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XX
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Chapter 1
Introduction

1.1. The challenge

The world in the first half of the 21st century holds significant promise for the future in terms of
technology development, living standards and health and wellbeing, arguably more so than at any
other time throughout history. However, there are also real and significant global challenges ahead.
One of the questions this book looks to answer is how can new approaches to delivering and main-
taining built assets help address the pressing challenges faced, and provide a sustainable built envi-
ronment for all? It aims to show how, with the right balance of technologies and manufacturing-led
approaches, project and wider societal value are not mutually exclusive; they can be aligned and
addressed simultaneously.

One challenge is the formidable expansion rate of the world’s population, combined with increas-
ing expectations for the built environment as urbanisation increases. Globally, the world’s urban
population is expected to grow by 2.3 bn between now and 2050 (UN DESA, 2019). That means
the equivalent of requiring over 2 300 new apartment buildings being delivered every day between
now and 2050, each housing 100 people. When necessary supporting infrastructure and services
are added to that, it is estimated that globally over 230 bnm? of additional built floor area will need
to be added between now and 2060 to keep up with demand — the equivalent of delivering the built
area of Japan every year (zu Ermgassen et al., 2022). All of this means that the need for new assets
has never been greater.

Another challenge facing the built environment is quality. The impact of poor quality, inefficient
built assets is covered in Chapter 2, but a key issue is that carbon emissions from the built envi-
ronment are significant. The demand for meeting space requirements seems at odds with the need
to reduce overall emissions: this is not only a case of balancing increasing demand with delivery
but also about delivering better performing assets. Studies have shown that part of the problem
in reducing emissions is that many buildings do not perform as they were intended to, emitting
an average of 3.8 times the emissions that they were designed to (Innovate UK, 2016). In 2019,
global carbon dioxide emissions from the operation of buildings reached 10 GtCO, per year, which
equates to 28% of all emissions. When the emissions from the construction industry were added,
the total energy-related emissions from construction and the built environment reached 38% of the
total (UNEP, 2020).

To help minimise climate change, the UK government’s Climate Change Act 2008 has committed
the UK to achieving net zero greenhouse gas emissions by 2050 (HMG, 2019), with an interim
target of achieving 78% lower emissions than in 1990 by 2035. To achieve anything like these
targets will require a significant change in the way the world operates — for example, a greater than
6% reduction in emissions from buildings will be required every single year to 2030 to contribute
to this goal (UNEP, 2020), a target which is not currently being met. Business as usual projections
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suggest that if the UK continues its current path, the UK will only achieve a 60% reduction in emis-
sions from 1990 levels by 2050, falling significantly short of its net zero target (UKGBC, 2021).
Therefore, if the UK is to meet its 2050 targets, it is crucial that emissions from the built environ-
ment are reduced to zero. So, assets also need to perform better.

Put simply, the construction industry exists to deliver and maintain the built environment,
which itself supports the communities and individuals it serves. But what does the construc-
tion industry of the early 2020s look like, and how is it likely to change between now and
2050? Chapter 3 covers today’s construction industry in some detail but, to simplify the story,
many buildings and infrastructure assets that are built today would have been constructed in
a very similar way many decades ago. Brick and block are still the most common materials
used in constructing new homes, and on-site productivity has decreased since the early 1970s
(ONS, 2021). At the same time, productivity across all industries has increased by 49% and,
looking forward, material use across all industries is forecast to more than double by 2060,
with over a third of that rise being used in construction, which is unsustainable. So, as there
will be an ever-increasing demand for new or refurbished assets, the construction industry
needs to deliver significantly more and more efficient assets, with fewer resources, and with
an ever-increasing skills shortage. This simply cannot be achieved using the same approaches
that have been used in the past, and Chapter 3 will describe some of the green shoots of change
that have begun to develop over recent years. Further chapters will then describe how the care-
fully considered application of automation and manufacturing-led construction can support a
move to an industrialised construction industry (how assets are delivered), and even poten-
tially an industrialised built environment (how assets are maintained, operated and upgraded).
However, there are risks involved if the role these technologies play is not carefully consid-
ered from the outset, so this book will describe important considerations and decisions that
need to be made to succeed. Just using technology to deliver assets quicker is not the answer
to the world’s challenges.

1.2. The role of technology and manufacturing

The last two decades have seen rapid developments in technologies that have changed the
way we live our lives. The first iPhone was launched in 2007, and now the equivalent of over
78% of the world’s population has a smart phone (Statista, 2022). Over 90% of the world’s
data has been produced in the last two years, and every 18 months to two years the amount of
data doubles. Since 2018 there have been more devices connected to the internet than there
are people on the planet. But what does all this technology development mean to the construc-
tion industry and the built environment? Yes, there are an increasing number of smart devices
in our homes, such as learning thermostats, robotic vacuum cleaners and voice-controlled
devices, but the construction industry is often described as one of the least digitalised indus-
tries and one of the least productive. The next few chapters will discuss whether this is a fair
assessment and how the industry can improve. So how can technology help? There are many
new terms being used such as industrialisation, the Fourth Industrial Revolution, Industry 4.0
or even Construction 4.0, and new approaches or methodologies, such as BIM (building infor-
mation modelling), IM (information modelling), automation, Al (artificial intelligence), 1A
(intelligent automation), blockchain, generative design, offsite manufacturing, MMC (modern
methods of construction) and product platforms, but what do they all mean, and are they likely
to improve the industry?
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Box 1. Industry 4.0

Industry 4.0 is another term for what is known as the Fourth Industrial Revolution.

The First Industrial Revolution was brought about using water and steam power to drive
the mechanisation of production in factories in the late 18th century. It changed the econ-
omy from an agriculture- to a production-led economy, bringing together disparate work-
ers in the textiles industries into large cotton mills in towns and cities. Over time it led to
increases in output, in wages and in quality of life for the general population. The Second
Industrial Revolution was driven by the use of electricity and mass production in the late
19th and early 20th centuries, and the Third Industrial Revolution from the last third of the
20th century to today has developed the use of computers, digitalisation and electronics to
support mass customisation (where the benefits of mass production can be combined with
the ability to customise output instead of mass-producing identical products). As with the
first two industrial revolutions, this promises to improve wages and living standards for
many. However, while there is little doubt the Third Industrial Revolution is still being
experienced, many believe that society is also now at the beginning of a Fourth Industrial
Revolution, or Industry 4.0, running alongside the third. Building on the developments of
the third, it is characterised by a fusion of technologies that is blurring the lines between
the physical and digital worlds and promises new services and business models driven
by the creation of cyber-physical systems (systems that include the integration of digital
systems that can control physical systems and vice versa). Common principles included in
the vision of Industry 4.0 (iscoop, 2022) include

interoperability between systems, both physical and digital

information transparency

decentralisation and autonomous decisions

real-time capability, data and decision making

service orientation (human—machine interaction)

modularity

individualisation or personalisation of products with highly flexible production
customer-centric.

Boston Consulting Group (BCG) refers to Industry 4.0 as the convergence of the follow-
ing nine technologies (BCG, 2016)

advanced robotics

additive manufacturing
augmented reality

simulation

horizontal/vertical integration
industrial internet

cloud

cybersecurity

big data and analytics.

~
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While the first three industrial revolutions were typically focused on the factory and production
systems, Industry 4.0 extends much further into other areas of our lives and industries, which is
where terms such as Construction 4.0 fit.

This book touches on each of them, but more specifically looks at what automation and manufac-
turing-led construction mean in the context of the built environment and what practical steps can
be made to take advantage of technologies. It will look to describe how they are currently being
implemented, with real-world examples, and what impact they are likely to have on a future built
environment. Critical to all these technologies, however, is data; they all rely on it to function.
They depend on how data is captured, structured, exchanged and used, and this will be covered in
more detail in Chapter 10.

The use of data and technology can have significant impacts on individuals and whole commu-
nities alike in other ways too. A prime example of this is Engel’s pause; a term used to describe
one of the impacts of the First Industrial Revolution. While mechanisation was great for factory
owners and increased per capita GDP, it took generations before the working classes saw increases
in wages as a result, leading to increased social inequality. There is a commonly held fear that
the same may occur with Industry 4.0; that robots may steal the jobs of humans, that automation
may replace entire occupations and it may take generations for new roles to be created for those
that are displaced. Chapter 22 looks at the future of work and the implications of automation and
manufacturing-led construction in the short, medium and long term.

While there is potential risk associated with jumping into using new technology and data to change
the way we live and work, this book offers guidance to ensure that automation technologies can
realise the significant benefits to clients, industry and society that they promise, on projects large
and small. To mitigate potential risks, it is crucial to carefully define and plan future strategies
for technology adoption, and Chapters 7 and 8 outline how to enable such change, including ‘no
regret’ decisions that will provide solid foundations for the future.

It is important to highlight that Industry 4.0 is still a long way off becoming a widely held reality and
is generally still only a vision for the future. To implement it fully requires systemic change across
industries, but instead of waiting for that to become possible while the world’s challenges continue to
deepen, there are aspects which can be delivered today without being a detriment to future applica-
tions. Therefore, this book does not cover Industry 4.0 in its entirety but describes some aspects of it
that can be realised today, with real examples and benefits. Different levels of adoption of automation
will then be considered as part of the future scenarios described in Chapter 23.

1.3. The way forward

Making the wrong decisions today on what we build and how we operate the built environment
could lock the country into emissions in the future that mean national targets cannot be met, but can
also lead to the wrong assets in the wrong location. So careful consideration needs to be given, and
simply continuing to build more of the same is unlikely to be the answer. Equally, the wrong appli-
cation of technologies can be inefficient, expensive and disruptive. Figure 1.1 illustrates part of the
challenge; in delivering a built environment that meets society’s needs, it is important to ensure
that the construction industry is not just delivering things well, but also delivering the right things.
Construction is historically a project-based industry, with a focus purely on meeting a specific
project’s objectives, whereas there is a gradual move in recent years to incorporate broader social
value using tools such as the Construction Innovation Hub’s Value Toolkit or the Government’s
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Figure 1.1 Doing the right things, not just doing things right (Author’s own)
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Green Book (HMT, 2022). Care needs to be given to clearly defining what is needed through the
lifecycle of an asset and potentially as part of a larger portfolio of assets.

In the UK, for several years there has been a notional target from successive governments of
delivering 300 000 new homes per year. However, this target has never been met. Importantly how-
ever, if the industry were to deliver that many additional homes, their delivery and subsequent use
would single-handedly consume England’s total cumulative carbon budget between now and 2050
(zu Ermgassen et al. 2022). That is not to say that more homes should not be built, but that there
needs to be consideration on what and where homes need to be delivered.

On top of the housing need, there is a need for supporting infrastructure to support communities,
such as schools, transport, hospitals and assets supporting employment. Approximately 80% of the
UK’s building stock in 2050 already exists, so it is important to recognise the critical role that our
existing assets need to play; it is not simply a challenge to build better new buildings but also to
maximise the use of what already exists. By extending the life of existing assets, the overall carbon
footprint of the built environment can be reduced as the need to replenish stock is reduced.

To coherently describe how to get from where the industry is now to one which is more optimal to
meet the challenges of today and tomorrow, Figure 1.2 illustrates five key stages to go through. In
this gradual approach, each stage builds on the previous one and adds more value. If you systemise
before clearly defining what is needed, you run the risk of delivering the wrong things quicker,
locking in problems for the future and limiting future applicability of systems. If you automate
before you systemise, you limit value in the short and long term.

The core of this book is structured into sections relating to each of the steps to achieve maximum
value; however, the intention is that each chapter can also be used in isolation to describe dif-
ferent aspects of automation or manufacturing-led approaches. To improve an industry requires
systemic change, not just changes in small pockets of the industry. However, it will not usually
be the case that the whole supply chain can be steered in a new direction together, so it remains
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Figure 1.2 Stages for implementing automation and manufacturing-led delivery (Author’s own)
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important to highlight the benefits that can still be achieved when working in more focused areas
with a similar vision.

The book focuses on a time frame up to 2035 to illustrate the potential of automation and man-
ufacturing-led construction, as within that timeframe significant change is expected, and indeed
needs to occur if the industry is to meet its medium- to long-term targets described in this chap-
ter. 2035 sits 5 years after the deadline to achieve the UN’s Sustainable Development Goals, and
15 years before the UK Government’s net zero targets, so the book presents three scenarios for
the construction industry in 2035, which will incorporate different levels of industrialisation and
automation.

In continuing to set the scene, Chapter 2 looks at the built environment in more detail to describe
the situation today, and what future demands are likely to be to make sure that real, enduring value
is delivered through the built environment. Chapter 3 then looks at the construction industry today,
including its structure from small- and medium-sized enterprises (SMEs) to large multination-
als. It highlights how in recent years parts of the industry have begun to change to a value-based
approach, considering the whole lifecycle of an asset, and as a result focusing more on refurbish-
ment of existing structures than has previously been the case.

Chapter 4 describes what is meant by automation and manufacturing in the context of the construc-
tion industry and how they can act in unison to deliver greater value through a more responsive
built environment.

Chapter 5 provides lessons that can be learned from other industries to support transformation of
the construction industry, such as the use of digital twins to provide real-time feedback and differ-
ent supply chain and value-driven industrialisation.

The last chapter, Chapter 6, in the Setting the scene section outlines the modelling framework that
will be used throughout the book to describe and quantify the potential impact of automation and
manufacturing-led construction through the lifecycle of an asset.
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