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Executive Summary

The Global Infrastructure Initiative was established in 2012 for two primary reasons: to
create a forum for global leaders across the value chain to exchange ideas as well as to
identify ways to improve infrastructure delivery and get more out of existing assets. Since
its inception, it has evolved from one summit every 18 months into a global community
that comes together at roundtables and site visits throughout the year and shares its
perspectives in our Voices on Infrastructure publication.

Over the past six years, the infrastructure industry itself has experienced significant
change. From 2012 to 2018, the number of major projects that broke ground grew by

77 percent, and the average project value increased by nearly 19 percent. When we
convened our first summitin Turkey in 2012, one session was dedicated to digitization. At
the 2018 summit in London, it was a primary theme, and talk of disruption and technology
permeated nearly every discussion. Most summit participants (85 percent) responding to
our most recent pre-summit survey have developed a digital transformation strategy.

The industry has increased adoption of technology,
generating talent and recruitment challenges

2018
2015

61%
49 % / deployed at least one new technology, with

20% using several, including advanced
analytics, robotics, Al and 3D printing

trialed a new construction
innovation

83%
s % 66%

believe they attract the talent
they need
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Source: Gll Pre-Summit Survey

We have highlighted the most prominent ideas for collaboration in the following sections.
We welcome input, ideas, and feedback on how to pursue these.
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Seize the digital opportunity

The summit is organized in accordance with the four stages of the project lifecycle: plan,
finance, build, and operate. However, participants in each of these segments reached the
same conclusion: the industry must improve its current processes, tools, capabilities and
operations to capture the benefits of digitization, automation, the IoT, and analytics. This
requires taking an end-to-end perspective across the lifecycle of a large asset.

RECOMMENDATION

Summit participants specifically identified two
actions to help the industry come together:

Develop a single, global platform to share data on digital best practices that is open
and accessible to all players in the industry.

opportunities presented by the Internet of Things (IoT), analytics, and artificial

e Create an industry-level group that sets data and technology standards to unlock
intelligence.

Develop and invest in future-focused definitions of success

Similarly, the dialogue across all four summit pillars surfaced a need for changes to how
we design projects, define their success, and invest in the long-term. Mobility is becoming
increasingly autonomous, connected, electrified, and shared. And, emerging technologies
are advancing faster than any one project can keep up. Analyzing potential future states in
planning processes; designing and building flexible assets that can serve multiple uses;
and identifying diverse revenue streams over an asset’s lifecycle will be critical to ensuring
infrastructure projects deliver the intended benefits—economic, environmental, and social.

Ofthe survey respondents, 69 percent have changed their long-term planning approach
because of these forces, and 80 percent of those said that total lifecycle costs and future
usability assessments are more prominent or frequently considered in investment decisions.
The increased use of data and analytics to support decision making will help optimize existing
assets and further refine project selection and design. The use of interoperable, modular
components will unlock the opportunity to be more flexible over the course of an asset’s life.

Global Infrastructure Initiative



Use collaborative contracts that set expectations beyond financial incentives

Increased use of collaborative contracting models was a prominent theme at the 2017
summitin Singapore, and there was robust discussion in London about how those models
can help align all stakeholders and establish outcome-focused measures of progress that
consider the impacts on end users. It will be important that collaborative contracts include
appropriate risk-sharing, set clear expectations, establish a problem-solving mentality,
and offer financial incentives for each stakeholder. Such contracts will also be critical in
reconfiguring the supply chain in a world with increasingly industrialized and prefabricated
components.

RECOMMENDATION

- One recommendation emerging from
7" f the summit was to establish industry
S . working groups for a sustained and
. concerted exploration of collaborative

models in specific geographies.

Attract and develop the workforce to evolve with industry needs

New skKill sets are required in every phase and by every actor involved in infrastructure
projects. While 100 percent of survey respondents who have undertaken digital
transformations cited processes and systems as the focus, only 36 percent also focused
on talent management and 27 percent on corporate culture. The experience of other
industries shows that without a focus on organizational structures and talent, digital
transformations are not likely to succeed in the long term.

Oneideathat emerged from the summit was recognizing that every organization carries
responsibility for addressing these skill gaps. Apprenticeship programs can be a powerful
tool, but organizations need to consider them an opportunity to up-skill the industry at
large rather than just a chance to build their individual talent pipelines.

Importantly, there was widespread recognition that gender and ethnic diversity matters.

McKinsey research shows that setting diversity and inclusion priorities and tracking
progress is critical in attracting and retaining diverse talent at all levels of an organization.

Executive Summary 2018 GlIl Summit Outcomes Report



We are committed to collaborating with
the GIT community on these efforts and
are considering several new initiatives.
We welcome your thoughts on how we
can continue to foster more diversity
and inclusion.

We hope the Gll community will join us in pursuing these ideas. Through potential working
groups, roundtables, and site visits over the next 18 months, we aim to further catalyze the
transformation that is underway. As progress will only be achieved if all stakeholders act, we ask
that all Gll participants commit to implement at least one of the ideas before we reconvene in
Montreal in 2020.

We sincerely thank our partners: Bentley Systems, Clifford Chance, Spencer Stuart, and
Trimble. We also acknowledge our institutional partner the UK Infrastructure and Projects
Authority, and our media partner the Financial Times. Without their collective support, the 2018
Gl Summit would not have been possible.

We thank those who attended the 2018 Gll Summit for their energy and insights. We look
forward to staying in touch—and to continuing the conversation. ®

We’d like to hear from you if you would like to get involved in any of
the recommended activities or if any of these ideas inspired changes
in your organization. We also welcome recommendations on areas

to focus on at future roundtables or disruptive projects or practices
to consider for site visits. Please send your updates, ideas, or

suggestions to info@giiconnect.com.

Global Infrastructure Initiative 5



Best ideas from the 2018 Gl
Summit

The goal of Gllis to identify themes, insights, and practical actions that can be applied by
stakeholders across the value chain and diverse asset classes. Progress is a collective effort,
and our hope is that the leaders who joined us in London—and the thousands of others
throughout the Gll community — will use these ideas as they develop their own strategies to
navigate the change ahead.

We also invite industry leaders to join us in pursuing new, collaborative efforts that will help
catalyze a more innovative and productive future for the industry. We look forward to engaging
with the GIl community and ask that everyone commits to implementing at least one of these
ideas before we reconvene in Montreal in 2020.

Here are the highlights from the 2018 Summit, followed by an analysis of each.

PLAN

= |nnovate early in planning processes and design for the future
®  Digitize and automate processes and systems
m  Prioritize capability building and recruiting new talent

®  |nvestinresilient and climate-smart infrastructure

FINANCE

m  Refine business plans and forecasts using data analytics

= Build flexible assets to capture a range of funding sources over time
®  |nclude diverse revenue sources in financing plans

®  Build and broaden investors’ in-house digital expertise

Best ideas from the 2018 Gll Summit 2018 GIl Summit Outcomes Report



BUILD

Scale the use of interoperable and modular components

= Measure progress against a well-defined, outcome-focused business case

Use real-time management data to enable early identification of project issues

Adopt collaborative contracts that incorporate risk sharing and clear requirements

OPERATE

Adopt a user-centric view

Use technology to break down barriers between assets and systems

= Consider regulatory and procurement changes to set the conditions for innovation

Plan for changes in mobility as the biggest disruptor across all types of infrastructure

Cross-cutting sessions

= Build a pipeline of talented and diverse project leaders to set critical major projects up for
success over the long term

= Minimize risk to attract the private and multi-lateral financing needed to close Asia’s $8
trillion infrastructure investment gap ®

Global Infrastructure Initiative
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PLAN

An outcome-focused approach and experimentation with new ways
of working can enhance project planning.

While much attention is given to the cost overruns and schedule delays that occur in the delivery
phase of major projects, a more strategic, outcomes-focused effort in the planning phase can pay
dividends. For example, a transportation project might identify a target number of passengers

to move each hour. Choosing the right project objectives can help keep a project on track and
improve the use of an asset over the course of its operations. Importantly, the planning phase
should include sustainability and resiliency considerations as needs are growing and investment
appears to be following suit.

Innovate early in planning processes and design for the future

Projects frequently lack a short, crisp articulation of objectives, including environmental, social,
and economic outcomes. And the long-term nature of major project construction often means
that original concepts could be outdated by the time a project reaches commissioning. This
irregularity is exacerbated by rapid advances in technology and changing user behaviors.
Moreover, public-sector owners often face the challenge of balancing specific objectives with

PLAN 2018 Gll Summit Outcomes Report



a need to satisfy multiple stakeholders—sometimes with divergent interests—to maintain
support for a major project. It can be a struggle to communicate benefits when the public focus
is on time and cost alone.

Participants at Gll identified several keys to improving how the industry can structure major
projects for success:

= Define outcome-focused metrics of success before developing a project concept.
® |ncorporate full life-cycle costs in initial planning and procurement decisions.

m Design assets that can serve multiple uses in the immediate term, such as parking garages
that can serve as cold-storage facilities, while also incorporating flexibility for future needs.

= Disrupt traditional government-run planning processes with competitive formats, such as
challenge funds, and involve contractors earlier in the process to provide creative ideas.

= Communicate projects’ benefits through new visualization platforms—like augmented and
virtual reality—to go beyond a cost-benefit analysis and secure stakeholder buy-in.

“There are some models where the contractor comes in early and helps
with better risk identification. Power plants do that, oil and gas wants
it, infrastructure isn’t having enough of this conversation yet.”

—Bruce Grewcock, Chairman and CEO, Peter Kiewit Sons’

Digitize and automate systems and processes: the future of engineering is centered on
unlocking digital

Technology and digitization of design and engineering processes are beginning to disrupt—
and stand to significantly improve—how the industry works today. This willimpact all aspects,
from the common business model based on billable hours, to the core design tools used.

Contractors and owners can seize this opportunity by doing the following:

= |mprove risk management through the digitization of processes. Project leadership could
see near-real-time progress across projects through automated tools and feeds, allowing
earlier identification of issues and mitigation, even in pre-construction project phases. While
design houses may be concerned about how digitizing their core offerings will disrupt their
business model, first-movers have recognized the significant opportunity to de-risk their
work, which will become a competitive advantage. For example, 5D building information
modeling (BIM) and virtual reality help identify problems during the engineering phase
before breaking ground.

Global Infrastructure Initiative



®m  Use data and standardized digital processes to make insight-driven decisions. Advanced
analytics and scenario modeling can help owners identify several alternative options in the
early stages of project conception. For example, one power company estimated that it saved
$35 million in prevented downtime using digital twins. Cloud computing also means that
every project and site, no matter how small, can be digitized at a low cost—so everyone can
reap the potential benefits.

® |ncrease use of on-site technologies in the equipment-planning process. Sensors were
first used to track people (for safety) and products (for quality and schedule), but today data
from equipment sensors should be applied regularly to improve planning and scheduling
processes.

= Develop avalue proposition to recruit data scientists. Talent is at a premium when it comes
to data scientists, and the industry is competing with major technology players. One
suggestion was to connect societal and economic benefits to infrastructure jobs to attract
younger technology professionals. One participant noted that this hiring can also be done
incrementally: “You don’t need hundreds of these people; one, two, or three great data
scientists could make a huge difference to your business.”

Investing in talent increases the odds
of digitization success by 2.5x.
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Prioritize capability building and recruiting new talent

As every industry undergoing digital transformation has experienced, the changes in processes
and systems will demand new skills and entirely new roles in many cases. The digitization of
core engineering tasks mean that more time can be spent anticipating and mitigating issues
and risks, so engineers will need to increasingly move from being discipline specialists to project
integrators. Owners and contractors can no longer think about holding digital talent in their IT
functions alone; they must be integrated throughout project teams.

PLAN 2018 Gll Summit Outcomes Report



Beyond the project teams, owners need to consider the skills that are required at the top

of their project organizations to effectively manage major projects. Project leaders should
be empowered to manage change. They must also establish a culture that encourages the
use of such technology and provides contractors with incentives to bring forward innovative
ideas.

Investin resilient and climate-smart infrastructure

Over the past decade, climate change and storm events have cost the world nearly $2
trillion and affected nearly four billion people. Projects around the world face the challenge
of building and protecting infrastructure that can withstand several climate- and weather-
impact scenarios that could unfold because of global warming. The industry is certainly
making progress, such as with the use of sustainability ratings and the assignment of
sustainability grading to potential investments, but there are no standards for defining or
evaluating resilience in a similar manner. While it would be difficult, participants agreed that
an established body and universally understood metrics—such as the ratings agency that
offers AAA ratings to investors—could help prioritize climate-smart infrastructure measures
and put best practices in place.

However, any global effort needs to be grounded at the local level. Regional and local
governments are best placed to take an integrated view on how a climate or weather event
will affect a community. For example, they should take a comprehensive view at how a
storm could damage not just a power station but the access road and bridges critical to
repair crews as well.

“Weather events do not consider which department has responsibility
for different assets.”

— Claire Perry, Minister of State, UK Department for Business, Energy and Industrial Strategy

Given the infrastructure investment gaps facing the world today, private capital is becoming
more critical to make the incremental investments in green or sustainable infrastructure.
Financers can help unlock sustainable investment by structuring deals to make them
investor-friendly. This is particularly promising in emerging economies, and there has been
significant progress in Africa.

In developed economies with massive, established infrastructure, investment is more
about spurring the use of new technologies and ways of building. The government can
consider regulatory structures that do not “pick winners” and instead open the market up
for the most innovative and beneficial technologies to win out. For instance, governments
have instituted renewable power auctions to help create markets for offshore wind
developments. Public agencies can also partner with the private sector on specific
projects; for example, a commercial district and its waterfront real estate tenants can invest
in flood defenses, reducing the burden on the taxpayer. ®

Copyright © 2018 McKinsey & Company. All rights reserve
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FINANCE

Technology and data analytics are transforming project investment
trends and opportunities.

Refine business plans and forecasts using data analytics

Data have always been at the core of projecting future revenues and risks for infrastructure
projects. Today, more than ever, we have richer data and better, more accessible tools to
capture and analyze it. Investors can use these data pools and tools to examine certain aspects
of infrastructure opportunities (such as demand forecasts, maintenance schedules, and
operating volumes) and improve their assessments.

Analytics can improve site selection and ensure that project design can meet the more
accurate estimates of future capacity and service needs. Also, more accurate models of
greenfield projects or expansions can decrease risk for both investors and governments; they
may also result in lower capital and operating costs and the ability to push a greater number of
projects through the pipeline.

FINANCE 2018 Gll Summit Outcomes Report



For example, when assessing the revenue risks related to an urban transport system,
an investor can build a model that integrates analyses of rider travel patterns, consumer
preferences, and data sets supporting predictions on where people are likely to live,
work, and play over the next 20 years. That model can also show government sponsors
and citizens—who may well be the transport system’s financiers—the extent to which
that project will likely reduce travel time and congestion. This in turn can lead to more
accurate predictions of economic benefits.

“The recycling of existing infrastructure brownfield assets that need
enough capital infusion that they’re almost greenfield could be a sweet
spot for investors. [For owners], really identifying risk, mitigating it,
pricing it and putting it into the project package up front will make it
more attractive for equity investors.”

— Laurie Mahon, Vice Chair, Global Investment Banking, CIBC World Markets

Data analytics may also help identify projects that are no longer viable due to shifting
demographics or consumer patterns. Indeed, analytics may reveal some longer-term
projects that have been in planning for years but no longer have a strong business case
or economic development rationale.

To seize this opportunity, project sponsors—including private investors and government
funders—can require data analytics to be integrated into project origination and
planning. Public and private infrastructure financiers can lead the way. They should

also work with sponsors to make these tools available so the modeling and potential
outcomes can be transparently shared with stakeholders. Importantly, they can help
build support for projects by working with governments to provide clear and supported
assessments of the economic and social benefits.

Build flexible assets to capture a range of funding sources over time

Infrastructure is generally viewed as among the most permanent single-use
investments. Much of the infrastructure being built today is meant to provide exactly

the same set of services for 30 years or longer. The assumptions are that, indefinitely,
airports will continue to support planes and passengers, parking lots will still house cars,
and highways will serve commuters who need to travel from suburbs into city centers
and back home again.

But are those fair assumptions? Technology is changing mobility—how we get around,
where we go, and how we power our transport systems. Furthermore, population
growth and urbanization are triggering the repurposing of already-built environments
and are demanding more from infrastructure assets.

Global Infrastructure Initiative 13



14

These trends make it more likely than ever that much of the infrastructure financed today
could look very different 30 years from now. The rapidly changing needs of society
necessitate additional infrastructure services for different groups of users. For example, many
greenfield roads are designed with expansion potential and with rights of way for fiber and
power lines. However, roads authorities should now be thinking about flexible designs that
allow for rapid lane direction changes, express lanes, adaptive exits, in-road electrification,
and even the option to allow for accommodating rail and other types of mass transit as the
population grows.

Advanced analytics can help asset owners
achieve portfolio savings of 5-15%.

GLOBAL
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Owners of major civic buildings intended as government office space or courthouses should
assess the potential for their buildings to also house retail and commercial tenants, to function
as an event space, and to net-produce rather than use energy. Their rooftops and basements
could serve as parking and service centers for flexible car services, autonomous vehicles,
and airborne vehicles and drones.

Accommodating the need for flexible infrastructure will require sponsors, planners, and users
toinvest in assessing the most likely future trends, deploy data and analytics tools to assess
potential and risks, and then integrate flexibility into the financing business case.

Building materials, design, and technologies need continued innovation to integrate energy
into infrastructure and operate it more efficiently. Investors need to be well-versed in these
technologies and willing to invest in their deployment—even if there is some risk. Sponsors
and governments need to consider changes to their project procurement processes to
reward infrastructure developers and investors that propose flexible solutions with longer-
term sustainable business cases.

Given the rate of technological progress and evolution, technology is no longer the primary
limiting factor in capitalizing on the opportunities offered by big data and advanced analytics.

FINANCE 2018 Gll Summit Outcomes Report



The change management process and collaboration with diverse stakeholders are
the main hindrances.

Include diverse revenue sources in financing plans

Traditional public-sector funding models for infrastructure will not meet the world’s
infrastructure needs. But users of infrastructure services cannot be expected to
finance the high-costs of complex transport, water, and utility systems alone. High
user fees and rates often have the effect of driving users away to alternative routes and
distributed services. They can also make some infrastructure services unaffordable
for lower income users. Additional revenue sources must be integrated into the
financing plan for infrastructure whenever possible to make projects bankable and
politically acceptable.

Additionally, the trends compelling the need for flexible infrastructure will reinforce

the likelihood that infrastructure assets of the future have multiple revenue streams.
Established models of transport-oriented development, for instance, in which rail and
bus stations and airports are financed partially by integrating real estate development
and retail revenues into the base-case financing model, are becoming the norm. They
are also now being extended to a wider range of infrastructure assets such as ports,
universities, civic centers, bridges, and roads.

The monetization of data generated by users on an infrastructure asset is still at
early stages but will ultimately be a part of any infrastructure assets customer and
financing strategy. Integrating diverse revenue streams with unique drivers and risks
presents challenges to the traditional model of project financing, but it also opens
new capital sources with different risk and reward profiles. Importantly, it creates
new opportunities for the public and private sector to work together to finance more
infrastructure faster.

Build and broaden investors’ in-house digital expertise

These new models for infrastructure finance all have one thing in common: they

will require public and private infrastructure financiers to integrate new capabilities
alongside their traditional investing expertise. Given how essential data analytics is
becoming to origination and due diligence, industry first movers are hiring in-house
data analytics professionals. Others need to follow suit to remain competitive.
Furthermore, as they look to secure new opportunities, many investors will find that
success will depend on their ability to bring design expertise as well as familiarity and
comfort with new revenue streams. @®

Copyright © 2018 McKinsey & Company. All rights reserved.
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BUILD

Disruption of project delivery is underway. WWho is best positioned to
take the lead and reap the benefits?

While talk of disruption to the industry is not new, this year, participants agreed that the industry
has reached an inflection point, with increasing evidence that change is underway.

There are three prominent catalysts for this change. First, widespread recognition of the industry’s
low levels of productivity and digitization make it fertile ground to approach things differently.
Second, countless technologies are already changing the way the industry operates. This includes
the use of sensors and the Internet of Things to unleash predictive analytics, project lifecycle
management tools integrated into building information modeling (BIM), digital twins, and the use

of mixed, augmented, and virtual reality at various stages of the project lifecycle. Finally, the next
generation of workers has been raised on interactions with smart devices or on screens; they are
not going to accept the current work practices, and this dissatisfaction will propel change.

The question for many is whether the disruption will be led by traditional industry players or if
technology companies who have shown interest in investing in the industry will take the lead.

16 BUILD 2018 GIl Summit Outcomes Report



Incumbents need to think hard about how to harness these trends rather than risk
having others move in.

Scale the use of interoperable and modular components, particularly in
densely populated areas

Modular construction can help increase productivity, improve quality given the
controlled environment, reduce construction times, and attract new members to the
workforce who would not otherwise work in construction. In densely populated areas,
use of modular and prefabricated components can also reduce the burden on the
neighboring public by lessening traffic congestion, as well as noise and dust pollution.

“I think that modular has the highest likelihood of the new
technologies of transforming how construction will be delivered.”

—Dan McQuade, President, AECOM Construction Services (former)

To realize the full potential of this disruption, the industry will require a new operating
model across the construction supply chain that incorporates modularization and
prefabrication, technologies such as 3D printing and digital twins, and collaborative
contracts. Industry players will need to adopt a production-style approach with
standardized and interoperable modules across asset classes, while also maintaining
the ability to customize projects. They will also need to more sharply focus on end-
users’ needs and invest in upskilling the employees of organizations that are critical to
the supply chain. Success will require all stakeholders, including regulators, public and
private owners, engineering and construction companies, technology providers, and
suppliers to align on new ways of working.

Investment in construction technology
has doubled over the past decade.
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Measure progress against a well-defined, outcome-focused business case

Projects are currently defined as successful based on whether they are delivered on time
and on budget. While participants did not underplay the importance of these criteria, the
industry at times loses sight of the critical outcomes a given asset will provide. For example,
a 10-year project that is delayed by one year often faces intense public scrutiny. However, it is
rare that we celebrate when that same project ultimately reduces average commute time by
50 percent and lowers air-poluting emissions. The primary goal of infrastructure is to deliver
long-term environmental, economic, and social benefits. By focusing solely on the cost and
schedule implications during design and construction, project owners risk making decisions
that are not in the interest of delivering those outcomes. Therefore, the true benefits of the
project can be overlooked and underdelivered.

“Procurement decisions should not be made in isolation. Determine
the real value of the final asset; only then can you begin to interpret
whether or not it’s the correct cost you've allocated.”

—Ann Bentley, Global Board Director, Rider Levett Bucknall UK

Use real-time management data to enable early identification of projectissues

The performance of major projects can be improved. When we asked participants for

their views on the biggest cause of major project failure, 33 percent said poor stakeholder
alignment, followed by a lack of owner or sponsor capabilities (at 19 percent) and inadequate
risk planning (at 18 percent). These factors contribute to the well-recognized fact that too
many projects suffer from budget overruns or suffer schedule delays.

Many agree that projects would benefit from improved transparency and clear management
data, which would allow project leaders and owners to understand performance at a
granular level and recognize when a project is in distress. To help overcome this issue,
project owners should develop well-defined business cases at the outset. Itis then the role of
project leaders to regularly revisit the business case with the project team, reinforce shared
goals, and measure success against the desired outcomes. Project leaders need to quickly
establish a clear vision—this will foster a collaborative and problem-solving environment to
help a multidisciplinary team work together. Owners and contractors should also look to
augment their project teams with agile-savvy leaders who can integrate across functions
and technical disciplines, allowing them to more quickly identify and resolve issues.

“The answer is staring us in the face. Every other industry identified
the potential for disruption 30 or 40 years ago. Technology is breaking
down some of the challenges peculiar to construction.”

—Chris Shephard, Vice President, Construction Solutions, Trimble

18 BUILD 2018 GIl Summit Outcomes Report



Adopt collaborative contracts that incorporate risk sharing and clear requirements

Changes in procurement and contracting models are critical to a more collaborative approach
to projects. This theme is not new, but its widespread implementation has not been achieved.
While there are promising examples of this in the private sector, for example in mining or oil
and gas, in the public sector it is an enduring challenge. All parties involved must first set
challenging yet realistic objectives up front and then establish what “win-win” really means

for everyone. And to avoid hidden or surprise costs, there is also an opportunity to develop
transparent systems for project budgets with joint ownership of contingencies—benefiting
owners, investors, and contractors.

33%  46%

of GII 2018 participants said said win-win incentives in
more stakeholder alignment contracts will have the largest
is the biggest cause of major ~ impact on improving owner-
project failure contractor relationships

Participants emphasized that monetary-only collaborative contracting attempts will not work.
Fair risk sharing, clearly defined requirements, and established principles of collaboration
can be even more important than the financial aspects of the contract. Such a shift to
understanding a project’s behavioral aspects are demonstrated by an increasing number

of owners using psychometric tests—that is, aptitude questionnaires or interviews—during
contractor bid evaluations.

“If you are going to design win-win incentives, they have to be real and
credible.”

—Cressida Hogg, Chairman, Landsec

Finally, project owners can consider changes to the procurement and contracting process
that enable contractors to invest more in research and development. When there is shared risk
between contractors and owners and the right financials in place, experience demonstrates
that the owner-contractor team is more likely to develop new and innovative solutions. ®

Copyright © 2018 McKinsey & Company. All rights reserved.
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OPERATE

Infrastructure assets must be flexible and able to adapt to emerging
technologies and user expectations over the course of operations.

Adopt a user-centric view of infrastructure

Governments, owners, and developers still often view infrastructure as isolated physical assets
and distinct projects. This contrasts with businesses and citizens—or the customers—who
experience infrastructure as a background enabler in their daily lives, from their commutes

to ubiquitous internet connectivity. Importantly, these customers have increasingly high
expectations of flexibility, convenience and overall quality of life. To keep up with demands and
catalyze greater economic growth, owners and developers should take a more user-centric view.

Consider user-centric airport planning, which optimizes for an airport’s capacity and also for
public and private transportation routes into that airport, accommodating passengers and freight
as well as airport employees. As owners assess how to get the best use out of their assets and
maximize revenues, it is important to think about broader trends. For example, a rail station might

20 OPERATE 2018 GIl Summit Outcomes Report



evaluate evolving work and travel behaviors and decide to repurpose underutilized
space to build a co-working area. Such thinking should also carry over into the
evaluation and prioritization of an owner’s capital portfolio; in the airport scenario, an
owner might cancel plans for a new parking garage and instead establish a partnership
with a ride-sharing provider.

When companies and owners optimize their own position in the value chain, benefits
are small and fragmented. A more systemic approach is needed. Simply put, we

can unlock significant value by breaking down barriers between asset classes.
Infrastructure organizations can take steps to structure themselves to break down
siloes and be more user-centric. For example, the Scottish government now has a
cabinet secretary with responsibility for transport, infrastructure, and connectivity —
hence putting user-centricity at the heart of infrastructure decision-making.

Use technology to break down barriers between assets and systems

Technology will enable users to optimize the operation of both individual assets and
of systems of assets. There was robust discussion throughout Gll about the potential
for digital twin technology to optimize all aspects of a project. Participants agreed that
developing digital twins in the design phase, which can allow for much more targeted
and efficient maintenance, is a must and should be augmented by the digital twin of
brownfield assets. As adoption of digital twins increases, there is an opportunity to
incorporate environmental, social, and economic considerations, alongside physical
specifications, allowing owners to understand the full scope of potential outcomes.

For example, digital twins can allow building operators to identify and switch out
unreliable air handling units and improve efficiency or to update elevator programming
to adapt to changes in building occupancy.

“The definition of infrastructure is changing, and digital
transformation will create convergence of assets.”

— Gregory Hodkinson, Chairman, Arup

Technology also offers an opportunity to take a more systematic approach across
assets. For example, traffic data can be linked to interactive road signs to temporarily
increase road capacity (such as by opening additional lanes) in areas of congestion.
Sharing data between assets depends on accomplishing digital alignment at

an engineering level. Both the public and private sectors will need to prioritize
interoperability for connecting different technologies, models, and data sources to
effectively enable automated digital workflows. Greg Bentley, CEO of Bentley Systems,
gave an example of how his organization is catalyzing these types of immersive
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connections and fostering collaboration between projects and asset types by delivering its
digital twin web services through an open-source library.

With the pace that technology is advancing, it will be important that owners plan and allow
for adequate time for systems integration before commissioning projects, particularly of
major long-term ones.

Consider regulatory and procurement changes to set the conditions for
innovation

The shiftininfrastructure usage is raising complex challenges for the public sector. For
example, the increased prevalence of home-working and low-cost home delivery is
causing increases in local congestion and air pollution from delivery trucks. These are
issues that no single provider can solve and that the public sector can take a leading role in
addressing.

First, local and national governments can lead the debate and act as a guiding mind on
the future of infrastructure. For example, cities can develop mobility strategies, rather than
just atransportation strategy. At the national level, governments are considering plans to
substitute revenues from fuel-excise duty as electric vehicles replace traditional vehicles.

Second, the public sector can consider making bold moves to help shape the future of
infrastructure—for example, specifying the production of digital twins in all public projects.
Active discussion among Gll participants revolved around the opportunity to introduce
regulations that could help rationalize last-mile deliveries in city centers.

Third, the public sector has an opportunity to take on a larger role of integrating and
distributing information in a way that individual asset owners cannot. For example, the
public sector can aggregate data between asset types to allow transport providers to
optimize journey times, better plan maintenance closures, and even define the optimum
location for new facilities.

“I am primarily in the mobility business, not the asset-building
business.”

—Jens Holmboe, Director General, Danish Road Directorate
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Plan for changes in mobility as the biggest disruptor across all types of
infrastructure

Time and again, participants raised the changing nature of mobility as the biggest
disruptor across asset classes. Owners, operators, contractors, investors, and
governments should examine how changes in levels of electrification, automation, and
connectivity will touch every part of their business.

The implications of mobility on commuting trends and car ownership are well-
documented, but Gll participants also explored some of the less obvious consequences
that organizations should consider. For residential developers, autonomous vehicles
can greatly increase mobility for senior citizens and may inform housing planning for this
growing segment. For example, underground parking garages that have traditionally
been part of multi-family building design could become obsolete. For emergency
services providers, more battery-powered vehicles on the road is likely to mean more
electrical fires, requiring new skills and equipment. For road builders, autonomous
vehicles could allow greater traffic density and more optimization of road geometry as
speeds become more predictable, potentially freeing up significant land. For power
distribution companies, local networks can be designed to harness electric vehicles for
use as storage units when not being driven. ®

140 million EVs or more could be on the road
by 2030 in China, the EU and US.
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Bosphorus Bridge in Istanbul
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Connecting Eurasia

Minimizing risk will be critical to attracing the private and multi-
lateral financing needed to close Asia’s $8 trillion infrastructure
investment gap.

The opportunity to create more efficient connections between European and Asian
economies could help spur global economic growth, and infrastructure development will be
a critical enabler. Furthermore, sound investment in Asian infrastructure will be necessary to
meet global climate change objectives.

McKinsey research finds that across Asia, excluding China, there is $10 trillion of
infrastructure investment needed, but only $1.6 trillion of projects in the pipeline. This leaves
the region with more than $8 trillion of unfunded infrastructure needs. Capital from the
private sector and multilateral development banks (MDBSs), including the Asian Infrastructure
Investment Bank (AlIB), will be necessary to close the investment gap.

Cross-cutting sessions 2018 Gll Summit Outcomes Report
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“We are looking for projects that are financially sustainable,
environmentally responsible and socially acceptable.”

—Sir Danny Alexander, Vice President and Corporate Secretary, AllB

The private sector and MDBs can collaborate with national governments to help develop
pipelines of bankable projects. In well-designed public—private partnerships (PPPs), the
private-sector partner will often invest for 20 to 30 years to help ensure operating assets
deliver the intended environmental, social, and economic benefits.

However, important factors must be in place to help minimize risks and attract private and
multilateral funding and financing, including:

m  Strict environmental, social, and anticorruption policies and transparent systems to
monitor adherence

® | ong-term debt sustainability of the host nation
®m  Regulatory and political stability and sustained project support

= Financial sustainability throughout the asset’s lifecycle backed by a detailed
business case

“The private sector, together with the MDBs who can take developing
market risks, should come up with ways to make it easier for
governments to deliver the enormous pipeline of projects needed in
emerging markets for the betterment of society and GDP growth. We
all have a responsibility to make this work.”

—Nick Wong, Partner, Clifford Chance

Standardized frameworks can help increase the number of PPPs by providing
transparent and consistent guidance on key processes (such as procurement) and risk
allocation. Another approach is to set up governance boards on major projects with
global representation that provides the right mix of insights and experience as well as a
level of detachment from local politics.

Finally, the capacity of local institutions to manage and deliver the projects is critical.
The AlIB and other MDBs can play a critical role in Asia by working with local project

owners to build the capacity of their teams to improve project selection, design,
and delivery. ®

Copyright © 2018 McKinsey & Company. All rights reserved
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Cultivating great project leaders

Successful delivery of critical infrastructure is reliant on a pipeline of
talented and diverse project leaders.

As projects become larger and more complex, project leadership can be one of the most
influential factors in a project’s success. Effective major project leaders are defined by their
ability to master a combination of practical judgment, political ability, and wisdom—in addition
to their thorough grasp of technicalities, core project management systems, and processes.
For long-term major projects, it is also important there be continuity in strong leadership.

“Great leadership comes from living the values.”

—Terry Morgan, Chairman, Crossrail and HS2

The infrastructure industry is facing labor shortages, a skills gap, and aging workforce in
many parts of the globe. The successful delivery of major projects is critical to keep pace with
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When analyzing 1,000 projects, the average
gross margin on those with high-performing
project managers was 3x higher than those

with low-performing PMs.
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projected economic growth, so it is imperative that owners and contractors act now to
build pipelines of talented, diverse project leaders. The size and long-term nature of major
projects create a tremendous opportunity to build these pipelines and create socially
inclusive hiring programs. Specific actions include:

m  Establish apprenticeships with specific diversity targets and demand the same from
the supply chain

m  Create openings, such as data scientists and user-experience specialists, to attract
people who would not have originally pursued a job in infrastructure and engineering

®m  Ensure current project leaders act as role models and mentors

= |nvestin development and training that is rooted in the organization’s values and that
integrates emotional intelligence with behavioral science. ®

Companies with the most ethnically diverse
executive teams are 33% more likely to
outperform their peers on profitability.
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Sector-specific roundtables

The GIl Summit hosted three sector-specific roundtables on
engineering and construction, real estate and energy and resources.
Highlights from the roundtables are summarized below.

Engineering and construction: Beyond modular—from projects to products

The challenge of low productivity in the construction industry has been well documented. To
catalyze significant productivity improvements, the industry should seize the opportunity to move
toward a manufacturing-style production approach. For example, some in the industry are already
taking lessons from the automotive industry and streamlining the on-site assembly process. Others
have moved to an off-site manufacturing model producing full modular units.

Engineering and Construction (E&C) roundtable participants had the opportunity to hear from just
afew of these leaders: Mace’s Jump Factory, which can build a fitted-out floor in 55 hours on a
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constrained site in London; Ambar in Brazil, which has already built more than 75,000
homes through its “design, supply, assemble, live” process; and Uber, which has been a
pioneer in its customer-centric view and ability to evolve and scale quickly.

While not all players in construction are well positioned for off-site manufacturing, certain
segments of the industry will see significant improvement. Roundtable participants
explored how this manufacturing-style approach could dramatically improve project
planning and delivery in three sectors: airport, rail, and real estate. While each asset class
has its unique considerations, participants identified four common areas of focus. All
stakeholders—owners, contractors, suppliers, and regulators—will need to agree to new
ways of working together.

1. Increased customer centricity. Project owners need to consider assets with the end
users’ experience in mind. This customer-centric focus must be clearly articulated to
everyone within the value chain to establish clear project requirements. For example,
the use of modular construction in real estate should deliver sufficient customization
for the end customer while still retaining the productivity benefits of standardization.
Likewise, airport operators need to consider the experience customers look for as it
relates to retail and dining, which are primary revenue drivers.

2. Standardization and interoperability of modules among and across asset classes.
Within modular construction, one of the biggest challenges for suppliers is ensuring
consistent demand so the manufacturing facility maintains sufficiently high utilization
levels. Project owners are concerned that modular suppliers may have to close
operations during a project because they don’t have a strong enough revenue stream.
A critical step to overcoming these issues is to create greater interoperability between
owners and suppliers. An industry-wide agreement on the interoperability of modules
would allow greater flexibility for suppliers to provide modules across a series of asset
classes, while owners would have greater robustness in their supply base. This sort of
standardization could also help improve user experiences. For example, a standard
security layout or boarding system may result in a better experience for passengers.

Design and architecture will certainly create the desired variety in the look, feel, and
experience of each asset, but participants agreed that tremendous strides can be
made in the industry by convening working groups to establish standards for the core
“building blocks” that allow for interoperability.

3. Continued need to improve productivity and efficient delivery. Currently, the case
for modular construction is often marginal. Cost benefits today can vary from a
20-percent cost reduction to a more common comparable cost—or even a cost
premium compared with on-site construction. For adoption of modular construction to
really take off, modular companies will need to incorporate best practices that enable
them to fully realize cost benefits.
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First, companies should industrialize design to allow mass customization to balance
standardization and flexibility. Standardization will maximize the use of automated
equipment, but flexibility will ensure a range of products and therefore demand on
the factory.

Second, they need to invest in digitization, data strategies, and automation. They should
also consider how to incorporate other technologies (such as 3D printing) that can also
deliver productivity benefits. Third, investing in and upskilling the supply chain will be critical
toincreasing use of just-in-time delivery and building information modeling (BIM)

for coordination between services.

. Scaled procurement, moving from project- to portfolio-level purchasing. The full cost and
productivity benefits of modular construction can only be achieved if there is a consistent
project pipeline. Projects identified and procured as a portfolio create demand confidence
for suppliers. Project owners, particularly in the public sector, should consider opportunities
to move toward a portfolio approach to procurement and project management to reap the
cost and time benefits. A successful example of this is the Pennsylvania “500 bridges in 500
days project,” in which the use of standardized design and modular construction allowed
the ambitious and extensive project to be delivered on time and on budget. ®
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Energy and resources: Driving productivity through digital
transformation and innovative project leadership

In the energy and resources sectors, a new wave of major projects is approaching. There
was widespread acknowledgement from participants that these megaprojects, among
the most complex and costly on the planet, will have to:

= embrace new technology-enabled ways of working to ensure safe and productive
project delivery,

® ynderstand how best to use this technology to operate these assets once
constructed, and

® consider how to balance the demand for high capability megaproject leaders with
the comparatively meager supply of these leaders (particularly within the skill set that
constitutes what McKinsey calls the “Art of Project Leadership.”)

Under this broad umbrella of topics, roundtable participants considered the following
questions: what role will engineering, procurement, and construction contractors (EPCs)
play in adopting the digitization of construction, and how will this affect the competitive
landscape? What is the root cause for a lack of a SAP-like industry standard for digitizing
construction? How can we best teach people the elements that constitute the “Art of
Project Leadership?”

Highlights of the discussion include:

The age of the digital twin is upon us.

Energy and resources assets often require optimization across highly complex
processes with nonlinear relationships between inputs and outputs. The ability to
effectively simulate, optimize, and schedule these processes in a nimble, pragmatic, and
digital way willimprove operations dramatically. It is a question of when, and not if, the
industry will embrace digital twins. Two opportunities for widespread adoption stand
out in particular—forecasting optimization in liquefied natural gas (LNG) production and
simulating power plant energy efficiency.

Despite higher rates of digitization in operations, construction and project delivery still
lag—but this will change soon.

In contracting, itis not uncommon that companies are “too busy” and operate on

too tight a margin to recruit the right talent and truly adopt digitization. Any EPCs that
continue down this path will soon find themselves unable to compete globally. Owners
are generally more progressive than EPCs when it comes to digital adoption—for
example, owners have led in the use of mobile technology in operational assets—and
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they must drive the step change through levers such as outcome-based contracts that include
or require use of digital tools.

Increased industry collaboration will generate mutual benefits for owners and contractors.
EPCs are consistently striving for new ways to deliver high quality, simple, and cost-effective
solutions, supporting project execution through economies of scale and fit-for-purpose
solutions. Given the high repeatability of assets within energy and resources, the “majors” have
arole to play in aligning on collaboration standards among them. Technology providers also
have a role to play in standardization and collaboration—making data open source will support
project delivery globally and counteract the age-old problem of the data-free construction site.
Forinstance, it can create transparency on safety impediments and field team productivity at
the task level.

Capable and experienced project leaders are a rare breed; this paucity will influence the
growth of energy and resources sector.

Apprenticeship isimportant, as is structured training for the project leaders of the future.
The culture of the industry needs to allow higher levels of experimentation and risk taking.
Fundamentally, the right mind-set trumps the right background, so organizations should
look to develop talent quickly and embed the right mind-set in all emergent leaders: open,
collaborative, values-driven, and ready to take full ownership of outcomes. One idea that
surfaced during the roundtable discussion was to build project simulators that would allow
teams to test themselves against various scenarios, evaluate their responses, and identify
skills that need to be developed to improve outcomes in a real-life situation. ®
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Real estate: The future of real estate

The global real estate market has reached an inflection point, with the changing demands
from customers and emerging technologies having profound impacts across real estate
asset classes and the project lifecycle. The roundtable explored the critical issues of:

m  Understanding market forces creating opportunities and challenges in real estate
investment today

= Anticipating millennials’ behavior in residential, office and retail real estate
= Embracing new technologies in construction and property development
®  Addressing the affordable housing challenge

®m  Preparing for smart cities and districts of the future

Changing consumer preferences are disrupting demand for traditional retail real estate, while
opening new opportunities elsewhere

Across consumer categories, millennial consumers expect to make 50 to 75 percent of their
purchases onling, according to new research from McKinsey & Company. This growthin
online retail continues to have a profound impact on demand for “traditional” retail assets, but
is also creating new growth opportunities. For example, 50 percent of time spent in malls is
now on entertaining and dining, with only 30 percent on shopping. This creates significant
revenue streams for retailers who focus on creating and curating an environment where
shoppers want to stay, eat, and play.

Customer-centric office space does not stop at flexibility

New entrants such as WeWork have shifted customer expectations on experience, quality,
and flexibility of office space, forcing incumbents to shift from a focus on square metres to
customer experience. A customer-centric focus could mean moving from the traditional
reception desk to a concierge-style welcome service, or providing a variety of zones with
different functionalities and moods within one floorplate. And although the demand for
flexibility is growing — research indicates that up to 25 percent of office space will be a flexible
solution by 2020 —industry leaders still expect to see strong demand for traditional long-term
leases as large corporate customers still need the stability afforded by such arrangements.

Incumbent developers are making the shift to new operating models, particularly in emerging
markets

There are new entrants making significant progress in the [real estate] industry, from the
largest global technology companies to venture capital firm Fifth Wall that invests specifically
in real estate technology. The trends in retail and commercial real estate are most rapid in
emerging markets, where developing countries are “leapfrogging” traditional structures to
embrace new models. Incumbents are responding with fundamental shifts in their business
models: for example, Vanke, one of the largest real estate developers in China, now conducts
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acquisition, delivery, and operation in a single online environment. They are also investing

in digital skills, with a team of more than 700 technology specialists, and use social media
platforms to track consumer patterns and adjust their offerings. Leaders in developed markets
will need to make similar changes or risk losing ground to the new entrants.

The public and private sectors must work together to deliver quality, affordable housing at
scale

Around the world, countries are facing a shortage in affordable housing. This is, first and
foremost, a social imperative. But it is also an economic imperative: a shortage of affordable
housing in the right places acts as a brake on economic growth, and both the public and
private sector must take an active role in developing the solution. The public sector can
improve the supply of land in the right locations, by both relaxing planning regulations where
appropriate and by freeing up useable land that has not been developed for some time. The
private sector must use new technologies, new materials, and new construction techniques or
consider modular and offsite systems of construction, including both buildings and the utilities
that serve those buildings, to reduce build costs, shorten time to market, and improve quality.
As the industry overall shifts to greater use of modular and flexible building space, it may also
help unlock housing supply. Today we have a massive oversupply of commercial square
footage and loss of big-box stores. The potential for future spaces like these to be adapted
from retail to housing with relative ease could have significant benefits.

Disruptive technologies will create significant value for developers across construction and
operations

Technology is changing the real estate business at every stage of an asset’s life, and the
companies that do not invest now risk being left behind. The construction process is slowly
moving towards a production system, driven by digitization and modularization. This creates
significant opportunities for developers. First, time to market will decrease because digital and
modular will help shrink construction time and increase predictability. Second, moving to a
production system will create procurement efficiencies, as contractors standardize building
elements and move to global sourcing arrangements. Third, digitization will allow contractors
to optimize the ecosystem. Data on usage patterns will be analyzed and overlaid on a digital
twin of a building to continuously optimizes operations and provide insights to building
occupants to help optimize their use of the space. For example, occupancy patterns can be
used to adjust the time at which heating systems fire up. Similarly, desk usage rates can be
analyzed by developers to optimize layouts of future buildings.

Technology is allowing us to reimagine cities for a better quality of life

The “Smart City” is a concept that has been around for some time, but we are reaching a

point where technology is now allowing us to optimize cities to promote better living. Smart
Cities overlay a technology layer on the bricks-and-mortar infrastructure layer to link assets
and improve connectivity. For example, modular building systems allow us to repurpose and
reconfigure city blocks as usage patterns change. Similarly, smart signage and lighting means
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roads can be repurposed and prioritized for pedestrians, as mobility patterns change.
Machine learning can be applied to zoning parameters and building configurations, capturing
data on demographics, population density, economic trends, and weather patterns, and
cycling through millions of permutations of location, orientation, height, form, and materials to
optimize the early stage design of a new city block. @®
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Battersea site visit

| ondon site visIts

While in London, Gll participants had the opportunity to go behind the scenes at some of
London’s most complex and innovative major projects. This included visiting the following sites:

Battersea Power Station: One of central London’s largest and eagerly anticipated urban
regeneration projects, the £9 billion project will deliver thousands of new homes, offices,
restaurants, retail space, and cultural venues. It will also consist of 18 acres of public space and
major infrastructure improvements, including a new London Underground station.

Crossrail: As Europe’s largest infrastructure project, Crossrail will link London economic centers.
Gll participants visited the site of the future Canary Wharf station, which will connect it to the City
of London, the West End, and Heathrow Airport. The project is the first of its kind in the United
Kingdom to develop a strategy and process for enabling innovation throughout the course of the
megaproject.

London Bridge station: The London Bridge station rehabilitation increased capacity to 90 million

passengers per year. The station remained operational during construction, and the project
was completed on time. It also significantly expanded the throughput, enabling several more
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trains per hour to travel through the station. Participants heard about how the project team
learned as it went and continually applied lessons learned to increase efficiency.

Queen Elizabeth Olympic Park: Spread across 560 acres of parklands, Queen Elizabeth
Olympic Park (QEOP) is home to landscaped gardens, historic waterways, famous
sporting venues, and a vibrant arts and events program. Following the 18-month
transformation program of the London 2012 Olympic Park, QEOP opened in April 2014
andis still transforming—it will soon provide additional homes, access to jobs and
apprenticeships, and a culture and education district.

QEOP site visit

Thames Tideway Tunnel: The 16 mi (25 km) sewer tunnelis being constructed to prevent
an average of 20 million tons of untreated sewage discharge from entering the River
Thames annually. The project will upgrade London’s sewage system to cope with the city’s
demands well into the 22nd century. A highly complex project, the tunnel is being built from
three main construction drive sites and will require the use of 24 construction sites, 11 of
which are located along the river bank.

Transport for London Network Management Control Centre: Transport for London (TfL) is
the integrated transport body that runs nearly all the transport in London, operating from
two control centers in one location. Participants had the opportunity to see firsthand how
TfL manages the interface between highly automated systems and its human intelligence
to deal with challenges to the system and support 31 million daily journeys. @®
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Participants

Over 200 world leaders in infrastructure and capital projects joined us
in London from Oct 29-31, 2018 to discuss new solutions and move
the global infrastructure industry forward.

Pratik Agarwal — Group Chief Executive Officer, Sterlite Power

Philip Aiken — Chairman, Balfour Beatty

Saleh Al Ateeqi — President & CEO, Kuwait Investment Office

Al Jajeh — Executive Board Member & CFO, Cumming

Abdullah Al-Attiyah — Deputy President, Qatari Diar Real Estate Investment Company

Talal Al-Dhiyebi — Chief Executive Officer, Aldar Properties
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Danny Alexander — Vice-President & Corporate Secretary, Asian Infrastructure
Investment Bank

Jose Rene Gregory Almendras — President & CEO, AC Infrastructure
Dev Amratia — Chief Executive Officer, nPlan

Rosemarie Andolino — CEO & President, Manchester Airports Group USA
Jose Eduardo Antonio — Chairman & CEO, Century Properties Group
John Armitt — Chairman, National Infrastructure Commission
Naaman Atallah — Chief Executive Officer, Piramal Realty

David Atkins — Chief Executive, Hammerson

Hadi Badri — Chief Strategy Officer, EMAAR Properties

Roger Bailey — Chief Technical Officer, Thames Tideway

Bruno Balbinot — Founder & CEO, Ambar Brasil

Jim Banaszak — Partner, McKinsey & Company

Avery Bang — President & CEO, Bridges to Prosperity

Filipe Barbosa — Senior Partner, McKinsey & Company

Claus Baunkjaer — Chief Executive Officer, Femern

Darren Bechtel — Founder & Managing Director, Brick & Mortar Ventures
Ismail Bel-Bachir — Partner, McKinsey & Company

Gregory Bentley — Chief Executive Officer, Bentley Systems

Ann Bentley — Global Board Director, Rider Levett Bucknall UK

Gus Bergsma — Chief Revenue Officer, Bentley Systems

Simon Bevis — VP Group Strategy & Development, CRH

Aaron Bielenberg — Expert Associate Partner, McKinsey & Company

Daniel Bilak — Chairman of Supervisory Board, Ukrainelnvest
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Robert Booth — Managing Director, Ellington Properties Development

Brice Bouffard — Director Land, Member of the Board of Management, Fugro

David Bowcott — Global Director — Growth, Innovation & Insight, Aon Risk Solutions
Roy Brannen — Chief Executive, Transport Scotland

Ulrik Branner — Chief Executive Officer, GenieBelt

Denis Branthonne — Founder & CEO, Novade

Tom Brinded — Associate Partner, McKinsey & Company

Méka Brunel — Chief Executive Officer, Gecina

Suard Bruno — General Manager, Novade Solutions Europe

Michael Buehler — Head of Infrastructure and Urban Development, World Economic Forum
Roz Buick — Vice President, Buildings, Trimble

Mikkel Bulow-Lehnsby — Co-founder & Partner, NREP

Jan Bunge — Managing Director, Squint/Opera

Clare Burgess — Partner, Clifford Chance

Stuart Calvert — Director Programme Technical Services & Supply Chain, Network Rail
Giles Carter — Operating Partner, TDR Capital

Ani Castonguay — Executive Vice-President, Public Affairs, Caisse de dép6t et placement
du Québec

Patrick Charbonneau — Managing Director, PSP Investments

Sanjoy Chattopadhyay — Managing Director, H.I.G. Realty Partners

Ed Clarke — Co-Founder and Director, Infracapital

Paul Connolly — Managing Director, UK Real Estate, Turner & Townsend
Ken Courtis — Chairman, Starfort Investment Holdings

lan Davis — Chairman, Rolls-Royce
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Ernesto De Castro — President and CEO, ESCA

Clemente Del Valle — President, Financiera de Desarrollo Nacional

Michael Della Rocca — Partner, McKinsey & Company

Ding Liye — Senior Vice President, Vanke and Chairman & CEO, SCPG

Manie Dreyer — Consultant, Spencer Stuart

Duong Dinh Thanh — Deputy CEO cum PMO Director, Hoa Binh Construction Group

Peter Durante — Managing Director, Technology & Innovation, Macquarie Infrastructure
& Real Assets

Tyler Duvall — Partner, McKinsey & Company

Adrian Dwyer — Chief Executive Officer, Infrastructure Partnerships Australia
Heinz Ehrbar — Head Competence Center Major Projects, Deutsche Bahn
Mark Elliott — Chief Executive Officer, Northwest Rapid Transit

Jonathan Emery — Managing Director, Property, Europe, Lendlease

Gavin English — Executive Committee Member, FIDIC

Steffen Fuchs — Senior Partner, McKinsey & Company

Hideshi Fukumoto — Vice President and Executive Officer, CTO, Hitachi Construction
Machinery

Gonzalo Galindo — President, Cemex Ventures

Alex Ghashghai — Consultant, Spencer Stuart

Hilmi Ghosheh — Advisor, Public Investment Fund

Paul Gibbs — Regional Manager, UK, Bechtel

David Gilbert — Engineering & Construction Director, PT Petrosea
Jan-Hendrik Goldbeck — Managing Partner, Goldbeck

Tony Gordon — Senior Managing Director, AV

Manuel Goetzendoerfer — Managing Director, BES by UnternehmerTUM Projekt
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Guy Grainger — EMEA CEOQO, Jones Lang LaSalle

Susan Gray — Global Head of Corporate & Infrastructure Ratings, S&P Global
Alastair Green — Partner, McKinsey & Company

Bruce Grewcock — Chairman & CEO, Peter Kiewit Sons’

Christoph Groner — Chief Executive Officer, CG Group

Ankit Gupta — Partner, McKinsey & Company

Gaurav Gupta — Director, Omkar Realtors & Developers

Andrew Haines — Chief Executive Officer, Network Rail

Steve Halverson — Chairman & CEO, The Haskell Company

David Hancock — Director of Construction, Infrastructure & Projects Authority
Olivier Hautefeuille — Chief Underwriting Officer & CEO UK, SCOR
Matthew Hill — Senior Adviser, McKinsey & Company

Cyndee Hoagland — Vice President, Global Partners, Trimble

Philip Hoare — CEO, UK & Europe, Atkins

Gregory Hodkinson — Chairman, Arup

Bruce Hogg — Managing Director, Canada Pension Plan Investment Board
Cressida Hogg — Chairman, Landsec

John Holland-Kaye — Chief Executive Officer, Heathrow Airport

Jens Holmboe — Director General, Danish Road Directorate

Joseph Hubback — Group Strategy Director, Keller Group

Alex Hui — Managing Director, SCPG Capital

Vivian Hunt — Managing Partner, UK & Ireland, McKinsey & Company

Singh Intrachooto — Chief Adviser, Research & Innovation, Magnolia Quality Development

Corporation
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Emmanuel Jaclot — EVP, Infrastructure, Caisse de dépdt et placement du Québec
Scott Jacobs — CEO and Co-Founder, Generate Capital

Amit Jain — Group Chief Executive Officer, Emaar Properties

Wiebke Jardet — Head of EIB Group Office in the UK, European Investment Bank
Leigh Jasper — Chief Executive Officer, Aconex

Simon Jenner — Chief Operating Officer, Battersea Power Station Development
Company

Stephen Jennings — Founder & CEO, Rendeavour

Amiran Kanchaveli — Managing Partner, Blue Square Global Advisors
Samvit Kanoria — Partner, McKinsey & Company

Eric Keen — Chairman & CEO, HDR Engineering

Jonghoon Kim — Chairman, Hanmi Global

Rik Kirkland — Partner & Director of Publishing, McKinsey & Company
Audrey Klein — Managing Director, Corestate Capital Partners
Robert Knott — Chairman, GHD

Jan Koeleman — Partner, McKinsey & Company

Uwe Krueger — Senior Managing Director, Head Business Services, Temasek
International

Hannes Lagger — Director, ARUP

Morgan Landy — Global Director, Infrastructure and Natural Resources, International
Finance Corporation

Paul Larkin — BD Director, WEIlink Group
Jochen Latz — Partner, McKinsey & Company
Pierre Lavallée — President & CEO, Canada Infrastructure Bank

Matthew Layton — Global Managing Partner, Clifford Chance
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Eric Lee — US Partnership Development Lead, Generation

Lincoln Leong — Chief Executive Officer, MTR Corporation

Arthur Lette — Director, Lette & Partners

Lina Liakou — Managing Director (EME Region), 100 Resilient Cities
Andreas Lindenthal — Member of the Executive Board, OHB Systems
Daniel Loureda — Chief Executive Officer, Vivenio Residential

Low Ping — Chief Executive Officer, Eagle Hills

Emma Loxton — Partner, McKinsey & Company

Guillaume Lucci — Vice President, Director of Global Engineering, International Container

Terminal Services

Jon Lurie — Managing Partner, Realty Corporation

Jake Macholtz — Chief Executive Officer, InEight

Andrew Macmillan — Chief Strategy Officer, Heathrow Airport Limited
Laurie Mahon — Vice Chair, Global Investment Banking, CIBC World Markets
Navin Makhija — Managing Director, The Wadhwa Group

Nyami Mandindi — Chairman, Group Five

Jorge Mas — President, Confederation of International Contractors’ Associations
David McAlister — Global Director, Transport & Infrastructure, WSP Global
Tim McManus — Vice President, Major Projects, McKinsey & Company

Dan McQuade — Former Group President, Construction Services, AECOM
Tony Meggs — Chief Executive, Infrastructure & Projects Authority

Manoj Menda — Corporate Chairman, RMZ

Nick Merritt — Global Head of Infrastructure, Norton Rose Fulbright

David Metzger — Partner, Head of International Construction Group, Clifford Chance
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Alain Michaelis — Chief Executive Officer, Keller Group

Jan Mischke — Partner, McKinsey & Company

Alexandre Missoffe — Managing Director, Greater Paris Investment Agency
Nitesh Mistry — Head of Infrastructure Finance, Swiss Re

JB Monnier — SVP Strategic Partners, Bentley Systems

Patricia Moore — Managing Director, UK, Turner & Townsend

Terry Morgan — Chairman, Crossrail

Stefano Napoletano — Senior Partner, McKinsey & Company

Subbu Narayanswamy — Senior Partner, McKinsey & Company

Alison Nimmo — Chief Executive, The Crown Estate

Kiyoshi Nishimura — Chief Executive Officer, Credit Guarantee and Investment Facility
David O’Connor — Head of Global Projects, BP

John Oliver — Executive Director, Sellafield

Roelof Opperman — Principal, Co-Lead of Real Estate Technology Investment Group,
Fifth Wall Ventures

Robert Palter — Senior Partner, McKinsey & Company

Joseph Pangalila — Chief Executive Officer, PT Tripatra Engineers and Constructors
Prakash Parbhoo — Partner, McKinsey & Company

John Parker — Chairman, Pennon Group & Laing O’Rourke

Matt Parr — Head of Strategy and Regulation, Tideway

Michael Pearson — Partner, Clifford Chance

Claire Perry — Minister, United Kingdom Department for Business, Energy and Industrial
Strategy

Richard Petrie — Chief Executive, buildingSMART

Anand Piramal — Executive Director, Piramal Realty
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Alain Poincheval — Senior Vice President Paris Operating Center, TechnipFMC
Ashay Prabhu — Chief Executive Officer, Assetic

Frank Preuss — Chief Executive Officer, DIPLAN Gesellschaft fur Digitales Planen und
Bauen GmbH

Jason Prior — Chief Executive, Prior and Partners

Warunya Punawakul — Group Chief Strategy Officer, DTGO Corporation

Mike Putnam — Non-Executive Director, Network Rail & Southern Water
Gianluca Racana — Director, Zaha Hadid Architects

César Ramirez Martinell — Chairman & Founder, Barcelona Housing Systems
Maarten Reenalda — Head of CAPEX & Project Management, APM Terminals
Mark Reynolds — Chief Executive, Mace

Zara Riahi — CEO and Co-Founder, Contilio

Maria Joao Ribeirinho — Partner, McKinsey & Company

Chris Richards — Head of Policy and Public Affairs, Institution of Civil Engineers
Mark Richards — Head of Infrastructure Finance, Berwin Leighton Paisner
Amit Rikhy — President and CEQ, Carlyle Airport Group

Radim Rimanek — Deputy Group CEO, HB Reavis

Andrew Rose — Chief Executive Officer, Global Infrastructure Investor Association
Bruno Roy — Chief Financial Officer, WSP Global

Michael Sabia — President and CEO, Caisse de dépbt et placement du Québec
Kusnadi Halim Salim — Chief Financial Officer, PT Pusaka Jaya Palu Power
Nora Scheinkestel — Chairman, Atlas Arteria Limited

Frank Schramm — Co-CEO, BBGI Management

llya Sedov — None, Russian Direct Investment Fund
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Martin Seeger — President & CEO, Lahmeyer International

DK Sen — Senior Executive Vice President (Infrastructure), Larsen & Toubro
James Seppala — Senior Managing Director, Real Estate, Blackstone

llidio de Ayala Serddio — Group President, Profabril Consulplano Global
Sonia Sethi — Joint Secretary, Government of India

Omar Shahzad — Group CEO, Meinhardt Group

Chris Shephard — Vice President, Construction Solutions, Trimble

Stuart Shilson — Senior Partner, McKinsey & Company

Jason Sibthorpe — UK Managing Director, Avison Young

Bhupinder Singh — Chief Product Officer, Bentley Systems

Josh Sirefman — Chief Development Officer, Sidewalk Labs

Fintan Slye — Vice Chair, ENTSOE & Director, UK System Operator, National Grid
Kevin Sneader — Global Managing Partner, McKinsey & Company

Louis Socha — Vice President, Brookfield Asset Management

Mukund Sridhar — Partner, McKinsey & Company

Sam Stacey — Challenge Director - Transforming Construction, UKRI

Andrew Staines — Assistant Secretary, Australian Department of Finance
Greg Stanmore — Global Infrastructure Practice Leader, Spencer Stuart
Elena Stepanova — BD Director, Ictas Construction & Astaldi

Gernot Strube — Senior Partner, McKinsey & Company

Burak Talu — Executive Board Member & CEO, Dogus Construction and Trade
Kez Taylor — Chief Executive Officer, ALEC

Hugh Thorneycroft — Co-leader, Europe, Middle East and Africa, Spencer Stuart

Mark Thurston — Chief Executive Officer, High Speed 2
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Gabrielle Trainor — Director, Infrastructure Australia

C.S. Tran — Chief Transformation Officer, Hoa Binh Construction Group
Jorge Unda — Managing Director, Sener Ingenieria Y Sistemas

Lisette van Doorn — Chief Executive Europe, Urban Land Institute
Amit Varma — Co-Founder, VEERUM

Zach Vaughan — Managing Partner, Brookfield

David Vauthrin — Co-Founder & CMO, FINALCAD

ShashiVerma — Director of Strategy and CTO, Transport for London

Koen Vermelfoort — Partner, McKinsey & Company

Matthew Vickerstaff — Deputy CEO and Head of Project Finance, Infrastructure & Projects

Authority

Michael Volkermann — Global Head of Project Finance, Deutsche Bank
Nick Walkley — Chief Executive Officer, Homes England

Kevin Warn-Schindel — Managing Director, HarbourVest Partners

Jen Weitzel — Partner, Datacenter Infrastructure Supply Chain, Microsoft Corporation
Robert Welanetz — Chief Executive Officer, Majid Al Futtaim Properties
David Wilson — Chief Innovations Officer, Bechtel

Jonathan Woetzel — Senior Partner, McKinsey & Company

Nicholas Wong — Co-head of Worldwide Projects Group, Clifford Chance
Heang Fine Wong — Group CEO, Surbana Jurong

Tom Wright — President & CEO, Regional Plan Association

Todd Zabelle — Chief Executive Officer, Strategic Project Solutions
Zhang Yang — General Manager of SCP Plaza, SCPG

Alexander Zinell — Chief Executive Officer, Fraport Greece
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McKinsey & Company || Capital Projects & Infrastructure

McKinsey & Company is a global-management consulting firm, with experts in more than
110 locations and more than 60 countries committed to serving clients across the private,
public, and social sectors. McKinsey’s Capital Projects & Infrastructure Practice is a
leading adviser on the planning, financing, delivery, and operation of infrastructure, real
estate, energy, and large capital projects and portfolios worldwide.

We help clients improve on-time and on-budget delivery of major projects and get the
most out of existing capital assets. Working alongside owners, developers, contractors
and financiers, we have experience across all markets, asset classes, and stages of the
project lifecycle. McKinsey provides our clients with a unique combination of strategic
advisers, practitioners with deep sector and market knowledge, and senior technical
experts with decades of industry experience.

Over the past five years, we have delivered impact in more than 3,000 engagements,
including work on 150 megaprojects collectively valued at more than $1 trillion. Our
unique ability to partner with our clients and drive fundamental change is rooted in our
independent perspective, alignment with client goals, a deep commitment to innovation
and impact, and the depth and breadth of our expertise and experience.

mckinsey.com/industries/capital-projects-and-infrastructure/how-we-help-clients

Global Infrastructure Initiative

Since 2012, McKinsey & Company’s Global Infrastructure Initiative (Gll) has convened
many of the world’s most senior leaders in infrastructure and capital projects to identify
ways to improve the delivery of new infrastructure and to get more out of existing assets.
Our approach has been to stimulate change by building a community of global leaders
who can exchange ideas and find practical solutions to improve how we plan, finance,
build, and operate infrastructure and large capital projects.

Over the years, Gll has hosted five global summits, dozens of regional roundtables, and
innovation site visits to explore some of the industry’s most exciting advances. The best
insights and practices from around the world are featured in our Voices on Infrastructure
publication. Our intent is to create a platform that inspires senior leaders to drive change
to help close the infrastructure gap, promote economic growth, and contribute to more
resilient and secure communities.

globalinfrastructureinitiative.com
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