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This research was made for Case Company, which is one of the leading consulting and
engineering companies in Europe. This research was scoped to the Engineering,
Procurement and Construction Management (EPCM) project concept. The EPCM project
concept is one of the main project services that the Case Company offers and specializes in.
The aim of this research was to discover and present development areas for the Case
Company to improve its practices within its EPCM project concept. The main research
objective was to find ways on how to develop the acquisition process of equipment packages
and communication in EPCM projects. The sub-objective of the research was to find, how
to bring clarity to current roles and responsibilities within the EPCM project concept. In
EPCM projects, the acquisition process of equipment packages is a multi-disciplinary
activity that involves effective collaboration of different engineering disciplines
participating in the project. By making this project activity as seamless as possible, the more
effectively EPCM projects can be delivered.

This research studies how design thinking and ergonomics could be utilized in improving
the acquisition process of equipment packages and communication in EPCM projects. From
the results of this research, the Case Company was presented with suggestions on what areas
could be refined on an organizational level to improve its effectivity and competitiveness on
the market. The found development areas in this research were role and responsibility
clarifications, responsibilities regarding the ownership of equipment packages, the role of
package engineers, and improving project communication. The results of this research are
verified by the answers received from interviewing select experts from the Case Company.
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Tama tutkimus tehtiin suunnittelu- ja konsultointiyhtidille, joka on yksi Euroopan suurimpia
yhtioit4 toiminta-alueellaan. Tutkimus rajattiin koskemaan EPCM (suunnittelu, hankinta ja
rakentamisen johtaminen) projektikonseptia. EPCM projektikonsepti on kyseisen yhtion
yksi tarkeimmistd palveluista, joita se tarjoaa ja joihin se on erikoistunut. T&man
tutkimuksen kokonaistavoitteena oli 16ytaa ja esittda kehitysalueita yhtion toiminalle, jotta
sen EPCM projektikonseptin yleisid toimintatapoja voitaisiin kehittdd tehokkaammiksi.
Tutkimuksen pééatavoitteena oli 16ytaa tapoja, miten EPCM projektien laitepakettihankintoja
javiestintad voisi kehittdd. Tutkimuksen alatavoitteena oli etsid tapoja, miten ké&ytdssa olevia
rooleja ja vastuita voisi selventad tulevaisuuden EPCM projekteissa. EPCM projekteissa,
laitepakettihankinnat ovat monialaisia tehtdvid, jotka vaativat projekteihin osallistuvilta
insindoritoimilta aktiivista osallistumista ja yhteistoimintaa projektien aikana. Mita
saumattomammaksi tdma projektivaihe voidaan saada, sitd tehokkaammin EPCM projekteja
voidaan loppupeleissa toimittaa.

Tama tutkimus selvittdd, miten suunnittelulahtdistéd ajatusmallia ja ergonomiaa voitaisiin
hyodyntdd EPCM projektien laitepakettihankintojen ja viestinnan kehittdmisessd. Taman
tutkimuksen tulosten pohjalta, tutkimusaiheen antaneelle yhtiélle esitettiin kehitysalueita,
joiden jalostamista se voisi tutkia organisaatiotasolla parantaakseen yhtion tehokkuutta ja
Kkilpailukykyd. Téassa tutkimuksessa esitetyt kehitysalueet olivat roolien ja vastuiden
selventdminen, laitepakettien kokonaisomistajuuden kohdentaminen, paketti-insinddrien
rooli seké& projektiviestinnén parantaminen. Tutkimuksen tulokset ovat todennettu erillisell&
kyselylomakkeella seka suullisesti haastattelemalla yhtiissa tyoskentelevié asiantuntijoita.
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1 Introduction

In the diverse world of consulting and engineering companies, it’s difficult to stand out when
multiple companies in the field offer similar concepts and services to their customers. Which
means, that from the get-go it can be difficult for the customer to choose between companies,
and eventually the decision is composed of the reputation of the company, the price, and the
efficient delivery of projects in the end. The more efficiently a consulting company can
deliver its projects, the more customers and work opportunities will be available for it to

pursue.

A big part of success for consulting and engineering companies within their respective
industries comes from the EPCM concept. EPCM is an abbreviation for Engineering,
Procurement, and Construction Management. In short, the EPCM concept is a precise and
coordinated contractor service appointment that connects design, procurement, construction
management, project management, and other engineering activities to ease the delivery of
projects. (EPC or EPCM contracts 2016; Klee 2015, p. 77-78.) The main responsibilities of
the EPCM contractor can be considered as administration, contract management, basic and
detail design realization (depending on the project), and different procurement activities
(Klee 2015, p. 77-78).

The research in this master’s thesis focuses on developing a Case Company’s EPCM project
concept, and more specifically, the acquisition process of equipment packages for projects
in the industrial sector. In EPCM projects, the acquisition process of equipment packages is
a multi-disciplinary operation that requires active participation and cooperation of multiple
engineering disciplines. Procurement and concise handling of equipment packages is an
integral part of success in the EPCM concept, as the EPCM contractor is responsible for the
sourcing and coordination of the equipment during the project. Any chance of delay,
miscommunication, or misunderstanding in this project activity will further delay the
commissioning and completion of the project. Delays will also naturally add costs, time
losses, and in the worst cases, reputational damages. With this research, the aim is to bridge
the gap on allocating the right tasks to right the people and therefore improve the
communication effectivity between different stakeholders involved in the acquisition

process of equipment packages.



1.1 Background

The need for this research comes from a consulting and engineering company which
specializes in the industrial sector providing engineering, procurement, construction
management, and project management services and solutions. In this research, this
engineering consulting company will be cited as the Case Company. Engineering,
procurement, construction, and project management (EPCM) concept is a key part of Case
Company’s strategy, and the development of practices within the EPCM concept is valuable
for the organization and its shareholders to further establish Case Company’s position within
the field.

The Case Company has discovered the need to improve the acquisition process of equipment
packages and communication in its EPCM concept to emphasize and develop the roles and
responsibilities in more detail across a multi-disciplinary field. As of now, it is considered
from an organizational and employee point of view that the tasks during the procurement
activities are not always the same, there is a lack of standardized ways to work, there are
sometimes communication challenges between internal and external stakeholders, and there
is a lack of defined workflow regarding the process. This means, that from project to project,
it is challenging to replicate and learn from the process as there are differentiating ways to
work. From early on, it is important to disclose that the previously mentioned improvement
areas are minute details that the Case Company wishes to improve in its otherwise refined
and fully functional EPCM concept, which continuously brings success and customers for
the Case Company.

1.2 Research aim and objectives

The aim of this research is to discover and present solutions for the Case Company to
improve its practices within the EPCM project concept. The main research objective is to
find ways to develop the acquisition process of equipment packages and communication in
EPCM projects by optimizing the flow of information and organizational effectiveness. The
optimization of these two development areas in the Case Company’s EPCM project concept

is presented through qualitative and quantitative research methods.
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The sub-objective of the research is to deliver clarity regarding current roles and
responsibilities within the EPCM project organization. The roles and responsibilities shall
be examined through their main tasks, working and communication responsibilities, and

relationship to internal and external stakeholders.

By completing the research objective and its sub-objective, the Case Company should
receive suggestions on how to refine the roles and responsibilities for employees who are
working in the acquisition process of equipment packages in EPCM projects. This should
give the Case Company a clearer view about the roles and responsibilities that participate in
acquisition process of equipment packages, and how to improve the communication between

internal and external stakeholders during this project activity.

The expectation is to discover a set of functional and unified ways to work and to simplify
and make the acquisition process of equipment packages for future projects more efficient.
As stated earlier, the acquisition process of equipment packages is an important factor in the
success of EPCM projects, and by refining this project activity, the Case Company should
become more efficient in the services that it provides and therefore more competitive on the
market. The concrete outcome of this research is to deliver an addition to the Case
Company’s project management handbook, improve organizational strategy, develop

current practices, and clarify roles and responsibilities.

1.3 Research scope

The scope of the research is limited to follow the Case Company’s organizational guidelines
and practices. The Case Company will be kept unknown, and all sensitive information, for
example, names, stakeholders, and organizational strategy points, will not be displayed. The
focus will be kept on the EPCM project concept and developing the acquisition process of
equipment packages by improving communication, defining roles and responsibilities, and
workflow within the project activity. These entities shall be reviewed and defined more
deeply through design thinking and human-centered design point of view and optimized
through macroergonomics. Anything related to other services or contractor work activities

is not included in this research.
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In this research, equipment package is defined as process equipment which are purchased as
units in EPCM projects. In EPCM projects, the equipment package may consist of multiple
different equipment needed for the daily operation of an industrial manufacturing plant. The
equipment included in the package can be, for example, process pumps, fans, heat
exchangers, tanks, and so on. The equipment in the equipment package can be also
considered as capital equipment. In general, capital equipment is defined as equipment that
have the biggest impact on manufacturing the products that generate revenue for a
manufacturing plant. This means, that these kinds of equipment are considered as a part of
the asset base of a manufacturing plant, and need to be accounted, maintained, protected,
and serviced for the whole use lifecycle. (Newman & Simkins, 1998.)

1.4 Research strategy and methodology

The research strategy is divided into two parts, where most of the research is based on
qualitative methods. The first part is connected to literature review and theory, and the
second part is comprised of practical work where the focus is on expert interviews,
questionnaire surveying, and evaluation of gathered data. By following the research strategy,
the objective is to find answers to the research objective and the sub-objective related to the
research objective.

With the literature review, the aim is to find information about practices to improve
organizational effectiveness and ergonomics to help evaluate what the Case Company could
learn from discovered practices and how some of these practices could be implemented on
an organizational level. The organizational improvements will be reviewed through
macroergonomics to find possible ways to optimize current organizational performance
within the Case Company’s EPCM project concept. The literature review will also shed light
on design thinking methods and how the roles and responsibilities of employees could be
developed on a user-level through human-centered design. With design thinking and user-
centered design, the roles and responsibilities are reviewed from a user point of view to see

where the current pain points lie and what could be the potential solutions to ease them.

The theoretical part of the research is then coupled with the practical part, where the
objective is to conduct expert interviews of colleagues that work with the EPCM project

concept to gain insights on how the equipment package acquisition activities are conducted



12

currently and where improvements could be made. The purpose is to interview the experts
on select topics, which will be aided by answers received in a questionnaire survey that gives
numerical, visual, and written data about individual answers to assist with the evaluation of
where the Case Company finds the most room for improvement. Once the evaluation is
completed, the most feasible approaches and practices regarding the acquisition process of

equipment packages will be presented as the concrete results of this research.

1.5 The structure of the research

The research detailed in this Master’s thesis consists of 7 chapters.

Chapter 1 introduces the background and need for the research, explains the aim and
objectives, the scope, and the utilized research strategy and methodology. The research is

done for a Case Company whose name will not be published.

Chapter 2 explains the basic theory, methodology, and terminology of the topics studied
during the literature review of the research. Chapter 2 also sheds light on the importance of

expert interviews and interview strategies.

Chapter 3 lists the research methods and what was done to conduct the practical part of the
research. The research followed a classic research structure, where there was first a
theoretical part, followed by a practical part. The practical part of the research conists of
learning about the procurement operations at the Case Company, choosing of experts to
participate into a macroergonomic questionnaire survey (Appendix 1) and interviews,
creating of the macroergonomic questionnaire survey and sending it to the chosen experts,

and later interviewing the said experts.

Chapter 4 explains the basics of project procurement, how the acquisition process of
equipment packages is conducted at the Case Company, and what aspects of the process
could be improved.

Chapter 5 presents the results and analysis of the macroergonomic questionnaire survey and

expert interviews.
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Chapter 6 contains discussion on the development areas that were found from conducting
the research. The found development areas detailed in Chapter 6 complete and give solutions

for the aim and objectives of this research.

Chapter 7 summarizes the research and provides input for future refinements for the Case

Company.
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2 Literature review and theory

This chapter presents the literature review, basic theory, methodology, and terminology of
studied literature topics. The studied topics during the literature review consisted of design
thinking, human-centered design, and macroergonomics. The importance of expert

interviews and interview strategies in research are also discussed in this chapter.

2.1 Design thinking

Design thinking can be defined as a creation process where the intent is placed on solving
problems through a design process. Design thinking methods hold lots of problem-solving
tools in them, which can be used in and outside of the traditional design work of physical
things. Design thinking methodology lends itself so that people can tackle different processes
and projects outside the scope of traditional design work. In traditional design work, the
focus is usually set on improving aesthetics, ergonomics, and usability. For example, by
utilizing design thinking methods people can design comprehensive and efficient products,
projects, services, and systems. (Clarke 2020, p. 11-14.)

Considering design thinking methods and models, many of them are based on at these 5
stages (Clarke 2020, p. 15):

Emphatic discovery
Problem definition
Idea generation

Creation and testing

o & w0 N e

Evaluation

The bottom line before utilizing these stages is that you need to find the problem you need
to solve, or to put it simply if a problem does not exist you cannot solve it. This is why the
emphatic discovery stage is important because it enables designers to figure out what is
really going on through human-centered techniques by focusing on the situation from the
perspective of the users. This way designers can step in the shoes of the user’s and try to

identify and define the problems they are facing. This means that for problem definition



15

stage, framing existing problems through emphatic understanding and discovery of user’s
current situation is key. The said problems can also be described as pain points in the user’s
daily activities when they are trying to accomplish certain tasks, and they then face

difficulties or discouraging issues instead of accomplishments. (Clarke 2020, p. 15-16.)

After recognizing and verifying the user’s problems and/or pain points, the process can move
on to the idea generation stage which aims to produce as much as possible ideas to solve the
found problems. The idea generation is conducted through divergent and imaginative
thinking, where using different approaches and methods is at the center of focus. The main
goal is to get as many representative ideas as possible, and the ideas can come from anywhere
and anyone in the surrounding environment. Most common idea generation practices are,
brainstorming alone and/or in groups, own imagination, asking what-if questions, and
looking out for other contexts like art, businesses, cultures, countries, different media outlets,
nature, technology, and society, for example. In addition to these, one of the most effective
idea generation techniques is simple drawing or sketching to illustrate and convey one’s
ideas to others. In this approach, nothing must be fancy, but the idea must come through on
a general level so that it can be explained to others. (Clarke 2020, p. 17.)

Once the ideas grow on to a feasible and structured level, the process can move on to the
creation and testing stage. This is where the best ideas are turned into prototypes or low-
fidelity models to test them in practice and gain valuable feedback. This is done, so that
possible pitfalls and issues can be sorted before advancing the prototype to more finalized
stage. The more malleable the prototypes are, generally the better they are as there are then
possibilities to rethink ideas and ways to move forwards with new viewpoints. (Clarke 2020,
p. 17-18.)

Finally, when the prototyped ideas reach their most developed phase it is time to share them
to the target audience, the user’s. It is important to note that the process does not stop here,
as it 1s vital to gain feedback from the user’s regarding the solutions that are given to them,
what works? And what doesn’t work as intended? This gives further fuel to possibly update
the given solutions or generate completely new solutions for the users. This means that the
design thinking process is constantly evolving and running in the background. (Clarke 2020,
p. 17-18.)
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This makes design thinking methods very feasible and user-friendly tools, as there are
countless ways to conduct design processes and within a certain design thinking process, as
the process doesn’t have to follow the established order presented at the start of this chapter.
With some design thinking methods, the design process can be an iterative one as well, where
designers can move backwards and forwards between different phases in the process to

achieve desired and refined results.

2.2 Human-centered design

As touched upon in Chapter 2.1, human-centered design (HCD) is very much linked into
design thinking, as HCD is a design philosophy that emphasizes on the users itself to give
input to the design process (Walton 2016, p. 403-404). The purpose of HCD is to design and
create easy to use products, services and systems that are tailored to cultures, human needs,
and societies (The Definition of User Experience (UX) 2017). With HCD, people can try to
solve the right problems, recognize patterns in behaviors and systems, and deliver carefully
thought-out solutions with great usability in mind that supports users to reach their goals

with efficiency and satisfaction (Ayanoglu & Duarte 2019, p. 81-82).

HCD encourages the use of multi-disciplinary teams and experts making it a community-
driven design approach, which targets the challenges people face in their daily lives with
three approaches. Firstly, by focusing on interactive design where users and their tasks are
in the forefront and studying their behavior. Secondly, carrying out empirical measurements
when testing prototypes and receiving user input data for reactions and suggestions. And
thirdly, embracing the iterative nature of the process cycles by designing, testing, and re-
designing. (The Definition of User Experience (UX) 2017; Ayanoglu & Duarte 2019, p. 81-
83.)

2.2.1 Ethics in human-centered design

Whenever humans are placed at the center of a focus in a process, the more we need to
discuss about ethics and support the human rights of involved people. Recently, ethical
matters have become a great concern in all fields of research (Kurosu 2021, p. 161-162). In
Human-Centered Design (HCD) the emphasis is on people and improving their
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surroundings, which in-turn means people should be individually valued and treated equally
without any discrimination, and the whole process should be open as there is people’s job
wellbeing, dignity and essentially life on the line (Walton 2016, p. 403-406).

One pitfall that needs to avoided is that negating human error is not the right way to move
forwards. It is said that by creating work systems which try to eliminate human error, will
not enhance the motivation and human involvement at work. This is because during daily
operation of any work system, errors of human nature will happen from time to time, and
the most important thing is to learn from them, asses them through competence, expertise,
and knowledge, so that people understand how to act when errors occur instead of starting
to point fingers and blaming others. (Boy 2013, p. 125-129.)

2.3 Macroergonomics

As mentioned in Chapter 1, one of the tasks this research touches upon, is improving a
corporate system, in other words an organization by implementing design thinking methods
and ergonomics to develop practices on an organizational level. It has been said in Roger
Martin’s book, The Design of Business: Why Design Thinking is a Competitive Advance
(Martin 2009), that “Organizations which have embraced design thinking and methods have
been shown to do better financially and socially than their less design-conscious
competitors.” Which suggests that by applying design thinking methods and ergonomics at
an organizational level, companies can improve the abilities, comfort, performance, and

skills of their employees (Realyvasquez 2016, p. 116-117).

The main purpose of utilizing ergonomics in work system design is to make sure that work
systems are fully operational and compatible with their sociotechnical characteristics to
guarantee improvements in organizational effectiveness through following factors: human
factors, organization conditions, technology, tasks, and work environment. The objectives
of these factors are to analyze companies and their organizations from these perspectives to
improve the design and possible re-design of work systems. Work system improvements are
reached when the mentioned ergonomic factors are optimized, which in turn should improve
companies’ organizational effectiveness, quality, productivity, and on an employee-level,
the health and safety aspects. (Carayon, 2012, p. 49-50.)
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Macroergonomics is utilized in the study of work systems. A work system involves two or
more persons who are working together and interacting with technology in an organizational
environment i.e. work environment. Macroergonomics focuses on three design perspectives,
which are complexity, formalization, and centralization. Where complexity can be separated
into two components, that are differentiation and integration. Differentiation focuses on
organizational segmentation and integration focuses on linking these organizational
segments together with coordinating mechanisms. Formalization can be defined as a degree
of standardization and centralization focuses on authorized decision making between
individuals within the organization. (Kleiner 2006, p. 83-84.) This means, that these three
design perspectives begin at the organizational macrolevel and then the focus moves to the
microlevel, eventually reaching the conclusion that suggests considering the perception
differences between teams and individuals across hierarchy levels when developing and

deploying new practices in the organization (Hendrick & Kleiner 2001, p. 67).

2.3.1 Work system design

As with any other ergonomic sub-disciplines, macroergonomics is constructed from a
combination of borrowed and unique methods and tools from other ergonomic sub-
disciplines. One methodology that macroergonomics relies heavily on, is Macroergonomic
Analysis and Design or in short MEAD. MEAD is a 10-step methodology that is created to
analyze, evaluate, and design work systems through sociotechnical and ergonomic
approaches. (Kleiner 2006, p. 84; Diansari, Suhardi & Susanto 2022, p. 2725).

The 10 steps in the MEAD methodology are as follows (Kleiner 2006, p. 84; Diansari,
Suhardi & Susanto 2022, p. 2725):

Exploring the current environmental and organizational design sub-system.
Defining the system type and setting expectations for performance.
Defining the units of operations and process workflow.

Identifying variances.

Compiling a variance matrix.

Generating a key variance control table and role network.

Function allocation and joint design.

© N o g &~ 0w D P

Understanding the perceptions of roles and responsibilities.
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9. Designing and re-designing support sub-systems and needed interfaces.

10. Implementation, iteration, and further development.

The 1% step in the MEAD methodology is for identifying, scoping, and forming the
hypothesis about the current organizational situation to recognize the requirements what
needs to be done to reach the ergonomic improvements in the environment and
organizational sub-system. It is important to recognize the possibility to pursue joint
optimization of technological and personnel sub-systems by exploring the environment and
organization properly to establish territorial, throughput, and time boundaries. These
boundaries form the internal environment and anything outside these boundaries comprises
as the external environment. (Kleiner 2006, p. 84; Hendrick & Kleiner 2001, p. 68.)

The 2" step is then concerned on determining the key performance criterion within the work
system to establish the current weaknesses and direction for improvements (Diansari,
Suhardi & Susanto 2022, p. 2725). The performance criterion is constructed by naming the
performance drivers in the work system. The work system performance is then measured
according to the following factors: budget, effectiveness, efficiency, innovation,
productivity, profitability, quality, and the quality of work-life. The data source for these
factors can be either objective or subjective. Once the current performance and
organizational design hypothesis are established, the methodology can move forwards on
defining the unit operations and process workflow. (Kleiner 2006, p. 84-85.)

The unit operations or departments are defined (3™ step) from groupings of people that form
teams in the work system. Unit operations are typically identified by their work deliverables
and unit operations usually employ 3-15 persons. The inputs, purpose, objective, outputs
and transformations for unit operations or departments are defined in the most suitable way
to form the process workflow. If there are definition challenges, additional segmentation can
be utilized. It is good to note that in non-linear systems such as organizational departments,
the process flow steps may occur in parallel, or the steps can be recursive, or the systematic
tasks within the work system must be individually identified. ldentifying the process
workflow is important for assessing improvement areas and opportunities as well as spotting

potential coordination problems that could arise in later steps. (Kleiner 2006, p. 85.)

The 4" step which focuses on identifying variances is one of the most important steps in

MEAD. In this step, the unexpected and unwanted deviations or the core problems in the



20

standard operating conditions are founded. By identifying the variances on a process or task
level, it can provide contextual information for job and task re-design to improve
performance, quality, and safety. Variances can be identified when the current process is
flowcharted and thorough task analysis is conducted. (Kleiner 2006, p. 85; Diansari, Suhardi
& Susanto 2022, p. 2725.) Once, the variances are identified, the variance matrix can be
created (5" step). Key variances are usually the ones which produce the most significant
impact on performance criteria and may interact with other variances to compound the
overall negative effect on performance (Kleiner 2006, p. 85). The objective of the variance
matrix is to understand the interrelationships among different variances and to map out the
key variances affecting the performance of the work system (Diansari, Suhardi & Susanto
2022, p. 2725). The key variance control table (6" step) is then a follow-up on the established
variance matrix. In this step, the objective is to examine current variances and see how the
variances are controlled. Also, if the personnel responsible for the variance control need
support in controlling their variances, the lengths of needed measures are reviewed on how
the help them accordingly. The variance control table lists the tasks in the work system and
the roles and responsibilities for persons controlling the variances and making necessary
corrective actions for mitigating the interrelationships of the variances. (Kleiner 2006, p. 85-
86.)

The function allocation (7" step) starts by addressing the skill level and knowledge of the
personnel controlling the key variances. The aim is to allocate the roles and responsibilities
appropriately across the personnel in the work system. Sometimes it may require personnel
system changes or design established variances alternatively, as some variance-controlling
roles may require specific skills and knowledge which, for example, can be learned through
specific courses, technical training, and workshops. After function allocation it is important
to document how personnel feel about their roles (8" step). During this step, it can be
investigated if there is any gap between the expectance and perception of certain roles in the
work system. The found gaps can be eliminated through communication, interface design,
participatory ergonomics, training, and tool design. (Kleiner 2006, p. 86; Diansari, Suhardi
& Susanto 2022, p. 2725.)

Ultimately, the 9" and 10" steps are mainly for systematic development, management, and
iteration of determined work system improvements. In 9" step the focus is on developing

work sub-systems that support variance control. During this step, it is considered which
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variance control tasks and interfaces should be re-designed to benefit personnel in the work
system. It is also noted that at an individual and team levels of work, internal physical
environment must be ergonomically adjusted so that it promotes human well-being,
effectiveness, and safety. In 10" step, the proposed work system design changes are
implemented and allocated variance control functions are shared between personnel in the
work system. The 10" step also concludes the MEAD methodology, but it does not stop
there as MEAD is intended to be an iterative process for continuous improvement, where it
is very beneficial to follow-up on made implementations and evaluate the impacts down the
line. (Kleiner 2006, p. 86-87.) This makes MEAD as a very similar method as the design
thinking methods touched upon in Chapter 2.1, since in both methodologies designers can
move back and forth between the steps and phases of their respective processes to further

refine and develop the results when utilizing said methodologies.

2.3.2 Job design

It is said that in its most basic form, job design tackles the actual way how people perform
their jobs. Job design focuses solely on peoples work tasks and activities that they complete
for their organizations during their daily work. By creating work tasks that suits the skills of
the employees and makes them focus during their tasks are known to be the most beneficial
factors that improve employee efficiency at work. Jobs and work tasks within a work
organization should be designed as standardized operations where there is as little as possible
discretion and unnecessary motions involved. By keeping this in mind, work tasks should be
enriched with internal motivators that keep the employees active, hungry, and satisfied.
(Oldham & Fried 2016, p. 20-21.) In 2010, it was studied that employees gain more
motivation towards their work tasks if their work tasks allow them to tap into their creative
potential through autonomy, feedback, skill, and variety of relevant work tasks (Coelho &
Mario Augusto 2010, p. 428-430).

When designing and re-designing jobs, the first thing is to start from the job description and
what is required from the employee who is going to do the required work (Parker & Wall
1998, p. 102). Jobs are designed with the required knowledge, working tasks, contextual,
and social characteristics in mind (de Jong & Parker 2015, p. 983). It must be advocated that

the job description cannot be too strict, as it will limit the opportunities for flexibility within
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the working tasks. When considering people who participate in engineering projects and
multi-disciplinary working tasks, it is good to offer them variety of training options to
enhance their skills and know-how. At least, for multi-disciplinary workers the following
training should be available: business know-how, decision-making, performance
management, technical knowledge and training, team-working, and goal-setting skills.
(Parker & Wall, 1998, p. 102-103.)

Whenever a new job position is created, sufficient and applicable training must be arranged.
For continuous development of the employee, the training must be followed and adjusted to
provide necessary support. The user-friendliness of technical systems needed to complete
work must also be addressed, so that the interfaces and software’s needed during the work
tasks are easy to use and understand. This often goes wrong as technical software’s are
sourced as packages and then the same package is distributed to a wide variety of employees
and there is then very little flexibility. But it must be noted that it’s not an easy task to find
suitable technical software’s that caters to all employee’s preferences and needs, which
means that compromises are needed here and there to find the sweet spot. (Parker & Wall,
1998, p. 102-103.)

2.3.3 Questionnaire surveys

With questionnaire surveys, researchers can obtain large numbers of qualitative and
quantitative data from pre-determined group of people at a relatively low cost and within a
short amount of time. Typically, questionnaire surveys are a mix of close- and open-ended
questions. (Questionnaire: The ultimate guide, advantages & examples 2024.) In
macroergonomics, questionnaire surveys are used to collect information on different
ergonomic related variables. Macroergonomic organizational questionnaire surveys
(MOQS) are developed to gather information about the work system under evaluation. The
questions asked in MOQS’s focuses on the environment and individual characteristics of
people working in the work system. Question topics related to work system environment can

be, for example (Hoonakker & Carayon 2004, p. 1-2):

- Environmental issues
- Organizational conditions
- Tasks
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- Tools and technologies

Questions topics related to individual characteristics within the work system can be, for

example (Hoonakker & Carayon 2004, p. 1-2):

- Attitude

- Mental health

- Performance

- Physical and psychological stress

- Quality of working life and work satisfaction

It is considered that MOQS’s are a useful tool when evaluating work systems. With MOQS’s
researchers can obtain information about different stages such as: benchmarking the
organization on key characteristics of interest, evaluating the impact of technological or
organizational changes on ergonomics properties, and for evaluating work force opinions
during implementation of change. The outcome of MOQS’s is structured data, which can be
easily analyzed, compared, and scored regarding the asked topics. With MOQS’s, there is
some issues which are related to the nature of the questionnaires because it can be difficult
to define the surveys’ objective for the participants, and to ask the “right” questions and
define the “right” response categories for the scoring and analysis. Which in turn will
question the reliability and validity of the questionnaire if some concepts cannot be answered
and therefore measured. Also, the limited time for questions and the limited space to ask
follow-up questions has proved to be a negative point of MOQS’s. (Hoonakker & Carayon
2004, p. 4-5.)

2.4 Expert interviews and interview strategies in research

Expert interviews are part of qualitative research methods to collect data and gain insights
about specific field of interest. Expert interviews are based on focusing on the knowledge of
experts who have tacit knowledge in specific fields. These experts are classed as people who
have specific knowledge of a particular subject and can be recognized by the virtue of their
knowledge and skills, community or work position, or status. (Doringer 2021, p. 265.) The
main purpose of conducting interviews in research is questioning and then reviewing the

answers received during questioning, so that the researcher or interviewer can gain insights
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to understand better the research questions the research was planned to answer. Therefore,

aiding the researcher to complete the research. (Salmons 2022, p. 55-56.)

Planning of the expert interviews and constructing an interview strategy are in as important
role as the chosen experts of the topics because planning will determine how successful the
interview itself will be. Interview planning includes two parts, the interview plan and
interview guide. The interview plan focuses on selecting the right experts and defining the
goal for the interview. The interview guide details the questions what will be asked during
the interview and how the interview will progress. Also, with the interview plan, the
researcher can place the expert interviews in such order that it builds the knowledge of the
researcher along the way, from expert to expert. This also helps the researcher not to pick
too similar experts for the interview. (How to Effectively Conduct an Expert Interview
2024.)

Regarding questioning in research interviews, there are three established approaches:
Structured, semi-structured and unstructured (Salmons 2022, p. 57). These three approaches
are presented in Figure 1 below.

Interview with a predetermined goal

' — N - = - -
Questions with limited-choice answers
Write questions and set of Structured
follow-up questions/probes
Open-ended questions asked in the same order
Write questions and options
for follow-up questions/probes ) )
P questions/probes Same open-ended questions asked in the same order,
S I but with corresponding follow-up questions/probes
— - Same open-ended questions asked in same order,

but with varied follow-up questions/probes
Write questions and Pa p

ossible follow-up topics ) N
pos ptop Same open-ended questions asked in mixed
sequence based on responses

Create interview plan and
write key notes or phrases Interview has set plan, but precise wording or order
is not determined beforehand

. ) Questions, order, and topics are determined
L2l e a2 R by both interviewer and the interviewee

the subject of inquiry
< Interviewer suggests open themes and the
Allow guestions to emerge answer order is chosen by the interviewee

naturally

S Conversation —

Figure 1. Questioning approaches for interviews (Salmons 2022, p. 57).
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Mainly for structured and sometimes for semi-structured approaches, the interviewers shall
articulate almost all main interview questions beforehand and carefully plan the sequence
the questions are asked. For the semi-structured approach there is little bit more leeway on
the strictness of the question order. Open-ended questions in these approaches solicit the
feeling, stories, and thoughts of the participants, and additional questions are created in an
order that suits the purpose of the research to help to answer the research questions. Follow-
up questions or probes are used as a strategic component in the questioning to gain more

deeper information from the interviewee. (Salmons 2022, p. 58-60.)
There are three types of probes to be used in questioning (Salmons 2022, p. 58-60):

1. For attention to let the interviewee know that the interviewer is listening to them.
2. For managing the conversation to keep the conversation focused on the topic and to
regulate the depth of the conversation.

3. For credibility to find evidence-based support on the interviewee’s claims.

These kind of probes or follow-up questions are often planned beforehand or are added in
by the interviewer when deemed fit to keep the conversation flowing. In the unstructured
approach, the interviewers ask questions in a much broader scale from specific themes. The
questions derived from the themes can be then articulated according to answers received
from the interviewees. In this approach the interviewees can also influence the questions,
topics, and sequence of questions, as this approach is said to be more of a natural

conversation that occurs between two people. (Salmons 2022, p. 60-61.)
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3 Research methods

This chapter presents the research methods in chronological order and describes how the
practical part of this research was conducted. The practical part consists of learning the basic
theory on how procurement operations are operated, choosing of experts from the Case
Company, creating a macroergonomic questionnaire survey, and sending it to experts at the
Case Company to gather data about the current situation, followed by interviewing these

experts who participated in answering the questionnaire survey.

3.1 Learning about procurement operations at the case company

Before moving forwards with the planning of the macroergonomic questionnaire survey it
was important to learn what are the basics behind the procurement operations at the Case
Company. The basics were taught by two employees from the Case Company, via separate
face-to-face meetings where the topic was openly discussed through the main actions that
happen during procurement operations and more specifically during the acquisition process
of equipment packages. During this time additional material was shared from these two
employees to be more familiarized with this topic and actions linked to it. This phase helped
in formulating questions for the macroergonomic questionnaire survey, by gaining an
understanding on how these processes are currently conducted and what aspects could be
improved. How procurement is usually conducted in project work, and how the acquisition
process of equipment packages is done at the Case Company is described in more detail at
Chapter 4.

3.2 Choosing of experts from the Case Company

EPCM projects are multi-disciplinary service agreements which requires the seamless
cooperation of different engineering disciplines, and this especially applies to the acquisition
process of equipment packages. This is because in EPCM projects the equipment packages

affect all participating engineering disciplines in one way or another.
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Based on the above, the experts for participating in the macroergonomic questionnaire
survey and the interviews were chosen for their background and the engineering discipline
they represented, and for their experience with activities linked to the acquisition process of

equipment packages within the Case Company’s EPCM project concept.
The backgrounds of the chosen experts were from:

- Construction management
- Health, safety, environment, and quality (HSEQ).
- Procurement

- Project management

In total 6 experts were chosen, and the selection of these experts provided vast knowledge
of different engineering disciplines which take part in the acquisition process of equipment
packages in EPCM projects. After choosing the experts, they were contacted personally
either meeting them directly at the Case Company’s office facilities, or by organizing a quick
Microsoft Teams call. During this brief meeting, the participation in the questionnaire survey
and interview dates were agreed on. The prerequisite for the interviews was to answer and

participate in the questionnaire survey first.

3.3 Macroergonomic guestionnaire survey

During the practical part of the research a macroergonomic questionnaire survey (Appendix
1) was developed to gain qualitative and quantitative data about the current situation of how
activities during the acquisition process of equipment packages are conducted in EPCM
projects. The questionnaire survey was developed with Microsoft Forms, and it had 5
sections, and 11 questions in total. From the 11 questions, 7 of them were open-ended
questions and the remaining 4 questions were based on certain statements linked to the theme

in the section. The themes in the questionnaire surveys sections were as follows:

Background information.
Work orientation.
Individual work tasks.

Collaborating with people.

o b~ w0 D

Communication.
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The themes and questions in the questionnaire survey were chosen according to the research
of design thinking, human-centered design and macroergonomics, and activities related to

the acquisition process of equipment packages during EPCM projects.

The questionnaire survey was sent to the 6 chosen experts from the Case Company. The
answers submitted by the experts to the questionnaire survey were analyzed, followed, and
discussed in the expert interviews. Completing the questionnaire before the interviews was
a set requirement for the experts, which served as possibility for the experts to familiarize
themselves with the subject and to gain ideas for feasible development ideas. The average

time to complete the survey between the experts was around 18 minutes.

3.4 Expert interviews

From receiving the answers to the macroergonomic questionnaire survey it was time to move
on the expert interviews. The aim of the expert interviews was to gain an understanding and
clarifications about the received answers to the questionnaire survey, the current situation,
and further insights on what could be done differently during the acquisition process of

equipment packages in EPCM projects.

As described earlier in chapter 3.2 the prerequisite for the chosen experts was to answer to
the questionnaire survey before their interview. The expert interviews consisted of
interviewing the 6 chosen experts, and the interview order of the experts started from
procurement, then HSEQ, and lastly project and construction management. The interview
questions and themes were formed based on the answers received in the questionnaire
survey. The interview’s structure was kept in a semi-structural to allow room for free
discussion and chance to alter the question order to suit the flow of the conversation. The
interview questions were open-ended, and the questions had slight variations from expert to
expert, to move the point of view towards the discipline they represented. All in all, the
interviews contained 5 to 6 questions which were then discussed with the different experts.
The duration of the interviews was set from between 60 minutes to 90 minutes, and the
interviews were conducted during April 22" to April 30" of 2024. The interviews were held
as face-to-face meetings and in an online form via Microsoft Teams, which is the main

application at the Case Company for online communication.
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4 Procurement in project work

In project work, procurement can be described as an activity that focuses on purchasing
necessary equipment, materials, and services to meet the technical requirements that has
been set out for projects. In EPCM projects, procurement is done on behalf of project owner
(customer) by the EPCM contractor. This means there is set contract between the project
owner and the EPCM contractor which is responsible for engineering, procurement,
construction management, and other project services set out in the contract. The procurement
activities in EPCM contracts require several contracts between the project owner, suppliers,

and the contractor for the equipment and material deliveries, installation, and civil works.

From the project’s point of view, it’s critical for the EPCM contractor to receive vendor data
and information from the supplier on time, so that the procurement and engineering activities
can be conducted properly. During the basic engineering phase, before the beginning of
EPCM projects, procurement functions work in close cooperation with cost estimation and
scheduling functions to ensure that the project milestones will be met accordingly, and the
cost estimation for the project budget can be created with the utmost accuracy. For project
budget planning, procurement functions provide up to date information for accurate cost
estimation regarding equipment investment costs, total costs of ownership, possible delivery
schedule, or any other information related to budget planning before the final investment

decision for the project is made.

In the EPCM phase, the focus is kept on cost and scheduling follow-up, management, and
control. It can be noted that in other investment projects, the procurement process can start
before the final investment decision, but the actual equipment package, material, and other
supply related purchases are done after the final investment decision. Generally, for EPCM
projects, the EPCM contract is signed immediately after the investment decision is made.

For the procurement activities in project work, it is crucial that right equipment suppliers are
selected to ensure a successful project outcome. This is because suppliers have a direct
impact on the success or failure of the project, since without correct equipment the project
cannot be completed or by having the equipment late, the completion of the project will be
late. (de Araujo, Alencar & de Miranda Mota 2017, p. 353-354.) Also, due to the high

competition in the field of equipment suppliers, set supplier selection or qualification models
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must be in place to conduct the procurement process for project equipment effectively and
securely (Alhazmi & McCaffer 2000, p. 176-177).

4.1 Acquisition process of equipment packages at the Case Company

The acquisition process of equipment packages in the Case Company’s EPCM project
concept is a multi-disciplinary activity that involves effective collaboration of the
engineering disciplines participating in the project. When the contract between the project
owner (customer) and EPCM contractor is signed, and the ECPM project organization is
formed, the purchasing of the equipment packages will begin. The organization structure
showcases the key roles and responsibilities of personnel working on the project, from the
project’s steering group to individual engineering discipline activities. The main roles and

responsibilities for the project are tied to the EPCM contract.

At the beginning of EPCM projects, the procurement strategy for the acquisition of project
equipment and other supply items will be formed. The procurement strategy either comes
straight from the customer or it will be formed in close collaboration with the customer. The
more accurate and feasible the procurement strategy is, the better the activities mapped out
in the strategy can be carried out during the project. The procurement strategy is the blueprint
for the acquisition process of equipment packages, and it guides and feeds off to different

phases and activities during the process.

The main phases of the activities during the acquisition of equipment packages are shown in
Figure 2. The phases shown from left to right lead into each other during the acquisition
activities. When the procurement strategy is accepted and completed, the equipment package

acquisition process starts with the planning phase.
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Figure 2. The procurement strategy and the main phases in the acquisition process of
equipment packages in EPCM projects.

The planning phase focuses on identifying and planning what’s needed and when during the
project’s timeline. The planning phase requires knowledge and thorough understanding of
the project’s background information, scope, schedule, and the technical requirements set
out for the equipment to complete the project. During the planning phase, a preliminary list
of potential equipment suppliers gets drafted so that there is initial input on where equipment
packages could possibly be sourced. The suppliers on the preliminary list fulfill the internal

criteria set out by the EPCM contractor.

From an equipment point of view, the planning phase defines the equipment package’s
structure, or which kind of equipment the package consists of, and which kind of equipment
will be sourced separately. The equipment in the equipment package is specified together
with the responsible engineering disciplines participating in the project. In discussions with
the engineering disciplines, the equipment types and functions, process requirements,
technical specifications, resourcing plan, equipment supplier data needs, and the actual need
dates on site are agreed upon. Set information and requirements regarding the equipment
package are defined in the technical specification. At this point, the specification is not final,
as there can be changes to the specification during the supplier selection process to find the
best solutions that suit the process technology in the project in the most suitable way. In the
planning phase, it is mandatory that the project owner and the EPCM contractor come to an

agreement over the project’s procurement policy and manual so that both parties have mutual
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knowledge on how the acquisition process of equipment packages and other purchased

goods is handled during the project.

When defining the project schedule, the needs for supplier data and connections between
other procurement packages and items need to be carefully considered. This is where past
experiences from previous projects come into play, which helps in the scheduling of main
milestones and actions regarding the equipment packages in the project. In addition to the
delivery time of the equipment packages and the actual need date for them to be on the
project site, the actual need dates for distributing freezed (i.e., finalized) supplier data to
participating engineering disciplines must be agreed upon and included in the project
schedule. This way, all engineering disciplines can plan their actions regarding the

equipment packages accordingly.

Supplier data and documentation are an integral part of the project’s delivery and
management, as these deliverables contain the drawings, documentation, and specifications
of the equipment in the equipment package, which in turn is very important information for
engineering disciplines in the project. From the engineering discipline’s point of view, the
review of supplier data and documentation is a fundamental part of the project’s success, as
the data and documentation have all the necessary input data for the detailed design of project
areas on the project site. The review allows the engineering disciplines to make comments
and send modification requests regarding possible defects that could occur with the

equipment on the project site if the data and documentation are not changed.

Next, the process moves to the supplier selection phase for the ultimate decision of where
the equipment packages for the project are sourced. It can be said that the supplier selection
and contract phases are interlinked, as the supplier selection results in awarding the supply
contract. There are a few preset ways to find the best suited suppliers for the project’s supply.
The most common ways are through a supplier identification procedure where a list of
potential suppliers is created and a pre-qualification procedure where different suppliers are
benchmarked against each other by comparing various information about their representative
companies. The requested information for the comparison can be, for example, related to
health, safety, and environment (HSE) matters, ethics, capacity or resources, financial
situation, and references, or past performance. Also, project owners commonly have their

own preferences and requirements for suppliers, which can be, for example, safety-related
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key performance indicators (KPI), equipment and operational-related certifications and

standards, and credit status information.

Before mentioned, supplier-related information is requested either by Request for
Information (RFI) letters or as part of due diligence reviews. If the requested information
has confidential information or the project itself is confidential, then a non-disclosure
agreement (NDA) contract will be signed between parties participating in the project. The
pre-qualification procedure is usually carried out in one process, but there have been some
cases where additional rounds are made for further clarifications. It is noted that if any
supplier related red flags arise during the pre-qualification, the process will be aborted with

that particular supplier.

When the pre-qualification comparison has been concluded, an approved list of suppliers for
the project is formed. The suppliers listed on the approval list will be sent proposal requests
that contain technical inquiries about technical specifications and requirements set out for
the equipment and equipment packages needed in the project. During this process, there is
at least 3 weeks for the suppliers to create their proposals and ask questions when needed.
Usually, there are one or more clarification meetings regarding the technical inquiries so that
the suppliers can propose the best technical solutions for the project. The selected time for
the clarification meetings can be either before a supplier sends their proposal or right after
sending it, depending on what kind of aspects need to be clarified regarding the equipment
packages. Commonly, after a supplier has sent their proposal, they will demonstrate it and

showcase their solutions for the project.

When the clarified proposals have been received from the suppliers, the proposals are
evaluated and benchmarked against each other from a technical and commercial point of
view to see which supplier has the most suitable offering for the project. This also marks the

start of purchase negotiations for the equipment packages.
The purchase negotiations and evaluation of supplier quotations contain at least these items:

- Technical and commercial comparisons.
- Clarifications about each supplier’s offering for the project.
- Commercial evaluations

- Evaluation of technical and legal-economic details
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- Evaluations of the equipment package’s investment and life cycle costs during, and

after the project.

The customer will also participate in the purchase negotiations, and they have the final say
in these negotiations. The key details about the nature of the supply contract for the project

are discussed in the purchase negotiations.

The main negotiation items focus on the technical and legal-economic details of the supply
contract. Firstly, the technical details are negotiated due to having the biggest impact factor
on the equipment price and delivery schedule. The main negotiation items for technical

details are presented in Figure 3 below.

Equipment life, spare parts, service, and maintenance know-how

Project specific specifications for equipment performance

Quality assurance inspections and tests

Factory Acceptance Tests (FAT)

Site Acceptance Tests (SAT)

&)Saf&ty and environmental requirements
Technical standards, specifications, and datasheets for equipment

Warranties on equipment performance and mechanical availability

Technical details

Figure 3. The main negotiation items for technical details.

Secondly, the legal-economic details are negotiated to establish the contract and commercial
terms. The main negotiation topics for legal-economic and commercial details are presented

in Figure 4.
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Bank guarantees

Contract model

Delivery schedule of deliverables

Type of deliverables and document delivery schedule

Legal-economic

details Legal requirements and stipulations
Liquidated damages

Prices, payment terms and milestones

Figure 4. The main negotiation items for legal-economic and commercial details.

It is always important to acknowledge that if something is not written in the contract, it’s not
part of the deal, and the contract is always tailored to suit the needs of the project and the
capabilities of the parties involved. The supplier that has the best offering from a commercial
and technical standpoint will be chosen as the equipment supplier for the project. This is
when the purchase order for the equipment package is sent, and the supplier begins to prepare
the project deliverables, i.e., the equipment package and equipment-related documentation.
When the contracted supplier receives the purchase order and the contractor receives the
order confirmation, the process moves to the contract management phase. It is also good
practice to inform the unsuccessful suppliers in the evaluation process that they were not
chosen as the equipment supplier for the project at this time. Until the signing of the contract,
it is good to keep back-up options regarding the suppliers, in case something goes wrong or
cannot be agreed to in later stages.

In contract management, the focus is kept on contract administration, invoice control,
expediting, and change management. In contract administration, the responsibility of the
contract manager (from the EPCM project organization) is to ensure and follow-up that the
suppliers fulfill their contractual responsibilities, project milestones are being met, and the
value of the contract is not increasing. The contract administration also includes progress
reporting of ongoing work status and management of the project scope. In invoice control,
the contract manager checks the invoices against contract and payment milestones. The

contract and payment milestones are tied to the progress of the equipment under
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manufacturing. The contract manager has an important role in reviewing the progress

according to the payments.

Expediting is done in two manners: desk and field expediting, so that the supplier’s progress
can be followed to ensure that the manufacturing of the equipment package is on time. In
desk expediting, progress is followed through supplier document deliveries, meetings, and
reports. In field expediting, the supplier sites are visited at predetermined intervals to check
up on the status of the equipment the suppliers are preparing. In different stages, supplier
document deliveries are commented on and reviewed by the EPCM organization’s
engineering disciplines to ensure that the equipment in the equipment packages will perform
as needed. During this time, it’s also possible to modify the equipment if deemed necessary
due to some process-technical defects or changes at the project site regarding the placement
of the equipment.

After completion of the equipment, the shipping readiness, the shipping documents, and the
equipment quality and functionality are checked so that everything matches to what was
contractually agreed. The change management is in place to manage possible change orders
and additional works that can arise during the production or delivery of the equipment,
whether there are changes in the project scope and/or equipment specification, there is a need
for more budget that affects the project costs, or there is a need to push certain project

milestones forward.

The procurement process then reaches its closure and evaluation phase, where supplier
performances are evaluated by delivery time, HSE aspects, and the quality of services and
equipment. This information is then stored so it can be referenced in future projects that need
equipment sourcing or information from the same suppliers as before. This makes it
beneficial to have a supplier database in place to make the process more efficient in the
future. The procurement process can be closed when all the necessary documentation is
completed, the byer lets the supplier know that the project deliverables are accepted, the
contracts are closed out, the invoices are paid, and lessons learned and insights for future

improvements are documented.
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4.2 Development areas within the process

As described in chapter 1, the need for this research was to discover and present possible
solutions for the Case Company to improve its practices within its EPCM project concept.
The presented solutions are aimed on developing the acquisition process of equipment
packages and communication in EPCM projects. The key development areas within the
acquisition process of equipment packages are the roles and responsibilities of people, and
communication inside the project organization. Currently, there are minute pain points and
difficulties regarding these matters in the project specific project organizations. If these small
pain points are accumulated, they could produce a snowballing effect on other project related
matters. Furthermore, the problems experienced currently hinder the absolute success of the
EPCM project concept and can worsen the internal relationships between employees at the
Case Company, and in worse cases the Case Company receives reputational damages by
receiving negative feedback from projects that could have been handled better. It is also
worth mentioning that the Case Company is one of the leading companies that provide
EPCM project services, which means that the current process is tuned and works well but
there are some small details here and there, which could be refined to make the Case
Company even stronger on the market.

During this research the currently experienced pain points are opened, and the difficulties
are discussed with the experts who work with the EPCM concept to find ways on how to
make corrective actions and improvements to make the process more convenient and
improved for people involved. One important factor on how to approach this subject with
the research was to have a multi-disciplinary field of view and gain insights from experts
representing different engineering disciplines to see if there are any recurring themes that
create difficulties during the acquisition process. of equipment packages. By easing the
current pain points that hinder the process, improvements in intercompany efficiency and

effectiveness, and an increase in employee satisfaction should be seen as result.
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5 Results & analysis

This chapter presents the results and detailed analysis of the macroergonomic questionnaire

survey and expert interviews that were conducted during the practical part of the research.

5.1 Macroergonomic questionnaire survey to develop practices within the EPCM

project concept

The macroergonomic questionnaire survey (Appendix 1) was sent to the 6 selected experts
from the Case Company. The experts were experienced with the EPCM project concept and
familiar with acquisition process of equipment packages. This section presents the received

answers and result analysis for the macroergonomic questionnaire survey.

The 1%t question asked the experts to answer on how many years they had worked with
EPCM project concept. The working experiences of chosen experts with the EPCM project
concept ranged from 4 to 15 years. On average, the working experience of the chosen experts
was at 8,8 years which indicated that there were many years of solid experience amongst the
experts, and experience on working with multiple large-scale EPCM projects. The received

answers to question 1, and the experience of the experts in years is visualized in Figure 5.

Experience with the EPCM Project Concept
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Figure 5. The experience of the chosen experts with the EPCM project concept.
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The 2" question asked the experts to specify what their role is when an EPCM project

organization is formed. The roles of the experts are presented in the Table 1 below.

Table 1. The organizational roles of the experts during EPCM projects.

Organizational roles

Procurement Manager

Procurement Manager

Project Manager

Project Sponsor

Section Manager

Quality Manager

By observing Table 1, 5 out of the 6 experts were in a managerial role, which meant that the
experts had a great understanding of their organizational functions and how operations are
currently run. The project sponsor was also a great addition as on that role the responsibility
is ensuring a successful delivery of projects, and the sponsor has a great influence on people

working on projects.

The 39 question asked the experts to define the term equipment package and how they see
it from their point of view. The definitions for the term equipment package are presented in

the Table 2 below.

Table 2. Definitions of equipment package by the experts.

Definitions of equipment package

Equipment and/or device, which can be defined and includes fair tendering.

Equipment or process system which is ready to be installed as a unit or requires assembly
on site. Connection parts are included into the package depending on what is the type of

the package.
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Table 2 continues. Definitions of equipment package by the experts.

Definitions of equipment package

A contract for delivery of single or multiple tag-numbered items and related services.

Equipment package is a package delivery which includes equipment and materials.
Delivery limits of the equipment will be determined in the Scope of Supply and Technical

Specifications.

A group of equipment bought under one contract. Usually, the equipment in the package

is similar of kind (e.g. tube heat exchangers, filters, or manual valves).

Equipment including engineering, manufacturing, and site delivery services.

During the interviews this question received good feedback from the experts as it was
informative to get the definition for the equipment package from their point of view. As seen
from Table 2, there are slightly varied opinions about the definition of the equipment
package. But the differences come exactly from the point of view of the experts, as different
disciplines and roles view the equipment packages on a slightly different manner but most

importantly, the main understanding is the same.

The 4™ question asked the experts to elaborate what kind of input is needed from them
regarding the activities linked to equipment packages in EPCM projects. The question itself
had examples of some activities from which the experts could see what is meant with the
main question itself. Two of the experts answered that they are not directly involved in the
package activities on a day-to-day basis, but more like in a role that oversees some the

actions performed during this activity. Rest of the experts listed following inputs:

- Administration of vendor lists.

- All the pre-listed activities excluding vendor data review and preparation of technical
specification.

- Checking of equipment package’s quality requirements and compliance with
regulations. Support with regulatory aspects in technical negotiations.

- Checking the documentation delivery schedule.

- Follow-up and reporting.
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- Leading of procurement processes and sending RFQ’s, bid comparisons, arranging
negotiations, leading negotiations, and finalizing contracts.

- Linked to all the pre-listed activities.

- Physical inspection of the equipment.

- Preparing templates regarding Request for Quotation (RFQ), Purchase Order (PO),
Contract.

- Proposal for General Terms and Conditions.

- Procurement strategy.

- Quality documentation follow-up.

The 4" question was asked so that the basic understanding could be learnt on what kind of
activities and tasks the experts conduct in their role during the acquisition process of
equipment packages. The answers to this question also helped to understand some

viewpoints discussed during the expert interviews.

From the 4™ question, the macroergonomic questionnaire survey moved on to its first
statement section, which required the experts to answer the presented statements to the extent
to which they agreed with the provided answer scale. The answering scale had five different
answering options from which the experts could choose the one that represented their

opinion the most. The answering options for the answering scale were as follows:

- Strongly disagree.
- Disagree.

- Neutral.

- Agree.

- Strongly agree.

The above answering scale was used on all statement questions during the macroergonomic

questionnaire survey. The questions that had statement sections were questions 5, 8, 9, & 10.

The 5™ question had 7 statements that the experts had to answer with the extent to which
they agreed on with the provided answer scale. The statements were tied to the characteristics
of work orientation within the equipment package activities in EPCM projects. Figure 6

presents the received answers for question 5.
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5. The statements in this section are related to the characteristics of work orientation within equipment
package activities in EPCM projects. Please answer the statements with the extent to which you
agree according to the provided scale.

M Strongly disagree M Disagree M Neutral W Agree B Strongly agree

The process steps in this activity between project

participants are clear from start to finish.

There are instructions available on how to complete

required process steps.

There is an established organizational workflow .

available.

Completing certain tasks requires problem solving. ._
Some tasks need to be performed repeatedly to reach .I_
an acceptable level.

The roles and responsibilities of people within the _-

EPCM project organization are clear.

The information flow of the progress has an _..

established order.

100% 0% 100%

Figure 6. Answers from experts to statements to question 5.

From the answers shown in Figure 6, it is visible that there are differences between the
opinions of the experts and the answers have a similar trend where some of experts were in
a disagreement against the statements and some were in an agreement with the statements.
Regarding work orientation, the question 5 shed light on current pain points that are
experienced during the equipment package activities between different disciplines in EPCM
projects. The definitive improvement areas that could be picked from the answers were

information flow, roles and responsibilities, and overall work design.

The distribution of the expert answers against the statements presented in question 5 are

displayed in Figure 7 as a Sankey diagram.
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Answers distribution for question 5
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Figure 7. Distribution of expert answers to statements from question 5.

If the answers are looked at from a numbers point of view, most of the answers were on the
disagree and strongly disagree side of the answer scale when neutral answers are dismissed.
This means that the work orientation linked to package equipment activities in the EPCM
projects had definitive room for improvement. Regarding the clarity of roles and
responsibilities, which was one of the main development items in this research, the answers
divided as follows: 1 strongly disagree, 3 disagree, and 2 agree. Which suggested that
majority of the experts were not happy about the current state of the roles and responsibilities
during the equipment package activities within EPCM projects. The same could also be said
about the information flow, clarity of the process steps, workflow, and work design. All
these points should see improvements if the roles and responsibilities are refined and

allocated in a better way.

The 6™ question asked the experts to think about what part of the package equipment
activities are repeatable from project to project, i.e. is there something in the process that
could be standardized or not. A follow-up question had the experts to evaluate that would it
be beneficial to future projects if there were set standardized ways to work and the possibility
to replicate certain steps during the process between projects. Judging from the answers

received for this question, the answers were quite mixed between the experts. Some would



44

like to see more standardized and pre-set ways, some know there are currently some things
that are standardized, and some didn’t fully acknowledge the benefits of standardized
practices due to the nature of projects being different and customers affecting the process
directly with their influence. This question was then revisited during the expert interview to

gain more insight about the received answers.

The 7t question asked the experts to evaluate what kind of improvements they would expect
to see to make the activities linked to the acquisition process of equipment packages more
efficient in EPCM projects. The question received great responses from the experts with
good development paths to follow. The responses also sat in line with the objective and sub-
objective of this research. The key takeaways from the answers received for question 7 are

listed below.

- Communication and tool improvements.

- Dedicated and responsible persons.

- Possibility to introduce new roles.

- Refining roles with set task descriptions

- Systematic requirements to follow the process.

- Unified phases and templates to ensure that operations follow same principles from

project to project.

These select improvement points listed by the experts were brought up in the expert
interviews for further clarifications and as discussion points, and most of the questions in

the interviews were based on these exact improvement areas.

The 8™ question had 5 statements that the experts had to answer with the extent to which
they agreed on with the provided answer scale. The statements were tied to the characteristics
of individual work tasks and tools within the equipment package activities in EPCM projects.

Figure 8 presents the received answers for question 8.
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8. The statements in this section are related to the characteristics of individual work tasks within equipment
package activities in EPCM projects. Please answer the statements with the extent to which you
agree according to the provided scale.

B Strongly disagree M Disagree M Neutral W Agree B Strongly agree

My work tasks cannot be completed if other people

within the project won't conduct their work properly.

I need to perform work tasks that don't necessarily ..

belong to me.

The programs used during work tasks are easy to use

and understand.

| find it easy to follow information flows that affect

my own work tasks.

Some work tasks require memarizing and there is risk -_
that information gets lost.

100% 0% 100%

Figure 8. Answers from experts to statements in question 8.

The answers to the statements in question 8 were mostly neutral or opposite to one another,
which meant that certain statements were very working role specific. For example, the
statement regarding the easiness to follow information flows that affect own work tasks,
some experts disagreed with the statement and some experts agreed or even fully agreed with
the statement. Regarding the overall information flow of a project or the status of an
equipment package is something that must be improved because everybody involved in the
project must be able to know what is currently going on, and to have easy access to

information about matters that directly affect their own working tasks.

The distribution of the expert answers against the statements in question 8 are displayed in

Figure 9 as a Sankey diagram.
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Answers distribution for question 8

I Strongly Disagree
2

The programs used during work tasks are easy to use and understand

Y 4 Disagree
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| need to perform work tasks that don't necessarily belong to me
6

I find it easy to follow information flows that affect my own work tasks Agree
8

Some work tasks require memorizing and there is risk that information gets lost Strongly Agree
6

Figure 9. Distribution of expert answers to statements from question 8.

As seen from Figure 9, the statements regarding question 8 had the most neutral answers
when compared to other statement specific questions. When looking at the distribution of
the received answers, there is evidence that there is room for improvements from a work
design point of view. Effectively, by refining the roles and responsibilities work design and
work task related aspects should get improved, or at least certain tasks should be allocated
to right people accordingly.

When answering to the statements during question 8, the experts felt that there are certain
items that hinder individual work performance such as, doing tasks that don’t necessarily
belong to one individual, information flows are sometimes difficult to follow and track, the
tools used during working tasks could be more understandable, and there are also things that
need to be actively memorized from time to time. One thing all these things have in common
is that they take time away from the main work tasks, which in the big picture is problematic
and will create unnecessary stress from being rushed from task to task which in turn allows

possibilities for mistakes that hinder others working in the project.

The 9t question had 6 statements that the experts had to answer with the extent to which

they agreed on with the provided answer scale. The statements were tied to the characteristics
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Figure 10 below presents the received answers for question 9.

9. The statements in this section are related to the characteristics of collaborating with people during
equipment package activities in EPCM projects. Please answer the statements with the extent to which you
agree according to the provided scale.

M Strongly disagree M Disagree M Neutral M Agree M Strongly agree

My work tasks require me to frequently interact with
people in the project.

The work | perform has an impact on people with
whom | work in the project.

The progress of my work depends on people inside
and outside of my organization.

When working with people outside of my
organization | need to make the initiative.

People inside and outside of my organization are II_
easily approachable.

People | work with respect the established time .
schedule of the project.

100% 0% 100%

Figure 10. Answers from experts to statements in question 9.

The answers received for the statements in question 9 were mostly in accordance with the
extent of agreement from expert to expert, with minute variations in two of the last
statements. Possibly, the statements were formed in a broader way that allowed to receive
similar answers from the experts. Sometimes, these kind of answering patters can happen in

macroergonomics surveys as the statements should be neutral and easy to follow.

The only “defecting” answer was received for the statement that asked the experts about
other people respecting the time schedule in the project. For this statement one expert
disagreed with statement and seemingly felt that in general the time schedule in projects is
not respected by everyone. This is something that must not be felt by anyone in a large-scale
project as it could lead to some issues regarding the project’s successful completion. Of
course, it is difficult to grasp is it from intentional or unintentional reasons. But for whatever

the reason is, some things regarding scheduling could be fixed by allocating the roles and
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task responsibilities in a clearer way, so that people know exactly what is required from them

during the project.

The statement regarding contacting people outside of the organization and having to make
the initiative showed that the experts, they must generally always be the ones that make the
initiative. Having to be the one that always makes the initiative is not ideal. Sometimes
information can be missed if the communication and collaboration is left on one party’s
shoulders. This for instance can bring further delays to established time schedule if one side
must constantly keep asking for documents and information related to the project and its
equipment, and not to receive it instantly as another side has it. The communication between
different project participants should be a joint operation where the everyone supports each

other accordingly, and in a respectful and timely manner.

The distribution of the expert answers against the statements in question 9 are displayed in

Figure 11 below as a Sankey diagram.

Answers distribution for question 9
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Figure 11. Distribution of expert answers to statements from question 9.

The distribution of the expert answers was very even from statement to statement, which
indicates that the experts were in collective agreement with the statements presented for them

in question 9. The Sankey diagram also showcases that and as discussed earlier, possibly the
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statements were in a from that allowed experts to insert similar answers. But then again this
showcases that the statements were very much in line how the experts were feeling during
answering when looking at the statements from their point of view and how they felt these

statements related to their working tasks.

The 10t question had 6 statements that the experts had to answer with the extent to which
they agreed on the provided answer scale. The statements were tied to the characteristics of
communicating with people during the equipment package activities in EPCM projects.
Figure 12 below presents the received answers for question 10.

10. The statements in this section are related to communicating with people during equipment package
activities in EPCM projects. Please answer the statements with the extent to which you agree according t
the provided scale.

M Strongly disagree M Disagree M Neutral H Agree M Strongly agree

The communication responsibilities of people are

clear.

| get informed when activities and project related II

milestones are being completed.

| am well informed about matters that affect my work .._

tasks.

The communication needs to be more consistent. _
The communication information of people working in -_

the project is easily accessible.

People are available when they are contacted. -II-

100% 0% 100%

Figure 12. Answers from experts to statements in question 10.

The answers received for the statements in question 10 were similarly two-sided as with the
statements in question 8, which indicated that there could have also been some role
specificity at play. But what it also meant, was that there are small pain points in the process
for some. Those pain points could be eased by rethinking the roles and responsibilities for
the EPCM project organization. It seemed that for the answers received from the experts,

there were experts who felt that the communication responsibilities of people are not clear
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and information flows regarding project milestones and own work tasks were somewhat
lacking. In the big picture this is challenging and will cause some head scratching on why
information does not move accordingly from person to person, and there could be some
information that falls between working roles and then people don’t know how to act, which

will again create misunderstandings and unintentional delays during the project.

One key aspect that all experts agreed on, was that the communication needs to be more
consistent and arranged in an improved way. For the research’s sake, this was a good result
as one of the main drivers for this research was to improve the communication during the

acquisition process of equipment packages in the EPCM project concept.

The distribution of the expert answers against the statements for question 10 are displayed
in Figure 13 below as a Sankey diagram.

Answers distribution for question 10
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Figure 13. Distribution of expert answers to statements from question 10.

Figure 13 showcases that the statements regarding communication responsibilities and the
communication itself received mostly answers that supported these statements. For the

research’s sake, the received answers supported the objective of the research and helped to
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develop material and questions for the expert interviews to find further answers and details

on what could be improved, and how the research objective could be completed.

The other statements received quite mixed answers when looked at in more detail, and the
answers could have been also working role and project specific. But in any case, the received
answers highlights that there is definitive room for improvement regarding the overall
project communication in EPCM projects. This is something that the Case Company should
look at in more detail and review options for future developments, so that everyone

participating in projects are always on the same page regarding project communication.

The 11t and final question in the macroergonomic questionnaire survey asked the experts
to recall cases where better communication would have yielded better results during
equipment package activities in past or current EPCM projects. The answers received for

question 11 are listed below.

- Agreeing communication procedures in a better way, because usually
communication procedures, weekly and monthly meetings are decided in the starting
phases of the project.

- Earlier and current ongoing project.

- In multiple projects there have been cases where project matters fall between
disciplines and disciplines don’t ask from others.

- Multiple occasions in different projects.

This question was collectively asked again from the experts during the expert interviews to
gain deeper insights on where the possible improvements regarding project communication
lie. The reason why this question was visited again in the interviews was because the answers
received were very broad and open, and not all experts answered this question in the

questionnaire, which made it challenging to intercept the information from answers.

5.2 Interviewing the experts from the Case Company

As described in chapter 3.2, the prerequisite for taking part in the interviews for the experts
was to fill out the macroergonomic questionnaire survey beforehand. The question themes
and questions itself were formed based on the results and answers received for

macroergonomic questionnaire survey. The interview questions, the themes of the questions
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were related to, the answers received from the experts, and the analysis of the findings are

presented in this section.

The interviews contained 5 to 6 questions, and all questions were discussed from the
viewpoint of the given expert and their respective engineering discipline at the time of the
interview. The question themes were linked to the acquisition process of equipment
packages, knowledge and skills of people, the roles and responsibilities, communication, and
standardization. The structure of the interviews was kept in a semi-structural format, with
questions that were open-ended. The questions during the interviews followed the flow of
the conversation and received answers, which meant that the order of the questions was
slightly varied from expert to expert. Yes or no answers were avoided, and in case of these

answers, further clarifications were asked from the experts.

The 1% question and its theme focused on the skills and knowledge of people working in the

acquisition process of equipment packages and the question was formed as follows:

1. Do people involved in the project have the skills and knowledge on how to act

during different stages of the equipment package acquisition process?

Pretty much all the experts collectively answered that it greatly differentiates between
projects as all projects are not alike, which means there are constantly changing variables
here and there. It was greatly emphasized that the customer can have a great influence on
how certain operations during the acquisition process of equipment packages will be
handled, as in the end, the Case Company is working with the customer’s money. Generally,
the common message from the experts was that the Case Company’s employees need to be
able to learn from past experiences and adapt to situations that are presented to them during
EPCM projects, whether the situational changes come from their own mistakes, mistakes of

others’, changes in personnel, past experiences, or successes.

Scheduling and rush that comes from tight schedules and information that arrives late bring
challenges to everyone participating in the project, and it is sometimes challenging to find
time that is lost and where the lost time could be then gained as there is no give in the
deadline of a project. Along with scheduling, the roles, responsibilities, and strategy of the
project must be clearly defined and agreed on so that people participating in the project know
who is in charge of what, and the key responsible persons must be bound to the project for

its complete duration. This is because there are personnel who constantly participate in



53

multiple projects at the same time, and they cannot then devote their full attention to their

tasks within one project.

It was also noted that there have been cases where the responsibilities of different persons
have changed from what was originally agreed, and sometimes there can be a mismatch of
required competences for these new tasks. This usually comes because resourcing more
people for the project is difficult as the main roles are already locked in from the proposal
phase of the project with the customer, so additional work tasks will be shared with people
who are already working on the project. The bottom line is that the more tightly people can
be kept in the project and the more the Case Company can rely on its employees’ technical
competencies, the better different project phases can be completed as people are constantly

familiar with and reminded of the project and their tasks.

Another item that was relayed by the experts was regarding defining and understanding the
equipment specifications, technical and commercial details. It was said that more ways need
to be found out on how to put more emphasis on ensuring that people fully understand that
they have defined the technical and commercial details correctly regarding equipment
packages and that the right people with the right knowledge and competence are in place to
check and verify that everything is correct at once and not waste time by questioning
different engineering disciplines multiple times. More emphasis must also be put on being
more unified and collaborative and not letting different engineering disciplines focus solely
on their own fields. This could help open the communication channels between people, by
unifying the ways to work and utilizing available technical competencies, different teams

could become tighter and more responsive regarding different phases of the project.

The 2" question and its theme focused on the roles and responsibilities of people working

in the acquisition process of equipment packages and the question was formed as follows:

2. How do you see on what could be improved regarding roles and responsibilities

of people?

Almost all experts expressed that the roles and responsibilities must be clarified so that
everyone has a clear understanding of what their main tasks and responsibilities are, and
what is required from them during the project. Sometimes there are situations where project
related tasks fall between different engineering disciplines and people must guess who

oversees what, which creates confusion and time losses in the long run. This means that the



54

Case Company must find set ways on how to negate possible gray areas that could arise in
different situations and phases during the acquisition process of equipment packages. This
could possibly be countered by creating clear and concise manuals for each engineering
discipline, including the steps and what exactly is needed from each discipline to complete
the project.

The same implies to the project scope, which should be as clear as possible so everyone
participating in the project understands the aim of the project. Work tasks shouldn’t be
changed on the fly, and work tasks shouldn’t cross over disciplines to mitigate confusion
about responsibilities and work tasks. Everyone must have clear indications and instructions
of what is needed from them and their respective disciplines. It was recommended that the
employees of the Case Company should be more open with themselves and be ready to
clarify unclear things so that they can avoid cases where project matters fall on those
undesirable gray areas. Also, important matters that require the collaboration of disciplines
shouldn’t be left on the shoulders of a single discipline. More emphasis could be placed on
being more inclusive, and people could casually just ask around from others that can they
manage, or do they need assistance or input with something they are working on?

When thinking about the roles and responsibilities, the experts expressed that it should be
kept in mind that the process technology used for the project defines the initial need for set
qualifications and competences for certain roles and role responsibilities. This speaks
volumes for that the right people should do the right things at the right time. This also reflects
to the roles and responsibilities of discipline lead engineers. It should be further reviewed,
what is the most important task for the lead engineers, is to supervise their discipline
operations, process design or something else? It was said that usually discipline leads are
busy because they are often participating in multiple projects, and it is challenging for them

to allocate time for single projects at a time.

Regarding the roles in the acquisition process of equipment packages, it was discussed with
the experts that there is a need to have the right people involved in designing the equipment
packages, so that people with corresponding technical competencies understand what is
going to be purchased and how the technical specifications are determined so that the
equipment suits the process technology in the most effective and efficient way. There is also

a need for people who understand equipment contract stipulations so that there is full
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comprehension of what will happen during the purchase process of the equipment packages.

This requires seamless collaboration with the right people to avoid possible mishaps.

It was also discussed that the basics of our procurement processes could be internally trained
so that more and more people could level their understanding about the phases and tasks of
procurement functions and how much time it takes to complete these tasks in projects of
different sizes. This could help people to lower their prejudice towards the procurement

process and take note that certain tasks take longer than others.

After discussing the roles and responsibilities, the 3™ question and its theme focused more
specifically on the role of package engineers that are needed within the acquisition process

of equipment packages and the question was formed as follows:

3. What could be the main responsibilities for package engineers?

Two things that were almost instantly mentioned by the experts were that the package
engineer should have sufficient technical and commercial know-how to understand technical
and commercial aspects about the equipment packages, and the package engineers should
possess outright ownerships of their respective packages. It is important that the package
engineers have the skills to understand technical and commercial details, and requirements
of the equipment in the package. They should possess understanding of commercial and
contractual stipulations in the equipment package contracts, and their technical
comprehension should also cater to reviewing and commenting on supplier data and

documentation regarding the equipment package.

The outright ownership of the package is an important piece of the puzzle because it must
be known who exactly is responsible for equipment packages during the project. Of course,
the package engineers don’t have to know every little detail about their respective packages,
but they should know what the overall status of the package is, and they should be able
coordinate and lead the actions and know where to seek information that is related to their
packages. This suggests that the package engineers should be these collaborative team
players that can see the causes and relationships in the big picture. It was also discussed that
one important task which the package engineers could handle is the expediting phase of their
respective equipment packages and to define at what stage it is necessary to go and review
the manufacturing and readiness progress of the equipment packages, and that the equipment

packages meet the quality, safety and contractual standards set out for them. Expediting is a
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time-consuming activity that takes a lot of time, and this must be acknowledged when

scheduling for the project.

An open-ended follow-up question was added to the main question which asked the experts
that: would the role of package engineer be a role that is already predetermined before the
start of the project, or could it be role or a more specifically a task set that could be trained
to whoever happens to be selected to oversee equipment packages? This follow-up question
received mixed answers as some of the experts were adamant that there already is
distinguished package engineers in projects. Some experts were more in the favor of that this
role could be something that could be trained to people who will work as a package engineer
and serve the project. It was relayed very widely that there is lots of technical competence
at the Case Company, and it’s up to the Case Company on how it decides to utilize and
harness the available knowledge of its employees.

Also, it must be said that the absolute necessity of the package engineer’s role must be
challenged in a way that is necessary for the Case Company to create a new role, or would
it be more beneficial for it just to refine and reassign current roles to the extent that the
proposed items this question created? This is an important question that must be reviewed
thoroughly so that the Case Company can underline the right approach regarding the role of
the package engineer or the persons who act as the equipment package responsible in EPCM
projects.

From discussing the role of the package engineer, the interviews focused on the theme of
communication and information flows, and on how current communication is conducted and
how information is shared with project participants, and would there be something the

experts would like to see get improved? The 4™ question was formed as follows:

4. What are the current challenges regarding communication and flow of

information, and how these entities could be improved?

This question was a big entity in the interviews and almost all experts relayed similar kind
of answers regarding the current state of communications and how information is shared in
projects. The common impression was that there is room for improvement in current
practices. It all starts from the beginning and improperly arranged communication methods
affects everyone on the project. It was discussed that careful attention must be placed when

creating the discipline related strategy manuals, resourcing people for projects, overall roles
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and responsibilities, and scheduling. Also, being able to select tools that supports

communication and easy flow of information is something that must be aimed for.

It was said that there have been cases where for a reason or another information within the
project just doesn’t reach everyone. This suggested that more attention should be placed on
being open to share information, and even share the most mundane project related matters
so that everyone has information that helps them move forwards in the project. Overall,
project communication, the project scope, aim of the project, and the roles and
responsibilities must be clearly defined, so that everyone clearly understands the end goal of
the project and how to get there. The exact communication responsibilities of people and
more importantly, the communication points when certain tasks are completed must be
agreed on. One could say that it’s better to have too much information that too little, this also
means that its people’s own responsibility to choose what they do with the information they
are given. If anything is unclear, it must be resolved immediately to avoid further confusion.
It’s better to check and verify things than to wait and see, because by verifying things there

Is actual knowledge that those things are okay and done.

On a general level, workload increases due to sub-optimal communication and information
flows that don’t reach their target audience. It was discussed that there are quite frequently
cases where things pop up as surprises and there is very little time to react accordingly to
them. Of course, sudden things and changing situations that emerge are not entirely
dependent one side, as there are other project parties participating in EPCM projects, but as
an EPCM contractor this is something that must be acknowledged and prepared for as best
as possible. Also, by having an up-to-date schedule that is easily accessible for everyone
participating in the project, helps to prepare for variables as its already know exactly what
the current situation and progress with the project is. The experts also brought up that there
is need for someone who leads the project related information and verifies that the
information reaches right persons at the right time. It was collectively agreed that any new
information should reach every recipient as soon as it is possible to have it. People shouldn’t
in any case go asking around about important information that has great effect on their work

tasks. This was also relayed in the questionnaire survey’s answers.

Couple of easily approachable solutions to improve overall communication ways was also
discussed under this question, the experts brought up simple concepts that related to general

project emails, meetings and sharing of information. Regarding project emails a simple fix
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could be using only on topic per email so that it would be clear for anyone what topic the
email deals with. It is quite usual for emails that have multiple topics, for some of the topics
to get lost in prolonged email discussions which are replied to and forwarded many times.
Another thing was to frame the subject of the email in a way, so that it includes an accurate
description of what it is about and who it concerns. This way the recipient of the email could

see immediately what the email is about and who it concerns without even opening the email.

For project meetings it was discussed that there must be set ways to make sure that the right
people participate into the meetings along the project. Also, for the information flows and
project communication’s sake, it would be beneficial to have these meeting end practices,
where the meeting topics are visited again so that everyone remembers what was discussed
in the meeting and what tasks were directed to people. As well the meeting notes should be
published and shared as soon as the meeting ends, so that the information that was shared in

the meeting gets out for other people that need it.

From the fourth question it was time to move to 5" and last question, and theme which was
related to standardization of practices in EPCM projects. Standardization is an interesting
viewpoint to look at the acquisition process of equipment packages, because if something in
the process could be standardized it should be more efficient to repeat those standardized

practices in future projects. The fifth question was formed as follows:

5. What kind of operations in the process could be standardized from project to

project?

This was a question which received some mixed answer from couple of the experts but
overall, after further discussion there were some findings on where standardization could
bring some value. In the big picture, replicating good practices found from other previous
projects should help the Case Company to refine its ways during the process and by
constantly evaluating where improvements could be made is important for future projects so
that it can provide the best service as possible for its customers. This is where utilizing
lessons learned protocols comes into play, and that protocol should be used time and time
again if practices are to be developed based on real customer and internal feedback. Some
experts brought up that sometimes it might be challenging to standardize or repeat practices
as rarely projects are the same, there may be same aspects that can be but overall, it could
be difficult.
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Things that could be standardized were discussed to be at least dedicated equipment
specification templates, simplifying purchasing related materials where only equipment
and/or process value figures are changed or other documents, expediting practices, and
information storing and sharing practices. For any templates that would be created, it was
said that it must be made sure that these templates are always up to date, and any chance of
transferring information from old projects to newer projects must be mitigated. This means
that the templates shouldn’t be copied from earlier projects. There also should be dedicated
library for the standardized templates which is that is easy for everyone to find. Someone
should also update these templates from time to time so that the templates are up to date and

relevant.

For other purchasing related documents, it was discussed that they could be more simplified
as currently many of these kinds of documents are very heavy and long, and sometimes they
are not used to their full extent. For expediting, some standardization could be utilized in the
form of refining the expediting activity and setting a standard at which readiness state it is
relevant to go and expedite and review the status of the equipment package. Also, expediting
could have some sort of tool to ease up the activity in the long run as currently there isn’t
one. For information sharing and storing, some advances should be made towards on finding
ways to store information in places where everyone in the project has easy access to. For
supplier data and documentation some automatization and standardization were seen
welcomed idea, as these kinds of documents are heavy, and they sometimes require
comments from multiple people when reviewed. Maybe there could be a system that

automatically sorts and forwards these documents as they are commented and reviewed.

From a quality standard point of view, the whole acquisition process of equipment packages
should be repeatable because as a big service provider in the EPCM project field, the Case
Company should provide for its customers easy, efficient, quality, and safe project services
that are easily repeatable. For more efficiency, the Case Company should be able to also run
the process backwards for observation where it could improve for future projects. The
bottom line with standardization is that the more and more things that can be standardized
the more efficient and secure processes should become as there is less room for confusions

from standardized and set ways to run different processes.

One aspect that was also discussed and visited in the interviews was the need for a workflow

regarding the activities during the acquisition process of equipment packages. As a talking
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point, the workflow didn’t receive too much traction and from the results, any form of
definitive framework about the workflow was difficult to summarize. But if the answers
received in the macroergonomic questionnaire survey are looked at in more detail, there is
need for a straightforward workflow regarding the activities during the acquisition process
of equipment packages. Maybe the lack of results regarding the workflow was that because
such workflow doesn’t exist currently, and that makes it difficult to pinpoint what would be

the actual phases for it.
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6 Discussion

This chapter discusses the received results and possible solutions for the research objective,
its sub-objective, and therefore areas where the Case Company could find room for
improvement. The development suggestions for the Case Company presented in this chapter
are justified by the results and received answers for the macroergonomic questionnaire
survey to develop organizational practices and expert interviews. The solutions presented in
this chapter are also viewed through design thinking, human-centered design, and
macroergonomics, as these viewpoints were studied in the theoretical part of this research.
When reading this chapter, it’s good to understand that the Case Company is in an expert
position in the field of EPCM projects, and the improvements presented in this chapter are
small details where the Case Company could improve its ways to be even more competitive

and effective with its EPCM project concept.

Based on the results of the macroergonomic questionnaire survey and the expert interviews,

the definitive development areas in the acquisition process of equipment packages are:

- Communication.

- Roles and responsibilities.

- The role of the package engineer.

- Ownership of equipment package’s data and decisions related to equipment

packages.

By improving and studying these objects in the acquisition process of equipment packages,
the Case Company should find more organizational performance for its EPCM project
concept. Communication, along with roles and responsibilities was one of the biggest talking
points in the expert interviews because these two entities are interlinked as both are very
dependent on each other. For the Case Company to be more improved in the future, overall
communication and communication responsibilities need to be slightly adjusted so that the
Case Company’s EPCM project organizations can perform seamlessly in different project
activities, including the acquisition process of equipment packages.

The starting point of good communication begins by: defining clear communication

responsibilities, utilizing tools that support communication through adequate and easily
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approachable communication channels, standardized meeting practices with the right people
present in them, training, and storing information in places where it’s easy to find. In addition
to these, open communication between engineering disciplines must be advocated, and
collaboration between engineering disciplines must be seamless. Simple and standard
practices regarding project emails and meetings can also have big net results regarding
improving communication, and the effectiveness of simplifying and standardizing email and
meeting practices should be experimented with in practice. It is known, and it was discussed
with the experts, that information that is difficult to reach or information that comes late,
accumulates the workload for everyone involved in the project. With improved information
sharing practices and better communication overall, this could be avoided.

The Case Company should investigate systematic approaches and develop solutions on how
to accurately follow the progress of the project and equipment packages through the flow of
information and communication. Utilizing feedback systems, just like “lessons learned”, is
very important for seeing and discussing internally what could have been done better and
what went well during projects. Also, receiving feedback directly from the customer cannot
be stressed enough, as they are the most important player in the whole project, and any

feedback from the customer is highly valuable for the Case Company in moving forwards.

The roles and responsibilities within the acquisition process of equipment packages must be
clarified to the extent so that people thoroughly understand what their role is, what their main
responsibilities are, and what is expected of them during the process. With clarified roles
and responsibilities, the Case Company can mitigate the possible gray areas that arise and
accumulate from unclear roles and responsibilities. By having clear roles and
responsibilities, people can focus on their work tasks instead of asking others what they
should do or doing tasks that didn’t originally even belong to them. Of course, helping people
to reach a common goal is allowed and highly recommended, but a purposeful or un-
purposeful deviation from their own tasks is not optimal. This shows that unclear roles create
time losses, and lost time is something that must always be gained back from elsewhere.
Roles should be defined through the technical competence of people and their ability to
handle the set work tasks and responsibilities that the role requires, so that they can be as
effective as possible for the chosen role and a good fit for the project overall. The Case
Company should therefore avoid cases where different people are responsible for the same
things at different times because it gets confusing for the people involved.
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People should also be given the opportunity to receive training whenever needed regarding

their working tasks so that their full potential can be utilized.

Regarding the effectiveness of roles and responsibilities, the resourcing for projects must be
done carefully so that the Case Company can harness the competence of its employees for
the full duration of its EPCM projects, which require full-time working hours from its
employees. If people are participating in other projects in parallel with EPCM projects, it is
very difficult to allocate time accordingly without adding stress and urgency. Also, the roles
of discipline lead engineers must be examined in close detail and define what their main
responsibilities and tasks are so that their abilities can be utilized to their full potential. As
per the interviews with the experts, it was said that the lead engineers are doing a little bit of
everything on multiple projects at the same time. The Case Company must find ways on,
how to optimize its processes so that they can ensure that the right people are doing the right

things at the right time to achieve the best possible results.

The role of the package engineer is an interesting topic that divided opinions during the
expert interviews. But the bottom line was that the Case Company has a need for such arole,
or at least it should explore which would be the best solution, create a new role, refine and
modify current roles, or make this package engineer role a skill set with an action list that
could be trained and given to the responsible people, or people who will act as the package
engineer in the acquisition process of equipment packages. The ownership of the equipment
package’s data and the decisions related to the equipment packages is directly linked to the
role of the package engineer, as the package engineer or package responsible should be the
overall responsible for the equipment package(s) data and decisions related to the equipment
package(s) in the project. Also, regarding the responsibility of the equipment packages,
situations where one single engineering discipline or person has full responsibility for the
given equipment package is not the right way to move forward. Again, the key here is
collaboration with people. When discussing with the experts during interviews, these tasks
and actions were pointed out regarding the role and responsibilities of the package engineer:

- Acts as the contact person for given equipment package.

- Collaborative team player who shares accurate information about the equipment
packages progress.

- Composing technical specifications and purchasing materials in collaboration with

engineering disciplines.
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- Checks and reviews the equipment inquiry materials.

- Ensures that the equipment package is on time.

- Ensures that the ready equipment in the equipment package match the planned
specifications and the equipment fulfil the contractual requirements.

- Expediting of the equipment package.

- Improves the process for future projects.

- Overall responsible for the equipment package.

- Participating in purchasing negotiations and other follow-up meetings regarding the
status of the equipment package.

- Supervision of equipment contracts and updating them through change orders.

- Supervises that the equipment is in check from a quality and safety viewpoint.

- Supervises that the costs are in line with the budget and reports if there are changes
inbound.

- Supervises the package’s progress from start to arrival on site and installation.

- Technical ability to understand and comment on supplier documents and data
regarding the equipment.

- Technical and commercial knowledge to understand contracts and contract
stipulations.

Even when there is a list like the one above, it must be stressed that the package engineer
cannot know absolutely everything about the details of the equipment package(s), but the
package engineer should be able to control the actions that make the process move forward
and know the channels where to seek information. Also, the role of the package engineer
must be defined very clearly so that there is no overlap with other roles and that any gray
areas can be mitigated. It was discussed that to help reduce the overlap between tasks, the
package engineer role could be project area-specific so that people in the project organization

know who is responsible for the equipment package(s) in certain project areas.

The absolute necessity of creating a new role for the package engineer must also be
challenged, as could those earlier listed tasks be assigned to other people working in the
EPCM project organization and in the acquisition process of equipment packages? Some of
those tasks could be assigned, for example, to procurement, process design, other
engineering functions, project management, and quality management. If this were to be

done, close attention must be paid to the roles, responsibilities, and communication so that
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those listed tasks are clear, and every crucial phase is reported to others who need
information and input regarding their tasks. In this approach, the organization of
communication could be the biggest hurdle, as there could be quite a few people working on
these tasks simultaneously or in close proximity. One other approach that was also discussed
was the idea that the role of the package engineer could instead be a task list that gets
assigned to whoever is chosen as the equipment package(s) responsible. The task list would
have all the required activities and workflow mapped out for the package responsible, who
then follows the presented task list to complete the needed activities in the process. This was
an interesting take on the package engineer’s role, which could be explored and tested to see

how it would work out.

In the end, according to the practices learned in the theoretical part on researching design
thinking, human-centered design, macroergonomics, and job design, if any reorganization
and work role improvements were to be done, they would have to be done from the point of
view of the employees who operate with the daily tasks in the acquisition process of
equipment packages. Because these employees have firsthand information about how the
process works and if there are any pain points, they could easily pinpoint where they lie and
how they would like to see the process get developed. After interviewing the experts at the
Case Company, the consensus was that the Case Company has immensely competent and
intelligent people working together, and the people in key positions at the Case Company’s
acquisition process of equipment packages should be consulted regarding the development
areas presented in this research on how to improve them, so that the end result would favor

an organizational and user-centric point of view.
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7 Conclusions

The aim of this research was to study and discover how to improve the acquisition process
of equipment packages and communication in the Case Company’s EPCM project concept.
The Case Company is one of the leading companies in the field of EPCM projects, and the
improvements and results presented in this research are small details and additions on where
the Case Company could improve its practices to be even more competitive and effective
with its EPCM project concept. The discovered development areas in this research were
studied through the scope of design thinking, human-centered design, and macroergonomics.
In addition to these approaches, select experts who had thorough experience with the EPCM
project concept and acquisition process of equipment packages were chosen from the Case
Company to be interviewed and to evaluate how the main development items within the
process could be improved. The selected experts were asked to fill out a macroergonomic
questionnaire survey to see what their opinion was on certain macroergonomic statements
within the acquisition process of equipment packages. The macroergonomic questionnaire
survey also had open-ended questions where the experts could express their own feelings
towards the presented statements and questions within the survey. After completing the
questionnaire survey, the experts were interviewed, and the interview questions were based
on the answers received for the survey. The structure of the interviews was kept in a semi-
structural format which, included open-ended questions to spur up the conversation. With
the above approaches, incremental improvements could be made to develop the Case

Company’s effectiveness with its EPCM project concept.

The definitive development areas in the acquisition process of equipment packages that were
found during the research were: communication and clarifying the roles, responsibilities, and
ownership responsibilities of the equipment packages during the EPCM projects. By
improving and refining these select areas for the acquisition processes of equipment
packages, the Case Company should become more effective and efficient with its practices
and services within its EPCM project concept. The Case Company should evaluate the
potential and necessity of the suggested development directions presented in this research.
If any of the proposed development areas are pursued by the Case Company, the possible

implementation of those areas must be done from the viewpoint of the employees who are
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working with the EPCM project concept and the acquisition process of equipment packages

to ensure that the best results on an organizational level can be achieved.

For additional future refinements, the Case Company could explore the workflow of the
equipment acquisition process in more detail to ensure more clarity and repeatability for the
whole process. In this approach, the Case Company could develop for its EPCM project
concept a detailed workflow with concise tasks regarding the acquisition process of
equipment packages. This workflow could serve as a blueprint for the whole process, and it
could showcase and detail the most important tasks, roles, and responsibilities that are
needed during the process. A detailed workflow linked to the acquisition process of
equipment packages should bring value to everyone working in the daily operations of the
process by offering a clear, communicative, and instructive working plan regarding the

activities during the process.
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Appendix 1. Macroergonomic questionnaire survey

Macroergonomic survey to develop practices
within the EPCM project concept

This survey is a part of Master's thesis which aims to develop activities and communication related to equipment
packages in EPCM projects. Individual responses will not be stored or made public. The received responses will only be
used in the analysis of results to discover possible development areas.

* This farm will record your name, please fill your name,

Background Information

1. How long have you worked with the EPCM praject concept? (Write your answer in full years)

2, When an EPCM project organization is formed, what is your role?

3. How would you define an equipment package?

4, What kind of input is needed from you to complete activities linked to equipment packages
in EPCM projects? (Examples for the activities: creating enquiries, evaluating quotations,
equipment package negotiations, contract creation process, delivery follow-up, reviewing
vendor data, etc).



Work orientation

5. The statements in this section are related to the characteristics of work orientation within
equipment package activities in EPCM projects. Please answer the statements with the extent
to which you agree according to the provided scale.

The answers during this section are scored according to this scale:

1 = Strongly Disagree

2 = Disagree

3 = Neutral

4 = Agree

5 = Strongly Agree

(If a statement is not applicable to you, please leave the answer blank)
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6. Answer from your peint of view: |s the process in the equipment package project activity
repeatable from project to project? (Would it benefit future projects if it would be?)



7. What kind of improvements would you expect to see to make the activities linked to
eguipment packages in EPCM projects more efficient?

Individual work tasks

B. The statements in this section are related to the characteristics of indidual wark tasks within
equipment package activities in EPCM projects. Flease answer the statemants with the extent
to which you agree according to the provicded scale.

The answers during this section are scored according to this scale;
1 = Strongly Disagres

2 = Disagrae
3 = Meutral
4 = Agree

5 = Strongly Agree
{If a statement is not applicable to you, pleasa leave the answer blank)
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Collaborating with people

9. The statements in this section are related to the characteristics of collaborating with
peaple during equipment package activities in EPCM projects. Please answer the statements
with the extent to which you agree according to the provided scale.

The answers durlng this section are scored according to this scale:
1 = Strengly Disagree

2 = Disagree
3 = Neutral
4 = Agree

& = Strongly Agres
(If a statemient is not applicable to you, please leave the answer blank)
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Communication

10, The statements in this section are related to communicating with people during equipment
package activities in EPCM projects. Please answer the statements with the extent to which
you agree according to the provided scale.

The answers during this section are scored according to this scake:
1 = Strengly Disagree

2 = Disagree
3 = Meutral
4 = Agree

5 = Strongly Agree
(If a statement is not applicable to you, please leave the answer blank)
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11. Can you recall any instances where you think better communication would have yielded
better results?



