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Abstract: Design changes seem inevitable in engineering, procurement and construction EPC pro-
jects. Such changes create a need for a proactive approach to adjusting project scope, cost and time
(the triple constraints) for efficiency and effectiveness in overall delivery. This study investigates
the causes and implications of design changes in order to improve design change management prac-
tices. Data for the study was obtained through online interviews with New Zealand industry prac-
titioners. Thematic analysis was used to collate the results into meaningful data. The study found
that design changes were predominantly caused by clients' inadequate strategic planning, insuffi-
cient attention to design, EPC contractors' inadequate design ability, and on-site variations. There
were three categories of such design changes: direct impact on the project, the reciprocal and com-
plementary effect on stakeholders, and the far-reaching impact on the community. The study con-
cludes by suggesting improvements, such as strengthening the integration of project teams to en-
hance design quality, strategic alignment of stakeholders at the planning stage, early contractor in-
volvement (ECI) between the planning and design phases, and improving collaboration between
design and construction teams. Further, a combination of high technical skills (e.g. design ability)
and soft skills (can-do attitude, interpersonal skills, problem-solving skills, documentation skills,
etc.) are needed to effect the desired improvement in design change management.

Keywords: engineering procurement and construction project (EPC); project management; design
changes; infrastructure development projects; construction management; New Zealand

1. Introduction

The New Zealand Government has raised capital investment to its highest level in
more than 20 years and has announced plans to increase infrastructure investment by $12
billion over the next five years [1]. This new investment is expected to increase the econ-
omy's size and increase the number infrastructure projects. Most infrastructure projects
are 'mega projects’, which cost billions of dollars, take many years to develop and build,
and involve multiple public and private stakeholders [2]. They are large in scale, long in
schedule and high in complexity [3], and the success of an infrastructure project requires
the multidisciplinary contribution of many stakeholders [4]. Infrastructure projects are
designed to change the structure of society and have a transformational impact on peo-
ple's daily lives. Examples include roading, bridges, water treatment projects, irrigation,
oil drilling and gas transmission projects.

When clients develop a project, they must determine a project delivery method. This
defines the roles and responsibilities of parties [5]. The project delivery method effectively
influences project performance [6]), and an appropriate project delivery method is a key
performance indicator for measuring project success [7]. There is no single best project
delivery model — a client selects the delivery model that is most suitable and favourable
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for the project. Considering the levels of infrastructure project complexity, more and more
clients prefer a model that allows them to have centralised control with less contact. To
implement the project, clients usually prefer to delegate contractual responsibility to a
more professional team. This approach to project implementation is also recognised as a
'turnkey solution' [8]. The Engineering, Procurement and Construction (EPC) model fits
such requirements best because it transfers more responsibility to the contractor. A client
would rather bear high contract costs and gain more vital protection in contract transac-
tions.

Along with the trend of increased infrastructure construction in New Zealand [9], it
is predicted that the prevalence of the EPC model will grow. No matter which project
delivery model is used, there is no risk-free project. Project changes are often perceived as
risks. All changes are presented as adjusting the 'iron triangle' in project management [8].
When change occurs, the iron triangle will reshape to meet new requirements. Change
can have a positive or negative impact on a project: When a change is intended to maxim-
ise clients' interest with a saving on cost and delivery time or a quality improvement, it
impacts the project positively; however, if a change increases cost, reduces project profit-
ability, delays the project schedule, or reduces project quality, it negatively impacts the
project. Change is negatively correlated to deliverables [10]. The greater the change, the
more deliverables and costs are degraded and the higher risks the project seems to face
[11].

From a risk management perspective, the key to project management is to prevent
and minimise change as much as possible. Rebalancing the iron triangle is risky, especially
under a lump sum contract. Lump-sum arrangements significantly protect the client from
paying additional fees beyond the total contract price, so clients choose lump sum con-
tracts for the same reason they choose an EPC model - to avoid risk. Under lump sum
contracts, the more chances, the more delays there will be, the more costs will increase
and the lower the project profit. This creates an irreconcilable conflict between the con-
tractor and client, and the project is likely to stall and require arbitration.

Design quality plays a decisive role in project implementation [12]. If there are miss-
ing items, faulty items or variable bias in the design works, it will lead to incorrect budgets
or construction difficulties, and the design will have to be changed. A design change is a
modification of an existing design due to a change in a condition, assumption or require-
ment [13]. Design changes can occur at any time after the design is complete. Design
change risk is like all other risks in that it has the same characteristics and the effects de-
scribed above. Understanding the causes and effects of design changes is the key to effec-
tively preventing and managing EPC project design changes and their negative conse-
quences.

This study aims to identify the causes and impact of design change in EPC projects
and to make suggestions that improve the effectiveness and efficiency of design change
management in a New Zealand context. This study addresses the following questions:

1. What factors drive design changes in EPC projects?

2. To what extent do design changes impact an EPC project and associated stakehold-
ers, and communities in New Zealand?

3. How can design change be managed effectively and efficiently?
2. Literature Review

2.1 EPC Project Delivery Model

An EPC project delivery model defines a contractor's engineering, procurement and
construction [14]. As shown in Figure 1, an EPC project allows the client to have a single
contact point and fewer responsibilities and enables the contractor to execute projects with
greater control and flexibility [15].
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Figure 1. EPC project organization chart

EPC models have become a favoured choice for infrastructure project clients in the
international market [16] and are commonly used in Australia, China, India, Europe, the
Middle East and Latin America [17]. These countries quickly developed significant infra-
structure over the past three decades [18]. Infrastructure projects involve complex trans-
actions and uncertainties, so clients select contractors who can provide a turnkey solution
[19]. A turnkey solution is a complete arrangement where one organisation accepts total
responsibility for completing a project [20]. However, there is no best delivery model -
the EPC model has its characteristics and effects on client and contractor, and these im-
pacts go both ways.

Table 1. EPC project model impact for client and contractor.

Client Contractor
Bidderre- e High commercial and tech- e There are not many competitors,
quirements nical requirements. but the competition is intense.
e Few qualified contractors in
the market.

Single con- e Less communication engage- e Greater control of the project after

tact ment for overall management the contract is signed but faces
point [21]. e more risks than the client as they
e Less control over the project carry most project responsibilities
after the contract is signed, as [18]
more responsibilities are trans-e  Less control over planning, which
ferred to the contractor. poses significant risks if there is
¢ insufficient planning and weak de-
sign

e Haslegal constraints from project
clients and sub-contractors.

Turnkey e Shifts more risks and responsi-e  Can improve work efficiency and
solution bilities to the contractor [17]. reduce the coordination workload
e Fewer design changesanda e More responsibilities bring more
shorter construction period. risks. To reduce risk and gain more
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profits, an EPC contractor may re-
duce the cost by adjusting the de-
sign or sub-contracts, thus affecting
project quality in the long term.

Lump-sum e Fixed contract value e High contract value
e Unfixed profitability ¢ Unfixed profitability
e Not risk-free. e  Unpredictable risks

In the EPC model, the client is not risk-free; infrastructure projects that adopt the EPC
approach can still experience cost and schedule overruns [22]. A lump-sum contract is
commonly used in EPC projects with the expectation of a turnkey solution. Under a lump
sum contract, there is a greater degree of certainty about the final project price and the
required duration, which protects clients' interests and lowers risks to the greatest extent
[23]. The commercial and technical requirements are clearly defined at the tender stage in
an EPC project, so the contractor can accurately price the project [24]. The client does not
need to pay additional claims, and the contractor has little flexibility in obtaining the cli-
ent's change order and agreement on extra costs. The contractor carries more risks, which
is why an EPC project has a high contract value. The purpose and premise of using EPC
models and lump sum contracts are that there will be no significant post-contract changes.
However, a high contract value does not ensure high profitability. Changes mean uncer-
tainties, which can lead to risks. The more changes made under a lump sum contract, the
more delayed the project will be, the more the cost will increase and the lower the project
profit. This creates an irreconcilable conflict between the contractor and the client. When
an EPC contractor cannot afford rising costs, there will be an inevitable dispute between
client and contractor, and the project will be delayed significantly. A common risk that
can lead to delays and disputes in the construction industry is a design change.

2.2 Design change issues in an EPC model

Current Design changes are variations made to improve, correct or adjust the design
so that it is complete and accurate [25]. Design changes mainly affect two variables: design
drawings and design documents. Changes in design will impact the project's iron triangle
[26]. In the project iron triangle model, as shown in Figure 3, project scope, time, and cost
are represented on each corner. They are connected and constrained by each other. If one
of the variables changes, the other variables will change. For example, to produce the same
project results (scope) in a shorter time (time), the project cost will need to increase (cost).
A design change is one of the common project risks.

Scope
(Features, Functionality)

Quality

N

Cost Time
(Resources, Budget) (Schedule)

Figure 2: Project iron triangle model
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In Friedman's test [27], 'quality management' is rated as having the most significant
impact on project success, more so than 'schedule management' and 'budget manage-
ment’. This conclusion is consistent with the iron triangle model, in which quality is the
project's central objective. If the design scope changes in the design process, it will affect
the project cost, schedule, and quality. High design quality refers to high design accuracy
and completeness. Design is the foundation of a project; project success is highly depend-
ent on the quality of the design. From statistics, it has been shown that design change often
negatively impacts project outcomes. The number of claims for engineering changes ac-
counted for about 26% of incremental claims and about 28% of the total compensation
paid. In many engineering claims, the claim amount is as high as 10% to 20% of the con-
tract price [28]. Therefore, it is important to understand the reasons for the design changes
and the impacts of the changes.

2.3 Design change stages in project phases

Design is iterative, and the results of the changes can pass through different engi-
neering disciplines, which makes the impact difficult to predict. When trying to under-
stand and analyse the causes and effects of design changes, it is necessary to look at all
design stages because design changes can occur at any stage of the project life cycle. De-
sign can generally be divided into three stages: schematic design, preliminary design and
construction drawing design [29]. When looking at the project stage and the responsible
parties, these three design stages can be divided into two project phases: the conceptual
planning phase and the design phase. The client drives the planning phase, and the design
phase is the EPC contractor's responsibility.

During the conceptual planning phase, schematic design occurs when the client and
architect define the project scope [30]. When developing a new project, the first thing is to
visit the site to look at the land. After studying the characteristics of the plot, the client
and architect can begin to consider the first problem of schematic design: how to make the
planning suit the landscape by making full use of its strengths and circumventing its
weaknesses. The client or consultant company needs to define the project purpose and
scope and is responsible for the conceptual plan and feasibility study [31]. Then the con-
tractor designs the whole project and assumes full responsibility. Thus, the design devel-
opment is partially dependent upon the client's preliminary work. In the concept planning
phase, the client needs to determine the overall direction and preliminary functional as-
sumptions, which are the key factors impacting preliminary design implementation [32].
It is necessary to evaluate the conceptual plan for its feasibility. This feasibility study is
also one of the client's responsibilities, so the client (or its consulting company) is highly
involved in the conceptual planning phase.

Preliminary design and construction drawing design are the EPC contractor's re-
sponsibility. Preliminary drawing outlines technical requirements and involves sketches
through measured perspective drawings used for draft tendering documents. The design
depth is the main difference between the preliminary and construction drawings. The
construction drawing is used to develop construction, which is more specific and operable
than the preliminary drawing. Preliminary design is the basis of construction drawing
design. Construction drawing design documentation is more detailed and should meet
the construction equipment and material procurement needs.

3. Research Design

This exploratory study adopts a qualitative research method, and aims at a prelimi-
nary understanding of design change issues. Qualitative research requires in-depth infor-
mation to answer research questions [33]. Infrastructure projects are scenario-based, and
participants need to have a holistic understanding and perspective of the potential causes
and impacts of design changes and the methods for managing them. Extensive data col-
lection may not be appropriate for this kind of project-based research. Qualitative research
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methods must be based on specific theories and experiences [34] and focus on the depth
of factors rather than comprehensive statistical data. The qualitative approach captures
the characteristics of the main aspects of the problem [35], and so is more suitable for this
purposive research. Participants' experiences and sophisticated perspectives will help in-
form recommendations for better managing design changes. The reliability and validity
of the research are highly dependent on the diversity of information and in-depth elabo-
ration on each issue. Similar studies have mainly used qualitative research methods, and
some studies have focussed on just one company or project [27].

The study uses primary and secondary data. The researcher started the study by col-
lecting secondary data. Secondary data are ready-to-use information from published ma-
terials, computerised databases and website information. Literature reviews helped in the
formation interview questions that were then used for primary data collection. Primary
data are collected from first-hand sources such as surveys, interviews or experiments [34].
This data comes from the original information. In this study, the researcher interviewed
13 experienced participants who had all worked in infrastructure development projects in
New Zealand. The participants were all qualified professionals with between 10 and 42
years of experience in construction and infrastructure. All participants had experienced
or were affected by design changes when working on projects. All participants had previ-
ously executed projects under an EPC model. The participants' extensive experiences and
examples ensure the reliability and validity of the collected data [36]. The 13 interviewees
held positions in the construction industry, with at least one participant in each position.
This variety provided a diversity of opinions from all design stages, thus ensuring the
reliability and validity of data collection [37]. The researcher also conducted follow-up
interviews with some participants to seek further advice about the research findings.

Table 1. Participant profile.

Participants Position Project Experiences

1 Project Manager, contractor side Roading project

2 Project Manager, contractor side Wind farm project

3 Project Manager, client-side Water treatment project, hydraulic en-
ergy project,
transportation project

4 Structure Engineer Commercial buildings

5 Architect Multi-storey buildings, residential
houses

6 Architect Multi-storey buildings, residential
houses

7 Client Residential houses

8 Architect Multi-storey buildings, residential
houses

9 Quantity Surveyor Commerecial construction

. . Infrastructure, commercial construction,

10 Project Manager, contractor side . . .
residential projects

11 Council, Development Engineer Infrastructure and construction project

12 Client Design Manager Commercial construction

13 Architect Commer(fial construction, Residential
construction

The interview used eight indicative, open-ended questions, which guided the direc-
tion of the interviews and allowed participants to express their opinions in alignment with
their experiences [38]. This study received full ethics approval before collecting primary
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data. The researcher sent interview questions to participants in an introductory email be-
fore the interview. Each interview took about one hour. The researcher asked more in-
depth questions depending on project type, participants' positions, and issues' complex-
ity. Participants were encouraged to provide more detailed answers and information
around the questions. In-depth questions yield more insightful information and ensured
the reliability and validity of data [38].

In this study, thematic analysis was used to analyse the data. Thematic analysis meth-
ods require the researcher to assign labels or codes to words and phrases to translate a
phrase's meaning into different themes [39]. To identify themes better, the analysis fo-
cused on the coherence of the participants’ responses and relevance between phrases ra-
ther than the number of questions and coding. To ensure the validity and reliability of the
thematic data, the content of the interviews was consistent with the overall research ques-
tions, and the thematic pattern summarised fitted the overall research objectives.

4. Key Findings
This section covers interview findings on design change reasons, impacts and man-
agement recommendations from client and EPC contractor perspectives.

4.1 Driving factors for design change

Interviewees' key points are summarised according to their positions and the
stages of their participation in a project — these were divided into planning, design, and
execution stages. The opinions of the participants were similar and are summarised as
themes below.

W E——

Design and Engineering Execution

Inadequate Insufficient Variations during
strategic planning design skills execution

Paying Inadequate

insufficient integration with

attention to the execution

design teams

Figure 3: Driving factors of design changes.

e Planning phase: The study showed clients' inadequate strategic planning is one of
the main reasons for design changes. Strategic planning refers to the overall under-
standing of the project, including, but not limited to, an adequate project portfolio,
sufficient information and resources, clear expectations and stakeholder alignment
[40]. Another key finding is that insufficient attention to design causes design change.
This refers to clients not paying enough attention to design details and being unwill-
ing to pay more for design input [41].

e Design and engineering phase: Lack of design ability is a leading factor in design
changes. In addition, when the design team lacks integration with implementation
teams, it can lead to various design change issues. Without collaboration among all
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aspects of engineering, procurement and construction, an EPC project cannot achieve
its maximum deliverables.

e  Execution phase: Variations during execution can also cause design changes when
the actual market or site condition cannot meet design requirements — for example,
change of soil texture, climate change, underground condition change or market sup-
ply change.

4.2 Design change impacts

e  Design change impacts projects: Design change could have minor or significant di-
rect impacts. Little change has no or negligible influence on the project iron triangle,
but significant design change significantly reshapes the iron triangle.

e  Design change impacts stakeholders: It was found that design change has a reciprocal
impact on stakeholders.

e  Design change impacts communities: Design change also has a far-reaching impact
on communities, meaning the general public, local business owners and residents are
affected.

4.3 Design Change Management

Participants suggested including the Early Contractor Involvement (ECI) component
in the project process to improve the design change management. Further, they addressed
the importance of enhancing integrations between design and project execution teams.
The findings of the study showed a need to strengthen stakeholder cooperation. When
participants were asked to comment on improving team capabilities or selecting talent,
they often mentioned soft skills. Participants commonly said soft skills included commu-
nication skills, problem-solving skills, a proactive attitude, time management skills, doc-
umentation skills, and interpersonal skills. Participants also referred to these as emotional
intelligence.

5. Discussion

5.1 Driving factors of design changes
5.1.1 Planning phase

Clients often lack strategic planning ability, which hindered project success and
caused design change issues. Strategic planning is about accurately planning for access to
resources required by the project [42]. The foundation of design is based on integrated
strategic planning, not just specific functional requirements. First, the client must deter-
mine the company's business scope and expertise and how it achieves its operational ob-
jectives. Next, the client needs to define who benefits from its business activities. Lastly,
the client must assess strengths and weaknesses related to how those activities are carried
out. Research shows that clients often cannot implement points two and three. These two
points demonstrate a client's ability to leverage a wide range of stakeholders in the project
and push them to achieve its objectives [43]. This ability also refers to the capacity of cli-
ents to amass appropriate requires in-depth understanding and experience of clients or
their consulting firms, so they can amass appropriate resources to prevent and manage
risks, including design risks. The strategy should not only assume that any design change
driver will undoubtedly increase the project's complexity if combined with other attrib-
utes [44] but should also contain appropriate countermeasures.

Strategic planning in an EPC project involves aligning values, cultural and social sta-
bility, geographical aspects and regulations between clients and contractors [45]. It goes
far beyond functional specifications. The client must align with stakeholders, establish an
adequate project portfolio, ensure there are sufficient resources, create clear and practical
expectations, and have detailed reporting, documentation and assessment guidelines, etc,
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in place. The client must be forward-looking when interacting with internal and external
resources. If the client is unaware of the risk factors, they will miss risk assessment during
the planning phase, which will result in incorrect original or conceptual assumptions,
which, in turn, can necessitate design change.

It was found that clients undervalue the importance of design during the planning
phase. The interviews revealed clients tend to move projects quickly at the beginning or
control design cost rather than design quality. However, a faster project does not ensure
fast delivery; saving on design does not guarantee a project coming on. However, as
shown in Figure 4, a significant negative relationship exists between the ability to influ-
ence cost over time and the cost of change [46]. The ability to influence cost over time
reduces dramatically along the project lifecycle. The later the variations are enacted, the
higher the influence on cost. Therefore, it is critical to consider design a priority and allo-
cate enough budget and effort to planning and design in the conceptual planning phase.

Ability to influence total cost over the project lifecycle

M i i 1004 |

Influence over project costs
va, percentage completion

hase| gy

Concept/ Prefiminary Front-end Execution Operation
Scoping design desian Detailed design/ Procurement/
Fabrication/Construction/

‘Commessioning

Figure 4: Ability to influence cost over time and the cost of change [46]

Prioritising design value and importance during the planning phase means clients
can evaluate design firms' abilities early before handing in final design works. The client
should then be able to adjust the design budget as necessary. Early design quality evalu-
ation reduces the design change risk [47]. However, current practice fosters a phenome-
non whereby clients evaluate design work and approve payments based on delivery time
rather than the quality of delivery. A mechanism must be in place that enables a client to
assess design ability in the early project phase and allow an EPC contractor to review a
client's preliminary plan with suggestive solutions. Such a mechanism would allow an
early joint risk assessment so that uncertainties and improve design quality can be kept to
a minimum. The client and EPC contractor would have enough time to align design time,
budget and solutions.

5.1.2 Design and execution phase

Lack of design ability directly results in design errors on drawings or calculation mis-
takes on bills of quantities. A lack of design ability refers to inadequate design/engineering
capability, design resource constraints, irresponsible design attitude or poor documenta-
tion management. High-quality design means comprehensive and complete design draw-
ings and relevant documents[48]. A number of flaws in the design process can negatively
impact the outcome. Firstly, inadequate design ability would fail to meet the project pur-
pose, functional requirements or technical specifications, and would directly result in de-
sign errors and omissions [49]. Inadequate design ability is not limited to a lack of tech-
nical design skills; it could also mean a lack of knowledge of New Zealand's procedures,
regulations and standards, or building consent and resource consent processes. Secondly,
design resource constraints could increase design errors. These may refer to a lack of ded-
icated design time, limited design resources or insufficient funds for design — for example,
experienced architects may be spread across multiple projects, or one designer may be
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overloaded. Design resource constraints harm design quality and delivery time [49]. In-
sufficient time or/and money negatively impact wellbeing and productivity, as people
make hasty decisions or mistakes under pressure [50]. Thirdly, negative attitudes and ir-
responsibility also increase the possibility of design change.

Fourthly, the absence of documentation management increases the likelihood of changes.
Timely and effective document management reduces the need to modify requirements
already agreed upon [19]. Therefore, the EPC contractor should proactively increase de-
sign team competency in hard and soft skills to improve design quality.

Design variations on site can be reduced by intensive collaboration between the de-
sign and execution teams. During the design phase, the designer should seek advice from
sourcing and construction experts about materials and site practice. When there is a disa-
greement, it is critical that both teams can check site conditions to reach an agreement. A
later design change is reduced because both teams have reviewed and approved the initial
design. A designer knowledgeable of on-site conditions minimise change orders during
the execution phase. A construction team raises a change order when differences are dis-
covered between site conditions and design requirements [50]. The construction team will
also improve buildability by working closely with designers. Overall, integrated working
utilises design and execution experiences, thus improving design quality [44].

5.2 Design change impacts

Design change has three types of impacts: the direct effect on a project, reciprocal and
complementary effects on stakeholders, and a far-reaching impact on the community.
There is a positive direct relationship between a project and design change. Minor design
change indicates fewer effects on cost, scope and schedule. The project has fewer risks and
a higher chance of success.

There is a common and complementary effect between design change and stakehold-
ers. To a large extent, the joint efforts of stakeholders can reduce design changes, although
this requires adequate communication. A minor design change has less influence on stake-
holders. For example, landowners' and material suppliers' commitment reduces the risk
of design scope changes, and unchanged design requirements ensure landowners' and
suppliers' profitability. When stakeholders and project clients have aligned objectives and
values, changes to the conceptual plan are less likely. Design change can be effectively
reduced when stakeholders are committed and ensure project input [40]. Therefore, en-
gaging and aligning with stakeholders during the early project phase and enhancing their
collaboration throughout the project lifecycle is essential.

It is also found design change has a far-reaching effect on the community and envi-
ronment. According to the three pillars of sustainability, all economic activities sit within
the pillars of society and government [51]. For example, design changes to a roading pro-
ject affect residents' daily transportation and negatively affect local house prices. Signifi-
cant design changes reduce project profitability and contribute to a decline in regional
economic development, thus resulting in a loss of investor confidence and further reduc-
ing regional capital investment. In New Zealand, local government plays a governance
role in ensuring business activity has minimal negative influence on society or the envi-
ronment. Therefore, the policy must remain consistent with development trends and there
needs to be systematic reviews and adjustments of regulations in order to facilitate indus-
trial practice.

5.3 Design change management
5.3.1 Enhancing stakeholder cooperation

Participants recommended strengthening stakeholder alignment and cooperation to
improve strategic planning. Strategic planning is understanding where an organisation is
going [52]. More important for an organisation is to understand the impacts of its business


https://doi.org/10.20944/preprints202207.0313.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 July 2022 d0i:10.20944/preprints202207.0313.v1

11 of 18

activities. An increasing number of infrastructure projects require clients and their con-
tractors to operate in various cultural and socio-economic environments and deal with the
complexities that arise in the international environment [53]. The growing demand for
sustainability also requires companies to meet higher standards in order to achieve eco-
nomic, social and environmental goals. Therefore, strategic planning begins with under-
standing how the project fits into a complex society and environment.

The purpose is to define the feasibility and scope of the project, which are the basic
design principles. Firstly, the project developer or client should consider various stake-
holders, which include internal and external individuals or organisations interested in
and affected by the project, and government authorities. Secondly, as early as possible the
client should proactively communicate with stakeholders in planning so values and ob-
jectives are in alignment. This includes partnering with a consulting company and involv-
ing an EPC contractor early on. Early engagement with key stakeholders can reduce pro-
ject risk and design change risk. Thirdly, the client should consider social and eco-envi-
ronmental impacts as much as the profit model [54]. Full consideration of all stakeholder
perspectives will ensure the effectiveness of the feasibility study and design stability [55].
Finally, the client and EPC contractor should maintain intensive communication with
stakeholders throughout the project and keep them updated on any changes. For example,
clients or contractors could organise a pre-application meeting with the local council be-
fore submitting a design amendment proposal. It is an efficient way for both designer and
council to understand each other's point of view and avoid duplicated approvals. In ad-
dition, it is effective to cooperate with a council, as council networks can help the project
team provide justified solutions. In summary, enhancing cooperation with stakeholders
improves strategic planning, thus ensuring the accuracy of feasibility reports and design
requirements.

5.3.2 Including Early Contractor Involvement (ECI) components

Participants recommended including Early Contractor Involvement (ECI) compo-
nents in current practice to reduce design change. ECI establishes an early collaborative
period that allows clients and EPC contractors to integrate preliminary plans and designs.
Such integration allows both parties to take an early risk assessment of conceptual plans
that form a coherent design solution. This is an additional design development phase be-
tween the conceptual and preliminary planning phases. ECI has been successfully applied
in many countries to maximise design efficiency. Figure 5 presents some international
project applications with ECI.

The ECI process seeks to leverage the contractor's construction knowledge so as to
mitigate design risk from a client's perspective. EPC contractors have better expertise in
buildability, materials, field practices and methods than clients and consultants [56]. Thus,
EPC contractors can make recommendations regarding the limitations or availability of
specific resources or site conditions, thus improving the effectiveness of the design invest-
ment [57]. The client has the opportunity to adjust plans and budgets to improve the over-
all effectiveness of project delivery [58].

From an EPC contractor's perspective, ECI also adds value and creates opportunities
for EPC contractors. During the ECI phase, EPC contractors demonstrate their ability to
integrate resources and identify and resolve technical difficulties, which help them build
relationships and earn clients' trust. A client may reduce commercial terms and conditions
and provide more opportunities for more capable contractors. At the same time, contrac-
tors can improve the effectiveness of design investment and ensure better risk manage-
ment [57]. After reviewing a client's project plan, if the contractor decides there is too
much risk and withdraws their proposal, this forces the client to re-examine the project's
feasibility.

Despite the advantages of ECI, it seems to have some issues that need to be discussed.
Firstly, ECI requires sufficient time given to EPC contractors for accurate pricing and the
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design proposal. Secondly, the contractor needs to get paid for additional work they un-
dertake. Thirdly, early involvement reduces the likelihood that a client will transfer risks
to an EPC contractor. The EPC contractor will not accept the jointly identified risks into
the scope and raise a disclaimer.

Additionally, clients worry about losing a fair price by involving contractors and
sharing sensitive information during the project development. Another issue, according
to Rahman and Alhassan [57], is that EPC contractors and clients (or consultants) may be
unable to reach agreements over design after ECI, and the client may lose the opportunity
to select a contractor from the market. Last but not least, ECI requires a concept and cul-
ture change which may be difficult for some industry people to embrace [56]. New Zea-
land's current legislation must also be adjusted to facilitate the implementation and pop-
ularisation of ECI.

Aside from the overall perspective of reducing project risk and design changes, there
is also a need to introduce ECI in order to improve project results. ECI will provide an
opportunity for deep alliances between two project teams, thus reducing complexity and
helping both parties arrive at a coherent solution. A two-way selection in the ECI process
creates a more sound, fair, and open mechanism for the client and the EPC contractor. ECI
does not contribute to increasing the speed of project development, but it provides quality
assurance to a certain extent, controls the project's overall risk, avoids future disputes with
contractors, and reduces negative societal impacts. Construction Industry Institute [59]
research has shown that ECI for EPC projects can reduce 4-8% in cost and 10-15% in time
over the entire project lifecycle.

In conclusion, ECI guarantees the advance adjustment of the design budget and im-
provement in design quality. Higher design quality means fewer design changes and less
impact on project results. Including ECI components in the project management process
reduces the risk of design changes and minimises adverse effects on the project, stake-
holders and community.

5.3.3 Improve internal integration during design and execution

Participants suggested integrating the design and execution teams to improve de-
signability and buildability and reduce design change risk during the design and execu-
tion phases.

Hard skills: Participants suggested improving designability by enhancing internal
integration between design and execution by using a model-driven approach to align the
two teams. The sequential handover of tasks does not best suit the complexity of construc-
tion and infrastructure projects, as communication stops after the transfer of tasks. An
integrated model fosters a culture of co-design and co-execution. The EPC contractor pro-
vides a two-way communication environment that allows the designer and constructor to
collaborate and exchange options. This way, designers receive timely feedback from exe-
cution specialists during the design phase. They can improve design accuracy and reduce
design change by having information on procurement and construction experts' market
and site practices [60]. This allows the designer to take a self-adaptive approach during
the design phase to improve design quality. From a risk management perspective, utilis-
ing internal resources and reviewing design drawings created by the execution team will
reduce design errors. Allocating construction resources during the design phase reduces
design change risk and protects site engineering costs and delivery time [61]. From an
execution perspective, builders can improve their buildability by having a designer's sup-
port on-site to solve site issues promptly. Collaboration with a designer can help create a
streamlined process and reduce construction costs [61]. Moreover, interactive learning ex-
periences and pre-alignment between teams also improve relationships and positively im-
pact company culture.

Soft skills: All parties work on a project to deliver an overall outcome; all project
teams are interrelated. Therefore, it is essential to look to all project teams for improve-
ments. Soft skills, also referred to by participants as 'emotional intelligence and 'cognitive


https://doi.org/10.20944/preprints202207.0313.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 July 2022 d0i:10.20944/preprints202207.0313.v1

130f 18

skills, relate to people's ability to recognise, understand, manage and reason with emo-
tions [62]. These skills are not required for the job but are essential. Participants recognised
such skills as critical for dealing with complicated issues when working under pressure
[63]. Participants considered soft skills as equally important as hard skills [64]. For exam-
ple, technical issues can become commercial issues, and practical communication skills
are critical for solving problems.

The top eight soft skills recognised by participants as equally important as hard skills
are can-do and positive attitude; practical communication skills; interpersonal skills; re-
silience (risk-taking and coping well under pressure); time management skills; documen-
tation skills; problem-solving skills; and quick learning skills.

6. Recommendations

As shown in Figure 5, the recommendations for improving design change manage-
ment are drawn from the perspectives of clients and EPC contractors according to project
phases — planning, design and execution. These recommendations focus on improving
overall design change management.

Planning Phase (Client) ECI Component Design Phase
(Client + EPC Contractor) (EPC
Contractor)

Strategic Pre-integration Procurement | Construction
Planning

Execution Phase
(EPC Contractor)

Stakeholder alignment Establish machinimas to Integrate with execution team.
and cooperation. select qualified EPC Coordinate with external stakeholders.
Improve risk contractor.
assessment and quality Improve risk assessment
assurance. and quality assurance.
Enhance value of design.

Talent Selection (Technical and Soft Skills) + The Government Support (Legislation)

Figure 5: Recommendations for design change management.

Planning phase: Clients need to enhance stakeholder alignment and cooperation dur-
ing the planning phase. The project client should consider existing and future challenges
and engage all stakeholders early in the conceptual phase. The client should organise
milestone meetings with internal and external stakeholders to keep them informed and
aligned with strategic decisions and formal approval. This stabilises the conceptual plan
and improves the feasibility study, thus reducing design changes caused by changes to
the plan. If there is any change, including design change, the client should engage stake-
holders and update them regarding solutions.

Between the planning and design phases: The client and the EPC contractor could
actively promote Early Contractor Involvement (ECI) implementation into the project pro-
cess. This stage extends the handover time between the user and the contractor, which
makes it a more in-depth cooperation model. It breaks contractors' traditional passive ac-
ceptance mode and replaces it with a win-win, mutually-beneficial cooperation mode.
This ensures fuller, more specific handovers of design work from users to contractors.
This process should begin with a well-developed evaluation mechanism for EPC contrac-
tors. The aim is to prioritise the importance of design and enhance risk assessment. During
the ECI phase, the client can adjust the concept proposal and feasibility study to reduce
the risk of design change. Clients must allocate additional time and budget for ECI activ-
ities and control design quality through progress payments. The application of ECI will
ultimately benefit all project stakeholders, relevant stakeholders, and the community and
environment.
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Design and execution phases: The EPC contractor needs to improve design team and
execution team alignment and integration during the design and execution phases. The
EPC contractor could establish design quality management KPIs for the design and exe-
cution teams. The execution team should support designers during the design phase and
assess design quality and signing off risk control. Designers should also work closely with
constructors on-site and be given the authority to approve design changes under a certain
price level.

The EPC contractor should also engage stakeholders and update them on any solu-
tions, including design changes.

Skill sets: The client and EPC contractor should select talent with strong technical and
soft skills for the project team, regularly evaluate and assess team performance, and pro-
vide training when needed. Some critical skills are recommended as essential soft skills:

Can-do and positive attitude

Effective communication skills

Interpersonal skills

Resilience (risk-taking and coping well under pressure)
Time management skills

Documentation skills

Problem-solving skills

® NN

Quick learning skills.

Government support: New Zealand's current legislation also needs to be adjusted
to facilitate the implementation of ECI in infrastructure projects. Based on the speed of
social development and the importance of infrastructure projects and project experience,
the industry must promote more reasonable and compliant operating procedures, includ-
ing detailed bidding rules and specific requirements for EPC contractors. In this way, pro-
ject management and risk avoidance can be better promoted so as to maximise social and
environmental advantages and benefit more people. Local councils could play a more sig-
nificant role by requiring detailed drawings before project approval, thus forcing early
coordination and promoting close collaboration within the EPC contractor team. This is a
conceptual change process, and by increasing requirements, the industry will adopt more
complete applications with better project quality assurance.

7. Limitations

This study focused only on design risk and did not consider other forms of project
risk. Project risks can come from any aspect and relate to uncertainties in the project lifecy-
cle. These include delivery risk, cost risk, government risk, and market risk. There is a
need to explore risk control for these aspects. This study did not include all stakeholders'
views and presented limited perspectives. Some key stakeholders, such as project devel-
opers, financing institutes and landowners, were not included in the study.

Further research may consider interviewing more stakeholders to improve the valid-
ity of these research findings. This study had a limited sample size (n=13) and interviewed
only a few participants of each occupation. This meant there was a lack of extensive views
from different occupations. Further study may extend the interviews to enlarge the sam-
ple size of each position.

8. Conclusion

Design change is a common problem in the international construction industry, in-
cluding in New Zealand. Due to the increasing number of infrastructure projects in New
Zealand and the need for customers to reduce their own risk, it is predicted that more
owners will choose an EPC project delivery model. In EPC mode, the user plans the pro-
ject and then transfers all risks to the EPC contractor responsible for the overall turnkey
solution's design, procurement, and construction. This study aimed to explore the causes
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of design change under EPC mode and to summarise effective and efficient design change
management methods. Participant interviews reveal the main reasons for design changes:
clients' inadequate strategic planning and insufficient attention to design; EPC contrac-
tors' insufficient design capacity; and variations between construction conditions and de-
sign. These changes have resulted in significant project delays and cost overruns and have
negatively impacted local economies and community life. The interviewees suggested
several design change management improvements. They recommended strengthening
strategic alignment with stakeholders in the planning stage to ensure that the design
needs and scope do not change substantially. They also encouraged adding ECI between
the planning and design phases so the EPC contractor could review planning feasibility
and provide solutions to the client.

The client could then improve the planning scheme and adjust the design cost and
requirements. During the design stage, the EPC contractor should strengthen the integra-
tion with its execution team to enhance design quality with input from execution experts.
The design team should cooperate with the construction team to improve design change
effectiveness and efficiency during the construction stage. Both owners and EPC contrac-
tors should focus on selecting professionals with high technical and soft skills to cope with
the complexity of infrastructure projects and the high-pressure nature of project execu-
tion. New Zealand's current legislation also needs to be adjusted to facilitate the early
involvement of contractors on infrastructure projects, thus reinforcing council require-
ments for resource and building consent.

Author Contributions: Conceptualisation, RW., D.A.S.S. and L.S.; methodology, RW., D.AS.S,,
L.S. and J.O.B.R; formal analysis, R.W.; writing —original draft preparation, R W.,D.A.S.S.and L.S,;
writing—review and editing, D.A.S.S,, L.S. and ]J.O.B.R.; supervision, L.S. and D.A.S.S.; project ad-
ministration, RW. and D.A.S.S.; funding acquisition, D.A.S.S. and J.O.B.R. All authors have read
and agreed to the published version of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

The Treasury. Budget Policy Statement 2020. 2020; Available from: https://www.treasury.govt.nz/publications/budget-policy-
statement/budget-policy-statement-2020
html#:~:text=The%20BPS%20confirms%20operating %20allowances,New %20Zealand %275%20long %2Dterm %20challenge
s.

Flyvbjerg, B., M. Garbuio, and D. Lovallo, Delusion and deception in large infrastructure projects: Two models for explaining and
preventing executive disaster. Defense AR Journal, 2017. 24(3): p. 583-585.

Pryke, S. and H. Smyth, The management of complex projects: A relationship approach. 2012: John Wiley & Sons.

Shen, W., et al., Enhancing Trust-Based Interface Management in International Engineering-Procurement-Construction Projects.
Journal of Construction Engineering and Management, 2017. 143(9).

Kenig, M.E., Project Delivery Systems. 2011: AGC of America.

Chan, A.P.C. and A.P.L. Chan, Key performance indicators for measuring construction success. Benchmarking: An International
Journal, 2004. 11(2): p. 203-221.

Wuni, LY. and G.Q. Shen, Critical success factors for modular integrated construction projects: a review. Building Research and
Information, 2020. 48(7): p. 763-784.

Adams, G., The politics of defense contracting: The iron triangle. 2020: Routledge.

Samarasinghe, D.A.S., The housing crisis in Australia and New Zealand: A comparative analysis through policy lenses. Int. J. Constr.

Supply Chain. Manag, 2021. 10: p. 212-223.


https://doi.org/10.20944/preprints202207.0313.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 July 2022 d0i:10.20944/preprints202207.0313.v1

16 of 18

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

Ibbs, W. and X. Sun, Weather’s effect on construction labor productivity. Journal of legal affairs and dispute resolution in
engineering and construction, 2017. 9(2): p. 04517002.

Pahl-Wostl, C., A. Bhaduri, and A. Bruns, Editorial special issue: The Nexus of water, energy and food — An environmental
governance perspective. Environmental Science & Policy, 2018. 90: p. 161-163.

Marble, R.P., A system implementation study: management commitment to project management. Information & Management, 2003.
41(1): p. 111-123.

Sweller, J., J.J.G. van Merriénboer, and F. Paas, Cognitive Architecture and Instructional Design: 20 Years Later. Educational
Psychology Review, 2019. 31(2): p. 261-292.

Aldhaheri, M., A. Bakchan, and M.A. Sandhu, A structural equation model for enhancing effectiveness of engineering, procurement
and construction (EPC) major projects : End-user’s perspective. Engineering, Construction and Architectural Management, 2018.
25(9): p. 1226-1252.

Lampel, J., The core competencies of effective project execution: the challenge of diversity. International Journal of Project
Management, 2001. 19(8): p. 471-483.

Guo, Q., et al. Comparative analysis between the EPC contract mode and the traditional mode based on the transaction cost theory. in
2010 IEEE 17Th International Conference on Industrial Engineering and Engineering Management. 2010.

Tsolas, L.E., Benchmarking Engineering, Procurement and Construction (EPC) Power Plant Projects by Means of Series Two-Stage
DEA. Electricity, 2020. 1(1): p. 1-11.

Lee, J.Y. and B.R. Ellingwood, Ethical discounting for civil infrastructure decisions extending over multiple generations. Structural
Safety, 2015. 57: p. 43-52.

Smith, N.J., T. Merna, and P. Jobling, Managing risk in construction projects. Third edition ed. 2014: John Wiley & Sons Inc.
Charrett, D., Design and construct contracts and final design cost risk 1, in The Application of Contracts in Engineering and
Construction Projects. 2018, Informa Law from Routledge. p. 87-100.

Bard, AM.,, et al., The future of veterinary communication: Partnership or persuasion? A qualitative investigation of veterinary
communication in the pursuit of client behaviour change. PLoS ONE, 2017. 12(3): p. 1-17.

Singh, R., Delays and cost overruns in infrastructure projects: extent, causes and remedies. Economic and Political Weekly, 2010:
p. 43-54.

Antoine, A.L., D. Alleman, and K.R. Molenaar, Examination of project duration, project intensity, and timing of cost certainty in
highway project delivery methods. Journal of management in engineering, 2019. 35(1): p. 04018049.

Clough, R.H,, et al., Construction contracting: A practical guide to company management. 2015: John Wiley & Sons.
Schaufelberger, J. and L. Holm, Management of construction projects : a constructor’s perspective. Second edition ed. 2017:
Routledge.

Pollack, J., J. Helm, and D. Adler, What is the Iron Triangle, and how has it changed? International journal of managing projects
in business, 2018.

Amirtash, P., M.P. Jalal, and M.B. Jelodar, Integration of project management services for International Engineering, Procurement
and Construction projects. Built Environment Project and Asset Management, 2021.

Cypress, B.S., Rigor or reliability and wvalidity in qualitative research: Perspectives, strategies, reconceptualization, and
recommendations. Dimensions of critical care nursing, 2017. 36(4): p. 253-263.

Yang, J.-B. and P.-R. Wei, Causes of delay in the planning and design phases for construction projects. Journal of Architectural
Engineering, 2010. 16(2): p. 80-83.

Liikkanen, L.A. and M. Perttula, Inspiring design idea generation: insights from a memory-search perspective. Journal of
Engineering Design, 2010. 21(5): p. 545-560.

Fewings, P. and C. Henjewele, Construction project management: an integrated approach. 2019: Routledge.


https://doi.org/10.20944/preprints202207.0313.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 July 2022 d0i:10.20944/preprints202207.0313.v1

17 of 18

32.

33.
34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

44.

45.

46.

47.

48.

49.

50.
51.

52.
53.

54.

55.

Yang, X., M. Yu, and F. Zhu, Impact of project planning on knowledge integration in construction projects. Journal of construction
engineering and management, 2020. 146(7): p. 04020066.

Malterud, K., Qualitative research: standards, challenges, and guidelines. Lancet, 2001. 358(9280): p. 483.

Mohajan, H.K., Qualitative research methodology in social sciences and related subjects. Journal of Economic Development,
Environment and People, 2018. 7(1): p. 23-48.

Schabenberger, O. and C.A. Gotway, Statistical methods for spatial data analysis: Texts in statistical science. 2017: Chapman and
Hall/CRC.

Zohrabi, M., Mixed method research: Instruments, validity, reliability and reporting findings. Theory and practice in language
studies, 2013. 3(2): p. 254.

Sutton, J. and Z. Austin, Qualitative research: Data collection, analysis, and management. The Canadian journal of hospital
pharmacy, 2015. 68(3): p. 226.

Galletta, A., Mastering the semi-structured interview and beyond: From research design to analysis and publication. Vol. 18. 2013:
NYU press.

Nowell, L.S., et al., Thematic analysis: Striving to meet the trustworthiness criteria. International journal of qualitative methods,
2017.16(1): p. 1609406917733847.

Kerzner, H., Using the project management maturity model: strategic planning for project management. 2019: John Wiley & Sons.
Frontczak, M., et al., Quantitative relationships between occupant satisfaction and satisfaction aspects of indoor environmental quality
and building design. Indoor air, 2012. 22(2): p. 119-131.

Bryson, ].M., Strategic planning for public and nonprofit organizations: A guide to strengthening and sustaining organizational
achievement. 2018: John Wiley & Sons.

David, F.R,, F.R. David, and M.E. David, Strategic management: concepts and cases: A competitive advantage approach. 2017:
Pearson.

Morrison, G.R,, et al., Designing effective instruction. 2019: John Wiley & Sons.

Highsmith, J., Adaptive software development: a collaborative approach to managing complex systems. 2013: Addison-Wesley.

Ernst and Young. Spotlight Setting up for Success. 2018; Available from: https://www.ey.com/gl/en/industries/power---

utilities/ey-spotlight-setting-up-for-success.

Bansiya, J. and C.G. Davis, A hierarchical model for object-oriented design quality assessment. IEEE Transactions on software
engineering, 2002. 28(1): p. 4-17.

Roller, M.R. and P.J. Lavrakas, Applied qualitative research design: A total quality framework approach. 2015: Guilford
Publications.

Williams Jr, C.E. and P.W. Johnson, Inadequate design management compared with unprecedented technical issues as causes for
engineering failure. Journal of Performance of Constructed Facilities, 2015. 29(1): p. 04014031.

Salas, E., L. Martin, and R. Flin, Decision-making under stress: Emerging themes and applications. 2017: Routledge.

Purvis, B., Y. Mao, and D. Robinson, Three pillars of sustainability: in search of conceptual origins. Sustainability science, 2019.
14(3): p. 681-695.

Steiner, G.A., Strategic planning. 2010: Simon and Schuster.

Haji-Kazemi, S., B. Andersen, and O.]. Klakegg, Barriers against effective responses to early warning signs in projects.
International Journal of Project Management, 2015. 33(5): p. 1068-1083.

Shen, L.-y., et al., Project feasibility study: the key to successful implementation of sustainable and socially responsible construction
management practice. Journal of cleaner production, 2010. 18(3): p. 254-259.

Ng, S.T., Y M. Wong, and ].M. Wong, A structural equation model of feasibility evaluation and project success for public—private
partnerships in Hong Kong. IEEE Transactions on Engineering Management, 2010. 57(2): p. 310-322.


https://doi.org/10.20944/preprints202207.0313.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 July 2022 d0i:10.20944/preprints202207.0313.v1

18 of 18

56.

57.

58.

59.

60.

61.

62.

63.

64.

Wang, T., et al.,, Enhancing design management by partnering in delivery of international EPC projects: Evidence from Chinese
construction companies. Journal of Construction Engineering and Management, 2016. 142(4): p. 04015099.

Rahman, M. and A. Alhassan, A contractor’s perception on early contractor involvement. Built Environment Project and Asset
Management, 2012.

Kuo, V., The management of constructability knowledge in the building industry through lessons learnt programmes. Journal of the
South African Institution of Civil Engineering=Joernaal van die Suid-Afrikaanse Instituut van Siviele Ingenieurswese, 2014.
56(1): p. 20-27.

Institute, C.I., Reforming owner, contractor, supplier relationships: A project delivery system to optimize supplier roles in EPC projects.
Research Summary, 1998: p. 130-1.

Wang, R.Y. and D.M. Strong, Beyond accuracy: What data quality means to data consumers. Journal of management information
systems, 1996. 12(4): p. 5-33.

Zimina, D., G. Ballard, and C. Pasquire, Target value design: using collaboration and a lean approach to reduce construction cost.
Construction management and economics, 2012. 30(5): p. 383-398.

Millar, A., ]J. Devaney, and M. Butler, Emotional intelligence: Challenging the perceptions and efficacy of ‘soft skills” in policing
incidents of domestic abuse involving children. Journal of family violence, 2019. 34(6): p. 577-588.

Mumford, M.D., et al., Cognitive skills and leadership performance: The nine critical skills. The Leadership Quarterly, 2017. 28(1):
p. 24-39.

Patacsil, F.F. and C.L.S. Tablatin, Exploring the importance of soft and hard skills as perceived by IT internship students and industry:
A gap analysis. Journal of Technology and Science Education, 2017. 7(3): p. 347-368.


https://doi.org/10.20944/preprints202207.0313.v1

