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Term Description

Application programming 
interface

A software intermediary that enables two or more applications to 
communicate with each other

Automation Where digital or physical technologies are used to remove the 
need for human involvement

Benefits The measurable improvement resulting from an outcome or 
outcomes

Building automation system Uses sensors and controls to monitor and adjust a building’s 
services such as heating and lighting

Building management system Manages a building’s services such as heating and lighting. An 
intelligent BMS can bring together control systems and data from 
a number of different sources and in complex assets

Built environment sectors Wider services including construction, manufacturing, MMC 
providers, professional services and asset management

Common data environment A cloud-based location where information on construction 
projects is stored and accessible by all project participants with the 
relevant permissions

Computer-aided facilities 
management

A comprehensive asset management software solution that may 
include space management, maintenance scheduling and asset 
tracking

Conceptual data model A high level, solution-agnostic description of the real-world 
information requirements of a business or businesses

Configurator A digital tool that is used to create a design using an identified set 
of standard components or systems

Connected autonomous plant Also known as connected automated plant, is equipment that 
can operate either entirely or partially without the involvement of 
humans

Data Raw, unorganised facts such as individual weights, volumes or 
temperatures. Data can be structured (such as in spreadsheets 
and databases) or unstructured such as raw data from sensors

Delivery model assessment An analytical, evidence-based approach to reach a 
recommendation on how a contracting authority should structure 
the delivery of a project or programme

Digital transformation Business transformation enabled by digital technologies

Digitalisation Uses data and digital technologies to improve processes. Examples 
include using product data to determine expected performance 
of a wall construction instead of calculating manually or tracking 
progress of a product delivery

Glossary
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Digitisation Changing something from analogue to digital, for example 
scanning a paper document or entering product data into a 
spreadsheet or online tool so that the data can be accessed and 
used more readily

Engineered to order The product is made to meet the specific requirements of a 
customer who has placed an order

FAC-1 A Framework Alliance Contract, a multiparty umbrella contract 
designed to integrate the activities of consultants, integrators, 
subcontractors, suppliers and others, and to align interests. It sits 
above other contracts and agreements and defines relationships 
and processes not covered by those contracts

Five case model A means of developing a business case based on five dimensions: 
strategic, economic, commercial, financial and management

Full-time equivalent Refers to the number of hours considered to be the normal 
workload of a full-time employed person

Functional requirement A requirement that describes what a solution must do in order to 
fulfil a need: what a solution must achieve

Generative design Computer-generated design solutions, usually creating many 
potential solutions based on a series of input parameter ranges

Golden thread Involves keeping a digital record of crucial building information – 
starting from the design phase and continuing throughout the 
building’s life cycle, and must be stored digitally

Human capital In the context of the built environment this includes employment 
opportunities, skills development, health and wellbeing

Industrialised built environment The use of physical and digital systems to deliver, maintain and 
reconfigure or upgrade assets through their life cycle, with very 
little to no abortive work in a plug-and-play fashion

Industrialised construction The combined use of building assemblies and automation 
technologies to deliver virtually or totally complete assets

Industry 4.0 The Fourth Industrial Revolution. It involves a range of 
technologies that combine the physical and digital worlds

Information Data that has been put into context to make it useful

Installed product data Data relating to the product in use in the final built asset

Logical data model Developed from a conceptual data model and solution agnostic, 
provides much more detail on data structures and relationships, 
typically in the form of relational tables

Machine learning A form of artificial intelligence where algorithms are used to 
process large volumes of data and learn from it. Once taught, 
ML models then make predictions or identify patterns without 
being programmed to do so, and as such are more advanced than 
simple rules-based models
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Made to order The product is made following an order being placed by a specific 
customer

Made to stock The product is made without a specific customer in mind, and 
without an order being placed

Manufacturing-led construction Construction where manufactured systems or manufacturing 
processes are used and materially change the way an asset is 
delivered from a traditional on-site model: includes MMC, off-site 
construction and DFMA

Mass customisation The benefits of mass production combined with the benefits of 
customisation for specific user requirements

Master data management (MDM) Management of all data across a business, and potentially its 
supply chains, whether product or nonproduct information

Metadata Data that describes other data, providing a structured reference 
that helps to sort and identify attributes of the information it 
describes

Model-based systems 
engineering

The formalised application of modelling to support system 
requirements, design, analysis, verification and validation 
activities, beginning in the conceptual design phase and 
continuing throughout development and later life cycle phases

Most economically advantageous 
tender

A tender which, using a cost-effectiveness approach or price/
quality ratio, offers the best price (this will not necessarily be the 
lowest price)

Natural capital In the context of the built environment this values the natural 
environment and addresses solutions to climate impacts through 
the life cycle of assets

Nonfunctional requirement Describes the qualities of a solution: what it should be

Obtainable product data Data that describes a product as a thing, and its properties, but 
which is application- and project-agnostic

Operational design domain A limiter on where, when and in what conditions a CAP system 
can operate

Outcome-based procurement Procurement focused on outcomes. It involves clearly defining 
required outcomes and then procuring a provider based on their 
capability to deliver against those outcomes rather than defining 
how an outcome should be achieved

Outcomes The change in state or condition of the capital due to intervention 
activities

Outputs Products or services created, or by-products or waste from a 
process

Physical data model Developed from a logical data model, includes the solutions that 
will be used in operating the model and so can form the design of 
a database to manage all the relevant data
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Platform A group of technologies that are used as a base on which other 
applications, processes or technologies are developed

Premanufactured value A measure of the value of work carried out off-site as a 
proportion of the total value of work on a project

Produced capital In the built environment this is a combination of capital and 
operational costs, man-made assets and their efficiency and 
quality

Product application data Data on the use of the product in a certain context, whether 
application-, sector- or project-specific

Product data sheet A product data template that has been completed with 
information on a specific product or system

Product data template A template for the consistent sharing of data on a particular 
product or system type

Product information 
management (PIM)

Centralised systems used to manage product information 
consistently, both internally and potentially to share with 
customers and other stakeholders

Product lifecycle management 
(PLM)

Covers the development lifecycle of products, from initial concept 
through to market maturity and finally retirement of a product

Product platform A collection of assets that are shared by a number of products. 
Those assets are not necessarily shared physical products but can 
also be processes, plant, planning (knowledge) or people

Production data Data required for the manufacture and distribution of products

Real-time location system A system that enables the accurate 3D location of something 
relative to something else, for example location within a building 
where GPS cannot be used

Robot Automatically controlled, reprogrammable multipurpose 
manipulators, programmable in three or more axes, which can 
be either fixed in place or fixed to a mobile platform for use in 
automation applications in an industrial environment

Should cost model Pretender estimates of what a project should cost over its whole 
life (delivery phase plus its full design life)

Single task construction robot Systems that execute one specific construction task

Social capital In the built environment this refers to influence and consultation, 
equality and diversity as well as changes to people experience

Supply chain digital twin A supply chain digital twin model can be used to record the 
real-time condition, location and state of product and service 
transactions

Systems engineering An interdisciplinary approach to the requirements definition, 
design, integration and management of complex systems

Value Quantifiable financial or nonfinancial worth which is important to 
clients and their stakeholders in the context of an intervention
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Term Description

AI artificial intelligence

API application programming interface

BAS building automation system

BAU business as usual

BCIS building cost information service

BIM building information modelling

BMS building management system

bSDD buildingSMART data dictionary

CAFM computer-aided facilities management

CAM computer-aided manufacturing

CAP connected autonomous plant or connected automated plant, the 
meaning is the same

CDE common data environment

CIH construction innovation hub

CIOB Chartered Institute of Building

CLC Construction Leadership Council

CMC capabilities for modern construction

CPQP construction product quality planning

DFD design for disassembly

DFMA design for manufacture and assembly

DLUHC Department for Levelling Up, Housing and Communities

DMA delivery model assessment

DoP declaration of performance

ECI early contractor involvement

EPC energy performance certificate

EPD environmental product declaration

ESG environmental social governance

ESI early supply chain involvement

FTE full time equivalent

GDP gross domestic product

GIIG Government and Industry Interoperability Group
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GIRI Get It Right Initiative

GPR ground penetrating radar

GUID globally unique identifier

GVA gross value add

IA intelligent automation

ICE Institution of Civil Engineers

IFC industry foundation classes

IM information management

ISMS information security management system

MBSE model based systems engineering

MDM master data management

MEAT most economically advantageous tender

ML machine learning

MMC modern methods of construction

NLP natural language processing

NUAR national underground asset register

ODD operational design domain

p-DFMA product design for manufacture and assembly

PIM product information management

PLM product lifecycle management

PMV premanufactured value

QFD quality function deployment

RIBA Royal Institute of British Architects

RPA robotic process automation

RTLS real-time location system

SCDT supply chain digital twin

SCM should cost models

SCOR supply chain operations reference model

SDG sustainable development goals

SFCECA standard form of civil engineering cost analysis

SIC Standard Industrial Classification

SKU stock keeping unit

SME small- and medium-sized enterprise

STCR single task construction robot
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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 bn m2 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 GtCO2 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, AI (artificial intelligence), IA 
(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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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 

Figure 1.1  Doing the right things, not just doing things right (Author’s own)
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important to highlight the benefi ts 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 signifi cant 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. 

  Figure 1.2      Stages for implementing automation and manufacturing-led delivery (Author’s own)  

  

ENABLE SYSTEMISEDEFINE AUTOMATE OPTIMISE

How to deliver, maintain and reuse

What to deliver

What we have now

Baseline

Skills, tools, 
products, 
processes and 
culture

Demand

Productise, product 
platforms to deliver 
repeatability, 
consideration of full 
life cycle

Physical solutions

From building 
products to systems 
and assemblies

Process solutions

Improving quality 
and productivity 
through digitalisation 
and automation

Continuous improvement

Circularity, through-life 
value, feedback and new
commercial models


	Half Title Page
	Title Page
	Copyright Page
	Dedication Page
	Contents
	About the author
	Glossary
	Abbreviations
	Section 1: Setting the scene
	Chapter 1: Introduction
	1.1.	The challenge
	1.2.	The role of technology and manufacturing
	1.3.	The way forward





