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1 Introduction

The financial crisis in 2008 and the oil price crash in 2014
severely hit the profitability of operations in the oil and gas,
chemical, energy, and other associated industries, and con-
sequently the engineering, procurement and construction
(EPQ) business that is built on the investments in these in-
dustry sectors. Low commodity prices in recent years have
continued to discourage investors from financing industrial
production. The industry is still suffering even after a full
decade, but not only because of this crisis. Low productivity
growth, low degree of digitalization, low investment in R&D
has disconnected this industry from the positive evolution
that other industries have experienced over the last ten to
20 years — the stock market is celebrating successes else-
where. While the Dow Jones Industrial Average increased in
the ten years from 2008 to 2018 by more than 80%, the Dow
Jones Construction Index fell by 30% in the same period.

But here’s the good news: The world needs industrial
plants! And managers and engineers are still highly passio-
nate about executing such ventures with success. The world
population is growing; production output will continue to
grow on a global scale, and the need to build new produc-
tion facilities will do, too. The backlog of ten lost years for the
EPCindustry isimmense. Brownfield investments to revamp
existing facilities add to this huge market. The engine of EPC
business has started up again. But nothing will be the same
as before 2008. Because the traditional business model in
EPC has no future.

Prominent voices are calling on the industry to cut its CAPEX
by 40 to 50%. This doesn’t just mean fine tuning of perfor-
mance; this ambitious target necessitates radical changes.
Within the entire value chain from CAPEX to OPEX, from the
EPC of industrial plants to their operation and maintenance,
we waste money as a result of disastrous project planning
and execution, and inefficient operations. We spend money
that does not add anyvalue to our basic business objectives.
The Cll (Construction Industry Institute, Texas) determined
that 40% of project costs are just transactional costs — ima-
gine the potential of cutting these down! A radical business
transformation that would put the EPC business on par with
the efficiency of the automotive or aviation industry would
unleash money from investors. There is no lack of money.
The EPC sector is simply not effective enough to attract it!

In May 2018, a German think-tank kicked off an innovation
initiative to develop practical guidance for EPC contractors
as well as for investors, owners and operators on how to
approach innovative business models for industrial projects
and operations, from EPC to O&M.
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Dr. Bernhard Valnion
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The objective of this initiative is to describe concrete mea-
sures capable of unleashing the hidden potentials in our
industry and to save up to 50% of CAPEX along the entire
value chain. This report is aimed at

e providing insights into the latest developments in the
EPC sector

e providing a comprehensive overview of current initia-
tives working on innovative business models that may
be of relevance for the EPC sector

e developing blueprints that describe practical guide-
lines for EPC companies as well as for investors, owners
and operators on how to approach innovative alterna-
tive business models for the value chain from EPC to
O&M of industrial plants,

e supporting these with examples based on real cases/
best practices, including examples from other indust-
ries

e providing references that indicate the potential econo-
mic impact.

The partners of this initiative are Tiba Managementberatung
(the German project management pioneers and consultants
for the automotive industry), maexpartners (consultants
of the aviation industry and authors of a joint study about
digitalization/Industry 4.0 with the German Mechanical En-
gineering Industry Association, VDMA), M8International (a
network of high-profile industry leaders and contract ma-
nagement advisors), and digital AGENDA (the innovation
manufacture for communication in the digital space). Lea-
der of this initiative is ProjectTeam®, the Global Expert Net-
work organization for the EPC industry.

May this report trigger further thoughts and discussions
with-in this industry to unleash the hidden potential in the
EPC sector.

Munich, 27 May 2019
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2 Executive summary

The traditional way of performing EPC business doesn’t work
anymore. The way we manage the Engineering, Procure-
ment, and Construction (EPC) of industrial plants (and other
businesses) today has not changed very much in the past 50
years. And the plants we build are technically not much dif-
ferent from the ones built a half century ago. The oil and gas
industry is world champion — in avoiding digitalization. The
EPC industry as a whole is spiritless in driving innovations,
compared to the automotive or even the IT sector. It is an
open secret that productivity has not increased for 20 years.
Consequently, in the global competition for investments,
the EPC business is clearly the loser.

The starting point of our initiative is a comprehensive ana-
lysis of the performance of the EPC industry against other
industries and the observed megatrends in EPC that requi-
re new responses. We reference a large number of reports
generated by the big names in global consulting such as
McKinsey, PwC or BCG that have been published in the last
few years and that all come to the same conclusions. We
have discussed with other international initiatives in this
field, such as the ones driven by the European Construc-
tion Institute (ECI) in London, or the Construction Industry
Institute (CIl), US state of Texas, and found out that there is
consensus among the experts about the potential levers to
help this industry get out of the downward spiral. Industry
leaders and executives are careful not to harm their busi-
ness with pessimistic statements, but if questioned ano-
nymously, a majority does agree about the need for radical
transformation.

The question to 8o EPC executives in India: “Are
you in the comfort zone continuing the traditional
way with continuous improvement or do you feel
the need for radical transformation” was answered
0:80 for radical transformation.

EPC Industry Top Management Seminar by CEPM/I2P2M in
New Delhi on December 12, 2018

The objective of our initiative was to challenge statements
voiced by prominent investors, owners/operators as well as
EPC companies with regard to cutting CAPEX by 40 to 50%.
Is this utopia, or is this a challenging but achievable goal?
The hypothesis that we established as a starting point of our
analysis was: If this industry worked as effectively as the au-
tomotive or aviation industry, we could save up to 50% CA-
PEX along the value chain. Our team included experts with
hands-on experience in the EPC industry as well as experts
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with a cross-industry perspective, willing to learn from best
practices from other industries, and willing to understand
what hinders us from applying these lessons to EPC.

What is the conclusion of our studies? Are we able to save
up to 50% CAPEX along the value chain? The answer is — So-
lomon‘s judgment — yes in principle, but ...

First of all, our business is complex, and every business,
every project is special. There is no standard solution that
fits all. Solutions that may work in one business case might
fail in the other, as ownership structures, regional aspects,
technical conditions or the markets are completely different.

Second, no individual player within the value chain will
accomplish this target on their own. CAPEX is the total of
capital expenditures, including the costs of project develop-
ment, the costs of engineering/procurement/construction,
the cost of project management and project governance.
Such a radical reduction may only be feasible if developed
along the entire value chain, and here the first link in the
chain is the investor. The investor defines the strategies for
the project development, and decides between the traditio-
nal ‘LSTK’ approach or an innovative partnership approach
that takes on board the experience and competence of all
parties involved from the very first moment.

There are success factors and reasons for failure that follow a
larger pattern, and the goal of our report was to capture and
evaluate these factors, and to give structure to the overall pat-
tern in a holistic approach. The model we used is a holistic mo-
del for business transformation developed by Till Balser cover-
ing four success-critical dimensions, ‘People’, ‘Organization’,
‘Processes & Methods’, and ‘Technology’. The basic principle
of this model is the experience that any business transforma-
tion needs to be balanced across all four dimensions. Initiati-
ves that limit the effort to cover only one or two of these dimen-
sions will fail if the other dimensions are neglected.

Our recommendations are assembled in a format symbo-
lized by a ‘temple’, with digitalization as the leading (and
potentially disruptive) technology foundation. On this foun-
dation we define four pillars of organizational and process/
methods-related changes, covered by the roof of human be-
havioural changes — the people dimension and ultimately
the most challenging part of all.

Digitalization is the foundation. Ten years ago, most experts
would have agreed to the thesis that we should first define
the processes, and then select and define the correspon-
ding IT solutions. In the age of Industry 4.0, we recognize

© ProjectTeam® and Partners



that ITis developing new solutions and new opportunities at
a speed that our business processes are hardly capable of
following. We are too slow in evolving our business proces-
ses to give them the lead; digitalization is the driver that im-
poses changes, sometimes disruption on traditional busi-
ness models. In other industries this is already reality, and
we should not exclude the same happening in the future in
the EPC of industrial plants. The title of our initiative ‘EPC
4.0’ references Industry 4.0 as a ‘fourth’ industrial revolu-
tion driven by (software) releases.

We have identified four major fields of action to address
changes in organization and in processes and methods,
which are all linked to each other:

Collaboration by partnership makes reference to the public
infrastructure sector, suggesting specifically that investors/
owners/operators consider contractual models different to
the traditional EPC LSTK (Lump-Sum-Turn-Key) approach,
such as alliance contracts or lean IPD (Integrated Project De-
livery) models.

Flat supply chain references examples of supply chain inte-
gration from the aviation and automotive industry, sugges-
ting partnerships with strategic suppliers that go beyond the
capital project horizon and into the field of operation and
maintenance.

Flexible organization advocates standardization of project
management, engineering, procurement and construction
processes as well as standardization in qualifications to en-
able the EPC sector to adjust flexibly to the business cycles
with organizational structures scalable to market needs.

Focus on core competences finally suggests that all partici-
pants share work scope and associated risks with the party
who is best capable and competent of managing these. This
focus releases resources for urgently required innovations:
Innovations in plant technology, such as modularization,
innovation in state-of-the-art information technology to in-
crease productivity and reduce non-conformance and un-
derperformance costs.

The human factor All these changes will not be successful
without the support of the people working in our industry.
The magnitude of changes triggered by Industry 4.0, in orga-
nizations, in processes and methods, requires a transforma-
tion programme driving a cultural change in the behaviour
of our human resources. There are well-established tools
and methods to guide organizations, companies, or project
teams to work towards a change in attitude and mindset.

© ProjectTeam® and Partners

A reduction of up to 50% CAPEX? What at first glance may
look like utopia may not be impossible if broken down into
smaller elements where we are wasting money in our capi-
tal projects today. Planned CAPEX and the as-built CAPEX in
reality differ significantly — the cost overspend in megapro-
jects ranges between 30 to 50% on average! But even when
we analyse the planned CAPEX: The cost of lost productivity,
transaction costs that do not add value, such as the costs of
mark-up fees, the cost of duplicating project organizations
for project governance, the cost of bidding, the cost of clai-
ming and penalties, the cost of risk contingencies in CAPEX....
All in all, we come to the conclusion that up to 50% of the
money we spend on capital projects is avoidable and does
not contribute to the value of the assets we build.

The holistic approach is not complete without continuation
of these thoughts into OPEX. A minor additional investment
in CAPEX can trigger significant savings in OPEX. Lifecycle
asset management does not start with the handover from
the EPC contractor to the operator, lifecycle asset manage-
ment starts during the pre-development phase of the pro-
ject.

We invite all concerned players along the value chain of EPC
and O&M to discuss the thoughts expressed in this report
with the authors. We invite investors/owners/operators to
challenge us. We invite EPC companies, construction com-
panies, companies in the supply chain to discuss our appro-
ach. We do not claim to have any patent solutions. But we
endeavour to understand what works well in other indust-
ries and we have the imagination to adapt good practices to
the specific requirements of our industry. We have access to
the experts who have the best subject specific know-how in
the fields of action covered by this report. Now, it is up to the
decision-makers in the EPC industry who have the courage
to simply do it. The ones who succeed will be the leaders of
tomorrow in EPC business.

We have the choice: Take the lead or lag behind.

Innovation Project EPC 4.0 — May 2019 | 9



3 Situation and trends

3.1 The EPC market

15 September 2008 is a historical milestone that marks a
turning point in our industry. The day Lehman Brothers col-
lapsed and stock exchanges around the world lost billions
of dollars was the starting point for a lost decade in EPC
business. The price of crude oil is the most prominent indi-
cator determining overall economy performance. The World
Bank publishes its outlook [Worldbank, 2018] of commodity
prices quarterly, and owners/operators of industrial plants
producing commodities carefully plan their investments in
step with this prognosis. The oil price had climbed to an un-
precedented spike in 2008, driven by the rapidly increasing
demand in the emerging economies, but also production
cuts by the OPEC, before it collapsed as a consequence of
the global recession triggered by the financial crisis in 2008.

US$/bl, nominal
120

100
80

60

40

20

o 1 1 1 1 1

2000 2005 2010 2015 2020 2025 2030

— Oil price

______ July 2014 forecast
______ July 2015 forecast
______ April 2018 forecast

Figure 3.1: Commodity markets outlook, April 2018 [Worldbank, 2018]

Economic recovery sent back the oil price to levels above
100 to 125 USD between 2010 and 2014, before it suffered
another steep drop in 2014. This second drop was caused
by the same economies that fuelled the oil price with their
massive demand the years before, and then struggled to
maintain their growth, above all China, followed by India,
Russia and Brazil. The high oil prices in 2010 to 2014 promp-
ted North America to expand its own capabilities to extract
the black gold from their oil sands, further contributing to
the negative effect of low demand. Last but not least, Saudi
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Arabia continued to exploit its resources with high producti-
on levels. Allin all, the oil price collapsed to levels down to
40 USD and has not recovered since. The World Bank fore-
cast has been corrected to lower levels in recent years, and
the pressure remains on all investors to plan their business
based on continuously low commaodity prices, putting high
pressure on CAPEX as well as OPEX.

As a consequence of the collapse not only of the oil price,
but also of the price of other commodities such as natural gas,
owners put their investments on hold. The result was a dra-
matic decline in order intake for those companies that were
relying on orders from industrial plant operators, EPC cont-
ractors, the supply chain of manufacturers, but also service
providers in all fields, including operation and maintenance.

Global investment in production and exploration
fell from 700 billion in 2014 to 550 billion USD in
2015.

Kenneth Rogoff, Harvard University, 2016

The strong decline in order intake hit developed economies
such as Germany especially hard. The VDMA (Germany’s Me-
chanical Engineering Industry Association) determined that
the order intake for large EPC projects by German companies
dropped from 33 billion euros in 2008 down to 19 billion eu-
ros in 2016 [VDMA, 2017]. Companies with low capital as-
sets collapsed, others were forced to merge, and yet others
were subject to acquisition by healthier competition, often
based in Asia.

36

€33 bln

\™

25 \/A

20

2008 to 2016

30

—
€19 bln

15

2008 2010 2012 2014 2016

Figure 3.2: Order intake for large EPC projects in Germany 2008 to 2016. Source:
[VDMA, 2017]
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The rise of China is another game-changing factor for the
global economy, and specifically in the EPC business. While
western economies are lacking long-term strategies, wes-
tern governments acting from one election to the next, and
western companies acting from one quarterly report to the
next, China’s strength is long-term planning. China is inves-
ting where the ROl may not pay back before five, ten or even
20 years, while western companies are struggling with the
massive decline in their business and consequently cannot
release the cash to invest.

Global competition has always been strong, and companies
have their strategies to face this competition. Competition
from China, however, is felt as the toughest-ever threat to
European companies. There is only one way out: Europe-
an companies have to remember their strengths, have to
invest in the fields of their strengths and have to defend -
or regain — their leading position. Without investment into
long-term strategies, this contest will be lost by European
companies.

The good news is: After a lost decade for the EPC business,
after a decade of low demand for industrial production fa-
cilities, this market is starting up again. The backlog of one
lost decade is immense, and the growing world population
will guarantee a continuous demand for new capital pro-
jects. The market is big enough for it to require all available
engineering resources in this world.

There is no precise definition of ‘EPC industry’, consequent-
ly there are no reliable reports that determine the size of the
global EPC market. Many reports refer to the global construc-

tion market, which is estimated to be a 10-trillion-USD mar-
ket today, and is expected to grow to 15 trillion USD by 2030
[Global Construction, 2015]. Growth is driven primarily by
the economies in China, India, the US and SE-Asian econo-
mies such as Indonesia, while the traditional players in Eu-
rope or Japan may recover but will not surpass the levels pri-
or to the financial crisis in 2008. The construction industry
includes real estate and infrastructure, which make up the
largest part of the market, but it can be assumed — depen-
ding on the definition of EPC industry — that our business
has a share of 6 to 10% of this market.

A global market size for EPC projects of 600 to 1000 billion
USD per year, and a market growth of 50% over the next 15
years requires all players in this market to organize them-
selves more effectively to be in position to execute all these
projects. Considering that we are currently executing our
projects with an average cost overspend of more than 30%,
there are huge opportunities in this market that would justify
massive investments into the companies that execute these
projects.

The reason why investors are reluctant to pump money into

this business is the poor performance of the EPC industry
compared to other industries.

“There is no lack of money. There is a lack of attrac-
tiveness to collect it.”

Frank-Peter Ritsche, ProjectTeam

4,500
4,000 l////i/
3,500

= China

3,000 /
2,500 /
2,000

/

~ — |ndia
== |ndonesia

500 M

= U.S.
= Europe

1,000 X—/

= Japan

500 ————— e

o

2005 2010 2015 2020 2025

2030

Figure 3.3: Forecast for the global construction market up to 2030 [Global Construction, 2015]
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3.2 The performance of EPC against other sectors

Investors are driven by the leading financial indicators. The
Dow Jones Industrial Average dropped dramatically with
the financial crisis in 2008, however, it managed to reco-
ver to previous heights within five years. Within one decade
(01/2008 to 01/2018), the DJIA increased by 86% — fun for
those who invested their money in this market.

The Dow Jones US Heavy Construction Index is a leading in-
dicator for the construction industry in general, and (to cer-
tain extent) can be taken as an indicator for the EPC indus-
try. The DJCI suffered a dramatic drop in 2008 as well, but
even after five years it still remained 30% below its pre-crisis
level. Another five years later, its performance had still not
improved. While investors celebrated the record heights of
the Dow Jones Industrial Average, those investing in the
market represented by the Dow Jones US Heavy Constructi-
on Index suffered 30% losses after one lost decade.

24.719
Dow Jones Industrial Average
13.264 13.104 MN<
N _~ +86%
\\//\/\N
Dow Jones US|Heavy Construction Index
664 -30%
I 467
\/\V\/ r\/"ﬁ/"ﬂ N\A
01/2008 t0 01/2018

Figure 3.4: Dow Jones IA vs. construction index 2008 — 2018

There are several reasons for the massive underperfor-
mance of this sector, and there is a wealth of studies and
reports by all major business consultants that come to very
similar conclusions. From all these studies, three major fac-
tors are highlighted here:

Poor performance in the execution of capital projects. Stu-
dies, for example by McKinsey [McKinsey, 2017-1], conclude
that capital projects are completed with an average of 37%
cost overspend and 53% schedule overrun. The magnitude
varies from sector to sector, but the oil & gas downstream
business seems to hold the record with an average of 53%
cost overspend.
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Schedule overrun

Cost overrun

0&G Downstream 53% 38%

Mining 53% 419

Other Infrastructure 43% 63%

Transport 40% 63%

0&G Upstream 34% 41%

08&G Midstream 28%
24%

A
37% 53%

Real Estate 85%

Figure 3.5: Performance of megaprojects [McKinsey, 2017-1]

“The failures in the core processes of project under-perfor-
mance are well understood: Post-project reviews generally
audit the systems, process, and project management root
causes foroverruns. However, the disruptive influence of fail-
ures in project leadership, ineffective culture of the project
organization, failed mechanisms of collaboration between
multiple parties involved — and their increasing importance
as the scale and complexity of projects increase — are typi-
cally not examined to the same extent.”

“Looking at construction projects today, | do not see
much difference in the execution of the work in
comparison to 50 years ago.”

John M. Beck, executive chairman, Aecon Group, Canada

The report for the World Economic Forum in May 2016 prepa-
red in collaboration with Boston Consulting Group [BCG, 2016],
citing John Beck as above, refers to these reasons for failure:

e lLackof innovation and delayed adoption

e Informal processes or insufficient rigour and consisten-
cy in process execution

e Insufficient knowledge transfer from project to project

e Weak project monitoring

e Little cross-functional cooperation

e Little collaboration with suppliers

e Conservative company culture

e Shortage of young talent and people development.

While the objective of our innovation project ‘EPC 4.0’ report
is not to create another version of studies that have been
well documented by other major business consultancies, we
acknowledge the massive opportunity for those companies
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on the market that are able to overcome the deficiencies that
lead to this underperformance in capital project execution.

Poor productivity growth compared to other sectors. Pro-
ductivity has grown continuously over the last few deca-
des, between 50 to 70% for the overall economy within the
past 20 years. Manufacturing has been leading productivity
growth, almost doubling its real gross added value per hour
worked by person employed between 1995 and 2015 [Mc
Kinsey, 2017-2]. Productivity in construction registered only
minor growth during the same period.
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Figure 3.6: Productivity in construction [McKinsey, 2017-2]
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Figure 3.7: Digitalization by industry sectors [Accenture, 2014]
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Again, the reference to John Beck above serves as sufficient
explanation for the overall performance of this industry.

Low level of digitalization. Another explanation for the mas-
sive productivity gap of our business in comparison to other
industrial sectors is the low level of digitalization. Again, we
can refer to several analyses performed by major business
consultancies, in this case the TOP 500 study 2014 by Ac-
centure [Accenture, 2014].

Oil and gas is world champion — in avoiding digita-
lization, followed by the number two: Construction.

While the elimination of the deficiencies that lead to mas-
sive under-performances in the execution of projects is an
obvious measure to be taken by all companies in this sector,
our report focuses on the opportunities expected from clo-
sing the gap in the industry ranking (first) in digitalization,
resulting (second) in the productivity growth that this indus-
try needs to compete successfully for investors’ money in
the global market.

Mostly

2 + Partly

- Very little

+ Rudimentary digitalized

2,00 3,00 4,00
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3.3 Megatrends in EPC require new responses

The starting point of this ‘EPC 4.0’ initiative was a white pa-
per ‘Time for Change — A vision for EPC 4.0’ issued by Pro-
jectTeam® in November 2017 [ProjectTeam, 2017]. From the
variety of studies and reports that analyse the situation in
the EPC sector, and from the variety of issues that are ad-
dressed by speakers at conferences held over the globe, we
have identified some megatrends that we have used as the
initial project charter for our own analysis:

Collaboration between 0/0 and EPC contractor

e The traditional approach in the EPC business of execu-
ting a project based on a lump-sum turn-key (LSTK) con-
tract between the owner/operator and EPC contractor
is adverse to the idea of joint collaboration. The LSTK
contract causes each contractual party to focus on its
claims against the other party and adds additional con-
tingencies to budgets and schedules to protect against
claims and to deal with uncertainties.

e There is a trend for investors to think about strategies
on how to marry CAPEX and OPEX and form one integra-
ted project team with the key players for the execution
of the CAPEX project. Project alliance contracts are one
model in which each party is incentivized to optimize
both the CAPEX and the OPEX of the plant. Uncertainties
and the consequential contingency costs are reduced
owing to open books. Sustainable long-term-goals
should prevail before short-term deadlines.

Collaboration with the supply chain

e The traditional approach contracting the work from top
(owner/operator) to bottom through several levels to the
EPC contractor, subcontractors and their sub-suppliersin
a contractual hierarchy generates losses of 40% of pro-
ject costs as transactional costs. Relational contracting
rather than roll-up contracts will flatten the supply chain,
replacing the contracting hierarchy with a network.

e Modularization and standardization are good measures
to improve the integration of the supply chain into the
plant design, but standardization to cut CAPEX should
not compromise any optimization of OPEX. Many com-
ponents, however, are over-specified, and costs can be
saved by eliminating these over-specifications. Scalable
and agile platform strategies such as in automotive
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design permit standardization without eliminating
necessary variances.

The traditional approach is to buy and own the equip-
ment. A different approach is to lease equipment over
a period of time, which levels CAPEX costs. Alternati-
vely, equipment may be paid-per-use, with the equip-
ment supplier remaining the owner and maintaining
the equipment over its lifetime. This option could be
attractive for suppliers of complex machinery, not only
because of the profit generated in service contracts,
but also because of the opportunity to feed experience
from operation and maintenance back into design im-
provements.

Flexible resourcing and ‘agile’ EPC collaboration

Labour markets in high-cost countries do not provide
sufficient qualified resources, with the consequence of
further increasing labour costs. Companies with global
hubs are shifting qualified work to low-cost countries.
Fluctuations of staff (e.g. job-hopping), as experienced
in Asia, will become common in high-cost countries,
too. Highly qualified staff is not willing to accept cuts,
but moves on to where the work seems more attractive.

Companies are taking the approach of replacing hier-
archies with network organizations that develop the
flexibility to upscale and downscale their capacities to
accommodate the huge upturn and downturn cycles in
EPC business.

Digitalization and Industry 4.0/data and knowledge sharing

Potential new players might position themselves as
providers of EPCaaS (EPC as a Service) and/or PMC.
They would offer a software-based solution and apply
building information modelling (BIM) to manage the de-
velopment and construction of a capital project.

The opportunities of digitalization and Industry 4.0 will
require the EPC contractor and the owner/operator to
build a partnership over the asset lifecycle. The real
value can be generated when the technology provider
shares his engineering data with the operator, and
the operator shares his O&M data with the technology
provider. The analysis of big data from multiple plants
leads to plant and process improvements that both
technology provider and operator benefit from.
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Project management and competences e Agile project management methods are successful-
ly applied in other industries, especially in innova-

e Projects fail because the established and known pro- tion-driven businesses, such as IT. There may be a
ject management methods and tools are not applied. conflict between the necessity to digitalize the project
This is not about innovation; this is about bridging management processes with controlled data workflows
the gap between theory and reality, between knowing that may lack flexibility and the trend to agile project
what’s wrong and doing what’s right. The problem is management methods. This conflict needs to be ad-
not that processes and tools must be invented; the pro- dressed and resolved.

blem is the change of mindset in the organizations and
their people, and how to manage a culture of change.

~x
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4 Targets and methodology

4.1 Reducing CAPEX by 50% — utopia or achievable goal?

Today, industries are under permanent pressure to change
and adapt. Innovative technologies, products and services
brought to market by companies in global competition cre-
ate a race for leadership in all sectors of the economy. Eu-
ropean companies in the EPC business cannot escape this
pressure and aspire to catch up in this global race. However,
much remains to be done, as the EPC business in Europe
has fallen far behind in recent years and must now make
even greater efforts.

In recentyears, studies have repeatedly revealed the gaps in
European EPC businesses in terms of innovation, producti-
vity, profitability, and business agility. European companies
in the automotive, aerospace, mechanical, and electrical
engineering as well as automation industries have worked
continuously to improve their performance in recent years
and are now among the global champions. It is essential for
the European EPC business to catch up and dramatically im-
prove its performance. This is not a question of a marginal
improvement, but a quantum leap.

Prominent voices in the European EPC business are calling
for significant changes, for example the Global EPC Manager
of Shell, Paul van Weert, who advocated during the ECI An-
nual Conference “18 [ECI, 2018] in Amsterdam:

“We need to halve the cost of capital projects to
enable them to do twice as many projects with the
same allocated budget, not through putting more
cost pressure on supply chains, but through funda-
mentally rethinking the delivery model.”

Paul van Weert, global EPC manager of shell

In summary, a step change in the way projects are executed
is needed to secure improvement of up to 50% in cost as
well as 30% in schedule. That won’t be achieved by squee-
zing the margins of suppliers, but calls for much deeper
collaboration, more rigour in scoping projects, relying more
on what the industry has on offer, standardization, less pre-
scriptive standards from the client and using digital twins
more effectively from design through construction to the
operation phase.

Stephen Mulva, Director of the Construction Industry In-

stitute (Cll), paints a dramatic picture of the situation and
argues that the transactional costs are too high [Cll, 2018]:
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“For the past several decades, our industry has emphasized
the planning, technical, managerial, and work process di-
mensions of our projects — at the expense of the numbers
and the assets keeping us in business. Forty percent (40%)
of the cost of creating a new asset is currently wasted on
transactional costs. It’s not a sustainable model. We have
to employ the best business, financial, and accounting con-
cepts and we’ve got to do it now.”

Transactional costs may be defined as costs associated with
the exchange of goods or services, including payments to
banks and brokers, search fees as well as service fees to pro-
cess these transactions. In the EPC business, transactional
costs may also include financial fees, legal fees, dispute reso-
lution costs along with logistics and communications costs.
It also includes foundational work such as the cost of sour-
cing quotes, cost and schedule benchmarking, assurance re-
views and so on and so forth. Unfortunately, in EPC projects,
transactional costs thrive owing to both lack of integration,
and to contractual and operational frictions between the mul-
titude of stakeholders involved during the project lifecycle.

Mr Mulva advocates a new approach, called ‘Operation Sys-
tem 2.0’ [CURT, 2018]. This vision is a multi-industry, colla-
borative, research-supported effort that aims to reorganize
industry procedures and standards and replace them with
a standardized, technology-enabled platform that accom-
modates future changes and makes capital projects more fi-
nancially viable and sustainable. In an interview with d1g1tal
AGENDA [dA, 2018], he points out the impact: “The existing
business model is essentially like a pyramid: At the top you
have the owner, followed by the EPC, a series of subcontrac-
tors, a series of suppliers, and they are working on the cont-
ract, both upwards and downwards. This model is very slow
and expensive. With computers and Al, we are basically able
to put everybody on what we call the ‘Thin Platform OS 2.0’.
Impact can reach up to 35% cost reduction, 50% cycle time
reduction, 57% better ROCE and 250% more projects.”

In 2017, an in-depth report by McKinsey experts examined
the role of technology in shaping modern industries [McKin-
sey, 2017-3]. The authors conclude that digitalization is dri-
ving a ‘radical reordering of traditional industry boundaries’,
leaving whole sectors ripe for disruption. “The mobile Inter-
net, the data-crunching power of advanced analytics, and
the maturation of artificial intelligence have led consumers
to expect fully personalized solutions, delivered in milli-
seconds. Ecosystem orchestrators use data to connect the
dots — by, for example, linking all possible producers with
all possible customers, and, increasingly, by predicting the
needs of customers before they are articulated. The more
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a company knows about its customers, the better able it is
to offer a truly integrated, end-to-end digital experience and
the more services in its ecosystem it can connect to those
customers, learning ever more in the process.”

In another McKinsey report concerning ‘The art of project leaders-
hip: Deliveringthe world’s largest projects’ [McKinsey, 2017-1], itis
stated that “troublingly, large capital projects that are completed
on schedule and within budget are the exception, not the rule. We
reviewed a dataset of more than 500 global projects above 1 bil-
lion USD in resource industries and infrastructure and found that
only 5% of projects were completed within their original budget
and schedule. In completed projects, the average cost overspend
was 37% and average schedule overrun was 53%.” It is pointed
out that the disruptive influence of failures in project leader-
ship, ineffective culture of the project organization, failed me-
chanisms of collaboration between multiple parties involved
are some of the levers for improving the performance of large
projects, especially as scale and complexity of projects are in-
creasing.

Last but not least, it is essential that the productivity gap in the
EPC business is dealt with. Reports [McKinsey, 2017-4] point to
the fact that in the construction industry the annual producti-
vity growth during the last two decades has been only 1%, that
the industry is lagging behind overall economy productivity by
50% and that in total a boost in productivity of approximately
50 to 60% could be achieved, which amounts to 1.6 trillion USD
additional value. “Construction is among the most fragmented
industriesintheworld, the contracting structures governing pro-
jects are rife with mismatched risk allocation, and owners and
buyers, who are often inexperienced, must navigate a challen-
ging and opaque marketplace. The results are operational fail-
ures within firms, including inefficient design with limited
standardization; insufficient time spent on planning and im-
plementing the latest thinking on project management and
execution; and a low-skilled workforce. In addition, the const-
ruction industry is highly volatile and has bottom-quartile profit
margins compared with other sectors, constraining investment
in the technology and digitalization that would help raise pro-
ductivity.”

Summing up all the findings, there is a real potential for the
EPC business to improve its overall performance. All reports
show measures for drastically reducing costs as well as
scheduled times, for improving the overall productivity by
learning from good practices and other industries, perfor-
ming systematic organizational change and by using modern
technologies to the optimum extent. Our report provides
an integrated view of the changes necessary for achieving
quantum leaps.
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4.2 Learning across the silos

A faster way of improving the EPC business is to analyse
what other industries, sectors, and firms are doing and to
apply the lessons learned. The situation, challenges and
solutions may differ and certainly there is no ‘silver bullet’
to tackle the situation in EPC business. However, it’s very
insightful to see how EPC is applied in the nuclear indus-
try compared to renewables, infrastructure, construction,
oil & gas or industrial solutions. The business, operation
activities and projects differ between EPC and automotive
or aerospace, however, the way the latter two industries are
improving productivity, applying new (digital) technologies
and performing agile and collaborative practices is an ex-
ample, the EPC business can definitely learn from.

In this report, we provide several examples of cross-fertilization,
which allows learning from good practices in other industries,
sectors and firms. However, this may just be a starting point, as
cross-fertilization should be done systematically. It begins with
learning from projects and applying the lessons in other pro-
jects, utilizing them in operations, for sales purposes and even
to iterate the strategy of the company. Benchmarking within and
between organizations is an invaluable tool for improving the
performance and identifying innovative solutions, including but
not limited to new technologies, products, services or business
models. Visiting conferences, extracting value-adding ideas from
presentations and discussion means learing. However, it me-
ans doing this consciously, following defined learning goals and
focussing on narratives with benefits for one’s own business.

Our observation is that the EPC business is rather introvert,
traditional and conservative towards innovation and change.
Industry leaders often say the opposite, but when talking
with people in the trenches, they admit that they are ‘capti-
ves of the own world’. Therefore, achieving significant pro-
gress requires leaders to look ‘outside of the box’, to be
open to new approaches and explore the possibilities, to be
risk-tolerant and try things out before bluntly rejecting them.
For example, the automotive industry is challenged by dis-
ruptive technologies. Instead of blocking these trends, the
leaders are flying to Silicon Valley, talking to disruptors, lear-
ning from them and applying the lessons learned in their own
companies. Recently, Volkswagen Commercial Vehicles hired a
top manager from Apple to boost autonomous driving features
and ‘Mobility as a Service (MaaS)’ applications. Over the last
couple of years, the aerospace industry has hired several ma-
nagers from the automotive industry to cope with the increa-
sing production numbers. What is the EPC business doing to
inject experts or experiences from other industries, sectors or
companies? The way we see it, there is room for improvement.
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4.3 The four dimensions of business transformation

Owing to the magnitude of change necessary in EPC busi-
ness, it is not enough to make just a few tweaks, a holistic
approach is needed. Tiba Managementberatung developed
a holistic model for business transformation (see Figure
4.1), covering four success-critical dimensions, ‘People’,
‘Organization’, ‘Processes & Methods’ and ‘Technology’
[Tiba, 2008]. This model was used during the analysis and
development of recommendations, following the objectives
of achieving quantum leaps in EPC business.

People

/l\
/l\

Organization

V¥

\’

4
SPOYIaIN B S95S3201d

\}
\)
\’

Technology

Figure 4.1: ‘Holistic’ model for business transformation (Source: Tiba Manage-

mentberatung)

The People dimension is certainly the most important di-
mension as the human factor is key to success in EPC bu-
siness. The focus is on aptitude, skills and experiences
of people performing their tasks in EPC business. To keep
pace with the steady increase in the overall complexity of
the business and specific requirements of the tasks, people
need to continuously develop skills, and organizations are
required to support them with coaching, training and other
development measures. A supportive culture is necessary
to foster collaboration among the various stakeholders. Lea-
ders on all levels play a crucial role in helping to develop
such a culture, e.g. through a supportive leadership style,
giving space to people to perform tasks and self-organize in
the context of a project. Intercultural skills play an important
role in EPC business, working with teams across the supply
chain spread all over the globe.
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Organization highlights the fact that all people in the EPC
business need to understand their roles, i.e. their tasks, ac-
countabilities, and authorities. The latter is an important is-
sue as too often only the first two are defined. The organiza-
tional structure within one of the players of the EPCbusiness
and also between the players need to be defined and should
clearly foster performance, agility, and flow. Too often, the
organizations involved in the EPC business are hierarchi-
cally structured and focus on internal optimization. How-
ever, a continuous flow is needed, from the O/O through
the EPC and the subcontractors to the supplier base, which
requires them all to be externally oriented, align their orga-
nizations to the requirements of the project and change the
setting as needed during certain phases of project execu-
tion. Governance, procedures for decision-making across or-
ganizational levels, and entities, interfaces, communication
and information flows, regulations for escalations and akin
must be optimized in order to cope with the many challen-
ges facing EPC business.

With the Processes & Methods dimension, the necessary
tool set is provided. There’s not one tool to meet all requi-
rements, typically a set should be made available to allow
the most appropriate one to be chosen to match the specific
requirements of the EPC project. Tools should be tailored
to the needs of every phase of project execution, building
on existing standards. However, all processes and methods
need to be orchestrated, integrated and aligned with each
other, including but not limited to processes of systems en-
gineering, product management, engineering, purchasing,
programme and project management, value, benefits and
risk management, contract and claims management as well
as supply chain management.

Finally, the Technology dimension addresses all aspects
concerning (IT) tools used in business. This may be software
used to enable processes, collaboration and communica-
tion, technologies and approaches for delivering products
and services, solutions for automation, digitalization and
artificial intelligence (Al), dealing with big data, data ana-
lytics and the like. Technologies may be used in projects
for planning, controlling, reporting and documentation,
for engineering, purchasing, and the delivery of services
rendered under the contract, and certainly for construc-
tion, commissioning and logistics. It is important for an EPC
business to regularly scan the horizon for new or disruptive
technologies, to apply technologies that add value and im-
prove performance, aligned with the overall strategy of its
organization.
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4.4 Methodology

During our research, we focussed on qualitative methodolo-
gy rather than on quantitative figures to capture the nuan-
ces of practice and provide insights from practitioners for
practitioners. Wherever this report refers to quantitative fi-
gures, these values need to be interpreted in the context of
a specific use case only. They give an indication of a scale
of magnitude of the ‘hidden potential’ of such figures and
should not be misunderstood as statistic values.

Based on our own practical experience, an in-depth ana-
lysis of the present situation, the challenges and the need
for change was conducted, scanning a multitude of reports,
articles, conference proceedings, and literature in the field
of EPC businesses. Ideas on how business could improve
were developed and validated in in-depth interviews with

about twenty industry representatives. During conferences
and intensive workshops, potential solutions were discus-
sed and refined, before an online survey captured some fi-
gures about the magnitude of cost reductions in each area.
Case studies were identified for each improvement area,
highlighting the realization of improvements in practice and
discussing advantages together with disadvantages.

However, this report is not the end of our efforts to move
the EPC business forward. In several workshops in 2019
with leaders in the EPC business we want to discuss the re-
sults and define an action plan. This action plan may act
as blueprint for companies to change their way of conduc-
ting their EPC business. Special training curricula, coaching
and consulting offerings will be derived from the report,
and through publications we want to advocate our ‘case for
change’ and potential solutions towards a sustainable future.
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5 Strategy and overall concept

5.1 Is there a 4th industrial revolution in EPC business?

This paper, comprising the report of the innovation project
‘EPC 4.0’, references a ‘fourth’ industrial revolution. Indus-
try 4.0 has become a buzzword that is associated with the
disruptive nature of digitalization. Three industrial revolu-
tions in human history have generated such radical chan-
ges to the life of human beings that they deserve the title
‘revolution’. So, we understand we are in the middle of a
new industrial revolution, which is associated with cyber
physical (autonomous) systems, while EPC still is working
on revolution number 3 — computers and automation.

Figure 5.1: The four industrial revolutions

This report entitled ‘EPC 4.0’ examines the potential impact
of Industry 4.0 on the business of engineering, procurement,
and construction of industrial plants. It will not end up de-
scribing the problems and challenges, it will give guidance
in a discussion that sometimes is characterized by the fuzzy
definition of the current situation and the expected future,
and it will provide solutions.

But is it ‘revolution’? The EPC industry has been using di-
gital solutions for more than three decades, since drawing
boards in the engineering offices were replaced with com-
puter screens. We manage our engineering data in 3D mo-
dels, we use databased scheduling software, we plan and
control costs in SAP. We have been discussing the integrati-
on of these digital silos for 20 years, and today we are still
sinking millions of euros in underperforming IT systems that
many users feel are ineffective on the real basis of work.
New systems bring new bugs; upgrades or replacements of
IT systems bring additional risks for projects and increase
the number of grey hairs of one or the other project director.

The digital revolution will change our way of life, and we see

its disruptive potential in numerous examples in other in-
dustries. Computers know, learn and can forecast our be-
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haviours, creating completely new business models that we
could not imagine before they suddenly appeared without
warning. Cryptocurrencies based on blockchain technology
are turning the financing sector upside down, mobility-
as-a-service solutions question the traditional car-selling
concept of the automotive industry. But the EPC industry,
still very much embedded in its tradition and conservatism?
Industry leaders were asked about their expectations at the
last Engineering Summit of the VDMA (German Mechanical
Engineering Industry Association) in November 2018, and
the clear statement was that no disruption was expected but
rather a gradual evolution [VDMA, 2018]. The digital revolu-
tion is happening everywhere else, but not in EPC!

Industry 4.0 and digitalization are seen as additional bu-
siness opportunities. There are surveys that ask questions
such as “How much turnover does your company generate
with digital technologies?”. The percentages remain low,
and expectations remain moderate, as this question bypas-
ses the fundamental goal of digitalization. Digitalization
must enable our companies to enhance their performance in
their core business, digitalization is not there to be satisfied
by its own existence, digitalization is the lever to higher pro-
fitability! The correct question is “How much did your profit
increase thanks to digital technologies?”. Digitalization as
the lever to higher profitability? This is where in our daily
project execution we are struggling to overcome the gap bet-
ween theo-ry and reality.

The team of innovation project ‘EPC 4.0’ has been exami-
ning the disruptive potential of digitalization in the EPC
sector, and to be honest, by limiting the disruption to pure
technological aspects it is difficult to identify digital techno-
logies that may impose a radical change on our traditional
business model. The disruptive elements become apparent
when expanding the technology-focussed view toward the
other dimensions of a business transformation model: pro-
cesses and methods, organization, and the human factor.

Building information modelling (BIM) is one example of the
digitalization trends that sooner or later will find their way
into the EPC industry. BIM was imposed by public tendering
procedures on projects in the infrastructure sector ten years
ago. The parties participating in these projects quickly found
out that BIM creates transparency and visibility of desired
and undesired information (as a matter of perspective) that
was contradictory to the traditional contracting models such
as LSTK. Consequently, BIM caused the parties to develop
alternative ways to collaborate in infrastructure projects,
such as alliancing or IPD (Integrated Project Delivery) mo-
dels.
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BIM as an IT-based approach is not a radical chan-
ge, the way it has caused a change in the way we
collaborate, however, is radical!

Is there a 4th industrial revolution in the EPC business? We
believe the answer is simply yes. The technologies themsel-
ves tend to be evolutionary rather than revolutionary, but
in consequence our team expects that these technologies
will cause radical changes to the way the different parties
involved collaborate in capital projects, the EPC contractor,
the owners/operators, the supply chain, the financing in-
stitutions. The objective of this report is to generate a vision
of how this may happen, and we derive our vision from lear-
ning across the silos, from observing what is happening in
other industries.

5.2 Game changers and challenges

When analysing observations from other industries, when
learning from experience or best practices in business cases
beyond the characteristics of EPC, two fundamental ques-
tions have to be answered. First: What are the success dri-
vers and what are the causes of failure in these specific use
cases? And second: What are the barriers or challenges to
overcome so as to apply these findings to the EPC indust-
ry? This section elaborates on three (of many) fundamental
game changers and challenges that should be considered.

Trust and transparency instead of claims and blames

The fundamental and most ambitious challenge is the cul-
tural and behavioural change that is required of all parties.
Human nature tends to be ‘bad’ and ‘egoistic’; wherever
one human spots an opportunity to beat another they’ll go
for it. Sports are designed like this, and the humanitarian
ideologies of socialism failed because of the self-centred at-
titude of those taking the leadership. Is it realistic to change
human behaviour? Probably not, but ignoring the problem
is not the solution. Transformation strategies can address
human behaviour, can incentivize cooperation and punish
adverse behaviour. EPC projects, specifically those execu-
ted in LSTK contracts, are characterized by claims and bla-
mes between the contracting parties. Major effort is spent
on something that does not generate value for the project.
Experience from (some) projects executed in partnering and
alliance models show that it is possible to create a project
environment where trust and transparency replace claims
and blames, rewarding the parties with lower costs and
shorter schedules.
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Protecting intellectual property and confidentiality

The downside of transparency is full visibility that includes
the exposure of information that we may consider confidenti-
al. Not all information we like to protect as confidential deser-
ves this classification. We do not disclose our commercial cal-
culation in a lump-sum contract, but we accept full disclosure
in an open-book approach. Consequently, the contractual
model we select determines the level of transparency.

Intellectual property and patent rights on technologies is ano-
ther factor that prevents the disclosure of data to the extent
that may be required to support a building information model
approach. In a time where infringement of property rights is
a common phenomenon and owners’ rights are increasingly
difficult to enforce around the globe, IT vendors are required
to develop IT solutions that enable the protection of IP in sha-
red data applications. When sensitive engineering drawings
are stored in a cloud, we need to be 100% sure that these
drawings are not found on Wikileaks a couple of days later.

Cyber security

Which leads to the risk associated with cyber security. With
the increasing level of digitalization, our vulnerability to out-
side attacks is increasing. The effort spent on protecting our
data and the operations of our IT systems is growing more
and more. The question is at what time this effort will super-
sede the benefits earned from digital solutions. Cyber se-
curity is a major field, it affects every industry, but cyber-
attacks are certainly a massive threat to global EPC projects
that rely fully on electronic data exchange. The industry, and
first of all the IT vendors, are obliged to develop solutions
that are constantly ahead of the developments of threats.
Going back to pen and paper is not a solution.

5.3 A house built on top of Industry 4.0

Just to correct any exaggerated expectations: The glorious
one-fits-all business model for EPC 4.0 of the future does
not exist. Every company has a distinct business model that
deserves a distinct approach to cope with future challenges.
Every EPC project is unique by nature. There is no standard
solution, no recipe to follow, no checklist in the attachment
to this report. The world is complex and consequently our
view of this world is probably fuzzy.

The objective of our report is not to invent any new revolu-
tionary academic thesis. What we have done is pick up good
practices from other industries, ask questions, get answers
and try to give structure to complexity.
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The human factor
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by the flexible core
partnership supply chain organisations competencies

The opportunities of digitalization

Figure 5.2: The transformation model of EPC 4.0

This is our model, a ‘temple’ built on the four success-cri-
tical dimensions of the holistic business transformation
model [Tiba, 2008]: IT technologies as the ‘foundation’, the
human factor as the ‘roof’, and in between the ‘pillars’ of
organizational and process-related changes.

5.3.1 The foundation of digitalization

Ten years ago, we would have built our house on the founda-
tions of good processes, and attach the IT technologies as
an enabler following the lead of our working processes and
procedures. Ten years later we recognize that digital techno-
logies develop at a speed that leaves our processes tagging
behind the opportunities of IT. The driver that determines
the transformation of our business towards the future in the
age of Industry 4.0 is digitalization, and that’s why we are
starting to build our approach on this foundation.

We have been applying digital technologies for many de-
cades. But we should be careful with the use of buzzwords
like ‘Industry 4.0%, the use of ‘state-of-the-art’ digital techno-
logies today is not a digital revolution. There are tools and
IT environments that have evolved during the past decades
and that are ready for use today, but they are only slowly
entering into the real world of project execution. The invest-
ment required to apply these technologies must be justi-
fied by the value added, and too often, the benefit is not
that obvious. Unfortunately, it is a painful lesson learned in
many companies that the introduction of new IT solutions is
far more expensive and behind schedule compared to the
original plan when the investment decision was taken. IT
solution providers are required not just to develop the most
sophisticated software, but also to execute IT projects to
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planned cost and schedule, and to guide the users into the
brave new world.

Digital technologies can be categorized in three groups, re-
lated to their maturity:

1. Mature technologies that exist and that are already
applied by some companies who have taken the lead.
Reference cases exist and prove the value of these tech-
nologies. All it takes is an investment decision based
on the expected value that these technologies bring
to the specific business or specific project. And what
adds value in one project may not be equally benefici-
al in another project, owing to different organizational
constellations, different labour requirements, different
qualifications available. Laser scanning in brownfield
plants, use of virtual or augmented reality in design, di-
gital solutions for predictive maintenance are examples
of mature technologies that are in the process of captu-
ring their market.

2. Existing technologies that still have to proof their practi-
cal relevance in our business. We have identified two
technologies that may have the potential to change
our business: Building information modelling (BIM)
and blockchain. Companies that experiment with these
technologies may not immediately get a return on their
investment, but it is worthwhile exploring the oppor-
tunities of these technologies. Those who are able to
turn such investments into success will be leading the
way in the future.

3. Technologies that are under development or that — the-
oretically — can be envisaged in combination with to-
day’s technologies, but do not yet exist as ready-to-use
applications. This category covers the whole potential
of automated and autonomous systems supported by
artificial intelligence, such as automated construction
management or automated engineering. Many tasks
in our projects are completed by engineers, planners,
supervisors, coordinators that — with some imagination
- could be performed more efficiently with the aid of
computers.

5.3.2 The pillars: Changing the organization, processes
and methods

The implementation of digital technologies as described
above will change our organizations and will change our way
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of working, our processes and methods. We have identified
four major areas of change, the four pillars of our house,
which are all interconnected and have to be understood as
an integrated set of measures:

Collaboration by partnership. This measure refers to how
primary partners in a capital project should interact, basi-
cally the EPC contractor and the owner/operator, but also
other key players in the project, such as the construction
companies. The fundamental principle is to create a contrac-
tual environment where all parties are aligned to the same
common goals, share risks and pain, but also share oppor-
tunities and gains, on the basis of contracts that reward the
achievement of these common goals for all parties. These
collaboration models require the establishment of trust
and transparency, and should avoid the claims and blame
games that are a common phenomenon in traditional LSTK
contracts.

Flat supply chain. This measure refers to the way the supply
chain should be integrated. Learning from best practices in
the automotive oraviation industries, strategic suppliers can
play a much biggerrole in capital projects, by driving techno-
logical innovations in their field or participating in leasing,
pay-per-use models or otherwise participating in the opera-
tion and maintenance of the assets. Flattening the supply
chain means eliminating the intermediate levels and redu-
cing transaction costs. Standardization and modularization
are success drivers to streamline the interface to the sup-
ply chain, both towards strategic suppliers of complex mo-
dules and towards standard supplies that can be procured
off-the-shelf with a high degree of automation.

Flexible organization. This measure refers to the way we
can integrate internal and external resources to create an
organization that is scalable and flexible enough to adapt
to the cyclical changes in EPC business. The success driver
is (again) standardization, this time standardization in pro-
cesses and qualifications, to enable quick onboarding of
external resources. HSE is an example of a highly standardi-
zed area, where owing to globally well-established standard
processes the recruitment of external personnel or external
service providers is common practice in the industry. The
more global standardization is achieved in other fields such
as engineering or construction management, the easier it
will be to create an agile organization. Local specific stan-
dards or corporate specific standards are the barriers that
must be overcome.
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Focus on core competences. This measure refers to the way
all parties along the value chain from engineering/procure-
ment/construction to operation and maintenance should
interact. The goal is that each party should contribute with
the scope of work and the associated responsibilities and
liabilities where the party is the most competent party in the
project set-up. Risks should be managed by the most com-
petent party, and risks should not be transferred to a party
that will just add contingency money to their cost, instead
of being able to define the appropriate mitigation actions
to address the risks. Focus on core competences should
encourage the parties to invest in the fields where they
have the best know-how, in order to improve performance
beyond average. The target is to be best in class. This will
drive investments in technology; this will drive investments
in professional project and construction execution, with the
objective of achieving the quantum leap in performance that
this industry requires.

5.3.3 The roof: The human factor

All ambitious transformation processes fail if one crucial
factoris ignored: human behaviour. The introduction of new
digital technologies, changes to organizations, to processes
and methods, to the way we collaborate and interact will
not work if the human resources are not supportive of these
changes. This goes beyond standard training and educati-
on, the magnitude of change that we expect within the next
years will require a cultural change, a change in behaviour
thatourhuman resources need to be prepared for. There may
be standardized principles on addressing transformational
change to organizations and their human capital, but finally
every individual deserves an individual approach. There are
people who are open to change and adapt easily, but there
are also people who are afraid of change and do not adapt
easily. Often, not always, those afraid of change are the ol-
der ones — and consequently the more experienced ones.
We need to understand their fears, we need to address their
reservations, and sometimes their reservations may prevent
us taking wrong decisions. We need leaders who are able
to listen; we need more time for personal interaction, more
direct communication in a time where WhatsApp and email
tend to replace the spoken word. Soft skills have never been
so important than in our projects today. The behavioural
skills of leaders as well as all members in a team determine
the success or failure of a project.
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12 Implementation and the way forward

It has been made clear throughout the report that only si-
gnificant changes will put the EPC business back on track.
This report contains a multitude of recommendations, which
should be discussed in detail and implemented based on
agreed-upon roadmaps or action plans. Depending on the
level of involvement in EPC business, the focus could be
different. We recommend following the eight accelerators
described by John P. Kotter [Kotter, 2014] for implementing
improvements:

e (reate sense of urgency

e  Build a guiding coalition

e  Form strategic vision and initiatives
e Enlist a volunteer army

e Enable action by removing barriers
e Generate short-term wins

e Sustain acceleration

e |[nstitute changes

The improvement activities should be managed like an agile
project and accompanied by sound change management.
People need to understand the urgency and the purpose of
the activities; they should be involved as much as possible
in order to accept the changes and apply them in their daily
work. This may require coaching and training for a sustain-
ment of the changes and finally, someone, who takes care of
the application of new practices on a long-term basis.

12.1 Reduce CAPEX by up to 50%? — Overall savings, limita-
tions, and conditions

This section is not aimed at proving the feasibility of saving up
to 50% CAPEX. The savings potential is limited by the nature
of the business case, market conditions, owner’s structure,
region of project execution and operation and many other fac-
tors that impact the cost breakdown of CAPEX. But this secti-
on invites investors, owners and contractors to explore the
savings potential for their specific business cases if the mea-
sures described in this report are implemented successfully.

Below, we provide a random example of a CAPEX cost bre-
akdown, with a 13% share of the owner’s costs, and a 87%
share of what in a LSTK set-up would be the EPC contractor’s
share. We are aware that some projects come with owner’s
costs as low as 10%, while in others the owner s costs make
up a share up to 30%. Costs of engineering can vary in a ran-
ge from as low as 5% to as high as 30%, depending on the
degree of engineering re-use and depending on the locati-
on of the engineering team in a high- or low-salary region.
The share of construction costs, specifically construction
labour, may be significantly higher if the project is executed
in a high-cost region, e.g. the US or Northern Europe. The
share of equipment and (bulk) material costs depends on
the technology of the plant. Consequently, the figures below
are not representative for “EPC projects” in general, as they
can illustrate one dedicated example only.

Cost break-
down
before
savings

Team
integration

Cost element

Productivity

Cost break-
down

after
savings

Schedule Total
Savings

Transaction
costs

Owner

Project management

Construction & start-up
management

Engineering

Equipment

Bulk materials

Construction labour

Other construction costs
(e.g. site logist.)

Contingency

Special costs (legal,
travel, etc.)
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In the calculation above, the cost breakdown can be read
as absolute figures, representing a project with a total bud-
get of 100 million euros, or as a percentage. The individual
savings are multiplied to determine the total saving, and it
is important to understand that the levers in each saving ca-
tegory must be different and independent from each other.
In this example, we have identified four major (and indepen-
dent) levers to achieve savings: Team integration, producti-
vity, transaction costs and schedule acceleration.

Team integration: The total number of personnel involved
in the management, supervision and governance of the pro-
ject, traditionally (more than) duplicated in parallel project
organizations for the owner, for the EPC contractor, for the
construction company and lower-tier subcontractors may be
halved just by forming integrated teams based on contractu-
al schemes supporting partnership.

Productivity: Exploiting the full potential of digitalization,
such as BIM or automation in construction management,
the reduction of claims and claims defense, the integrati-
on of suppliers and the early involvement of all parties may
lead to a significant increase of the productivity of owner’s
management, project management and construction and
start-up management up to 30%. Possible productivity
gains in engineering, in the manufacture of equipment and
in construction (labor productivity) in the range of up to 30%
may be achieved through the reduction of waiting times, re-
duction of changes and a higher professionalism in coordi-
nation and supervision. It can be noted that these savings
are still conservative if compared to the overall productivity
gap between construction industry and other sectors of 30
to 80%.

Transaction costs: Reducing transaction costs (that accor-
ding to Cll may sum up to 40% of the project costs) is a si-
gnificant lever. It must be noted that duplication of project
organizations for governance (see ‘team integration’) or re-
duction of claims (see ‘productivity’) are also transactional
costs, but not considered here. In the above example an
additional reduction of up to 10% may be achieved by flat-
tening the contracting pyramid, eliminating double mark-
ups in equipment supply and in construction (management,
labor, bulk material and site logistics). Another major fac-
tor is the reduction of (double) risk contingencies by a half
across all levels of tier organizations from a total of up to 7 to
8% down to a range of 3 to 4%. Finally the category ‘special
costs’ includes positions such as travelling, but to a signifi-
cant share also legal costs (in some projects up to 10%!) or
other costs that are associated with defending contractual
positions which do not add value to the overall project. Ap-
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plying the partnership approach in contracting may elimina-
te up to 80% of these ‘special costs’.

Schedule acceleration: McKinsey [McKinsey, 2017-1] deter-
mined an average of 53% schedule overrun on megapro-
jects, and the executing contractors consider this experi-
ence to certain degree in their project schedules. While this
report highlights the potential saving in terms of cost (CA-
PEX), the same levers (such as digitalization, collaboration,
productivity gains, etc.) will also translate into shorter pro-
ject execution times. A reduction of 20% in overall project
duration and in construction duration, as considered in the
above example, will directly reduce the time-dependent cost
positions, e.g. owner’s and project management, enginee-
ring, and construction costs (management, labour, site lo-
gistics).

The calculation above shall illustrate the potential impact
of the different levers identified and described in this report
to a sample cost breakdown. In this specific example, if we
consider a CAPEX of 100 Mio EUR before savings, the aggre-
gation of all potential savings will drive CAPEX down to 50
Mio EUR after savings, a reduction by 50%!

Overall, the saving potential in CAPEX may well be in the
range of 30 — 50% of the planned costs, and this potential
does not include the elimination of non-conformance costs,
as these costs never enter a budget, but result in cost over-
spend. Just to recall: McKinsey [McKinsey, 2017-1] deter-
mined an average of 37% cost overspend on megaprojects.
Finally, it must be mentioned that the recommendations gi-
ven in this report, such as supplier integration, operations
readiness or predictive maintenance, also help to drive
OPEX down. Finally, the improvements in CAPEX and OPEX
will result in a significant better financial model for the bu-
siness case, leading to better financing conditions, higher
margins and finally an attractiveness for investors that can
compete with other industries.

It should not be forgotten that part of the story of
‘collaboration by partnership’ is sharing the suc-
cess. Higher margins belong to all parties: The ow-
ner as well as the contractors and suppliers.
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12.2 Investors and operators: Take the lead!

This report has cited prominent speakers who have set the
target of reducing CAPEX by up to 50%. Such an enormous
CAPEX reduction only works if systematically applied along
the entire value chain, from the investor and operator to the
EPC contractor down to the supply network — one party alone
will not make this change. This very ambitious target is
not achievable without the investors and operators selec-
ting the right set-up for their capital project from the very
beginning. The business model that we have described in
this report is built on partnership and collaboration, in the
contractual sense as well as in a change of behaviour. It is
the investor and operator who decides on the scheme - and
sets the tone — from the very beginning. Instead of inves-
ting time and money in working out detailed enquiry speci-
fications for a lump-sum contract onhis own before getting
potential contractors involved, the investor should get po-
tential partners (and we call them partners rather than con-
tractors) on board at the earliest possible stage. That means
that the selection process follows different criteria. Not the
price is the most determining factor, but other parameters
that should lead the evaluation. The capabilities and refe-
rences of contractors can be judged based on a defined set
of weighted criteria, but most important of all is: trust. Is the
potential EPC partner willing to share the same behavioural
values that are the foundation of successful collaboration?
Obviously, it is much easier to answer this question on the
back of a successful project, starting a new relationship is
much more difficult. But this is about building strategic part-
nerships; these relations go beyond the horizon of a single
project.

There is a lot of learning available from alliance or part-
nering contracts that have gone wrong in the past two de-
cades, primarily in the public infrastructure sector. Today,
with all these experiences, good concepts are available on
how to approach such collaborative models more effecti-
vely. As different as investors’/owners’ structures are, as
different as projects are, as different the overall concept will
be, there is no one single solution that fits all. But whatever
the individual situation is: The investor/owner/operator is
the lead and defines the direction.
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12.3 Contractors: Get prepared!

What if the investor is taking the lead in a collaborative
approach, but they don’t find any contractor capable of un-
derstanding this role model? In a world where EPC LSTK has
been the standard contract for decades, EPC companies are
not yet ready to switch to a different behaviour. Contractors
need to get prepared, and we know of companies that were
surprised by clients enquiring about ‘integrated project deli-
very’ — what the hell is that? Expect a client asking to share
data in a building information model — are you ready to live
with the transparency that such a BIM creates? Getting pre-
pared for these situations is a culture revolution for many
traditional companies, something that does not happen
overnight, and something that requires the guidance of or-
ganizational and behavioural transformation management.

An EPC contractor is in a sandwich position. On the one
hand, contractors are being made accountable for the de-
livery of the EPC solution in time, in budget and to set spe-
cifications. On the other hand, contractors are also respon-
sible for engaging the supply chain and making them deliver
products and services in time, in budget and according to
specifications. However, this provides the contractor with a
huge influence on both, the investors and operators as well
as the supply chain. It is the contractor who should set the
scene for the new approach in delivering EPC projects.

During the early project phases, the EPC contract should
provide information to the investor or the operator about
alternative solutions as well as combinations with advan-
tages and disadvantages for setting the project in scene. In
addition, contractors should identify and evaluate the best
option for engaging the partners in the supply chain follow-
ing our recommendation in this report and other studies
mentioned.

Our recommendations also point to the fact that the con-
tractor should carefully analyse his own organizational
structure, processes and culture whether they fit in with
the needs of EPC business. Project-friendly and supportive
structures, processes and cultures are a key success factor
for EPC projects, otherwise the organization ends up in con-
flicts and crisis or at least inefficiency.

Last but not least comes digitalization as the foundation
that our model is built on. EPC companies need to invest
in their digital capabilities, increase productivity, decrease
non-conformance costs. Competition in the era of Industry
4.0 will be decided on who is the frontrunner in effectively
capitalizing on the opportunities of digitalization.
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12.4 Supply chain: Get involved!

Suppliers involved in EPC projects may have less influence
in the project set-up, nevertheless they can improve the per-
formance by applying the recommendations of this report.
Like the contractors, they may improve their own organiza-
tional structure, processes and culture to better fit the needs
of EPC business. In general, they should build on project-
friendly and supportive structures, processes and cultures,
reaching out to the structures, processes and culture of the
contractorand operator as well as other suppliers. Suppliers
should be pro-active, strongly influencing the project set-up
and the decision-making of the operator and the EPC con-
tractor. It’s all about building trustworthy relations based on
transparency and commitment to the performance targets
agreed. And these relations go beyond the horizon of the
capital project; there is enormous potential for suppliers to
move into operation and maintenance. Suppliers no longer
only serve the EPC contractor; they serve the operator and
thus build a much stronger base for their future business. In
the network of relational contracting, the operator may de-
cide on the supplier based on operational experience, not
the EPC contractor based on price.

The suppliers are in a key position to utilize digitalization
for EPC business, organize in a flexible way as well as focus
on core competences and the human factor. There is room
for improvement and suppliers should lever the poten-
vtial in productivity to be attractive for investors, operators
and the contractor of an EPC project. It should not be the
contractor only telling suppliers what to do, they should be
proactive themselves and offer innovative solutions to be-
come increasingly competitive. Other industries have alrea-
dy chosen contractors with a high-performance network of
suppliers, because they believe that those companies will
be able to deliver what is expected and excel in what they
are doing. For example, in the automotive industry, the most
competitive supply chain will always be ahead of the crowd
and win the race.

However, this is not a one-off improvement activity, rather a
continuous process of reinventing one’s own business and
company, utilizing lessons learned from all previous pro-
jects and making them immediately available to the ongo-
ing projects. Organizational learning, providing time as well
as resources for innovation and investments are necessary
for suppliers to catch up in global EPC competition.
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intercultural experience, especially in M&A and MBO pro-
jects, speaks English, German and French. Originally trained
in Finance he holds a Coaching and Consulting for Change
Masters from INSEAD, a Mediation certificate and a degree
in Adjudication.

M8International is a project management consultancy, a
team of crisis-proven executives. We help leaders assess
new and critical projects. We identify levers for action like
critical path or interface management. We coach the imple-
mentation. We cover engineering, finance and legal aspects.
We are psychologically informed and make the unconscious
transparent. We help you reach where you want to go.

Dr. Bernhard D. Valnion (d1g1tal AGENDA Manufacture for
Innovation and Market Success, Baden-Baden)

For 20 years, Bernhard D. Valnion Ph.D. has been editor-in-
chief of special interest magazines reporting on engineering
IT and the digital transformation journey. He is the founder
and president of the Institute for Innovation and Market
Success, which publishes di1gital AGENDA magazine and its
special insert CAPITAL PROJECTS, reporting exclusively on
successful IT and project processing strategies for the large
manufacturing plant industries. In 1998, MrValnion finished
his Ph.D. in experimental nuclear physics at the University of
Munich (LMU), Germany.

digital AGENDAaddresses the culture of (digital) entrepre-
neurship and thus promoting all types of engineering-driven
innovation. In addition to a website and an app, a quarter-
ly publication, educational services, (case) studies, and
consulting in the form of communication project develop-
ment centring on aspects of digitalization are offered.
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Sponsors and contributors

Till H. Balser (Tiba, Munich)

Project management already appealed to the economics
graduate during his degree studies. Till H. Balser has been
a pioneer and campaigner for project management in Ger-
many for 35 years. Over time he became increasingly aware
that PM performance cannot be improved by using software
alone. Considering this, he developed his systemic overall
approach to PM, known as the "four-axis cross". This approach
recognizes the introduction/ optimization of PM in companies
as an integrative process made up of organizational develop-
ment, qualification/staff development, method and process
standardization and technological support. With Tiba he has
established an institute that provides expert advice, training
and support for all issues relating to project management.

Sebastian Schurig (Tiba, Munich)

Sebastian Schurig is the head of CoC project management
consulting at Tiba Managementberatung GmbH. He has been
working as a consultant and trainer for twelve years and has
broad experience in the field of project management. In this
function, he has worked for different international compa-
nies such as Siemens, BSH Hausgerdte, ThyssenKrupp In-
dustrial Solutions, Zalando and Volkswagen. He has gained
experience in greenfield plant construction, responsible for
project management reporting direct to the CEO.

Thorsten Helmich (maexpartners, Diisseldorf)

Thorsten Helmich is a consultant with management experi-
ence. After working for several years in the power plant in-
dustry for numerous heavy machinery and plant manufactu-
rers, he went on as a consultant to develop new strategies,
optimize business processes in EPC business, design and
implement global engineering organizations. Most recently,
he has focused on plant modularization site management.
Core consulting activities: Strategy and business develop-
ment, organizational development, value engineering, in-
novation and technology management. Industries: Chemical
plant engineering, power plant construction, metallurgy, ship-
building, energy supply, infrastructure Projects. Experience: 16
years in consulting, five years in industry (Development, Pro-
ject and Product Management Plant Manufacturing and Auto-
mation Technology), Dipl.-Ing. RWTH Aachen, MBA Bradford

© ProjectTeam® and Partners

Marc Artmeyer (maexpartners, Diisseldorf)

Marc Artmeyer has vast management experience in manu-
facturing; as a consultant, he develops new strategies and
optimizes business processes in plant manufacturing for nu-
merous machinery and plant manufacturers. His most recent
focus was on competitive analysis, production systems and
optimization of maintenance processes as well as the poten-
tial of Industry 4.0. Furthermore, he is conducting consulting
activities in the field of strategy, product development, tech-
nology evaluation, operational excellence and benchmarking
in the engineering and manufacturing industries.

Wolfgang Bigott (Bigott Consulting, Erlangen)

Wolfgang Bigott is an internationally highly experienced
(HR) executive manager with 30 years business background.
He has focussed on strategic redirection of business and
HR structures towards business challenges and changes
over decades. Successful communications as well as ope-
rational transformation of complex changes together with
managers and employees have always been an integral part
of his approach. Wolfgang has a broad background along
complete value chains in diverse industries, in particular in
plant engineering and construction. In numerous situations,
he has successfully organized solution-oriented leadership
and collaboration as an executive, project manager, coach,
mentor and mediator. Wolfgang helps companies organize
complex changes towards sustainable business success. At
M8lnternational, he covers Human Resources and Compe-
tence Management aspects.

Matt King (epic, Madrid)

Matt King has 14 years experience working on a variety of en-
gineering and construction projects principally in the energy
industry. In his career he has held various roles including
project manager, general manager and most recently VP of
business development for a Fortune 500 company. A life-
long learner, he has recently graduated with distinction from
INSEAD’s Global Executive MBA program. He also holds a
postgraduate certificate in technology commercialization
from McCombs Business School, an MEng from University
College London, and an MSc from the University of Sout-
hampton.
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Kenneth Henderson (Henderson Consulting, Melbourne)
Ken has extensive international consulting experience wor-
king for corporations including Siemens, thyssenkrupp and
Toshiba in the fields of asset/maintenance management
strategy and execution, outsourcing of maintenance in large
industrial organizations based on performance-based con-
tracts, and project management. He worked 35 years in the
pulp and paper industry, steel industry and mining in Aus-
tralia and internationally. Ken returned to Melbourne after
seven years of international work to take up a position as-
sisting GHD Advisory to develop the asset management bu-
siness across the GHD organization in the areas of industry,
energy & resources and infrastructure & defence.

Dr Axel Schroeder (MPC Holding, Hamburg)

Dr Axel Schroeder has worked for the MPC Group in Germa-
ny and abroad since 1990. Since inception in 1994, he has
been actively involved in developing the skills of the compa-
ny. He became Chairman of the Management Board in 1999
and took MPC Capital AG public in September 2000. Since
1996, he has been Managing Partner of MPC Holding, a main
shareholder of MPC Capital AG. Dr Axel Schroeder was ap-
pointed Chairman of the Supervisory Board in April 2015. The
MPC Group is a global group active in asset and investment
management (MPC Capital AG), industrial services (Ferrostaal
GmbH), shipping (Ahrenkiel Steamship), shipbuilding (MPC
Marine GmbH) and trade (Ferrostaal Trading GmbH). The MPC
Group has approximately 2 200 employees.
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