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PREFACE

We would like to begin with a couple of remarks about
the title of this book: Modularization: The Fine Art of
Offsite Preassembly for Capital Projects.

What is in a title? We probably spent more time going
back and forth on the title for this book than what was
necessary. But it was the first thing you saw when you
picked up the book, so a short explanation is probably
due, assuming you even read this Preface. We wanted
something catchy but, more importantly, descriptive and
indicative of what the book is about.

Modularization is not new, and it is not revolutionary. It
has been applied to industrial plants both onshore and
offshore for over 50 years and incorporated into many
major construction efforts. However, the problem has
been that, in many cases, it was not correctly incorpo-
rated or implemented. More often than not, the result
was a less than desirable project solution and a subse-
quent conclusion by the project team something along
the lines of: “modularization was wrong for the project” or
“modularization was a bad idea.” This (wrong) conclusion
was then carried (along with the resulting bad reputation
of the module concept) into the planning of the next sev-
eral projects the team tackles.

This is where the “art” in the title comes in and a quick side
note about the two authors. We are engineers by back-
ground and probably are blessed with maybe only one or
two artistic bones in our collective bodies. But, we both
recognize a great work of art, the timelessness of a piece
of classical music, and anything else truly great for that
matter. We cannot tell you what makes these works great

because, at face value, the inputs are the same—oils,
brushes, and canvas for the painting or notes and words
on a piece of paper for the musical score. So obviously,
it is the way the tools and materials are combined and
used.

A successful module project is quite similar. The modular
project uses the same inputs as the stick-built project,
but they must be “mixed up” in a complex combination
of slightly different approaches and then implemented in
a certain sequence to be successful. Unfortunately, this
sequence is different in many aspects than that of the
traditional stick-built construction project.

Fortunately, we do know and understand what makes a
module job “great,” and we want all of you to also under-
stand what it takes. That is the aim of this book and why
it was written. We are not so pompous or ostentatious to
think the module planning identified in this book will ever
be compared to the likes of a great work of art or a piece
of classical music. But, after reading this book, we be-
lieve that you will have a better understanding of what it
takes to make a module job successful to the point where
you can successfully implement it on such a project.

So, it is hoped that the title and this short Preface stimu-
late your curiosity enough regarding this age-old alterna-
tive to the standard stick-built process for plant design
and construction to continue reading.

Thanks for indulging us.
MPK & JOC
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INTRODUCTION

Why is there an entire book devoted to the “art” of modu-
larization? Simply stated, because the decision to mod-
ularize impacts every aspect of a project’s planning and
execution. Even from the very beginning of a project, in
the Opportunity Framing (pre-FEL-1 or FEL-0) phase,
some basic but important decisions must be made to
avoid inadvertently limiting the modular opportunities.

So, the book has been written as a guide of sorts, walk-
ing through what is necessary to perform a modular pro-
ject successfully, starting with some very basic “stuff.”
The path and sequencing of the book make perfect
sense to us . . . to others, perhaps not so much. And
while there may be a temptation to skip over these early
parts to find answers needed in the later chapters, it is
recommended that you ground yourself with the basics
provided by these first few chapters. This will help set
you up for the detailed module planning effort—just like a
quick review of the rules of any game you plan to play is
recommended prior to launching into it.

This book combines research findings from the analyses
of real case modular projects with industry examples to
help tie any theories presented to real-life scenarios. Thus,
we expect that not all chapters will be of equal value to
you. We also expect you may not even agree with some
of the ideas and concepts stated. But we do hope that
you can see past our methods on the approach and over-
simplified examples to the reasoning and understand the
conclusions from them.

So, consider this as a guide for your modular road trip.
And, like a road trip, it's the journey, not just the destina-
tion. To be effective, such a guide needs to point one
in the right direction/provide a preparation plan/suggest
basic supplies/identify support along the way/and offer
an emergency kit for when things don’t go as planned.
We hope the specific guidance in the format provided is
helpful in implementing successful modular project plan-
ning, even if presented in a bit different format than you
might have anticipated.

In order to help you better understand how the book has
been written, the remainder of this introduction delves
into a brief description of what each chapter is about,
beginning with the basics of what modularization is.

Chapter 1: What Is Modularization?

Chapter 1 sets the basics in terms of what is needed
from a ground-level or basic understanding of the con-
cepts and terms. While this may seem too elementary,
it is critical because everyone has their own definition
of what a module is (or what it is not) and, as a result,
a pre-conceived notion of what is involved in its de-
velopment. It addresses the current state of industrial
construction and why it continues to see productivity
decline to the point where projects are becoming un-
sustainable with the traditional stick-built methodology.
In addition, other sectors, such as manufacturing and
shipbuilding, are examined in terms of how they have
addressed their productivity issues and succeeded in a
major turnaround in cost and schedule and how mod-
ularization offers a similar potential advance in both.
Then, based on the foundation laid that “modulariza-
tion is this industry’s alternative,” details are explored
around the variability of the optimal modular answer
and how a one size does not fit all. Finally, the chap-
ter further grounds expectations by discussing “what
modularization is not.”

Chapter 2: Advantages and Challenges
of Modularization

Chapter 2 follows the basics described in Chapter 1 with
further details on the modularization concept, including a
high-level look at why the module fabrication yard is such
an ideal place for module assembly. More details are pro-
vided in terms of the advantages of selecting this project
approach and some of the disadvantages (or challenges)
of this project execution method.

Xiii
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Chapter 3: Industry Status
on Modularization

Chapter 3 describes the industry status on modulariza-
tion through a compilation of 25 actual case projects
in terms of observed advantages, cost and schedule
savings compared to the stick-built approach, difficul-
ties, impediments, business case drivers for modulari-
zation, types of module units, module numbers, size,
and weight, and characteristics of the job site and the
modular fabrication shop, along with the subsequent
editorial comments regarding some of the results them-
selves. This chapter validates the advantages and dis-
advantages which were initially identified in Chapter 2
via this set of actual project case histories and sets the
stage for the following chapters, which address how to
properly set up and execute a modular project in more
detail.

Chapter 4: What Is a Module?

Previous chapters defined modularization and module
terms, mentioned the advantages and challenges, and
spoke about WHY the industry needs to really embrace
this alternative to stick-built execution, but they did not
provide details on the modules themselves. Chapter 4
explains the length and breadth (and height, no pun
intended) of module variability. Modules are identified
and described in terms of their more common types
with the goal of providing a basis for understanding the
magnitude and variability of options available when the
term “modularization” is mentioned. Further, this chap-
ter dives into the “module considerations” necessary to
develop a successful module project concentrating on
those that are slightly different and unique to the module
philosophy, such as:

¢ Plot Plan development
e Differences between the stick-built and module layout
e Optimal module size

¢ Typical module contents and those that might require
special considerations

¢ Guidance on division of responsibility in terms of mate-
rial procurement.

INTRODUCTION

Chapter 5: The Business Case
for Modularization

Chapter 5 begins the discussion of the modularization
business case, as a logical extension of the information
provided by the previous four chapters that identified the
basis of understanding what a module is, why modulariza-
tion is important, why implementation will be a challenge,
and the potential options in terms of module configura-
tion. In addition, it explains what makes a project a good
candidate for modularization, the factors to consider, the
importance of timing in modularization considerations,
the modular project execution planning steps by project
phases, and describes how to conduct a business case
analysis using the tool provided. It also provides guidance
on how to approach the project module option in terms of
developing the project-specific details necessary to iden-
tify the optimal module case for your specific project in
terms of size, number, cost, schedule, etc. The three key
contents addressed in this chapter are as follows:

¢ Important Business Case Considerations are identi-
fied and explained.

¢ The 13-step Business Case Model is explained in
detail.

¢ A usable Business Case Financial Analysis Model
is provided.

Chapter 6: The Module Team and
Execution Plan Differences

This chapter presents how to manage the project phi-
losophy shift to the modular approach via the Module
Team, identifying key team members and their qualifi-
cations. The dynamics of the team are explained and
contrasted against the typical stick-built project team.
Examples are provided on team organization as well
as how the team should be incorporated into the over-
all project management. Also, a deep dive is taken
into explaining how the execution of the modular pro-
ject differs from the stick-built project. These major
execution plan differences are identified in terms of
what they are, when they should first be incorporated
into the project execution, and their priority for imple-
mentation within each project phase. This detailed
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listing is visually summarized in an activity table show-
ing the various execution plan differences by project
phase and the priority of execution within each project
phase.

Chapter 7: Key Critical Success Factors
for Modular Project Success

Chapter 7 complements Chapter 6 because, when
considered together, the two chapters provide the
foundational basis for why the modular job is so dif-
ferent and why understanding these differences and
success factors are so important to the success of a
modular job. Chapter 7 explains the concept of critical
success factors (CSFs), how they were developed, and
their importance to the success or failure of a modular
project. The 21 CSFs are equated to a listing of com-
mon mistakes identified on modular projects that failed
or were only marginally successful. Later, the chapter
examines the CSFs in terms of difficulty of accomplish-
ment, and identifies an ideal time for initial implementa-
tion and who has primary responsibility. Furthermore, it
demonstrates the relationship between the CSFs and
project performance. Finally, a somewhat whimsical
exercise involving the Module “Perfect Storm” is pro-
vided, a hypothetical scenario of a module job where
almost everything aligns in terms of the worst possible
outcomes, and where we comment on the subsequent
conclusions reached.

Chapter 8: The Fabrication Yard

Chapter 8 continues the explanation, initiated in
Chapter 2, of the benefits a fabrication yard can pro-
vide in terms of the overall modular project execution.
Specifics are explained in terms of location, physical
size, and layout, and operational philosophy. Project
guidelines for yard selection are suggested in terms
of size, location, complexity, and number utilized. In
addition, contracting strategies are discussed in terms
of pros and cons as well as what seems to work best.
Options on the division of responsibility regarding
who provides what are addressed and suggestions
provided.

XV

Chapter 9: Module Considerations by
Project Group

Chapter 9 takes everything provided in terms of basic
“learning” in the first eight chapters and starts using this
modular basis of understanding to look at and make deci-
sions on how to approach some of the different day-to-day
aspects of the typical module project in terms of the vari-
ous groups involved. This chapter gets down to the “nuts
and bolts” or, as some suggest, “gets into the weeds” of
the modular analysis. It is where “the devil in the details”
of the previous general modular statements is exposed.
The chapter is filled with personal experiences—both
good and not so good. But the content of these module-
supporting details is universal and provides an idea of the
types of decisions one will face. Subjects include:

¢ Engineering considerations: module evolution, timing,
discipline leads, fab yard coordination

e Fabrication considerations: structural members, weld-
ing vs. bolting, sub-assemblies, weight control

e Completion/testing/pre-commissioning: what is “com-
plete,” pre-commissioning, tradeoffs

e Shipping considerations: basic logistics, motion analy-
ses, grillage and sea-fastening

¢ | oad-out: methods, design considerations

* Movement to site and hook-up: design considerations
and the single weld hook-up (SWHU).

Chapter 10: A Practical Module
Development Process

Chapter 10 is our “second most favorite chapter” (sic)
of the book in terms of its development and the culmi-
nation of the previous nine chapters. Chapter 9 took
all the basics from the previous chapters and used this
information as a basis to help identify and resolve is-
sues that typically come up when planning and imple-
menting a module project from the technical standpoint.
Chapter 10 takes a slightly different approach, still go-
ing all the way back to the left on the project timeline
(to Opportunity Framing) but walking through potential
interactions required during the early stages of project
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development. It also provides a detailed 5-step method
for early module screening analysis that builds on the
13-step business case discussed in Chapter 5. Other
specific items covered include:

¢ Module tenets: common misunderstandings in terms of
the modular philosophy

¢ |nitial project analysis requirements and timing of
required discussions and decisions

® Recovery options should the module decision be made
late in the project life.

Chapter 11: Modularization Application
Case Study Exercise

Chapter 11 is the development of a composite “made
for this book” modular project case study exercise.
The hypothetical case study exercise walks the reader
through a modular project development, beginning with
a summary of the project and proposed facilities. Each
phase of the project is developed with information typi-
cally available at that time in the project development.
The reader must take the information available and,
based on what is known, make assumptions and de-
velop a plan forward, answering the questions at the
end of the project phase. This effort is reiterated through
each phase of the project—Opportunity Framing/
Assessment/Selection/Basic Design/Engineering, Pro-
curement, and Construction (EPC). To keep the exer-
cise on a consistent path, a primary solution has been
developed that is used for “re-setting” the exercise for
all, so there is a consistent approach at the beginning
of each of the subsequent project phases. As a text-
book, this solution is not part of the printed version but
available for instructors (not for students) as a separate
supplement. Contact Dr. Choi for the solution file: choi.
jinouk@gmail.com

Chapter 12: Standardization: The Holy
Grail of Pre-Assembly

Chapter 12 is the next step in the evolution of an effec-
tive implementation plan for the industrial capital pro-
ject: Standardization. It starts with a brief explanation of
the potential in cost and schedule savings, referencing
both the historical gains of the shipbuilding industry as

INTRODUCTION

well as the more recent Cll UMM-01 research on stand-
ardization. It starts by describing the two different paths
to integrating standardization with modularization and
the benefits, tradeoffs, and basic economics of each.
Later, it provides a road map in terms of identifying
what makes a good candidate, when to start the evalu-
ation process, how to approach the evaluation effort,
and some critical success factors associated with the
standardization concept.

Chapter 13: Innovative Technologies
for Modularization

Modularization techniques have recently evolved thanks
to the advances in and incorporation of certain innova-
tive technologies. Chapter 13 examines the part that
technology plays in modularization in terms of a few
key emerging innovative technologies that can help the
industry implement the modular techniqgue more suc-
cessfully on more complex and sophisticated projects.
Those technologies of interest are:

e visualization, information modeling, and simulation
® sensing and data analytics for construction

e robotics and automation.

Chapter 14: Moving Forward

Chapter 14 is dedicated to a semi-formal wrap-up of
the book along with some “thought-provoking ideas” on
what the future of our industry might be. It reiterates
the authors’ goals and provides seven specific industry
“Accelerators” that will make the future a more module-
friendly world, if implemented. Those “Accelerators” are:

1. Applied Knowledge
2. Different Academic Teaching Approach

3. ldentify, Acknowledge, and Incorporate Required
Paradigm Shifts

4. Friendly Contracting

5. Industry Re-branding

6. More Alliances and Research

7. Planning Techniques and Their Combinations.
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Chapter 15: Key Literature and Resources
on Modularization

Chapter 15 provides a resource guide that can be used
for further follow-up on the future actions suggested for

XVii

our industry in Chapter 14. It lists reports, tools, and
academic papers on modularization and standardization
that may be considered beneficial in terms of a follow-
up study or research—many of which were referenced
at one time or the other in the preceding chapters.






chapter 1 What Is Modularization?

This chapter starts by answering the question, “What
is modularization?” and setting the basics in terms of
what is needed from a ground-level/basic understanding
of the concepts and terms. Starting with a definition of
terms, including modularization, module, and percentage
modularization, it then introduces an industry best prac-
tice, “Planning for Modularization,” and some basic
modularization/pre-assembly philosophy. Next, it goes
into the current state of industrial construction and dis-
covers why it continues to see productivity decline to
the point where projects are becoming unsustainable
with the traditional stick-built methodology. A descrip-
tion is given of how other industries, including manufac-
turing and shipbuilding, have addressed their productivity
issues and succeeded in a major turnaround in cost and
schedule and how modularization offers a similar poten-
tial advance in both. Then, based on the foundation laid
that “modularization is an alternative,” details about the
variability of the potential optimal modular projects and
how one size does not fit all are explained. Depending on
the project type and configuration, the analysis result can
range from no reason to consider modularization to mod-
ularizing as much as possible. Finally, what is needed to
get started with considering modularization as an option
as well as “what modularization is not” are presented.

1.1 Definitions

1.1.1 Modularization

The authors define modularization as follows:

Modularization is the project business/execution strategy that
involves the transfer of stick-build construction effort from the
jobsite to one or more local or distant fabrication shops/yards, to
exploit specific strategic advantages.

Very simply put, it is the fabrication, assembly, and test-
ing of a portion of a plant or manufacturing facility away
from its final site placement. The key is a conscious shift
in project execution strategy.

Our definition is aligned with (Tatum, Vanegas and
Williams, 1987) and (Construction Industry Institute, 2013;
O’Connor, O’Brien, and Choi, 2013).

* Modularization is used to describe a process in which
the principal construction method is the use of off-site
prefabricated, totally preassembled and pre-finished
modules (Tatum et al. 1987).



¢ Modularization entails the large-scale transfer of stick-
build construction effort from the job site to one or more
local or distant fabrication shops/yards, to exploit any
strategic advantages. Thus, modularization may be
considered a form of project business/execution strat-
egy (Construction Industry Institute, 2013; O’Connor,
O’Brien, and Choi, 2013).

Note that for the purposes of future reference and proper
understanding, all pre-assembly efforts should be con-
sidered as part of the term modularization. This is a sim-
plifying assumption on the part of the authors in order
to eliminate the typical discussion that ensues regarding
how to define and separate the two terms or differentiate
between them. ANYTHING done to move work off site
will fall under the term modularization.

Unfortunately, not all modularization (or pre-assembly)
solutions end up being beneficial. The very fact that this
book is being written is due to numerous examples of how
a modularization effort was not properly implemented
and ended up not adding value to a project. Since these
efforts also fell under the term “modularization,” the last
clarifying phrase was included in the definition, “. . . to
exploit specific strategic advantages.” Another way we
sometimes clarified this caveat was “. . . that, when prop-
erly executed, provide best value for the project.”

So, what makes a project a modular project? Is it any
amount of pre-assembly being performed or having at
least one bona fide module in the mix? Is it exceeding a
specific minimum percentage or a specific minimum ratio
of modules to stick-build? Probably none of the above.
As mentioned in the definition of modularization, it is a
conscious shift in project execution strategy. So, a pro-
ject becomes a modular project when the project team
makes the specific conscious changes in job planning
and execution in order to facilitate a modular outcome.

It would be nice if a magic wand could be waved over all
the modularization projects, and those which were not
implemented properly could be magically called some-
thing else. This would eliminate all the bad press, wrong
conclusions, and in general erroneous implementation
efforts that resulted in giving this term and this concept
the bad rap that it currently carries. We have no such
magic wand, so education in the proper approach to
modularization and its planning is the next best solution.

WHAT IS MODULARIZATION?

1.1.2 Module

So, what is a module?

A module is a “portion of plant fully fabricated, assembled,
and tested away from the final site placement, in so far as is
practical.”
(Construction Industry Institute, 2013, 0’Connor, O’'Brien, and
Choi, 2013)

Again, the authors have taken some liberties in terms of
this definition with some simplifying assumptions. The
module can be very large or as small as a simple sub-
assembly of a skid. It can be fabricated and assembled
halfway around the world in a sophisticated fabrication
yard, or it can be put together on a plot of land immedi-
ately adjacent to the actual project site. There are benefits
with both scenarios, and we do not want to limit what
can be considered in terms of options for the alternative
to stick-building by unintentionally limiting the definition of
these terms.

1.1.3 Percentage Modularization

As one starts using modularization on projects, one of
the first questions management has is: “What percentage
of your project is being modularized?” In many cases,
the answer received is incorrectly used by management.
In some cases, the assumption is that the higher the
percentage of modularization, the more significant the
schedule or cost savings a project has. In other cases,
it may even be used to compare completely different
projects by a similarly incorrect metric—the higher the
percentage modularized, the more efficient the project
execution.

While the above simplifications can occasionally be true,
they frequently are not and instead become a slippery
slope to start down. As we will explain in future chap-
ters, there are just too many factors that influence what
determines the “optimal” percentage modularization for a
specific project, many of which have nothing to do with
the actual module itself but depend on the site location,
type of equipment, labor, and material costs, etc.

So, we will just simplify and say it straight up: To sim-
ply make a direct relationship between percentage
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modularization and project efficiency is wrong! There are
just too many other factors that will impact the optimal
solution. With the above preface, here is the definition:

Percentage modularization is the portion of original
site-based work hours (excluding site preparation and demolition)
exported to fabrication shops.
(Construction Industry Institute, 2013, 0'Connor, O’Brien, and
Choi, 2013)

We have attempted to qualify the definition to pertain
to the actual erected plant or facility by removing vari-
ables associated with the differences in site location,
these being the potential demolition of existing facili-
ties or naturally occurring geographical impediments
as well as the surface preparation required to make a
site ready to physically support the proposed construc-
tion effort for the project. These efforts and costs are
not to be ignored for the overall project economics,
pbut it is important that such costs are not included in
any metrics developed on modularization comparison
as they could be so vastly different from one site to
the next. With this basic understanding of a few of the
terms that will be used throughout this book, we can
now move forward on why modularization is important
to our industry.

1.2 “Planning for Modularization” as a
Best Practice

The Construction Industry Institute (Cll) has identified
17 construction best practices (Construction Industry
Institute (ClI), 2021). By definition,

Best practices improve performance not only in terms of cost,
schedule, and safety, but they also increase the consistency
and predictability of project performance. By improving the
consistency of project delivery, a company will have a better
chance of improving project performance over the long term. This
combined benefit of best practice use will likely give companies a
distinct competitive advantage.

(Construction Industry Institute (Cll),

2017)

Basically, to simplify this, a best practice is a method-
ology that is critical to the success of a project.

Below is a quote from the Cll article publicizing the pro-
motion of Planning for Modularization as CllI’s newest
best practice back in 2015.

Planning for Modularization is not necessarily focused on
promoting or marketing the concept of modularization, but
rather on helping project teams better understand whether
modularization is the right strategy for the project and, if so,
how they can successfully implement the strategy to achieve
improved outcomes in cost, schedule, safety, and quality
while mitigating issues such as a lack of skilled craft labor or
extreme weather.

(Construction Industry Institute, 2015)

Not only CIl but many renowned agencies and institutes
also highlighted the potential of modularization. Below
are some quotes from them:

New trend, the reemergence of prefab & modularization tied to
current influential construction trends, such as the increasing
interest in lean construction, the rising use of BIM technologies
and the growing influence of green construction.

(McGraw Hill Construction, 2011)

Modularization technology has evolved — more sophisticated and
complex facilities are subject to its implementation.
(Modular Building Institute, 2010)

Over the next 20 years, its growing prevalence could significantly
advance the productivity and competitiveness of the capital
facilities sector of the U.S. construction industry.

(National Research Council, 2009)

Why do we bring up this best practice reference and
other renowned institutes’ quotes here in our introductory
remarks in Chapter 17 Cll and many others have identified
(Planning for) Modularization as having the potential to
dramatically improve project outcomes. But, this planning
needs to be simple and straightforward enough so it can
be implemented. The problem is that this implementation
path is not often very clear and oftentimes is neglected or
badly carried out—hence the basis for the book.



1.3 Current State of the Construction
Industry

The construction industry is in trouble. Current produc-
tivity rates are unacceptable, and the industry now as a
whole is unsustainable. Labor costs have increased while
actual skilled workers’ “time on tools” has decreased.
Regulations (of all types) have further restricted how the
average worker can function on the job.

Furthermore, the construction industry is losing its skilled
workers. They are getting older, retiring, or with the in-
creasingly cyclic nature of the business, getting weary
of the uncertainty of employment and moving to other
professions. Making it worse, the industry is also not at-
tracting many new younger recruits. Part of the reason
is that the construction industry, as currently viewed by
many, is not considered “glamorous” or appealing to
these new younger people coming of work age. With
computer and tech jobs in the forefront and the over-
emphasis on a “college degree” as the only path to
success, the typical construction industry job is often
seen as a bit dirty, low-paid, difficult, and possibly even
beneath their dignity. Trades, such as welding, pipe fitting,

Global infrastructure investment by industry’

Selected years, constant 2005 prices and exchange rates, $ trillion

1990 2012
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and instrumentation, which still pay handsomely and of-
fer increased mobility and salary, are no longer consid-
ered as noble a profession as they historically have been.
So, some of the potential students of these trades shy
away from considering these trades as acceptable alter-
natives to college. As a result, the construction industry
continues to suffer in terms of recruiting and maintain-
ing an adequate skilled workforce necessary to support
these project construction efforts.

With the recent trend of more large-scale mega capital
projects (see Figure 1.1), not only in the number of pro-
jects but also in the greater share of investments in terms
of dollars, these new megaprojects come with increased
emphasis on holding both cost and schedule goals.
However, unfortunately, “98 percent of megaprojects suf-
fer cost overruns of more than 30 percent; 77 percent are
at least 40 percent late” (see Figure 1.2).

Owners continue to enforce these cost and schedule
goals by shifting more and more of the cost and sched-
ule risk to the Engineering, Procurement, and Construc-
tion (EPC) contractors, who in turn push it down to their
sub-contractors. With increased competition for the

M Real estate

M Transportation
Energy, utilities, and
social infrastructure

13

2030

Megaprojects’ share in the future?
12% by number of projects
77% by project value

Forecast assumes price of capital goods increases at same
rate as other goods and assumes no change in inventory.

2Project award date 2015 and beyond.

McKinsey&Company

Figure 1.1 Global infrastructure investment by industry. Source: McKinsey Productivity Sciences Center (2015). Reproduced with permission of McKinsey & Company.



1.3 CURRENT STATE OF THE CONSTRUCTION INDUSTRY

Ninety-eight percent of megaprojects face cost overruns or delays.

Capital-expenditure overrun
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Mining ® QOil and gas 4 Infrastructure

Average: 20 months

650 \ u
AN 30 =31
150 s 4 o "
n
110 po =43 w o o =
*
188 i 10 58 53
40
80 """""" 3 _____________ 2"'44 _____________________________________ e
70 60 B 4 37 Average: 80%
597 124 56 1 145
60 2 ud7 27 =49 u42 +52
50 3 +61 +54
40 14 =28
30 25 ?3 ) '46‘22..41
20 » 2307 =36 “c =38
10 6 51
1917 ,° 24 16
5 ¢ V4 V4 55
-05 0 0.5 1.0 2.0 4.0 6.0 7.09.0

Delay with respect to original schedule, years

* 98% of projects incur cost overruns or delays.
* The average cost increase is 80% of original value.
* The average slippage is 20 months behind original schedule.

Figure 1.2 Megaprojects’ capital-expenditure cost and schedule overrun. Source: McKinsey Productivity Sciences Center (2015). Reproduced with permission of

McKinsey & Company.

fewer projects currently available in the market, the few
successful EPC contractors must execute projects with
razor-thin profit margins. Any deviation in labor pricing,
material escalation, or schedule delays can spell finan-
cial disaster.

Modularization offers an alternative where the outcome
is more predictable in terms of both cost and schedule,
provided the required engineering and material inputs
are provided in time. This is because the module fab-
rication yard operates more like a manufacturing facility

Globally, labor-productivity growth lags behind that of manufacturing and the total economy
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Figure 1.3 Global productivity growth trends. Source: McKinsey Global Institute (2017). Reproduced with permission of McKinsey & Company.



