a rule, should contribute to the diffusion of knowledge and improve the 
competencies of enterprises.

CONCLUSIONS

Digital technologies increasingly determine economic development, and 
therefore increasingly contribute to raising people’s living standards and 
protecting the natural environment. Process benchmarking, as a method 
of improvement focused on building digital competences, is an important 
contribution to the digital development of enterprises. Observation and 
comparison of changes in processes under the influence of implemented 
digital technologies creates conditions for the interpretation of performance 
and quality indicators. From an enterprise business process-management 
perspective, it is easier to understand the impact of digital technologies 
because cost analysis is already at the process level rather than at the 
enterprise level. Assessment of the impact of digital technology on the 
increase in process efficiency allows for an evolutionary increase in digital 
maturity of processes. Observation of changes in enterprise value chains 
related to the digital technologies used should facilitate shortening the 
process of experimenting and learning on own implementation projects, 
and thus shortening implementation cycles and reducing the costs of 
implementing new technologies.

During the conducted literature studies and other sources of knowledge, 
mainly from business practice, which were presented in the article, the 
author tried to answer the research questions posed in the introduction. 
Research experiences in the field of digital maturity are steadily increasing. 
In response to the first question (RQ1) and after the analysis of Scopus and 
WoS database resources, it can be stated that starting from 2006, individual 
studies on the digital maturity of various entities were published. In both 
cases, 2018 saw a two-fold increase in Scopus and a three-fold increase in 
the number of publications in WoS devoted to digital maturity. One can also 
notice an increasing dynamics of interest in research issues. Research is 
carried out in many sectors, but there are still no examples relating to water 
utilities. The combination of digital process maturity methodology and value 
chain analysis was also not identified. The author initiated the concept of 
researching the digital maturity of the processes forming the value chain, 
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filling the research gap in the benchmarking methodology in the water sector. 
The research concept can also inspire similar research in other sectors.

In the next stage of the literature review, the author looked for an answer 
to the question (RQ2): what research approaches are used in benchmarking 
water supply companies? The identification and analysis of scientific sources 
as well as the review of websites and internet platforms allows us to conclude 
that benchmarking of water companies based on KPIs definitely dominates 
in both the scientific and business environments. Work on defining indicators 
related to digital technologies is progressing, but they are not popular in 
the water sector. In summing up the analysis relating to the next question 
(RQ3), it should be noted that there is also little interest in the analysis of the 
value chain in the water supply industry. There are individual articles indexed 
in Scopus and WoS that demonstrate the application of the value chain to 
comparative research in the water sector. However, compared to other 
sectors, the popularity of the issue is low. Therefore, it can be concluded that 
this is further evidence of a research gap.

The fourth research question (RQ4) concerned the concept of 
benchmarking methodology. After analyzing the applied benchmarking 
research and examining the popularity of process benchmarking, two possible 
research scenarios were proposed. The first scenario takes into account 
the achievements so far in the benchmarking respondents based on KPIs. 
Knowledge of the obtained performance indicators allows you to shorten 
the time of benchmark identification and focus on selected, key processes 
for water supply companies. The second scenario of benchmarking research 
assumes a systemic approach to research, which uses the structure of the 
value chain and the already popularized methodologies for assessing process 
maturity. Such research allows for a complete picture of the involvement of 
digital technologies in enterprise value chains. The author tried to emphasize 
the same role of digitization of operational and supporting processes and 
their impact on the achievement of economic, social and environmental 
goals of enterprises. In the analysis of the environment of a modern water 
company and its value chain, the issue of sustainable development cannot be 
ignored, which she also tried to highlight.

Process benchmarking is valuable not only for technologically less 
developed companies but also for technology leaders in the industry. 
Comparing yourself with other leading entities serves to look for inspiration 
to create innovative solutions, as well as build business and public–business 
partnerships in order to increase economic, social and environmental value. 
Benchmarking studies are conducted by individual enterprises, but the 
most popular, both in the scientific and business environment, are studies 
conducted on a wider scale (regional, national or international). Hence, the 
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initiated concept of benchmarking the digitization of the value chain can 
also be developed on a larger scale, for example by industry organizations, in 
public initiatives, and in public–private partnership.

Further directions of research on the benchmarking methodology for 
digitizing the value chain should be aimed at establishing a set of indicators 
and levels of digital maturity for current and future digital technologies in 
the water sector. The next stage in developing the proposed benchmarking 
methodology requires empirical identification of indicators and testing of 
scales to determine the levels of digital maturity of processes.
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Abstrakt
CEL: Przegląd literatury oraz licznych źródeł internetowych, w szczególności platform 
informacyjnych międzynarodowych organizacji wspierających działalność sektora 
wodnego, miał na celu weryfikację doświadczeń badawczych w zakresie dojrzałości 
cyfrowej przedsiębiorstw, identyfikację podejść badawczych stosowanych w bench-
markingu wodociągów, oraz określenie poziomu zainteresowania analizą łańcucha 
wartości branży wodociągowej. Stwierdzono, że brak jest metodyki benchmarkin-
gu, która umożliwiłaby obserwację zmian zachodzących w procesach biznesowych 
przedsiębiorstw wodociągowych pod wpływem technologii cyfrowych. Dlatego w ni-
niejszym artykule przedstawiono ramy do benchmarkingu cyfryzacji procesów bizne-
sowych. W artykule przedstawiono również przesłanki do benchmarkingu cyfryzacji 
procesów wchodzących w skład łańcucha wartości przedsiębiorstwa wodociągowego 
oraz korzyści płynące z włączenia technologii cyfrowych wspierających procesy z per-
spektywy ekonomicznej, społecznej i środowiskowej. Jednym z kluczowych etapów 
tworzenia koncepcji badań benchmarkingowych jest stworzenie macierzy zmiennych 
odnoszących się do celów realizowanych przez przedsiębiorstwa wodociągowe. ME-
TODYKA: Proponowana koncepcja benchmarkingu cyfryzacji procesów biznesowych 
wchodzących w skład łańcucha wartości przedsiębiorstwa wodociągowego została 
przygotowana w oparciu o studia literaturowe oraz analizę wybranych platform in-
ternetowych międzynarodowych organizacji działających na rzecz sektora wodnego. 
WYNIKI: Analiza dekompozycji łańcucha wartości przedsiębiorstwa, kryteriów i po-
ziomów oceny dojrzałości procesowej oraz najnowszych technologii cyfrowych po-
zwoliła na przygotowanie dwóch scenariuszy etapów benchmarkingu procesów oraz 
wykorzystanie technologii cyfrowych w zależności od poziomu dojrzałości procesowej 
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oraz doświadczeń benchmarkingowych. IMPLIKACJE DLA TEORII I PRAKTYKI: Zapro-
ponowany model jest wysoce koncepcyjny i wymaga walidacji w badaniach pilotażo-
wych w celu weryfikacji poziomów dekompozycji łańcucha wartości, wyboru kluczo-
wych technologii cyfrowych do badań oraz określenia skali dojrzałości cyfrowej dla 
każdej z uwzględnionych w badaniu technologii. Organizacje prowadzące badania 
benchmarkingowe mogą poszerzać zakres swoich badań i dostarczać przedsiębior-
stwom wodociągowym informacje o najnowszych technologiach cyfrowych wspiera-
jących procesy biznesowe. ORYGINALNOŚĆ I WARTOŚĆ: Wykorzystanie taksonomii 
łańcucha wartości do oceny wsparcia procesów biznesowych przez technologie cyfro-
we jest oryginalnym podejściem. Umożliwia zdobycie wiedzy o znaczeniu technologii 
cyfrowych we wszystkich procesach realizowanych w przedsiębiorstwie.
Słowa kluczowe: łańcuch wartości, benchmarking procesów, dojrzałość procesowa, 
dojrzałość cyfrowa, Przemysł 4.0.
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