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Dear Colleagues,

$15 trillion — that's the projected size of the construction market by 2030, up from $8 trillion today.! A recent
study expects that 75% of the infrastructure that will exist in 2050 does not exist today, and expects that the
design and expected outcomes will be transformative. We will have to double the current infrastructure and
then double it again by 2050.2

This is a huge opportunity for the construction industry; however, projects are getting more complex and
there are many inefficient and wasteful practices. Successful companies will grow by increasing market share,
self-performing to a greater extent, expanding internationally, and even operating some of the assets they
build. The industrialization of construction and the application of proven manufacturing technology and best
practices will help companies drive reliable outcomes and improve margins by increasing productivity and
eliminating waste and the impact of surprises with real-time information. Existing business models will
collapse as “construction-ready” disruptive technologies like robotics, mobility, virtual design and
construction, and 3D printing redefine design and construction processes. Construction will experience the
dramatic productivity gains seen in other markets, while vastly compressing the 50-year evolutionary process
that took place in the manufacturing industry.

At the same time, many firms will experience a dramatic shift in their workforce as skilled craftsmen reach
retirement age. The new workers, though more familiar with technology, do not have the hands-on experience
in skilled trades, resulting in a significant decrease in experience on many job sites. Construction companies
will compete with each other as well as with other industries to secure and retain the best talent. Digital
technologies will play a major role in attracting and retaining the brightest people capable of transforming the
constructionindustry.

The industry changes provide unique opportunities for industry leaders. The move to digital is not optional
and it will result in significant advantages for the innovators. We see four strategic priorities for digitalization
and the transforming industry:

+ Digitalization of expertise and knowledge
« Digitalization of the construction site
» Digitalization of intercompany collaboration

» Digitalization of commissioning and operations

At SAP, we did not invent the digital economy, but we understand where it's going. We started a journey five
years ago, building the agile platform and solutions needed for the digital economy. This took over $30 billion
in acquisitions and billions in R&D. The results speak for themselves — as we are the only company to provide
the tools for end-to-end processes that help CEOs solve their diverse challenges. Our vision is to help
construction companies build a more sustainable world and support the needs of future generations.

This document offers our perspective of the most significant trends, the industry direction, and how SAP can
help in this journey. Now is the time to forge a bold vision for a different kind of data-driven construction
business. Without this vision and the desire to act on it, organizations run the risk of falling behind rapidly
moving competitors. Thank you for your interest, and we look forward to your feedback.

Michael Shombe@
SAP Global VP — Engineering & Construction Solutions
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Uncharted territory of growth, challenges, and disruption

Access more information
on the latest technology
trends here: :

Digitalization has reached every aspect of today'’s life, and it is here to stay. For engineering
and construction companies, technologies like the Internet of Things (IoT), augmented
reality, and cloud provide new and exciting opportunities. But at the same time, they open
the playing field for companies from other industries with expertise in these technologies.

Worldwide, construction is already one of the largest industry sectors, accounting for more than 11% of global GDP and expected to
grow to 13.2% by 2020.6 This growth is driven by a projected global population of nine billion by 20503 and the expectation that two out
of three people will live in cities by 2050.4 These growth statistics are staggering. However, there are several underlying challenges that
can derail a company's ability to grow. The Associated General Contractors of America (AGC) found that 74% of the total respondents

believe there is a crunch in skilled trades, and 53% said they were unable to hire construction professionals such as supervisors,

estimators, and engineers.®

1. Poor productivity and profitability

The barriers to entry in construction are still low, leading to a
large number of competitors and shrinking margins which
constrain investments. Compounding this is stagnant
construction labor productivity over the last 50 years
compared to industrial businesses, which have increased over
100%.7 According to a Construction Owners Association of
America (COAA) study, 63% of direct labor time on mega-
construction projects is spent waiting for materials and
equipment, traveling to the area, taking early breaks, and
planning how to do the work. The lack of productivity is
reflected on the bottom line, where typical margins for
construction companies range from 2-8%.8 Poor profitability
can inhibit a company'’s ability to invest in digital processes and
technology.

2. Project performance

The opportunities in construction are growing, but so is project
complexity, where one surprise can wipe out the profits for the
whole company. Projects are getting larger, more technically
sophisticated, and require greater efficiency. Unfortunately,
according to an Accenture study, only 30% of large projectsin
the energy industry are delivered on budget, and only 15% of
projects are completed on time.® The 2015 KPMG Global
Construction Survey suggests 53% of construction companies
suffered one or more underperforming projects in the previous
year.10

3. Shortage of skilled labor

Adding to low productivity and higher risks, the construction
industry is bracing for a dramatic reduction in workforce
experience due to retiring baby boomers. During the recession,
many skilled craftsmen left the industry and never came back.
By 2020, millennials are expected to represent 50% of the
global workforce. Until 2010, the U.S. construction market was
made up of two generations: the traditionalists and baby
boomers. Now, the workforce has split into four generations:
traditionalists, baby boomers, generation X, and millennials.

SAP Digital Engineering, Construction, and Operations

This present labor diversification is a challenge because of stark
differences in work ethic, attitude, outlook, and behavior.12 The
combination of increasing project complexity and decreasing
experience is a risk multiplier: risk to project deliveries, risk to
quality, and risk to employee safety — these risks must be
mitigated.

4. Lack of sustainability

Construction is the #1 global consumer of raw materials and
generates 25-40% of the world's carbon emissions.13 This
volume of natural resource utilization is not sustainable and
could compromise the environment for the sake of growth.

More risk

More complexity ﬁ

More risk

Less experience
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Embrace disruption with digital priorities

CONSTRUCTION COMPANIES
FACE AN INFLECTION POINT

The construction industry is at an inflection point, analogous to the move from
landline telephony to cellular technology. Digital technologies are rapidly 300
becoming more capable of meeting construction’s challenging and remote
environments. Digitalization will change most everything, including the
competitors and the barriers to entry. The end result will be a more productive
and profitable industry that builds more sustainable assets. The time to act is
now.

250

|
Inflectiion
Point |

200 Nonfarm industries
150

100

Index of productivity

The digitalization and industrialization of construction has begun and is
accelerating rapidly. Knowledge and technology developed by the other
industrialized industries will enable construction to leapfrog to the latest, proven
methods.
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In these times, construction companies need four strategic priorities to drive digitization:

1. Digitalization of expertise and knowledge will enable organizations to access best
practices and highly skilled workers at the point of need through technology and
training, thus maintaining high quality and improving safety.

manufacturing site’ with prefabrication in factory-like settings and real-time

D 2. Digitalization of the construction site establishes the modern ‘construction-
feedback for optimization of resources and equipment.

3. Digitalization of intercompany collaboration connects the project team to share
the latest information while delivering at the lowest possible costs.

4. Digitalization of commissioning and operations improves the transition from the
construction phase to the operational phase with seamless transfer of data and
models while harmonizing the information with as-built conditions.

T
=l

Do you have the right strategy? Only the bold and the nimble will invest and realize these strategic priorities, resulting in unprecedented
levels of verticalization of the supply chain through partnerships and consolidation. The unprecedented growth presents enormous
opportunities, but also considerable challenges. Leading construction companies are changing their core business models and outdated
methods of construction. These leaders are realizing greatly improved margins, quality, and safety. Digitalization of core business
models, processes, and work is forcing all construction companies to reevaluate where they invest, how they compete, and if they are
prepared.

The potential is huge:

3d printing and robotics

L Several companies are evaluating the use of 3D printing, (
such as for pouring concrete using robotics and 3D Y
designs, enabling greater precision, 30-60% less
building materials, and 50-80% faster delivery.15

Internet of Things

\ CCC, alarge Middle Eastern contractor, faced weak

] demandin 2008 and had two choices: become more
efficient or go out of business. Now it uses the Internet of
Things to monitor and improve the utilization of its
assets, saving approximately $15 million per year.1?

Portable and modular buildings

Portakabin, a UK-based construction company building Prefabrication and assembly
portable and modular bu[ldlngs, was able t'o COI’]S’EI’L!Ct' A Chinese-based contractor built a 57-story building in
50% faster than conventional building (using 3D building

just 19 days: 90% of the parts were premanufactured,
information modeling (BIM) technology and a factory- ‘ r ) y . P P

) ) . : ; - greatly reducing waste and time. The building is able to
like setting to build), obtain a higher level of precision, withstand a 9.0 magnitude earthquake and is five times
and deliver on time and within budget.16 more energy efficient.18
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Key business models

>
f REIMAGINE BUSINESS MODELS

Reimagined business models fundamentally change how contractors perform, how they work together, and

how they retain their workforce.

* Much like the industrial construction market, where a few large
engineering procurement and construction (EPCs) firms have
emerged in each geography, commercial and civil construction
will see more joint ventures and consolidation to provide end-
to-end solutions. This evolution has already started in civil
construction, where leaders have increased their percentage of
self-performed activities through verticalization and are starting
to dominate in each geography.

* Much of the poor productivity in the construction industry can
be traced to the design-bid-build delivery method that
dominates the industry. This arrangement creates a three-way
adversarial relationship between the owner-architect-
contractor that inhibits information flow as all parties are
protecting themselves against the all too common litigation in
the industry.

— Integrated project delivery (IPD) contracts will bring a
focus to what is best for the project to drive true
partnerships versus pitting companies against one
another.

— With IPD contracts, participants are evaluated based on
the outcome of the project, rather than just their particular
piece. This allows contractors to deliver more value while
reducing overall project risk and, also importantly, the
owner's perception of construction risk.

» Integrated project delivery contracts have the potential to
deliver faster with less claims because collaborationis
incentivized. The implications for supply chain simplification
and cost reduction are significant, with a single entity
controlling all aspects of the project from design to
prefabrication and construction.

Fluor is not just building the Tappan Zee Bridge; it will
also operate the bridge for the next 30 years.!®

SAP Digital Engineering, Construction, and Operations

» Contractors have traditionally delivered their end product to
an owner to operate and maintain. To improve margins in this
low-margin industry, some contractors are financing and
operating what they construct. This allows construction
companies to deliver facilities-as-a-service and assets-as-a-
service.

» Early examples of this model are public-private partnership
projects. It has become increasingly common for
transportation departments to employ public-private
methodologies to construct new roads or bridges, where the
contractor provides the financing and construction of the
asset, performs maintenance on it for 20 to 30 years, and
receives payment over time, often through the collection of
tolls. We expect this shared model to grow beyond its roots in
the cash-strapped public sector into commercial, industrial,
and residential construction.

» Armed with new technologies from BIM to the Internet of

Things (loT) to predictive analytics, contractors will be well-
positioned to translate construction information to
operational insights, thereby increasing their profit margins
and guaranteeing long-term revenue streams.

© 2017 SAP SE or an SAP affiliate company. All rights reserved



Core methodologies

<
i REIMAGINE BUSINESS PROCESSES

Companies understand that, along with business models, antiquated business processes must be

transformed.

Concepts such as just-in-time (JIT) delivery and prefabrication
are transforming the construction industry. From supply chain
to workforce planning, there are tremendous opportunities to
streamline business processes in construction.

» Thelean processes, perfected in the industrial industry, have
provided a framework for optimization and reduced waste.

» The complex, remote, and one-off nature of construction
projects overwhelmed the technology, so that practitioners
operated in silos using minimal technology, relying mainly on
craftsmen to improvise.

» Today's business networks enable seamless communication
of information on a global scale, helping lean practitioners to
truly make reliable promises.

» The broader use of lean principles and methods could reduce
completion times by 30% and cut costs by 15%.2°

Sustainable, ‘green’ construction is rapidly becoming standard

practice, but only for the nimble.

+ Standards like Leadership in Energy and Environmental
Design (LEED) are driving sustainability projects. But to
achieve and document the performance levels required in
LEED facilities, contractors must remain nimble.

* New products such as low-volatile organic compound (VOC)
coatings may require special installation procedures in order
to perform, so contractors can't rely on tried and true
methods. They must access and use current, accurate
information to ensure quality.

Huge amounts of structured data (CAD models, engineering
data, and schedules) and unstructured data (contracts,
submittals, and meeting minutes) are generated and need to be
effectively leveraged throughout the facility lifecycle.

* New standards, new regulations, and new products make
today’s projects more complex and riskier than ever.

* Project collaboration networks enable participants to access
and publish the latest content from anywhere.

» This goes far beyond document management to the
integration of structured and unstructured data to provide a
more complete view of your project (scope, schedule, cost,
and beyond), thereby visualizing all components to improve
quality, safety, and profitability.

* A minimalincrease in upfront costs of about 2% to support
optimized design will lead to an average lifecycle savings of
20% on total costs.20

+ Predictive software and machine connectivity will transform
project safety: sensing danger, notifying workers, and
stopping equipment before incidents occur

* Mockup miniaturization using BIM and 3D printing will
eliminate the need for full-scale mockups, saving time and
money while improving project quality

+ Laser scanners will confirm field dimensions to within 1/100
of an inch and communicate with suppliers, ensuring
prefabricated components connect without fail

tools at the conclusion of its engineering projects in order to sense, analyze, and provide better advice to its customers

//"\\\ Hatch, a leading Canadian engineering services provider, intends to leave behind advanced sensors and measurement

in maintaining the engineering asset.?!

SAP Digital Engineering, Construction, and Operations
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Automation and information-driven work

o
f REIMAGINE \//ORK

{ Reimagined business models and processes need an adaptive workforce with new skills. J

» Entire categories of work will be eliminated through
automation. An early example of this is automation of
invoicing and payment processing, which speeds the
payment process while eliminating errors. Advances in
computing power, connectivity, and sensor technology are
opening doors to eliminate ever-more complex tasks, such as
quantity take-offs, scheduling, and forecasting. Improved
accuracy and lower costs of the automated processes
provide a competitive advantage for early adopters.

» Leaders are leveraging mobile and loT technologies to
automate productivity reporting and profitability analysisin
near-real time. This instant feedback allows workers to
understand how they are performing and enables
competition through gamification. This is changing how
companies operate by allowing them to optimize their
businesses in near-real time.

» Thereal-time enterprise created by the technologies
described above requires leaders who make decisions in real
time. To do this, they need access to intelligence in near-real
time. Today, high performance analytic engines can turn data
into intelligence, which will enable leaders to make better
decisions faster, thereby improving productivity and
profitability.

» Visionary companies are improving quality and productivity
through the use of interactive technology. Office and field
workers use voice recognition, visualization, and augmented
reality to achieve better results. Technicians' hands can be
freed up using voice recognition to capture information or
find schematics, which they then interact with through
augmented reality. These tools help them work faster and
more accurately.

®

SAP Digital Engineering, Construction, and Operations

materials or equipment.22

First-generation construction robotics are already having
significant impact on construction quality and speed.
Computers control blade elevation on grading equipment,
and small robots perform precision physical tasks from wall
layout to laying brick. We are now also seeing second-
generation robotics such as 3D printers capable of printing
an entire home in 20 hours. These innovations will enable
the construction industry to rapidly transform from a
manual, low-productivity industry into an automated, high-
productivity industry.

Digitalization will enable the emergence of an open talent
economy that brings together people and work in a borderless
workplace.

Contractors will be able to scale operations rapidly by
sourcing talent from trade workers to management through
the talent network. Acting as a virtual union hall, the talent
network will maintain training and certification records to
validate the qualifications of the candidates. Resourcing
processes will need to reflect this paradigm change, allowing
resource managers to tap into not only the company’s on-
payroll talent, but also identify best-of-breed contractors,
alumni, freelancers, and open source talent, map them
against demand, contact them, and engage them anywhere
in the world, anytime.

Once a project team is assigned, digital collaboration tools
and networks provide a borderless workplace for effective
virtual collaboration — within the team as well as with
partners and clients.

Ultimately, this will enable vertical integration as
organizations can quickly bring together the talent they
need to execute any type of project.

Kiewit is connecting to the field to get near-real-time status and eliminate downtime waiting for

© 2017 SAP SE or an SAP affiliate company. All rights reserved.



Do you have the right strategy?

The move to digital will provide significant advantages for the innovators. We see the following key areas being impacted by

digitalization and industry transformation.

As a new generation enters the workforce and more
experienced craftsmen retire, there will be an urgent need to
make up for the resulting experience gap.

+ Capturing and utilizing best practices can no longer be just a
goal; it must be a reality, or accidents, rework, and delays will
become more commonplace.

» The knowledge and experience that helps determine the
amount of consumables or small tools required for a job will
have to be translated into a format that can be easily
accessed (e.g., tablets) at the job site.

» Technology-savvy millennials will not put up with manual,
paper-based processes.

Many activities traditionally performed piecemeal on-site will be

consolidated and moved to efficient factory-like settings with
safety and equipment availability greatly improved.

» The use of modern, lean techniques, including a major role for

robotics, will improve quality, greatly reduce waste, and
improve costs and schedules.

» Pre-fabricated Lego-like components produced with great

precision and transferred to the job site where skilled-enough

labor will be directed by 3D models and wearable technology
to quickly and accurately assemble the components.

» The construction site will be transformed by sensors
gathering up-to-date information to improve safety, capture

progress, and eliminate unnecessary downtime due to lack of

materials or equipment issues.

» Project status will be continuously transmitted back to

headquarters to ensure contractors are paid faster and based

on progress.

SAP Digital Engineering, Construction, and Operations

Owners, contractors, architects, and other members of the
construction team will work on contracts designed to improve
information sharing. They will be compensated based on the
project’s success, rather than individual accomplishments.

» Project-as-the-tenant collaboration systems will be available
to everyone on the project for up-to-date structured (2D and
3D renderings, job cost, and so on) and unstructured
(documents, procedures, manuals, and so on) information.

 Case studies show change orders can be virtually eliminated,
RFls become documentation of decisions already reached in
the field, and general trust and respect is common place.

This shared stakeholder collaboration will be paramount for
greater success.

The handover of critical information from the construction
phase to the operational phase will occur seamlessly and
without having to re-enter the information into asset systems.

» BIM data is linked to the enterprise resource planning (ERP)
and project management information, providing a visual
component throughout the process. This will help minimize
errors and costly rework.

+ Information captured in the design phase will have a common
thread that will be used to populate the information in the
asset management systems.

« Equipment installed during the construction will have
information on warranty and maintenance stored in an open
network that operators will be able to access well after the
construction phase is completed.

© 2017 SAP SE or an SAP affiliate company. All rights reserved
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TECHNOLOGY PLATFORM

In a connected world where every company is becoming a
technology company, smarter products and services will refocus
commerce on business outcomes and blur industry lines.

© 2017 SAP SE or an SAP affiliate company. All rights reserved.




Building a digital business framework for growth and flexibility

Construction companies must digitalize to grow revenue and margins with the ever-increasing complexity of construction projects. Productivity
measures have just not measured up to the gains of other industries and have left construction productivity stagnant for more than 50 years.
Construction companies need to build a platform for innovation and business process optimization, connecting the workforce, field equipment, the
supply chain of contractors and suppliers, and the owners and operators.

It all starts with a digital core which is the backbone for innovation and business process optimization. The digital core consists of a financial, analytical
project management foundation provided by the SAP S/4HANA® Enterprise Management solution, which provides a real-time ‘single trusted version of
the truth’ for all financial and operational aspects of the company. The challenge is while many companies have invested in financial and analytical
solutions, the solutions are typically not well integrated with the project management systems, resulting in manual reconciliation and delayed status
reports. At SAP, we think there is a better way; a more efficient way. SAP integrates financial management applications on the same database as the
progress and project management systems, resulting in real-time controls and a single version of the truth. It also opens up new possibilities, as this
information can be integrated to the design information to provide a visual aspect to all construction operations.

The SAP core ERP platform is proven across various
industries and disciplines. It provides synchronization of key
functions such as finance and procurement operations. This
is where the actual costs are stored for all projects.

With the digital core, SAP provides extensive material Lr s l
management and production planning capabilities required ’g'lfa/co’_
r=4

for efficient factory-like results. Prefabrication and
modularization, either on-site or off-site, of many work
processes is providing increased productivity, decreased
costs, and improved quality with a less experienced
workforce.

SAP provides the first fully integrated project controls and
cost management system, where the project management
and financial management information is on the same
database, eliminating the manual, monthly reconciliation
process and allowing accurate, real-time forecasts,
eliminating preventable surprises.

The SAP digital core has certified interfaces with industry
tools, such as scheduling and estimating systems, while
maintaining control and a single version of the costs. This
seamless integration with SAP allows contractors, owners,
and other partners to leverage existing tools to accelerate
time to value.

The SAP® 3D Visual Enterprise application can harmonize
over 120 different 2D and 3D design authoring tools and

synchronizes the information with information from SAP to Based upon a new in-memory platform, companies can now get real-
provide a unique, comprehensive view of the as-built time and in-depth analytics on their company without the bother of
information with operational information from SAP. This expensive data warehouses with dated information.

combines both construction design information and

equipment (for example, HVAC, elevators, and so on)

togetherinto a true as-built model required for operations. Customers can use the flexible SAP BusinessObjects Business™
Intelligence Reporting package to create virtually any report easily,
while using SAP Fiori® user experience (UX) for a next-generation UX

Through SAP Cloud Platform, users can integrate and SAP Lumira® software to enable end-user data exploration. The
information from the field without restricting their choice of customer can also choose the construction digital boardroom, which
mobile devices or operating system. The result is accurate brings together real-time information in a consolidated view across the
and timely project status information. entire business.
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Building five pillars of digitalization

SAP has definedfive pillars of digitalization to address the continuously changing requirements of today's construction environment. We developed
the digital business framework to help real estate companies develop and execute on their enterprise strategy. The digital core is the platform for
innovationand business process optimization. The heart of the business for managing financials and projects performance, the digital core
connects the workforce, the construction sites and assets, supply networks, and stakeholders.

The SAP Digital Transformation Framework

methodology will help companies create:

1. Asmarter and technology-enabled workforce
across employees and contractors

2. Supplier collaboration to reduce costs and
eliminate downtime waiting for materials

3. Outcome-based owner engagement to
improve satisfactionand speed change
approvals

4. Increased utilization of assets leveraging the
Internet of Things to drive real-time insights

5. Real-timebusiness transactions and
analytics connected to a digital core, so
everythingis smarter, faster, and simpler

Learn more about SAP solutions today and
discover planned innovations by accessing the SAP
road map for engineering and construction here:

Digital Innovation + Virtual designand construction (Visual Enterprise)

SAP Leonardo

Supplier Customer
Collaboration Experience
[} L)
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° ]
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. Digital core: Core solution
capabilities delivered as part of
SAP S/4HANA Enterprise
Management
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Digital Core: Solution capabilities that
are also part of SAP S/4HANA
Enterprise Management, but
added/purchased as needed

[]
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Extensions: Cloud-based (LoB)
solution extensions that are fully
Integrated with SAP S/4HANA
Enterprise Management,

but added/purchased as needed.

. Leonardo: Solution capabilities that are
powered by a Leonardo technology and
included in the Leonardo suite and how to
add/purchase is not shown on this
diagram

© 2017 SAP SE or an SAP affiliate company. All rights reserved.


http://support.sap.com/content/dam/website/roadmaps/en_us/industry/SAP Road Map for Engineering, Construction and Operations.pdf
http://support.sap.com/content/dam/website/roadmaps/en_us/industry/SAP Road Map for Engineering, Construction and Operations.pdf
http://support.sap.com/content/dam/website/roadmaps/en_us/industry/SAP Road Map for Engineering, Construction and Operations.pdf
http://support.sap.com/content/dam/website/roadmaps/en_us/industry/SAP Road Map for Engineering, Construction and Operations.pdf

Digitally reimagine your
business models through

new business
capabilities along 1. Adaptation of proven manufacturing and lean processes, real-time monitoring and feedback, 2. Real-time forecasting, monitoring, and optimization of complex projects
a value map and industry best practices to achieve operational excellence

Engineering, construction, and operations companies are increasing margins and reducing surprises by industrializing their processes with:

Finance Human Resources

Reimagine processes to acquire, train, and retain a skilled workforce

Costs of compliance and risk
management: -48%

Digitalization of Attract, retain, and train skilled labor Increase visibility into resource demand, supply, and Gain full visibility and optimization of operations and Extend total workforce management across the
o expertise and Support workforce planning performance with simple search capabilities based on the maintenance workforce internal and contingent workforces to extend access
knowledge skill sets to skilled labor staff
Reimagine processes to enhance the construction manufacturing site with prefabrication
Digitalization of the Improve win rate and manage risk with a single view Track project progress, cost, and margin with greater Deliver a digital twin of as-built assets to allow Help ensure overall project and company profitability Collect accurate time information from the field
; : of historical data for superior biddin accuracy, in real time, and on any device employees to access visual maintenance guides on and mitigate risk with real-time project financial Track safety and certifications accurately
construction site P ] H A . .
Use collaborative, model-based engineering Optimize the change process with visualization their mobile devices performance and forecasting
Reimagine business models to increase collaboration and decrease risk
o Increase win rates and mitigate risk with simplified Provide a single, trusted view of all project-related Transition information seamlessly from construction Tune scalable quote-to-cash processes to Standardize labor contracts
Dlgltahzaﬂon of processes for bidding and estimation information to the project team systems to the owner's operational landscape digital acquisition and consumption requirements
intercompany Provide a collaborative network of design information Create a digital twin to share structured and
collaboration that includes the owner, contractors, and suppliers unstructured data with owners, contractors, and
suppliers
Reimagine business models to design, build, operate, and maintain assets
Digitalization of Harmonize design authoring models into a complete | Create a digital twin of assets for owners, contractors, Commission facilities more quickly with accurate Digitally transition asset information from project to
ecinni as-built framework and suppliers to understand and collaborate construction and equipment information operational systems to improve information accuracy,
commissioning
and operations Enable accurate, model-based quantity takeoffs lower costs, and expedite retention payments from
p customers
. . + Planning and forecasting: -35% + Total project costs: -2%6-3% . Speed of commissioning: +25%-50% + Audit cost: -5%-10% ) + Rework time: -10%-21%
Typlcal benefits from * Sourcing costs: -3%-9% - Project delivered on or below budget: +1.9x « Unplanned maintenance of equipment: -18% + Rate of compllligg‘;e/cwnh regulatory reporting * Accident frequency: -53%
SAP S/4AHANA®* * Customer satisfaction: +10%-20% « Rework costs: -10% requirements: « Revenue per professional employee: +20%

Dispute or claims incidents: -10%
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Digital Innovation SAP Cloud Platform Analytics Services User Experience Services Mobile Services i i Collaboration Services
SAP® Leonardo
Preconstruction Project Delivery Asset Management Finance Human Resources
Virtual design and construction (Visual Enterprise) Asset intelligence network Predictive maintenance and service « Invoice matching

Mobile and sensor status (SAP Cloud Platform Asset Intelligence network
and SAP Leonardo) Predictive maintenance system

Opportunity and proposal management Purchasing execution Integrated business planning + Travel management
Collaborative sourcing and contract management Business network Governance, risk, and compliance for finance + Talentand learning management

SAP Ariba Guided end-user buying CONCUR + Time and attendance management

Extensions SAP Hybris SAP Ariba SAP Ariba . n::aon:zzi;al analytics

SAP SuccessFactors

Enterprise project connection Project controlling and forecasting Real estate management Financia_l plannin_g and_ analysis Multiresource management
Project financial planning Project change and issue management Mobile asset management Accounting and financial close

Incident management Equipment and tools management Treasury management
Receivables management

Invoice management and accounts payable

Digital Core
SAP S/4HANA Order and contract management Invoice and payables management - Asset strategy and performance Accounting and closing operations Time recording
Supplier management Project analytics Asset maintenance Accounting Core human resources

Project approval and accounting Project and job costing Cost management
N Invoice management and accounts payable
Transportation management

49091enUS (17/05)© 2017 SAP SE or an SAP affiiate company. Allrights reserved.

*Benefits are based on early adopters of SAP S/4HANA or conservative outside-in benefits of moving from a traditional enterprise resource planning solution to enhanced SAP S/4HANA and line-of-business or cloud capabilities.



Watchthe video
around connected
construction.

Each of the five digital business pillars delivers individual business value, but next-generation business processes
often span multiple pillars. This is the case with facility lifecycle management, which uses the building information
models as an information conduit to collect, harmonize, and enrich data throughout the facility lifecycle.
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3D design,

schedule,
budget

ml
Predictive

reporting and
risk analysis

project delivery
contract

sourcing of
materials and

Accurate
estimates througl
3D take-offs

Business
networks
Lean processes ”.
(JIT, prefab)

Real-time .“'
monitoring and Workforce
optimization of engagement

Automated
progress
reporting and
EVM
Collaborative Tenant
project .
information experience

Virtual mockups
and work
simulation

3D procedures,
Google Glasses,
and active
collision
avoidance

Time

Scenario description

In the reimagined process, project planning is captured in the
digital core and communicated to stakeholders through
business networks. Stakeholder feedback enables accurate
estimates and proactive risk identification and analysis back in
the core. Business networks then optimize sourcing of
materials and workforce allocation. Virtual mockups are used to
ensure the workforce clearly understands the plan and the work
environment. The core ensures just-in-time delivery of
resources and prefabricated components. Business networks
allow automated progress reporting and deliver work
instructions and safety information directly to workers through
enhanced reality devices. Real-time monitoring enables a
continuous feedback loop that keeps the project on track. As-
built information is collected through the business network and
augmented with commissioning data, facilitating a seamless
handover to the customer.
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networks %

Digital core

Facility lifecycle management

This is a digital process for effective project delivery and
efficient, seamless transition to operations. It provides an
optimized, visual context to information delivered to the right
person at the right time to improve productivity, reduce errors,
and eliminate injuries. This gives users a competitive advantage
by leveraging visualizations to deliver real value.

» 10% fewer engineering changes?’
* 45% less rework?’
« 79% lower accident frequency?’

Although digitalization has enabled this power, only a small
group of firms has harnessed it in their work.

Globalization, shifts in workforce composition, and changing
demographics are affecting the way companies approach
project execution and facility management. Firms will need to
reimagine their business models and adjust their processes
accordingly to stay competitive in the era of digital
empowerment.

© 2017 SAP SE or an SAP affiliate company. All rights reserved.
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THE JOURNEY TO BECOMING A
DIGITAL CONSTRUCTION COMPANY
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TRANSFORMING FROM YOUR CURRENT STATE TO DIGITAL
The keys to success

In the digital economy, simplification and business innovation matter more than ever. To do this effectively, it's important to cover the
end-to-end digital transformation journey, ranging from planning a digital innovation road map and implementation plan with proven best
practices to the ability to run all deployment options and ultimately optimize for continuous innovation with a focus on outcomes.

The end-to-end digital transformation journey

PLAN BUILD and LAUNCH RUN OPTIMIZE
well to manage with proven best all deployment for continuous
expectations practices models innovation
Simplify and Standardize Run with one Optimize to
innovate and innovate global support realize value

» Reimagined business
models, business
processes, and work

» Digital transformation

framework as a guide for

digital transformation

* Value-based innovation

road maps

* Model company approach
to accelerate adoption
with model industry
solutions

¢ Design thinking and rapid
tangible prototypes

¢ Co-engineered industry
innovations delivered with

agility

¢ One global, consistent
experience

e End-to-end support
—on premise, cloud,
and hybrid

¢ Continuously capture
and realize benefits of
digital transformation

And to move forward with speed and agility, it helps to focus on live digital data, instead of Big Data, and combine solution know-how and
industry-specific process expertise with data analytics so that the right digital reference architecture is defined and delivered. In that
context, we believe that a model company approach is very relevant to enable you to transition from your current state to digital. Model
companies represent the ideal form of standardization for a specific line of business or industry. They are built on existing SAP solutions
using best-practice content, rapid prototyping solution packages, and additional content from customer projects. They provide a
comprehensive baseline for rapid, customer-specific prototypes, cloud demos, and quick-start implementations.

Internet __|
of Things
Business __|
networks

Social __|

LI__“J networks

SAP Digital Engineering, Construction, and Operations

Model company approach

End-to-end solution

Innovation

Differentiation

End-to-end business process

Best practice

SAP® products

=l

Model company

— People ..a.'

— Devices DD

101010
— Big Data 010101
110000
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Enabling your success in digital transformation

SAP has a broad range of services to cover
the end-to-end digital transformation journey,
ranging from advising on a digital innovation

road map and implementation plan with proven

best practices to the ability to run all deployment

options and ultimately optimize for continuous
innovation. We provide both choice and value

within our service offerings, allowing you to tailor

the proper approach based on your specific

company expectations and industry requirements.

e 25,000 professionalsin 70 countries

Serving customers in 130 countries

Outcomes delivered as one team in one contract

Projects connected in real time to global network of support
functions through SAP Mission Control Center

SAP MaxAttention™ and SAP ActiveEmbedded services to
safeguard investment

Consistent experience — on premise, cloud, or hybrid

Standardized adoption of processes and tools

Streamlined onboarding and ramp-up of stakeholders

From proposing a comprehensive digitalization proposal to realizing and running it, SAP delivers on the digital transformation
promise to its customers, on time, on budget, and on value.

SAP value delivery relies on unique differentiating assets:

? it
N B o
— . e
Exhaustive SAP Model SAP Activate SAP Solution SAP Mission
service portfolio Company methodology Manager Control Center
Focus on
Expert_ Global reach Partner Indust_ry business Co-innovation
organization ecosystem expertise outcome

SAP Digital Business Services deliver digital innovation with simplification and accelerated implementation, which is key to adoption and
value realization. Continuous improvement is supported through ongoing assessment of real-life data insights and joint governance with

customers.

SAP value delivery focuses on the following deliverables:

Digital business foundation
Pigitahagine Businessg et
Dream Zone Model Design crts
Digital Enterpise arch- Business
itecture & Road .
B e
Value Value Design Value
Proposition Governance

» Digital business model

Flexible, scalable enterprise
architecture

Platform for the digital future

People and culture transformation

SAP Digital Engineering, Construction, and Operations

Business insights Continuous improvement

Use better:

|
Corporate |

Strategy

Extend use: Build new:
Invest Innovate

Digital boardroom Joint value governance

Predictive customer insights Sustainable engagement model
Value realization dashboard ¢ Innovation without disruption

Agile decision making and
execution support

Simplification
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Orchestrating the world to deliver faster value

Our comprehensive ecosystem for EC&O offers:

» A wide range of business services (OEM suppliers, key
vendors)

+ Special technology services for EC&O with focuson IT
and OT convergence, geospatial integration, estimating,
CAD integration, and so on

» Open architecture: Choice of hardware and software

» Complementary and innovative third-party solutions

» Reach of partners to serve your business of any size,
anywhere in the world

» Forum for influence and knowledge

 Alarge pool of industry experts with broad and deep
skillsets

Our partner ecosystem includes, among others:

R

b4:consulting: pwe

we're all about your business

") L&T Infotech

Nk

accenture c.ConCost

High performance. Delivered.

itell

Sineight

1
m

W NT DATA Sisrass Soluticns

igence

11
m

A D

1 N
IJ LAivin

)

Deloitte

Realize your vision

WIPRO

Applying Thought

BUSINESS NETWORK

« 2.1million suppliers

» 200 major travel

partners (air, hotel, car)

» 50K service and contingent labor providers

(@)y(®)
@

32 user groups across all regions
EC&O-specific industry councils

SAP community >24 million unique
visitors per year

2,650 SAP University Alliances

CUSTOM
VALUE

DRIVING

IMPLEMENTATION
SERVICES

« >280 EC&O partner companies

+ 3,200 service partners delivering
EC&O-specific solutions

ER

PLATFORM AND
INFRASTRUCTURE
* >1.900 OEM solution » >470 EC&O partner companies
partners to extend SAP®
solutions « 1,400 cloud partners
« 3,200 startups developing CHANNEL AND SME + >1,500 platform partners
SAP HANA® apps + >870 EC&O channel partners

» 4,800 overall channel partners

SAP Digital Engineering, Construction, and Operations -18-
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http://ineight.com/
http://www.larsentoubro.com/

Help the world run better and improve people’s lives
Help our customers run at their best
Become the cloud company powered by SAP HANA

GLOBAL
PRESENCE AND
RELEVANCE

e 82K employees
representing 120
nationalities

e 335K customers

o SAP operates in
190 countries

INDUSTRY AND
LOB FOCUS

Solutions for
25 industries
and 12 LoBs

98% of most
valued brands
are our customers

76% of the

world’s
transactions
managed on SAP

SAP Digital Engineering, Construction, and Operations

DIGITAL
ECONOMY
READY

e 120 million
business cloud
users

1.9 million
connected
businesses

>$800 billion in
B2B commerce

> 99% of

mobile devices
connected with
SAP messaging
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INNOVATION
LEADER

2011 SAP HANA
launched

2012 SAP Cloud
launched

2014 sAp

business

networks comprise
the largest
marketplace in
the world

2015 SAP HANA
Cloud

2015 sAp
S/AHANA: Most-
modern ERP
system
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INDUSTRIAL
INTERNET OF
THINGS
ENABLED BY

SAP

¢ Member of
Industry 4.0
board and
the Internet
of Things
Consortium

e 80% of the
construction
companies in the
Forbes Global 2000
are SAP customers
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Outlined below is additional external research that was used as supporting material for this white paper.
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27. SAP Estimates*

*Note: All sources cited as "SAP” or “"SAP

Benchmarking” are based on our research with
customers through our benchmarking program
and/or other direct interactions with customers

Note: Some images used under license from
Shutterstock.com

Note: Logos contained in this document are used with
the permission of SAP's partners.
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SAP Statement of Confidentiality and Exceptions

The information in this presentation is confidential and proprietary to SAP and may
not be disclosed without the permission of SAP. This presentation is not subject to
your license agreement or any other service or subscription agreement with SAP.
SAP has no obligation to pursue any course of business outlined in this document or
any related presentation, or to develop or release any functionality mentioned therein.
This document, or any related presentation and SAP's strategy and possible future
developments, products and or platforms directions and functionality are all subject
to change and may be changed by SAP at any time for any reason without notice.

The information in this document is not a commitment, promise or legal obligation

to deliver any material, code or functionality. This document is provided without a
warranty of any kind, either express or implied, including but not limited to, the implied
warranties of merchantability, fitness for a particular purpose, or non-infringement.
This document is for informational purposes and may not be incorporated into a
contract. SAP provides this information as guidance only to illustrate estimated costs
and benefits of the predicted delivery project. These materials may be based upon
information provided by you, information provided by other companies and
assumptions that are subject to change. These materials present illustrations of
potential performance and cost savings, and do not guaranty future results,
performance or cost savings. SAP assumes no responsibility for errors or omissions in
this document, except if such damages were caused by SAP’s willful misconduct or
gross negligence.
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All forward-looking statements are subject to various risks and uncertainties that could
cause actual results to differ materially from expectations. Readers are cautioned not
to place undue reliance on these forward-looking statements, which speak only as of
their dates, and they should not be relied upon in making purchasing decisions.
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