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Technology and Skills in the Construction Industry

Foreword

The UK Commission for Employment and Skills is a social partnership, led by
Commissioners from large and small employers, trade unions and the voluntary sector.
Our ambition is to transform the UK’s approach to investing in the skills of people as an

intrinsic part of securing jobs and growth. Our strategic objectives are to:

e Maximise the impact of employment and skills policies and employer behaviour to

support jobs and growth and secure an internationally competitive skills base;

¢ Work with businesses to develop the best market solutions which leverage greater

investment in skills;

o Provide outstanding labour market intelligence which helps businesses and people
make the best choices for them.

The third objective, relating to intelligence, reflects an increasing outward focus to the UK
Commission’s research activities, as it seeks to facilitate a better informed labour market,
in which decisions about careers and skills are based on sound and accessible evidence.
Relatedly, impartial research evidence is used to underpin compelling messages that

promote a call to action to increase employers’ investment in the skills of their people.

Intelligence is also integral to the two other strategic objectives. In seeking to lever
greater investment in skills, the intelligence function serves to identify opportunities where
our investments can bring the greatest leverage and economic return. The UK
Commission’s third strategic objective, to maximise the impact of policy and employer
behaviour to achieve an internationally competitive skills base, is supported by the

development of an evidence base on best practice: “what works?” in a policy context.

Our research programme provides a robust evidence base for our insights and actions,
drawing on good practice and the most innovative thinking. The research programme is
underpinned by a number of core principles including the importance of: ensuring
‘relevance’ to our most pressing strategic priorities; ‘salience’ and effectively translating
and sharing the key insights we find; international benchmarking and drawing insights
from good practice abroad; high quality analysis which is leading edge, robust and action
orientated; being responsive to immediate needs as well as taking a longer term
perspective. We also work closely with key partners to ensure a co-ordinated approach to

research.
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This project explores the skills required to meet the demands created by existing and
emerging technologies in construction. The main focus is on innovative Modern Methods
of Construction (MMC), particularly offsite construction - with the aim of identifying and
understanding opportunities and challenges for the future. This includes the longer term
skills needed to adopt emerging or future technologies and to realise the potential of
these technologies for diversification and business growth. The research will be a useful
resource in guiding employers in anticipating how the demand for technology driven skills
is likely to develop in the future and in investing in training to meet these demands.

Sharing the findings of our research and engaging with our audience is important to
further develop the evidence on which we base our work. Evidence Reports are our chief
means of reporting our detailed analytical work. All of our outputs can be accessed on

the UK Commission’s website at www.ukces.org.uk

But these outputs are only the beginning of the process and we are engaged in other
mechanisms to share our findings, debate the issues they raise and extend their reach

and impact.

We hope you find this report useful and informative. If you would like to provide any
feedback or comments, or have any queries please e-mail info@ukces.org.uk, quoting

the report title or series number.

Lesley Giles
Deputy Director

UK Commission for Employment and Skills
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Glossary

Building Information
Modelling (BIM)

An IT package facilitating management of, and
collaboration within, the construction process. The
technology enables efficient coordination of the
programming, designing, specifying and building
processes. The use of BIM is mandatory for all

government projects from 2016.

Computer Aided Design
(CAD)

A computer system to facilitate the creation and
modification of a design.

Lean manufacturing

A process aimed at increasing market share, whilst
minimising the resources used — an approach generally
accepted as being pioneered in Japan

Modern Methods of
Construction (MMC)

A term spanning a broad range of construction
technologies that are used to improve both product and

process in construction.

Pre-fabricated structure

A building consisting of factory built components or

units.

Micro-generation

The production of heat or electricity on a small scale,
usually by individual households.

Small Medium Enterprise
(SME)

An enterprise employing fewer than 250 employees.*

! This study’s consideration and analysis of SME’s is consistent with this definition.

iX
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Executive Summary

Technology and Skills in the Construction Industry’ details the findings of a study into the
role of technology in driving high level skills needs in the construction industry, with a
specific focus on offsite construction.? The construction industry is one of the most
important sectors to the UK economy, with 12 per cent of construction taking place offsite
(Taylor, 2010).

This report is one of a number of studies commissioned with the purpose of
understanding the skills needs of Government priority sectors.® This is essential in order
to ensure appropriate responses in relation to tackling skills gaps and shortages, so that

the UK is best placed to compete in a global marketplace.

The research used a mixed approach of depth interviews with academics, industry
representative bodies, employers, trade associations and professional institutes,

combined with a literature review and roundtable discussion events.
Offsite construction

Offsite construction is a method of building used for thousands of years that can be
traced as far back as Roman times but is perhaps most commonly associated with post-
war rebuilding, in the form of pre-fabricated building.

Today offsite construction, one of a number of ‘Modern Methods of Construction’ (MMC),
is increasingly technology driven. Currently, there exists no universal definition of offsite
construction but it is widely recognised as comprising four main types of assembly which
range from small scale items such as light fittings; large scale modules and panelised

systems; units of fully enclosed space (i.e. individual rooms); to complete buildings.

The concept of offsite is closely associated with manufacturing and draws on principles
which seek to achieve improvements in quality, reductions in waste and improvements in

the efficiency of the overall build process.

% This study uses a broad definition of high level skills, based on national qualification levels: level 4 and above of the
Qualifications and Credit Framework in England and level 8 and above of the Scottish Qualifications and Credit
Framework.

% Construction is a priority in the Department for Business Innovation and Skills’ Industrial Strategy; Finance and Business
Services (architecture element) is a Scottish Government Key Sector; Construction is a Welsh Government Key Sector.
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Profile and importance

Due to the lack of a universal definition of offsite, estimating the scale and value of the
offsite sector is extremely challenging. The most recent estimates put the value of offsite
construction at around £1.5bn, with a potential to achieve as much as £6bn. Projections
for 2013 (developed in 2009) suggest the current value of the sector as likely to be 7 per
cent of total construction output (Gambin et al., 2012). In total, the construction sector
currently contributes nearly £90bn to the UK economy (BIS, 2013). A share of 7 per cent

would equate to over £6bn.

The offsite market is mainly split between small, innovative developers typically based

around a particular technology or product, and large construction companies.

The current geographic distribution of offsite construction is uneven, with regional ‘hubs’
of expertise and activity: Scotland is recognised as a major hub of timber frame assembly
(most notably in the house-building sector), along with parts of Wales; a large
concentration of offsite construction is to be found in the South of England, mostly on
large-scale infrastructure projects such as schools, hospitals, hotels and student
accommodation. In the latter region there is generally greater take up of offsite
construction methodologies; more so for infrastructure projects, commercial buildings,

schools, hospitals and student accommodation than perhaps large scale domestic builds.

The potential uptake and growth of offsite construction is heavily influenced by a number

of factors some facilitating, and others impeding the level of market demand.

Currently, weak demand has supressed the market for offsite, combined with some wider
industry reluctance to adopt certain innovative technologies, with resistance from
financiers and insurers to invest in what are seen as new, untested technologies. Factors
such as national/regional differences and related local demand, availability of materials,
access to skills and training, foreign competition and capacity to bring products to market
all have, and will continue to have, an impact on growth, and its rate. Fully harnessing the
potential of offsite construction relies on achieving the critical mass required to realise

arguably the most attractive benefits of time and cost savings.

There are however notable drivers influencing the uptake of offsite technologies,
particularly in relation to the need for higher volume output in home building and the
impetus of the low carbon agenda. Offsite is an opportunity to more tightly control costs,
respond to government targets for Building Information Modelling (BIM) and energy
efficiency, increase efficiency in the build process and improve quality (including site

health and safety).

Xi
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One of the key advantages of offsite construction is the greater efficiency and quality of
the build process. The fit out of buildings can be done in the factory setting, modular steel
or timber frame systems can be adjusted for performance and cladded offsite.

The use of offsite technologies can encourage a greater diversity of people into the
sector, including more young people, due to weatherproof working conditions and a

reduction in the use of manual labour.

It is extremely challenging to forecast exactly when growth in the offsite sector might
happen, over the short, medium or long term, and when demand for certain skills and job
roles might be realised and in what quantity. Nevertheless, there are very real
opportunities for the sector to compete globally in an already buoyant international arena

(currently dominated by Germany and Austria), with legitimate export potential.

Furthermore, there is encouraging scope for economic growth in the manufacturing
sector. The obvious links between manufacturing and construction in relation to offsite

may offer greater potential for the construction sector to benefit from such growth.
Skills and knowledge for offsite construction

The greater uptake of offsite construction is likely to have a gradual impact on existing
skills and job roles although the requirement for appropriate training and qualifications is
likely to be more immediate.

Core, higher level skills and knowledge needs for offsite can be categorised as:

¢ collaboration between disciplines;

marketing and business case development;

project management;

information technology (including BIM skills and knowledge of automated design

tools);

planning and design;

a whole life approach, considering the whole life cycle of the building including

repair and maintenance requirements.

Xii
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There is debate within the industry surrounding the potential of offsite construction to
reduce skills demands and needs made by the construction process, as the extent of
demand for traditional skills is reduced (or arguably displaced) by manufacturing and
assembly activities.

The introduction of what is essentially a manufacturing process into the construction
operation has led to a debate over the extent to which this transition may result in either a
multi-skilling or de-skilling scenario for the existing workforce. At a lower level (for
example traditional ‘trade’ roles such as carpentry and plastering), it is suggested that
skills will likely remain unchanged, but the context in which they are applied will be
different; essentially, a shift to both an onsite and offsite construction environment.

The most significant change is predicted to occur for those in higher level roles, with the
skills profile of professional occupations evolving over the medium to longer term to
embrace multiple different skills and areas of knowledge. This will necessitate a change

from traditional ‘silo-based’ approaches to skills and professional disciplines.

Progressively closer integration between core disciplines and skills sets is predicted over
the medium to longer term, underpinned by a requirement for a mutual understanding

and appreciation of other roles and their contribution to the build process.

As the offsite build process becomes more integrated with manufacturing, the
management of that process and of the interface between the offsite and the onsite
environments becomes ever more critical. Skills in design and an understanding of
engineering principles also become more important. The diagram below sets out the
predicted increased integration between design, construction, manufacturing and

engineering disciplines:

Figure A: Predicted increasing integration between different disciplines

Xii
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Occupations and job roles in offsite construction

Currently, job roles in offsite can be categorised into three groups: primary, secondary

and tertiary.

¢ Primary job roles encompass those involved in the design and delivery of offsite

projects, such as project management, logistics, marketing and sales.

e Secondary roles comprise typically ‘trade’ specific disciplines involved in

assembly.

o Tertiary job roles associated with providing supporting functions (but of no less
importance than primary and secondary roles) include the provision of finance,

insurance and procurement, for example.

Project management roles, schedulers, design staff and engineers are currently most in
demand for offsite; Computer Aided Design (CAD) specialists and quantity surveyors are
also sought after. The use and prevalence of architects is somewhat less usual in offsite
than in traditional onsite construction, with a preference for design engineers, also

bringing in skills in IT, predominantly in CAD and BIM.

Over the medium to long term, job roles are anticipated to evolve rather than undergo a
radical switch, although this does not imply that existing roles will be unaffected. Design
and architecture roles; engineering; BIM modelling and supervisory/project management

roles are considered to be the most important and most liable to change.
Qualifications and training

The current training and qualification offer for offsite is considered to be largely
inadequate due to a range of factors that have resulted in fragmented provision and a
situation where employers create their own, bespoke, in-house training. There are many

reasons for this, research participants attributed it to:

e ageneral disconnection between industry and training providers, and industry and

academia;

o the bespoke nature of many offsite systems which makes the development of

consistent provision extremely challenging;

e arange of cultural issues faced by employers, such as lack of time and money to
invest in training, coupled with a limited understanding of where skills and

knowledge gaps in offsite lie.

Xiv
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Deficiencies within the current training offer, in terms of content, have been identified as
3D drawing; site supervision; logistics; BIM and an understanding of design technologies

and materials used in offsite.

The table on the following page summarises some of the main influencing factors on
offsite construction, along with the associated impacts on future skills, knowledge and
gualifications as well as job roles. The content of the table has been drawn together from
an analysis of the research findings and is not intended to be exhaustive.

XV
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Drivers/influencers on
the uptake of offsite

Opportunities of
offsite

Threats to the use of
offsite

Impact on future skills,
knowledge and
training/qualifications

Future impacts on job roles

The energy efficiency and
sustainability agenda

The housing shortage — in both
private and social housing

The economic climate —
reducing costs

UK Government commitments:

e Use of BIM on all centrally
procured Government
contracts from 2016

e Priority sector in England,
Scotland and Wales

e Improvements in export

Ageing workforce

Emerging technologies

Attracting young people into the
sector due to weatherproof
working conditions

Competing in a global market

Contributing to environmental
and sustainability targets

Responding to housing demand

More widespread acceptance of
offsite methods for commercial
projects (largely in the South of
England)

Realising cost savings through
reduced build time

Improving quality

Improving health and safety
Increasing efficiency and
reducing costs in the

construction process

Integration of roles and
collaborative working

Negative associations amongst
the public with ‘pre-fabricated’
structures

Weak market demand

Gaining accreditation and
recognition of new technologies

Timelag in new technologies
reaching the market

Lack of collaboration between
academia and industry

Fragmented training provision

‘Patchy’ geographical
distribution of offsite industry

Achieving the critical mass in
production to realise cost-
savings

Risk averse financiers/ investors

Reluctance of wider industry to
adopt MMC/offsite

International competition
Difficulties in forecasting growth

and uptake of offsite
technologies

‘Hubs’ of expertise and
inconsistent training offer
nationally (UK-wide)

Technologies need to be
‘mainstreamed’ in order to
develop consistent training
packages

Requirement for high level skills
in marketing, technical sales,
influencing and negotiating

Better understanding of the
design/manufacture/construction
interface

Highly developed skills in project
management, scheduling and
planning

Wider adoption of a ‘whole life
approach’ to structures

Greatest impact of offsite on existing job
roles is expected to concern:

Site Supervisor
Designer

Architect

Structural Engineer
Planner

BIM Modeller

Future demand for: Schedulers, Site
Labourers, Project Managers, Quantity
Surveyors, Design office staff including
BIM Modellers, Engineers, CAD
Specialists

Hybrid roles may result in overlap between
managerial and professional levels; a
technical sales role will require an overlap
between commercial and technical skill

All disciplines increasingly expected to
work collaboratively.

XVi
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Implications for government and the sector

Closer collaborative relationships

Greater collaboration between industry and academia, notably in relation to influencing
the design of training and qualifications, could enable these to become truly industry-led.
In the short-term, consideration could be given to creating an Offsite Skills Network
bringing together academia, research institutes and industry with the purpose of sharing

knowledge and establishing an interface between innovation and commercial application.
Stimulating demand

Trade Federations and Professional Bodies may wish to work collaboratively on
programmes to educate investors, industry stakeholders and home-owners. There is an
appetite and interest in technologies amongst consumers. The development of positive
case studies could help counteract any negative perceptions in relation to offsite and

stimulate consumer demand.
Training and qualifications

A culture of ‘multi-skilling’ could be embedded at training stage. For instance, training
could seek to equip students with a broader skills and knowledge base about offsite
enabling application of these core skills and knowledge to different settings, materials and
systems. Training and education providers could consider approaches to offsite training
provision in Austria and Germany and identify good practice which can be transferred to
the UK.

Careers information

Careers information, advice and guidance to those seeking opportunities in the
construction sector that includes consideration of offsite construction job roles could help
offer clear pathways to higher level occupations as well as promoting offsite to a greater

diversity of people, including young people.
Continuing Professional Development

Continuing Professional Development (CPD) could be a potential solution to top up gaps
in skills in the short time. The construction industry is more likely to be able to take
advantage of CPD that can be delivered flexibly (for example via webinars outside of core

working hours), and that is not cost prohibitive.

XVii
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1.Introduction

The UK Commission believes that a new approach to skills is needed, which is focused
on the needs of employers; one which is based on ambition and innovation. A pivotal part
of this agenda is the employer ownership of skills, facilitating a sea change in the way
that the skills system works, by empowering employers, their supply chains and other key
partners to develop the skills they need to succeed.*

A steady stream of skilled labour is required, at all levels of the labour market, to realise
the country’s full economic potential. Understanding skills needs and gaps is therefore

key.

The construction industry is one of the most important sectors to the UK economy and
one of eight sectors addressed in the Government’s first growth review in 2011. Following
this, the UK Government’s recently published Construction Industrial Strategy, developed

in partnership with the industry, sets out an ambitious vision for the construction industry.

The strategy envisages dramatic improvements in performance by 2025 — including a 33
per cent reduction in both the initial construction cost and the whole life cost of built
assets; 50 per cent faster delivery of construction projects; a 50 per cent improvement in
exports; a 50 per cent decrease in greenhouse gas emissions; and a 50 per cent
reduction in the current £6 billion trade gap between construction imports and exports. It
sees these developments as being underpinned by the evolution of a more
technologically advanced industry that is:

e ‘smart’: efficient and technologically advanced, with a highly skilled and diverse

workforce;

e ‘sustainable’: with world-leading export performance in green technologies and

materials;

e able to deliver ‘growth’: with the UK’s share of global construction markets

expanding substantially (H M Government, 2013).

This represents a major opportunity for the construction industry to further embrace
technological change and innovation. Indeed, a large number of skills priorities are
recognised as being driven by the use or development of technology, whether this is the
evolution or adaptation of existing technologies, or the innovation and development of

new technologies.

4 www.ukces.org.uk/ourwork/investment/employer-ownership
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Industries associated with the use of technologies and innovative work processes make a

significant economic contribution (OECD, 2007).

In the construction industry, the use of technologies is arguably most closely associated
with environmental technologies and with sustainability more generally, in reducing
reliance on carbon fuels through alternative energy production (micro-generation) and
cutting energy consumption by the design and construction of more efficient buildings.
The building process itself is a third area in which technologies can be harnessed.

Modern Methods of Construction (MMC) have the potential to introduce greater
efficiencies into the build process, chiefly through innovations in building design and
management, for example in adoption of Building Information Modelling (BIM), and in

offsite construction processes.

The application of technology and innovation, in the form of BIM, MMC and offsite
production, is expected to have an important role in realising the UK Government’s vision
for the construction industry. BIM in particular is identified as a key driver, the
Construction Industrial Strategy stresses the major progress being made on the
implementation of BIM, which will become compulsory for all public sector construction

projects from 2016 onwards.

An understanding of the skills required to harness these technologies and achieve their
full potential is therefore critical. This study is one of a number commissioned by the UK
Commission for Employment and Skills with the purpose of understanding, in depth, the

skills needs of Government priority sectors.

This report is intended to add to the existing evidence base, such as the Sector Skills
Insight (Gambin et al., 2012) and Sector Skills Assessment for Construction (Breuer,
2012) and focuses specifically on the higher level skills associated with offsite

construction.
1.1 Definition of high level skills

Skills needed to drive the development or use of technology are reported primarily at
higher occupational levels, such as managerial, professional and associate professional

and technical occupations. These ‘high level’ job roles were the focus of this study.

Similar job roles and job titles can relate to quite different remits and responsibilities.
Therefore, for the purpose of this study, a broad definition of ‘high level skills’ was used,
based on national qualification levels. Job roles and disciplines within scope of the study
included those for which a ‘high level’ qualification is typically required. ‘High level’ is

usually defined as:
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¢ Level 4 and above of the Qualifications and Credit Framework (QCF) in England;

e Level 8 and above of the Scottish Qualifications and Credit Framework (SCQF) in
Scotland.

This covers such gqualifications and programmes as Higher Apprenticeships, Foundation
Degrees, Higher National Diplomas (HNDs), Degrees and Postgraduate Qualifications for

example.

Our definition of high level skills was not based exclusively on qualification attainment
however; experiential learning and Continuing Professional Development (CPD) are also
valid forms of skills development at a higher level and were recognised as such

throughout the research.
1.2 Aims and objectives of the study

This study’s main area of interest is innovative methods of construction, namely offsite
construction. This method of construction combines traditional methods of construction, in
terms of fitting, finishing and installation with innovative new technologies, methods and

processes undertaken away from the construction site.

The overarching aim of this study is to understand the requirements for high level (and
supporting) technical skills in the construction industry and it is underpinned by a number
of objectives, to:

e understand in depth the technologies in question and the associated skills required

in order to harness their future potential;

e understand the impact that future skills needs might have on the occupations

involved, and the relationships between them.

In addition, the study focused on identifying interdependencies between technologies and
other skills drivers, such as regulation, competition and consumer demand, along with
opportunities and challenges for economic recovery and growth posed by drivers and

influencing factors in the short, medium and long term.

The approach followed the supply chain of innovative methods of construction as it filters
to different ‘tiers’, starting with the ‘innovators’ of new technologies (such as Universities
and academics), the ‘developers’ of those technologies (such as manufacturers and
large employers) and the ‘users’ (such as, designers, architects, construction firms and
sub-contractors). Interviewees were drawn from each group or tier. Strategic

stakeholders, such as Government officials, were also consulted as part of the research.
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The research used a mixed methodology of 50 depth interviews, a detailed literature
review of over 100 sources and three roundtable discussions in England, Scotland and
Wales.

A fourth roundtable was planned for Northern Ireland, however it became apparent as the
research progressed that offsite construction activity here is limited and therefore
sufficient recruitment was not possible. Appendix A provides further detail on the study
methodology.

In addition Appendix D sets out three case studies showcasing innovative offsite
technologies, the associated skills needs and job roles.
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2. The construction industry

e Modern Methods of Construction (MMC) span a broad range of technologies including
offsite construction or offsite manufacture. Despite the common use of this term,

offsite is not a new or even recent innovation.

Whilst it is important to distinguish between the construction and manufacturing
sectors, it should be noted that the line between the two in relation to offsite is

somewhat hazy, with some areas of obvious overlap or close association.

e Furthermore there is no one standard definition of offsite, other than broad agreement
on the types of components and assemblies used, therefore one person’s

understanding of offsite may differ from another’s.

e The construction sector is dominated by small and medium-sized enterprises (SMES)
and micro-businesses, and has been subject to recent market decline, placing these

smaller organisations in a more vulnerable position.

e There is encouraging scope for economic growth in the manufacturing sector, already
one of the four largest sectors in the UK economy, and expected to grow further over
the period to 2017. The obvious links between manufacturing and construction in
relation to offsite may offer greater potential for the construction sector to benefit from

such growth.

2.1 Economic position

The construction industry as a whole is dominated by small and medium-sized
enterprises (SMEs), with small and micro businesses accounting for approximately 95 per
cent of the sector. Large construction companies are typically major contractors on large-
scale building and infrastructure projects, with many smaller companies working in a sub-
contracting capacity. Larger companies, although constituting a very small proportion of
the number of enterprises operating in the sector, conduct a disproportionate share of the

work by value (Breuer, 2012).

The construction industry is continuing to experience a decline, with the latest estimates
placing the volume of construction output at its lowest level since the last quarter of 1998
(ONS, 2013). For the first quarter of 2013 almost all sub-sectors of construction
experienced decline, with the exception of private housing repair and maintenance (an

increase of 0.4 per cent).
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Similarly, many other sectors of the UK economy, including three of the four largest
(finance and insurance, professional and other provider services, and public services) are
projected to perform poorly over the period to 2017, compared to their performance over
the five years to 2007 (CITB, 2013).

The manufacturing sector, however, also one of the four largest sectors of the UK
economy, is expected to buck this trend. Manufacturing grew in the five years to 2007,
and is predicted to continue to show improvement in the period to 2017 (CITB, 2013).

The current UK Sector Skills Assessment states that 12 per cent of construction takes
place offsite and links closely with the manufacturing sector (Gambin et al., 2012)." The
implications for the construction sector as a whole could therefore be significant over the
period to 2020.

2.2 Modern Methods of Construction (MMC)

‘Modern Methods of Construction’ is a phrase that encompasses a broad range of
technologies that include offsite construction, or offsite manufacture. The terms are often
used interchangeably in much of the literature. The British Research Establishment
(BRE) defines MMC as “a range of processes and technologies which involve
prefabrication, offsite assembly and various forms of supply chain specifications” (BRE,

date unknown).

MMC has been described as including all “hew products and technologies” that result in
“delivery methods which set out fo improve product and process” (CIC, 2013). MMC also
includes innovative approaches that are intended to increase the speed and efficiency of

onsite construction.

MMC is generally acknowledged as a means of reducing reliance and emphasis on
onsite activity, whether that be through the adoption of offsite manufacturing techniques
wholly, or in part, for example through the use of pre-assembled components with the aim

of adding value to the construction process.

Offsite construction has been concisely defined in a review by the Construction Industry
Council (CIC) as a “delivery method that adds substantial value to a product and process
through factory manufacture and assembly intervention”, it further refines this definition
by considering offsite manufacturing as “an approach to process in which the construction

value added onsite is less than 40 per cent of the final construction value at completion
(CIC, 2013).

Although offsite construction is most closely associated with timber construction, it can

also make use of numerous other materials including steel, block masonry and concrete.
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Pre-stressed concrete element, although often classed by contractors as a ‘traditional’
form of construction, can legitimately be regarded as an offsite approach (Goodier and
Gibb, 2005).

2.3 Offsite is not new

Offsite construction methods have been traced back as far as the practices of Roman
military engineers, as revealed by archaeology and described by the architect Vitruvius.

Recent research on English medieval houses suggests that in many cases they were
constructed of timber that was fully cut and shaped offsite, usually in the forest where it
was felled, and then transported to the construction site.” It is also known that pre-
fabricated wooden structures were exported from the British colonies on the Eastern
seaboard of North America to the Caribbean in the seventeenth and eighteenth centuries.
By the later eighteenth century, high value components of buildings, often decorative
details which would otherwise have to be carved or cast by specialist artisans, were also
mass-manufactured. Examples include sculptural details from the Coade factory, papier

maché decorations for interiors, and decorative fanlights for overdoor windows. 6

In the nineteenth century, Great Britain led the world in the use of pre-fabricated building
components and even entire buildings. One of the most remarkable surviving structures,
again in the Caribbean, is the Old Naval Hospital in Port Royal, Jamaica, dating from
1819. The frame of the building is made from pre-fabricated cast iron units manufactured
in Bradford, and has survived intact through numerous hurricanes and a major
earthquake (Crain, 1994).

The development of ‘kit' houses was widespread in the development of the North
American West in the first half of the twentieth century, after W.J. and O.E. Sovereign
realised that the principles used for boat kits made of pre-cut and finished timber
components could be applied to domestic housing. Their own company, Aladdin Homes,
pioneered the business maodel, which was then taken up by major mail order catalogue
companies such as Sears Roebuck and Eaton’s who sold ‘mail order homes’ by the
thousand. The attractions of such methods included lower cost, higher quality, less

waste, and faster build speed.

5 http://www.buildingconservation.com/articles/timberframedbuildings/timberframedbuildings.htm
® Coade stone is composed of clay fired in a kiln at a very high temperature. During the 18" century it was used extensively
on buildings and for statuary.
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Pre-stressed concrete construction in the post-war period was widespread, spurred
principally by the requirement for up to 25 per cent less steel in its construction for
flexural reinforcement — a material that was in short supply. Applications of pre-stressed
concrete quickly developed from civil engineering projects, most notably in bridge
building, to more widespread use in the manufacture of roof beams from the late 1940s
(Burgoyne, 2005).

From the 1960s, due to availability and relative cost efficiency, steel structures became
more commonplace and found greater favour amongst house builders. Today fabrication
of individual steel elements can be undertaken offsite using well-controlled and regulated
factory conditions, and delivered to sites as and when needed. Steel components can be
pre-assembled or fabricated into modules offsite or at low levels onsite, reducing the

requirement for working at height.
2.4 Categories of offsite construction

Today, although there are variations in the way that offsite construction is defined and

described, there are generally accepted to be four main categories (Gibb et al., 2013).

Figure 1: Four main categories of offsite construction’

Component sub- relatively small scale items that are invariably assembled
assembly offsite, such as light fittings, doors, windows, door furniture.

*large category of items that the designer has chosen to
assemble in a factory before installation; units do not enclose

Non-volumetric usable space; applications may be skeletal, planar or complex

preassembly e.g. panel systems; cladding panels; above ceiling service
modules.
Volumetric pre- *units that enclose usable space that are then installed within or

onto a building or structure; typically fully finished internally,

assembly e.g. toilet/bathroom pods, plant rooms.

*units that enclose usable space and actually form part of the
completed building or structure (units may or may not
incorporate modular coordinated dimensions); typically fully
factory finished internally (and possibly also externally), e.g.
edge of town hotel or restaurant facilties, multi-residence
housing.

Complete buildings

" The Housing Corporation lists its own definition of what constitutes MMC (which are largely offsite methods and
technologies), and which are not significantly different from those described above .
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Additionally, hybrid methods may use elements of panelised and modular construction
techniques. All these approaches can be applied to different building materials, of which
the most important are timber, steel and concrete.

Further detail on the individual technologies associated with offsite construction is
provided in Appendix B.

The concept of offsite construction ties in neatly with a number of new and ‘innovative’
concepts such as Open Building Manufacturing as identified by Echert et al in a 2007
article.®. The approach to Open Building Manufacturing is reported as requiring more
collaborative relationships perhaps than are required for ‘traditional’ building methods, is
knowledge driven and places a real emphasis on customer focus (Echert et al., 2007).

Aside from new innovations and technologies, offsite is recognised as having a very
strong potential to facilitate the uptake and mainstreaming of low carbon and energy
efficient buildings by integrating timber or light steel frames and/or thin joint blocks into
the build process. The potential of structured insulated panels (SIPs) and specific
technologies such as combined heat and power (CHPS) units is also acknowledged.
Realising such potential is of course heavily reliant on appropriate skills and knowledge

being possessed by the workforce, at all levels.

Offsite construction methods can be applied as readily to traditional design as to modern
buildings — as shown by the recent move of William E. Poole, a well-known designer of
high-end traditional, classical revival houses in the USA into customised offsite

production.®

The processes involved in building offsite structures have been described by Buildoffsite
(an industry-wide campaigning organisation promoting uptake of offsite techniques by UK

construction) as embodying three main techniques:

e Design for Manufacture and Assembly (DFMA): essentially, to improve quality

through efficiency;
e Lean Production: the reduction of waste;

e Building Information Modelling (BIM): a cost-effective means of planning,

designing and controlling building projects (Buildoffsite, 2012).

8 Combines manufacturing techniques in factories and on construction sites with an open system for products and
components
® http://www.williampoole.com/factory built/
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3. Offsite sector profile

e The most recent estimates put the value of offsite construction at £1.537 billion.

o Potential for growth within the offsite construction sector has been identified notably
as a result of drivers in relation to the need for higher volume output in home building
and the impetus of the low carbon agenda. Offsite is also an opportunity to build

guicker, more efficiently and respond to government targets.

e Factors such as national/regional differences and related local demand, availability of
materials, access to finance, access to skills and training, foreign competition, and
capacity to bring products to market impact on the ability of the sector to achieve

critical mass.

e The economic climate, impact of the energy efficiency agenda and market demand
will strongly dictate the pace of change in relation to a shift to offsite construction.

o Currently offsite accounts for a relatively small volume of construction output, and
anticipating short, medium and long term skills needs and on what scale is extremely

challenging.

3.1 Size and value of the offsite construction sector

Whilst not within the scope of this research to quantify the scale and value of the offsite
sector, it is useful to consider its profile and how this may have an impact on the scale of

skills and training needs.

However the literature review found that there is relatively little systematic information on
the size and profile of the offsite sector as estimating its scale and value is extremely
challenging, in part due to the difficulties in defining a constantly evolving sector which has

overlaps with manufacturing.

The first attempt to quantify the offsite construction sector was undertaken by
Loughborough University in 2004, and estimated that the value of the sector was around
£2.2 hillion (Vernikos et al., 2012).
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The most comprehensive overview of the UK industry was undertaken in 2006 by MTech
for Buildoffsite. It concluded that, in that year, the total value of the ‘innovative offsite’
sector — defined specifically as that part of the industry using techniques not as yet
routinely used in mainstream construction — was around £1.5 billion, and that the offsite
sector as a whole could be worth as much £6 billion. It identified 346 companies in the
sector of which 60 were importers, although for many companies offsite was a relatively
small part of their total turnover (Buildoffsite, 2006).

At this point, the two dominant components of the innovative offsite sector were
permanent volumetric units and timber framed superstructure, (i.e. the part of the building
extending above a given baseline, usually the above ground part that would rise above
the foundation) representing 28 per cent and 26 per cent of total value of innovative offsite
respectively. Although the report noted that this was not wholly representative, as a
considerable part of the value of the volumetric producers was accounted for by fit-out of
the modules and contract works, which usually takes place onsite. Some way behind were
bathroom pods and re-locatable volumetric units, each accounting for around 9 per cent of
the sector. Pre-cast concrete (6 per cent) and light steel superstructures (4 per cent) were

smaller still.

The report did not, however, seek to analyse the maturity of the offsite industry, meaning
that it is difficult to assess the relative profiles of the innovative and mature sections of the
sector. It is possible, for example, that pre-cast concrete and light steel (which are widely
used techniques in ‘mainstream’ construction) represent larger proportions of the overall

offsite sector than of innovative offsite.

Respondents to the depth interviews in this study displayed uncertainty regarding the
extent to which MMC more generally, and offsite methods in particular, are currently
taken up by the industry — one estimate put the take up of MMC at around 10 per cent of
the industry building offsite in any major way.

This is partly because of different perceptions as to the definition of offsite. As one
‘innovator’ who is heavily involved in research into MMC stated “there is a difficulty
pinning down people’s perceptions of what offsite might mean. Every building company

will use some form of offsite construction”.

Another interview respondent to this research noted “things become traditional once they
have been in operation for a while, even if they are technically classed as MMC” — for
example thin joint masonry is viewed as a legitimate form of MMC, as is the manufacture

of roof trusses, but these are not necessarily ‘new’ technologies.
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3.2 Potential for future growth of the offsite construction sector

A recent estimate has suggested that the offsite sector contributed £731 million of value
added in 1998, a figure which increased to a peak of £2.08 billion in 2007 before
declining to £1.537 billion in 2008 (Gambin et al., 2012).

The Callcutt Review predicted in its 2007 report a potential for offsite construction to
increase market share substantially by 2016, as indicated in the table below, which also
draws on calculations by MTech (Callcutt, 2007).%°

Table 1. Estimated potential for offsite construction to increase by 2016

Offsite system 2005 output Proportion of | Proportion of
UK total 2005 | UK total

2016*

Timber frame — all types 42,000 18.6% 30%

Light steel frame (LSF) 8,800 3.9% 25%

Precast concrete panel (cross wall) <4,000 <1.5% High growth
predicted

Structural insulated panel 600 0.3% 4%

Volumetric modular 2,000 0.7% 4%

Hybrid (pod and panel) 300 0.15% No data

*Data researched as part of a joint study undertaken by Association of British Insurers and MTech

Group

Table and source data taken from The Callcutt Review, p. 30, which cites MTech data.

3.2.1 Quality and safety

An increase in offsite could precipitate a reduction in onsite accidents (such as falls from
height) and generally improve many aspects of health and safety. This is partly because
offsite can reduce the need for working at height, and also because there are likely to be

fewer personnel onsite, thus reducing the extent of risk.

Within factory environments health and safety is typically easier to control, enabling
consistency in quality standards to be tightly monitored and achieved. Damage from

onsite storage is also reduced.

1% The terms of reference for the Callcutt Review included an examination of “how the supply of new homes is influenced by
the nature and structure of the house building industry, its business models and its supply chain, including land, materials
and skills”, and “to consider how these factors influence the delivery of new homes to achieve the Government'’s target
(200,000 new homes per annum), meeting house buyers’ requirements and aspirations, achieving high standards of
energy efficiency and sustainability as set out in the Code for Sustainable Homes, and progressing to a zero carbon
standard”.
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However it should also be noted that different methods of working, for example a greater
use of plant and lifting equipment, could prompt an increase in other, or even introduce
new, risks. CITB recognises a potential for revised safety training to address this change,
for example heavy lifting and more mechanised equipment (CITB/Experian, 2008).

3.2.2 Time and cost reduction

Offsite enables the prefabrication of components within factories working under controlled
conditions. This means timescales can be more rigidly controlled and completion dates
predicted with accuracy, as offsite assembly is not constrained by changes in the weather
or restrictions to access onsite. This in turn can equate to better productivity and greater
efficiency once the components are transferred onsite, as there are fewer risk factors that

could affect overall timescales.
3.2.3 Offsite methods for home building

Recent literature discusses the extension of offsite methods to home building, most
notably in the 2013 Offsite Housing Review by CIC. Offsite has been an area of growing
importance to the housing sector and in particular appears to have been a growth area in
residential construction. In January 2004, a Housing Forum report estimated that 17,000
houses a year were being built with offsite methods and, in 2006, Space4 reported that it
sold 3,000 panelised pre-fabricated houses, representing 2 per cent of all houses built

that year."

Given the shortfall of approximately 3,000,000 homes in the UK and the consequently
large potential market for new housing starts, there is also considerable potential to drive
the uptake of MMC and offsite in particular to enable developers to increase production
beyond current limits (Menendez et al,. 2012).

3.2.4 The energy efficiency and low carbon agenda

”

Richard Ogden, chair of Buildoffsite, believes that offsite is “on the cusp of a step change

with the catalyst being the carbon agenda (Davis Langdon, 2011).

The current environmental context means that the high efficiency and reduced waste of
offsite  manufacturing are considered particularly advantageous. This is especially
because of the ease with which offsite can be combined with advanced techniques such
as BIM (Davis Langdon, 2011).

1 ‘3pot the Problem with Modern Methods of Construction’, (7 March 2006) http://www.building.co.uk/spot-the-problem-
with-modern-methods-of-construction/3063721. Article accessed 27/06/2013. The report quotes 30,000 houses, but this
must be erroneous as it would represent around 20 per cent of housing construction.

13


http://www.building.co.uk/spot-the-problem-with-modern-methods-of-construction/3063721.%20Article%20accessed%2027/06/2013
http://www.building.co.uk/spot-the-problem-with-modern-methods-of-construction/3063721.%20Article%20accessed%2027/06/2013

Technology and Skills in the Construction Industry

The Government has announced a requirement for all new homes to be carbon neutral
from 2016 onwards (HM Treasury, 2011). In order to support this, Part L (Conservation of
Fuel and Power) of the Building Regulations is being revised to require greatly enhanced
thermal performance in new and refurbished properties.*? The CIC’s offsite homes panel
considers this will, if fully implemented, act as a major driver for offsite construction, due
to the difficulties of consistently maintaining the build quality needed to attain the
standard consistently using only onsite production (CIC, 2013).

3.3 Risk factors for the offsite sector
3.3.1 Typical SME business models

Companies operating in offsite construction tend to specialise in a particular construction
process, or a material, or both - for example, timber, steel or concrete; modular/complete

buildings, or non-volumetric pre-assembly.

The industry seems to be divided between a small number of major producers and a
larger number of smaller firms. Firms operating in the offsite field vary on a spectrum of
large-scale production, predominately home builders and firms specialising in commercial
structures, operating out of regionally based ‘hubs’ (i.e. where the components are built)

to micro companies focusing on a niche product.

These smaller companies appear to typically evolve around a particular technology, or

product, with innovation at their core.

This business model appears to work as both a facilitator and as an impediment. On the
one hand it introduces into the market new ideas and products; on the other hand shifting
the balance in favour of innovation may mean that commerciality can suffer. A difficulty in
raising finance for new products is a key challenge. Indeed, in recent years, as a result of
these pressures, a small number of independent SMEs operating in the offsite market
have ceased trading.

There are examples of some small companies which have achieved success through
growth by sub-contracting with larger companies, collaborating with academics and
academic institutions, or a combination of both. Some larger, main contractors have
entered the market or extended their market presence through acquisition, such as
Yorkon Ltd (part of Portakabin) and SES Prism (part of Shephard Group).

12 http://www.planningportal.gov.uk/buildingrequlations/approveddocuments/partl/ accessed 19/06/2013. Note: devolved
nations have their own building regulations
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This research has found, however, that many existing SME sub-contractors (who account
for the largest share of the existing construction industry) are not involved in offsite
activity. There is a sense that some ‘traditional’ builders, for example, view the
advancement of offsite construction as a threat to their business, or are reluctant to adopt
this approach. For instance, one interviewee, from a major industry federation, suggested
these companies generally have limited knowledge of MMC.

Findings from other depth interviews suggest there is some sector variation at a granular
level. It has been suggested, for example, that the uptake of research (i.e. bringing new
knowledge or technologies to market) in the area of closed panel systems is fairly short,
with ‘quick’ lead in times. This is tempered, however, by difficulties in collaboration and

challenges in obtaining Intellectual Property rights.

3.3.2 Bringing products to market

It has long been recognised that the UK does not always manage to commercialise the
technologies and innovations developed by researchers in an effective way. In particular,
the Construction Industrial Strategy notes that the construction industry exhibits ‘low levels
of innovation’ and notes that ‘investment in R&D and intangible assets such as new
processes (particularly in the contracting sub-sector) is low due to uncertain demand for
new goods and limited collaboration”. It notes other obstacles to realising the sector’s

potential for growth and modernisation, including:

e Skills: substantial fall in apprenticeship completions in construction related sectors
relative to other sectors. Low training among self-employed and skills shortages
among trade and professional occupations inhibiting technology deployment and

innovation.
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o High degree of fragmentation: relative to other sectors and countries which
impacts on levels of collaboration, innovation and ability to access foreign markets
(HM Government, 2013).

The implication appears to be that there is a very strong advanced research base, but
relatively little direct connection between this research base and industry activity. This
finding was confirmed through roundtable discussions (most notably in Scotland), which
suggest the cause to be attributable to both parties: industry must see a business benefit
to such collaboration; academia must be willing to share research and work in partnership

on particular projects.

The growth of offsite, in short, is not simply a matter of bringing advanced technologies to
market, but developing a research and development infrastructure and associated skills

base that is far more directly focused on commercial and industrial applications.

For instance, the actual component technologies of cross-laminated timber (CLT), finger-
jointed lengths of timber, polyurethane cements and hydraulic presses, are simple. For
this reason, it is questionable whether CLT is the kind of product that would normally
receive research funding in the UK’s highly competitive research environment, where the

emphasis is on developing the most advanced materials and techniques.

In this context, some respondents to this research emphasised the need for dependable
technologies, and the gulf between the research programmes of the major universities

and what was practicable or realistic for individual enterprises to manufacture.

3.3.3 The impact of the economic downturn

There is a general perception that offsite is growing in importance and will continue to do
so in the future. This is clear from literature and from responses to the depth interviews,
amongst all respondent groups. However, the prolonged period of economic slowdown
has impacted disproportionately on construction, and offsite construction has suffered as

a consequence.

16



Technology and Skills in the Construction Industry

There is a huge amount of opportunity posed by MMC but on the other hand
companies are going bust all the time. They have to have an economically viable
throughput to survive and this is difficult to achieve. The opportunity can only be
realised if there is a boom

Innovator feedback, England

There are opportunities to use modular products but contractors decided against it
because they feel that modular businesses are often closing down. It’s the
downside of lean manufacturing in a construction industry that is suffering due to
the recession. There is also the problem that you have to pay a large cost upfront
for modular construction and if the company closes then you have probably lost that

money
Innovator feedback, Scotland

At the same time, however, it is possible that the tighter control of costs enabled by offsite
might actually lead to expansion of the sector, particularly for large projects where

standardisation of components makes economies of scale readily achievable.

Government investment can also play a part. In China, pre-fabrication has, in the past,
been of poor quality resulting in some cases in building collapses. Quality of projects has
improved more recently and is now considered to be guaranteed following the
introduction of critical Government policies. The Construction Law has resulted in an
improved supervisory system and higher prices being charged, and this is underpinned
by technological innovations and better management, leading to fewer issues relating to

quality.*®

B hitp://www.construction-manager.co.uk/agenda/cm-learns-way-dragon/ accessed 19/06/2013.
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3.3.4 Overseas competition

There is a key issue of potential competition from foreign construction contractors. The
USA is the leader in pre-fabricated housing, representing in 2008 some 26 per cent of the
global market (CIC, 2013). Around 20-25 per cent of US homes are offsite manufactured
(Na, 2007). The supply of customised houses has also been developed in Germany by
WeberHaus and Huff Haus, and in Japan by Toyota Housing. In 2004, offsite
manufacturing accounted for one in every seven new houses built in Japan, with
companies such as Sekisui homes producing around 150,000 pre-manufactured houses
per year (Smith, 2008). The Japanese are currently expanding export of offsite housing
products into Australia and other markets (CIC, 2013). The Chinese are now making
extensive use of pre-fabricated, offsite methods, with one developer completing a fifteen

storey building in only thirty days.**

A Polish property developer, BUMA, has developed a steel frame modular product for the
UK market, which is manufactured in its Krakow factory. The unit is delivered onsite and
bolted into place, and is only marginally more costly than traditional in situ apartment

construction.*®

The self-build market is currently a small one in the UK but which has a significant
presence of foreign importers such as German manufacturer Huf Haus and
Svenskhomes which offers homes manufactured in Sweden. The situation is confirmed
by interview respondents who have cited examples of Swedish, Austrian and German
companies leading the field in the manufacture of fully-serviced panels complete with pre-
cut pipes, electrics and plumbing.

It also appears that certain parts of the sector are dominated by largely imported
products, such as Structural Insulated Panels, where it was estimated in 2006 that 80 per
cent of the market was imported (Buildoffsite, 2006).

3.4 National differences and geographic ‘hubs’

The available literature contains little additional information on the regional profile of
offsite construction, or supporting figures on the size of local markets, although there is
recognition that the offsite sector has considerable potential, for example in Scotland,
offsite construction, along with low carbon activities including zero carbon homes and
retrofit “present an enormous opportunity for the industry, including the opportunity to

export” (Construction Scotland, 2012).

¥ http://www.construction-manager.co.uk/agenda/cm-learns-way-dragon/ accessed 19/06/2013 .
1% http://www.cnplus.co.uk/news/homes-with-all-modular-cons/394016.article accessed 19/06/2013.
http://www.building.co.uk/data/cost-model-offsite-manufacture/3042466.article accessed 19/06/2013.
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Data on the situation in Northern Ireland is limited. One paper has estimated that as
much as 50 per cent of all housing completions in Ireland currently employ offsite
construction methods “a large portion of which use timber framed construction as its
primary construction method” (Dublin Institute of Technology, 2008).The Northern Ireland
Executive recognises the potential of modern methods of construction (including offsite)
to “provide considerable opportunities to reduce carbon input, achieve faster construction

and reduce waste.”®

Although not cited specifically in Welsh Government key priorities for the construction
industry, offsite could make a contribution to those concerning monitoring and evaluating
“‘evolving market trends and offering evidence based and business focused advice
relating to the skills agenda” as well as improving “the UK/overseas market penetration
potential of competitive/niche high value businesses via market awareness/international

trade programmes.”’

Some regional differences in the adoption of offsite have been reported by interviewees
for the study, with the distribution of offsite construction activity felt to be fairly uneven.
Generally, offsite construction is described as largely concentrated in the South of
England, however certain types of offsite are reported as being prevalent in certain
regions e.g. timber framing is reported as being more widespread in Scotland and Wales
than in England. This suggests an associated variation in skills and occupational profiles
at a regional level.

There is some sense among a small number of users contributing to this research that
national differences exist. Scotland has been manufacturing and building with
prefabricated timber frames since the 1970s and some interviewees estimate that around
70 per cent of new build domestic properties in Scotland are now built using this method:
predominantly open frame systems. It has been suggested by respondents that this is
due in part to the weather conditions across Scotland, which make it desirable to produce
a structure that is weather proof at an early stage in construction, and then have the
electrics, plastering and decorative jobs carried out in weatherproof conditions. These
‘interior’ jobs can be completed to a higher standard than where the workforce operates

on a traditional site open to the elements.

18 http://www.northernireland.gov.uk/index/media-centre/news-departments/news-dfp/news-dfp-september-2008/news-dfp-
l2750908—d0dds—backs—northem.htm

http://wales.gov.uk/topics/businessandeconomy/sectors/construction/keypriorities/;jsessionid=B5AD19D77FB325ED44645
8448CD5A268?lang=en
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Respondents suggest that the North of England continues to favour ‘traditional’
construction methods and that, whilst the industry in the South has demonstrated some
reluctance to change, on the whole, it is more accepting of offsite construction
methodologies; more so for infrastructure projects, commercial buildings, schools,

hospitals and student accommodation than perhaps large scale domestic builds.
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4. Skills for MMC and offsite construction

o Core skills, knowledge and behaviours for offsite construction that are needed

particularly by higher level occupations include:

- mutual understanding, knowledge of other roles and collaborative working;

- marketing and business case development;

- project management;

- information technology, i.e. BIM skills and knowledge of CAD and automated tools;
- planning and design;

- a whole life approach i.e. consideration of the whole lifecycle from cradle to grave.

e There is a clear need for more collaborative working, requiring so-called ‘softer’ skills
such as problem-solving, team-working and communications. However it is not just
about skills needs; knowledge needs also increase, for example in relation to the
importance of accuracy and precision, greater awareness and understanding of other
job roles and how they need to work together within offsite construction.

e This suggests that ‘behavioural development’ is as important as skills development.

¢ In considering skills and knowledge needs, the overlap between the construction and
manufacturing sectors are also pertinent, due to a shift towards offsite assembly of
manufactured components rather than ‘traditional’ construction. Although one school
of thought suggests that this equates to de-skilling, the majority of respondents to this
research argue that this points to a need to adapt the existing skills base, requiring
multi-skilling and up-skilling, given the need for greater precision and potentially

higher standards of quality.

During the height of the last construction boom in the years before the financial crisis, it
was often suggested that skills shortages, especially shortages of electricians, joiners
and bricklayers, would drive the uptake of MMC and offsite (BRE, 2002). There is some
evidence from depth interviews of contractors introducing offsite walling elements to
compensate for a shortage of skilled construction workers, especially bricklayers (Cole
and Stevens, 2006).
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A shift towards a more technologically focused method of working in any industry (such
as those associated with ‘high value’ or ‘added value’ work processes) equates to a more
demanding knowledge base. A key change to the current skills profile over the medium to
longer term will be at a higher level. ‘Trade’ skills are arguably less likely to be affected;
however the situation in which those skills are applied would change from an onsite
situation to an offsite factory base in which conditions and processes are more tightly
controlled. The manufacturing environment will still employ the traditional trade skills,

such as carpentry and joinery for example, but in a more controlled environment.

Concentrating skills in factories nurtures the interaction that makes centres of
excellence. Products can be tested before they reach site. The results can develop
into loops of information which feed back to the manufacturers, creating a culture of
continuous improvement. This also makes it easier to target specific weaknesses
where research efforts might be directed, making R&D spending efficient and

effective.'®
This emphasises the importance of collaborative working and sharing of information.

There is debate, in the literature and among participants in this research, concerning the
capacity of offsite to reduce the skills demands made by the construction process,
through improved efficiency and greater automation. At the same time, however, any
sustained expansion of offsite in response to labour shortages or skills needs will
generate increased demand for skills from the manufacturers, suggesting that to some

extent skills issues may be displaced rather than resolved (Buildoffsite, 2012).

In 2006, the Barker 33 report concluded that shortages of skills were the main barrier to
uptake of MMC and offsite methods, and according to the group’s chair, Dr Ashley Lane,
“The issue is not about the product... It's about skills: logistics and planning and project

management, training labour, education.”** *°

Existing research has identified a number of specific areas where skills development and

integration will be necessary if offsite is to grow substantially:

o Assembly skills for carpenters and joiners assembling timber-framed buildings, as
they must be assembled to appropriate tolerances and standards if they are to
achieve their designed level of structural integrity and thermal performance
(Dublin Institute of Technology, 2008).

18 http://www.cartwrightpickard.com/ethos/offsite.aspx_Quote taken from website

19 Barker 33 Cross-Industry Group (2004) Modern Methods of Construction; An examination of the barriers to the greater
use of modern methods of construction in the provision of new housing and the mechanisms to overcome them

% Spot the Problem with Modern Methods of Construction’, 7 March 2006 http://www.building.co.uk/spot-the-problem-with-
modern-methods-of-construction/3063721.article accessed 27/06/2013.
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o Plumbers and electricians working on timber structures will need to be aware of
how to cut holes and channels for services without compromising the building’s

structural integrity and thermal efficiency (Dublin Institute of Technology, 2008).

e Managers and supervisors will need the skills to integrate offsite products and
components with onsite processes (CITB, 2011).

o Architects will need to coordinate a collaborative design process and help to
envisage products for a manufacturing process, as well as know how to integrate

them into a design. This is expected to re-skill rather than de-skill architects.?*

Functionally, although the skill is unchanged, the application and context of offsite
construction is likely to require a more productive and effective method of working in
order to achieve process efficiencies. This equates, essentially, to a heightened
appreciation of accuracy and consideration of other trades and the whole build process,
for example an appreciation of the design process and engineering disciplines
(CITB/Experian, 2008). Rather than skills development this could be considered
‘behavioural development’.

By extension therefore, managerial skills and knowledge will need to be developed,
respondents to the depth interviews almost unanimously recognise the imperative for
extended knowledge at a high level, particularly in terms of the managerial function.

MMC will lead to increased automation which could lead in turn to a substantial
reduction in bricklayers, plasterers, tillers, plumbers, etc., onsite. Initially these skills
will be needed offsite but in time it is likely the skill level will be reduced due to
factory methods and conditions — with one skilled supervisor overseeing lower

skilled operators (ConstructionSkills, 2010).

As the build process in offsite become increasingly integrated with manufacturing
functions, process management therefore becomes progressively more critical. A broad
base of skills will be required, bringing together oversight of both offsite and onsite

activities, these include for example:
o site safety;
e risk management;
e quality control;

e sequencing.

2 hitp://www. cartwrightpickard.com/ethos/offsite.aspx
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Over time and, depending on the level of adoption of ‘lean manufacturing’ principles, the
oversight function will become increasingly reliant on technology to automate and control

the build process.?

In the longer term, as offsite construction becomes increasingly integrated with
manufacturing, a more sophisticated process will emerge, likely heavily reliant on
technology and necessitating a managerial profile based largely on scientific and

technical skills.

Figure 2: Ideal mix of ‘front-loaded’ skills offsite

Design

Constructi
Manufacturing

Engineering

Respondents to the depth interviews collectively described a situation which calls for an
equal balance between managerial and technical capability. Managers will need to
manage a greater number of variables and diverse teams, bringing together seamlessly

the offsite and onsite work functions.

Sites are increasingly becoming areas of assembly: this requires different disciplines to
work very closely together. Important elements are timing, sequencing and precision,
underpinned by speed and quality. These can only be successfully achieved through

effective team working and communications:

For professional services MMC will require integration of construction processes
from design through to construction and maintenance, implying a need for cross-
disciplinary education for design teams. Also there will be a need for more CAD-

trained design technicians working offsite (ConstructionSkills, 2010).

21| ean’ principles are essentially those aimed at increasing market share, whilst minimising the resources used — an
approach generally accepted as being pioneered in Japan.
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The main barriers to skills integration are currently seen by respondents to this research
to be a lack of knowledge by sub-contractors within the traditional wet trades, which
account for the bulk of the industry. This manifests most commonly as what is perceived
to be resistance to change by traditional builders, and a perception that offsite is much
more attractive and appealing to larger employers.

4.1 Skills, knowledge and behaviour needs for offsite

Figure 3 below summarises the mix of skills, knowledge and behaviours required for
MMC and offsite. The summary has been developed from an analysis of the depth

interviews, round table discussions and literature review.

Whilst most skills are related to high level disciplines (such as management level grades
and equivalent), some craft related skills are also considered important for offsite

construction.

Figure 3: Skills, knowledge and behaviours needed for MMC and offsite

construction
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Core skills, knowledge and behaviours, particularly for higher level occupations, identified
by interview respondents and roundtable delegates are listed below. These are discussed

in more detail in the following sections.

¢ knowledge, mutual understanding and collaboration;

¢ marketing and business case development;

e project management;

e information technology;

e planning and design;

e awhole life approach.

4.1.1 Knowledge, mutual understanding and collaboration

The depth interviews and roundtable discussions (particularly responses from ‘users’ of
new technologies) suggest a greater focus on a ‘knowledge economy’, or an effective
utilisation of knowledge, in future, rather than a substantial shift in the skills profile of the
workforce. Knowledge-based collaboration is also cited as a future skill in the literature
(Echert and Kazi, 2007).

A need for better ‘situational awareness’ i.e. a clearer understanding of other job roles
and the overall project, as well as behaviours such as risk scanning and effective
communication, and inter-disciplinary education, have been frequently cited in interviews
and each roundtable discussion as priority needs for the offsite workforce. In particular
these are identified as priority needs for the site supervisor/project manager. Key

aspects of this awareness and understanding are identified as needing to span:

¢ knowledge of all the remits undertaken by the different trades operating offsite and

onsite;

e precise tolerances and accuracy plus the need for high quality standards required

for onsite assembly, and the implications of getting it wrong;

e the impact of logistical issues, including working effectively within time and

sequencing allocations, and how to deal with problems;

e understanding how to minimise or avoid waste;
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¢ an understanding of how different materials and components interact onsite,

including how to handle, move and store them.

At a supervisory and site management level, this equates to an understanding of material
and component composition, their applications and properties and the importance of
precision. An understanding of the importance of placement and assembly is also likely to
necessitate a working knowledge of both design and rudimentary engineering principles.

Site supervisors and labourers will require an understanding of modern terminology, as
well as an ability to comprehend and follow instructions on new materials and
components. Site workers will need a greater understanding of general building issues
such as tolerances, air/water-tightness, and how components interact (CITB/Experian,
2008).

For professional services, MMC will mean an integration of construction processes from
design through to construction and maintenance, pointing to a need for cross-disciplinary

education for design teams.

The potential of high level skills is pertinent here in terms of collaboration, as a means of

contributing to one of the UK Governments ‘joint commitments’, to:

Identify global trade opportunities for UK professional services, contracting and
product manufacturing, developing partnerships and promote UK construction
through the GREAT brand (BIS, 2013).

Greater knowledge of how different job roles, such as electricians, plumbers and
carpenters, interact with one another will also be required, however respondents do not

anticipate significant changes to the technical skills needed of these types of occupation.
4.1.2 Marketing and business case development

There is a need to be able to articulate to potential home-owners and investors the
benefits of offsite construction methods. This requires well-honed business skills in
negotiation and influencing to promote, market and sell the concept, as well as the

technical skills and understanding to deal with customer questions.

Manufacturers are not very good at promoting their wares, levels of sophistication,
promoting their messages and marketing themselves, potentially producing

products without actually thinking about what the market actually wants
Stakeholder feedback, UK Government

Offsite construction, and its associated technologies, needs to be sold on two levels:
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¢ to the finance sector in terms of investments into offsite projects, mortgages and
insurance;

¢ and to the public to create demand.

We had to go right to the top and get in front of a Board Director and then we still
had to re-sell the product into every region because they are all run as though they
are separate businesses. Once they saw how well the product worked — i.e. how
quickly it could be used — the volume orders came in but we really had to prove

ourselves first.
Developer feedback, West Midlands

Historically, there have been significant problems with non-traditional construction in the
UK, with the failure of some types of post-war pre-fabricated housing systems,
particularly in concrete system-built structures. The 1984 Housing Defects Legislation
identified a series of post-war concrete systems that were prone to unacceptable
deterioration.? There has also been evidence of failure in early steel system built houses
(BRE, 2002).

Such problems are to some degree intrinsic to any innovative techniques, where it is
possible that unanticipated problems may emerge either because of design flaws or,
perhaps more likely, due to an insufficiency of skills and experience in implementing new

building methods.

The design lifespan of modular construction is currently around 60 years, and this can be
contrasted unfavourably with the seemingly limitless design life of well-executed masonry

construction.

The result is that mortgage lenders and financial institutions remain cautious about
providing finance for non-traditional methods of construction, which can be viewed as
untested, potentially prone to major failure, and difficult for surveyors to assess reliably.*
Such issues may have significant impacts on the availability of mortgages to potential
private domestic clients, and also to developers looking to secure finance for larger

developments.

3 hitp://ww.cml.org.uk/cml/policy/issues/107 accessed 02/09/2013
2 hitp://www.cml.org.uk/cml/policy/issues/107 accessed 02/09/2013

28


http://www.cml.org.uk/cml/policy/issues/107
http://www.cml.org.uk/cml/policy/issues/107

Technology and Skills in the Construction Industry

Progress has been made in this area, however, by collaboration between the Council of
Mortgage Lenders (CML) and the Building Research Establishment (BRE), to develop a
new certification standard for MMC — LPS 2020. According to the CML the standard is
‘intended to meet the concerns of lenders, insurers and other stakeholders in terms of
key issues such as durability, whole life costs, reparability, insurability and flood

resilience’®?°

Markets for offsite include civil and industrial structures as well as housebuilding. As
previously stated, there is reluctance within some parts of the industry as well as among
consumers to embrace offsite; this highlights the importance of having people with
marketing skills and robust case studies that can help to ‘sell’ the concept and underpin
business development. This must also be backed up by testing and promotion of new

technologies to underpin business growth and volume output for builders.

If research and development is industry-led or developed, this can be an advantage that

can help bring a product to market more quickly.

It helps if there is a client on board — we can get to market quicker if they

recognise the risks
Innovator feedback, England

Other obstacles can also prevent or delay technologies being brought to market. For
example the implementation of innovative timber offsite MMC techniques is necessarily
limited because there is no Eurocode compliant software platform for the sector
(Menendez et al., 2012). Regulatory issues including health and safety considerations
are a necessary consideration but can also lead to delays or negative associations where

issues have occurred.

Conversely safety requirements could be a positive driver of change. A high percentage
of site deaths occur at height, and removing the need for scaffolding (not always able to
support prefabricated structures hence hydraulic platforms must be used instead) could
be a major influencer of change. Similarly if scaffolding does not have to be in place for
as long, given the shorter length of time onsite, this would reduce health and safety risks

to the workforce.

3 hitp://www.cml.org.uk/cml/policy/issues/107 accessed 02/09/2013
% It is worth noting that it is the individual property, rather than a design or a set of components that constitutes security for
a loan. Reparability and adaptability are also key criteria for insurers when making finance decisions on a property
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There are also cultural issues, with a perception that many customers are suspicious of
offsite because of negative associations with post-war ‘pre-fab’ housing, and ‘“resist any
innovations in house construction which affect what a “traditional” house looks like”
(Goodier and Gibb, 2005).

The greatest barrier is public perception. The house buying public want
traditionally built homes. There has been no great change in the way that houses
look and are laid out in over 100 years (with just a few notable exceptions). Modern
technologies are often used to dress up pre-fabricated elements of buildings to
make them look traditional

Innovator feedback, England

The ability to pass on knowledge to the customer/homeowner will also be important for

the future.

Literature suggests that customer service and ‘specifying’ skills may increase in
importance as the consumer is given greater control. Off-the-shelf designs are predicted
to increase as offsite technology is integrated further into the housebuilding market, in
future requiring a more customer-centric design and configuration process, possibly

enabling customers to choose and specify their home online.

This is significant because of the associated ‘inflexibility’ of the design process; decisions
need to be made early in the design process, that are not easy to adapt or change once

production has begun.

For example customers are likely to be able to order modular homes online, and also
personally play a part in designing and customising their homes using interactive design
websites or a ‘kit of parts’. This approach has been in practice in Japan (Toyota Homes)
for several years, whilst in the UK, customers are able to specify their design online, add

optional details and receive a guideline price. ?’ %

The evolution of the construction industry, including shifts to offsite manufacture,
ties in with the concept of Open Building Manufacturing. This concept places the
customer at the heart of the construction process, strives for a more efficient
industry encourages collaboration and is value and knowledge-driven (Alshawi et
al., 2007).

4.1.3 Project management

# www.toyotahome.co.jp
% Companies offering this service include Rapyd Rooms www.rapyd.co.uk and Ecospace www.ecospacestudios.com
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Project management skills in their widest sense were recognised by a large number of
interview respondents, most notably amongst ‘users’, as being critical for the future
development of offsite construction. The integration of manufacture (offsite) and
assembly (onsite) were most frequently cited in terms of contributing to the need for skills

in overseeing the entire construction process.

A range of skill sets are noted as important within the project management function, such
as supply chain management and balancing the timing and sequencing requirements of a
‘Just In Time’ approach®. This also requires associated skills in logistics (e.g. planning
routes) and placement. Scheduling is a critical sub-set of the project management skills
base.

These sets of project management skills are viewed as becoming more important over

time, with operational management skills combining with technical skills and knowledge.

Offsite makes it more important to consider how work is planned, designed and
scheduled. If managers have qualified with high level current qualifications but their
expertise is traditionally onsite then it could be very difficult to move to offsite. It’s
not necessarily the technical skills that are different but more the softer skills

including planning, sequencing and link between design and build.
User feedback, Scotland
Effective management of both processes and people are viewed as essential.

e The process factors include; procurement; supply chain management, whole life
costing, health and safety, design management, lean construction, sustainability,

tolerance and quality.

e The people factors include: communication, role of the project manager, culture,
client/design team, leadership, perception and integration (McCarney and Gibb,
2012).

The ability to identify and embed process improvements will be informed by the
integration of project information, therefore comprehensive knowledge and understanding

of BIM is also considered vital (see below).

4.1.4 Information technology

% An approach, originally pioneered in Japan, to improve efficiency in the manufacturing process. Essentially, the process
eliminates the need to hold surplus stock of products or components, resulting in savings and reducing waste.
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The use of BIM will be mandatory for all government projects by 2016, therefore, by
association, increasing the importance of effective IT skills required to use the
technology.

Interview respondents foresee increased emphasis on IT skills and general capabilities in
the application of new technologies, the prime example being BIM.

There is a widespread consensus among respondents that BIM is having, and will
continue to have, a “great effect” on the industry: in particular upon the design,
scheduling, management and quality of offsite construction projects. Clients can be
shown designs in 3D (in some cases 4D) and are able to take a virtual tour of the
build/manufacturing process and the projected end result. A number of interview
respondents highlighted the future importance of BIM to the project management
process; some see this as a panacea for the challenges identified, but this technology is

of course not unique to offsite construction, nor is it infallible.®

In addition, therefore, skills are needed to undertake detailed and accurate 3D drawings
in order for offsite to operate effectively (i.e. designs and concepts need to be correct first

time).

The really sad thing is that BIM offers manufacturing on a plate to the industry and
they just don’t get it. It offers standardisation and creativity opportunities. The key is
to standardise the things that should never be creative and allow more time and
opportunity to be creative in other areas of building.

Innovator feedback, England

More automated production processes will also need to be underpinned by effective IT.

As a comparison, in engineering consultancy, people are required to maintain a strong
working knowledge of software developments, but traditionally the construction workforce
does not have this same level of on-going knowledge of IT systems and how to best

utilise them as they evolve.

This is certainly true of craft and trade roles (for which the skill requirement is arguably
limited) but is also highlighted in the literature as a concern for high level roles: “skills
gaps at a high level have been identified, including those in engineering, management
and ICT and in SMEs” (Gambin et al., 2012).

% The benefits of developments in BIM modelling are not exclusive to offsite construction, but are equally
important and usable in regard to traditional construction, and therefore to class BIM as a technological
advancement ‘within’ offsite construction is perhaps to ignore a wider circumstance.
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4.1.5 Planning and design

The take-up of offsite construction processes presents a number of challenges to the
construction design and planning stages, with opinion divided as to whether this
introduces greater design freedom or supresses adaptation.

The process of offsite manufacture has been described by many respondents to this
research as akin to the automotive manufacturing process. The comparison is that the
finished product is most often signed off in its entirety before manufacture begins and that
the manufacture itself is a repetitive ‘conveyor belt’ type process. Within traditional
construction it is not common to commit to the solution so early in the process. There is
usually some flexibility and this is valued by architects, builders and end

users/purchasers alike.

The integration of design and planning will require skills to deal with different phases of
building, including: development; production; utilisation and disposal. Such stages are
commonly associated with a product lifecycle and integrated into modern manufacturing
processes, such as the ‘Design for X’ concept outlining an ideal approach to improving

life-cycle cost and quality, for example (see section 4.1.6 for further detail).

Adopting such a concept would, for the construction industry, require regular interaction

between designers, engineers, architects and the project manager.

Designing for manufacture is a skill that we need to work on — it’s a mix really of a
traditional design architect and a consulting engineer role. [t’s all about turning

what was a construction process into a manufacturing process.
User feedback, UK-wide

There are issues in terms of how design links with construction. A builder or
installer responds to specifications but if the design isn’t quite right then there is a
problem. On that basis the designers need to understand some of the technical

detail and vice versa.

User feedback, Scotland
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The literature review found a perception among architects and designers that offsite and,
in particular, modular construction therefore restricts design freedom. There is a belief
that complex customised shapes cannot readily be accommodated in the offsite model,
and that traditional onsite methods are more flexible (Cole and Stevens, 2006). The
design must also be ‘frozen’ at an early stage, meaning that ad hoc improvements or
modifications cannot be made once the manufacturing process begins, although from
some designers’ perspectives this can be considered an advantage (Jenny
Hayes/O’Connell East Architects, 2009).

One of the most significant impediments has been recognised as the inherent inflexibility
of housing system design components, which are difficult to exchange or adapt, therefore
limiting customisation (Abosaod et al., date unknown). This is it odds however with other
findings which suggest the opposite: that offsite offers a highly flexible and customisable
option (Echert and Kazi, 2007).

It is possible that developments in BIM will make this less of a problem, since this is
making it easier to predict many aspects of the functioning and performance of a building
at the design stage; for example, through 3D modelling and ‘testing’: an important

consideration for the housing market, particularly in terms of ‘customisation’.

In addition, it is worth noting the following disadvantages identified by the architects
working on a major building project that was constructed using offsite modular
components (Jenny Hayes/O’Connell East Architects, 2009):

¢ lack of adaptability of finished structure (volumes of modules are unalterable);
e modules are limited in size due to transport limitations (physical and regulatory);

o cost efficiency often requires quantity e.g. cost of using large cranes to move

around large pre-fabricated components and modules.

Some of these issues are much the same as those identified in recent research with
contractors in the USA (transportation issues, limited design choices and the inability to
modify the scheme onsite) suggesting that they are likely to be robust and enduring
issues (Na, 2007).

4.1.6 A whole life approach

Design principles that embrace the ‘whole life approach’ are likely to apply increasingly to
construction if it continues to move forward into more mainstream adoption of offsite
technologies; these are accepted in facilities management disciplines for example, and

are becoming more prevalent in terms of product sustainability in manufacturing.
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There may also be a need to change procurement and project management practices.
Full volumetric approaches should ideally be decided upon before the design process
begins, whereas the usual procurement process designs first and then seeks tenders for
construction (design, bid, build); the usual ‘critical path’ based project management
approach assumes a largely sequential approach to construction, whereas offsite enables
simultaneous completion of different parts of the construction process (Modular Building
Institute, 2012).

For a building system to be considered truly sustainable from an environmental
perspective, the whole lifecycle from cradle to grave must be taken into account
including embodied energy of the raw materials, the transportation, production and
construction emissions, and the energy consumed during use and at the end of its
life (Sanna et al., 2012).

Repair and maintenance will always require ‘traditional’ skills but knowledge will need to

be expanded.

According to Goodier et al, “prefabricated houses might never be actually repaired or
renovated onsite” (Goodier et al., 2012). The depth interviews have confirmed that the
accepted life-span of many modular structures is generally acknowledged to be no more
than 60 years, designed to be removed and replaced rather than refurbished or

modernised.

This could have an associated impact on trades specialising in repair and maintenance: a
market dominated by SMEs. However the volume of traditional, existing building stock in
need of on-going repair and maintenance should soften the impact of this potential
decline.

Greater integration between builders/trades and manufacturers in terms of repair and
maintenance will vary as each system is currently slightly different. The bespoke nature
of the offsite industry means there is limited cross-fertilisation between different systems.
The result is that manufacturers will need in future to work closely with repair and

maintenance disciplines to maintain the original design features of the structure.
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This is a critical factor when considered against the potential contribution of the offsite
market to the sustainability and low-carbon agenda. Essentially repair and maintenance
professionals will need to be highly skilled to maintain air-tightness for example, and will
need to understand (as do specifiers) the importance of using the correct materials and
components, and fitting them to the required tolerances. In some cases it may be
desirable or indeed necessary to replace individual pods or sub-structures in order to
maintain a building’s environmental credentials as integrity may be compromised by the

alternative.

Manufacturers are expected to be in the best position to advise on the repair and
maintenance of the building and offer documents and manuals to the building owners on

the ‘whole life’ management of the building.

For offsite, maintenance is typically simpler; buildings are delivered with an accurate plan
of where wires, pipes, etc., are in walls and under floors so it is easier to access them for

servicing or avoid them when altering.
4.2 The impact on the skills supply chain

A key function for the future will be subsequent onsite ‘assembly’ of offsite manufactured

components, rather than ‘construction’ in the traditional sense (Balfour Beatty, 2012).

Figure 4: Core skills differences between offsite manufacturing and onsite
assembly

Offsite manufacturing: Onsite assembly: Specialists in

Specialists skilled assembly with a high degree of
in highly repetitive tasks situational awareness

This will have a knock-on effect on building services engineering disciplines and,
primarily, mechanical and electrical trades. These trades will still be needed, but likely not
for as long during the construction process in future, as the onsite finishing period will be
much shorter, curtailed by factory automation. Other traditional onsite skills will not
change, such as undertaking the drainage and foundation work as part of site

preparation.

In this scenario the installation process would be conducted in a piecemeal fashion on a

production-line type basis, supervised and quality assured by a qualified overseer.
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[There will be] greater mechanisation and automation onsite. Much of this can be
achieved by wider use of existing tools and techniques (craneage etc.) but it will
have implications for new skills or a wider need for skills in craneage and lifting,
for handling large loads and logistics onsite etc (CITB/Experian, 2008).

Respondents are not suggesting that dedicated occupations and expert roles will
disappear altogether as a result of offsite construction, however there will be a need for
greater flexibility and multi-skilling so that individuals can adapt their existing skills base
to work with a wider range of materials and projects. This points, overall, to a ‘re-skilling’

rather than ‘de-skilling’ scenario.

Many commentators and contributors to this research suggest that a broader skillset will
become a requirement as offsite becomes more typical. However there is a sense that
the result may be a more stark separation between offsite and onsite skills and job roles
but with a common ‘generic’ skills base. Others have gone on to suggest that if the
discrete build systems and processes are taken up by the industry in greater numbers

there is a sense that system-specific skills will be in demand.

Onsite skills needs will be more about installation than construction, this does not
necessarily represent de-skilling but is more about flexibility and adaptation. Workers
may in fact need to be more highly skilled because the level of quality and tolerances are

more tightly defined. Standards of workmanship might be expected to be higher.

What there is probably a need for are multi-skilled people that are able to
understand the interaction between different materials, for example if you put timber
and insulation products together, that will require knowledge of factors such as
condensation risk. It is less about the individual materials but more about how they

interact.
Developer feedback, UK-based (International operations)

A lot of precision onsite equals more skilled people onsite. Exactly the opposite of
de-skilling.

Innovator feedback, England

Contrary to most beliefs, offsite calls for very high skills levels. It is precise and
strategy led so everyone has to understand how their role works within the whole

process.

User feedback, UK-wide
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5. Occupations and job roles

e This research has identified a need for core, or primary occupations within offsite

construction, supported by other secondary and tertiary job roles. In this context:

- primary occupations are necessary for both design and delivery of offsite projects;
- secondary job roles will contribute to delivery, such as component assembly;
- tertiary roles will have a more supportive function, for example office administration.

e As offsite currently accounts for a relatively small proportion of the construction
sector, impacts on occupations to date have been limited. Over the longer-term,
should offsite be more widely embraced and adopted, certain occupations (such as
architects and designers) could be expected to evolve, requiring different and broader
types of skills and knowledge, as well as potential overlap between managerial and
professional roles.

e A critical occupational mix for offsite is that of design, engineering and project
management. A typical staffing model for offsite companies tends to employ such
roles on a permanent basis, whilst additional employees in other roles may then be

recruited on a short-term basis, often through agencies.

e Few