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Introduction
The success of a construction or engineering firm is dependent on its
capacity to understand the need for change and an ability to embrace
technology so it can weather disruptions while preparing effectively for
the future.
Throughout this ebook, we’ll discuss the general principles of
technological disruption before focusing on the construction industry and
exploring how it is ripe for change.
Naturally, the digital transformation of any organisation within any industry
is not easy. For this reason, we’ll also investigate the key benefits why it is
essential for success, and how to effectively plan and implement the digitalisation
of your own business.
But first, let’s talk about the boiling frog.
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Traditional disruption vs. technological disruption
The story goes: if you take a frog and throw it into a pot of boiling water, the scalding water will

Technological disruption, on the other hand, is a bit like putting businesses into a pot of cold

be a shock to its system and the frog will jump out. It may be a bit burnt but, essentially, it will

water that slowly heats up. This change is defined by a persistent and pervasive quality that

be okay.

goes unnoticed by organisations until it is too late and they are left uncompetitive and irrelevant
in an ever-evolving market.

Take another frog, however, and place it in a pot of cold water, which you gradually bring to a
boil, and the amphibian—which is cold-blooded—will not notice the increase in temperature

If we study the impact of technological change over the last five decades, it is as significant

and will stay put, eventually boiling to death.

and cumulatively profound as the COVID disruption of 2020, which is the single biggest
shock to the global economy in recent memory. This is a bold claim but if we analyse the

In the above metaphor, the frog being thrown into an already boiling pot of water is how

development of technology over the ages, you’ll see that it has been responsible for powering

businesses typically react to more traditional disruptions such as market crashes or global

fundamental shifts in society, economies and business.

pandemics. In the case of COVID-19, for example, the nation has endured an incredible shock
to its system but this has forced businesses to re-strategise, re-budget and transform the way
they operate in order to survive.
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TECHNOLOGICAL CHANGES THROUGH HISTORY

It is only at the start of Society 3.0, or the Industrial Society (1 600 AD), that the narratives
converge; with the First and Second Industrial Revolutions occupying this same period, defined
by the invention of the Gutenberg Press, the steam engine, electricity and the internal combustion
engine.

The first is the fact that technological innovation has consistently helped trigger the transition from
one society to the next; as has been highlighted with the development of new technologies across
each period.
The second key point is acceleration. Moving from Society 1.0 to Society 5.0, the duration of each
successive period becomes significantly shorter; jumping from 240 000 to 10 000 years and then
400 to 40 years. In the past, we may have had generations to respond to technological change
but now that change is sweeping over us in the space of half a generation. This, in turn, places
huge pressure on individuals and societies but more importantly on businesses that no longer
have the luxury to gradually assimilate and adapt to new technology.

The 1st Industrial
Revolution
The 2nd Industrial
Revolution

Society 3.0

Hunting
Society

Agricultural
Society

Industrial
Society

±240 000 years

±10 000 years

The 3rd Industrial
Revolution

The 4th Industrial
Revolution

Society 4.0

Society 5.0

Information
Society
1980

Society 2.0

1 600 AD

Society 1.0

8 000 BC

250 000 BC

Japanese Society
5.0 narrative

Western 4th
Revolution narrative

From Society 4.0 – the Third Industrial Revolution of the Fourth Industrial Revolution narrative
– onward, mankind becomes increasingly focussed on information, spurred by advances in
electronics and computer technology, which brings us to today and what’s known as Society 5.0
or the Fourth Industrial Revolution.

By examining the development of technology in this holistic manner, three key points can be
identified.

± 400 years

“Cyber-physical”
Society
2020

By comparing the Japanese “Society 5.0” narrative of the development of societies, with the
Western “Fourth Industrial Revolution” narrative, the first thing you’ll notice is that eastern
perspectives take a decidedly longer-term view of history. This begins with a hunting society at
250 000 BC (Society 1.0) and then evolves into an agricultural one (Society 2.0) from 8 000 BC.

± 40 years
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And finally, the third point: no one is immune. If you think about technological disruption like a vortex, businesses are positioned at varying distances from the centre of the storm based on their
industry. A minority (media, telecoms, retail and financial services) already find themselves in the eye, some (hospitality, transportation, education and professional services) are slowly being drawn
in, and others (manufacturing, healthcare, energy and utilities, real estate and construction) are located on the outskirts. Ultimately, every industry will be affected by technological disruption, some
just have more time to plan than others.

The Digital Vortex

11. Healthcare &
Pharmaceuticals

12. Manufacturing

6. Hospitality &
Travel

5. Financial
Services

10. Consumer
Packaged Goods

13. Energy &
Utilities

1. Media & Entertainment
2. ICT

14. Real Estate &
Construction

4. Retail

7. Transportation
& Logistics

3. Telecoms

9. Professional
Services

15. Agriculture,
Forestry & Fisheries
8. Education
Source: Yokoi et al., Digital Vortex 2019: Continuous and Connected Change, 2019. Modified by B. Armstrong.
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HOW EXPOSED IS THE SA CONSTRUCTION INDUSTRY TO TECHNOLOGICAL CHANGE?
On the accompanying graph, the vertical axis represents an industry’s exposure to technological disruption, the horizontal axis reflects its contribution to the economy, and the size of its bubble
indicates the number of jobs within its sector.

100%
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‘Media’

Notes:

ICT

1.

Contribution to Economy = Output
= gross domestic consumption +
intermediate consumption +
exports.

2.

Output includes government spend
and private household spend.

3.

Healthcare includes public and
private.

4.

Education includes public & private.

5.

Security & justice includes estimate
for private security services.

6.

ICT includes Computer
manufacture, services, telecoms,
postal services. Excludes related
retail.

7.

Media includes advertising,
broadcasting, printing, publishing,
motion pictures. Excludes related
retail.

Exposure to Technological Disruption
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Transport
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Size = 500 000 Jobs

But emerging
technologies
and global
trends suggest
the situation
is changing
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Source;
Stats SA 2017, 2018Brain Armstrong Analysis

Contribution to Economy (Total Output, ZAR Bn)

According to data from Stats SA, the South African construction industry is a key sector, contributing roughly R500 billion to the economy and employing about 700 000 people. Its exposure to
technological disruption has, until now, been positioned towards the middle of the chart. However, this exposure is most likely to increase due to the maturing of disruptive technologies and the
potential for practical application in the construction industry.

Demystifying Digitalisation In The Built Environment | 7

LEVELS OF DISRUPTION
When we hear the term ‘disruption’, we tend to think of large companies like Kodak being wiped out by technological innovation; in this case the transition from analogue to digital photography.
But technological disruption, ultimately, affects all businesses that do not respond proactively to changes in the market.
Often the disruption creeps up more subtly. Let’s explore the case of Telkom….
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In the case of Telkom, from 2009 to 2013, the telecommunication provider’s share price dropped from a high of R99.55 to a low of R11.93. Why? Well, apart from certain strategic mistakes and
investments that failed, the company’s core business was subjected to a gradual decline brought about by a market shift from fixed-line communication to mobile technology. Only when the
organisation refocused its efforts and began trading as a mobile operator too, did the business recover.
The key point in this case is that even though the revenue declined at only about 2% per year - which is hardly “disruptive”, the impact on the firm was truly disruptive.

Even the modest top-line decline can
be very disruptive
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The construction industry: ripe for change
If one examines the global construction industry over 20 years, its growth has completely stagnated when compared to other industries. Looking at manufacturing specifically, which was
already incredibly optimised, this sector has managed to double its productivity growth over the same period. This presents the construction industry with both a challenge and an opportunity.

The Industry has stagnated
Global Productivity Growth

Global industry productivity
and performance
1995 - 2015
Source:
Fuchs et al., Navigating the Digital Future: The Disruption of Capital Projects, 2017.

Real gross value added per hour worked
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According to McKinsey (Barbosa et al., 2017), if construction’s productivity had grown at the same rate as the global economy the added value would equate to $1.6 trillion. By applying this
growth rate to various regions around the world, we can get a glimpse of what is possible in broader economic terms too—with growth of $30 billion for Africa alone. That’s R450 billion that could
be generated for the continent but only if the construction industry can raise its levels of productivity to mirror those of the overall global economy for the last two decades. This is the first reason
the construction sector is ripe for change.

This creates an enormous challenge (and opportunity) for the industry
Productivity gap =
$1.63 trillion

Economic value lost as a result of the gap,2
by region, $ trillion

$37/hour
-0.58
-0.46

Average value added by
employees per hour worked1

Europe

-0.44

Global Construction
Sector

Global Economy

$25/hour

Asia-Pacific
Middle East

-0.07
-0.05

North
America

˜ R450 Bn across
Africa

Central and
South America

-0.03

Africa

-$1.63 trillion

Total

2015 data is real 2005 dollars.
Assumes construction productivity catches up with total economy productivity and current workers
are reemployed at the total economy productivity rate.

1
2

Source: Barbosa et al., Reinventing Construction Through a Productivity Revolution, 2017.
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The second reason is linked to two deeply rooted challenges: cost and schedule overruns. Examining the accompanying graph, the average delay for a construction project is 20 months with an
average cost overrun of 80%. For such a low-margin industry, with single-digit percentages, these overruns are extremely problematic but also present the construction industry with the chance to
do things differently.

Other deep-rooted challenges
Cost and schedule overruns are the norm in the global construction sector
Mining

Infrastructure

Oil and gas
Average 20 months

Estimated overrun in capital expenditure,
% of original quoted capital expenditure

650

Low profits and
high risks despite
strong and stable
growth

150

4-5%
avg. EBIT margins
for companies over
last 20 years

100
Average 80% over-run

50

Regular time and
budget overruns
resulting in
low customer
satisfaction levels.

0
-0.5

0

0.5

1.0

1.5

2.0

4.0

6.0

80%
typical budget
overrun of large
construction
projects

9.0

Delay beyond original schedule, years
Source: Agarwal et al., Imagining Construction’s Digital Future, 2016.
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If stagnating productivity and systemic overruns weren’t enough, the industry is also one of the world’s most undeveloped when it comes to technology, and invests far less in IT than other sectors.
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n1

Assets

ICT2
Media
Professional services
Finance and insurance
Wholesale trade
Advanced manufacturing
Oil and gas
Utilities
Chemicals and pharmaceuticals
Basic goods manufacturing
Mining
Real estate
Transportation and warehousing
Education
Retail trade

Yet the construction
industry is one of
the least digitally
transformed
Source:
Abraham et al., Strategy in the Face of Disruption: A Way Forward for the North American
Building-Products Industry, 2019.

Entertainment and recreation
Personal and local services
Government
Healthcare
Hospitality
Construction
Agriculture and hunting

Digital leaders within relatively
undigitized sectors
1
2

Relatively low digitization

Relatively lhigh digitization

Based on a set of metrics to assess digitization od assets (8 metrics), usage (11 metrics), and labor (8 metrics),
Information and communications technology.
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On top of this, several mega-trends also have the potential to profoundly impact the construction sector. These include ageing infrastructure, population growth outstripping capacity growth,
sustainability, changes in the way we engage with the workforce, evolving politics, and regulatory pressures.

In addition, mega-trends have the potential to profoundly impact the industry
Extremely
important

1

Market and customers

Energy & climate chnage

2

3

Sustainability and resilience

Importance

Demand in developing countries &
globalized markets

More complex projects

Resource scarcity & sustainability requirements
Urbanization & housing crisis

Important

Talent shortage

Resilience challenges
HSE & labour laws

Society and workforce

Ageing & need for infrastructure

Corruption

Funding restrictions &
investment gap

Ageing workforce

Stakeholder pressure & organization

Regulatory requirements
Geopolitical uncertainty

Health & comfort needs of inhabitants
Cyberthreats

4

Politics and regulation

Somewhat
important
Some
impact

Significant
impact

Impact

Extremely
high impact

Source: De Almeida & Bühler, Shaping the Future of Construction: A Breakthrough in Mindset and Technology, 2016.
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EXACERBATED COVID CHALLENGES & ACCELERATED TRANSFORMATION
In a McKinsey global survey of more than 400 C-suite executives (Agarwal et al., 2016) before COVID, 90% of experts believed that the construction industry needed to change and that this need
was more acute than five years ago. Today, two-thirds feel the pandemic will dramatically accelerate this change so that the industry looks radically different in less than two decades.
The introduction to this document proposed that COVID is one type of disruption and technology is another; this suggests that technological change is an answer to other disruptions like COVID.

Pre-COVID

90

%

80

%

Believed that the industry needs
to change now, and that need was
more acute than 5 years ago

Believed the industry will look
radically different in 20 years

Today

2/3

The bulk of short and long-term pandemicdriven construction industry issues will be
solved with technology.1

Believed COVID crises will accelerate
industry transformation, and...

+50

%

...have already increased investments
to adapt to the next normal

Source: Agarwal et al., Imagining Construction’s Digital Future, 2016.
Source: Bartlett et al., Rise of the Platform Era: The Next Chapter in Construction Technology, 2020.

So, from stagnant productivity to persistent cost and schedule overruns, low levels of prevailing digital transformation and other systemic challenges facing the business; the question is, can
technology offer a solution? Thankfully, the answer is yes and it potentially offers a foundation for transformative solutions.
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HOW TECHNOLOGY OFFERS OPPORTUNITIES & SOLUTIONS
Before looking at how technology can offer solutions within the construction industry, it’s important to understand why capital projects fail. According to Deloitte, there are several reasons including
delivery strategies that aren’t suited to a client’s project risk profile, role confusion between the client and delivery, owners and construction companies over stretching their capabilities, and poor
leadership.
One of the biggest contributors to project failure, however, is weak IT systems which lead to poor visibility of performance. Without good visibility, construction firms can’t implement the right
governance and controls; which leads to cost overruns and schedule delays.
To resolve this problem, construction companies need to roll out technological solutions that provide greater visibility of what’s not working, 							
the performance levels of employees and departments, and where remedial action is needed in advance.
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The reasons capital projects fail - Deloitte

Delivery strategy and
approach not suited
to project risk profile
or client capability

Organizations' approach
to maintain their license
to operate has not
evolved to meet the
emerging complexities
faced in more challenging
environments

Role of client organization
versus delivery partners
and the supply chain not
clearly defined, agreed or
understood

Weak IT systems and the
inability to achieve the right
blend of digital technology,
data and advanced
analytics to provide
predictive insights of future
issues and to ultimately
deliver data-centric capital
projects

Tech is part of the solution

Owners over stretching
their core capabilities
and lacking clear visibility
of the breadth and scale
of enterprise capabilities
required to deliver each
distinct stage of the capital
project life cycle

Poor visibility of
performance through
unreliable reporting driven
by the absence of a unified
data model to deliver a
'single source of truth' for
effective decision making

A lack of experienced
leaders who can inspire
a high performing
culture and successfully
transition the organization
through the capital project
life cycle

Weak governance
and program controls
capabilities that are
inadequate for the size
and complexity of capital
projects
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GAME-CHANGING TECH: FROM THE 3RD TO THE 4TH INDUSTRIAL REVOLUTION
The Third Industrial Revolution laid the foundation for technologies such as computing, networking, the internet, basic mobility, and enterprise resource planning and management systems—
essentially creating the world of cyberspace. What the fourth industrial revolution does is to take these technologies, connect them to the physical world where the construction industry operates
and make them useful for firms outside the tech sector.
Where computers were once only found in the back office, they are now central to core operational processes and weave together an array of complex and often cloud-based solutions, over 4G
and 5G mobility, to perform real-world jobs. This cyber-physical society, as it’s called, blurs the lines between the physical and cyber worlds.
This is why 4IR technologies are game-changing.

Game-changing technologies
3 IR laid the foundations
4 IR makes change real

3rd Industrial Revolution

•
•
•
•
•

Computing
Networking
The internet
1 & 2G mobility
ERP/M

4th Industrial Revolution

•
•
•
•
•
•
•
•
•
•

Cloud, edge and fog
3, 4 and 5G mobility
Building Information Modelling
VR & AR
Data analytics
AI
IoT
Drones & autonomous machines
3D-Printing
Technology platforms
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INVESTORS SEE THE POTENTIAL IN CONSTRUCTION
The individuals who often have the best view of where real change is happening are venture capitalists. If we look back ten years and index the level of venture capital deployed into different
industries over this period, we can see that the deployment of capital into construction technology (across all parts of the value chain) completely outstrips venture capital within other sectors. The
highest number of investments are being made in this sector and that’s why the next decade is primed for the construction industry.

VC annual volume index (100 = 2009)

Venture-capital investment growth in construction
tech has far outpaced overall venture-capital

The phase of "construction and commissioning" has
twice the investment activity and more active players

8000

Companies,
number

Construction tech
venture capital

6000

Companies with
transactions, %

Companies with
transactions, number

Transaction total
value, $ million

Transactions,
number

Founded in
past 5 years,
%
Median transaction
amount, score

Concept and
feasibility
Design and
engineering

4000

Preconstruction
Construction and
commissioning

2000

0
2009

Venture capital without
construction tech

Operation and
maintenance
Overarching

2019

Source: Bartlett et al., Rise of the Platform Era: The Next Chapter in Construction Technology, 2020.

Highest

Lowest
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WHERE THE BIGGEST IMPACT WILL BE SEEN
The investments being made in construction technology range from 3D-printed components to self-healing materials and drones, which will all have a modest impact on the industry. But the one
technology that is going to make a huge impact is integrated building information modelling (BIM). This will be unpacked in more detail a bit later.

Extremely
likely

Impact Likelihood
Matrix

for new technologies
in construction

Likelihood

Integrated BIM

Drones

Wireless monitoring (loT)
3D laser scanning
Advanced projectAugmented reality
planning tools
New active materials

Big data analytics
Somewhat
likely

Prefabricated
building components
Real-time mobile
collaboration

Advanced building materials

3D printing of components
Self-healing materials

Contour crafting of buildings

Not
likely

No Some
impact impact

Impact

Extremely
high impact

Source: Bartlett et al., Rise of the Platform Era: The Next Chapter in Construction Technology, 2020.
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WHERE WILL NEW TECHNOLOGY BE DEPLOYED?
The impact of technology on the construction sector is not limited to a single phase of the industry nor a particular application layer; it is pervasive and spans all solutions including cloud-based
mobile interfaces, big data analytics, management and decision support systems, virtual reality, internet of things sensors, and modular and prefabricated construction.
While each of these technologies has a role to play, for them to truly succeed, the software platforms and control mechanisms around them will need to be built out. Of course, this is also
dependent on the adoption of an appropriate technology strategy and the implementation of effective cyber-security.

Source: De Almeida & Bühler, Shaping the Future of Construction: A Breakthrough in Mindset and Technology, 2016.
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A QUICK RECAP
Up to this point, we’ve established that the world is continuously being disrupted by technology, that the construction industry is ripe for change as a result,
and that by embracing what it has to offer, businesses have strong solutions to remain competitive and relevant.
Before taking the digital transformation plunge, however, it is important to understand the key benefits because a change of this nature is not easy and requires
significant time and financial investment.

The benefits of digital transformation
Before focussing on the construction sector, it’s important to highlight that digitally transformed industries perform better across key financial metrics than those that have not changed.

IMPROVED PERFORMANCE ACROSS FINANCIAL METRICS
The accompanying chart represents digital maturity using a two-by-two matrix. On the vertical axis, digital intensity reflects how much a business has incorporated technology. While
leadership intensity on the horizontal axis is concerned with a business leader’s vision, attitude to technological change, as well as how they empower their organisation through its
implementation.
Looking at the categories of revenue, profit, and market value; digital leaders are positioned in the top right-hand quadrant whereas digital laggards occupy the bottom left-hand quadrant.
The survey from which this data was drawn involved hundreds of firms in different sectors across the world and it demonstrates that digital leaders outperform digital laggards by 13% in
revenue, 50% in profit, and by almost 20% in terms of market value. So, it should be clear, digital transformation offers a real financial return on investment.
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The relationship between Digital Maturity and Business Performance: Revenue, Profit and Valuation - diverse sectors (2)

Digitally transformed firms perform better across key financial metrics

Profit
EBIT Margin, Net Profit Margie

Digital
Leaders

+9%

Leadership Intensity

Low

-4%
Digital
Laggards

-11%

High

-24%
Digital
Laggards

Digital Intensity =

-12%

High

Technology enabled initiatives in Customer Engagement and Internal Operations

+12%

Leadership Intensity

Low

+9%

Low

Digital
Leaders

High

+26%

Leadership Intensity

Low

-10%

Low

Digital
Leaders

High

Digital Intensity

+6%

Digital Intensity

High

Market Value
Tobin's Q Ratio, Price/Book ratio

Digital Intensity

Revenue
Rev/Employee; Rev/Assets

-7%
Digital
Laggards

High

+7%

Low

Leadership Intensity =

Vision, goverance, engagement and IT-Business relationships

Source: Westerman et al., The Digital Advantage: How Digital Leaders Outperform their Peers in Every Industry, 2012.
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According to the International Monetary Fund’s World Economic Outlook for April 2019,
organisations from digitally intensive industries can charge double the markup relative
to those in non-digitally transformed industries. For the construction industry, which has
on average single-point profit margins, the ability to increase markup based on digital
transformation is extremely exciting and disruptive.

By studying 4200 companies in the United States, Stanford professor Mordecai Kurz has
demonstrated compelling evidence that organisations that are the most transformed by
information and communication technologies (ICT) create more surplus wealth for their
shareholders than those that have not been transformed. He even goes so far as to say that
by increasing the level of information technology (IT) transformation, the wealth creation of
shareholders can be increased too.

Digitally transformed firms and
industries earn higher margins

Company Value and ICT
Transformation

"Mark-ups have increased about twice as much in digitally-intensive
industries than in the average industry since 2000"

"On the Formation of Capital and Wealth: IT, Monopoly Power and Rising
Inequality"
Mordecai Kurz, Stanford University, June 25, 2017

Annex Figure 2.2.1 Markup Increase in Digitally-Intensive versus
All Industries
(Percentage change, cumulative 2000-15)
14%

% of
Companies
"Transformed
by IT"2

Quintile

12%
10 Firms with the largest surplus wealth1

95%

5

20% of firms with the largest surplus wealth1

73%

4

20% of firms with the next highest surplus wealth1

45%

3

20% of firms with surplus wealth around the mean1

35%

2

20% of firms with lower surplus wealth1

5%

1

20% of firms with the smallest surplus wealth1

1%

10 Firms with the smallest surplus wealth1

0%

10%
8%
6%
4%
2%
0

Overall

Digitally-intensive

International Monetary Fund (2019), World Economic Outlook, April 2019 : Growth Slowdown, Precarious Recovery.
Chapter 2: The Rise of Corporate Market Power and its Macroeconomic Effects, Annex 2.1. Data Sources and Sample.
IMF eLibrary, https://www.elibrary.imf.org/view/IMF081/25771-9781484397480/257719781484397480/binaries/Chapter_2_Annex.pdf
Source: IMF, World Economic Outlook, April 2019: Growth Slowdown, Precarious Recovery, 2019, Ch. 2.

1
2

Increased Wealth Creation

INCREASED COMPANY VALUE

Increasing ICT transformation

HIGHER MARGINS

Surplus wealth = Market Value of Equity - Total Assets - Intangible Assets + Liabilities
"Transformed by IT" based on sectors that have gone through significant IT transformation

Source: Kurz, On the Formation of Capital and Wealth: IT, Monopoly Power and Rising Inequality, 2017.
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ZOOMING IN ON CONSTRUCTION: THE BIG PICTURE
Globally, the construction industry is extremely important to the world’s economy with annual revenue of $10 trillion and a 6% contribution to the gross domestic profit (GDP) of the planet.
The Boston Consulting Group (BCG) estimates that if you were to do a full-scale digitalisation of the non-residential construction industry, the savings for the industry across engineering and
construction phases would be approximately $1 trillion. This figure also excludes $500 million post-construction in the operations phase.
So again, what we’re seeing across all sectors, including construction, is that digital leaders increase their competitiveness, market influence and power; while digital laggards are less competitive,
less profitable and left scrambling for scraps.

1
2
3
4
5
6
7
8

A key industry

Cost savings

Competitive differentiation

Engineering and construction
(E&C) industry is a
cornerstone of the world’s economy:

“Within ten years ... full-scale digitalization in
non-residential construction will lead to annual
global cost savings of:

• Annual revenues ~$10trillion
• ± 6% of global GDP

• $0.7 trillion to $1.2 trillion (13% to 21%) in
the engineering and construction phases
• $0.3 trillion to $0.5 trillion (10% to 17%) in
the operations phase.

Digitalization will change the game
fundamentally in E&C, not only enabling
efficiency and quality gains along the
value chain but also reshuffling the
competitive league table of companies
and countries.

Source: Gerbert et al., The Transformative Power of Building Information Modelling, 2016.
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How digital transformation benefits
construction companies
Whether it's automation for improved productivity and performance, cloud-based software for greater collaboration, or the use of digital technology for onsite risk management through offsite
manufacturing; digital transformation offers a host of qualitative benefits across the value chain. Most business leaders, however, agree that the biggest advantage will be experienced in the field of
project management and performance.

Better decisions, Lower risks
20%

Overall project management and performance
Improving health and safety

13%

Control of time and scheduling

13%
12%

Control of costs and waste

9%

Project documentation and stakeholder engagement

8%

Faster and more accurate projects insights

7%

Simulation and modeling
Collaboration among different stakeholders

6%

Single source of truth of project data

4%

Project profitability

4%

Claims, litigation and risk mitigation

3%

Source: IDC, Digital Transformation: The Future of Connected Construction, 2020.
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BENEFITS BY THE NUMBERS
To understand the financial benefits associated with digital transformation, let’s analyse three different case studies conducted by the BCG.
For the vertical construction of a 10 000 m2, five-story office building that utilises data-driven planning, lean execution, and rigorous monitoring and surveillance; the first case study identifies a
potential 15% saving on the lifecycle cost of the building, with 12% of that occurring in the construction phase and another 18% in the operations phase.
For an infrastructure project consisting of a 100-kilometre highway with four bridges built over 35 years—that employs building information modelling, automated construction, condition monitoring,
and predictive maintenance in the operate phase—we see a 16% saving over the lifecycle of the project, with 20% of that saving occurring in the construction phase.
And finally, in the third case study, which analyses the construction of an industrial gas-turbine power plant with a 25-year lifespan—that utilises a combination of BIM and data-driven planning
together with digital techniques in the operations phase—we see a 12% lifecycle cost-saving, with 14% of that in the construction phase.
So, as you can see, these are very material savings. And again, in an industry that has historically low margins, figures like these can be truly transformative for an organisation that takes
appropriate action. For those that don’t, however, the risk is that they will be left behind and at the bottom of the competitive league table when it gets juggled.

IMPACT ON LIFE CYCLE
COST ($MILLIONS)1

Vertical
Construction

Office building
• 5 stories
• 10 000m2
• 30-year life cycle
• 14 months to build

• BIM throughout the life cycle
• Data-driven construction planning
and lean execution
• Rigorous construction monitoring
and surveillance

Infrastructure
Construction

CORE LEVERS

Highway
• 62 miles (100 km)
• 4 bridges
• 35-year life cycle
• 42 months to build

• BIM throughout the life cycle
• Automated and autonomous 		
construction
• Condition monitoring and predictive
maintenance

Industrial
Construction

CASE STUDY

Power plant
• Combined-cycle
gas turbine plant
• 25-year life cycle
• 20 months to build

• BIM throughout the life cycle
• Data-driven construction planning
and lean execution
• Smart and efficient operations and
maintenance

49

-15%

41
±0% -12%

-18%
285

-16%

240
±0%

-19%

Design and Engineering
Construction

-10%

Operations

540

-12%

476
-5%

-14%

-10%

Source: Gerbert et al., The Transformative Power of Building Information Modeling, 2016.
1
Life cycle cost is shown as the inflation-adjusted net present value. The cost of equipment (for instance, gas turbines in the power plant) and of nwon-building-related operations (for example, fuel for the gas turbines) is excluded.
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How to respond: general principles
Digital transformation is the process whereby technological change occurs rapidly outside
or independently of an organisation—indicated by the rising pink arrow. If a firm carries on
with business as usual and continues to operate as they always have, the gap between the
technology that’s available and the technology already in use becomes bigger and bigger.
For companies to stay current and at the cutting-edge, the key is to recognise the need
to change before unfreezing established business practices and strategically adopting
new technology. Once this occurs, an organisation can refreeze the way it does business
to establish a new normal driven by a perpetual awareness of and agile responses to
technological change.
This process of constantly monitoring ‘where we are now,’ ‘how are we progressing’ and
‘where we need to get to’ is referred to as digital transformation.

The Process of Digital Transformation
A SYSTEMS MODEL FOR DIGITAL MATURITY
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Two critical factors underpinning the success of a digitally transformed and mature organisation
are: the right IT platform and the skills to support it. These factors are critical to enabling the
organisational change necessary to achieve true business results.
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These, in turn, require the right innovation architecture, the right governance structures for
the transformation programme, the right vision for digital transformation, and a culture ready
to embrace and enable change. Ultimately, effective digital transformation comes down to
effective leadership decisions and an ability to put the right practices into place.
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The organisation

Digital maturity
(time t1)

Digital maturity
(time t2)

Digital maturity
(time t3)
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How to respond: an industry-level approach
How do you successfully apply digital transformation to the construction industry? Well, the first thing you need to recognise is that no organisation exists in isolation and that the industry is
always evolving.
There are also ecosystems of responses that are important in helping to drive the sector forward and for digital transformation to succeed all players need to collaborate; from the government
embracing technology and setting the agenda for how it procures and regulates policies to sector-wide acknowledgement that there are certain non-competitive activities (such as joint
marketing) that the industry can undertake together.
Then, at the company level, it’s about people, technology, process and strategy; these factors define the digital maturity roadmap for a firm and create the enabling conditions for the digital
transformation of a business.
(Future) Best practices

2.2 Processes and operations

Company level

2.1 Technology, materials and tools
Advanced building and
finishing materials

Standardized, modularized
and prefabricated
components

(Semi-)automated
construction equipment

Front-loaded and costconscious design and project
planning

Innovative contracting
models with balanced
risk-sharing

A common and appropriate
framework work for project
management

New construction
technologies. e.g. 3D printing

Smart and life-cycleoptimizing equipment

Digital technologies and big
data along the value chain

Enhanced management of
subcontractors and suppliers

Lean and safe construction
management and
operations

Rigorous project
monitoring (scope. time,
cost)

Differentiated business models
and targeted consolidation and
partnerships

Government

Sector level

Actors

2.4 People, organization and culture

2.3 Strategy and business model innovation
Sustainable products with
optimal life-cycle value

Internationalization strategy
to increase scale

More data exchange,
bench-marketing and bestpractice sharing

Cross-industry collaboration
along the value chain

Market openness to
international firms and SMEs

High-performance
organization, culture and
incentive schemes

Industry-wide collaboration
on employer marketing

Coordinated communication
with civil society

Effective interaction with the
public sector

4.2 Public procurement

4.1 Regulations and policies
Harmonized building codes/
standards and efficient permit
processes

Continuous training and
knowledge management

3.2 Joint industry marketing

3.1 Industry collaboration
Mutual consent on standards
across the industry

Strategic workforce planning,
smart hiring, enhanced
retention

Promotion and funding of
R&D. technology adoption
and education

Actively managed and
staged project pipelines with
reliable funding

Strict implementation
of transparency and
anticorruption standards

Innovation-friendly and
whole-life-cycle oriented
procurement

Source: De Almeida & Bühler, Shaping the Future of Construction: A Breakthrough in Mindset and Technology, 2016.
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FOUR PLACES TO START
According to research from McKinsey (source goes here), there are four key areas to consider when undertaking digital transformation.

Establish Bold Aspirations
and a Call to Action
Every organisation undergoing digital transformation needs to develop a new culture,
mindset and capabilities. A critical first step in this process is to understand the current
state of the business, before determining the changes that need to occur to transform
the project-delivery model. Finally, this ambition needs to be set out in a clear and
detailed manner; forming part of a high-level strategic roadmap, explaining exactly what
aspects of the organisation will be altered.

Find the Right Partners
Industry transformation requires a significant break from the sector’s long-established
delivery model and a different approach to change management. Organisations will not
be able to achieve this through incremental adaptation of their existing processes, tools,
and management approaches.
Instead, companies must begin with a clean sheet and design their new delivery model
based on the best available approaches both within and beyond the sector. The right
partners are key to being able to do this accurately and efficiently.

Capture Quick Wins.
Plan for the Long Term
In any large-scale change project, rapid results matter. Actions that generate value
quickly don’t just help the bottom line, they also serve to energise an organisation and
help build support for the approaching transformation.

Invest in Real Resources to Drive Change

Another critical ingredient of a successful transition to a new project-delivery model is
investment.
An important prerequisite of this process is to establish a separate budget for the
programme, with a dedicated task force to drive transformation. And, across the wider
organisation, leadership metrics and incentives should be adjusted to align with the
goals of the change effort.
Beyond the management of the change programme itself, organisations also need to
invest upfront in crucial platforms such as their end-to-end digital infrastructure.
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Key transformation areas for the construction industry
Remaining consistent with the topics and studies discussed so far, the two most important transformation areas for the construction industry are people and technology. For this reason, when
talking about the first steps towards digital transformation they must be discussed in relation to these two key areas.

Transformation areas
1

1 People
2 Technology

3

5

1 People

unimportant

4.6

important

2 Adoption of new 		
technologies, materials
and tools

unimportant

4.5

important

3 Industry collaboration

unimportant

4.2

important

4 Business models

unimportant

4.1

important

5 Corporate strategies

unimportant

4.0

important

6 Maturity of business 		
processes

unimportant

4.0

important

7 Maturity of construction 		
operations

unimportant

4.0

important

8 Corporate cultures

unimportant

3.8

important

9 Corporate organizations

unimportant

3.7

important

10 Creation of intellectual 		
property

unimportant

3.6

important

Source: De Almeida & Bühler, Shaping the Future of Construction: A Breakthrough in Mindset and Technology, 2016.
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THE PROPOSED SKILLS FRAMEWORK BUILDS ON THE WORK DISCUSSED IN THE PRECEDING SECTIONS AND
USES AS A DEPARTURE POINT THE FOLLOWING CONSIDERATIONS:

1

The critical and growing importance of
ICT-specific skills and Digital-specific skills;

2

The continued importance of “foundational”
or basic skills.

3

The continued, arguably growing, importance of
“soft” or complementary skills, emphasised for
example by the WEF and the Rand Corporation.

Yet a more universal skills framework also has to recognise that for the foreseeable future the majority of the economy will comprise “traditional” industries and sectors – primary industries
like agriculture, and mining; secondary industries like manufacturing and construction, transport and utilities; and tertiary industries like wholesale and retail trade, business services,
government services and administration, and so on.
The economy will still need farmers and miners; manufacturing designers and operators; builders and artisans; logistics managers and operators; doctors, nurses and carers; accountants
and lawyers; administrators and managers; police men and women; teachers, journalists and artists. The list is endless.
We still, practically and pragmatically, need to ensure that the economy and society are equipped with the skills needed to thrive given this reality. Completely pivoting away from the
traditional skills needed in these roles would be short-sighted at best and more accurately reckless. So any universal skills framework needs to reflect this reality.
However, it is also true that the mix and precise nature of these roles will change with digitalisation. All of these roles will need to adapt to new ways of working in collaboration with
machines, and embrace new opportunities arising within these industries and roles from the availability and adoption of new technologies. This suggests an important additional tier in a
digital skills framework, closely akin to the OECD’s ICT Generic skills, namely a tier relating to the skills and insight needed to use digital tools and application to do “traditional” jobs more
effectively and efficiently, and indeed even to find new ways of doing traditional jobs using available technologies.
Integrating the preceding discussion yields the skills framework illustrated in Figure 3.
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FIGURE 3: A SKILLS FRAMEWORK FOR THE DIGITAL WORLD

Mobile apps DevOps
Cloud
Microservices and Containerisation
Agile
...

Emerging ICT Skills

Emerging Digital Skills

Enterprise architecture
Application development and maintenance
Network deployment, config., management
Data management
IS Security
"Coding"

Traditional ICT Skills

"Traditional" Digital Skills

Using digital applications to do your
"traditional" job more effectively and
efficiently

Medicine
Crafts and artisanal work
Teaching
.....

Creativity
Ability to identify & solve real-world problems
Communication
Teamwork & collaboration

Literacy
Numeracy

Digital Applications in Traditional Disciplines

Traditional Functional and Vocational Skills

Digital Enabling Skills

Digital Foundational Skills

Robotic Process Automation
Big data analytics, visualisation and science
Artificial intelligence applications & science
Design
Lean Innovation
Omni-channel comms & engagement
Social media management
Digital marketing & engagement

Finding new ways of doing your
traditional job using available
technologies

Leadership
Management
Integrated Marketing
Financial
Processing complex information
Systematic and critical thinking
Taking decisions weighing different forms of evidence
Asking meaningful questions about different subjects
Adaptability and flexibility (esp. to new information)
Autonomous, targeted navigation
Information filtering and assessment
Social tools and practices
Ethics and anti-social behaviour online
Security awareness and savviness
...
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A FEW POINTS ARE WORTH HIGHLIGHTING IN RELATION TO THE PROPOSED SKILLS FRAMEWORK:

Emerging ICT Skills

Emerging Digital Skills

Traditional ICT Skills

"Traditional" Digital Skills

Emerging ICT skills are those that are in particular demand at the moment;

ICT skills vs Digital Skills: Some authors combine these; others keep them

over time these will become “traditional” ICT skills and new high demand ICT

separate. This model retains a distinction between them as ICT skills are

skills will emerge. Similarly, emerging digital skills are those that are in particular

typically more rooted in engineering and computer sciences; whereas digital

demand at the moment; over time these will also become “traditional” digital

skills are more rooted in either mathematical sciences and social or human

skills and new high demand digital skills will emerge.

sciences.

Traditional Functional and Vocational Skills

Digital Foundational Skills

Traditional functional and vocational skills: whilst it is vital that these skills

Digital foundational skills: These are often neglected in skills discussions but

continue to be developed and taught, it is equally vital that what we teach

are especially important in the context of the digital divide. The presence or

within each discipline reflects and includes the impact of technological change

absence of these skills is strongly associated with being on the “right” or the

on each of these disciplines, and indeed on markets and societies. Every

“wrong” side of the digital divide. This is especially true in many emerging

course offered by universities, colleges, other training institutions, professional

markets, and specifically South Africa, where economic inequality and

associations etc., should include modules on the impact of technological

digital inequality coexist and reinforce each other. This layer of skills is truly

change and opportunities to evolve the discipline as the 4th Industrial

foundational for individuals, societies and businesses to thrive and prosper in

Revolution unfolds.

the digital era.
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WHAT COMES FIRST? THE TOOL OR THE SKILL
Do you say, ‘we’re going to train our staff in BIM, integrated information management and data analytics,’ and then purchase a solution? Or do you say, ‘we’ll buy a solution first and then acquire
the skills to use it’?
To solve this conundrum, it’s best to think about the process like a musician who wants to learn to play the guitar well. You can study all the theory but without an instrument to support and
reinforce your learning, by putting it into practice day after day, you’ll never become competent. And, it’s the same for digital transformation.

TOOL
OR

SKILL
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BIM: The critical ingredient
As mentioned previously, Building Information Modelling is the key technology that
will transform the construction industry thanks to its holistic approach to construction
management that utilises a digital representation of a build throughout its lifecycle.
Traditionally, the further along a build gets on its projected timeline to completion the less
chance there is to make changes and when you have to make them they carry a significant
cost.
Fortunately, integrated BIM allows construction managers to anticipate and implement
changes much earlier in the lifecycle of a project thereby reducing costs, eliminating risk,
and improving delivery times.

The foundation to dissolve seemingly
intractable paradoxes
GOOD

FAST

The foundation to transform decision
making and risk management
Ability to
change

Shift changes
to earlier in
the lifecycle

The
sweet
spot

FAST

Dramatic ability
to reduce cost,
risk and improve
on-time-delivery

CHEAP

GOOD

Cost of
each change
Number of
changes

Conventional
Wisdom

This
doesn't
exist

CHEAP

The Digital
Perspective

BIM also lays the foundation for what is called an ‘intractable paradox’. Conventional
wisdom states that you can either have something fast and good, fast and cheap, or good
and cheap—you can never have all three together. From a digital perspective, however, this
reasoning gets turned on its head to say ‘yes,’ fast, good and cheap is the sweet spot of a
digitally transformed organisation.
Considering the points above, BIM is absolutely the place to start when undertaking a digital

Time
Plan

Design

Build

Operate

transformation but there is one more underlying reason that makes it so important.

Demystifying Digitalisation In The Built Environment | 36

THE VALUE OF DATA
BIM allows an organisation to unlock the true value of their data
and that is why it is critical to implement the right solution when
embarking on your digital transformation journey. Now, you might
be thinking, ‘how do I identify the value of my data on a balance
sheet?’ And the answer is, you can’t. But, you can create value
from your data which benefits your business in other ways.
If we look at Google’s balance sheet, for example, and zoom
into their current assets you won’t see the value of their data
anywhere. What is interesting and you will see though, aside from
intangible assets of $22 billion and total assets of $320 billion,
is that the value of their data is responsible for $1.4 billion of
the $1.7 billion that makes their parent company, Alphabet, so
valuable.

Market Cap = ± $ 1700 Bn

“The value of data” is a big part of the $1 400 Bn surplus valuation
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EXPONENTIAL VS. LINEAR GROWTH
The data-based world is moving exponentially, but the way we think and the way traditional organisations operate is still linear. As a result, most industries find themselves in a mode of
complacency, so when an exponential trend appears they are immediately disrupted. Unfortunately, when this occurs it is often too late to respond.
Historically, the construction industry has been positioned in the same complacent segment. For it to survive and thrive, however, organisations need to respond proactively and in strategic ways to
avoid being swept over by future exponential trends.

The information-based world is now moving
exponentially
But our organizational structures are still very
linear (especially larger and older ones)

Size / Impact

Exponential

Up until recently the Construction
Industry was here
Disruption

Linear

Source:
Based on Exponential Organizations : Why New Organizations are Ten Times Better, Faster, and Cheaper Than Yours (and
What to Do About it), by Salim Ismail, Michael S. Malone and Yuri van Geest, Singularity University, 2014

Complacency

Time
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Who are these people and what do they have in common?
Aside from the fact that they are all distressingly pale and male, the ten people seen here all have one disturbing trait in common. And that is, they dismissed change when it came along.
From William Orton (who said the telephone would never be more than an interesting toy) and the president of IBM (who said there wasn’t a market for computers) to the CEO of Blockbuster Video
(who said Netflix wasn’t even on his company’s radar); throughout history supposed technology experts have consistently denied that upcoming innovations would impact their industries and the
results have often been disastrous.
So, to conclude, while there are numerous steps to consider when implementing a successful digital transformation, many of which have been covered throughout this ebook, the most important
one is to overcome the denial that technological disruption will not affect your business.
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Digitally transform with MTWO
Combining our class-leading iTWO 4.0 software with the cloud-based power of Microsoft Azure, MTWO is the enterprise 5D BIM solution for contractors, developers and business owners who
want to enhance every aspect of their digitalisation journey.
Featuring next-generation technologies including building information modelling, business intelligence (BI), artificial intelligence (AI) and cloud functionality; MTWO is designed to connect people,
processes and data for streamlined workflows and improved collaboration and productivity.
To learn more about MTWO and how it can help digitally transform your construction business, speak to RIB CCS today.
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