
 
 

Article 

A Study of Design Change Management for Infrastructure De-
velopment Projects in New Zealand 
Rong Wang 1, Don Amila Sajeevan Samarasinghe 2,*, Lorraine Skelton 3 and James Olabode Bamidele Rotimi 4 

1 Otago Polytechnic Auckland International Campus, Auckland, New Zealand; renaw0214@gmail.com 
2 School of Built Environment, College of Sciences, Massey University, Auckland, New Zealand; D.Samara-

singhe@massey.ac.nz 
3 Otago Polytechnic Auckland International Campus, Auckland, New Zealand; Lorraine.Skelton@op.ac.nz 
4 School of Built Environment, College of Sciences, Massey University, Auckland, New Zealand; J.Ro-

timi@massey.ac.nz 
* Correspondence: D.Samarasinghe@massey.ac.nz 

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 
Bidder re-
quirements 

 High commercial and tech-
nical requirements. 

 Few qualified contractors in 
the market. 
 

 There are not many competitors, 
but the competition is intense. 

Single con-
tact  
point 

 Less communication engage-
ment for overall management 
[21].  

 Less control over the project 
after the contract is signed, as 
more responsibilities are trans-
ferred to the contractor. 

 Greater control of the project after 
the contract is signed but faces  

 more risks than the client as they 
carry most project responsibilities 
[18]  

 Less control over planning, which 
poses significant risks if there is  

 insufficient planning and weak de-
sign   

 Has legal constraints from project 
clients and sub-contractors. 
 

Turnkey  
solution 

 Shifts more risks and responsi-
bilities to the contractor [17].  

 Fewer design changes and a 
shorter construction period. 

 Can improve work efficiency and 
reduce the coordination workload  

 More responsibilities bring more 
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  Fixed contract value  
 Unfixed profitability  
 Not risk-free. 

 High contract value  
 Unfixed profitability  
 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. 

 
 

 
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 Commercial construction 

10 Project Manager, contractor side 
Infrastructure, commercial construction, 
residential projects 

11 Council, Development Engineer Infrastructure and construction project 
12 Client Design Manager Commercial construction 

13 Architect 
Commercial 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.  

 

 
Figure 3: Driving factors of design changes. 

 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].  

 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.  

 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 
 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. 

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

 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.  

 

 
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 
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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 
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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. 

 

 
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:   
1. Can-do and positive attitude 
2. Effective communication skills  
3. Interpersonal skills 
4. Resilience (risk-taking and coping well under pressure) 
5. Time management skills  
6. Documentation skills 
7. Problem-solving skills 
8. 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. 
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