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1. Background

2

Project-based organizations are characterized by unique features, which result in particular organizational
and managerial issues. Aspects like high level of decentralization, independent teams, and loose
connection between projects. Furthermore, their projects tend to be unique, uncertain, and often have
short life cycles. The construction industry is a prime example of a project-based industry. Yet, it differs
that it is well known 3s an outdated industry in terms of technology adoption or any attempt to impose a
change. Recently, the construction industry in Egypt is going through a process of adapting to different
clients requirements, competitive markets, less access to building materials, and currency fluctuation.

While the success and continuity for most companies in today’s fast-paced world depends on how well
they respond to change or how well they stay with it, it's still, for any business enterprise, the term change
is @ hard task to swallow. Therefore, the ability to cope with the pressing demands and developing
technologies becomes inevitable. In Egypt, the construction sector is no exception to this fight for business
existence. The aim of this research is to spot the light on how companies can adopt Modern Methods of
Construction (MMC) and to formulate specific strategies to project-based organizations with similar
characteristics to construction companies on how to manage change, with the end purpose to help them
stand a better chance of surviving and evolving.

Methodology

A qualitative research with an exploratory and explanatory approach will be adopted here

* Literature study: Books, journals, academic research papers and articles related.

* (Case studies: in which specific strategies and particular lessons are extracted from companies survived
transition periods.

®* Questionnaire or interviews: which will be designed and distributed, aiming to achieve answers to the
research questions on a practical manner.

. Research questions

1. Whatis change management?

2. What drives change in the construction industry?

3. What are the barriers of implementing modern methods of construction (MMC) in the Egyptian
market industry?

4. What are the critical factors contributing to an efficient implementation of change management
process in the construction market in Egypt?

5. What could be the possible risks of adopting modern methods of construction (MMC) in the Egyptian
market industry?

6. What could be the possible opportunities/returns of adopting modern methods of construction (MMC)
in the Egyptian market industry?

7. What are the criteria of a living company? Or what is so special about long-lived companies?

8. Are the change management models applicable to be implemented in the construction project-based
organizations in Egypt?
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Abstract

Modern Methods of Construction (MMCSs) is a wide term used to describe a number of
agile construction approaches to replace traditional methods. Basically, moving the
work from construction site to factory-based environment. Offsite technologies are not
particularly new to the construction industry. Yet, current trending factors have caused
professionals to reconsider their appeal. Factors such as improving productivity, the
rising usage of BIM technologies, the growing interest in green construction, and the
increasing demand for agile projects and lean construction. The research has shed the
light on the issue of poor productivity of the industry, and accordingly proposed adopt-

ing MMCs as a solution.

The objective of this research is to assess the viability of implementing MMCs in Egypt,
where it is safer, faster, predictable, more productive, and more environmentally effi-
cient. Furthermore, to formulate change management practices addressing industry
players interests and motivations for successful adoption. In this regard, an in-depth
literature review has been made, an intensive qualitative analysis through interviews
with professionals from the industry, and a comprehensive case study has been con-
ducted. The results show that while MMCs proved to bring positive returns in terms of
time, quality, safety, and greener construction, yet in the meantime, their implementa-
tion in Egypt continues to be a challenge due to factors instilled in culture that slow
down innovation. Most of which are the poor infrastructure road networks, transporta-
tion and logistics issues, dominance of the public sector, lack of experience and skills,

and limited market demands.

On the other hand, few action steps are proposed to accelerate the adoption towards
MMCs, such as financial payback orientation, simple and intuitive solutions, risk shar-
ing among industry players, enhancing the academic curriculum, industry authority
bodies support, and developing change management narratives. In addition, recom-
mendations have been made to address each industry player motives and interests in

an attempt to draw a roadmap for successful future adoption.

Key words: MMCs, change management, offsite construction, productivity.
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1. Introduction

1.1 Background

In an industry that is driven by many competitive pressures to adapt to the present
demands of the developing markets, it is no surprise that “change management” is a
recognizable skill in the long-living companies (De Geus, 1997). Everyone is aware of
the fact that the world is in a constant state of change, and the construction industry is
no exception to this. Increased global competition, technological innovation, and grow-
ing scarcity of resources, they all impose a significant pressure on everyone to survive

and adapt.

Modern Methods of Construction (MMCs) is a wide term used to describe a number of
agile construction approaches to replace traditional methods of construction. MMCs
include a range of offsite manufacturing and a few onsite techniques that provide an
alternative to conventional house building (NHBC, 2018). Primarily, offsite technolo-
gies; moving the work from site assembly to factory-based environment, prefabrication,
pre-assembly, and industrialized construction. Furthermore, the term MMCs may in-
clude modular building, paperless system, mobile technology, machine learning, laser
scanning, digitalized inventory, agile procurement and materials tracking system (Rah-
man, 2014).

Offsite technologies, which are the main focus of this research, are not particularly new
to the construction industry. Yet, current influencing factors trending up have caused
many professionals to reconsider their appeal. Factors such as improving productivity,
the rising usage of BIM technologies, the growing interest in green construction, the
increasing demand for agile projects and lean construction. McGraw Hill Construction
(2011) argued that what is worth noting about MMCs is their ability to bring all the agile
trends together in an attempt to enhance productivity and adopt green practices adding

an alternative value to construction projects.



1.2 Problem statement

For any business entity, the term change is always a hard task to swallow, and yet the
ability to cope with the pressing demands of the market evolution and the developing
technologies becomes a fundamental job for survival. As per (Al-Sedairy, 2001), the
very existence of most companies in today’s fast-paced environment depends on how

well they respond to change or how well they actually cope with it.

The construction industry has been widely recognized with lower productivity rates
compared to other industry sectors, which represents a major element for the need to
change. To elaborate, most of construction projects run behind schedule and over
budget. Also, quality and safety issues remain to be a challenge. According to McKin-
sey Global Institute (2017), the global labor productivity growth in construction industry
has averaged only 1% a year over the past two decades, compared to a growth rate

of 2.8% of the total world economy and 3.6% for the manufacturing sector.

Poor productivity can be a result of numerous reasons, but one significant factor caus-
ing the poor productivity in the construction sector is the relatively slow pace in adopt-
ing new technologies compared to other industries. Moreover, the construction industry
has been well known by being an outdated industry due to the low integration of IT in
the field. However, if organizations are to remain competitive in today’s market, they
have to adapt to the demanding needs of change. MMCs offer various advantages to
the industry, but their application is relatively low, and therefore, their contribution to

the field is also low.

1.3 Objective

Poor productivity of the construction industry compared to other sectors continues to
be a challenge. One significant reason behind it is the relatively slow pace in adopting
new technologies and the reluctance towards digital transformation. The objective of
this research is to assess and evaluate the viability of implementing MMCs in Egypt by
addressing issues such as change drivers, limitations, success factors, threats, and
opportunities. Furthermore, to formulate change management practices to different in-
dustry players for successful adoption of offsite construction technologies where it is
safer, faster, more productive, and more environmentally efficient, with an end purpose

to make construction a predictable manageable process.



1.4 Methodology

Qualitative research includes the collection and analysis of honnumerical data such
as text, shapes, audios, or videos in order to fully understand ideas, concepts, views,
or experiences. It can be utilized to get in-depth understanding of an issue or generate
new insights about a given subject (Bhandari, 2022). Furthermore, Corbin and Strauss
(2014) suggest that when a researcher wants to further investigate about an existing
topic or learn about a new subject, a qualitative research approach is advised. The
most common qualitative research forms are observations and interviews. In the for-
mer, the researchers record what they see, hear, or experience in detailed notes. In
the latter, the researchers personally ask questions to people in one-to-one setups in
order to get in-depth information about a given subject, have a chance to discuss the

arguments, and build their analysis upon (Bhandari, 2022).

The proposed solution to the poor productivity issues in the industry from the author’s
side was MMCs in Egypt. And since the topic of MMCs is new to the construction
market in Egypt, the author has decided to adopt a qualitative research methodology
with an exploratory and explanatory approach in an attempt to get in-depth insights
about the viability of their implementation. At the end, the author forms out a conclusion
based on the analysis. In order to achieve the objective of the research, the author

counts on five main phases, as per (Fig 1).
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Fig 1: Research framework
Source: by author.

Phase 01: In-depth literature review on two parts. The first part, a broad overview
covering basically the concept of change, types, and the driving force leading to a
transition. The second part, an introduction about MMCs, the concepts of prefab-
rication, modularization, and briefing about offsite construction categories and area
of concerns.

Phase 02: Intensive qualitative analysis through an informative one-to-one video
call interviews with 5 professionals from the industry residing in Egypt with recog-
nizable experience in the field of construction management. In this regard, the au-
thor developed a proper understanding of challenges and opportunities of adopting

them and built his analysis upon.



e Phase 03: Comprehensive case study about a student residence hall at Queens
College in New York City. In which, the author developed a broader understanding
on practical manner on the decision to innovate, construction timeline challenges
and prefabrication gains.

e Phase 04: The author built a conclusion based on the above-mentioned three
phases, in which he relied on a structured, comprehensive, and wide industry anal-
ysis.

e Phase 05: Recommendations for industry players and recommendations for future

research.

1.5 Scope

Referring to the literature in chapter (2.1 Types of change), the scope of this research
has been limited to MMCs, which is categorized under “chosen change” being driven
by a workforce for innovation, with particular focus on offsite construction technologies.
A movement towards shifting work from the construction site to factory-based environ-
ment, prefabrication, modularization, pre-assembly, and industrialized construction.
And offsite construction technologies were basically divided into volumetric modular
systems, panelized systems, and hybrid system. A critical assessment has been to
evaluate the viability of adoption in the Egyptian market addressing barriers, driving
forces, challenges and opportunities.

1.6 Research structure

The structure of the study has been based on introduction, literature review, findings,
conclusion, and recommendations. Those heading are distributed on seven chapters

as follows:

e Chapter 01: Includes short overview on the research background, problem state-
ment, objectives, methodology, and scope.

e Chapter 02: First part of the literature includes a broad overview covering basically
the concept and types of change, the driving forces in the construction industry
leading to a transition, followed by an introduction about the most common change

management models proposed worldwide, and their limitations.



Chapter 03: Second part of literature includes introduction about MMCs, the con-
cepts of prefabrication, modularization, preassembly, and offsite fabrication, the
development of guidelines, standards, and codes for modular industry. At the end,
briefing about offsite construction categories and their benefits.

Chapter 04: Includes the findings of this research. The findings are based primarily
on in-depth one to one interviews with 5 professionals from the industry. The inter-
views provide informative and valuable insights about MMCs challenges and op-
portunities of adoption from different perspectives such as time, cost, quality,
safety, and sustainability. The secondary part is a comprehensive case study
about a student residence hall at Queens College in New York City. The case study
involves construction timeline challenges, prefabrication gains, the variety of inno-
vative options and optimum decision to make.

Chapter 05: Summarizes the previous chapters and builds an opinion for the via-
bility of adoption of MMCs in Egypt in the meantime.

Chapter 06: Gives recommendations from two aspects. The first is recommenda-
tions formulated to industry players for accelerating the adoption towards MMCs.

The second is recommendations for future research.



2. Change management concept

Reviewing the literature, it shows that the concept of change management has been

broadly defined by many experts. A list of definitions sourced in previous studies are

summarized in (table 01) and categorized into 3 contexts: general business, organiza-

tion level and project level. It is important to note that the list of definitions mentioned

here is not inclusive due to the high number of existing definitions of change manage-

ment.
Author Area Context Definition

1  Abbs, 2012 Pakistan = General busi- | “A whole organized procedure of planning, initi-
ness ating, realizing, controlling, stabilizing and sus-
taining new and altered work activities at the cor-

porate, group and individual level.”
2 Filicetti, Global Project level | “A structured approach to shifting/transitioning
2007 individuals, teams, and organizations from a cur-

rent state to a desired future state.”
3 Yarberry, USA General busi- | “A control system that ensures programs, sys-
2005 ness tems, and infrastructure modifications are au-

4 Mitchell et
al., 2006

5 Moran and
Brightman,
2001

Australia | Organizational

USA

level

Organizational

level

thorized, tested, documented, and monitored on

its most basic level.”

“A strategic activity which aims to get the best
outcomes from the change process. It is about
managing the changes that are part of or a con-
sequence of that strategy in such a way to suit
the particular organization’s context and the type
of change required. It is a sub-set of strategy

making”

“The process of continually renewing an organi-
zation’s direction, structure, and capabilities to
serve the everchanging needs of external and

internal customers.”



6 | Voropajev, Global Project level | “An integral process related to: all project inter-
1998 nal and external factors, influencing project
changes; possible change forecast, to identifica-

tion of already occurred changes; planning pre-

ventive impacts; and to coordination of changes

across the entire project.”

7 | Kudray and USA Organizational | “Continuous process of aligning an organization
Kleiner, level with its marketplace and doing so more respon-
1997 sively and effectively than competitors.”

8 | Whelehan, Global | Organizational | “A holistic approach to implementing large-scale
1995 level change that integrates an organization’s strat-

egy and processes with its people and culture.”

Tab. 1. Summary of change management definitions.
Source: Wang et al. (2013)

In their research, (Wang et al., 2013) noticed that there are some common keywords
among all the definitions. And that may lead us to the conclusion that an integrative
and systematic process based on proper planning and adequate control is the key
factor driving effective change management. Therefore, they developed their own def-

inition of change management as follows:

“An integrative and systematic process that involves continuously managing and align-
ing the needs of an organization and its employees for effective transition and hence

better performance.”

2.1 Types of change

Many organizations have gone through fundamental changes over the past years and
that made the rate of change to significantly increase. Therefore, if the change man-
agers are to develop effective strategies to implement change, they need to under-
stand the various types of change. The literature divided the change into two aspects;

chosen change and crisis change.



2.1.1 Chosen change

In this regard, Price and Chahal (2006) defined the chosen change as “a proactive
approach driven by a workforce that is committed to the organization success. It is a
conscious change that entirely happens as a result of internal factors and fully sup-
ported by top management”. Furthermore, they divided it into three types that are

shown in (Fig 2) and clarified below.

W Eqmﬁ

Development Transitional Transformational
Any organizational change Change that moves an Change that radically
that tends to slightly organization away from its and fundamentally
improve and optimize current state to a new statein altersthe culture,
previously established order to solve occurring strategies and core
processes, strategies and problems or enhance the values.
procedures. process.

Types of Organizational Change

Fig 2: Types of Organizational Change
Source: designed by author.

e Development change

Improving the current state by doing more of, or better than, what currently exists, in

order to slightly improve established processes.
e Transitional change

Shifting to a new desired state by implementing minor to intermediate ways to disas-
semble current ones, in order to solve occurring problems that often happen or in an

attempt to enhance the procedures and optimize the operations.

e Transformational change
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Transforming to an entire new state. Most of the time require major shifts in organiza-

tional structure, strategies, policies, and vision.

2.1.2 Crisis change

Later in (2006), Price and Chahal defined a more broadly approach to change that
happens in organizations. They claimed that there is another type of change a com-
pany does not intentionally go through it. Therefore, they simply divided the change
into unconscious and conscious approaches. The conscious refers to the chosen
change and the unconscious refers to the crisis change, which is defined as “a reactive
approach driven by external factors that happen to take place in times of emergencies.
It is an unconscious change that tend to happen out of hand. The change happens

here is based on a fear of failure”.

2.2 The need for change

2.2.1 What drives change in construction companies?

If organizations are to remain competitive in today’s market, they have to adapt to the
demanding needs of change, which is usually driven by external factors such as in-
creased competition, emerging markets or new legislation, or by internal factors such
as shifting industry direction or applying new technologies. In any way, the implemen-
tation of change is a complex process that needs to be well delivered and highly com-
municated to the change agents. Further, although the new processes of change can
be introduced over relatively short time, the adaptation to the new procedures may
significantly take longer time than expected (Price and Chahal, 2006).

In developing a processual approach, which seeks to study the process of change over
time, it is highly recommended that studying the timeframe before, during, and after
change can be helpful in breaking down the complex process of change. This frame-
work mirrors what (Kanter et al., 1992) claimed in their research, which stated that “In
assessing the need to change, an organization should first review what it is changing
from, before concentrating on what it is changing to”. They clarified later “The path of
progress is not determined simply by the destination, a fact often overlooked by those

who too glibly accept benchmarking results as a fixed road map for change”.
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There are many factors that drive change, but (AlSalti, 2020) argued that change hap-
pens in response of internal or external factors. Furthermore, what (Dawson, 1994)
highlighted on was an attempt to conceptualize the need to change. He claimed that
“the initial awareness of a need to change may either be in response to external or
internal pressures for change (reactive), or through a belief in the need for change to
meet future competitive demands (proactive)”. From another standpoint, the increased
complexity of the change process and the uncertainty of international business markets
has led organizations to build change on imitation. They tend to follow former success
factors of organizations which managed to introduce successful change strategies, ra-

ther than the belief of a need to adopt new techniques and try different approaches.

McKinsey Global Institute (2017) highlighted on the view that the construction industry
has been widely recognized with lower productivity rates compared to other industry
sectors, which represents a major element for the need to change. According to
(McKinsey Global Institute, 2017), the global labor productivity growth in construction
industry has averaged only 1% a year over the past two decades, compared to a
growth rate of 2.8% of the total world economy and 3.6% for the manufacturing sector,
as shown in (Fig 3). Over the past ten years, and in the sample of studied countries,
less than one quarter of construction companies achieved their targeted productivity
compared to other business fields in which they work. Many construction projects suf-

fer from cost overruns and time delays.
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Globally, labor-productivity growth lags behind that of manufacturing and the total economy

Global productivity growth trends Construction == Total economy == Manufacturing
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1 Based on a sample of 41 countries that generate 96% of global GDP.

Fig 3: Global productivity growth trends
Source: McKinsey Global Institute (2017)

Poor productivity can be a result of numerous reasons, but one significant factor is the
relatively slow pace in adopting a new technology compared to other industries. The
fact that each construction project is unigue in specification, method of execution,
schedule, budget, and stakeholders can make the task of adopting a new technology
harder. However, recently, more construction firms started to introduce new method-
ologies to apply in their projects (Radzi et al., 2019). And since most efforts to apply
change in construction corporates are met with high resistance, it is crucial for organi-
zations to recruit change agents that are responsible for leading the efforts to success-
fully adopt new methodologies in construction projects (Rahman, 2014).

There are many definitions of change agents, but what (Akesson and Conte, 2021)
identified in their research about the role of change agent in accelerating the adoption
of new systems, innovative technologies, and sustainable practices is that “change
agents are individuals who initiate, facilitate, implement, and support the change ef-
forts”. They know the organization very well and fully aware of the change risks and

opportunities.

Recruiting and select the right individuals that are capable of not only initiating change,
but also managing it efficiently is essential for companies seeking development (Lines
et al., 2015). Those individuals who are supposed to design and execute the change

process successfully are often referred to in literature as “change agents”. Their main
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task is to implement change and facilitate any barriers towards it. While prior studies
have proposed some critical competencies of how change agents should be in general
context, there is still a need to identify the major competencies specified for construc-
tion industry. Therefore, there is a need for construction companies to hire dedicated
individuals and formally identify them to lead the transition phase as part of their re-

sponsibilities and part of the organization structure (Radzi et al., 2019).
Key attributes of change agents in construction

In (2019) Radzi et al. aimed to discover what key attributes of change agents that
contribute the most in adopting new technologies or introducing new systems in con-
struction industry. To achieve this objective, they collected information through a ques-
tionnaire survey given to attendees of the Construction Industry Institute (CII) FI-
ATECH conference in the United States. FIATECH stands for Fully Integrated and Au-
tomated Technologies for Construction, and it is a digital innovation conference where
industry professionals collaborate to develop new technologies and introduce new sys-
tems for adoption. The authors of the survey used open-ended questions in an attempt
to encourage members to share as much detailed information as they want. The survey

was based on two questions:

1. Consider a period of time when a new technology or a system were successfully
implemented and sustained in your organization. Now think of those who led
and managed the transformation process. What would you say about their key
characteristics that made the change possible?

2. Consider a period of time when a new technology or a system were about to be
implemented in your organization, but due to a reason or another they were not
successful or did not sustain. Now think of those who led and managed the
transformation process. What would you say about their key characteristics that

hindered the occurrence of change?

The authors counted on qualitative and quantitative data analysis. They performed a
thematic analysis to identify the key attributes needed for an effective change agent.
Therefore, after receiving the responses from industry professionals, they reviewed the
data and grouped the responses they received into themes. They categorized the key

attributes mainly in three groups.
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¢ Human theme, which was concerned with personality traits, leadership,
communication, and the ability to solve problems.

e Organizational theme, which was concerned with organizational change pro-
cess from a business perspective.

e Technical theme, which was concerned with the technical expertise.

The results show that “Good personality” was placed at highest rank among all other
attributes with a significant difference. Further, the “human” aspect scored 85% fre-
quency of the responses received. According to the results, industry professionals
claimed that change agents with good personality traits are more likely to contribute to

the success of technology adoption or introducing new systems in the company.

While the study achieved the objective of grouping key attributes into few aspects and
rated them accordingly, it has some limitations. First, grouping the data into the men-
tioned criteria is subject to the authors' interpretation of the responses since the ques-
tions were open-ended. Also, the study only considered the participants of a certain
event and may not fully express the opinions of key industry professionals. Neverthe-
less, considering these limitations, the results highly emphasize on the importance of
non-technical attributes of change agents compared to the technical and organizational
ones. Further, it meant to spot some light on how the non-technical attributes can con-
tribute much to the success of change according to industry professionals, yet it did
not mean to discredit other attributes.

On the other hand, one of the downsides of having a change agent to facilitate and
lead and change process, as per discussed by (Gichuhi, 2017), is that individuals may
become passive and reliant on that change agent to achieve the proposed outputs,
neglecting the fact that they have to be responsible by active participation. At the end,
the practical outcome of (Radzi. et al., 2019) work can be that construction companies
should carefully assess the personality traits of their chosen change agent. The fact
that an individual has the technical knowledge, does not necessarily mean they are
able to lead or manage a change adoption.

2.2.2 Improving construction productivity

The construction industry has much to do (McKinsey & Company, 2017) and the frag-
mented nature of it makes it a ripe for disruption. More than 20% of construction
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projects run behind schedule, and 80% run over budget. Therefore, budget overruns
and schedule delays are becoming the new norms in the construction sector (McKin-
sey & Company, 2016). Furthermore, the construction industry is among the least dig-
itized as clarified in (Fig 4), and that is due to the lack of IT integration in the industry
and the relatively slow pace in adopting new technologies. McKinsey & Company
(2017) proposed few steps to enhance the productivity issue in construction arguing

that construction can learn from success stories of other industries.
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Fig 4: Where construction stands in digitization
Source: McKinsey & Company (2016).

1. Aligning stakeholders interests

Many professionals agree that when objectives are aligned and directed towards the
same goals, projects are more likely to be accomplished on time and on budget. For
that to happen, the industry should leave away the competitive contractual agree-
ments that define many construction projects and adopt a structure based on systems
thinking where collaboration and problem solving are the core values.
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2. Design and engineering standard solutions

A significant value can be achieved by standardizing engineering processes and de-
sign solutions. Construction firms must have a standard design library. Almost every-
one in the field of digital innovation agrees that change is feasible only if clients and
contractors alike are able to adjust their views from customized project specifications
to more standardized solutions. Having design libraries contributes a lot in achieving

so and will accordingly lower the error margin.
3. Digitally enabled procurement and supply chain processes

The fragmented nature of construction makes it harder to adopt agile supply chain and
procurement procedures and leaves room for improvement. In this regard, digitally en-
abled and innovative solutions increase reliability and enhance predictability. The dig-
itization of procurement, inventory and supply chain processes will allow for agile lo-
gistics management and real-time updates about project deliveries and shortcomings.
Furthermore, it helps to establish long term partnerships with suppliers, manufacturers,

and subcontractors.
4. Agile onsite practices

One of the major reasons for poor productivity in site is the inconsistency of execution
practices. In this regard, McKinsey & Company (2017) argued that for a real transfor-
mation of onsite practices, three aspects have to be considered: systems thinking,
technical issues, and a blending mindset. It is important to note here that while “sys-
tems thinking” is a common term in construction to deliver sustainability better out-
comes (Peter and Hanbin, 2018), its core value is to think in whole, and consider all

the complex, interrelated variables of the project.

In this regard, four key approaches are suggested. First, developing smart forecasting
lookaheads. Second, setting key performance indicators (KPIs) and crucially linking
them to forecasting plans. Third, ensuring that all the preliminary works, such as per-
mits and approvals from authorities and legalities, are done before the commencement
date of the projects. Furthermore, identify the long lead items and make sure their
delivery time is as requested. Fourth, the adoption of lean concepts with careful plan-
ning among site trades can significantly reduce waste and make the building process

more predictable (McKinsey & Company, 2017).

5. Adoption of digital technologies and industrialized construction
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The construction industry is substantially behind other industries in its adoption of dig-
ital technologies and innovative tools. Digital technologies such as offsite construction,
modularization, 3D printing, and the growing expansion of BIM technologies are more
likely to contribute to making construction a predictable manageable process. On the
other hand, stakeholders raised the issue that there is a considerable difference be-
tween modular plans and as-built, which makes the transformation towards digital tech-

nologies, supply chain and procurement hard to gain (Serdar and Syuhaida, 2019)

Due to the limited investment in research and development, industry professionals are
not utilizing pilot projects to test innovative ideas while mitigating their risk. In a few
prominent examples, clients and contractors come together and share resources to
overcome capital issues. At the end, technology alone cannot solve the problem of low
productivity. A fundamental culture change is required alongside systems thinking, pro-
ject lifecycle influence, processes, and clients buy-in, in order to implement these in-

novative solutions and gain their benefits.

2.2.3 Theliving company

In an attempt to understand “why do so many companies die young?”, a group at Shell
has set out to analyze companies that lived more than 100 years. Therefore, they sur-
veyed 30 companies to see if they share common characteristics that enabled them to
long live. Most of the companies studied were with well documented histories and aged
from 100 to 700 years at that time. De Geus (1997), in his analysis to the case made
by Shell Group, asked “what is so special about long-lived companies? Do they share
certain criteria that enabled them to survive longer?”. The study came out with four
interesting findings, but one main finding remained on top of the four; the living com-

panies are found to be very good at “change management”.
e Financial orientation

The first observation the group noted is that long-lived companies were paying careful
attention to their investments, which allowed them to grab opportunities when their
competitors could not. They did not have to convince an investor about how profitable
or attractive the big project they are thinking of, their money in hand allowed them to

pursue their plans and govern their growth (De Geus, 1997).

e Adaptability
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The second observation the group noted is that the long-lived companies were able to
adapt themselves to whatsoever changes around them. No matter whether these
changes are wars, diseases, technologies, fluctuations in the economy, or political
conflict of interests. They always seemed to step out and excel during hardships. They
sometimes relied on improvision during uncertainties, yet that was based on
knowledge and experience. Therefore, they were able to react in a timely manner to

whatsoever showed up (De Geus, 1997).
e Unity

The third observation the group noted is that the employees of the long-lived compa-
nies felt like one unit, a part of whole. For many decades, the feeling of belonging to a
company has always been identified as a soft speech, but repeatedly, the cases show

that a sense of community was crucial for evolving and survival (De Geus, 1997).
e Tolerance of new ideas

The fourth observation the group noted is that the long-living companies tolerated new
ideas in the margin of experience, which expanded their horizons and stretched their
understanding of the market. In a world where so many cultures are stretched over and
blended together, a company has to adapt to the constant fact of change (De Geus,
1997).

2.3 The most common change management models for organizations

Here is a range of the most common change management models developed by re-
markable leaders in the field of managing a change. The aim of this section is to ex-
pand the knowledge about the process of organizational change. Furthermore, to iden-
tify the underlying theory behind each model, how to implement it, and finally under-

stand its benefits and limitations.

2.3.1 Lewin —The 3 steps model

In (1951), Kurt Lewin developed his model, which was the first change management
model developed in the whole history, however, still holds true until today. The model
is considered one of the key models for understanding the term “organizational

change”. The underlying theory behind Lewin’s model is that there are two opposing
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forces: the driving force and the resisting force. And at any situation, for the change to

happen, the driving force must outweigh the resisting force.

In his model, Lewin looked at the change process that happens to an organization as
changing the shape of a block of ice. (Fig 5) clarifies the key steps for Lewin’s model

in detail.

e Unfreeze: The first step includes unfreezing the current state. That refers to
analyzing the current situation, defining the driving and resisting forces and
visualizing an end desired state.

e Move: The second step is about the transformation to a new phase through
engagement.

e Refreeze: The third step focuses on reinforcing the new state by setting pol-
icy, establishing new standards, emphasising on the developed strategies

and coping with change.

Refreeze

[y

1. Recognize the need for change
2. Determine what needs to change

Changes are reinforced and stabilized
Integrate changes into the normal way

N

3. Encourage the replacement of old of doing things
behaviors and attitudes 3. Develop ways to sustain the change
4. Ensure there is strong support from 4. Celebrate success

management
5. Manage and understand the doubts
and concerns

L

1. Plan the changes

2. Implement the changes

3. Help employees to learn new concept
or points of view

Fig 5: Lewin 3-steps model

Critical review:
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The force field analysis that Lewin introduced is an excellent way of addressing the
driving and resisting forces influencing the change. Along with defining the current

state against the desired end state, a change agents team can be formed to:

e Communicate the gaps between the current state and the desired end state.
¢ Minimize the resisting forces.
e Develop and maximize the driving forces.

e Set atimeline for a change plan to achieve the end state.

Furthermore, (Cameron and Green, 2009; Gichuhi, 2017) argued that the model can
be used as a planning tool, rather than a change management model. The unfreeze
step represents the planning phase. The move step represents the implementation.
The refreeze represents a post-implementation or a practical review for the end state.
On the other hand, (Kanter et al., 1992) criticized the model intensively, declaring that
organizations are never frozen, they are fluid entities with many characteristics that

overlap and interconnect one another in a dynamic way.

2.3.2 Kotter — 8 steps flow

In (1995), John Kotter developed his organizational transformation 8-steps model high-
lighting eights keys lessons derived from his consultation practice with more than 100
different organizations went through change (Kotter, 1995a). He, later on, converted
these insights into a change management model (Kotter, 1995b). The model ad-
dresses some of the powerful factors about making change happen, highlighting on
the importance of creating a sense of urgency, and emphasizing on the need to com-
municate the vision throughout the organization and making sure that everyone per-
ceived it the way it is planned (Cameron and Green, 2009).

The efforts of (Kotter, 1995a) in assessing more than 100 companies have gone under
many sectors. However, all the companies had one goal in common: making funda-
mental changes in how the business operates in order to cope with the challenging
demands of the market environment. (Fig 6) summarizes Kotter's 8-steps model and

clarification of each phase is incorporated below.
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Fig 6: Kotter 8-steps model

1. Create a sense of urgency

Most of the change efforts succeed according to (Kotter, 1995a) when some individuals
or groups manage to look hard at their companies and address issues like: financial
performance, poor market position, technology trends limitation, the revenue drop in
the past years, or the declining margins of profit. Then, they find ways to communicate
these gaps widely and dramatically, while looking at future potential scenarios. That
will increase the felt-need to change.

2. Build a guiding coalition

In both small and large organizations, assembling a powerful group of people who are
capable to lead a change will make an enormous difference in results. It can start with
two or three persons, yet it has to expand while the change is taking place. And while
the change has to be supported from the top management, forming a guiding coalition
to extend that support is inevitable. They have to develop together a shared commit-
ment to a unique performance throughout the change. Kotter (1995a) shares: It is not
mandatory that all members of the guiding group to be from the senior management.
However, for the change to take place, they have to be powerful; in terms of, titles,

expertise, business knowledge, relationships and reputation.

3. Form a strategic vision
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In order for the transformation to be implemented successfully, the guiding coalition
must create an appealing and reasonably simple-to-communicate vision for the future
that will resonate with employees, customers, and stakeholders. That far picture for
the future is the vision. And a strategy has to be developed to achieve that vision.
Kotter (1995a) interviewed many midsized European companies seeking to have a
transformation, and there was one central idea among them all to reach their vision:

getting out of low value-added activities.

Without a sound vision, change efforts can easily disappear under a list of daily repeat-
able tasks. In failed transformation, there are plenty of plans, directives and programs,
but no solid vision. In some other cases, management tends to have a sense of direc-
tion, but it is too complicated to explain or buried under loads of procedures. As a rule
of thumb (Kotter, 1995a) claims: “If you cannot communicate the vision to someone in
five minutes or less and get a reaction that signifies both understanding and interest,

you are not yet done with this phase of transformation”.
4. Enlist a volunteer army

Transformation is nearly impossible to occur unless it is supported by hundreds or
thousands of people, frequently to the point of making temporary sacrifices. And for
that to happen, they need to believe the change is bringing positive returns. Commu-
nication facilitates explaining the benefits, and it comes in two ways; words and actions,
and the latter are often more impactful. Nothing weakens change more than a behavior
by a significant individual, most likely executives, that is inconsistent with their actions
(Kotter, 1995a).

5. Enable action by removing barriers

At the beginning, no company has the power, the capacity, or the time to overcome all
barriers, but major ones have to be encountered and removed. The role of the change
agents is to facilitate these barriers. The blocking force can be in the context of narrow
job responsibilities, a flawed performance appraisal system, or a person from the top

management that their behaviors are not in line with their speech (Kotter, 1995a).
6. Generate short-term wins

In this regard, the emphasis was on setting benchmarks and celebrating the short-term

goals when met. Most people will not go further unless they experience solid evidence



24

on the way that the change is leading somewhere. Without short term wins, some peo-

ple may give up or join the resisting camp (Kotter, 1995a).
7. Sustain acceleration

In most of transformation cases (Kotter, 1995a) claims, managers tend to declare vic-
tory too soon in an attempt to celebrate the results of transformation. While celebrating
a win is acceptable on a short term, declaring that the war is over can be disastrous.
Until change concepts are deeply implanted in the company’s culture, a process that
can take reasonably long time, the new alternatives are fragile and can easily return

back to its former or less developed state.
8. Anchor change

At the end, change sticks when it becomes the norm things are being done, when it is
deeply rooted in the company’s culture and values, and when it is linked with a need
of a company for development and standing a better chance of evolving. Until the new
actions are implanted in the company’s vision, they are subject to regression as soon
as the pressure for change is not there. Continuously showing the positive returns of
the new technology or system implemented and how it enhanced the performance is

crucial for deeply implanting change (Kotter, 1995a).

2.3.3 Beckhard and Harris — The changed formula

In (1987), Beckhard and Harris developed their change formula and identified the fac-
tors that must be there in order for the change to occur. The formula is one of the
simplest that has ever been developed, yet extremely useful, and can always be
brought into the process of change at any point to check how feasible or likely the

change to happen.
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C = [A.B.D] > X

Where,

« C:Change

e A:Level of dissatisfaction with the current status
« B: Desirability of the proposed change

o D: practicality of the change

« X: Cost of change (Resistance)

Fig 7: Beckhard and Harris change formula
Source: designed by Author

Beckhard and Harris (1987) simply claimed that in order for the change to happen,
elements A, B, and D must overweigh the term X, as shown in (Fig 7), which here
represents the cost of change as well as the efforts needed to be exerted to overcome

the resistance resulted in change.

What is interesting about the formula is using the multiplication to link the 3 factors A,
B and D together, which here means that if any factor is equal to zero or near zero, the
output tends to fail. The resistance to change will overweight. And by then, the change
won’t happen. That means if the level of dissatisfaction within the current situation is
not high enough, or the vision behind implementing change is not clearly seen, or the
plan is not feasible or less likely to bring better results than the current situation, the
change will not happen. The elements (A,B,D) do not compensate or replace each
other. Each one has to score a proper weight so that the final value of them combined

overweigh the resistance to change (Element X).
Critical review:

When the formula was shared with 100 companies from multiple industries based in

the UK, some gaps in the theory were found (Cameron and Green, 2009):

e Employees dissatisfaction was not of a major significance to implement a
change.
e The tasks given to those change implementers were found to be complicated

or poorly defined.
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Furthermore, (Chapman, 2018) discussed that the simplicity of the formula represents
a weakness itself, as there are countless factors affecting the change to happen rather
than the level of dissatisfaction of employees, the desirability of the plan and its prac-
ticality. Moreover, the assumption that the 3 elements (Dissatisfaction, desirability and
practicality) are equal in weight, with regard to their importance, is somehow flawed.
Each case is different. And sometimes, according to the type of organization, some

elements may weigh more than others.

2.3.4 Nadler and Tushman — Congruence model

In (1980), Nadler and Tushman developed their model, which focused on the factors
affecting the success of the change process. The model aimed to analyze what hap-
pens to the organization when change takes place. Thus, the model was built on the
concept that an organization can be presented as a set of interconnected units that
sense and filter changes in external environments. Therefore, and in order to achieve
that, the model sees the organization as an input and output system. The inputs are
represented in terms like (strategy, resources, and environment). While the outputs
are represented in (individual, team, and organizational performance). They later com-
mented, “It is important to view the congruence model as a tool for organizing your
thinking, rather than a rigid template to dissect, classify and compartmentalize what

you observe.” (Cameron and Green, 2009).



INPUT
Strategy
Resources
Environment

Work

Informal
organization

Formal
organization

People

Managing change — transformation process

OUTPUT
Individual, team and
organizational
performance

Fig 8: Nadler and Tushman's congruence model

Source: Nadler and Tushman (1980).
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As shown in (Fig 8), the model counted on four key elements: work, people, formal

organization, and informal organization for a successful transformation process. The

model also assumed that the challenge is how to align these four components together

so that the organization can transform its inputs of strategy, resources, and environ-

ment into the required outputs. Cameron and Green (2009) explain the four elements

as follows.

e Work: This refers to the operations, process design, and day-to-day activi-

ties assigned to individuals. The level of satisfaction of individuals with their

own tasks should be considered here, and a system of reward must be in-

corporated under this element.

e People: Itis crucial to identify the major criteria of the people who are dele-

gated to do the work in the organization. What are their skills, their back-

grounds, their preferences, their needs, and their expectations? How do they

perceive the tasks assigned to them and their relationship with work?
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e The formal organization: This refers to the system, the structure, and the
policy announced to achieve strategic goals. In brief, how are things formally
going on?

e The informal organization: Running alongside the formal regulations are
the informal. This refers to all the unwritten plans and practices that emerge

over time such as culture, beliefs, value, power, and influence.
Critical review:

It is worth mentioning that the model Nadler and Tushman have developed is a prob-
lem-oriented rather than a solution-oriented. It does not provide a concrete guideline
for a strategy, and it lacks any significant reference for a vision. However, from their
perspective, the model was intended to be a tool rather than a rigid template to follow.
On the other hand, the model provides an integrated checklist for those concerned of
making change happen. Furthermore, it explains the transformation process in a se-
guential way that can easily be followed to monitor change. If the integration is not
done properly among the four elements, the change is more likely to fail, and the or-

ganization may come back to its old norms (Cameron and Green, 2009).

2.3.5 Prosci—The triangle model

In (2002) Prosci developed his structured, adaptable and actionable change manage-
ment model. The focus of his model is to enable the people side of change. His meth-
odology was based on putting people at the center of any transformation wave. And
therefore, his model consists of three key components, as per illustrated in (Fig 9).

e Prosci Change Triangle Model (PCT): A framework representing the four key
aspects of successful organizational change (will be explained further).

e Prosci 3-Phase Process: A link connecting individuals and organizational
change management.

o ADKAR Model: A model addressing the term individual change.
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Fig 9: Prosci Methodology
Source: Prosci (2002)

Prosci Change Triangle Model (PCT)

Prosci claimed that “we change for a reason”. The purpose of the model is to clarify
that reason by establishing the key factors of success and providing a way to assess
the change process throughout the project lifecycle. Prosci change model is a powerful
framework that shows the key elements for any successful change approach. The key

aspects are represented in (Fig 10).

e Success: represents the objective of the change process.

e Leadership/sponsorship: represents the strategy and direction of the change
process.

e Project management: represents the technical side of the change process.

¢ Change management: represents the people side of the change process.



30

Leadership/
Sponsorship

Active and Build
visible coalition

Resources Scope

Leadership
Decisions

Leadership
Actions

Time Communicate

Success

Project  ( people Process) Change
Management / Management
\\ Integrated
\\ Approach /

\ /

\ Tools ,r'f
\ /

\.\ f},-'

\ /

\/

Fig 10: Prosci Change Triangle
Source: Prosci (2006)

The corners of the triangle are interrelated together to achieve the required outputs of
the change initiative (Prosci, 2006). As shown in (Fig 10), project management works
with the leadership/sponsorship on the leaderships decisions that have to be made by
integrating time, scope, and resources. Change management works with the leader-
ship/sponsorship on the leadership actions that must be taken, integrating communi-
cation, vision and supporting agents. And change management works with project

management to create an integrated approach focusing on people, process, and tools.
Critical review:

The Prosci change triangle model provides a powerful framework that was able to link
the four key aspects of organizational change. It provides change managers with ben-
eficial diagnostic tools to evaluate the health of their change process, identifying risks,
determining any shortcomings, and enabling actions. However, Prosci’s model works
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as a three-legged chair. An organization that has any shortcoming in any of the key
aspects of the change tends to fail in their attempts to change. If one leg is too short,
the change process will sway, causing the benefits to slide off the seat. Therefore, it is
crucial to pay attention to the integration between the key elements.

2.4 Limitations

The literature reviewed above shows that there are some limitations in the research
conducted before in the field of change management. Prior studies have suggested
linear sequential strategies to follow, disregarding the various conditions of each envi-

ronment. Wang et al. (2013) discussed some limitation points below.

2.4.1 Regional limitation

From Table. 01 (Summary of change management definitions), it can be noted that
only one out of 10 definitions listed is from a developing country; from Pakistan. In
addition to that, the literature shows that most of the studies conducted in the field of
change management are from western countries, which in turns reflects the fact that
the quality of implementing change management properly in the developing countries
is falling behind the US and Europe. Therefore, further research is needed in the de-

veloping countries.

2.4.2 Industrial limitation

It seems that most of the change management definitions are released in the general
business contexts. Nothing specified to each industry highlighting the different charac-
teristics. Instead, studies made on organizational change management focused on de-
veloping a generic view which could be used in various industries. And until now, it
appears that little to nothing has been done in the field of organizational change man-

agement in construction.
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2.4.3 The gap between project/organizational change management

The literature reveals that there is a knowledge gap between project and organizational
concepts of change management. There are different perspectives from the research-

ers of the two fields and accordingly various research outputs.

e Those who focused on project change management were targeting terms
like optimizing workflow, developing forecasting techniques and applying
project strategies according to standards.

e On the other side, those who focused on the organizational context at-
tempted to find the appropriate resource-based factors leading to instilling

the innovative technology or the new system as part of the culture.

2.4.4 Lack of flexibility

In a constant era of change, the overflow of information and technologies developed
every day keeps introducing new strategies and frameworks for industries to imple-
ment change. Consequently, there will be no “best way” to impose a change except a
more flexible method. And thus, the existing change management models mentioned
above can just work as guidelines for organizations to develop their own framework
that has to be flexible and needs to be structured in a way to align with the organiza-

tional culture and facilitate the change processes.
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3. Modern Methods of Construction (MMCs)

Modern Methods of Construction (MMCSs) is a wide term used to describe a number of
agile construction approaches to replace traditional methods of construction. MMCs
include a range of offsite manufacturing and a few onsite techniques that provide an
alternative to conventional house building (NHBC, 2018). Most of which are offsite
technologies; moving work from the construction site to the factory, prefabrication, pre-
assembly, and industrialized construction. Furthermore, the modular building, paper-
less system, mobile technology, machine learning, laser scanning, digitalized inven-

tory, agile procurement and materials tracking system (Rahman, 2014).

Offsite technologies are not particularly new to the construction industry. Yet, current
influencing factors trending up have caused many professionals to reconsider their
appeal. Factors such as improving productivity, the rising usage of BIM technologies,
the growing interest in green construction, the increasing demand for agile projects
and lean construction. (Fig 11) shows the adoption percent of UK developers of hous-
ing with MMCs in their operations, which reveals that currently, 69% are delivering
buildings using MMCs, and 31% are considering implementing them in the future
(NHBC, 2018). Furthermore, McGraw Hill Construction (2011) argued that what is no-
table about modularization/prefabrication is their ability to bring all the agile trends to-
gether in an attempt to enhance productivity and adopt green construction.

Delivering housing with MMC and looking
to expand its use in the future (61%)

Delivering housing with MMC but
61% no plans to expand its use (8%)

B Planning to deliver housing with
MMC in the future (31%)

Fig 11: Developers activity using MMCs in the UK
Source: NHBC (2018).
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3.1 Offsite construction concept

The term “modular” refers to an object “designed with standardized units or dimension,
for easy assembly and repair or flexible arrangement and use” (MBI, 2015). Modular
Building Institute (MBI) reports focus particularly on aspects involving market share,
market size capacity, growth forecast, and manufacturing standards. The aim of MBI
is to direct the efforts, talents and resources towards a higher market share of the
modular building industry by showing its benefits in practical manners (Salama, 2018).

The modularization process is being used in several sectors, such as industrial plants,
manufacturing, submarines and ships field, and also in nuclear power plants. However,
their application in construction is relatively low. Salama (2018) argues that the litera-
ture presents various definitions and terminologies to describe offsite construction and

here they are presented as follows:
Modularization

Haas et al. (2000) define modularization as “the preconstruction of a complete system
away from the job site that is then transported to the site. Modules are large in size and
may frequently need to be broken down into several smaller pieces for transport”. In
addition, Tatum et al. (1987) define the module as “a major section of a plant resulting
from a series of remote assembly operations and includes portions of many systems;

usually the largest transportable unit or component of a facility”.
Prefabrication

Tatum et al. (1987) define prefabrication as “manufacturing processes, generally taking
place at a specialized facility, in which various materials are joined to form a compo-

nent part of a final installation”.
Preassembly

Tatum et al. (1987) also define preassembly as “a process by which various material,
prefabricated components and/or equipment are joined together at a remote location

for subsequent installation as a unit. It is generally focused on a system”.

Offsite fabrication
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Cll (2002) further defines the offsite fabrication as “the practice of preassembly or fab-
rication of components both offsite and onsite at a location other than the final instal-

lation location”.

To conclude, PPMOF “Prefabrication, Preassembly, Modularization, and Offsite fabri-
cation” are several manufacturing approaches that tend to shift the work activities from
the construction site into factory-based conditions, where it is safer, faster, more pro-

ductive, and more environmentally efficient (Salama, 2018).

3.1.1 Offsite construction characteristics

In (2020), Razkenari et al. made the analysis to rank the usages of offsite construction
methods by project types in the United States. Their analysis was based on current
practices and future potential to use offsite technologies, as per (Fig 12). The results
show that single family houses and multi-family houses were cited by more than 60%
of the participants as the highest function of buildings. Healthcare facilities, educational

premises, and multi-family houses were placed as future potential functions.

Top five project types for the use of offsite construction
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Single Family Housing Multi-Family Housing Commercial Educational
m Healthcare m Heavy Civil (Bridges) Hospitality m Data center

Fig 12: Usages of offsite construction technologies based on project type
Source: Razkenari et al. (2020).
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Furthermore, when asked about the necessity of making the choice of using offsite
construction as a primary method among various industry players (Fig 13), 35% voted
for the client, being the upper hand in the project. 31% cited the architect, being the
first contact with the client and has the ability to convince them, having proposed smart
designs. 26% placed the general contractors on the third rank. The remaining percent
was assigned for other stakeholders such as subcontractors, manufacturers, supplier,
investors, and authorities. In addition, 90% of stakeholders believed that offsite con-
struction technologies would remarkably gain interest in the future (Razkenari et al.,
2020).

Major decision makers in use of off-site The use of offsite construction in the future
construction (1 lowest, 3 highest)

Will increase

20 Will slightly increase
Will stay the same
Will slightly decrease

0 Will decrease
Client Design Contractor

Rank 3 = Rank2 mRank |

Fig 13: The key decision makers for offsite construction usage
Source: Razkenari et al. (2020).

3.1.2 SWOT Analysis

In an attempt to understand the offsite construction opportunities, challenges,
strengths, and area of development, Razkenari et al. (2020) performed SWOT analysis
based on the responses they received in “Symposium on the State-of-the-Art of Mod-
ular Construction” in the United States (US). The SWOT analysis addressed the whole
production pipeline of offsite construction components starting with the planning, de-
sign phase, issuance to manufacturing, shipping, and assembly at site. (Fig 14 and Fig
15) summarize the SWOT analysis and can be sued as a roadmap for industry players
to enhance their decision-making process and assist them to effectively adopt offsite

technologies.



INTERNAL FACTORS

STRENGTHS (+) WEAKNESSES (-)

Better time and cost performance

- Time saving and faster project delivery by
performing component manufacturing and
site preparation simultaneously.

- Reducing the total cost of project
including the overhead costs, material
supply, and labor.

- Higher level of design development and
more precise planning which reduce
uncertainties in cost and time predictions.

Controlled environment production

- Workforce productivity and well-being

- Improved control and monitoring of
quality, safety, and progress.

- Improved waste management

- Room for innovation and benefiting from
industrialization technology

Integrated project processes

- Offsite strategies are facilitated by
integrated project delivery by requiring
involvement of the parties early in the
process.

Design limitations
- Low diversity of products, limitations in
their size, and types of connections.
- Lack of innovation in design
- Design is fixed at early stages
- Resistance to change orders
Lack of expertise
- Under-informed management
Complex logistics
- Transportation and shipping difficulties
- Assembly limitations
Need for initial capital
- The manufacturing facility is expensive
to build and maintain

Fig 15: Internal factors of SWOT Analysis for offsite construction
Source: Razkenari et al. (2020).

EXTERNAL FACTORS

OPPORTUNITIES (+)

Shortage of skilled labor
- Less labor needed in offsite operations
Branding and Marketing advantage
Offsite has significant marketing potential
and increases demand from developers by
promoting sustainability and quality
Lack of affordable housing
- Higher cost of land and economic
conditions are forcing reducing cost and
faster deliveries
Urban density
- Cities are booming in size and population
and filling the small and restricted lands
is more feasible offsite strategies because
of reduced site work and flexibility in
production

Uncertain market demand

- Offsite factories have fixed production
rate and demand uncertainty have higher
impact on them

Codes and regulations

- Most guidelines and codes are designed
specific to onsite.

- Quality control and inspection is varied
among states. This have higher impact for
modular projects, in which components
are usually shipped to multistate locations

Negative perception of public and industry

- Conservative construction culture

- Complex contractual process

Economies of scale

- Offsite has much low market share
compared to onsite. Therefore, there are
more experts, contractors, and suppliers
for onsite

Fig 14: External factors of SWOT analysis for offsite construction
Source: Razkenari et al. (2020).
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Most of the studies made on offsite construction found that the greatest strength of it
is the ability to reduce time while performing work simultaneously. Furthermore, the
improved quality control and safety procedures in the factory (Razkenari et al., 2020).
For the weaknesses, number one cited barrier is the design limitation and the inflexi-
bility for change orders. In addition, the lack of expertise and the complex logistics
system in terms of site delivery (Rahman, 2014; Razkenari et al., 2020). As most of
the offsite modules are relatively large, shipping continues to be a challenge. As for
the opportunities, the lack of affordable housing and the urban density of the big cities
are placed at highest rank. For the threats, the uncertainty of market demand and the
lack of codes and regulations development in the modular industry are cited among
the highest risks (Rahman, 2014; Razkenari et al., 2020).

At the end, The SWOT analysis demonstrates that while the modular building indus-
try confronts various obstacles in expanding its position in the construction sector, the
benefits associated with it outweigh the shortcomings. Many of the highlighted issues
can be addressed by utilizing technologies more effectively and expanding beyond
traditional building practices. One significant solution can be in adopting a manufactur-
ing-like culture. Furthermore, taking into account the opportunities of offsite technolo-
gies such as the need for affordable housing and the promotion for the green building
industry outweigh the listed risks, and this can accelerate the route for adoption. In
reality, most of the highlighted elements can have both positive and negative conse-
guences, and it is vital to employ the appropriate management approaches and be
aware of these vulnerabilities and risks in order to maintain them on the positive side
(Razkenari et al., 2020).

3.2 Regulating modular building

Modular construction has become an increasingly prominent issue in the recent years.
This growing popularity, however, is accompanied by a significant lot of misunder-
standing and even falsehoods. People frequently ask MBI, "What is the modular build-
ing code?". So MBI answered that question out loud “there is no modular building code
in the sense of a national standard, which defines the building requirements for all
manufactured homes. Instead, modular homes are built to comply with all applicable
state and local building codes required by the location where the home will be placed”
(MBI, 2022).
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Despite the absence of a modular code, the industry is governed by a number of ad-
ministrative rules and regulations, as well as, in some instances, guidelines and stand-
ards. As for the structure itself, however, the modular industry adheres to the same
relevant building codes as in the onsite built components. The code can be silent about
a specific topic (the term "modular” is not in the IBC), yet it continues to apply, as si-
lence in the code does not claim an exemption from it (MBI, 2022). As the term “mod-
ular” is not in the international codes and the subject is dynamically growing and gain-
ing interest, MBI has signed an agreement with the International Code Council (ICC)
to work on guidelines and standards for the modular construction. In the next subchap-

ters are the difference between guidelines, standards, and codes.

3.2.1 Guidelines

Guidelines are not codes nor standards, and their language is not obligatory. A guide-
line is a statement that educates and directs a code official or the end user on a given
subject. For instance, MBI has recently finalized work with the ICC on the “G5-2019
Guideline” related to safe shipping of modular components. While a guideline is not
binding, it provides jurisdictions with a lot of information regarding area of concerns
and offers end users a safe route forward. As a result of the reactive nature of the
codes, guidelines are frequently employed to address new trends and technology, until

a building code comes in practice (MBI, 2022).

3.2.2 Standards

Standards are developed when it is recognized that there are insufficient administrative
regulations to govern a certain issue. Numerous standard-writing organizations, includ-
ing “International Organization for Standardization (ISO), American National Standards
Institute (ANSI), Underwriters' Laboratories (UL), and Canadian Standards Association
(CSA)”, develop standards for almost everything. The objective of a standard is to bring
together stakeholders, such as customers, manufacturers, professional bodies, and
concerned authorities on a given matter in order to determine "how things should be
done". As the name suggests, they establish an agreed-upon standard method of per-
forming the work. In other words, they develop a practice. There are a few Canadian-
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developed modular construction standards that have a significant impact on the indus-
try (MBI, 2022).

e CSA A227

The “CSA A227” covers the certification procedures for prefabricated buildings, as well
as volumetric modules and panelized systems for buildings of any function type. In
addition. the standard defines regulations for quality assessment in the built factory.
Furthermore, it extends to prefabricated buildings, volumetric modules, and panels
made of any material, including modular homes, portable workplace facilities, and
any other factory-built components that are manufactured and being shipped to the
construction site (MBI, 2022).

e UL-2600

The “UL-2600" standard outlines the specifications for modularly constructed porta-
ble structures. Portable structures are a type of modular construction that is manufac-
tured offsite, and meant to be shipped to another location, assembled, and used. While
“CSA A277” is adopted and in practice in the majority of the modular industry in Can-
ada, “UL 2600” is a newly developed standard that has not yet been in force. Important
to know regarding standards is that; unless they are adopted by a local authority or
cited in the building codes, they are not themselves binding regulations (MBI, 2022).

3.2.3 Building codes

According to the ICC, “The regulation of the built environment is a unique experience
within the United States. Even those within the industry may understand only a part of
the process pertaining to their location or discipline. Codes and adoption process can
vary significantly from state to state, and in some cases even county to county”. The
building codes define how structures should be constructed. And while there is no ref-
erence of special treatment or cited exemptions for modularized buildings in the
codes, the constructed modular projects must comply with all applicable requirements
of the building code (MBI, 2022).

When people frequently inquire about the “modular code”, they are actually asking,
“‘what laws and regulations do | need to know to construct a modular project in a spe-

cific region?”. In contrary to the Housing and Urban Development (HUD) code, the
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modular housing industry is typically governed at a regional level. The majority of states
in the US (35 at latest count) have an authorized legal body that establishes and eval-
uates the standards for modular construction operations. While these standards
may vary from state to another, they often address topics such as the factory inspec-
tion process, quality control difficulties, and the submission, review, and approval of
building designs. MBI maintains regular communication with these bodies in order to
maintain a balance that allows the industry to provide safe manufactured modu-

lar products without excessive regulatory constraints (MBI, 2022).

Due to the diverse number of programs in the US, the ICC and MBI are now developing
a new standard, “ANSI 1205” for the review, evaluation and approval of modular pro-
jects. This new standard is being developed alongside another ANSI Standard, “ANSI
1200”, that addresses design and logistics issues. Moreover, MBI is also collaborating
with the CSA to establish an additional modular construction standard, yet it is still

unnumbered or named.

3.3 Offsite construction categories

Another broader approach classifies the offsite construction technologies into three
main sections based on the scale, size of construction, and complexity of manufac-
tured components. This approach counts on the amount of manufacturing done in an
offsite delivery mode with consideration of onsite work labor for assembly (Salama,
2018).

3.3.1 Volumetric modular systems

Volumetric modules are composed of three-dimensional units that are fully manufac-
tured in a factory and fully fitted out to be fixed before transportation to the site. Once
modules arrive to the plant site, they are stacked on prepared foundations to form the
homes (NHBC, 2018). Volumetric systems are usually divided into modular construc-
tion and pod construction as per (Fig 16). The first is the typical factory-produced pre-
engineered components that are delivered to the construction site and fixed on a foun-

dation system. The latter are non-structural elements but load-bearing structures.
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Fig 16: Volumetric modular construction

3.3.2 Panelized systems

Panelized systems are consisted of two-dimensional units that are typically manufac-
tured offsite and assembled onsite. Their elements are basically flat panel units that
can be made out of timber, light gauge steel, concrete, or cross laminated fiber struc-
tural element (NHBC, 2018). The panelized system can be used in the forms of walls,
roof parts, floors, windows sections, and timber frames to create a structural shell as
per (Fig 17), which requires more finishing work to assemble onsite than the volumetric
modular systems (Salama, 2018).
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Fig 17: Panelized construction

3.3.3 Hybrid systems

A mixture between volumetric modular and panelized systems where bathrooms and
kitchens, for example, are manufactured as separate modules, and panels are used to
form the rest of the building (Salama, 2018). Hybrid systems combines between mod-
ular and panelized systems in order to optimize the space provision by integrating 3D
and 2D components. Hybrid systems mostly utilize light gauge steel (LGS) that is light-
weight, not heavy as concrete, not bulky as structural steel, and does not deteriorate
like timber. From another perspective, hybrid construction is defined as an approach
that integrates precast and cast-in-situ concrete to make advantage of their inherent

gualities and site-specific conditions, as per (Fig 18).
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Fig 18: Hybrid construction

LGS is considered a cost-effective solution to use in hybrid systems because it pro-
vides rigidity during lifting and transportation, good resistance in horizontal and vertical
loading and unloading, and also durability against fire. LGS hybrid structure is basically
assembling panels of steel frames throughout various operations in the manufacturing
units using computerized numerical control machines and manufacturing-related ta-
bles. The panels are then delivered to the site, stacked to each other, and connected
to the 3D modules, such as kitchen or bathroom units, as well as floor shells that are

built on site (Lawson et al., 2005).

3.3.4 Configuration summary of systems

Fabrication is basically a concept of “mass customization of products” in order to stand-
ardize the process, enhance the quality in a more dynamic way, and satisfy client
needs. However, each offsite construction system has their own benefits and limita-
tions based on constraints such as transportation, accessibility, manufacturing capac-

ity, and craning limitation. Choosing which system to use shall depend on the project
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needs in terms of delivery time, budget tightness, and required level of quality. Further-
more, the capability of overcoming site-specific constraints mentioned above (Salama,
2018).

Lawson et al. (2005) studied the limitation of modular designs in family house building
and the results were focused on transportation barriers because of the nature of the
modular box in the three dimensions. Site assembly, craning, factory capacity, manu-
facturer and material selection were also placed as important factors that concern us-
ers of MMCs. Lawson et al. (2005) further reviewed the modular construction opportu-
nities and constraints considering market conditions, design standards and codes for

factory-manufactured components and site-assembled ones.

In their analysis (Lawson et al., 2005) gathered data on timber, steel, and concrete
modules and discussed the fundamental design features of each. The Concrete Cen-
tre, Steel Construction Institute, and UK Buildoffsite organizations provided this infor-
mation, which refers to international codes and design standards. These studies, on
the other hand, do not give a systematic technique for optimizing modular building
designs or for determining the degree of modularity amongst various modular units.
And that is the reason why many manufacturers have started to adopt hybrid construc-

tion to overcome some of the dimensions limits and the degree of modularity.

Due to the composite nature of hybrid construction, for example, traditional codes such
as “The American Iron and Steel Institute (AISI) code”, “The Canadian Institute of Steel
Construction (CISC) code”, “Eurocode 3: Design of steel structures,” and “The British
Standards Institute Steel code” that govern the structural design of cold formed steel
do not apply. As a result, further studies have examined the durability, serviceability,
and deflection by testing full-size module units to demonstrate how module arrange-
ment affects their properties. Transportation constraints also affect the layout of mod-
ules and panels, which may constitute some variances in the layout and size (Lawson
et al., 2005). And that is the reason the literature emphasizes on the necessity of de-
veloping a framework that takes into account the identified limitations, strengths, and

points of development to determine the optimum use of offsite construction systems.



46

3.4 Productivity Analysis

In (2011), McGraw Hill Construction conducted a study about the use of Modern Meth-
ods of Construction (MMCs) in order to assess the level and scope of use of prefabri-
cation, modularization and offsite technologies in construction. The aim was to analyze
how adopting digital transformation practices can influence the productivity of construc-
tion. The research has been on two parts. The first and primary one was through an
online internet survey to industry professionals, which received 809 complete re-
sponses. About the respondents, (64%) of them came from a contractor’s background,
(24%) came from an engineer’s background, and (12%) came from an architect’s back-
ground. (Fig 19) shows the exact percent of respondents in terms of their professional

background and their organization size.

Respondents by Firm Type Respondents by Firm Type
Source: McGraw-Hill Construction, 2011 Source: McGraw-Hill Construction, 2011

Contractor Small
B Engineer B Medium

Architect Large 32%

39%

64%

Fig 19: Respondents from McGraw Hill study
Source: McGraw Hill Construction (2011)

In addition to that, fifteen in-depth interviews were made to owners and developers to
gather detailed information about their perception of adopting prefabrication and mod-
ularization in their operations and how they see the impacts on productivity. Therefore,
the internet survey covered the contractor and consultant professionals, while the in-

terviews tended to cover the client's perspective.
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3.4.1 Project schedule

Time saving was one of the most commonly reported productivity benefits of using
MMCs, and that is according to its large financial payback. As per shown in (Fig 20),
more than two-thirds of organizations using prefabrication/modularization experienced
time saving in their project schedule with a range between one to four weeks. And 35%
of them experienced a time saving of four weeks or more (McGraw Hill Construction,
2011). The major reason behind the time saving is the ability to perform work simulta-
neously on-site and off-site as well. Moreover, enhanced coordination amongst differ-
ent project units, and less onsite staging, such as scaffolding, is frequently occurring,

which their assembly freezes time.

Total Impact of i Level of Decrease in Proj-ect.
Prefabrication/Modularization Schedule Due to Prefabrication/
Modularization

on Project Schedule

Source: McGraw-Hill Construction, 2011
Source: McGraw-Hill Construction, 2011 30% ’

[ Decreased 6% 66%: Schedule
Decreased By
No Change 20%
B Increased

10%

0%
L 1 Week 2 Weeks 3 Weeks 4 Weeks
or More

Fig 20: Impact on project schedule
Source: McGraw Hill Construction (2011)

Additional time might be spent at the beginning in the conceptual design phase due to
the extensive planning and the design freeze while coordinating the use of prefabrica-
tion and offsite made components. However, the time saved on site covers the design
freeze at the beginning and reduces the overall project duration. And interestingly, that
is the reason why slightly larger percent of contractors show interest than consultants.
Because of the intensive coordination in the conceptual design phase, particularly in
mega projects, consultants seem to be reluctant to adopt MMCs. On the other hand,
contractors are more likely to experience the gains of project time saving since their

involvement comes later in the project lifecycle (McGraw Hill Construction, 2011).
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3.4.2 Project budget

Since there is a time saving, there must be a cost saving as well because of the reduc-
tion in indirect cost finishing the project earlier than planned. In (McGraw Hill Construc-
tion, 2011) study, 65% of organizations reported a decrease in project budget by im-
plementing prefabrication and offsite construction methods. In which, 42% of the re-
spondents experience 6% or more of saving in budget as per (Fig 21). For a sector like
construction, where it is recognized by very tight profit margins, a relatively small sav-
ing can make a remarkable impact on the total project budget.

Total Impact of Level of Decrease in Project Budget
Prefabrication/Modularization 0% Due to Prefabrication/Modularization
on Project Budget >

Source: McGraw-Hill Construction, 2011

Source: McGraw-Hill Construction, 2011

[ Decreased

65%: Budget 20%

Decreased By

No Change

B Increased

10%

0%
- Decreased Decreased Decreased Decreased
1%-5% 6%—10% 11%-20% More Than 20%

Fig 21: Impact on project budget
Source: McGraw Hill Construction (2011)

The reasons behind cost saving is the ability to reduce onsite resources and facilities
like caravans, portable offices and toilets. Furthermore, decreasing the reliance on on-
site labors and avoiding the unnecessary overtime pay. Switching everything to fac-
tory-based components controls the process, enhances the operations, and reduces
the error margin. Several clients showed their interest in adopting MMCs because of
their guaranteed budget. They argued that conventional construction projects are most
of the time well-known by their budget increase due to change orders. So even if the
prefabrication option seems to be slightly more expensive at the outer frame, avoiding
sudden costs during the operations is of a great value, particularly for clients with tight
budgets like the public sector (McGraw Hill Construction, 2011).
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3.4.3 Site safety

For the construction sector and industrywide, improving safety continues to be a chal-
lenge. Offsite technologies address some benefits to solve that issue. In (McGraw Hill
Construction, 2011) study, over one-third of respondents (Fig 22) reported seeing an
improvement in their projects safety. The reasons behind this can be the reduced need
for workers on heights, such as ladders or scaffolding. Also, avoiding working in less
accessible areas and tight spaces. On the other side, almost 10% reported safety level
decreases. Their argument was that prefabricated modules are often large, and their

installation must be addressed carefully to avoid negative consequences.

Impact of Prefabrication/
Modularization on Site Saftey

Source: McGraw-Hill Construction, 2011

B Improved

No Change

. Reduced

Fig 22: Impact on site safety
Source: McGraw Hill Construction (2011).

3.4.4 Greener building

McGraw Hill Construction (2011) defines a green building as “a building constructed to
LEED or any other building standards, or one that involves numerous green building

strategies across several categories, including energy, water efficiency, resource
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optimization, and improved indoor air quality”. LEED certification stands for “Leader-
ship in Energy and Environmental Design”, and it is the most commonly used green
building rating system in the world. LEED is a framework designed to provide a health-
ier, highly efficient, and cost-effective green building. To achieve a LEED certification,
a project is evaluated by earning points that address carbon emissions, energy saving,
water efficiency, waste amount, transportation, resource optimization, health and
safety, and indoor air quality (UNGBC, 2021).

Prefabrication and modularization contribute a lot to greener building practices, most
significantly in terms of the reduction of construction waste, but also minimizing site
disturbance and protecting materials from severe onsite conditions, such as rains and
storms. The construction sector has a remarkable influence on the environment
(UNEP, 2021). The United States Environmental Protection Agency (USEPA) esti-
mates an annual average of 135 million tons of waste from construction sites that end
up in landfills in the US. This amount can be reduced through the adoption of offsite

technologies (McGraw Hill Construction, 2011).

Furthermore, Mackres (2020) argued that for industries to contribute to zero-carbon
energy emissions, there are three steps. First, optimize, by reducing energy demand
through improving operations. Second, electrify, by shifting energy demand away from
fossil fuel sources of energy to renewable sources of energy. Third, decarbonize, by
entirely shifting to zero-carbon operations in all aspects. This mirrors what the triple
strategy for decarbonizing the built environment stated for (UNEP, 2021).

e First, reducing energy demand.

e Second, decarbonizing the power supply (for example, through electrification),
which is shifting the operations demands from the use of fossil fuels such as oil,
coal, and natural gas to operations that depend on electricity as a renewable
source of energy.

e Third, addressing embodied carbon stored in building materials.

Taking this into practice, MMCs contribute a lot to greener building objectives, most
significantly in terms of waste reduction and energy efficiency, which addresses the
first two phases of the triple strategy. In (Fig 23), 76% of offsite construction technology
users in (McGraw Hill Construction, 2011) study reported a significant enhancement in
the materials consumption because of less waste produced. In which, 41% reported a
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decrease of 5% or more in waste. These gains are not only environmentally beneficial,
but also their financial payback is beneficial. Less waste is translated into cost saving
in ordered quantities of materials and accordingly higher profit margin. In this regard,
architects and engineers from consultancy firms experience the most positive returns
from a greener construction site because of their inputs in materials selection and ap-

plication.

Impact of Prefabrication/Modularization
on Amount of Construction Site Waste

Source: McGraw-Hill Construction, 2011

Decreased by o
More than 15% %

I Decreased
by 6%—15%

Decreased
by 1%—5%

B Stayed the Same
B Increased

Fig 23: Construction waste impact on green building
Source: McGraw Hill Construction (2011).

From another perspective, The Paris Agreement is “a legally binding international
treaty on climate change, to limit the harmful impacts of global warming and achieve
decarbonization in the building environment by 2050” (UNFCCC, 2022a). The agree-
ment was adopted by 196 countries in December 2015 and came into force in Novem-
ber 2016. The Paris Agreement works on a 5-year cycle plan of dynamically ambitious
climate action solutions made by countries. In 2020, countries were requested to out-

line and communicate their action plans towards climate change, known as “Nationally
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Determined Contributions (NDCs)”. In this regard, countries outline actions they will
take to reduce greenhouse gas emissions to meet Paris Agreement goals. Further-
more, countries communicate actions they take to build resilience against the rising
temperature and its impacts. In 2025, countries will be requested to transparently re-
port and evaluate the actions taken, and this will be assessed by a global committee.
This will formulate recommendations for countries to set more ambitious plans in the
next rounds (UNFCCC, 2022b).

The Paris Agreement is considered a landmark in the global climate change action
plan, as for the first time, a legally binding agreement unites all nations in a joint effort
to tackle climate change. In 2020, a total of 192 countries submitted their first NDCs.
In which, enhancement in the energy efficiency was the most frequently cited after the
use of clean sources of energy in the power supply. In terms of energy efficiency, the
building energy codes dominate attention. Building energy codes are basically a set of
regulatory guidelines that specify minimum energy efficiency requirements to assure a
reduction in energy consumption and emissions during the lifecycle of the building
(UNEP, 2021). However, the current coverage of these codes is not widely imple-

mented.
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4. Findings

As mentioned in the research methodology (Chapter 1.4), the author has decided to
adopt a qualitative research method with exploratory and explanatory approaches. And
in order to achieve the research objective, the author conducted in-depth interviews
with professionals from the industry with recognizable experience in construction man-
agement. Furthermore, it is followed by a case study about a student residence hall at
Queens College in New York.

4.1 Interviews with professionals

In the interviews section, the author has decided to follow a top-down approach starting
with the generic questions about the topic definition, followed by the driving forces of
change in the construction industry. Afterwards, started questioning about the barriers
of implementing MMCs, the critical factors contributing to an efficient implementation
of change management processes to MMCs in the construction market in Egypt, the
possible risks of adopting these methods, and at the same time, the possible opportu-
nities or returns in applying them. In the end, the author asked the interviewees freely
about their opinion about the most common change management models mentioned

in the literature, and how they see their validity in the construction market in Egypt.

4.1.1 Design of questions

It is worth mentioning that the questions given to professionals in the field were not just
guestions ended with a question mark. One of the limitations the author thought of is
the variety of angels the professionals may approach the questions with. Therefore, all
the questions were followed by a short description about the focus area the author
intended to further investigate. That is meant to guide the interviewees and help them
not to travel far away with their thoughts and also help the author to find answers that

serve the research objective.

The professionals first received the author’s proposal to participate in the interviewing
panel. Later, when they confirmed their availability, they received the questions by
email and were given from 7 to 14 days to further discuss the questions to make sure

they approach them from the same angle view as the author. Therefore, some of them
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returned back inquiring about few points shortly and some of them asked for further
clarification. After the given analysis time and when all of them confirmed they are
ready, the author started to schedule video call interviews with them taking into con-
sideration a time lapse of an average 2 days between each interview. The 2 days were
recommended in order for the author to be able to record down each interview outputs

separately, and not to interfere the results of each.

Following the top-down approach, which simply states that questions should start from
the generic view going deeper to further investigate the topic, the questions were listed

as follows:

1. How do you define the term “change management”?

2. What drives change in construction industry?

3. What are the limitations of implementing modern methods of construction (MMCSs)
in the Egyptian market industry?

4. What are the critical factors contributing to an efficient implementation of change
management processes to (MMCSs) in Egypt?

5. What could be the possible risks of adopting modern methods of construction
(MMCs) in the Egyptian market industry?

6. What could be the possible opportunities/returns of adopting modern methods of
construction (MMCs) in the Egyptian market industry?

7. How do you see change management models for adopting MMCs? Are they ap-

plicable to be implemented in Egypt?

4.1.2 Selection of Interviewees

While the literature has proven that change management insights are entirely valuable
for the organization to survive and evolve in a constant era of change, the author has
decided to link the change management insights with practical aspects that tend to
acquire the majority of project and corporate managers attention. Therefore, the author
has decided to focus on those 5 particular aspects: cost, time, quality, technical, and
scope. Why? Simply, because they are specific and measurable. And when it comes
to those aspects, managers are more likely to listen and adopt the recommended

change management practices.
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In addition to that, the author intended to interview professionals that match four crite-
ria. First, all professionals have an engineering degree. Second, they are all with more
than 10 years of experience and in a managerial level. Third, to a remarkable extent,
all the professionals compiled between various backgrounds; client or developer, con-
tractor, project manager, and consultant during their careers, which added some sort
of a variety to the information they shared. Fourth, all the professionals have been
exposed before to MMCs, either by directly working with it outside Egypt, or their cur-
rent companies branches in Egypt are implementing it outside and soon planning to
expand in Egypt. Having these criteria allowed the author to establish a reliable data-

base, on which he later built his analysis upon.

For the scope aspect; Mohammad Yousry was chosen. It is worth mentioning that
Yousry is currently a Project Manager in ASGC Egypt, one of the leading construction
companies in the Middle East and North Africa (MENA) region. Furthermore, Yousry
has more than 17 years of international experience, having worked before in Algeria,
Saudi Arabia and Egypt in various project types. In addition to that, Yousry is a Project
Management Professional (PMP) certified since 2016, and he recently had his Master
of Business Administration (MBA) degree in 2021.

For the cost aspect; Ahmed Mohey was chosen. It is also worth mentioning that Mohey
is currently the Budget and Cost Control Manager of ASGC Egypt branch. Mohey has
more than 12 years of professional experience working in multinational firms in several
construction areas ranged from residential, commercial and infrastructure. Further,
Mohey started his career as a site engineer for quite long time, so he compiled the site
experience with the managerial aspects. In addition to that, Mohey is a learning and
technology passionate; he had his master's degree in construction management in
2016, he is a certified PMP since 2016, International Project Manager Associate
(IPMA) since 2020, and he recently had his MBA degree in 2022.

For the time aspect; Abdelrahman Afify was chosen. Afify is currently the Senior Pro-
jects Control Manager in Marakez Group, the leading mixed-use developer in Egypt,
and spanning across the Middle East, North Africa, Europe and USA. It is worth know-
ing that Afify has an ever-growing portfolio of working in commercial and residential
projects for more than 14 years in different backgrounds. His experience varies be-
tween working as a contractor, consultant, project manager, and recently in a real es-

tate development company. Moreover, Afify had his master’s degree in construction
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management in 2014. In addition to that, Afify is a professional planner that always has

valuable insights when it comes to complex schedules for mixed-use projects.

For the quality aspect; Mohammad Abdelaziz was chosen. It is worth mentioning that
Abdelaziz now is the Co-Founder and General Manager of NCGC, a dynamically grow-
ing construction company in Egypt, which he cofounded with his partners recently in
2019. Abdelaziz has previously held the position of Quality Control Manager in multiple
international corporates and has worked in several project types ranging between res-
idential, commercial, infrastructure, and industrial projects, which are well-known by
being complex ones. Abdelaziz is currently planning to expand his business to take

projects in the MENA region.

For the technical aspect, Michel Saad was chosen. Saad is currently a Technical Office
Manager in ASGC Egypt, and he compiles more than 18 years of experience working
on a wide spectrum of complex projects ranging from residential, commercial, admin-
istrative and Infrastructure. Furthermore, during his career, Saad has worked in multi-
national reputable companies from different backgrounds; client, consultant and re-
cently contractor. In addition to his technical skills as a BIM expert, he has strong pro-

ject and team management skills.

4.1.3 Discussions

The interviews started by providing a short overview about the author, the scope of
research, MMCs categories, and finally the purpose of the research. Then, the author
gave the space back to interviewees to talk about themselves and wrap up their expe-
riences in a few sentences. The interviewees started talking about their current job
positions, shared their past experiences in a glance, and briefly mentioned their edu-
cation level and background. Afterwards, the author took the lead in directing the ques-

tions and taking notes on them.
1. How do you define the term “change management”?

When Yousry was asked to define the term “change management”, he directly referred
to five phases that need to be defined beforehand in order to reach a proper definition
of change management. First, identify where the company is now. Second, identify
where the company wants to be. Third, develop a game plan. Fourth, assign the ap-

propriate resources accordingly. Fifth, track and monitor. Afterwards, he defined the
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change management by “the transition that happens to organizations to move from a

current state (A) to a future state (B) with intended business needs”.

As for Mohey, he had his own definition ready in his mind about change management.
He referred to it as “an organized, integrated, structured procedure of strategic plan-
ning for transformation of individual, groups, and organizations, to achieve a certain
target needed for evolving and standing a better chance in the market”. He further
continued that the change has to be aligned with the company’s vision and its mission

to achieve so. Otherwise, these terms have to be redefined before.

For Afify, he answered that question by referring to the reason behind change, which
he claimed it is either by expansion of business, implementing new ideas, technologies
or a change in management. Afterwards, he defined the change management that
happens to organizations as “the strategic plan you develop in order to pass through a
transition phase”. Further, he argued that for the strategic plan to be successfully im-
plemented, it has to be well planned, clearly communicated and achieving a business

benefit for individuals, groups and organization.

Abdelaziz defined change management as “a strategic, planned, structured approach
that organizations adopt in order to intentionally pass through a transformation phase”.
Abdelaziz further explained that within the process of change, some terms have to be
redefined and oftentimes adjusted. Terms like; strategy, vision, mission, culture and
organizational chart. And that is in an attempt to give a meaning to the future state the

company is moving towards.

For Saad, he defined the change management as “the strategic approaches an organ-
ization decides to adopt in order to manage a transition phase, which expected to serve
its business needs”. Saad emphasized on the point that communication is highly effi-
cient for any transformation to take place. And further he mentioned, the benefits have

also to be communicated on individual and organizational level.

2. What drives change in construction industry?

The concept of the need to change in the construction industry is usually driven by
factors residing within the construction company itself and factors emerging from out-

side (McKinsey Global Institute, 2017). That is what has been said to professionals
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explaining the question. Then, the author asked them to think of the driving factors that

could spark a change in the construction market in Egypt.

When Yousry was asked about the factors that drive change in the construction indus-
try, he argued that we first need to do a SWOT analysis (Fig 24) in order to identify our
strengths and weaknesses, which represent “the internal factors” and to get a figure
about our opportunities and threats which represent “the external factor”. By scaling
the events and placing them into the 4 pillars of the SWOT analysis, it helps us take
advantage of our strengths, develop our weaknesses, carefully benefit from our oppor-

tunities, and mitigate our threats as much as we can.
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Fig 24: SWOT Analysis quarters
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Yousry continued; for the internal factors, primarily, they are laid in productivity losses,
operational inefficiencies, and the gap between planning and reality, which often leads
to time delays and cost overruns. For the external factors, Yousry claimed that the
major driving force is the very competitive market and the unstable circumstances in
Egypt leading to market and currency devaluation. Afterwards, he mentioned about
Porter’s 5 forces, which is a business analysis tool that seeks to know your position in
the market and accordingly gives a figure about the industry trends and where you are.
Porter’s 5 forces explained in (Fig 25) states that by identifying the power of suppliers,
power of customers, threats of new entrants, substitutes or services provides a foun-
dation for a strategic agenda of action. Along with the SWOT analysis, they spot the
light on areas where strategic changes may have the greatest return, and highlight on
industry trends which are promised to acquire the major significance either as oppor-
tunities or threats (Porter, 1979).
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Fig 25: Porter's 5 Forces Framework
Source: Porter (1979) in Harvard Business Review.
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Mohey also referred first to the SWOT analysis, claiming that it will map out the four
major aspects you need to build your analysis upon. He further argued that you have
to perform TOWS analysis, which is the extension of the SWOT analysis but attempts
to link strengths with opportunities, strengths with threats, weaknesses with opportuni-
ties, and weaknesses with threats, as per (Fig 26). Afterwards, you build your analysis
with a goal in mind to link your strengths and weaknesses, which you can control, to

work in your favor of taking advantage of opportunities and mitigating the threats.
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Fig 26: TOWS Analysis

Mohey further continued; in his point of view, the major factor driving a change in the
construction in market in Egypt was the poor cash flow and low productivity rates. For
the first, he claimed it is the reason of publicizing the investment to public authorities,
which are well known by their payment delays. For the latter, he approached it as a
global issue that face construction all over the world, which was supported by (McKin-
sey Global Institute, 2017).

For the external factors he referred to PESTEL analysis (Fig 27), which seeks to study

the key external factors that influence an organization. It can be used in a wide range
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of scenarios, when a strategic decision is needed. In this context, Mohey reflected on
the construction market in Egypt and shared his concern about the economic and po-
litical aspects; the decisions made recently to decrease the imports, which will drive
innovative insights in the manufacturing sector. Further, and for the social aspect, if
that is fitting the level of education and awareness of people. From a technology stand-
point, there is a shortage, which may drive a change, but first the infrastructure problem
has to be solved. At the end, he also emphasized on the increasing global competition

in general and in MENA region in particular, which must drive contractors and investors

to add value.

< Government

% Corruption

“ Taxes ™

Political
% Antitrust % Growth
< Trading Laws Eco- < Inflation
% Consumer ——— Legal nomical % Interest rate
Law o

% Climate “» Age
* coz Environ- Social % Health
< Pollution mental o

Lifestyle

*,
'.. e

Technical

. < Innovation

“ Automation
% R&D

o
...

Fig 27: PESTEL Analysis

Afify approached that question quite differently and more in a dynamic way. When he
was asked about the factors driving change in the construction market in Egypt, he
claimed that there are two types of change in the Egyptian market; confined change
and market change. For the confined change, he argued that it is evident, from state
A to state B, most likely everyone knows what they are going through or what is re-
quired with the facilitation of change agents. Further, he gave the example of that few

years ago, many companies in the real estate industry were focusing only on one type
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of building; residential, commercial, or offices. When the need for mixed-used buildings
started to grow, they realized that they needed to change, and the change was, to an
extent, definite. They needed to train and educate engineers on how to integrate and
adopt the mixed-use design and implementation in order to cope with the demanding

need for mixed-used direction and to satisfy clients’ requirements.

Afify continued; for the market change, it is not totally clear. More of like trial and error.
At that point, he referred to the common executive module of management in Egypt
and worldwide adopted. We have a client for a development project. The client brings
a project manager for taking care of the managerial scope of work and a consultant for
supervising the construction works that the contractor is performing. Later on, there
was a growing need to handle the PM works by the client and deal only with a consult-
ant and a contractor, which represented a change in the developers and stakeholders
interests. At the end, he summarized “there are many capable contractors and inves-
tors to take up the work, but the global competition is forcing everyone to add a value

to their works. The value could be in adopting MMCs”.

As for Abdelaziz, he instantly referred to the external factors mentioning some very
interesting points. First, he argued about the variant market demands which force con-
struction companies in Egypt to change their directions to cope with the growing new
demands. He mentioned the example of the growing direction to the agricultural recla-
mation in Egypt, which is currently forcing construction firms to further investigate this
field and expected to shift part of their business from residential, commercial, adminis-
trative and industrial to the infrastructure of agricultural reclamation. Second, he re-
ferred to the newly issued laws and regulations which would also affect the industry.
At the end, he expressed his concern about the less access to building materials and
products, which remarkably affects the project delivery time and cost.

Abdelaziz further continued; for the internal factors, he also mentioned some very prac-
tical and interesting points that reflect the current construction market in Egypt. Primar-
ily, he referred to the poor financial cash flow that happens to most of the contractors.
And that is due to the delay of invoices payments from the client side, particularly the
public ones, which are currently dominating the market and expanding in building new
cities. Second, he mentioned about the relatively low production rates. He expressed
his opinion about this point, holding the comparison between self-performing and sub-
contracting, mentioning the advantages and disadvantages of each. And that you may
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need to go for subcontracting for resource optimization and relatively guaranteed pro-
duction rates. Third, he argued about the extension in business direction to expand in

a new scope.

For Saad, he argued that the primarily the major driving forces are external. Yet few of
the internal forces can spark a change. For the internal forces, he referred to the low
productivity rates, the excessive waste of materials in construction sites, the poor cash
flow and the small profit margin. For the external forces, he instantly referred to the
competitive markets which drive clients and contractors to adopt MMCs for their sur-
vival. Further, he mentioned about the new laws and regulations which contribute to
fluctuation of the market. At the end, he also mentioned that one of the major driving
forces is the change of developers and/or stakeholders interests and their attempts to
invest in the proposed plans.

3. What are the limitations of implementing modern methods of construction

(MMCs) in the Egyptian market industry?

When Yousry was asked about the barriers of implementing MMCs in the construction
market in Egypt, he referred to many factors that could counter the adoption of such
methods, but they primarily relate to the culture and the industry mindset. He argued
that construction projects are unique, specific and non-repeatable, so it is hard to
standardize. Further, he mentioned the potential higher initial cost compared to tradi-
tional methods. In addition, according to the industry mindset and considering the
Egyptian market, which involves a lot of changes from stakeholders, people tend to
prefer paper system to save their rights, assuming that they can claim on whatsoever
recorded and signed on papers. Moreover, the less tolerance for late design changes

after issuance for manufacturing.

In this regard, Mohey referred to some points majorly instilled in the culture. First, he
referred to the relatively slow pace in adopting new technology in the construction sec-
tor in general and in Egypt in particular. He further explained that the reason behind
this is the poor infrastructure networks in Egypt in terms of fiber optical cables and
security, which affects the internet connection in distant areas. Second, he referred to
the current direction of publicizing the majority of work, which represents a challenge

convincing the public authorities about MMCs. The fact that the public authorities are
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often cautious and less encouraged to innovate. At the end, he expressed his concern
about the suspicion of meeting stakeholders expectations when newly deploying
MMCs.

For Afify, he referred to few points in different directions. First, he also referred to the
poor infrastructure, particularly in internet connection, which leads to a reluctance from
investors about proposed MMCs implementation plans. Second, the end-user heritage,
which treats the building as a lifelong asset. And since the life cycle time for most of
MMCs are relatively less than conventional methods and requires regular mainte-
nance, they do not lean towards them. It is worth mentioning here that the maintenance
culture is not quite common. Third, he emphasized on the point that the industry is
dynamically changing in all of its lifecycles. As for the MMCs, he argued that they limit
the late design changes and are less flexible. At the end, while he believed in the im-
pact of these methods for a greener construction, he said that “there is no bonus/en-
couragement from the government to adopt MMCs, which can also second the lack of

investment in proposed MMCs plans”.

As for Abdelaziz, he answered that question by remarkably referring to the mindset of
the industry in general and cultural problems in particular. He justified his point by
mentioning the low IT integration in the industry in a general context. And further in
particular, the limitation of heights in Egypt in flying drones, for example. And the paper
system, which is deeply rooted in the culture, making people adopt the belief that
signed papers in hand save their rights. Second, he argued about the inflexibility of
MMCs for late design changes compared to on site assembling. At the end, he referred
to the relatively fewer codes and standards available for such methods, which clarify
the reason behind the limited capacity of existing MMCs manufacturers.

For Saad, when he was asked about the barriers of implementing such methods, he
highlighted on the inflexibility of prefabricated, pre-assembled and factory-based com-
ponents for late design changes. He further explained the nature of construction indus-
try that it is dynamically evolving and fragmented, so it is quite hard to change the
mindset to premade elements. Moreover, he referred to the unwillingness of the man-
ufacturers and/or suppliers to innovate or change to MMCs. At the end, he argued

about the lack of experience and the shortage of skilled labors in MMCs.
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4. What are the critical factors contributing to an efficient implementation of

change management processes to (MMCs) in Egypt?

When Yousry was asked about the critical factors contributing to an efficient imple-
mentation of change management processes in Egypt, he argued that there must be
a link between the change and the business need of the company, and this has to be
translated in a practical manner. Furthermore, people will not buy in unless they realize
that change is beneficial, so a lot of training and communication is needed in such case
to blend the mindset and convince them. Moreover, Yousry emphasized on the point
that you cannot implement drastic changes at one time. It has to be planned to occur

in particular timeframes and sequential.

Mohey found this question interesting saying “the majority of clients in Egypt are look-
ing for instant results as much as they can, and here lays the problem”. He further
explained one of the most efficient strategies to implement MMCs in Egypt is to assign
a proper budget for Research and Development (R&D), which would allow the com-
pany to invest time and money without waiting for an instant return, and that shall in-
fluence efficient implementation for MMCs. Second, he referred to the planning aspect
in terms of time and cost. The transition phase to adopt MMCs has to be well studied,
and the benefits have to be represented in a time frame. Third, he referred to the ne-
cessity of establishing proper communication channels between individuals, teams and
stakeholders, in which the objective of the desired change is communicated clearly to
everyone. At that point, he emphasized on linking the change objective to the organi-

zation’s vision. If not, change the vision first and redraw the plan.

For Afify, based on his background on planning, he instantly referred to the time factor.
He argued that the change has to be reasonably planned in an appropriate timeframe.
In that regard, he mentioned that you first need to state your case. Second, list the
steps you need to take in a timely manner. Third, set and clarify your change project
goals. Fourth, which he emphasized on it, test your argument with those who are con-
cerned with change and make sure to establish transparent communication channels.
Fifth, identify critical milestones which will soon become benchmarks. At the end, de-

velop an action plan that brings the change to life.

Abdelaziz responded to that question mentioning some practical aspects about the

subject. Initially, he referred to the necessity of communicating the benefits of change
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to individuals, groups, and stakeholders. Further, he mentioned about planning the
change. And in that point, he referred to two aspects; First, choosing the right time of
change. Second, setting benchmarks to measure the change periodically. He claimed,
in a data-driven world, people tend to measure success by numbers, and while that
may sound hard to be implemented in a transition phase, you have to invest as much
effort as you can trying to quantify the outputs. Most commonly; in terms of time and
cost. At the end, he emphasized on the senior leadership commitment to support the

change and move it forward.

For Saad, he had four interesting insights in mind. First, he also referred to the top
management support in guiding the change movement, which he claimed the most
critical factor. Second, he mentioned about the necessity of recruiting change agents
that their roles are to lead, guide, and facilitate any barriers to an efficient implemen-
tation of change processes. At this point, Saad emphasized that those change agents
have to be powerful; in terms of, titles, expertise, relationships, business knowledge,
and reputation, which was supported by (Kotter, 1995a). Third, the need of establishing
proper communication channels between stakeholders, individuals and departments
within the organization. Doing so facilitates the updates, expertise and information ex-
change being delivered in a timely manner across everyone involved. Fourth, training
and development to overcome the lack of experience and the shortage of skilled labors
in MMCs.

5. What could be the possible risks of adopting modern methods of construc-

tion (MMCs) in the Egyptian market industry?

When Yousry was asked the possible risks of adopting MMCs in the construction mar-
ket in Egypt, he first referred to communication and data transfer difficulty, and that
may lead to project delays due to the fact that people are not entirely familiar with these
methods. Second, he referred to the expected higher cost compared to the traditional
methods, if not implemented properly. Third, he mentioned about the challenge of con-
vincing all the stakeholders and meeting client’s expectations. At the end, he also em-
phasized on the point of considering the risk of not making a change and how does

that appeal to you in terms of business survival.
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For Mohey, again he referred to factors mainly instilled in the culture. First, he referred
to the culture mindset of people that when a new technology is implemented, that would
replace the human element. And that is why manufacturers are quite resistant to digital
transformation. Second, he argued about the evaluation of MMCs claiming that there
is a lack of quality assessment manuals and standards. At the end, he expressed his
concern about the poor infrastructure networks in Egypt in terms of security and fire-
walls, which represent a significant fear of integrating larger percent of IT in the con-
struction sector, particularly in the distant areas and the new cities built.

In this regard, Afify had some interesting thoughts in mind. He claimed that MMCs are
imported from abroad, so there is a possibility of failure according to environmental
conditions. He clarified his claim by mentioning that “we have a problem in after sales
services in Egypt. That is why we always try to minimize the maintenance and lean
more towards long lead lasting products”. Further, he explained that MMCs generally
require frequent maintenance, renovation or refurbishment. Moreover, the fact that
Egypt is quite behind in cyber security and IT systems makes people quite reluctant to
digital transformation. At the end, he expressed his concern about two points. First, the
possible license permit approvals and how challenging could be, considering relatively
fewer codes and standards available for such methods. Second, the little potential of

longer time at the beginning due to the design freeze.

As for Abdelaziz, he responded to that question be simply saying “any of the barriers
mentioned above can turn into a threat if not properly taken care of’. Afterwards, he
also expressed his concern about the lack of quality assessment tools and accredita-
tion for MMCs. He further explained that often components of MMCs are relatively light
in weight, which might lead to the classic assumption that they are less durable, lower
in quality, and may require regular renovation. Therefore, considering the mindset of
the industry and the fluctuated market conditions in Egypt, many manufacturers and
suppliers become reluctant to innovate or change to MMCs. Furthermore, he ex-
pressed his concern about the lack of experience and skills which may result in nega-

tive outputs.

For Saad, he focused on two main points he argued they are critical. First, the suspi-
cion of meeting client’s expectations, the fact that these methods are quite new to the
construction industry. Second, the potential higher overall cost compared to conven-
tional methods. He justified this point by saying; at the beginning, you need to establish
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the factory, buy or rent the machinery, purchase all the relevant materials, build the
system and train skilled labors on these methods. Furthermore, due to a fluctuating
market demand, manufacturers tend to raise the prices to cover their overheads and
pay their labors. On the other hand, in traditional methods, overheads occur only when

construction takes place.

6. What could be the possible opportunities/returns of adopting modern meth-
ods of construction (MMCs) in the Egyptian market industry?

When Yousry was asked the possible opportunities/returns of adopting MMCs in the
construction market in Egypt, he instantly referred to the potential time saving due to
the short cycle of operations. The movement to industrialize all construction compo-
nents and switch them to factory-based would save a lot of time. The traditional meth-
ods of cast in place are not only time consuming, but leave a lot of waste and defects
which badly affect the environment. On the other hand, the modular building allowed
us to see additional details which in turns enhanced our decision making. Moreover,
the paperless system and industrialized constriction contribute a lot to turning the con-
struction industry into a sustainable sector and making it environment friendly. Further,
the digital transformation in inventory, procurement and materials tracking system
helps in optimizing the resources required. At the end, Yousry argued that digitalizing
the process would significantly influence the outcome, which would allow the adoption

of green building operations.

Mohey answered that question by pointing out few interesting points. First, he referred
to significant waste reduction from implementing MMCs. The fact that they are factory-
assembled contributes a lot to having a sustainable industry. He further explained it
from the waste management hierarchy triangle, which is fundamental to businesses to
understand, as it explains the procedure of waste management from the most desira-
ble to the least significant. As per (Fig 28), the hierarchy shows that (prevent and re-
duce) are the first two most desirable phases to waste management. His argument
was controlling the process from the beginning. From the first line production, the pro-
cess is clean. Further, he shared his opinion that the rest of the phases are actually

not too practical when it comes to construction. If we could not control the process from
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the beginning, we would jump to the disposal phase, which is safely dumping the waste

to landfill. And that is the least desirable end of pipe solution.

® Prevent

Reduce

Dispose,

Fig 28: Waste Management Hierarchy
Source: Axil (2018)

Mohey continued answering the question, by also referring to the potential time saving
from efficient implementation of MMCs. He further explained that MMCs components
can be simultaneously manufactured while assembling on site elements. At that point,
he mentioned the example of casting the foundation at site while preparing the super-
structure components in factory. In addition to the time saving, real-time updates are
provided about construction status between stakeholders. Moreover, he pointed out
that the construction market in Egypt is not saturated yet in terms of technology, so
there is a room for innovation. And due to the global competition, clients and contrac-
tors have to consider other aspects rather than the financial payback. One of them
could be the environment, which can also run a profitable business, but differently.

In this regard, Afify instantly referred to the significant reduction in waste because of
less human interaction, and most of the elements are factory-assembled. And in fac-
tory, there is proper monitoring and control. Furthermore, he referred to the insulation
benefits of MMCs. He argued that the conventional methods of construction brought



70

poorly heat-isolated buildings, which consume a lot of energy during summer times to
cool them. And for these two points, the reduction in waste and energy saving solutions
must have a remarkable influence on the adoption of sustainable construction in gen-

eral and a green building in particular.

Afify continued talking about the potential market opportunities from a construction
standpoint; he referred to the significant growing need of awarding recent projects to
design and built contractors, which leave the room to contractors to innovate and make
the choice of MMCs, as they are not dependent on an external designer. Further, he
referred to the increasing competition between contractors and market inflation, which
opens the door for contractors to look for alternatives to save time, cost and achieve
better quality. And in this regard, the MMCs appeal the most to them. At the end, he
expressed his opinion about that the construction market in Egypt is not saturated yet,
and that leaves the room for investors to think of digital transformation from different

points of view.

For Abdelaziz, when he was asked about the possible opportunities/returns of adopting
MMCs in the construction market in Egypt, he instantly referred to the significant re-
duction in waste. He argued that conventional methods of construction leave a lot of
waste behind, yet having a digitalized system for inventory tracking the materials con-
sumption and monitoring their assignment helps us work better towards optimizing our
resources. Further, he mentioned that MMCs contribute a lot towards adopting sus-
tainable construction. The fact that everything is monitored and censored in the build-
ing makes the energy consumption relatively lower than the traditional methods. More-
over, he saw the factory-based components being lightweight as an advantage to the
construction building. At the end, he shared an interesting point of view ‘| see that the
survival and success of any company in today’s data-driven world, is by how much
data a company can gather about an issue. The data can be in various forms; could
be numbers, figures, shapes, or drawings. And that remarkably enhances the quality
of decision making”. It is worth mentioning that one of the MMCs advantages is provid-
ing extra details, which contribute much to enlarging the image and accordingly influ-

ence the decision making.

For Saad, he referred to some interesting points about the possible opportunities/re-
turns to adopt MMCs. First, mitigating the risks in health and safety from a human
standpoint, since the MMCs are primarily factory-based, and in factory a lot of safety
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regulations are considered. Second, in case of a stable demand, the running cost of
MMCs would be relatively low compared to traditional methods, so he argued about
the advantages of MMCs in large enterprises. Third, significant waste reduction by
having a proper monitoring and control over materials through a digitalized system.
Fourth, he claimed that adopting MMC would lead to an energy-efficient building by

optimizing the needed resources, which have a major environmental impact.

7. How do you see change management models for adopting MMCs? Are they

applicable to be implemented in Egypt?

In this regard, professionals were introduced briefly to change management models in
the literature and the idea of having a structured framework to guide through the adop-
tion of a new technology, introducing an innovation plan, or implementing a new sys-
tem. It is worth mentioning that most of them were familiar with Kotter (1995b) 8-steps

change management model.

When Yousry was asked about the change management models and how they are
applicable to be implemented in Egypt, he answered, “the attempts to implement se-
guential steps in a construction company in Egypt is quite hard. It is, however possible,
but you have to be prepared for loads of resistance, and that is culture-related”. He
further argued that the change needs to be highly supported from the top management
or executives within the company. For the models, they could work as guidelines, but

you have to tailor them according to what is suitable to your organization.

As for Mohey, he saw the change management models valid. He argued that even if
the points mentioned are from a global spectrum, they spot the light on real issues that
face organizations. He also expressed his concern about the sequential flow of them
to be implemented in the construction industry. But again, he argued that having guide-
lines would facilitate the process of measuring progress and setting realistic milestones
to achieve. Moreover, he clarified that you could use several models during your anal-
ysis and even customize one for yourself. At the end, he mentioned that the application
of these models can expose the company to some deeply rooted issues that they are
not aware of. At that point, test your assumptions again, and redefine the models inputs

and area of concerns.
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In this matter, Afify could not strictly say if they are beneficial and could be implemented
in Egypt. Yet, he argued that “whether you decide to use them or not, they need to be
customized upon your analysis”. Meaning that, their terms have to be redefined and
shaped according to your company’s position in the market and its business need.
Further, he expressed his concern about the market statistics problem in Egypt. Some-
times, when you want to find some data about certain topics, you might face some
issues about the reliability of the sources, as you hardly can find official references.
Therefore, his recommendation was to take these models and do your market research

properly to find benchmarks for the terms defined.

Abdelaziz saw the change management models as beneficial frameworks that could
be implemented in Egypt. Yet, you have to redefine their inputs and outputs according
to your type of change. Abdelaziz argued that, considering the market conditions in
Egypt, the most practical change management model would be the one based on sim-
ulations; trial and error model. By assuming scenarios, identify critical points of action,
set a time frame, measure progress periodically, and see how far you are from your

desired future point.

For Saad, he also saw the change management models as beneficial guidelines and
strategic frameworks that could be implemented in Egypt, yet the variables have to
change according to each company’s conditions and business strategy. Therefore, his
point was to develop a particular framework for the feasibility of implementing any of
these models. You may need to adjust it according to your business interests and the

organization culture.

4.1.4 Analysis (concluding thoughts)

In this chapter, the author attempted to analyze what has been discussed before with
professionals in order to assess the viability of implementing MMCs in Egypt. The au-
thor listened to professionals arguments and took notes of them. He elaborated points
that were not fully clear to professionals, and here is the final output combining the
opinions of five professionals residing in the Egyptian market from different back-
grounds that stand for reputable organizations, strong project management skills and
high level of academic achievements. The questions will be listed in order, and analysis

will follow.
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1. How do you define the term “change management”?

In this regard, the author noticed that there are some common keywords among all
the professionals in their shared definitions. Terms like “strategy”, “planning”, “integra-
tion, “control”, and “system” are most commonly used to define change management.
Therefore, the author developed his own definition as “An integrative, structured,
planned, and comprehensible approach for transforming individuals, groups and or-
ganizations from a current state to a future desired state, with the goal of achieving
better business benefits”. It is worth mentioning that in this regard, five important

phases have to be well defined for a successful implementation of change.

e Identification of the current state of the company.

¢ Defining where the company wants to be in the future.
e Developing a game plan.

e Assigning the appropriate resources accordingly.

e Tracking and monitoring.

The first two phases involve investigating the current situation and verifying the need
to change with a proper assessment of the challenge. In the third phase, goals and
objectives are now clear. It is time to involve the technical experts with the change
implementers and stakeholders to develop the plan, which must be signed off and
agreed upon by the top management before moving into the action phase. In the fourth
phase, the need for the change is defined, and the plan is agreed on. Now is the time
for action, which involves assigning the appropriate resources based on the plan de-
veloped. In the fifth and final phase, it is very important to establish a feedback system
which allows replanning if something goes off. Further, engaging everyone in the

change and instilling it in the normal operations.

2. What drives change in construction industry?

In this regard, the author intended to divide the need for change into internal and ex-

ternal factors.

For the internal factors, primarily, they are laid in low productivity rates which has been
communicated by all professionals in the industry and supported by (McKinsey Global

Institute, 2017) study about productivity rates globally with classification of the
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countries leading, countries lacking behind, accelerators, and laggards. From (Fig 29),
we see that while Egypt's construction sector is lacking behind, it is accelerating, and
the sector productivity growth exceeds the total economy. One significant factor caus-
ing the poor productivity in the construction sector is the relatively slow pace in adopt-
ing new technologies compared to other industries. The fact that each construction
project is unique in specification, method of delivery, schedule, budget, and stakehold-

ers can make the task of adopting a new technology harder.

Other factors has been mentioned such as, operational inefficiencies, small profit mar-
gin of construction projects so there is less room for risks, and poor cash flow, which
results from publicizing the biggest share of investments to public authorities who are
dominating the market, expanding in building new cities, and well known by their pay-
ments delay. Also, the less access to building materials and products recently, which

is expected to drive the need for manufacturing everything in-house.
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A small number of countries have achieved healthy productivity levels and growth rates
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Fig 29: Construction labour productivity growth rates
Source: McKinsey Global Institute (2017).

For the external factors, there are many drivers that have been communicated by pro-
fessionals. First and most importantly, the increased competitive markets that force
developers to innovate and contractors to adopt modern methods of construction. Sec-
ond, the change of stakeholders and/or developers interests upon the variant market
demands, which require construction companies in Egypt to change their directions
and business plans to cope with the growing new trends. Third, the media reports on
success factors of other fellow organizations which promote for different management
operation styles. Fourth, newly issued laws and regulations which may impose instruc-
tions that drift the current direction. Fifth, unexpected economic crises that result in

currency fluctuation and market instability.
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3. What are the limitations of implementing modern methods of construction

(MMCs) in the Egyptian market industry?

In this regard, most of the professionals agreed on a few factors that limit the adoption
of MMCs in Egypt and seconded it with specific market-related examples. The author

has grouped them under five major elements.
¢ Mindset of the industry referring to cultural problems

The majority of MMCs forms are basically imported and new to the Egyptian market,
and they have recently been considered as alternatives to conventional methods of
construction, which clarifies the reason behind the lack of innovation incentives from
companies to MMCs. Furthermore, offsite construction frequently requires effective
communication and collaboration between all parties involved throughout the whole
project to guarantee that deliverables are manufactured on time and as requested.
Nevertheless, the fragmented nature of construction sector makes it more difficult for
collaborating effectively and standardizing MMCs designs

e The less tolerance between factory-based components and on-site assembled

In traditional methods of construction there is a chance to step back in the design
phase and make modifications. However, in the MMCs once the components are is-
sued for manufacturing, there is no chance for modifications, and any design changes
occur afterwards may influence how these different modules will fit in together on site.
Therefore, the MMCs appear to be not suitable for late design changes due to their

inflexibility.
e Transportation and logistics issues

Most of the modules and components of MMCs are large in size, which requires special
treatment in shipping, loading and unloading, storage, and assembly. In addition to
that, transportation to distant areas may still be a challenge and an expensive option
due to the poor infrastructure road networks. Furthermore, craning limitations in terms
of height and weight, which may slow down the assembly process. Therefore, the em-
phasis on this point was on site-specific constraints, like access, transportation, and

space limitations.

¢ Relatively fewer codes and standards available
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Since MMCs are still considered recent innovations worldwide, there are relatively
lesser codes and standards available for them. And accordingly, there is a lack in their
quality assessment tools and evaluation, and a standardized code is yet to be devel-
oped, which continues to be a challenge for industry authority bodies to include them
in their future planning regulation. Furthermore, these reasons clarify the limited market
demand, and the unwillingness of manufacturers and suppliers to innovate or change
to MMCs.

e Lack of experience and shortage of skilled labors

The manufacturing of MMCs modules at the factory and precisely assembling them on
site requires high level of skilled labor. And the fact that MMCs are recent innovations
to the Egyptian market represents a challenge in adopting them. Moreover, since in-
dustry professionals and skilled labors have not been exposed to MMCs before, they

have little to no experience in working with them.

4. What are the critical factors contributing to an efficient implementation of

change management processes to (MMCs) in Egypt?

First and foremost, all professionals in this context agreed on the necessity of estab-
lishing appropriate communication channels between individuals, teams and stake-
holders, in which the objective of the desired change is clearly communicated to eve-
ryone and linked to the organization’s vision of innovation and business plan. Further
in this regard, the question of “what is it for me?” has to be answered. Second, planning
the change with measurable milestones and benchmarks, which has been broken
down by Abdelrahman Afify during his interview into 5 steps (refer to chapter 4.1.3
Discussions). Third, assigning a proper budget for training and development, which
would allow the company to invest time and money without waiting for an instant re-
turns, to overcome the shortage of skilled labors in the MMCs field. Fourth, recruiting
change agents to lead, guide and facilitate the transition phase barriers. Those change
agents have to powerful in terms of; titles, expertise, relationships, business
knowledge, and reputation, as per emphasized by professionals and supported by
(Kotter, 1995a).
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5. What could be the possible risks (threats) of adopting modern methods of

construction (MMCs) in the Egyptian market industry?

In this regard, the risks in terms of threats have been analyzed, with all market-related
views from the industry. The risks are listed below in solid points with further explana-

tion:
e The lack of quality assessment tools and evaluation

The relatively fewer codes and standards existing for modularized components makes
the quality assessment and accreditation for such elements a hard task, which may
result in some challenges in convincing the authorities to implement. Furthermore, the
suspicion of meeting clients’ expectations. However, this is recently getting better after
MBI's agreement with the ICC in 2017 to work on guidelines and standards for the

modular industry. But a code is yet to be developed.
e The potential higher overall cost compared to traditional methods of construction

There is still a debate about the potential advantages of MMCs in terms of cost. And
the argument is that at the beginning, a factory needs to be established, buy or rent
the machinery, purchase all the relevant materials, build the system and train skilled
labors on these methods. And considering a fluctuating market demand in Egypt, man-
ufacturers tend to raise the prices to cover their overheads and pay their labors. On
the other hand, in traditional methods, overheads occur only when construction takes

place.
e The perception of quality standards

While many modules and components of MMCs are relatively light in weight, this might
lead to the classic assumption that they are less durable, lower in quality, and may

require regular repair or renovation.
e The poor infrastructure networks in Egypt

The poor infrastructure networks in Egypt in terms of cyber security, firewalls, and data
transfer continues to be a challenge, which represents a remarkable amount of fear
integrating bigger percent of IT in the construction sector, particularly in the distant
areas and the new cities built. After all, considering the mindset of the industry in Egypt,
many manufacturers and suppliers become reluctant to digital transformation, modular

construction and offsite technologies.
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6. What could be the possible opportunities/returns of adopting modern meth-

ods of construction (MMCs) in the Egyptian market industry?

There are many practical benefits that have been analyzed in this regard, with all mar-
ket-related examples from the industry. The opportunities are listed below in solid

points with further explanation:
e Time saving

Time saving was one of the most frequently mentioned benefits among professionals
of applying MMCs, and that is because of its considerable financial payback. However,
the main reason behind the time saving is the ability to perform work simultaneously
for manufactured offsite components and onsite cast-in-situ as well. For example, cast-
ing the foundation onsite while preparing for the superstructure elements at the factory.
Furthermore, enhancing the coordination amongst different site departments, and less
setup onsite, such as scaffolding, is barely occurring, which their assembly freezes

time.

It is worth mentioning at that point that due to the extensive planning and design freeze
at the beginning while coordinating the use of prefabricated and modular elements,
that contractors showed more interest than consultants, since they are more likely to
experience schedule benefits as their involvement comes later in the project lifecycle.
On the other side, consultants showed some concerns about the time freeze as their
involvement occurs early in the conceptual design phase. To conclude, the time saved
on site covers that freeze and reduces the overall project duration, which was sup-
ported by (McGraw Hill Construction, 2011).

e Cost benefits

Time saving will evidently bring cost benefits in terms of saving in the indirect cost
finishing the project earlier than planned. But there are few other reasons for making
cost saving than the one in indirect. First, the ability to optimize resources and facilities
in the construction site. Second, switching the construction to factory-based controls
the process, reduces the reliance on site labors, and lowers the error margin, which in
turns has a significant impact on waste reduction and reduces the amount of rework
on site. Third, modular and prefabricated components are well-known by their guaran-

teed budget. The fact that change orders are more likely to happen with traditional
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methods in construction than factory-based components. As once they are issued for

manufacturing after the design phase, there is no chance to modify.

While there is still a debate about the MMCs if they are bringing cost benefits or not,
because of their high initial cost from establishing the factory, buy or rent the machin-
ery, purchase the relevant materials, build the system, and train skilled labors, the point
of guaranteeing the budget appears to attract many clients particularly those with tight
budgets like the public sector in Egypt, claiming that while it seems to be slightly more
expensive from outside, avoiding sudden costs during the operations is entirely of great

value.
e Quality and safety improvement

From a quality standpoint, even those who do not see a persuasive cost advantage to
prefabrication/modularization frequently choose to employ it due to its consistent qual-
ity. In factory conditions, each manufactured component goes through extensive qual-
ity control checks and inspections. Prefabricated concrete, for instance, can prevent
the flaws that are typically observed in cast-in-situ concrete, such as cracks and colour
change. Furthermore, the ability to fabricate in factory-based environment rather than
on ladders setup or scaffolding reduces the manufactured element exposure to the

outside environmental conditions, which in turns enhances the quality.

From a safety standpoint, which continues to be a challenge in the construction field,
offsite construction offers many advantages to the safety issue. First, the MMCs com-
ponents are primarily factory-based manufactured, and in factory safety regulations
are carefully monitored. Second, the less interaction from the human factor, the safer
it is throughout the production pipeline. Third, the reduced need for workers on heights,
such as ladders or scaffolding. Also, avoiding working in less accessible areas and
tight spaces. On the other hand, another opposing argument about safety improvement
while implementing MMCs is that prefabricated modules are usually of a size that re-

quire careful installation techniques to prevent negative impacts on overall site safety.
e Green objectives

The construction sector has a remarkable influence on the environment. As per (Fig
30), the construction industry contributed to 36% of the global energy demand and
37% of energy-related CO2 emissions in 2021. Those buildings emissions have to be

reduced along the lifecycle of the project to achieve a complete decarbonized
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environment by 2050, as per Paris Agreement (UNEP, 2021). One of the most com-
mon methodologies to achieve decarbonization in the building environment is named
triple strategy, which basically states three stages of improvement towards a sustain-

able industry with zero carbon emissions:

e First, reducing energy demand.

e Second, decarbonizing the power supply (for example, through electrification),
which is shifting the operations demands from the use of fossil fuels such as oill,
coal, and natural gas to operations that depend on electricity as a renewable
source of energy.

e Third, addressing embodied carbon stored in building materials.

Industry professionals in this regard claim that by addressing the first two stages, it
could be possible to nearly achieve zero-carbon solutions in the building environment
by 2050 (UNEP, 2021). Taking this into practice, MMCs contribute a lot to greener
building objectives, most significantly in terms of waste reduction and energy effi-
ciency, which addresses the first two phases of the triple strategy. First, factory condi-
tions ensure the processes are clean from the first line production due to the extensive
monitoring and control. Further, the digital transformation in inventory, procurement
and materials tracking system helps in optimizing the resources required. Second, the
insulation benefits. Conventional methods of construction in Egypt brought poorly heat-
isolated buildings, which consume a lot of energy during summer times to cool them.
Third, the ability to implement electrification. In site based conditions, the count is
mostly on fossil fuel sources of energy such as oil, coal, or natural gas. However, in
factory-based environment, there is a chance to shift to electricity as a renewable

source of energy.
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Note: “Buildings construction industry” is the portion (estimated) of overall industry devoted to manufacturing building construction materials such
as steel, cement and glass. Indirect emissions are emissions from power generation for electricity and commercial heat.

Source: IEA 2021a. All rights reserved. Adapted from “Tracking Clean Energy Progress”

Fig 30: The construction sector share of global energy and emissions
Source: taken from UNEP (2021).

As per (Fig 31), which shows the coverage of building codes worldwide, 80 countries
had mandatory or voluntary building energy codes, in which 43 countries had manda-
tory codes. Fig 31 also shows that there is a lack of implementation in South America
and Africa, while Europe and US have the most coverage of mandatory codes. In this
regard, it is worth mentioning that in 2018, Egypt with 4 other countries from Africa
were the early implementers of the energy building codes between voluntary and man-
datory application (UNEP, 2021).
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Building Energy Code
1 Mandatory
Voluntary
In development
! No known code
Note: This map is without prejudice to the status of or the sovereignty over any territory, to the delimitation of international frontiers and boundaries,

and to the name of any territory, city, or area. Recent updates are highlighted with a red border. Building energy codes relating to specific cities only
are not shown.

Source: IEA 2021d. All rights reserved.

Fig 31: Building energy codes worldwide
Source: taken from UNEP (2021).

¢ Decision making enhancement

In today’s data-driven world, the evolution and survival of a company is measured by
how much informative data can they gather about a given subject. These data can be
in various forms; could be numbers, figures, shapes, or dimensional modules. The
modular building industry allows us to see extra details about the building in dimen-
sional views, which in turns adds to our data wealth about visualizing the building be-
fore, and remarkably enhances our decision making. Furthermore, the digitalized in-
ventory system included in the MMCs, which tracks the material consumption and
monitors their assignment with real-time updates, helps us work better towards opti-

mizing our resources and also enhances our decision making.

7. How do you see change management models for adopting MMCs? Are they
applicable to be implemented in Egypt?

While most of the professionals in the industry were familiar with the change manage-
ment models concept and agreed to a significant extent that they are beneficial, they
all emphasized that the sequential implementation of them as they are is challenging.

They have to be tailored according to what is suitable for each organization. In fact,
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the real advantages of change management models can be achieved by customizing
a framework upon the sensitivity of local environments. And in this regard, inputs have
to be redefined. On the other hand, while these models were developed on a global
spectrum, they spot the light on issues that deeply hinder change and could be taken
as strategic framework guiding the change efforts. At the end, the models mentioned

in the literature can be used as a tool rather than a rigid template to follow.

It is important in this regard to mention about the change performance curve (Fig 32),
which addresses peoples’ perceptions when they experience change. The curve men-
tions five major stages that people go through during the change process. The first
stage is shock, which happens due to the lack of knowledge when change is first in-
troduced. The second stage is denial which happens right after shock. When people
cannot accept the fact that change is being introduced, they ignore it. The third stage
is frustration which happens when people feel challenged with the introduced technol-
ogy. At that stage, a lot of facilitation is needed to reduce the disruption time spent
there. The fourth stage is experiment which occurs when people realize they are now
part of the change and have to experience it themselves. The fifth stage is integration,
when people feel the positive output of change, they start to integrate into it. Under-
standing these performance issues over time helps communicating the change objec-

tive and be ready to react upon.

Integration

Denial

Reduce disruption time

Experiment

Motivation/Performance

Frustration

Time

Fig 32: The change performance curve
Source: design by the author
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4.2 Case Study: The Student Residence Hall at Queens College

The summit is a student residence hall located in the heart of Queens College Campus
in New York City. The project is a 6-story height with 17,000 sgm construction area
that is designed to accommodate 500 students. The project made substantial use of
prefabrication, including innovative load-bearing external walls system to deliver a high
quality student housing in the heart of New York on time and on budget achieving

remarkable green objectives. Tab. 2 presents the project's key facts and figures.

Project Name The Summit

Owner QUNY Queens College
Developer Capstone

Architects Goshow Architects
Construction Manager Nickel & Associates
Structural Engineer WSP Cantor Seinuk
Load-bearing wall contractor Island International Fabricators
Construction cost 58 Million USD

Size 17,000 sgm

Started June 2008

Completed August 2009

Tab. 2: Project key facts and figures

42.1 The decision to innovate

While the budget was a concern in the project, it was the 16-month tight building
timeframe that promoted for the use of prefabrication. In addition to the tight schedule
of the completion date, there were some challenges in the site logistics. The design
team had to place a garage underneath the building. Therefore, the design and con-
struction teams started to think of alternatives to speed up the construction on site.
After analysis, they came up with prefabrication as a possible solution.

The prefabrication solution was basically implemented in two aspects. The first was
the prefabricated concrete floor shells, which was quite common practice. The second

was the lightweight, load-bearing external walls. The system contains wall sections
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that approximately measure 10 meters. Each factory component included a metal stud,
manufactured glazing sticked, exterior skin, insulation and air barriers. Construction
progress and installation details are clarified in (Fig 33). For the system to work effi-
ciently in a student residence multistorey hall, it had to be lightweight, so that it serves
the site logistics and could be easily transported. This objective prompted the adoption
of lightweight, high-strength metal studs in the panels. Moreover, the building's major
exterior finish consisted of one-inch split tile bricks rather than the standard four-inch

face brick, which remarkably decreased the overall weight of the walls (McGraw Hill
Construction, 2011).

—— e

Fig 33: Construction progress on load-bearing wall section including glazing
Source: McGraw Hill Construction (2011) — Combined by the author.

4.2.2 Construction timeline

Everyone in the team credited the early research they did at the beginning. While the
early research helped in establishing an efficient system and minimized the design
modifications further in the construction phase, it also influenced the owner and devel-
oper to buy-in, for a critical tight schedule like this project (McGraw Hill Construction,
2011). The structural team considered different alternatives for systems that could
speed up the construction in order to meet the tight schedule. In this regard, composite
system of steel framed and cast in place concrete, metal studs and load bearing walls,
and plank system of steel frames and panel boards were studied but none of them

were able to fully satisfy the schedule and budget requirements.
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At the end, the structural team decided on prefabrication and panelized load bearing
wall system. One concern that faced the project team in the decision of prefabrication
is the capacity of manufacturer or supplier; if the prefabricator is able to manufacture
enough panels on time. The design team visited numerous prefabrication factories
prior to committing to this methodology. They finally decided on “Island International
Fabricators”, the load-bearing wall contractor, and began to collaborate with them on
the manufacturing of the walls. Goshow Architects emphasized on the significance of
involving the manufacturer early at the design stage, even before they are formally

awarded. Fabricators were willing to collaborate (McGraw Hill Construction, 2011).

4.2.3 Prefabrication gains

Time saving

The project manager at the construction management firm (Nickel & Associates) re-
ported the output of the innovative system of using prefabrication with load-bearing
walls system that “we were able to establish the skeleton of 6-storey height building of
17,000 sgm in less than 4 months from January to April during winter”. The architects
from Goshow estimate that this solution saved approximately six months of construc-
tion time (McGraw Hill Construction, 2011). Two reasons contributed to the time sav-
ing; first, finishing the skeleton as early as possible gave some room to interior works
such as finishings and gypsum boards to start with much more efficiency. Second, the
staging concept of prefabrication enabled working on several sections simultaneously,

which contributed to significant time saving.
Resource optimization

One of the major advantages of the system was using fewer resources onsite. The
main reason for this was that the system was designed and built that the bricks as well
as the glazing are sticked to the prefabricated concrete wall in factory, instead of laid
on site, as shown in (Fig 33), which led to the decision that less scaffolding is required
(McGraw Hill Construction, 2011). In addition to that, only one crane was needed for
the whole project, as per reported by the construction manager (Nickel & Associates).

These two factors resulted in time, cost, and safety improvements.

Green objectives
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The sustainability director at Goshow Architects reported some green objectives re-
sulted in the use of prefabrication. First, minimizing waste, the fact that any metal studs
or gypsum board panels that are left over can be used by the factory for another pro-
ject. Second, less raw materials used. The choice of using the split tile brick, which is
lighter, instead of the face brick, meant less utilization of raw materials. Furthermore,
it served the dimensions needed. Third, energy efficiency, the fact that large manufac-

tured prefabricated components have fewer joints that require sealing on site.

Quality

Many quality advantages were observed during the construction and after the final de-
livery of the project. First, the structural design team at WSP Cantor Seinuk reported
that placing the load-bearing metal studs in the prefabricated panels minimized the
deflection and accordingly served the structural system. Second, Capstone, the devel-
opment firm, reported experiencing consistency across the entire structure, that they
would not otherwise see with conventional methods of construction. And that is due to
the extensive quality control checks at the factory. At the end, the owner (QUNY
Queens College), further emphasized on the consistency of the building, referring to
less imperfections were found in floor slabs and wall panels, which are typical in cast

in place (McGraw Hill Construction, 2011).
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5. Conclusion

Change is not an event. It is a project, that takes time. Therefore, the attempts to im-
pose linear sequential steps of planned actions are not sufficiently valid in a dynamic
industry like construction. Further, the hopes of ultimately being able to standardize a
way or a practice to manage a transition phase may not achieve the change desirable
results. In reality, transformation attempts are chaotic and full of unexpected outcomes.
But in the same way that a relatively simple vision may guide individuals through a

major change, it can also lower the error margin.

The calls to adopt “new methods of working” are somehow naive and relatively sim-
plistic if they fail to acknowledge and account for adding value. The change towards
MMCs proved to bring productivity benefits in key project aspects. First, the time sav-
ing, being able to perform the work simultaneously for manufactured offsite compo-
nents and onsite cast-in-situ as well. Second, the budget gains, being able to optimize
resources and facilities in the construction site. Also, reduce the reliance on site labors
and lower the error margin, which has a significant impact on waste reduction and
reducing the amount of rework on site. Third, enhancing quality, the fact that each
manufactured component goes through extensive quality control checks and inspec-
tions. Fourth, improving safety operations, since MMCs components are primarily fac-
tory-based manufactured, in which safety regulations are carefully monitored. In addi-
tion to the reduced need for workers on heights, such as ladders or scaffolding. Finally,
MMCs are found to contribute a lot to greener building objectives, most significantly in
terms of waste reduction and energy efficiency, which address the first two phases of
the triple strategy for decarbonizing the built environment.

At the end, while MMCs and particularly offsite construction technologies proved to
bring positive returns in terms of time, quality, and safety. Further, its significant con-
tribution to having greener building practices, yet in the meantime, their implementation
in Egypt continues to be a challenge due to factors instilled in the culture that slow
down innovation. Most of which are the poor infrastructure networks, logistics and
transportation issues, the dominance of the public sector, the fragmented nature of
construction, and the limited market demands, which justify the unwillingness of man-
ufacturers and suppliers to innovate or change to MMCs, and also clarify the belief of

perceiving MMCs as a more expensive solution. However, positive actions are being
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taken in this regard recently, and few guidelines can accelerate the adoption of MMCs

in Egypt.
¢ Financial payback orientation

Setting benchmarks and communicating how an innovative technology or a new sys-
tem will enhance operations through positive returns on time, cost, and quality is the

most efficient way to build a convincing case for implementation.
e Simple and intuitive solutions

To encourage utilization, user interfaces must be “foreman-friendly” at the front end to
attract clients with old school practices such as those in the public sector. In this regard,

the emphasis on training and development is essential.
e Risk sharing among industry players

Habits are hard to break, and one instilled habit in the construction contracts in Egypt
is viewing them as competitive chances to transfer risk. Rather, contracts should be
viewed as means that enable fair distribution of risks and returns among involved par-
ties. This will occur if contracts adequately define responsibilities and fairly allow own-
ers, consultants and contractors to share the advantages resulting from the use of an

innovative technology.
e Enhance the academic curriculum

The majority of engineering graduates have not been exposed to offsite construction
technologies in their academic curriculum. They have not had courses on innovative
technologies such as modular construction and the ability to complete a structure fully
off-site. Therefore, enhancing the academic curriculum to include innovative technolo-
gies such as MMCs, incorporate them in a practical manner, study their potential and

associated limitations would be of great value.
e Industry authority bodies support

Industry professionals and authorized bodies shall invest in innovative incentives.
They can collaborate with owners, contractors, consultants and all technology pioneers
in the industry to create new frameworks for emerging technologies, and develop pilot
projects with potential innovation leads in the market. They may also provide rewards,
or even financial support to encourage several industry players to adopt digital solu-

tions and assist them in educating and training the following generation.
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e Change management

Construction industry firms need to adopt a change management narrative. Senior
management must clearly communicate the change objectives to individuals, teams,
and the group, and how these objectives serve the benefits of everyone. Companies
that do not invest in the research and development of managing change will experience
the same resistance encountered during earlier attempts of technology adoption. And

they are more likely to fail.
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6. Recommendations

6.1 Recommendations for industry professionals

The aim of this chapter is to formulate strategic recommendations and guidelines for
different industry players to adopt MMCs. The recommendations address issues re-

lated to motivations and interests of each industry player.
Clients

While the owner demands are the fundamental driver for architects and engineers to
innovate and include modular construction and offsite technologies into their designs,
the main emphasis is placed on them to consider adopting prefabrication and modu-
larization in their projects. Clients are more likely to gain the benefits from MMCs
throughout the project life cycle. The accuracy and quality provided within the offsite
technologies and manufactured components offer remarkable productivity gains. One
thing that appeals of value to most of the clients is having a guaranteed budget for
offsite manufactured components, which avoids the risk of unexpected costs during

operations.
Consultants

For architects, understand the potential key advantages of prefabrication and modu-
larization and educate the client on them. As the first point of contact with the owner,
the architect has the most influence on choosing whether MMCs will be implemented
or not during the conceptual design phase. It is important to mention here that archi-
tects have to communicate the benefits in a clients’ language mentioning the produc-
tivity gains in terms of schedule, budget, quality, safety and energy efficiency. Moreo-
ver, once the clients buy in, make sure to incorporate offsite manufacturing into the
early design phase. The earlier the decision made on using prefabricated components,
the greater it is for maximizing benefits. The primary reason contractors raise for not

utilizing MMCs is that the architects did not include it early in the design phase.

As for engineers, being the experts mainly accountable for systems efficiency during
the design and construction, they should assess the validity of using manufactured
components based on project type and conditions. A wide range of engineering firms

prefer to implement prefabricated/modular parts in superstructure elements, external



93

walls, and roofs. And they view it as great alternatives from traditional methods of con-

struction.
Contractors

While contractors are more likely to experience the MMCs gains, it is highly recom-
mended to include prefabrication and modular construction in their tendering and bid-
ding plans. The research shows that contractors are more likely to experience the pro-
ject schedule and budget gains, since their involvement comes later in the project. So,
they avoid the risk of time freeze at the beginning while making the decisions in the
design phase. Furthermore, the promotion for the green factor. It is evident that mod-
ular building and prefabrication contribute a lot in waste reduction and lead to a greener
construction site. The fact that offsite manufacturing can assist in achieving green tar-
gets and accelerate the way towards a sustainable industry should be emphasized in
bids.

Manufacturers

With the increasing competitive markets around the world, there is an innovation call
for survival and evolving. And in this regard, manufacturers can promote for the green
benefits of MMCs and link it to the project lifecycle, offering alternative gains to sched-
ule, budget and quality. Although the majority of contractors and consultants do not
embrace the modular and prefabricated components as a key method for achieving
green building targets, all industry professionals agree that these procedures are en-
ergy efficient and minimize waste. Manufacturers must raise the awareness of these

eco-friendly advantages.

6.2 Recommendations for future research

Future research may investigate more on specific stakeholders interests from the con-
struction project lifecycle. Meaning that focus on one industry player; client, contractor,
consultant, or manufacturer, and understand their motivations and interests in adopting
MMCs. Furthermore, dig deeper in project specific conditions such as project delivery
system, types of contract awarding, procurement method, the integration between on-
site and offsite operations, digital potential adoption, and barriers to limited market
shares in order to understand how likely these factors can affect the adoption and im-

plementation of MMCs.
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Another recommendation for future research is the promotion for the green aspect of
MMCs and its financial payback throughout the project lifecycle. While this research
has shed some light on the green benefits of adopting MMCs in terms of waste reduc-
tion and energy efficiency, future research may focus more on the energy emissions
sources and carbon footprint of shifting the industry from conventional methods of con-
struction to MMCs, systems thinking, and how does implementing the triple strategy

for decarbonizing contribute to a sustainable industry.
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Interviewees details (with their consent to share).

Name

Title
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Personal Email

1  Mohammad Yousry

2 | Ahmed Mohey

3  Abdelrahman Afify

4 | Mohammad Abdelaziz

5 | Michel Saad

Project Manager

Budget and Cost Control
Manager

Senior Projects Control
Manager

Co-Founder of NCGC Con-
tracting (Ex. Quality Con-
trol Manager)

Technical Office Manager

mohammad.youssryl3@gmail.com

eng_ahmed.mohey@hotmail.com

eng.afify@yahoo.com

muhammadeliwah@gmail.com

michel adel@live.com
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