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Abstract: Reducing energy consumption should be treated as crucial for contemporary information
and communication technology (ICT) projects under conditions of Industry 4.0. This research
proposes a wider look at the factors influencing the success of ICT industry projects, considering not
only technological and procedural conditions or implementation methods but also information and
competency resources, thus allowing for correct decisions to be taken during project implementation.
The article analyzes the information gap in Industry 4.0 projects completed in enterprises based in
Poland, following the concept of sustainable development and minimization of energy consumption.
The research was completed between 2018 and 2021 in medium enterprises, and the result is a
qualitative characteristic of the information gap in ICT projects from the client’s perspective. The
research can help develop a complete methodology for Industry 4.0 ICT projects to limit the level of
uncertainty and risk while reducing energy consumption.

Keywords: energy consumption; information gap; Industry 4.0; IT project; Green I

1. Introduction

Currently, the industrial sector is the largest energy consumer, and its buildings have
recorded a very dynamic energy consumption increase. According to the International
Energy Agency, industry is responsible for 37% of global energy consumption, a trend
that is forecast to continue [1]. Changes will be possible only because of the fourth in-
dustrial revolution, which provides access to Big Data and the possibility of using it in
factory operations.

Industry 4.0 leads in the digitization and networking of production as well as the re-
lated transformation of business models and strategies. It includes digitally networked pro-
duction as well as assembly, maintenance and marketing. What distinguishes Industry 4.0
is its decentralized components, which make independent decisions based on digital
information and feed the production system. In the future, not only autonomous but self-
learning systems are expected. Thus, Industry 4.0 is based on four pillars: the cyber-physical
systems (CPS), the Internet of Things, the Internet of Services, and the smart factory [2].

CPSs are physical and engineering systems in which operations are monitored, coordi-
nated, controlled and integrated by a computational and communication core [3]. A CPS
describes the combination of information and software components with mechanical and
electronic parts that communicate through a data infrastructure such as the Internet. One
characteristic is high complexity.

The Internet of Things is a concept that interconnects many objects into a single
network. It concerns not only computers, smartphones or tablets, but also household
appliances and televisions as well as industrial automation such as production lines,
machines and robots.
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The Internet of Services comprises modular production stations that can be flexibly
modified and extended. Services are offered and bundled into value-added services by
different providers, and then communicated to users and consumers through a variety of
selling channels [4].

The concept of a smart factory refers to the application of modern robotics and digital
systems in the efficient management of industrial production. The coordination of an
enormous amount of data from sensors embedded in machines and software for internal
and external processes increases production efficiency and reduces the need for constant
staff supervision. The most advanced factories of this type can adapt production volume to
fluctuations in demand, react to sudden changes in the supply chain, and correct irregular-
ities to avoid production downtime by using Big Data, the Industrial Internet of Things
(IIoT), and simulation techniques such as digital twins or digital shadows.

Industry 4.0 offers almost unlimited possibilities and is characterized by increased
production energy efficiency, which results in maintaining energy security, lower energy
expenses, and environmental protection. Therefore, the development and implementation
of various types of Industry 4.0 projects are extremely important for modern economies.
It should be noted, however, that very often the success of such projects depends on the
appropriate flow and availability of information both from the investor and the project
contractor. The lack of necessary information (information gap) in the investor-contractor
relationship hinders decision making and delays or prevents project implementation.

The purpose of this paper is to identify informational components in the customer’s per-
spective of Industry 4.0 projects to reduce energy consumption and promote sustainable growth.

The final product, which is the result of the Industry 4.0 ICT project, consists of a
number of information components, which are not separate items of trade, but appear on
the market as integral parts of the services provided under the project. From the customer’s
perspective, information on each component is necessary for the implementation of an
IT project. If the client has information included in the components, the project could be
carried out without involving the supplier. The scope of the client’s component information
significantly influences the effectiveness of the project. In Industry 4.0 project management,
a noteworthy issue is how to manage the information gap between customer and supplier.

The remainder of this paper is organized as follows. Section 3 provides a formulation
of research goals and methods for developing the information gap theory, including the
presentation of projects selected for the study. The authors’ intention is to achieve the
following research goals:

G1: The identification of information components over the life cycle of the project
from the client’s perspective.

G2: A characteristic of information gaps to identify information components.

Section 4 presents results with information components and a discussion on inheriting
information gaps. In Sections 5 and 6, the conclusions are summarized.

2. The Development of Industry 4.0 Considering Sustainable Growth and Reduction
of Energy Consumption—Literature Review
2.1. Energy Consumption Review

One of the most important issues in modern economies is how to manage the demand
and supply of energy. In Poland in 2019, transport accounted for the largest amount of
national energy consumption—33%. Households came in second (26.3%), and industry
was third (23.9%) [5]. The situation was similar across the EU: transport, 31.3%; households,
26.9%; industry, 24.6%; and services, 13.9%, [5]. This indicated that improving industrial
energy performance can make an important contribution toward achieving significant
improvements to local and global energy efficiency. It also reinforced the fact that industrial
energy efficiency has to be considered when designing new enterprises and searching for
technological, organizational and IT solutions in existing enterprises.
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The problem of how to reduce energy consumption in various industries is of in-
terest to many researchers. Publications [6,7] have reviewed research on energy savings,
carbon reduction, and improved energy efficiency in the Chinese cement industry, and
the potential for reduced energy consumption and CO2 emissions was discussed in [8].
The same issue was analyzed for India and presented by the authors in [9], while [10]
presents a comparison of energy consumption in cement production using different tech-
nologies. In addition, the authors presented the possibility of using a tool to evaluate and
compare energy consumption in cement production plants based on specific variables and
production parameters.

Other examples pertaining to the reduction of energy consumption include the anal-
ysis and evaluation of the benefits of efficient energy use; proposals such as electricity
recovery [11] to improve efficiency; presentation of theoretical and practical aspects of
energy saving in the chemical [12], paper [13] and wood industries based on a Swedish
example [14] and the Chinese [15] and Polish metallurgical industries [16]. In [17] the
authors presented a forecast of energy consumption connected with food production and
an analysis and evaluation of alternative political solutions aiming at reducing energy
consumption for food production in the medium and long term.

The implementation of new means to reduce industry energy intensity often requires
a systemic approach and top-down energy policy support. Many studies have been
conducted in the EU to assess the effectiveness of specific industry-focused energy efficiency
measures. Many researchers have paid attention to the type of policy, its accessibility to the
industry and its effectiveness [18–23].

The industry-reducing energy consumption issue is inextricably linked with the Green
IT concept, defined in [24] as “the optimal use of information and communication tech-
nology (ICT) for managing the environmental sustainability of enterprise operations and
the supply chain, as well as that of its products, services, and resources, throughout their
life cycles”. This includes energy-saving IT equipment as well as the optimization of
resource requirements for workstations and cooling servers, and the sustainable life cycle
of IT equipment from purchase to recycling. The different approaches to defining and
understanding Green IT and the associated risks are presented in [25–28]. Energy savings
in information management and processing systems can lead to significant energy savings
in an area of the industry that today is almost entirely computerized.

2.2. Sustainable Development and Energy-Consuming

According to Robert Solow [29], “the recipe for growth” in principle does not differ
between countries. We can distinguish two basic types of growth:

• “brute force growth” [30], based on a quantitative increase of investment (more work
and capital equals more product); and

• “intelligent growth”, based on qualitative changes (e.g., technological development)
or institutional changes [30] the key factor of which is increased efficiency.

The term “sustainable development” was introduced by Hans Carl von Carlowitz
and referred to a form of forest management where each felled tree was replaced with
a new seedling [31]. Concepts of sustainable development are present in different areas
of human activity, like business [32–34] or environmentally positive systems. The basic
task of sustainable development is to maximize the net benefits of economic growth while
protecting and ensuring that natural resources are renewed over the long term [35]. The
Industry 4.0 concept constitutes an intelligent form of development aimed at increasing
efficiency through technological, institutional, and social progress and minimizing energy
consumption. ICT projects in Industry 4.0 are an important area of sustainable growth
research. Thanks to ICT solutions, it is possible to support the implementation of sustainable
development concepts in the following areas:

1. Ecology—IT solutions allow for a switch from an energy-intensive economy to a model
that considers the protection of the environment. This type of solution may concern
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a. Limiting the energy intensity of ICT (e.g., cloud data migration); and
b. Limiting the energy intensity of industry solutions through ICT (e.g., using

artificial intelligence)

In this area, we need to consider the results of research into information ecology.
2. Society—allowing direct communication between employees and contractors and

taking action in real time; and
3. Economy—leading to benefits in a way that does not eliminate the social and ecologi-

cal benefits of stakeholders.

Considering these areas, the solutions described as Green IT or Sustainable IT [36–38],
that are used for designing, producing, and using IT systems [39] are being introduced.
According to Andreopoulou [40], Green IT is a design, construction and information
diffusion technique designed to achieve optimal environmental governance and optimize
and improve the organization’s operational processes.

Harnessing [25] offers another definition of Green IT: “the study and practice of
designing, manufacturing, using, and disposing of computers, servers, and associated
subsystems—such as monitors, printers, storage devices, and networking and communica-
tions systems—efficiently and effectively with minimal or no impact on the environment.
Green IT also strives to achieve economic viability and improved system performance and
use while abiding by our social and ethical responsibilities”. Green IT is an element of
sustainable development and Industry 4.0 concerning the configuration of information pro-
cessing systems that will soon gain dominance, especially in industry, such as the Internet
of Things or blockchain [41]. It concerns the quality of decisions made as a function of
knowledge about the mechanism of future investment and may translate into aspects of
sustainable development such as energy consumption [42–44].

To sum up, the completion of Industry 4.0 projects under conditions of sustainable
growth bring not only economic but also social and ecological benefits. Completing this
type of project requires knowledge and skills linked to the implementation of Industry 4.0
projects as well as competence in sustainable growth conditions. Consequently, this research
regards project management in Industry 4.0 not only under conditions of sustainable
growth, but also under conditions of rapidly increasing uncertainty and risk.

This research concerns medium enterprises in 2018 based in Poland, which was the
first country from the former communist bloc to be classified as a developed country [45].

2.3. Project Management in Industry 4.0

An important part of Industry 4.0 projects is high-tech projects in the area of business
process digitization. According to Cao and Zhang [46], many project implementation
methods in current use (e.g., ITIL), will be replaced by new methods that will accommodate
artificial intelligence [47], agility, a lower level of formality (especially in communication
and project documentation), information asymmetry between the supplier and the client,
and the possibility of strong organizational turbulences, both internal and external. The
nature of Industry 4.0 project implementation is both technologically and organizationally
complex, necessitating flexible project completion. Consequently, project management is
expected to have an increasingly more adaptive character and require the use of different,
often contradictory methods, that will lead to a combination of established routine and the
use of hard skills, especially digital skills. Currently, Industry 4.0 projects are completed
under conditions of uncertainty [48,49] in a highly turbulent environment. The external and
internal conditions of a project stimulate the development of agile and adaptive responses
that lead to further changes in structures and operating methods, resulting in a better
adjustment to change.

Research indicates that it would be appropriate to include the concept of uncertainty
in the management methods of Industry 4.0 projects that involve sustainable growth
and reduced energy consumption and to consider the information gap theory to sup-
port decision-making.
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One of the examples may be an attempt to include the hypothesis-driven development
(HDD) concept to increase the effectiveness of the Agile and Waterfall implementation
methods [50–52]. It is an exploratory-adaptive approach that assumes a gradual identi-
fication of uncertainties and information gaps in individual project sprints, resulting in
a group of hypotheses regarding functional and technological requirements. The HDD
concept assumes a method of defining functional and technological requirements where
instead of the user perspective, the requirements are based on three factors.

1. A hypothesis that can refer to information components that may be characterized by
the users’ information gap;

2. A business result, along with benefits, when the hypothesis is proven to be true; and
3. Conditions that allow for the hypothesis to be fulfilled.

An example of decision-making support in large and advanced projects under condi-
tions of uncertainty is Robust Decision Making (RDM) [53]. It combines an analysis of two
factors: first, decision-making based on technological and organizational assumptions of
project completion and predicted scenarios (which may result from information gaps of the
components) and second, exploratory modelling that uses stress tests in extremely difficult
conditions caused by uncertainty from the research object or its environment. The RDM
concept may include guidelines regarding energy consumption reduction and sustainable
growth for the specific project and the industry, especially Key Performance Indicator (KPI)
criteria and process requirements.

Yet another example is Dynamics Adaptive Planning (DAP), which supports activities
linked to designing a plan of adaptive possibilities as the conditions change and the
knowledge resulting from uncertain events is gained. DAP includes a characteristic of a
process-monitoring system within the project along with a definition of tasks that need to
be undertaken to achieve goals.

To sum up, the high level of uncertainty within an organization and its turbulent
environment necessitates the use of new Industry 4.0 project completion concepts that
entail reduced energy consumption. To achieve this goal, the authors propose the use of
the information gap theory to support decision-making under conditions of uncertainty.

2.4. Information Gap in Industry 4.0 Projects

According to Ben-Haim [54], the information gap theory can support business decision-
making under deep and dynamically changing uncertainty, which may result from tech-
nological and functional requirements of Industry 4.0 projects that include sustainable
growth and reduced energy consumption. This study was based on the definition and
characteristics of the information gap devised by Oleński [55] and Wachnik [56].

In IT projects, the range, character and dynamic of the information gap on both the
client and the supplier strongly determine the degree of uncertainty in decision-making at
each stage of the project life cycle.

As part of a market transaction of an Industry 4.0 project, we distinguished a cluster of
contracts for the purchase of software licenses, hardware, and IT services aimed at creating
a unique configuration. A project consists of many information components throughout
its life cycle. These pieces of information constituting an information component are
not separate subjects of trade, but appear on the market as integral parts of the services
provided [55,57]. From the perspective of the client and the supplier, information consisting
of components, information, and knowledge about each component are necessary to satisfy
their partially conflicting goals. Hence, by having information about the components, the
client and the supplier can shape mutual relations more successfully. The structure of
information components changes at different stages and phases of the IT project life cycle,
which results from the learning curve. The goal of this study is to identify information
components from the customer’s perspective to reduce energy consumption and sustainable
growth, and the information gap between the client and the supplier is a noteworthy issue.
Information gap management for individual components consists in decreasing it on one
side and decreasing or increasing it on the other side of an economic relation: in this case,
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an IT project. According to Babik [57], information needs are shaped by two factors: the
kind of task being solved and the person’s knowledge and experience. Among these needs,
two subsets can be distinguished: information necessary to solve a task but available to the
system user, and necessary information that is not directly available.

Obtaining information necessary to close the gap entails costs. The bigger the gap,
the higher the cost, which increases the more we attempt to close it. The types of activities
undertaken to obtain information, as discussed in the literature [58,59], indicate varied
approaches among information users to the solved problems, which define their informa-
tion needs. Hence, information service processes offered to the users need a diversified
approach for each of them. This means that it is necessary to include the user in a dynamic
model, to organize effective servicing of information needs. Particularly noteworthy are
the models and standards linked to the Information Literacy (IL) concept, designed in the
1990s: The Big6 [58] and SCONUL [59].

3. Research Methods
3.1. Research Goals

The research goals concern the information gap in ICT projects in Industry 4.0 com-
pleted in enterprises implementing sustainable growth and seeking to reduce
energy consumption.

G1: The identification of information components in the entire life cycle of the
researched project from the client’s perspective.

G2: A characteristic of information gaps for the identified information components.

3.2. Research Method

An analysis was performed based on the results of a study of four purposefully
selected enterprises. The case study method made it possible to identify and analyse the
gap in an Industry 4.0 ICT project, which is discussed more extensively further on. The
research performed led to conclusions and that will allow these projects to be more effective
and efficient under competitive global conditions.

The research in this article is interdisciplinary, contributing to the development of
the information gap theory and business informatics in enterprises developing in the
conditions of sustainable growth and limiting energy consumption [60,61]. As a result of
thus formulated research goals, the direct observation method was selected. The research
method was selected based upon

1. A desire to perform a qualitative description of the entire life cycle of an ICT project
spanning many years;

2. The relevant characteristics of the projects resulting from the characteristics of Industry
4.0 projects and sustainably developing enterprises;

3. The interdisciplinary character of the ICT projects;
4. The observation of the information gap areas that cannot be studied using interviews

during the project life cycle;
5. The possibility of tracking the dynamics of the information gap during the project

life cycle.

The research method phases are presented in Table 1.
The selection of cases was deliberate and made on the basis of five basic criteria: data

availability, vividness of the case, diversity in multiple case studies, critical phenomenon
and a metaphor that directs the researcher to a specific direction of the studied phenomenon.
The first was the purely pragmatic question of the availability of data, which led to the
most incisive description of those enterprises that were especially pertinent to the research
question. Projects had to meet four substantive criteria to be selected:

1. Be concerned with ICT solutions belonging to the Industry 4.0 project group;
2. Be implemented in enterprises that paid particular attention to sustainable growth;
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3. Be avant-garde; i.e., employees had no experience in implementing this type of
projects; and

4. Be implemented in a relatively large diversification of industries.

Table 1. Research method phases.

Stage 1 Formulating the research question

Stage 2 Selection of cases

Stage 3 Development of data-collection tools

Stage 4 Fieldwork

Stage 5 Data analysis

Stage 6 Formulating generalizations

Stage 7 Confrontation with the literature

Stage 8 Study conclusion—generalization

The second criterion was the vividness of the case, which illustrated the properties
being studied in an extreme form which, however, allowed for an unambiguous interpreta-
tion of them. The third concerned diversity by requiring that many cases be investigated in
a manner that presents different circumstances or contradictory situations.

The number of cases ranged from 4 to 10 to allow for the analysis of phenomena that
had a different course or took place in different industries. This enabled the formulation
of generalizations largely free from circumstantial factors or industry. The selection then
consisted in creating appropriate cases (e.g., a project with high technology, a mature
market and a local–global enterprise.

The fourth was the critical phenomenon—either extreme or counter to generally
accepted opinion—which allowed generalizations to be formed.

The fifth concerned a metaphor which directed the researcher’s attention to a specific
course of the phenomenon under study or allowed for the assumption of a specific research
position. For instance, the lifecycle metaphor required the selection of cases that allowed
for the observation of its emergence, development, maturity, decline and disappearance.
The projects, completed between 2018 and 2021, are characterized below (Table 2).

The study, study involved observations of the phenomenon and the events as well as
co-participation: receiving interpretations from the participants, making contact with the
participants, assuming the position of an outsider, or not participating in the work of the
observation participants but remaining in the background. As part of direct observation,
the study focused on the functioning of the project group, technical and organizational
conditions, and project management methods. Direct observation is characterized by a
high level of difficulty and layering of all observed phenomena, resulting in a feeling of
overload (selective observation). To minimize the impact of subjectivity on the evaluation
during observation, a passive approach was applied, i.e., not actively participating in the
project, taking on a managerial position, or not being a project group member.

During the research completion

1. The observed knew that the study was being carried out by a researcher from the
Warsaw University of Technology conducting studies in IT project management;

2. The strong requirement for privacy and confidentiality by the enterprises where the
research was carried out was respected. The research description did not name the
enterprises and the context described was at times slightly modified while ensur-
ing credibility;

3. The observed were treated as subjects;
4. The majority of data characterizing the project over its life cycle was accessible.
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Table 2. Characteristic of the studied projects. Source: Own study.

A B C D E

Enterprise description Furniture
production Food manufacturing Transport services Production of

car components Financial services

Project description Infrastructure
transfer to Cloud

Using Big Data
to identify

business-marketing data

Using IoT to monitor
the work of the
transport fleet

Implementation of an
AI-based system

identifying
defective products

Digitization of the
invoice documents
introduced into the

financial module
of the ERP system

Benefits resulting from the
project that has an impact on

sustainable development

Limiting the use
of Resources Making better decisions

Extending
the life cycle of

the transport fleet

Limiting the number of
defective components

being released into
the market

Lower paper usage

Number of
participants 50 40 120 5 25

Studied project duration
(phase/completion time)

F 1—3 months
F 2—1 month
F 3—2 years

F 1—6 months
F 2—6 months

F 3—1 year

F 1—6 months
F 2—2 months
F 3—2 years

F 1—6 months
F 2—1 month
F 3—2 years

F 1—3 months
F 2—3 months
F 3—2 years

The study was conducted mainly through collecting and analyzing information, and
evaluating the completed project through participation in project meetings, private conver-
sations with project participants, and access to project documents.

4. Results
4.1. Information Components

The identification of information components was completed over the entire cycle of
the IT projects. An analysis of the methods—Sure Step (recommended by Microsoft for
MIS, i.e., ERP and CRM [62]), and Accelerated SAP (recommended by SAP AG for SAP
implementations [63] included in literature, and other project completion standards (PMI,
PRINCE 2 [64–69]) and models (ITIL [70])—allowed for a generalization of an IT project
life cycle consisting of 3 stages.

Stage one, i.e., the preparation stage, comprised two phases.

1. Pre-implementation—The creation of the problem domain model, a user-needs anal-
ysis and definition of the system’s functional requirements, analysis of the organi-
zation’s IT infrastructure, project group definition, identification of significant risk
factors, ex ante economic analysis of the investment and preliminary definition of the
implementation project;

2. System and supplier selection—The preparation of a potential suppliers’ list, creation
of Request for Proposal (RFP) forms, analysis and evaluation of offers according to
established criteria, substantive and trade negotiations, and contract formulation. The
result of the first, preparatory stage was a selection of a system and a supplier; the
completion of Phase 2 was a multi-dimensional task where many organizational, legal,
social, and technical factors needed to be considered.

Stage two, the completion of an IT implementation project comprised five phases.

1. Initiation—An implementation planning session as an initial meeting and a techno-
logical project consisting of the installation and configuration of components in the
hardware layer, system software and application software layer;

2. Analysis—Training for key users and a functional analysis that included analytical
workshops and the designing of a theoretical prototype;

3. Design—Customization of the project;
4. Implementation—Preliminary data migration and acceptance testing for the com-

pleted customization along with tuning, developing workplace instructions and
training for key users; and

5. Go-live—System go-live and post-go-live support during system stabilization.

Stage three, IT system operation, comprises two phases.
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1. Post-implementation analysis and identification of operational needs—covering tasks
linked to an ex-post analysis of the implemented IT project and an identification of
needs linked to system operation;

2. Selection of an appropriate supplier of post-implementation services linked to system
operation—covering the preparation of a potential suppliers’ list, creation of RFP
forms, analysis and evaluation of offers according to established criteria, substantive
and trade negotiations, and creation of Service Level Agreements (SLAs) [71].

Tables 3–5 present information components for the project life cycle phases where
users identified information gaps. Each component was marked as C.X.Y., where X was the
phase where it first appeared, and Y was the component number. The tables used color
gradation for the individual components to mark the impact of the information gaps on the
effectiveness of IT project completion: (1. dark grey—high impact; 2. light grey—moderate
impact; 3. white—low impact). The study used a definition of IT project effectiveness that
compared the results and the expected results for the following criteria: time, business
range, project completion cost, and functional-technological requirements. The projects
were a successes (fully met all the criteria) or partial successes, (failed to meet at most
two criteria).

Table 6 outlines how the project effectiveness criteria were met.
Thirty-one components where the respondents identified information gaps throughout

the entire project life cycle were identified. In Stage 1, the preparation stage, the components
were characterized by the high impact of the information gap on the project’s success,
mainly regarding the definition of the TCO for the project life cycle and the range of
functional and technological requirements resulting from the sustainable growth concept
(including energy consumption reduction), the so-called Green IT. Stage 2 had the same
component characterizations but mostly regarding the risk and uncertainty management
methods, range of functional and technological requirements resulting from reduced energy
consumption and the sustainable growth concept, methods of maintaining implementation
costs according to plan and the knowledge and experience of the project group members,
which allowed them to make the organization more efficient. In Stage 3, the operation stage,
one component characterized by high impact from the information gap was identified: the
range of functional and technological requirements resulting from the sustainable growth
and reduced energy consumption concept. The project group members identified the
strongest impact of information gaps on project success in three main areas:

1. Managing the TCO of an IT system,
2. Implementing functional and technological requirements linked to Green IT, and
3. Managing risk and uncertainty in an IT project.

According to the study, project managers indicated information gaps in the 31 in-
formation components, which could constitute a source of risk factors and uncertainty
throughout the project life cycle. A theoretical and empirical analysis conducted during
the study indicated that information gaps were independent of the class of information
systems. The study showed that information gaps for the components depended upon:

1. The character of the project resulting from the energy consumption reduction and
sustainable growth concept,

2. The functional-technological character of the customization based on the technical
possibilities of the parameterization and software,

3. The level of investment in the knowledge of the project group regarding the project
and the concept of reduced energy consumption (sustainable growth) during the first
stage, and

4. The level of trust between among members of the project group.
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Table 3. The structure of information components on the client’s side during Stage 1 of the IT implementation projects. Source: Own study.

Stage 1 Phase 1

Competence in
estimating the TCO in
the entire project life

cycle C.1.1

Functional and technological requirements
range resulting from the sustainable growth

concept C.1.2

The structure of the IT implementation
project group and the role and

responsibility of its members during the
project completion C.1.3

A precise definition of the technological
and functional requirements for the

system C.1.4

Project completion
method C.1.5

Stage 2 Phase 2 Security of data
access C.2.6

Methods of
charging the

license fee C.2.7

The right to modify
the completed

customization, inc. the
right to source code
modification C.2.8

Integration with
other IT

systems C.2.9
Project schedule C.2.10

Project
completion

method C.1.5

Future SI
development of the
producer and future

license price
policy C.2.11

Functional and
technological
requirements

Table 4. The structure of information components on the client’s side during Stage 2 of the IT implementation projects. Source: Own study.

Stage 2 Phase 3 Project documentation and
completion methods C.3.13

Methods of risk and project
uncertainty

management C.3.14
Project schedule C.2.10

The role and responsibility of
the project group members

during the
implementation C.3.15

Project completion
method C.1.5 -

Stage 2 Phase 4

Knowledge and experience
of the project group

members that can make the
organization more efficient,
resulting from analogous IT

projects C.4.16

Methods of maintaining
implementation costs

according to plan C.4.17

Functional and
technological

requirements range
resulting from the
sustainable growth

concept C.2.13

Methods of collecting
functional requirements by the
project group members during
the functional analysis C.4.18

Methods of functional
and technological

knowledge transfer C.4.19

Methods of risk and
project uncertainty
management C.3.14

Stage 2 Phase 5
Internal testing methods for

the completed
customization C.5.20

Documentation methods of
the completed

customization C.5.21

The impact of
customization method
selection on the TCO of

the IS C.5.22

Functional and technological
requirements range resulting
from the sustainable growth

concept C.2.13

Competence in the area of
communication in a

project based on remote
working C.5.23

Methods of risk and
project uncertainty
management C.3.14

Stage 2 Phase 6 Data migration
methods C.6.24

Knowledge transfer
methods C.6.25

Functional and
technological

requirements range
resulting from the
sustainable growth

concept C.2.13

Methods of system tuning
completion after receiving the

results of acceptance
testing C.6.26

Competence in the area of
communication in a

project based on remote
working C.5.23

Methods of
acceptance testing
completion C.6.27

Stage 2 Phase 7 System go-live
method C.7.28

Methods of risk and project
uncertainty

management C.3.14
Project schedule C.2.10

Competence in the area of
communication in a project

based on remote
working C.5.23

Functional and
technological

requirements range
resulting from the
sustainable growth

concept C.2.13

-



Energies 2022, 15, 1108 11 of 18

Table 5. The structure of information components on the client’s side during Stage 3 of the IT implementation projects. Source: Own study.

Stage 3 Phase 8
Identification of needs linked

to the system’s functional
development C.8.29

Economic evaluation
(ex-post) of the IT project

completion C.8.30

Methods of risk and
project uncertainty
management C.3.14

Project schedule C.2.10

Functional and technological
requirements range resulting
from the sustainable growth

concept C.2.13

Stage 3 Phase 9 Range of development
tasks C.9.30

Operational task
range C.9.31

Methods of risk and project
uncertainty

management C.3.14
Project schedule C.2.10

Functional and technological
requirements range resulting
from the sustainable growth

concept C.2.13

Table 6. Project effectiveness criteria. Source: Own study.

A B C D E

Enterprise type Furniture production Food manufacturing Transport services Production of
car components Financial services

Project type Cloud migration of
infrastructure

The use of Big Data for the
identification of

business-marketing data

The use of IoT to monitor the
work of the transport fleet

Implementation of an
AI-based system to identify

poor quality products

Digitization of invoice
documents introduced into
the financial module of the

ERP system

Time 2� 2� # 2� 2�

Business range 2� # 2� 2� 2�

Project completion cost 2� # # 2� 2�

Functional-technological
requirements 2� 2� 2� 2� 2�

2�Criterion met #—Criterion not met
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4.2. Inheriting Information Gaps

The study identified a phenomenon accompanying the information gap, “information
gap inheritance” [56,57] for the components indicated. The inheritance for each of the
three stages is presented in Figures 1 and 2. A characteristic of the information gap, its
impact on IT project completion efficiency, was identified, and it affected information gaps
in subsequent information components. Analogously, as in Tables 3–5, color gradation was
used (1. dark grey—high impact; 2. light grey—moderate impact; 3. white—low impact)
to illustrate how information gaps affected IT project completion. Inheriting information
gaps means that they became more widespread and ingrained, increasing uncertainty. The
impact of the information gap on IT project effectiveness and the inheritance of the infor-
mation gap resulted in the decreasing resilience of the information gap party—who is often
the decision-maker—and directly affected their decision-making methods. Figures 1 and 2
present sequences of the components for which information gaps greatly or moderately
affected IT project completion.

The inheritance and the inclusivity of information gap characteristics in Stage 1 caused
the uncertainty in Stage 2 and 3 to increase. The domino effect meant that the resilience of
the internal stakeholder to information uncertainty in Stages 2 and 3 decreased. Research
showed that in Stage 1, the sequence of inheriting information gaps referred to components
that concerned mostly three issues:

1. Agreeing on advantageous trade conditions of license purchases of the software and
external outsourcing services, both for Stage 2 and 3 of the project life cycle,

2. Recommendations resulting from reduced energy consumption and the sustainable
growth concept (Green IT) regarding Industry 4.0 project completion,

3. The security of business activity in influencing development possibilities of the IT
system and security of data access.

Figure 1. Inheriting information gaps for the relevant components in Stage 1. Source: Own study.
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Figure 2. Inheritance of information gaps for the significant components in Stage 2. Source:
Own study.

The research showed that in Stage 2, the sequence of inheriting information gaps
referred to the components largely relating to two issues:

1. The knowledge and experience of project group members regarding the concept of
sustainable growth and

2. Risk and uncertainty management following the concept of sustainable growth.

In Stage 3, the sequence of inheriting information gaps referred to two components:
the range of functional and technological requirements resulting from the sustainable
growth concept (C.1.2) and the methods of managing project risk and uncertainty (C.3.14).

To sum up the phenomenon of information gap inheritance throughout the entire
project life cycle, the information gaps with the highest impact on the project success,
concerned the components that characterized the knowledge and experience of the project
group members in the sustainable growth concept as well as knowledge and experience
supporting the possibility of achieving a trade relationship with an external supplier,
thereby obtaining a correct TCO for the project life cycle. The cost of closing the information
gap for the indicated components in Stage 1 led to project success in Stage 2.

The components organized according to the sequence of inheritance confirmed the
main development determinants of the Green IT concept as presented in the literature [72–74].

5. Discussion

Research regarding the information gap theory mainly concerned non-probabilistic
models of decision-making that allowed for the establishment of priorities or choices under
conditions of uncertainty [75]. The completion of Industry 4.0 projects in organizations
following the sustainable growth concept (Green IT) under conditions of Volatility, Un-
certainty, Complexity, and Ambiguity (VUCA) [76] required particular knowledge and
skills form decision-makers to manage risk and uncertainty. To increase the effectiveness
of Industry 4.0 projects that support sustainable growth, we can use the knowledge re-
garding information gaps, which helps create and evaluate alternative operational what-if
scenarios in

1. Structured issues (solving resource problems, scheduling turbulence, or choosing an
optimal type of services or license in the context of the project’s TCO) and

2. More abstract issues, based on Big Data, scientific theories, empirical knowledge, as
well as contextual knowledge and understanding, i.e., selecting a model structure,
completing a prognosis, or formulating a policy.
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The completion of two research goals presented in Section 3.1 of this article pro-
vided insight into the development of Industry 4.0 projects based on the sustainable
growth concept.

The completion of the first research goal allowed for the identification of 31 information
components affected by the information gap of the project manager. The components
concerned the three stages of the project life cycle. For each component, the strength of the
information gap on the project completion was identified, and the information components
were used to create operational what-if scenarios that were included in implementing Green
IT projects in Industry 4.0. It is important to note that the components characterized by the
highest or moderate strength of the impact of the information gap on the effectiveness of
project completion over its life cycle mainly concerned

1. The shaping of beneficial economic relations between the supplier and the recipient
of services,

2. Maintaining the TCO of the implemented IT system on the planned level,
3. Defining the functional and business requirements of the system and confronting

them with the Green IT concept, and
4. Managing risk and uncertainty.

The information components affected by information gaps supported the hypothesis
definition in functionality and technology as part of HDD, as a method for increasing the
effectiveness of the Agile and Waterfall methods.

The completion of the second research goal allowed the identification of the sequence
of information gap inheritance during the three stages. Embedding the information gap in
the individual components increased the uncertainty of a given project task or goal both
vertically and horizontally, which may have led to a domino effect, making the stakeholder
more prone to uncertainty. The sequencing of the inheritance of the components affected
by the information gap can be useful in the RDM concept supporting decision-making in
exploratory modeling. The sequencing of inheritance may allow the researching the subject
through stress tests in unfavorable conditions resulting from uncertain events, caused by
both internal and external factors. Additionally, sequencing the inheritance of information
gaps may help define constraints in individual phases and conditions for success, using
the Dynamics Adaptive Planning model presented in the literature [75]. Having access
to information regarding the sequencing of information gaps and their impact on project
success, we can—as part of the exploratory model—perform a sensitivity analysis that will
allow us to choose the best option.

The research results were in line with the current research trend concerning the in-
formation gap theory [75,77–80]. The catalog of information components along with their
in-depth analysis constituted a fresh contribution to the applications of information gap
theory. The results were mainly helpful in non-probabilistic decision-making models. Iden-
tifying and analyzing the information components that contain information gaps helped
prioritize or alter choices when making decisions under conditions of deep uncertainty in
ICT project management.

6. Conclusions

We need to stress that the sustainable development concept—which in the area of
ICT represents Green IT in Industry 4.0 projects—aims to provide decision-makers with
a wider perspective on IT investments. Rather than underlining short-term economic
and non-economic gains, it indicates benefits resulting from sustainable growth such as
ecological and social responsibility, and an ethical approach. The use of the information
gap theory allowed for the development of methods that limited uncertainty in Green IT
project completion.

The research suggested, however, that Green IT increased additional costs linked to
project completion that decision-makers have to face: investing in the knowledge and
skills of their employees and technology, as well as adapting project completion methods
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to limit information gaps over the project life cycle. Additional project costs distributed,
throughout the life cycle as part of the TCO are linked to reducing the information gap.

It should be emphasized that the research is characterized by the following limitations:

1. The surveyed enterprises operated in Poland;
2. The projects were implemented in a mixed manner by both specialized suppliers

and customers, but the information gap was only studied from the perspective of the
client’s project manager; and

3. The projects were implemented in medium enterprises and the SME group

The authors would like to explain more two main limitations of this research. The
first is linked to limiting the project sample to medium enterprises conducting activity in
Poland. The study included both local Polish enterprises and divisions of international
companies. Limiting the study to Poland-based enterprises also meant that the results
applied to a developed country, while in developing countries the map of information
components and the inheritance structure could be different.

The second limitation is linked to the fact that the information gap was only studied
from the perspective of the client’s project manager. Future research could concern the
information gap from the supplier side, which could represent the information gap between
the two key project group members more thoroughly.

To sum up, the study indicated that the identification and reduction of the information
gap in Industry 4.0 projects supporting reduced energy consumption and sustainable
growth helps reduce uncertainty and increases the likelihood of project success at the
same time. The reduction of the information gap, however, entails additional costs for
the entrepreneurs.
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