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The Engineering UK Report, now in its 20th year, provides a comprehensive analysis
of engineering’s economic contribution and the composition of its workforce, as
well as the extent to which the supply through the education and training pipeline is
likely to meet future needs and demand for engineering skills.

Across the years, the report’s key message has remained

largely the same: the engineering sector is of vital importance

to the UK, yet demand for people with engineering skills is
not being met by supply through the UK education pipeline.
Concerted effort is needed to address the shortfall of
engineers if these economic and social contributions

are to be maintained.

This year’s report, using an updated analysis by Warwick
Institute for Employment Research of engineering jobs and
industries, identifies an annual demand for 124,000
engineers and technicians with core engineering skills
across the economy. There is an additional requirement
for 79,000 “related” roles requiring a mixed application of
engineering knowledge and skill alongside other skill sets.
Given the current supply of talent coming through the
education pipeline, we anticipate an annual shortfall of
between 37,000 and 59,000 engineering graduates and
technicians to fill these core engineering roles. Looking at
the supply of graduates specifically, if all those we estimate
to be eligible to take up graduate engineering roles did so,
the shortfall would be at least 22,000; in reality, since many
do not, the shortfall is significantly higher.

Engineering — far from being limited to the hard hat stereotype
so often perceived - is a diverse field that touches every part
of daily life, driving forward everything from cleaner air to
faster broadband. Increasingly, the fusion between the

digital, physical, and biological is both leading to new fields

of engineering and adding to the already significant demand
for highly skilled labour. As we move further towards an
hourglass economy, fuelled by the fourth industrial revolution,
there are clear implications for the engineering and technology
sector and its skills needs. And as the sector and its skills
needs change, so too does the context in which it operates.
The UK's decision to leave the European Union and changes
to education policy offer both exciting opportunities and
significant challenges for the future.

In our view, the key to addressing the future demand for
engineers is encouraging young people to study STEM
subjects and pursue engineering-related qualifications. Our
report highlights a number of case studies of good practice

already taking place within industry and the education sector.
And there is positive movement. For example our analysis
shows that:

- the proportion of young people aged 11 to 19 who would
consider a career in engineering has risen from 40% in
2013 to0 51%in 2017

- the number of people achieving success in engineering-
related apprenticeships in England grew by 9.3% in 2015/16
over the previous year, more than double the rate across all
subject sector areas

- between 2011/12 and 2015/16, the number of engineering
and technology students in higher education increased
by 1.5% while overall student numbers declined by 8.8% in
the same period

However, some key challenges remain.

Too few STEM teachers

Teachers have a vital role in shaping the aspirations and

career trajectories of young people, but many pupils do not
have access to specialist STEM teachers. In the context of

a growing pupil population, the number of STEM specialist
teachers has remained largely stagnant since 2015. This is
starting to become an acute problem: in 2017/18 there was

an estimated shortfall of 2,200 STEM trainee teachers against
the DfE teacher supply model target in England. There is also
an issue of retention, with teachers increasingly leaving the
profession for reasons other than retirement.

Limited access to STEM careers activity

Inspirational engineering-focused engagement activities can
help to ensure young people experience real life applications
of engineering and are well-informed about the many doors
they can open through their subject choices. Yet findings from
our 2017 Engineering Brand Monitor (EBM) indicates that just
28% of young people aged 11 to 14 surveyed had taken partin
a STEM careers activity in the last year. There is a need for
the engineering and STEM outreach communities to work
together to make such activities available to all.
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Too many initiatives

The Royal Academy of Engineering estimates that more

than 600 UK organisations run STEM engagement initiatives
directed at schools, and there have been a host of policy
efforts to address skills shortages through, for example,
reform in technical education. However, coordination

between activities and evidence of impact remains limited

and teachers find it difficult to navigate this complex
landscape. To make best use of our resources as a community
and tackle the skills shortage more effectively, we must assess
whether these policies and STEM engagement initiatives are
having their intended effect, and better support schools to
differentiate between the many opportunities on offer.

Too few women becoming engineers

While women comprise 47% of the overall UK workforce,

they make up only 12% of those working in engineering
occupations. The causes of this gender underrepresentation
appear to be systemic and formulated at a young age.

Asked how much they would like to be an engineer when

they are older, just 34% of 7-11 year olds girls surveyed stated a
little or very much, compared with 59% of boys of the same
age. By the time girls reach age 16-19, only 25% would consider
a career in engineering, less than half the proportion of boys.

Strong gender differences are apparent in educational
choices. In the latest year for which data is available, only 27%
of girls’ A level entries were in STEM subjects, compared with
46% of boys’ entries, and only 16% of first degree engineering
students were women. Even after having studied engineering,
there are further leakages in labour market transitions. Six
months after graduating, white and/or male engineering and
technology graduates are more likely to go on to work in an
engineering-related role or find employment in the engineering
sector than their BME and female counterparts.

Too little home grown talent

A considerable proportion of students studying engineering
and technology at HE level in the UK are from EU or non-EU
countries. This is most apparent at taught and research
postgraduate levels, where international students make up
two thirds of all engineering and technology students and

as much as 80% in some engineering disciplines. Our current
reliance on international students leaves the engineering
pipeline extraordinarily vulnerable to changes that could
occur once the UK leaves the EU.

Too little understanding of apprenticeships

Ensuring access to and take-up of high quality apprenticeships
is critical for engineering yet there is concern that the
introduction of the apprenticeship levy may resultin a
compromise in quality and lead employers to repackage
existing training to drive re-skilling of their current workforce,
contrary to the intention of the levy. Furthermore, thereis a
clear need to increase awareness and perceptions of
apprenticeships as a worthy alternative to a university
education. The majority (58%) of 11 to 14 year olds surveyed
as part of the Engineering Brand Monitor 2017 indicated they
knew almost nothing or just a little about what apprentices do
and the different types of apprenticeships available— and just
over a third felt an apprenticeship was a desirable pathway.
Understanding was similarly low among parents surveyed,
with 46% indicating little knowledge of what apprentices do.

Recommendations

There are a number of specific actions that we

recommend taking to tackle the significant challenges

we face in developing the talent pipeline into engineering.
We do not claim they provide a comprehensive solution to
the problem but we do believe that they can make a material
contribution to addressing the severe shortfall in engineering
skills going forward.

1. The engineering and STEM outreach communities need
to make it simpler for schools to connect with employers
and other providers to access high quality, engineering
focused STEM engagement activity. Myriad STEM
engagement initiatives exist, and there is evidence that
schools often struggle to identify which are most appropriate
and impactful. It is critical that the engineering and STEM
outreach communities work together to inform schools of
the high-quality engagement opportunities available to them
and help foster stronger connections with employers.

The re-positioning of the Tomorrow’s Engineers programme
as the go to place for such activity, designed with the needs
of teachers and their pupils at its heart, will address this and
we encourage the whole community to get behind this work.
We also urge the government to take steps through the new
Careers Strategy to encourage and support schools to engage
in employer outreach activity, especially with engineering and
technology companies.

Professor Dame Ann Dowling, OM DBE FREng FRS
President of the Royal Academy of Engineering



2.The engineering and STEM outreach communities

should develop a better understanding of what engineering-
focused careers interventions work. There is a need for better
evaluation of engineering-focused inspiration activities taking
place so that the engineering and STEM communities can
optimise their resources. Further research and sharing of
good practice is essential if we are to identify and implement
the most effective methods to inspire young people to study
STEM and pursue engineering careers.

3.The government should work with the engineering and
education communities to increase the supply and retention
of specialist STEM teachers. The shortage of STEM specialist
teachers, which adversely affects the quality of STEM
education young people receive, is a longstanding issue that
has persisted despite many efforts to address it. It is crucial
that the government, engineering industry, and education
sector work together on innovative approaches to incentivise
talent into the teaching profession. Further work is also needed
to improve retention of specialist STEM teachers. In particular,
we note the need to address the multiple-year failure to meet
recruitment targets in design and technology and increase
teaching capacity at A-Level physics, where the shortages are
especially acute.

4.The government must ensure the UK's exit from the
European Union does not exacerbate the engineering

skills shortage. There is great uncertainty around the terms

in which the UK will leave the EU, and the implications it will
have on the country’s ability to attract engineering talent from
abroad. It is vital that the government actively safeguard and
enhance the UK’s higher education sector’s status as world-
class and welcoming to talent across the world. As part of this,
we strongly support calls to remove international students
from the net migration target. We likewise urge the government
to ensure the UK higher education sector remains attractive to
EU and non EU students studying STEM subjects by providing
five year working visas upon graduation.

5.Engineering employers and the government should
increase the supply of high quality apprenticeships. There

is a need for young people to have access to quality and
timely careers advice highlighting apprenticeships as a worthy
alternative to a University education. The recently introduced
Baker Clause is a welcome intervention by the government to
promote different forms of post-16 education in schools. The
engineering industry and the government must work together
to better communicate the value of apprenticeships to young
people and their influencers.
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While we welcome the government’s policies to promote
apprenticeships, early data suggests this is not having the
intended effect. We therefore encourage the government to
review the apprenticeship levy to ensure it appropriately
incentivises high quality apprenticeships at the right skills
levels for young people wanting to pursue engineering.

6.The engineering community should ensure young people
have a full understanding of the excitement and variety a
career in engineering offers, and the potential contribution
they can make as an engineer. The Year of Engineering and
the momentum in government behind the Industrial Strategy
present a once in a generation opportunity to change public
perceptions of engineering. The “This is Engineering”
campaign being delivered in partnership by the Royal Academy
of Engineering and EngineeringUK aims to capitalise on that
opportunity. We urge the whole engineering community to get
behind both the “Year of Engineering” and “This is Engineering”
campaigns to show a new generation the true potential of a
career in the profession.

7. The engineering community should improve engineering’s
record on diversity and inclusion. Despite many efforts to
address underrepresentation, diversity within the profession
remains an issue and may act as an additional barrier to
attracting a diverse range of young people into engineering.

Itis critical that the government, engineering industry, and
education community work to better understand the barriers
for women, black and minority ethnic (BME) communities and
people from disadvantaged backgrounds to pursue pathways
into, and careers in, engineering. The Royal Academy of
Engineering is currently examining the factors that influence
the differences in employment outcomes among BME groups
compared to white UK graduates. Employers and the higher
education sector should act on the findings of the study to
ensure opportunities for engineering careers are open to all.

We also encourage all stakeholders in the engineering
community to adopt the Royal Academy’s progression
framework for diversity and inclusion and hold themselves
accountable for their performance.

We hope these recommendations resonate with all those

who refer to this report and that its wider findings will
influence the agendas of everyone involved in the relevant
aspects of government, education and employment, and so
help to galvanise more action, for the good of the UK economy
and for future generations.

Malcolm Brinded, CBE FREng
Chairman, EngineeringUK
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Synopsis

Engineering plays a vital role in the UK's economic and societal wellbeing, providing
quality employment on a large scale and some of the key solutions to major global
challenges. In the face of technological advancements and a changing political and
economic landscape, developing the pipeline to address the skills needs of the
engineering sector remains a key challenge.

The engineering
footprint

Because the boundaries of what constitutes engineering are
often blurred, determining a clear definition of engineering
can be difficult, with different organisations historically
taking different approaches. To aid consistency, in 2017 the
Engineering Council, Royal Academy of Engineering and
EngineeringUK reviewed and updated the list of jobs and
industries deemed to constitute engineering. The footprint
used in this report reflects this revised version.

The Engineering Council, Royal Academy of Engineering and
EngineeringUK agreed to standardise the footprint using a
binary approach, whereby an industry sector or an occupation
is considered to be wholly in or out of the footprint. A set of
criteria regarding the level of qualifications and skills deemed
to be required for engineering roles was agreed and an
extensive review of standard occupational classification (SOC)
and standard industrial classification (SIC) lists undertaken.

As a result of this review, 10 job titles were removed from the
footprint, three were added and four remained with input from
external organisations. Fourteen industries were removed
from the list of SICs and two were added.

00

Engineering sector L
Engineering jobs in

engineering sector
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To further improve the precision of the engineering footprint,
jobs within the footprint were furthermore classified as
core or related.

Core engineering jobs were defined as engineering roles that
require the consistent application of engineering knowledge
and skills to execute them effectively. Core engineering jobs
include those that are self-evidently engineering: the
engineering professionals ‘minor’ group of civil, mechanical,
electrical, electronics, design and development and production
and process engineers. The ‘core’ definition also includes
those who require consistent use of engineering competences
- for example, a draughtsperson or a welder.

Meanwhile, related engineering jobs were defined as those
that require a mixed application of engineering knowledge
and skill alongside other skill sets, which are often of greater
importance to executing the role effectively. An architect is
an example of a related engineering occupation.

Revisions to the engineering footprint mean that figures
concerning the engineering footprint in this report are not
comparable to previous reports — but will enable consistency
across the sector going forwards. Where time series are
presented in the report, these figures have been recalculated
to reflect the revised engineering footprint and are intended
to be compared.

bé@

NPT Non engineering sector
Engineering jobs|in

non engineering sector
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of UK total workforce
employed in the
engineering sector

19%

Economy

Our findings unequivocally demonstrate engineering

is a critical part of the UK economy, both in respect of
direct contributions to turnover and employment and its
‘multiplier’ effect.

Productivity

Productivity is a key factor in the standard of living in a national
economy, with higher levels meaning improved economic
growth and a more prosperous society, with attendant
increases in funding for public services. That the UK has seen
its productivity decline below that of competitor nations has
been a long-standing concern for policy-makers and
employers alike.

While the causes of the UK's poor productivity record are
contested, it is clear that simply hiring more workers will not be
enough to achieve a step change: the productivity of existing
employees also needs to be improved, both through
investment in technology and skills, and the strengthening of
the educational pipeline.

Our findings show that engineering is a crucial sector for
raising the UK’s productivity levels. Research by the Centre
for Economics and Business Research (Cebr) on
EngineeringUK'’s behalf found that the engineering sector
had a strong multiplier effect on the economy, generating

a further £1.45 Gross Value Added (GVA) for every £1 GVA
created directly in the engineering industries. What’s more,
every additional person employed through engineering activity
was projected to create a further 1.74 jobs down the supply
chain. Overall, they estimated that the engineering sector
generated 25% of the UK's total GDP in 2015 (£420.5 billion).

Manufacturing enterprises within the engineering footprint
remain the largest economic contributor of the engineering-
based industries, generating £156.1 billion GVA (or 9.3% of

the GVA for all industries) in 2015. Indeed, in 2016 almost half
of the engineering footprint turnover came from manufacturing
(46.5%). But contributions from other engineering sectors were
also considerable: the construction industry generated GVA of
£62.9 billion, IT, telecommunications and other information
service activities £85.4 billion, and mining and quarrying

£16.2 billionin 2015.

One of the more visible contributions of engineering to UK
productivity is the construction of new national infrastructure.
In July 2016, the government major projects portfolio had

143 projects worth over £455 billion. Skills found in the
engineering footprint are needed for projects in every
category in the portfolio.

of registered
enterprises in

the UK were in the
engineering sector

27%

Back to contents
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1.74 jobs
supported by every
person employed
in engineering

(@ multiplier effect of 2.74)

Engineering

generated 23%

(E1.23 trillion) of the
UK’s total turnover

Engineering enterprises

Analysis by the Office of National Statistics for EngineeringUK
indicates that just over a quarter (26.9% or 687,575) of the 2.55
million registered enterprises in the UK in 2016 were in the
engineering sector, representing a 5.6% growth in terms of the
number of enterprises over the previous year. Moreover, this
year-on-year growth was observed across all industries within
the engineering footprint. Reflecting the growing trend in
digitalisation, the information and communication industry
saw the largest increase in the number of engineering
enterprises, growing by 7.6% over the last year and 40.8%

over the last 5 year period.

Employment

Perhaps unsurprisingly, given its share of enterprise, the
engineering sector employs a significant proportion of the
overall UK workforce. In 2016, just under one in five (18.9% —
or 5.66 million) people in the UK workforce were working in at
an engineering enterprise. Those working in an engineering
enterprise were most commonly employed in manufacturing
(42.3%), followed by information and communication (19.5%)
and construction (17.2%).

In respect of employment, it is clear some industries, such as
information and communications, are expanding while others,
notably mining and quarrying, are in decline. Also evident is the
strong contribution EU nationals make to the engineering
workforce. Data from the Labour Force Survery shows that
7.7% of workers in EngineeringUK sectoral footprint in 2016
were EU nationals, compared with 6.1% in non engineering
sectors. And in the first quarter of 2017, EU nationals made

up a higher share of the workforce in key engineering-related
industries such as manufacturing (11.5%), construction (8.7%)
and professional, scientific and technical activities (8.1%)
than in the labour force overall (7.3%).

Turnover

The economic contribution of these engineering enterprises
to the UK economy is significant. For the financial year March
2015 to March 2016, engineering enterprises registered for
VAT and/or PAYE in the UK generated 23.2% (£1.23 trillion)

of the UK'’s £5.3 trillion total turnover from all registered
enterprises.

Skills needs

The world of work is changing, with a growing trend in
economically developed countries toward an hourglass
shaped economy. Technological advances have been key to
this transformation, resulting in the expansion of knowledge-
intensive services and increased demand for highly skilled
labour. As we move further towards an hourglass economy,
fuelled by the fourth industrial revolution, there are clear
implications for the engineering sector and its skills needs.

In the two decades to 2014, the number of high-skilled jobs in
the UK has risen by 2.3 million and, in some sectors, employers
are routinely reporting that they are struggling to fill positions.
61% of businesses surveyed in the CBI/Pearson Education and
Skills Survey expressed a lack of confidence that there will be
enough people available in the future with the necessary skills
to fill their high-skilled job vacancies. Shortages in highly
skilled labour are expected to be exacerbated by the growth

of new industries, some of which scarcely yet exist, emerging
from new technologies and knowledge.

Emerging industries

In all engineering related industries, there is a trend
towards increased automation and connectivity. lllustrative
of this is the tremendous growth observed in information
and communication, with turnover generated from the
industry reaching £198 billion in 2016, a 23.5% increase
from 2011 levels.

Meanwhile, the big data sector continues to grow. It is forecast
to contribute £241 billion to UK GDP by 2020 and to create
157,000 new jobs. Going ahead, strong growth is also expected
across the architecture and engineering job family, with 3D
printing, resource-efficient sustainable production and
robotics all seen as strong drivers.

Back to contents
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new jobs in big data

by 2020
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7, 2 00 engineering

and technical workers
needed in high speed rail

by 2020

New technology is likewise transforming the engineering

skills needs of construction and rail and road infrastructure.

A critical part of Network Rail’s railway upgrade plan, the
largest modernisation programme since the Victorian era,
involves moving from signalling based on fixed blocks of track
to block signalling sited within moving trains to increase the
capacity of the network. The programme includes High Speed
2 and Crossrail, as well as electrification and station upgrades.
Unsurprisingly, these major projects necessitate a significant
number of engineers. It is anticipated that an additional 7,200
engineering and technical workers will be needed in high speed
rail by 2020.

This accelerating pace of technological, demographic and
socio-economic changes is translating to changing needs

in the labour. It is critical that the UK prepare itself for these
changes. It is our actions today that will determine whether the
wave of change brought by the fourth industrial revolution will
result in a substantial displacement of workers or in the
emergence of new opportunities.

Employment trends

Our analysis shows robust demand for labour, and an
outstripping of supply in many engineering industries.

April to June 2017 saw the highest vacancy ratio in the labour
force since 2001, at 2.6 job vacancies for every 100 filled jobs.
Yet this ratio was even higher in some engineering-related
industries, including information and communication (3.3)
and electricity, gas, steam and air conditioning supply (3.2).
Large year-on-year percentage increases in the vacancy ratio
were also observed in engineering industries such as mining
and quarrying (up 66.7%) and construction (up 27.0%).

Itis apparent that the scarcity of candidates, together
with rising demand, has had a positive knock-on effect

on engineers’ salaries. Our analysis found that the median
salaries of full time employees working in engineering
occupations in 2016 - ranging between £32,987 for
environment professionals and £47,394 for electronic
engineers — compared very favourably to the overall
average of £28,195.

However, while nominal wages are rising, real wages appear
to be stagnant. Economists have speculated that this wage
stagnation is both a consequence of the UK’s low labour
productivity and the inflation it has experienced since the
country’s decision to leave the EU.

Within this context, the UK's decision to leave the EU brings
significant uncertainty to the sector. While the economy

has not suffered as much as the Treasury predicted it would
following the UK’s decision to leave the EU, there are signs that
this resilience is declining because of the falling pound and
rising prices. There is also evidence to suggest the EU
referendum result has reduced net migration numbers.

000|000
goojooo

of businesses
were not

61%

confident there will be enough
people with the skills to fill their
high-skilled job vacancies
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79,000

engineering-related
roles to arise per year

Demand forecasts

Across the UK and other developed nations, there is an
increasing move towards an ‘hourglass’ economy, with
rising demand for both high and low skilled labour. It is clear
from our analysis that the engineering sector is no exception
to this trend. Moreover, there is considerable demand for
engineering skills outside of industries traditionally deemed
to be engineering. Given the engineering talent currently
coming out of the educational pipeline, we estimate there

is an acute shortfall of engineering skills — and that this

will continue without concerted action.

The hourglass economy

The increasing fusion between the digital, physical, and
biological, has driven — and will continue to drive — already
strong demand for highly skilled labour, especially in the area
of STEM. Net requirement projections from Working Futures
2014-2024 indicate that by 2024, 54.1% of the workforce will
require Level 4+ qualifications. This compares with 41.1%
in2014.

Going forward, it is also expected that demand for lower
skilled jobs will increase. This is because while the semi-
routine nature of many middle-skilled occupations are
vulnerable to automation, traditionally low-skilled occupations
often involve skills not readily automated. Such roles include
those in health and social care, which are forecasted to
increase alongside the needs of an ageing population.

This ‘hourglass economy’ is expected to hold for the UK

well into the future.

Continued demand for high skill roles
e.g. managers and professionals

(but supply growing faster than demand)

Growth in higher middle skill
jobs (professional and
technical) e.g. designer,
technician

Decline in traditional . .
Technology middejobses. € Globalisation
clerical, blue collar

7\

Continued demand for low skill roles
e.g. care, hospitality

Low pay, no pay
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Altogether,

203,000 people

with Level 3+ engineering
skills will be needed every
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Annual shortfall of up to

59,000 engineering

graduates and technicians
to fill core engineering roles
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Demand forecasts for engineering skills

A bespoke extension of Working Futures undertaken by
Warwick Institute for Employment Studies on EngineeringUK's
behalf estimates that between 2014 and 2024, 1,240,000
graduate and technician core engineering jobs will arise
across all industries as a result of both replacement

demand (i.e. the result of people leaving the labour force)

and expansion demand (i.e. new jobs). Assuming that this

is uniformly distributed across the ten years, this translates

to a need to fill 124,000 Level 3+ core engineering roles

every year.

Alongside this, we anticipate an additional annual requirement
for 79,000 “related” roles requiring a mixed application of
engineering knowledge and skill alongside other skill sets.
Altogether, this means 203,000 people with Level 3+
engineering skills are required per year to meet expected
demand.

Of this total annual net requirement, 57.7% is expected to arise
in the engineering sector. That 42.3% of the projected
requirement for Level 3+ engineering occupations is expected
to arise outside of the engineering sector attests to the
ubiquity of engineering skills required across industry.

Estimated shortfall

It is evident from our analysis that there is a critical shortfall
in engineering skills across qualification levels and core and
related engineering occupations.

Given the supply of engineering talent coming from the
educational pipeline through apprenticeships and higher
education, we estimate there to be a shortfall of between
37,000 to 59,000 in meeting an annual demand for 124,000
core engineering roles requiring Level 3+ skills. Within this,

we expect a graduate-level shortfall of at least 22,000 per year.

Altogether — when looking at total demand for Level 3+
engineering skills across core and related engineering roles
more broadly — we estimate the annual shortfall to be at least
83,000, and up to 110,000.

Labour force movement

It is accepted that the fulfilment of net recuitment
requirements (whether from replacement or expansion
demand) does not have to be met entirely from new entrants
to the workforce from education. For example, some
economically inactive people may transition back to the
labour market. There is also movement within the labour
force to and from engineering enterprises and occupations.

However, analysis into the extent to which there is
occupational mobility to and from the engineering sector,
undertaken by the Institute for Employment Studies on
EngineeringUK’s behalf, has concluded that these do not
materially impact the engineering skills shortfall.

Using Labour Force Survey (LFS) data for the period 2006

to 2016, IES concluded that annual flows into and out of the
engineering sector over the last decade were broadly net
neutral. This has two implications. Firstly, our engineering
skills shortfall estimates are robust against the omission of
net intersectoral mobility. Secondly, while there is potential
to reduce the shortfall by attracting more workers from other
sectors and improving retention, so far annual net inflows
into the engineering sector have been too small to make a
tangible difference.

Changes and comparability

Both demand and shortfall figures presented in this report are
not directly comparable to previous editions. This is due to the
use of a revised engineering footprint, which has resulted in a
narrowing of what is considered to be engineering, alongside
refinement in the demand and supply methodology, such

as the inclusion of forecasted demand arising in the non
engineering sector. These changes aim to foster greater
consistency in the sector going forward, and take into
account the considerable need for engineering skills

outside of industries traditionally deemed to be engineering.
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Careers strategy
published in
December 2017

New assessment
system for GCSEs

in England phased in
during summer 2017

Government strategies
and policy initiatives

Population projections from the Office of National Statistics
indicate that in the next 5 years, there will be considerable
increases in the number of 12 to 16 year olds. Over the next
20 years, all age groups are expected to grow, especially
those of secondary school age. This is encouraging for

the potential engineering talent pool.

The extent to which this potential is harnessed will be
dependent on the educational decisions young people make
now and into the future. The government has introduced a
number of strategies and policy initiatives, many of which
are intended to address skills shortage and employability
concerns. These are steps in the right direction, but it is
essential that progress toward these stated objectives is
carefully monitored over time.

Government strategies

The issue of the engineering skills gap continues to have a
high profile across government, with significant investment
and policy initiatives aimed at increasing the take up of STEM
subjects, the status of technical education and the supply of
key skills.

The industrial strategy, published in November 2017,
emphasised the important role of education in driving skills,
economic growth and productivity and the need to identify and
address sector-specific skills gaps to support this objective.

The following month, the Department for Education published
the long awaited careers strategy for England, which set out a
plan to improve careers advice and guidance provision in
England. This is a welcome initiative with a clear timetable for
action, allowing the sector to hold the government to account
for progress.

The government’s vision for a revised technical education and
apprenticeships landscape, its Social Mobility Action Plan and
its commitments to raising the take up and quality of STEM
learning through the industrial strategy is intended to bring
about the ‘skills revolution’ this country needs, and safeguard
investment in education and skills from the uncertainty
surrounding Brexit.

Devolved administrations

In parallel to this, STEM education was the focus of a number
of flagship initiatives across the devolved nations in 2017.
Scotland saw the launch of a five year STEM Education and
Training Strategy in October 2017. One of its key areas of
intervention is the recruitment and retention of STEM teachers
in schools, which has been a significant issue in recent years.
Likewise, last summer the Welsh government announced

a £3.2 million drive to improve how maths is taught in

Welsh schools.

GCSE and A-level assessment

Summer 2017 saw the first GCSE maths and English results
issued in England using a new assessment system with a 9 to
1 grading system, with the same change to sciences planned
for summer 2018. At the same time the first awards of the new
‘linear’ A levels in biology, chemistry, computer science, and
physics, where assessment is mainly by examination at the
end of the course, were made.

Post-16 Skills Plan and apprenticeship reforms

Major changes to the technical education are underway. This
has largely been driven by recognition of the skills shortage
and perceived flaws within the current system, including the
low qualifications value of many apprenticeships and a
complexity that learners find difficult to navigate.

Some of the legal basis for these changes is provided by the
Technical and Further Education Act, which received royal
assentin 2017. The Act includes the so-called “Baker clause”
(arising from an amendment proposed by former education
secretary Lord Baker), which from January 2018 requires
schools to give further education providers opportunities to
inform pupils about the qualifications they offer, and publish
a policy statement outlining how those providers can access
their pupils.

Under the Post-16 Skills Plan, the government has proposed

a common framework for 15 technical education routes for
college-based and employment-based training. The intention
is for there to be clearer delineation between academic and
technical education, with learners working towards A-levels

or T-levels, and apprentices able to transition between the two.
An equalities impact assessment undertaken by the
government suggests that there may be diversity issues
arising from this approach, with those taking a technical route
more likely to be male, of Caribbean ethnicity, have special
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Higher Education
and Research Act

received royal assent in
April 2017

educational needs and/or a disability, or eligible for free school
meals. Ongoing monitoring of the policy and its consequences
for young people is therefore important.

This plan seeks to build on existing apprenticeship
reforms already underway in England, in the form of new
apprenticeship standards, degree apprenticeships, and an
apprenticeship levy on employers.

Since 2014, the Institute for Apprenticeships, which has
responsibility for delivering high quality apprenticeship
standards and assessment plans for England, has been
working with groups of ‘trailblazer’ employers to develop new
apprenticeship standards for different job roles. As of summer
2017, 160 new employer-led apprenticeship standards were
ready for delivery, 83 in the engineering footprint.

In April 2017, the apprenticeship levy came into force, requiring
companies with a wage bill exceeding £3 million to fund
apprenticeships, in part to meet the government’s target of 3
million apprenticeship starts in England by 2020. Though it is
early days, some have expressed concerns that this could
result in a compromise in quality. Further, fears of “relabelling”
existing training to claim back levy spend appear to be credible
from evidence gathered by the CBI and Pearson.

Increasingly, the government has focused on apprenticeships
at higher qualification levels, amid concerns that much of the
initial growth in apprenticeship activity has been at low levels.
Itis already evident that degree apprenticeships — which
combine aspects of both higher and vocational education —
are attractive to HE institutions, with many investing
considerable energy and resources into developing their
provision. Many of the new degree apprenticeships on offer
are engineering-focused, including in aerospace, automotive,
construction, digital industries, electronic systems and
nuclear, and lead to professional registration.

Higher Education and Research Act

There has been considerable change to the higher education
landscape in recent years, with reductions in public funding
across the UK and increasing undergraduate tuition fees

in England.

2017 saw the passage of the Higher Education and Research
Act (HERA), deepening the market approach already in place.
Described by Wonkhe as “the most important legislation

for the sector in 25 years”, the Act aims to create more
competition and choice, boost productivity in the economy,
ensure students receive value for money and strengthen the
UK’s research and innovation sector.

To achieve this, HERA made way for a new regulator and
funding council for universities called the Office for Students,
which will hold the statutory responsibility for standards and
quality. Notably, the Office for Students will oversee the
Teaching Excellence Framework (TEF), an assessment

of teaching quality, which includes the ‘employability’

of graduates as one of its assessment criteria. It is hoped
TEF will contribute to addressing skills shortages, especially
in high skilled STEM areas, where concerns have been
expressed around some graduates not being sufficiently
‘work ready’. However, concerns around the metrics used by
TEF to measure employability have been raised in the sector.

The Act also brought the seven Research Councils, Innovate
UK and the research functions of the Higher Education
Funding Council for England (HEFCE) under a single body
called UK Research and Innovation (UKRI) and created
Research England, a new body that, among other things,
may make provisions for universities to charge higher
annual fees for ‘accelerated degrees.’
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in GCSE
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chemistry and
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2012 and 2017
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engineering-
related
apprenticeship starts

from previous year
(England, 2015/16)

Trends in the
educational pipeline

The largest flow of newly skilled talent into the engineering
workforce comes directly from education. Between each
educational stage, there is potential for ‘leakage’ from the
pipeline, as individuals make voluntary decisions about
their progression.

While trends in STEM education are broadly positive,
developing the pipeline to address the skills shortage will
continue to be a challenge for the engineering community.
Gender representation, in particular, is a key concern.

Secondary school

GCSE entries are a major indicator of skills at the beginning

of the engineering talent pipeline. Analysis of GCSE entries
over the last five year period present a mixed picture, but often
show declining entry numbers in STEM and, particularly for
technology subjects, skewed towards entries by boys.

Entries for biology, chemistry and physics between 2012 and
2017 decreased by around 10%, for example, amid a backdrop
of entries across all subjects increasing by 4.2% in the same
period. Notably, entries for science, which as a subject
previously had the second highest number of entries, have
dropped by over 46% over the last five years. While in this time
entries in additional science have increased (29.8%), it has done
so at a lower rate than the decline observed in science.

At A-Level, entry numbers have encouragingly increased in
mathematics, chemistry and physics over the last five years.
However, that STEM subject pass rates remain significantly
below average is a concern. With the exception of further
mathematics (88.2%) and mathematics (80.3%), A* to C pass
rates for all STEM subjects were below the all subject average
of 77.4% in 2017. Furthermore, A* to C pass rates have declined
in all STEM subjects (except computing) by at least 1
percentage point over the last 5 years, even as overall

pass rates have increased by 0.8 percentage points.

Apprenticeships

Employer participation in apprenticeships has continued to
increase. 262,500 employers in England employed apprentices
in the academic year starting 2015, a 4.5% increase in the
number who did so the previous year.

Encouragingly, engineering-related apprenticeships also
appear to have grown in popularity. In England, the number

of engineering-related apprenticeships starts in the academic
year 2015 to 2016 increased by 7.4% over the year before, and in
Scotland by 6.8%. The year-on-year increase was even higher in
Wales, at 7.8%.

In total, 129,059 people started engineering-related
apprenticeships across England, Scotland and Wales in
201510 2016, and 73,109 achieved success in the same year.
Although apprenticeship figures are not disaggregated by start
or achievement in Northern Ireland, the available data indicates
4,146 people were on engineering-related apprenticeships

in 2016.

While these figures are promising, initial data from 2017
suggest apprenticeship starts are dropping. This decline
has coincided with the introduction of the apprenticeship levy.

Itis furthermore clear that more needs to be done to raise
awareness and understanding of apprenticeships among
young people. In the Engineering Brand Monitor 2017, 58% of 11

First degree Taught postgraduate

28% 69%

28% of students in engineering-related
first degree courses and 69% students
in postgraduate taught courses

were not from the UK
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Engineering

apprenticeship starts
(England only)

Engineering and technology
first degree entrants

to 14 year olds surveyed indicated they knew almost nothing or
just a little about what apprentices do and the different types of
apprenticeships available. Understanding was similarly low
among parents surveyed, with only 46% indicating knowledge
of what apprentices do and 55% about the different types of
apprenticeships available.

Further education

The national colleges and the institutes of technology are the
latest of a number of vocationally related institute types and
policy initiatives introduced by government in an effort to
increase the quality and provision of higher-level technical
education across the country. Both are so new that it is too
early to make any judgements as to theirimpact on the FE
landscape and supply of skilled people to their respective
industry sectors.

As part of the response to the Sainsbury Review, the
government announced it would invest nearly £80 million in
May 2016 to create employer-led national colleges in 5 areas.
The National Colleges for High Speed Rail (with hubs in
Birmingham and Doncaster) and for Nuclear (with hubs in
Somerset and Cumbria) started their first courses in late 2017.
The National College for Onshore Oil and Gas was intended to
open at the same time but has been delayed. Institutes of
technology, which may be based at existing further education
colleges, are expected to open in 2018.

Higher education

There are widespread concerns that the UK’s decision to

leave the EU will make the higher education (HE) sector less
attractive to international staff and students, and make it harder
to access research funding and collaboration opportunities.
Together, these could negatively affect the quality of UK HE
teaching and research, particularly in engineering, which has a
high proportion of international students. This is most apparent
at taught and research postgraduate levels, where international
students make up 68.9% and 61.1% of engineering and
technology students respectively; within some engineering
disciplines, this proportion exceeds 80%. It is possible that the
continuation of these courses — and the supply of engineering
and technology skills at level 4+ — may be affected by changes
to the mobility of international students.

The final Brexit agreement with the EU is uncertain, but for
universities there is a very real possibility they will be less able
to recruit EU students and attract EU research funding beyond
2020. This would reduce income at a time when many face
multiple pressures, especially in high-cost subjects. The debate
on immigration and the rhetoric around Brexit may also impact
on the views of those international students and researchers
considering the UK. In light of these changes, institutions will
need to work hard to ensure that the UK remains a destination
of choice for students and staff alike.

In terms of trends, total student numbers have decreased over
the last five years for which data is available, with the biggest
fallin the year tuition fee arrangements in England changed.
However, in the academic year 2015 to 2016, there was a small
year-on-year increase in HE student enrolments for the first
time since 2010 to 2011.

There was a 1% increase in the number of HE students studying
engineering and technology in 2015 to 2016 compared with

the previous year, taking the total to 163,255. This was due
largely to arise in entrants at first degree level. It is the third
consecutive year in which numbers have increased, whereas
overall HE student numbers have fallen in two of those years.

However, in the academic year 2015 to 2016, fewer students
started both taught and research postgraduate engineering and
technology courses, falling 3.5% and 9.2% on the previous year
10 16,570 (taught) and 4,460 (research).

Women comprised just 16% of first degree in engineering and
technology students in 2015 to 2016, compared with 50.1% of
STEM first degree entrants and 56.1% of first degree entrants
overall. They were better represented at postgraduate level,
making up a quarter of both taught and research students.
This suggests they are more likely to pursue postgraduate
study than their male peers. Nevertheless, the fact remains
that women are severely underrepresented in engineering
and technology across all levels of HE, including at
postgraduate levels.

Back to contents
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The mean starting
salary for engineering
and technology
graduates was

18% higher than for
graduates overall

Transition to employment

Employment prospects for engineering and technology
students are strong, with graduates having better chances

of both getting a full-time job and earning higher starting
salaries than other graduates. However, it is evident that there
are ethnic and gender disparities in graduate outcomes with
respect to destination and pay. Furthermore, work readiness
of graduates remains a concern among employers.

Graduates’ employment prospects

In terms of finding full time employment, UK domiciled first
degree graduates who had studied engineering and technology
full time fare better than average. In 201510 2016, 62.0%
entered full time employment, compared with 56.1% of all
graduates, with fewer than the all subject average entering part
time work (8.0%) or work and further study (2.8%). Employment
outcomes for full time UK domiciled engineering and
technology postgraduates are better still: 63.5% of taught
postgraduates and 80.7% of research postgraduates entered
full time employment in 2015 to 2016.

Itis also evident that engineering and technology graduates
have strong earnings potential. With a mean starting salary
of £25,607, engineering and technology first degree graduates
earned 18.0% more than the average for a graduate in the six
months after leaving university. Only graduates in medicine
and dentistry and veterinary science earned higher starting
salaries. Likewise, mean salaries for employed engineering
and technology postgraduate taught graduates (£27,623)
were 10.5% higher than the overall average for UK full-time
domiciled taught postgraduates (£25,002). The same was
true of UK full-time doctoral level graduates, who earned
3.1% more than the all subject average of £33,092.

Communicating the financial opportunities an engineering and
technology degree affords is key to improving the engineering
talent pipeline. As findings from our Engineering Brand Monitor
show, while more than three in five young people aged 11-19
thought that engineers were ‘well paid, only 20% were able to
accurately guess the broad salary range for the average

graduate engineer, with nearly three in five indicating a salary
band considerably lower. This is significant, as we found that
among respondents, pay was one of the most important
factors when deciding upon a career — second only to it
being something they were interested in.

much larger proportion of white engineering and technology
graduates entered full time employment (65.6%) within six
months of graduating in the academic year 2015 to 2016 than
those of ethnic minority background (48.6%). Although this
trend can be observed among UK domiciled leavers of
different ethnicities who studied full time in general, these
differences were more pronounced among engineering and
technology graduates.

There are likewise differences in outcomes by gender.

While full time employment rates are similar among male
and female engineering and technology graduates, larger
proportions of men enter engineering occupations than
women. Among engineering and technology graduates

who found employment six months after graduation, 35.7%
of women were in roles that were neither engineering-related
or within the sector. This compares to 29.6% of male
engineering and technology graduates.

These figures are concerning, at the very least indicating
female and BME graduates are ‘leaking’ from the pipeline.
Further investigation is needed to look at whether these
gender and ethnicity gaps come from engineering graduates
own choice of career direction or are down to factors in the
occupational recruitment process.

’
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23%

profession by 2016

Harnessing the
talent pool

As our EBM findings — and, more broadly, this report - highlight,
if we are to address the severe skills shortage in engineering, we
must effectively harness the talent pool of young people. To be
successful, this endeavour must be extensive and inclusive:
working across the education, government, and industry
sectors; engaging with young people, teachers, and parents; and
employing a variety of activities to engage young people of all
backgrounds. While ultimately it is up to the young person to
decide whether they want to pursue engineering, there is much
work we can do as a community to ensure young people are well
informed when making their educational and career decisions.

Perceptions and attitudes toward engineering

There are signs that young people’s interest in the engineering
profession is growing. According to EngineeringUK's Engineering
Brand Monitor Survey (EBM), the proportion of young people aged
11 to 19 who would consider a career in engineering has risen
from 40% in 2013 to 51% in 2017.

However, the older pupils get, the less likely they are to consider
a career in engineering: 39% of 16 to 19 year olds in 2017 would
consider engineering, compared with 59% of 11 to 14 year olds.
While this may partly be due to older pupils having clearer career
aspirations and solidifying their plans, it also confirms that
sustaining young people’s interest as they progress through
secondary education is a key challenge.

Evidence also suggests that there is more work to be done in
informing young people, especially girls, about what a career in
engineering can entail. Our EBM results indicate that at every age,
boys are far more likely to consider a career in engineering than
girls. The findings further suggest that pupils across all ages are
less likely to understand engineering careers than science or
technology careers. Evidence from the ASPIRES project supports
this, indicating that young people often have poorly formulated
views of what engineering jobs actually entail.

There is also more to do to improve the image of the profession
so that more young people see it as desirable. Adults and
teachers surveyed in the EBM were more likely to view a career

in engineering as desirable for their children or for young people
than young people themselves: nearly 7 in 10 adults and 8 in 10
teachers said so, compared with 44% of pupils (16 to 19 year olds).

Teacher shortages

Though STEM teacher recruitment and retention has been a
longstanding problem, it has become acute in recent years. Pupil
numbers have grown by nearly half a million between 2011 and
2016, but the number of STEM specialist teachers has remained
largely stagnant since 2015.

2017 marked the fifth consecutive year in England for which
recruitment targets for trainee teachers were missed, with the
shortfall particularly pronounced in STEM subjects. In the year
2017 to 2018, there was an estimated shortfall of 2,188 STEM
trainee teachers against the DfE teacher supply model target.
Only 33.4% of design and technology places were filled in
England in that academic year, as were 68.1% of physics and
78.9% of maths positions.

Teacher retention has also not seen improvement. Of the 117,000
teachers who qualified in England between 2011 and 2015, 23%
had left the profession during that time. Moreover, the proportion
of those leaving for reasons other than retirement has grown
from 68% in 2011 to 75% in 2014. In particular, retention of newly
qualified science teachers is a concern, with recent research
suggesting that they are 20% more likely to leave the profession
within their first five years than similar newly qualified non-
science teachers.

These shortfalls persist despite many attempts by governments
across the UK to address these issues. It is therefore crucial that
the government, engineering industry, and education sector work
together on innovative approaches to incentivise talent into the
STEM teaching profession, and to improve retention.

Current careers provision

Access to engineering careers requires a well-functioning
system of careers education and guidance. However, careers
provision in England remains inconsistent and can miss those
who need it most.

In a national survey of over 13,000 year 11 students (aged 15 to
16 years) in England, less than two-thirds indicated that they had
received careers-related education. The study also found careers
provision to be “patterned by social injustices”, with girls, minority
ethnic, working class and lower-attaining students less likely to
receive careers education than their peers. Encouragingly, our
EBM results suggest that the proportion of 11 to 14 year olds who
have taken partin a STEM careers activity is rising, standing at
28% in 2017 compared with 23% in 2016.
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Female
47 % of UK workforce

12% of engineers and technicians

BME

1 2% of UK workforce

8% of engineers and technicians

There is evidence that schools often struggle to differentiate
between the offers in a very crowded market and to identify the
activities that would be most appropriate and impactful in their
setting. In fact, the Royal Academy of Engineering (RAENng)
estimates more than 600 UK organisations run STEM
engagement initiatives directed at schools. Given the amount
of effort and resources directed to delivering STEM inspiration
and enrichment initiatives, there is an urgent need to identify
which are most impactful so that resources are appropriately
targeted and evidence-based. In this respect, the Department
for Education’s recently published careers strategy is a
welcome move.

Diversity

Tackling diversity issues at every stage of the educational
pipeline and in the profession needs to be a key priority for the
engineering community. Employers in the engineering sector
have a very significant role to play in promoting equality and
diversity, working with schools, universities and on their own.

It is evident the engineering workforce does not reflect the
diversity of the overall working population, particularly in respect
of gender. While women comprised 46.9% of the overall UK
workforce in 2016, they only made up 20.5% of those working in
engineering sector. This proportion is even lower when
considering just those working in core and related engineering
roles, at 12.0%. Likewise, only 8.1% of workers in the engineering
sector were from ethnic minority groups, compared with 12.7%
in non-engineering sectors, and 12.2% of the broader population.

Our report finds strong evidence that girls and people from
BME communities are being lost at different points within the
educational pipeline. It is clear that these ‘leakages’ ultimately
contribute to the underrepresentation of these groups in the
engineering profession.

For example, at secondary school level, only 27.1% of girls’ A level
entries in 2017 were in STEM subjects, compared with 45.6% of
boys’ entries. Gender underrepresentation is particularly
pronounced within A-level computing and physics, where girls
comprised just 9.8% and 21.5% of entries, respectively, in 2017.

Diversity also remains a concern in technical education. Just
7.5% of engineering related apprenticeship achievements in
England and 3.4% in Scotland were completed by women in 2015

to 2016. And while 10.3% of people achieving apprenticeships in
England overall were from BME backgrounds — the highest ever
recorded, the proportion lagged behind in engineering-related
sector subjects, at 6.8%.

Nevertheless, there are signs that female representation is
slightly improving in engineering degree courses. For example,
the proportion of women entering first degree undergraduate
engineering and technology subjects increased from 15.1% in
the academic year starting in 2014 to 16.0% the following year.
However, out of all subject areas, engineering and technology
had the second lowest proportion of first degree entrants who
were women in the academic year starting in 2015 — only
computer science had a lower proportion, at 14.9%. This
contrasts with the number of women starting STEM first
degrees (50.1%) and first degrees overall (56.1%).

Furthermore, although students from a BME background are
well represented within higher education (where they represent
25% of engineering students), there are clear degree attainment
gaps, with outcomes for BME first degree engineering and
technology qualifiers consistently lower on average than white
qualifiers. Four in five (80.4%) of white students obtained a
‘good’ (first or upper second class) degree in engineering and
technology in the academic year starting 2015, compared with
68.5% of BME qualifiers.

There are also equality issues apparent in labour market
outcomes, with lower rates of female and BME engineering
and technology graduates going on to engineering-related
roles or working within the engineering sector than their male
and white peers. Likewise, gender pay gaps are evident among
those working in engineering occupations, with the average
full time salary higher for women than for men in only two SOC
core engineering occupational groups (electrical engineers
and electrical and electronic trades not elsewhere classified).
However, our analysis suggests that although there is a gender
pay gap in engineering, it is generally smaller than observed
more widely in the labour force.

While discussion on social mobility in this report is limited, the
growing focus on social mobility in the wider policy environment
is good news for STEM skills shortages, as this may translate
into the talents of more young people being recognised and
used. Growth in demand for STEM skills likewise represents a
significant opportunity to promote greater overall social mobility
inthe UK.
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Challenges and recommendations

If modern engineering is to continue to provide its enormous economic and social
contributions to the United Kingdom, it is of critical importance that the engineering
community work alongside the government and educational sector to address the

skills shortage.

Challenges

In the context of strong demand for engineering skills and

a changing political and economic landscape, it is essential
that we encourage young people to study STEM subjects and
pursue engineering-related qualifications. Our report highlights
that while there has been positive movement, there continue

to be significant challenges to addressing the skills shortage

in engineering:

- Too few STEM teachers. Recruitment and retention of
STEM specialist teachers, who have a vital role in shaping
the aspirations and career trajectories of young people,
remains a key issue.

- Limited access to STEM careers activity. Access to
inspirational engineering-focused engagement activities,
which can help to ensure young people experience real life
applications of engineering and make well-informed subject
and career decisions, is uneven.

- Too many initiatives. Schools often struggle to identify
which STEM engagement initiatives are most appropriate
and impactful for their setting.

- Too few women becoming engineers. Women are
underrepresented in every stage of the educational pipeline

into engineering and among those working in the profession.

- Too little home grown talent. Our current reliance on
international students leaves the engineering talent pipeline
vulnerable to changes that could occur once the UK leaves
the EU.

- Too little understanding of apprenticeships. There is a
need to increase awareness and improve perceptions of
apprenticeships as a worthy alternative to a university
education — and to ensure the apprenticeships on offer are
of high quality.

Recommendations

There are a number of specific actions that we recommend
taking to tackle these challenges. Notably, these require the
involvement of not only the engineering and STEM outreach
communities, but also the education sector and the
government. Closer collaboration between these four

groups is key if we are to ensure young people experience

real life applications of engineering, are well-informed of the
many opportunities a career in the profession can provide —
and ultimately, the shortage in engineering skills is addressed.

1. Streamline the STEM outreach landscape. The engineering
and STEM outreach communities need to make it simpler for
schools to connect with employers and other providers to
access high quality, engineering focused STEM engagement
activity. The re-positioning of the Tomorrow’s Engineers
programme as the go to place for such activity will address this

and we encourage the whole community to get behind this work.
2.Understand what works. The engineering and STEM outreach

communities should develop a better understanding of what
engineering-focused careers interventions work. Strengthening
evaluation of existing programmes and sharing good practice
can help to ensure we direct our resources most effectively.

3.Address the STEM teacher shortage. The government
should work with the engineering and education communities
to increase the supply and retention of specialist STEM
teachers. This has been a long-standing issue, and one

that requires innovative approaches to address.

4. Safeguard against the potential negative implications
of Brexit. The government must ensure the UK’s exit from
the European Union does not exacerbate the engineering
skills shortage. In particular, it is vital that the higher
education sector maintain its status as world-class

and welcoming to talent across the world.

5.Ensure apprenticeships are of high quality. Engineering
employers and the government need to increase the supply

of high quality apprenticeships. Further work is required to raise
awareness of apprenticeships among young people and their
influencers. In addition, we recommend that the apprenticeship
levy be reviewed to ensure it is having its intended effect.

6.Raise understanding and awareness of engineering.
The engineering community should ensure young people have
a full understanding of the excitement and variety a career in

engineering offers, and the potential contribution they can make

as an engineer. The Year of Engineering and This is Engineering
campaigns are key opportunities to showcase the profession to
anew generation, and ones that need to be embraced and
supported by the community.

7. Improve diversity and inclusion. The engineering
community should improve its diversity and inclusion

record. We need to better understand the barriers for women,
black and minority ethnic communities and people from
disadvantaged backgrounds to pursue pathways into, and
careers in, engineering.

Back to contents
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1 - Engineering in context

In 2017, the UK

had the third lowest

rate of productivity among
the G7 countries

Key points

Engineering has a key role in driving economic growth and
productivity, generating 23.2% of the UK'’s 5.3 trillion turnover
and employing 18.9% of the UK labour force. The sector is
also integral to the country’s ability to innovate, attract
investment, and develop infrastructure. As such, itis a
crucial sector for raising the UK's productivity levels.

Skills shortages and the productivity puzzle

The UK'’s productivity gap with other advanced economies
has been a long-standing concern for policy-makers and

is a key driver for the government’s industrial strategy
launched in November 2017. While the causes of the UK's
poor productivity record since 2007 are contested, it is clear
that simply hiring more workers will not be enough to achieve
a step change: the productivity of existing employees also
needs to be improved, both through investment in technology
and in skills.

Key to addressing the productivity puzzle, then, is increasing
skills among the labour force - but this has proven
challenging within a wider context of skills shortages, and a
growing trend toward a so-called hourglass economy. For
example, the latest Skills and Demand in Industry Survey
conducted by the Institution of Engineering and Technology
(IET) in 2017 suggests that 46% of participating employers
reported recruitment difficulties due a lack of suitably skilled
candidates, and a quarter noted skills gaps or limitations in
their existing workforces. These issues may also be
exacerbated by the UK’s exit from the European Union, given
the engineering sector’s particularly mobile workforce and
reliance of higher education on international staff and
students.

Government strategies

In the context of this changing political and economic
landscape, the engineering skills gap continues to have a
high profile in across the UK governments, with significant
investment in developing STEM skills and numerous policy
initiatives aimed at increasing the take up of STEM subjects,

the status of technical education and the supply of engineers.

The industrial strategy was published in November 2017 and
was welcomed by the engineering sector. This emphasised
the important role of education in driving skills, economic
growth and productivity and the need to identify and address
sector-specific skills gaps to support this objective. It will be
important to monitor its implementation.

1 - Engineering in context

An industrial strategy, published
in November 2017, emphasised
the need to address skills gaps
to drive economic growth and
productivity

The strategy provides a framework for concerted action
across government departments to support the economy,
including through reform and policy initiatives to improve
STEM education and skills. These include:

+ the Department for Education (DfE)’'s Social Mobility Action
plan, which has an ambition to provide high quality post-16
education choices for all young people and improve equality
of opportunity in the system through more investment and
transparency, particularly in higher education

- the DfE’s long-awaited careers strategy, which was
published in December 2017 and set out a plan to improve
careers advice and guidance provision across England

- the DfE's technical education and apprenticeship reforms
since 2015, designed to put vocational education on an
equal footing with the UK’s world class higher education
system. These include the introduction of T-levels, degree
apprenticeships and measures to address the issues
identified by the Sainsbury review of technical education,
as reflected in the DfE's Post-16 Skills Plan

- the Department for Business, Energy and Industrial
Strategy’s implementation of the Higher Education and
Research Act 2017, which marks the most radical regulatory
change to higher education of this century

- the Department for Transport (DfT)’s Transport
Infrastructure Skills Strategy

- devolution of powers from London and the introduction of
metro mayors by the Ministry of Housing, Communities and
Local Government, which may result in increased local
decision-making and control over skills, training and
apprenticeship services.

In parallel to this, STEM education was the focus of a number
of flagship initiatives across the devolved nations in 2017. For
example, Scotland saw the launch of a five year STEM
Education and Training Strategy in October 2017. One of its
key areas of intervention is the recruitment and retention of
STEM teachers in schools, which has been a significant issue
in recent years. Likewise, last summer the Welsh government
announced a £3.2 million drive to improve how maths is
taught in Welsh schools.

These are steps in the right direction, but it is essential that
progress toward these stated objectives is carefully
monitored over time.

Back to contents
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1.1 - Introduction

Engineering has a key role in driving economic growth and
productivity. As is detailed in subsequent chapters of this
report, the sector is integral to the country’s ability to innovate,
attract investment, and develop infrastructure. Engineering is
at the heart of technological advances in industrial
digitalisation, automation and artificial intelligence and the
delivery of major infrastructure projects such as Crossrail,
High Speed 2, and fibre-optic broadband.

The economic contributions the engineering sector

makes to the UK economy are accordingly considerable.

Our analysis shows that in 2016, engineering enterprises
employed 18.9% of the UK labour force and generated

23.2% of its £5.3 trillion turnover.'! Altogether, the sector’s
estimated contribution, in terms of Gross Value Added (GVA),
is larger than the retail and wholesale, and financial and
insurance sectors combined, and 56% more productive
(GVA/person) than the retail and wholesale sector.? And this
already significant economic contribution is only expected to
increase: by 2020, the engineering sector’s direct contribution
to the Gross Domestic Product (GDP) is projected to increase
to £608Bn.

Beyond the vital role it plays in the UK economy, engineering is
also fundamental to improving quality of life and bringing into

being solutions to some of society’s most pressing challenges.

As elaborated in Chapter 2, engineering — far from being
limited to the hard hat stereotype so often perceived — is a
diverse discipline that touches every part of daily life, with
applications in fields ranging from renewable energy, to
cybersecurity, to biotechnology.

Critical to the continued economic and societal contributions
of the engineering sector is the supply of skills and talent.
While the engineering skills shortage has been a longstanding
issue in the UK, technological advancements and an
increasing fusion of the digital, physical, and biological are
leading to new fields of engineering — and exacerbating
already high demand for highly skilled labour. Chapter 10
provides a detailed analysis of demand projections for people
with engineering skills going forwards. We estimate that
between 2014 and 2024, there will be an annual demand for
124,000 engineers and technicians with core engineering skills
across the economy. Alongside this, there will be an additional
annual requirement for 79,000 “related” roles requiring a mixed
application of engineering knowledge and skill alongside other
skill sets.

As the UK moves further towards an hourglass economy, there
are clear implications for the engineering sector and its skills
needs. And as the engineering sector and its skills needs
change, so too does the context in which it operates. With this
in mind, this chapter discusses the broader context in which
the UK engineering sector is situated, outlining the UK’s
longstanding issues of low productivity and skills shortages,
and the potential challenges leaving the European Union may
bring. It then discusses the key government policies and
strategies currently in place to foster the right skills,
investment and infrastructure to drive forward UK economic
growth and productivity.

1.2 — The productivity puzzle

As detailed in Chapter 7, recent years have seen a substantial
increase in the number of people employed and a decline in
unemployment in the UK. In fact, in 2017 some 32 million
people were employed in the UK in 2017, representing an
employment rate of 74.9% — the highest rate since comparable
records began in 1971.13

However, productivity — that is, how much is produced for a
given input, such as an hour’s work — has remained stubbornly
low. According to the Office for Budget Responsibility (OBR),
output per hour has risen only 0.2% since the 2008 financial
crisis, compared to an average of 2.1% a year over the
preceding 35 years."* As a key factor in a national economy’s
standard of living, low productivity has negative implications
for the UK’s economic growth and, correspondingly, prosperity
and quality of life. Furthermore, this trend is expected to
continue: in its forecast in November 2017, the OBR estimated
that productivity growth will fall from 1.8% to 1% in 2020."

While 2015 is the latest year for which final estimates of
international comparisons of UK productivity (ICP) are
available from the ONS, these nevertheless provide a startling
picture of the UK ‘productivity puzzle' - that is, the difference
between post-downturn productivity performance and the pre-
downturn trend (Figure 1.1)."® As Figure 1.2 shows, although all
G7 nations experienced a decline in productivity following the
2008 financial crisis, the UK has lagged behind many of them,
in terms of productivity, since.'”

The UK’s gap in productivity since the
2008 financial crisis is the largest of
the G7 countries.

In the ten years leading up the 2008 financial crisis, the UK’s
average annual productivity growth was 0.3 percentage points
higher than the average across the G7 advanced economies.
Comparing the UK's average productivity growth in this period
to that of 2007 to 2015, the ONS found a gap of 15.2%."8 In
other words, output per hour in 2015 was 15.2% lower than
under a counterfactual scenario where UK productivity
continued to grow at its pre-downturn trend since 2007. This
productivity gap was the largest in the G7 and twice the
average gap of 7.5% across the rest of the G7. As of 2017, the
UK is estimated to have the third lowest rate of productivity
among the G7 countries, lagging behind the Germany, France,
United States, and Italy."®

1.1 ONS. 'IDBR: analysis of the engineering industry by size and region 2009 to 2016’, 2017.

1.2 Cebr. ‘The contribution of engineering to the UK economy - the multiplier impacts’, January 2015.

1.3 ONS. ‘UK Labour Market Statistical Bulletin: July 2017’, July 2017.

1.4 OBR. ‘Economic and fiscal outlook’, November 2017.

1.5 Ibid

1.6 Bank of England. ‘The UK productivity Puzzle, Quarterly Bulletin 2014 Q2’, 2014.

1.7 ONS. ‘International comparisons of UK productivity (ICP), final estimates: 2015, April 2017.

1.8 Ibid
1.9 OECD. ‘GDP per hour worked’, 2017.
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Because unemployment is at a record
low, only limited economic growth
can be achieved by simply recruiting
more people. The productivity of
existing employees needs to be
improved, both through investment

in technology and in skills.
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The reasons for the UK’s productivity slowdown in relation to
that of comparator nations has been the source of much
debate. This report has provided detailed analysis of the
challenge in the past, noting that the underlying factors remain
unclear. A number of sources suggest three factors are at
Work:1'10’1'11’1'12

The low level of investment in the UK compared with other
industrialised economies. Business investment in new
technology can help make workers more productive. Strikingly,
data from the ONS indicates capital spending in the UK is only
5% above its peak prior to the 2008 financial crisis, compared
with a 60% increase over the decade after the 1980s recession
and 30% following the 1990s slowdown. The Financial Times
suggests that this may be due to uncertainty about the future
economic outlook.'®

Low interest rates. Interest rates have been at a historic low for
more than a decade, with an announcement to increase them
from 0.25% to 0.5% in November 2017 representing the first
rise since July 2007.* The BoE suggests that the low level of
bank rate could have led to ‘higher firm survival’ - that is, fewer
businesses failing and, as a consequence, a higher proportion
of companies with below average productivity in operation.

Retention/hiring of lower-productive staff. Amid a general
skills crisis across the economy it is thought that roles are
often filled by lower productive staff. This is supported by
sluggish real wages growth, which may be encouraging
companies to hire staff over investing as a means of expanding
their business, particularly in low-wage, low-skill sectors.

While there remains no consensus on the reasons behind the
productivity puzzle, what is clear is that because
unemployment is at a record low, only limited economic
growth can be achieved by simply recruiting more people.
The productivity of existing employees needs to be improved,
both through investment in technology and in skills.

1.3 - Evolving skills needs

Key to addressing the productivity puzzle, then, is increasing
skills among the labour force — but this has proven challenging
within a wider context of skills shortages, and a growing trend
toward a so-called hourglass economy (Figure 1.3).

In the two decades to 2014, the number of high-skilled jobs in
the UK has risen by 2.3 million and, in some industries, such as
engineering, employers are routinely reporting that they are
struggling to fill positions."> Conversely, these advancements
are reducing the need for middle-skilled workers (Figure 1.4).
Over the same 20 year period, there has been a significant
decrease in the demand for middle-level skilled workers, with
1.2 million fewer jobs available for these largely ‘routine’
occupations. It is estimated that 35% of existing UK jobs are at
high risk of replacement by technology in the next twenty
years, particularly at medium-skill levels."¢

1.10 CBI. ‘The UK’s productivity puzzle? What business really thinks’, September 2015.
1.11 EEF. ‘'The UK's Productivity Puzzle - what's the deal’, January 2018.

1.12 Financial Times. ‘Four theories to explain the UK’s productivity woes’, October 2017.
1.13 Ibid

1.14 BBC News. ‘UK interest rates rise for first time in 10 years’, November 2017.

1.15 Policy Network. ‘Owning the future, How Britain can make it in a fast-changing word — A new direction for a more inclusive economy’, August 2014.

1.16 Deloitte. ‘Agiletown: The relentless march of technology and London’s response’, 2014.
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In tandem with this, there has been arise in lower-skilled jobs.
While the semi-routine nature of many middle-skilled
occupations has made them especially vulnerable to
automation, many occupations that are traditionally low-skilled
rely on other types of skill not readily automated. Although this
trend holds for many economically developed countries, it
appears particularly to be the case for the UK. A report by CIPD,
for example, notes that with the exception of Spain, UK has a
higher proportion of low-skilled jobs than any other country in
the OECD.

This ‘hourglass’ trend is expected to hold for the UK well
into the future, with technological advances resulting in the
expansion of knowledge-intensive services and ever
increasing demand for highly skilled labour. As detailed

in Chapter 2, a whole range of new industries are forecast
to develop over the coming decades, impacting heavily

on requirements for highly-skilled labour, and especially
STEM skills.

IGETZEE] The hourglass economy

Continued demand for high skill roles
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(but supply growing faster than demand)
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defined by one-digit Standard Occupational Classification (SOC) 2000 code

(SOC 2010 since 2011). ‘High-skilled’ is defined as codes 1- 3, ‘medium-skilled’ as codes
4-6 and ‘low-skilled’ as codes 7-9.

Employers and the skills gap

The increasing demand for high skilled roles is a concern
for many employers. In 2017, three quarters of businesses
surveyed in the CBI/Pearson Education and Skills Survey
expected to have more job openings for people with higher
level skills over the coming years, and 61% expressed a lack
of confidence that there will be enough people available in
the future with the necessary skills to fill their high-skilled
job vacancies.'"®

Strong competition for candidates with appropriate
qualifications (62%) and a lack of candidates with appropriate
qualifications (55%) were identified as the most widespread
cause of the skills gap, but ranking almost as high was lack of
awareness among young people of education routes to enter
particular careers (50%) and careers advice poorly aligned to
the sector (49%). Notably, the proportion of employers
reporting a lack of candidates with appropriate qualifications
was much higher among the manufacturing, construction,
and engineering, science and hi-tech/IT sectors than on
average (Figure 1.5).

According to a CBl/Pearson survey,
61% of employers were not confident
there would be enough people with
the necessary skills to fill their high-
skilled vacancies.

1.18 IFS. ‘The UK labour market: where we stand now?’, April 2017.
1.19 CBI/Pearson. ‘Helping the UK thrive: Education and Skills Survey 2017’, July 2017.
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Similar findings were reported in the latest Skills and Demand
in Industry Survey conducted by the Institution of Engineering
and Technology (IET) in 2017.% Of those employers surveyed,
46% reported they had experienced recruitment difficulties due
a lack of suitably skilled candidates, and a quarter noted skills
gaps or limitations in their existing workforces. The majority
moreover anticipated this would be a key difficulty going
forwards, with three in five ranking the recruitment of people
with the right engineering skills as the top challenge in
achieving their business objectives in the next three years
(61%). Of those reporting a lack of skills in the labour market,
70% expressed a concern in the supply or quality of young
people entering or seeking to enter the engineering industry.

This resonates with the findings of the last employer skill
survey conducted by the now defunct UK Commission for
Employment and Skills (UKCES) in 2015."?' Between 2013 and
2015, there was a 43% rise in the number of skill-shortage
vacancies reported, with nearly 20% of employers indicating
that they had at least one current vacancy."?2 Commonly cited
reasons for these skill-shortage vacancies included a lack of
candidates with the requisite technical and practical skills,
such as specialist knowledge, the ability to solve complex
problems and IT knowledge.

Notably, a lack of people and personal skills was also reported
to drive skill-shortage vacancies. Over half of employers
surveyed by UKCES reported the ability to manage one’s own
time and prioritise tasks (59%) and team working (56%) as
skills lacking among staff with skills gaps. These findings
correspond with those of the Wakeham and Shadbolt Reviews,
both of which noted a lack of ‘soft skills’among STEM and
computer science graduates, and our own analysis of graduate
destinations in Chapter 8.2%1-2¢ While there are clear skills
shortages in engineering and computing, unemployment rates
for recent graduates in these subjects are higher than for other
subjects. A lack of employability skills could go some way to
explaining this paradox.

The 2015 UKCES Employer Skills Survey is also illuminating in
terms of the adverse impact skills shortage vacancies (SSVs)
are expected to have on industry, particularly those
engineering-related. As Figure 1.6 shows, 83.4% of
respondents reported an increased workload for existing staff
as aresult of unfilled vacancies, and this was even more
marked in engineering (87.0%). 56.1% of engineering employers
surveyed also reported difficulties meeting customer needs.
Crucially for a technology-based sector like engineering, there
were also implications in terms of delays to new products or
services, as well as the risk of losing business to competitors.
A relatively common solution (for 27.5% of all enterprises and
35.2% of those engineering-related) was to outsource work, a
response that could adversely impact on skill development
and retention.

1.20 IET. ‘2017 IET skills survey’, December 2017.
1.21 UKCES. ‘Employer Skills Survey: UK Results. Evidence Report 97’, May 2016.
1.22 |bid

1.24 BIS. ‘Wakeham Review of STEM Degree Provision and Graduate Employability’, May 2016.

1.24 BIS. ‘Computer science degree accreditation and graduate employability: Shadbolt review’, May 2016.
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IGETERE Most common implications of hard-to-fill vacancies on enterprises 2015

Increase workload for other staff

Have difficulties meeting customer services objectives

Delay developing new products or services

Lose business or orders to competitors

Experience increased operating costs

Have difficulties introducing new working practices

Have difficulties meeting quality standards

Outsource work

Withdraw from offering certain products or services altogether

Have difficulties introducing technological change
Source: UKCES, Employer Skills Survey 2015

1.4 — Uncertainty around leaving the European
Union

In this context, the UK electorate’s vote to leave the European
Union in June 2016 has raised concerns about how it may
exacerbate the already acute skills shortage in engineering.

The ramifications of the historic referendum verdict and
subsequent invocation of article 50 in March 2017 will

not become fully manifest for months or even years from
now. What is, however, clear is that engineering must play

a central part in the UK’s international trade future. As this
report shows, the engineering sector produces the majority
of the nation’s exports and is critical to the UK’s international
competitiveness, through its investment in research and
innovation. The extent of the impact of leaving the EU

on the engineering sector will depend on many factors,
including the arrangements for movement of goods,
services, labour and capital negotiated between the UK,
the EU and the rest of the world.

A key concern is that the UK's exit from the European Union
may have implications on the current status quo of free
movement, which allows EU citizens to move, live and work
freely in any EU member state. At present, this allows UK based
engineering organisations to easily recruit from a European
wide pool of engineering talent, an important tool in protecting
against the existing engineering skills shortage. If access to
the European engineering workforce becomes more restricted,
it risks exacerbating this crisis.

Accurate figures are not available for the total number of non-
UK EU nationals working as engineers in the UK, as there is
currently no requirement for this information to be recorded.
What is recorded is certain to not be complete. Figures on the
number of engineers utilising the Mutual Recognition of
Professional Qualifications Directive in the UK, for example, do
not provide a complete picture as many engineering activities
can be practised without the need to be registered as a
professional engineer in the UK.

All enterprises All engineering enterprises

No. % No. %
74,817 83.4% 16,153 87.0%
42,139 47.0% 10,414 56.1%
36,763 41.0% 8,963 48.3%
36,251 40.4% 8,421 45.4%
36,003 40.1% 8,309 44.8%
31,720 35.3% 5,712 30.8%
29,826 33.2% 5,578 30.1%
24,707 27.5% 6,538 35.2%
20,860 23.2% 4,377 23.6%
17,862 19.9% 4,789 25.8%

Existing employment statistics by industry nevertheless give
an indication of the important contribution EU nationals make
to the engineering workforce. Data from the Labour Force
Survey shows that 7.7% of workers in the EngineeringUK
sectoral footprint in 2016 were EU nationals, compared with
6.1% in non engineering sectors. In the first quarter of 2017, EU
nationals made up a higher share of the workforce in key
engineering-related industries such as manufacturing (11.5%),
construction (8.7%) and professional, scientific and technical
activities (8.1%) than in the labour force overall (7.3%).% There
is furthermore some evidence that this may in fact be higher
within engineering companies. Engineering companies have,
for instance, reported employment proportions of between
10% to 20% for non-UK EU nationals and between 13% to 50%
for non-EU nationals to the Royal Academy of Engineering.

There is a wealth of data that underscores the reliance of
higher education on EU and non-EU nationals. The engineering
pipeline is particularly vulnerable to changes that may result
from the UK leaving the EU because a disproportionately high
proportion of engineering and technology students are from
overseas. This is particularly the case at postgraduate level,
where in the academic year 2015 to 2016 14.6% of engineering
and technology entrants were from the EU and a further 54.6%
from a non-EU country.’? Beyond its direct implications on the
supply of graduates with engineering skills, Brexit also has the
potential to affect the quality of UK HE teaching and research,
via reductions in the outward mobility opportunities for
academic staff, the ability to attract international talent and the
UK's access to research and innovation funding and
collaboration.?

While any change to the free movement of people in the EU
would, in principle, only directly affect potential students from
the EU, there are concerns that the UK’s decision to leave the EU
may also have an impact on potential staff and students’
perceptions of the UK as an attractive place to study or work
from further afield. As is detailed in Chapter 6, research into
prospective students looking to study abroad suggest the
referendum result has already negatively affected conceptions
of the UK as a prestigious and desirable place to study.?

1.25 House of Commons Library. ‘Mitigation statistics’, January 2018.
1.26 HESA. ‘Student record 2015/16', 2017.

1.27 UUK. ‘What should be the government's priorities for exit negotiations and policy development to maximise the contribution of British universities to a successful and global UK?’,

June 2017.

1.28 QS Intelligence Unit. ‘Is Brexit Turning International Students Away From the UK?’, 2017.
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There are concerns that the debate on immigration and the
rhetoric around Brexit could adversely impact on the views
of those international students and researchers considering
the UK.

In recognition of these risks, the 2016 Engineering the Future
report, Engineering a Future outside of the EU, recommended
that the government and the engineering community:

- seize the opportunity to use the combination of leaving the
EU and the commitment to a new industrial strategy to take
decisive action on the UK's engineering skills crisis

- work with industry to identify the gaps in essential skilled
engineering occupations that cannot be filled domestically
in the short term and develop straightforward and cost-
effective solutions?°

The report noted that while other sectors would face many of
the same challenges brought on by any changes to the free
movement of people in the EU, some features are distinctive to
or more pronounced in engineering. These included: the fact
that across industries and skill levels, the engineering sector is
comprised of a particularly mobile workforce; the tendency for
engineering companies to recruit from a global talent pool,
with UK engineers in high demand internationally; and the
nature of engineering itself, as a team-based activity that is
inherently collaborative and interdisciplinary.

Although the report highlighted the skills shortage as a key
driver, itimportantly underscored that the ability to share
knowledge and people around the world is an essential
characteristic of the fields in which engineers work. In this way,
international mobility is, and will always remain, an essential
feature of both the engineering sector and of the education
sector on which the profession depends.

1.5 — Government strategies

In the context of this changing political and economic
landscape, the engineering skills gap continues to have a high
profile in across the UK governments, with significant
investment in developing STEM skills and numerous policy
initiatives aimed at increasing the take up of STEM subjects,
the status of technical education and the supply of engineers.

There are a number of policy initiatives that seek to address, or
are likely to impact, the engineering skills shortage, which span
several different UK government departments. There are also
changes in Whitehall that reflect the priority the issue is being
given, including a newly appointed STEM lead in the
Department for Education designed to improve co-ordination
and the development of STEM governance boards across
departments.

A map of the departmental responsibilities for STEM skills can
be found in Figure 1.7.
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TN WA Main departmental responsibilities for STEM

Responsibility for funding, managing and delivering STEM
skills is spread across a number of departments.

Department for Education

- Schools

- Further education
- Higher education
- Apprenticeships

- Lifelong learning
- Careers in strategy

- Labour market intelligence

Department for Business, Energy & Industrial

strategy

- Managing industrial strategy overall
- STEM outreach (e.g. STEM inspiration)
- Significant role in R&D policies and funding

- Labour market intelligence

Department for
Digital, Culture,
Media & Sport
- Digital skills

- Cyber security

- Digital strategy

Ministry of Defence

- Defence STEM
engagement
programme

- STEM apprenticeships
programme

Source: NAO, 2018

Department for
Transport

+ Transport
infrastructure skills
strategy

- STEM apprenticeships
programme

Other departments

+ HM Treasury
-+ Cabinet Office
- Home Office

1.29 RaEng. ‘Engineering a future outside the EU’, 2016.
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In their January 2018 audit of government STEM skills activity,
the National Audit Office (NAO) found that government efforts
to address the STEM skills gap are hampered by the lack of a
consistent definition of STEM skills and a comprehensive
understanding of the issues."3°

It furthermore flagged the closure of the United Kingdom
Commission for Employment and Skills (UKCES) as a threat to
the proper understanding of the STEM skills supply and raised
concerns over the potential of local skills assessment panels
to fill this gap. This is a clear concern for EngineeringUK, as it is
UKCES’ Working Futures that forms the basis for our own
demand forecasts. As a result of UKCES closing in March 2017,
it is uncertain whether further updates of Working Futures will
take place, which has significant bearing on our ability to
estimate demand for engineering skills in the future.

Many of the policy developments happening across
Westminster are designed to integrate with the objectives of
the recently launched government industrial strategy. Though
managed by the Department for Business, Energy and
Industrial Strategy, this is an effort to provide strategic
direction to government intervention across departments.

Industrial Strategy

The industrial strategy white paper, Building a Britain fit for the
future, was published in November 2017 and was welcomed by
the engineering sector.®! The strategy sets out five
‘foundations’ of growth: ideas, people, infrastructure, business
environment and places — with local industrial strategies to be
developed. It also puts forth ‘grand challenges’ designed to
ensure the UK is properly positioned to shape and lead the
industries of the future:

- put the UK at the forefront of the artificial intelligence and
the data revolution

- maximise the advantages for UK industry from the global
shift to clean growth

- become a world leader in shaping the future of mobility

- harness the power of innovation to help meet the needs of an
ageing society

Importantly, the industrial strategy white paper emphasises
the important role of education in driving skills, economic
growth and productivity. It highlights the need to identify and
address sector-specific skills gaps, and noted in particular
shortfalls in STEM skills and its relationship to productivity.

The industrial strategy white paper
highlighted the need to identify and
address sector-specific skills gaps,
noting in particular shortfalls in STEM
skills and its relationship to productivity.

To achieve this, the strategy sets out a number of policies
requiring concerted action from the Department of Education
(DfE), the Department for Business, Energy and Industrial
Strategy (BEIS) and other departments with a significant stake
in skills and education policy, such as the Department for
Transport (DfT) and the Ministry of Housing, Communities and
Local Government (MHCLG, formerly the Department for
Communities and Local Government). These include efforts to:

- improve basic skills and support re-skilling (e.g. through an
£64 million investment in a National Retraining Scheme
focusing on digital and construction skills)

- boost learning in maths, digital and technical skills through a
£406m investment

- support social mobility by expanding equality of opportunity
in the education system

- improve the quality of careers information and guidance in
schools

- create a new system of technical education to match the
UK's world-class higher education system

- deliver the regulatory reforms set out in the Higher Education
and Research Act (HERA) 2017 so that higher education is
responsive to employer and industry needs

- consider how government investment programmes can be
designed to support industrial strategy objectives - including
on skills development in key sectors — through initiatives
such as the DfT's Transport Infrastructure Skills Strategy;
and

+ push devolution further to support improved business
environments and productivity levels across all areas of
the UK

Policy developments in social mobility, technical education
and careers guidance are discussed in more detail in the
section below, followed by more detailed discussions of HERA
2017 (BEIS), the Transport infrastructure skills strategy (DfT)
and devolution and metro mayors (MHCLG).

The industrial strategy also launched sector deals -
partnerships between government and industry aiming to
increase sector productivity. Notably, the first of these
announced in November 2017 all fall in the engineering
footprint: life sciences, construction, artificial intelligence and
the automotive sector. An independent industrial strategy
council will be created to assess progress and make
recommendations to the government.

While welcoming the industrial strategy, manufacturer’s
organisation EEF emphasised the need to monitor its
implementation. Concerned by the lack of detail on the
industrial strategy council in the White Paper, EEF made
recommendations for how the body should operate.’*2 More
detail is likely to emerge over the coming months and will be an
area of significant interest and monitoring.

1.30 NAO. ‘Delivering STEM-Science, technology, engineering and-mathematics skills for the economy’, January 2018.
1.31 RaEng. ‘Academy responds to government industrial strategy white paper’, November 2017.
1.32 EEF. ‘What manufacturers make of plans for an Industrial Strategy Council’, January 2018.
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Industrial Strategy

Five foundations of productivity
1. ldeas: to be the world’s most innovative economy

This includes a target to raise total research and
development investment to 2.4% of GDP by 2027, as well as a
£725 million new industrial strategy challenge fund.

2.People: to generate good jobs and greater earning
power for all

Referring to skills training, this includes technical education
policy reforms, alongside £406 additional funding for maths,
digital and technical education.

3.Infrastructure: a major upgrade to the UK’s infrastructure

The National Productivity Investment Fund will be increased
to £31 billion for investments in transport, housing and
digital infrastructure. There will also be £400 million towards
electric vehicle charging infrastructure and over £1 billion for
digital infrastructure.

4.Business environment: to be the best place to start
and grow a business

This includes ‘sector deal’ partnerships between government
and industry. There will also be a review into improving the
productivity of small medium enterprises (SMEs). A £2.5
billion investment fund will provide the capital for high-
growth innovative businesses to scale up.

5.Places: to have prosperous communities across the UK

Local industrial strategies are intended to be a key part of
driving forward prosperous communities across the UK.
These will identify priorities to improve skills, increase
innovation, and enhance infrastructure and business growth.
The first of these is to be agreed March 2019. They will be led
by local enterprise partnerships (LEPS) and mayors. There is
also a £1.7 billion ‘Transforming Cities’ fund to improve
connections within city regions.

1 - Engineering in context

Four grand challenges

1. Growing the artificial intelligence (Al) and data driven
economy

The strategy sees artificial intelligence and data as key to
driving economic growth. To accelerate Al take up by
industry, the government will create an industry-led Al
council supported by a government office for Al. The Office
for Al will focus initially on six sectors: cyber security, life
sciences, construction, manufacturing, energy, and
agricultural technology.

2.Maximising the advantages for UK industry from the
global shift to clean growth

The strategy notes that the global shift to clean growth offers
significant opportunity for the UK to become a world leader
in the development, manufacture and use of low carbon
technologies, systems and services. Its current strengths
include electric vehicle manufacture, smart energy systems,
offshore wind, construction and green finance.

3.Being a world leader in shaping the future of mobility

It furthermore highlights the need to improve the UK road
and rail network to reduce pollution and congestion,

and to further develop autonomous aerial and marine
transport. This will also include new business models such
as ride sharing.

4.Harnessing the power of innovation to help meet the
needs of an ageing society

Finally, the strategy underscores the UK's increasing trend
toward an ageing population, and the effect that will have on
demand for new car technologies, housing models and
savings products for retirement. Efforts outlined include
working with organisations to adapt their workplaces to an
ageing workforce, and developing NHS datasets to diagnose
and treat health conditions earlier.
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Social Mobility Action Plan

Social mobility has been a significant cross-cutting area of
focus for the DfE under Justine Greening, who held the position
of Secretary of State for Education until January 2018. This
culminated in the publication of Unlocking Talent, Fulfilling
Potential in December 2017. First announced in the industrial
strategy white paper, this is the government’s action plan for
improving social mobility in England.

Four ambitions of the Social Mobility
Action Plan®ss

Ambition 1: Closing the word gap

Boosting access to high quality early language and literacy,
both in the classroom and at home, ensuring more
disadvantaged children leave school having mastered the
basic of literacy that many take for granted.

- ensuring more disadvantage children are able to
experience a language rich early environment

+ improving the availability and take-up of high quality
early years provision by disadvantaged children and in
challenging areas

+ improving the quality of early years provision in
challenging areas by spreading best practice

Ambition 2: Closing the attainment gap

Raising standards for every pupil, supporting teachers early
in their career as well as getting more great teachers in areas
where there remain significant challenges.

+ improving the quality of teaching in challenge in areas
and schools

+ improving the school improvement offer in more
challenging areas

- supporting pupils from less advantaged backgrounds of
all abilities to fulfil their potential

Ambition 3: Real choice at post-16

Creating world-class technical education, backed by a half a
billion pounds in investment, and increasing the options for
all young people regardless of their background.

+ creating high quality technical education options to
improve the choice for young people at age 16

- investing in the further education sector

- ensuring young people from disadvantage background
access the highest quality provision

Ambition 4: Rewarding careers for all

Boosting skills and confidence to make the leap from
education into work, raising their career aspirations. Building
anew type of partnership with businesses to improve advice,
information and experiences for young people.

+ collaborating with businesses large and small to widen
opportunity, and drive up local skills and productivity

- improving the quality and availability of good careers
guidance and experiences, targeting ‘career cold spots’

- ensuring those in lower paid work are able to re-train to
move into more rewarding careers

Providing high quality technical
education options is seen as a way to
address skills shortages and improve
social mobility.

Of particular importance to the supply of engineers is ambition
3 of the action plan, which outlines the aim to provide high
quality post-16 education choices for all young people, and
ambition 4, which discusses the determination for people to
achieve their potential in rewarding careers.

In ambition 3, the DfE recognises the added imperative driving
the investment in skills from the uncertainty surrounding
Brexit. It summarises progress made in reforming technical
education, investing to support further education colleges to
be centres of excellence in English and maths, the introduction
of the apprenticeships levy and degree apprenticeships. It also
recognises that a “skills revolution” is needed to meet the skills
demands of employers effectively, especially in those areas
left behind by economic change.’

Providing high quality technical education options is
positioned as a way to both address skills shortages and
increased social mobility. Improving the quality of technical
education disproportionately benefits young people from
disadvantaged backgrounds: only 36% of young people from
disadvantaged backgrounds take A levels compared to 61% of
those from more affluent backgrounds.'3® Involving employers
in setting standards for both apprenticeships and technical
qualifications is seen by the DfE as key to ensuring that young
people who pursue technical routes are employable upon their
completion.

Challenge Two of the action plan focuses on investing in the
further education sector. The proposed mechanisms for this
are:

- an extra £20 million to help colleges and teachers prepare
for the introduction of T levels

- funding a strategic leadership programme for FE principals
and establishing national leaders of further education to
support colleagues

- establishing new institutes of technology, supported by a
£170 million fund and expected to open from 2019, to act as
a beacon of quality provision across all regions of England

- investing £40 million in the centres of excellence programme
for the further education sector to help those who have fallen
behind in English and Maths

- introducing a new transition year, with English and maths as
a key component, for 16- year-olds who are not ready for
more advanced academic or technical study or employment

1.33 DfE and the Rt Hon Justine Greening MP. ‘Plan to boost social mobility through education’, December 2017.

1.34 DfE. ‘Unlocking Talent, Fulfilling Potential’, December 2017.
1.35 Ibid
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Only 36% of young people from
disadvantaged backgrounds take A
levels compared to 61% of those from
more affluent backgrounds.

To complete the “skills revolution”, the Social Mobility Action
Plan also has a focus on widening participation to higher
education. This includes an expectation of “far greater
transparency by universities on what they expect from their
applicants, especially those from disadvantaged backgrounds
so they are aware of the subject choices, experiences and
qualifications required to pursue different career options.”"-3¢
These efforts will be facilitated by the new transparency duty
in the Higher Education and Research Act.

Careers Strategy

In December 2017 the Department for Education (DfE)
published its long awaited careers strategy, Careers strategy:
making the most of everyone’s skills and talents. As highlighted
by the industrial strategy white paper, the document sets out
plans to improve the quality and coverage of careers advice for
people of all ages. The strategy has four main strands:

- inspiring encounters with further and higher education, and
with employers and workplaces, in order to provide young
people first-hand experience of the workplace

- enhancing the advice and guidance schools and colleges
deliver, such that they meet the Gatsby benchmarks™*’

- providing support and guidance tailored to individual needs,
including personal guidance to help people make choices,
supporting graduates into skilled employment, and targeted
approaches for those who need it the most

- using data and technology to help people make informed
choices about careers

The eight Gatsby benchmarks of good
career guidance

1. A stable careers programme

2. Learning from career and labour market information
3. Addressing the needs of each pupil

4. Linking curriculum learning to careers

5. Encounters with employers and employees

6. Experiences of workplaces

7. Encounters with further and higher education

8. Personal guidance

More detail on these benchmarks can be found in
Figure 3.18 in Chapter 3.
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The strategy was broadly well received, in particular the
emphasis on ensuring that young people have multiple
opportunities to interact with employers and the world of work.
The provision of a clear timetable for action in the strategy was
also welcomed, as it will allow the sector to hold government
to account for progress.

There were, however, a number of concerns expressed. The
Education Policy Institute cautioned that the requirement for
schools to publish their own careers strategies with local-led
solutions may encourage fragmentation and variability in
careers provision, with worse positioned providers opting for
low-cost alternatives.’-*¢ However, it noted that the provision for
Ofsted to inspect schools careers strategies could mitigate
against this risk and overall concluded that the careers
strategy was “welcome and necessary”.

The adoption of the Gatsby benchmarks was also widely
celebrated, though the Institution of Mechanical Engineers
(IMechE) had some particular concerns about how this would
work in practice:

“We support the adoption of Sir John Holman'’s Gatsby Good
Career Guidance Benchmarks, but have real concerns that the
original PwC costings (£207 million in the first year and £173
million per year thereafter) will not be met — and that we will
end up with a new bureaucracy and little cultural change.”"%°

The IMechE had additional concerns that the careers strategy
does not adequately address the barriers in schools’ provision
of careers guidance, which it felt to be weighted against the
provision of advice about technical education. It noted that
simply allowing technical education providers access to pupils
would not address issues of ingrained social prejudice against
technical education and its lack of parity of esteem with
academic learning.

Further, inits response to the careers strategy, the IMechE
made clear that social mobility is of particular importance to
developing future engineering skills: “Our research™® shows
that unless students come from an engineering heritage
background, they are unlikely to know about it. We strongly
believe that high quality career guidance is the engine of social
mobility. The UK has a particular challenge in that 50% of an
individual's lifetime earnings can be explained by their parents’
earnings. It's 15% in Denmark.” 141

Technical education and apprenticeship reform since 2015

Delivering a world-class technical education system and
driving up the quality and level of investment in apprenticeship
provision are key tenets of the industrial strategy’s people
pillar. Nevertheless, the policies put forward to achieve this
have been in the making for a number of years, starting with
the reforms laid out in 2015 by the government’s 2020 vision
for apprenticeships in England. Technical education reforms
were spelled out in 2016 by the DfE’s Post-16 skills plan, which
built on the challenges and solutions identified by the
Sainsbury review. Some of the legal basis for these reforms is
provided by the Technical and Further Education Act, which
received royal assent in 2017. The Act also includes the
so-called “Baker clause” (arising from an amendment
proposed by former education secretary Lord Baker), which

1.36 Ibid

1.37 Gatsby Foundation. ‘Good career guidance’, 2014.

1.38 Education Policy Institute. ‘Careers Strategy: Was it worth the Wait?’, December 2017.
1.39 IMechE. ‘Institution responds to the Careers strategy’, December 2017.

1.40 IMechE. ““We think it's important, but don’t quite know what it is”: the culture of engineering in schools’, November 2017.

1.41 IMechE. ‘Institution responds to the Careers strategy’, December 2017.
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from January 2018 requires schools to give further education
providers opportunities to inform pupils about the
qualifications they offer, and publish a policy statement
outlining how those providers can access their pupils. This a
welcome intervention by the government to raise awareness
of different forms of post-16 education in schools.

There are four main strands to the government'’s revised
technical education landscape: T-Levels; review of higher
technical education; driving increased apprenticeship
provision; and take up and roll out of degree apprenticeships.

T levels: T levels are two-year, full-time level 3 study
programmes, based on employer-designed standards and
content. The first few courses will be available in 2020,
according to the T-Level Action Plan, published in October
201742 However, these will be restricted to just one pathway
from each of the first three routes: digital, education and
childcare and construction. The bulk of the pathways will not
be offered by providers until 2024. The high-level timetable for
implementation sees the engineering and manufacturing full
route being implemented in 2021.

The Baker clause requires schools to
give further education providers
opportunities to inform pupils about the
qualifications they offer.

Higher technical education: The government is conducting a
review into how higher technical education at levels 4 and 5
can address the needs of individuals and employers and meet
the skills needs of the economy. This was a crucial
recommendation of the Sainsbury review and is seen as key to
supporting social mobility both for young people and for adults
upskilling or retraining. As this report highlights, there is an
acute need for high level skills in the engineering sector, with
an estimated shortfall of at least 22,000 graduates in core
engineering roles per year through to 2024.

Apprenticeships: There have been substantial reforms to the
apprenticeships system, which are discussed in detail in
Chapter 5. A target to increase the number of apprenticeships
starts has been a significant policy driver. To support the
increase in provision, the government has implemented a levy
on large employers to raise funds for the system and
established an employer led Institute for Apprenticeships to
provide quality assurance.

Degree Apprenticeships: Significant for the development of
future engineering talent, degree apprenticeships offer level 6+
skills and include both academic excellence and significant on
the job training. There is a specific commitment in the Social
Mobility Action Plan to use part of the £10 million Degree
Apprenticeship Development Fund to expand Degree
Apprenticeship provision in science, technology, engineering
and maths occupations (STEM) and gender diversity in STEM.

Higher Education and Research Act

The Higher Education and Research Act (HERA) received royal
assent in April 2017 and is the first major regulatory change to
Higher Education this century. This was not without
contention: Lord Bilimoria claimed the Act may have been one
of the most amended bills in the history of Parliament and
there were several controversial issues during its passage
through both houses.'*3

The Act is the legislative response to two policy papers: the
Department for Business, Innovation and Skills 2016 white
paper, Success as a knowledge economy: teaching, social
mobility and student choice and Sir Paul Nurse’s 2015 report,
Ensuring a successful UK research endeavour: a review of the UK
research councils. As suggested in the industrial strategy white
paper, the Act aims to reform higher education to increase
competition and choice in the sector, raise standards, and
strengthen capabilities in UK research and innovation.##

Efforts to amend the Bill to remove
international students from net
migration figures were not successful.

For the engineering skills pipeline, it is significant that efforts
to amend the Bill to remove international students from net
migration figures were not successful. Despite such an
amendment receiving a majority in the House of Lords, this
was removed at a later stage in the House of Commons.’#* The
House of Commons Education Committee warned that that
the government’s refusal to remove international students
from the net immigration target is putting at risk the higher
education sector’s share of the international student market.™4¢
Our analysis of higher education in Chapter 6, which highlights
the contributions international students make to universities
and the engineering pipeline, supports this view.

There are concerns around proposals to
link the TEF to increased tuition fees and
overseas student recruitment, as well as
the metrics it uses for employability.

The Act further enshrines the Teaching Excellence Framework
(TEF). This has received a mixed response, with particular
concerns raised over proposals to link the TEF to increased
tuition fees and overseas student recruitment. There have
furthermore been concerns raised about the metrics used

to measure teaching quality and employability, the challenges
of which are discussed in Chapter 8.

1.42 DfE. ‘Post-16 technical education reforms: T-Level Action Plan’, October 2017.

1.43 House of Lords Hansard. ‘Higher Education and Research Bill’ Volume 782, column 1480, April 2017.
1.44 House of Commons Library. ‘Higher Education and Research Bill, Lords Amendments and Ping Pong’. Briefing papers CBP-7880, June 2017.
1.45 House of Commons Library. ‘International and EU students in higher education in the UK FAQs. Commons Briefing papers CBP-7976', July 2017.

1.46 lbid
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The United Kingdom Research and Innovation (UKRI)

body created by the Act will start operating from April 2018,
under the leadership of Sir Mark Walport (as Chief Executive)
and Sir John Kingman (as Chair). UKRI will bring together the
seven UK research councils, which will retain their names and
characteristics, with Innovate UK'’s focus on economic growth
and Research England, a new body that will undertake research
and knowledge exchange funding. UKRI will operate across
the whole of the UK with a combined budget of more than

£6 billion.

The intention behind UKRI is to bring the constituent parts of
research and innovation together to ensure the UK maintains
its world leading position in this respect. As Sir John Kingman
noted, UKRI will act as a central “strategic brain” to improve the
dynamism, collaboration and commercialisation of UK
research and innovation, and give it a stronger and more
unified voice at the heart of government. In his first speech as
Minister of State for Universities, Science, Research and
Innovation in January 2018, Sam Gyimah highlighted how UKRI
will also facilitate a more strategic, agile and interdisciplinary
approach to funding research. Further, he explained that
Research England’s work with the other UK funding bodies and
the Office for Students will “help UKRI in its consideration of
the sustainability of the research base, a joined up skills and
talent pipeline and an approach to innovation which captures
the strengths of each of the devolved nations.”’4®

Itis widely viewed that UKRI will face significant challenges
from day one. In addition to ensuring a successful transition
to aradically reformed UK research and innovation landscape,
it will need to establish effective partnership working with the
Office for Students on areas of joint responsibility (such as
postgraduate research and knowledge exchange policy).

It will also need to ensure the UK science base can continue
to attract research talent from Europe and participate in
European research networks after the UK's departure from
the EU.

Transport Infrastructure Skills Strategy

In 2016 the Department for Transport published the Transport
Infrastructure Skills Strategy: building sustainable skills, moving
Britain ahead. The strategy sets out a call to action to
employers, to government, to professional organisations and
to educational institutions to come together to effect a real
change in the transport sector. It highlights the need to
encourage people into transport careers, both through
apprenticeships and other means, so that the sector can meet
the challenges of new technology and deliver the government'’s
ambitious infrastructure programme.# It is mentioned in

the industrial strategy white paper as an example of how
government investment programmes can be used in a way that
advances other strategic economic objectives, including
addressing skills shortages in key industries.
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The strategy puts forth the following ambitions:

- atleast 20% of new entrants to engineering and technical
apprenticeships in the transport sector to be women by
2020 and to achieve parity with the working population
at the latest by 2030

- support the government’s target of a 20% increase in the
number of BME candidates undertaking apprenticeships
by 2020

- help transport employers to come together through the
Strategic Transport Apprenticeship Taskforce (STAT) to
address skills challenges in a co-ordinated and collaborative
way. The group will cover road and rail initially

- deliver a compelling and inspiring communications
campaign to make 2018 the year to celebrate
engineering, and promoting engineering as a career
of choice to young people

In July 2017, the Strategic Transport Apprenticeship Taskforce
(STAT), which was established in April 2016, published a report
on progress, entitled Transport Infrastructure Skills Strategy:
one year on."® They noted that skills requirements were
introduced into all relevant invitations to tender in April 2016,
including in rail franchising, a move they anticipated would
increase apprentice numbers. In addition, the report concluded
that there has been some progress towards the strategy’s
ambition to improve gender diversity in the sector workforce,
noting that 12% of women technical and engineering
apprenticeship starts in the supply chain were women in 2016.
However, it recognised there is much more to do to reach

that ambition."s

Between the development of the initial strategy and the
publication of the taskforce report, the key Brexit vote
occurred. The Taskforce report made clear that this will impact
upon the skills modelling that had been undertaken. Their
initial figures showed that the UK rail industry has a significant
population of non-UK EU workers:

“Highways England initial estimates also suggest that over
20% of their workforce are of non-UK EU origin. There is
significant reliance on non-UK EU workers in specific rail
disciplines (for example in electrical engineering), among
service staff working for train operators, and particularly in
infrastructure construction. Research projects conducted by
NSAR and corroborated by CITB6 also suggests that non-UK
EU workers may comprise up to half of the workforce at skill
level 2 in London and the South East. Our planning going
forward will need to take account of these dimensions.” "2

1.47 BIS and Jo Johnson MP. John Kingman to lead creation of new £6 billion research and innovation body’, May 2016.
1.48 BEIS, UKRI, and Sam Gyimah MP. ‘UKRI Research and Innovation Infrastructure Roadmap launch’, January 2018.

1.49 DfE. ‘Transport Infrastructure Skills Strategy: building sustainable skills’, 2016.

1.50 DfE. ‘Transport Infrastructure Skills Strategy: one year on, a report by the Strategic Transport Apprenticeship Taskforce’, July 2017.

1.51 Ibid
1.52 Ibid
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The STAT report furthermore identified a concern that a focus
on higher level apprenticeships may have a negative impact on
social mobility. It highlighted an ambition to “amplify the ability
for an apprentice to start work at a junior level and to finish
their career in the boardroom.” %% An area of future action for
the group is to develop the use of pre-apprenticeship
programmes, traineeships and work experience to enable
people to progress to higher level apprenticeships.

The Year of Engineering 2018,

a cross-government campaign to
showcase careers in the profession,
was launched on 15th January 2018,
fulfilling a commitment in the
Transport Skills Strategy.

The Year of Engineering

The Year of Engineering 2018 was launched on 15th January
2018, fulfilling a commitment in the Transport Skills Strategy
made by Rt Hon Sir Patrick McLoughlin as Secretary of State
for Transport. The Year of Engineering is a cross-government
campaign that aims to showcase engineering careers
throughout 2018 through a series of initiatives, resources and
events. Partners from across the engineering sector have
joined with government to promote the Year of Engineering,
which aims to aims to provide at least one million engineering
experiences, including school trips and the opportunity to
meet industry professionals, to young people. 5 Thereis a
focus amongst the partners in ensuring that the legacy of the
Year of Engineering stretches beyond 2018.

Devolution and metro mayors

In announcing the introduction of Local Industrial Strategies
by March 2019, the industrial strategy made it clear that the
government sees increased local decision making (through
City Deals, Growth Deals, Devolution Deals and Mayoral
Combined Authorities) as instrumental to addressing
disparities in economic performance, skills and infrastructure
across the country.

The Cities and Local Government Devolution Act received
Royal Asset in January 2016. The Act allowed for the
devolution deals already agreed to be delivered, making
provision for the election of metro mayors, who chair
combined authorities made up of several local authorities.

In May 2017, metro mayors were elected in Cambridgeshire
and Peterborough, Greater Manchester, Liverpool City Region,
Tees Valley, West Midlands and the West of England for the
firsttime. In May 2018, the Sheffield city region will hold a vote
for their Mayor.

The Adult Education Budget is to be devolved to all six mayoral
combined authorities, and to the Mayor of London (via
separate negotiations). It does not include funding for
apprenticeships. Full devolution of funding was to take place
from 2018-19. This has subsequently been delayed for a year
10 2019-20, as the government has not yet laid the required
Orders before Parliament. As part of the process, a local skills
and employment strategy must be produced by the city-region.
Though this devolution has been welcomed, a report by IPPR
North, Skills for the North: devolving technical education to cities,
noted that there is limited scope for the Adult Education
Budget to be used for locally agreed priorities because the
“vast majority of this budget must be spent on nationally-
defined legal entitlements.”"5®

Metro mayors have been vocal in their
belief that skills policy is an area that
would benefit from further devolution.

The powers of the metro mayors vary according to the
individual deals each city-region has reached with the
government, but centre around a responsibility for setting out
a strategy to grow the city-region economy, with the majority
having increased duties around skills development.%® Metro
mayors have been vocal in their belief that skills policy is an
area that would benefit from further devolution. Following a
summit of the six metro-mayors and the Mayor of London on
1 November 2017, the mayors issued a joint statement calling
for a major and sustained programme of devolution to cities
and regions including action to devolve control over skills,
training and apprenticeship services."*’

There have been other, more detailed calls for further skills
devolution, such as a call from the Mayor of London for the
unspent apprenticeship levy funds generated in the capital to
go to the London government. This would be the first step
towards London government taking full responsibility over
apprenticeships policy like the devolved administrations in
Scotland and Wales.

A second devolution deal was agreed with the West Midlands
Combined Authority in November 2017. This deal includes £5
million for a construction skills training scheme and £250
million from the Transforming Cities fund to be spent on local
intra-city transport priorities.’-%

In January 2018, the metro mayors joined together to author

a letter to the Financial Times, urging government to rethink
its policies on international students. They called for Britain

to project a “more open and welcoming message” to overseas
students, a move the Financial Times noted as “rare for

a politically diverse group of mayors to act in concert on

such a contentious political issue.”’ It remains to be seen
what impact this joint action will have.

1.53 Ibid

1.54 DfE, DfT, the Rt Hon Chris Grayling MP, and the Rt Hon Anne Milton MP. ‘Engineering in the spotlight for 2018 as government launches campaign to inspire the next generation’,

January 2018.

1.55 IPPR North. ‘Skills for the North: devolving technical education to cities’, January 2018.
1.56 Centre for Cities. ‘Everything you need to know about metro mayors: an FAQ’, June 2016.

1.57 House of Commons Library. ‘Skills devolution in England’, January 2018.

1.58 HM Treasury, the Rt Hon Philip Hammond MP, and Andrew Jones MP. ‘A second devolution deal for the West Midlands’, November 2017.
1.59 Financial Times. ‘Metro mayors urge rethink on overseas student immigration policy’, January 2018.

Back to contents



1.6 — Devolved administrations

In the devolved administrations, STEM education in schools
was the focus of a number of flagship government initiatives
in2017.

Welsh Assembly Government

In July 2017, Welsh Education Secretary Kirsty Williams
announced a £3.2 million drive to improve how maths is taught
in Welsh schools. The ‘network for excellence’ will include
advice and resources and staff development opportunities,

as part of an effort to improve classroom practice in STEM
subjects ahead of the rollout of the new school curriculum in
2020."° This is being developed by a network of ‘pioneer
schools’ and entails revised A level courses and a restructuring
of the 3-16 curriculum from subjects to six areas of learning
experience, including one in science and technology and
another in mathematics and numeracy."' Further, the Welsh
Assembly launched a £1.3 million programme to set up 300
clubs to teach computer coding to 3 to 16 year olds.

Following an independent report on the underrepresentation
of Women in STEM in 2016, last summer the Welsh
government also set up a ministerially-chaired ‘Womenin
STEM'’ board to oversee the implementation of the report’s
recommendations. These include monitoring the relative
progression of girls in STEM beyond GCSE level and ensuring
primary school teachers without a STEM background are
given better awareness of key foundational concepts and
issues in STEM.!3

In Wales, a ministerially-chaired
‘Women in STEM’ board will monitor
the progression of girls in STEM beyond
GCSE level.

Scottish Government

Scotland saw the launch of a five year STEM education and
training strategy in October 2017. This outlines the actions the
Scottish government will take over the next five years in order
to: deliver excellent STEM learning; ensure this is connected
with the skills needs of employers; close the equity gap in
STEM education participation and attainment; and inspire
children, young people and adults to study STEM.

One key area of intervention for the strategy is STEM teaching
in schools. Scotland has suffered significant recruitment and
retention issues in recent years, which will be tackled by
increasing recruitment from industry and enhanced
professional learning packages for STEM teachers. Other
measures include prioritising STEM in the expansion of
modern apprenticeships and the development of graduate

1 - Engineering in context

level and foundation apprenticeships; a new network of
specialist STEM advisers for schools; dedicated support for
digital skills development and tackling gender bias and
stereotyping in STEM; a new Young STEM Leaders peer
mentoring programme; and an online directory of STEM
inspiration activities."

In October 2017, the Scottish
government launched a five year STEM
education and training strategy, with
recruitment and retention of STEM
teachers a key priority.

Northern Ireland Assembly

In Northern Ireland, there were no major changes affecting the
awarding of Council for the Curriculum, Examinations and
Assessment (CCEA) A levels or GCSEs this summer. However,
the first awards for CCEA revised AS levels were made in
summer 2017, as were the first A level awards for non-CCEA
courses started in September 2015.%° CCEA has also
launched a new GCSE in statistics, available for first teaching
in September 2017.%¢

Higher education policy in the devolved nations

2017 also saw significant changes and challenges in higher
education policy across the devolved nations. In Wales, the
Diamond and Hazelkorn reviews will change the funding of
higher education for institutions and students, as well as
reorganise many key agencies. In Scotland, fair access
remains a key concern despite the absence of fees, with a new
fair access commissioner placing significant pressure on
institutions and foreshadowing changes to university outcome
agreements. And in Northern Ireland, budget cuts have hit
universities hard. These present both opportunities and threats
to equality and diversity outcomes.

1.60 Welsh Government. ‘Drive to improve maths in schools launched’, July 2017.
1.61 Welsh Government. ‘New school curriculum’, September 2017.
1.62 Welsh Government. ‘New drive to connect Welsh pupils with coding’, June 2017.

1.63 Welsh Government. ‘Talented Women for a Successful Wales: a report on the education; recruitment; retention and promotion of women in STEM-related study and careers’,

March 2016.

1.64 Scottish Government. ‘Science Technology Engineering Mathematics: Education and Training Strategy for Scotland’, October 2017.

1.65 CCEA. ‘Summer 2017 exams - CCEA Regulator writes to schools’, June 2017.
1.66 CCEA. ‘CCEA launches NEW GCSE Statistics qualification’, June 2016.
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(687,575) of all UK enterprises were
engineering-related in 2016

Key points

Engineering footprint

Defining the total reach of engineering in the UK is no easy
task. We rely on the engineering footprint to define which
occupations and enterprises count as ‘engineering’ and to
break the picture down further into ‘core’ engineering and
engineering-related activities. The footprint, which has been
revised since the Engineering UK 2017 report, also helps us
analyse trends and developments within the sector.

Engineering enterprises

Just over a quarter (26.9% or 687,575) of the 2.55 million
(2,554,510) registered enterprises in the UK fell within the
engineering footprint in 2016. This increased by 5.6% between
2015 and 2016. The increase was across the UK and was
highest in London, at 10.2%.

The largest proportion of enterprises within the footprint were
in information and communications (29.2%), followed by
construction (26.3%). 90.6% of engineering enterprises were
micro sized (0-9 employees). These engineering micro
enterprises were concentrated in construction, repairs of
motor vehicles, information and communication and
professional, scientific and technical activities.

Productivity

The ‘productivity puzzle’ — high employment coupled with low
productivity — remains unchanged and unsolved. Engineering
still has the potential to raise national productivity levels. The
engineering sector has a strong multiplier effect on the
economy, generating a further £1.45 GVA for every £1 GVA
created directly in the engineering sectors. What's more, every
additional person employed through engineering activity is
estimated to create a further 1.74 jobs down the supply chain.

In 2016, engineering enterprises generated 23.2% of the UK's
total turnover of £5.3 trillion (£1.23 trillion). This is 0.7% less
thanin 2015. Even so, engineering enterprises still account for
over a fifth of total UK enterprise turnover.

One of the government’s approaches to increasing national
productivity is to upgrade national infrastructure. UK national
infrastructure projects represent a significant proportion of
construction activity.

In 2017, the UK was the 8th largest
manufacturing country by export
in the world

Trends and emerging industries

Automation and connectivity are increasing across the
engineering sector, although they have not yet reached a level
that could be classed as ‘industry 4.0". New industries and
technologies are also emerging:

- the UK medical technology market is the third largest in
Europe: comprising 3,700 enterprises and employs 115,000
employees, it is worth £7.6 billion

- land-based engineering (covering machinery from tractors to
hedge trimmers) employs 22,850 people in the UK and is
worth £4 billion a year

+ the UK automotive industry turned over £77.5 billion in 2017
and offered 83 different models of alternatively fuelled cars
and vans

- in 2017, the UK became the world’s second largest defence
exporter. About 30,000 defence sector jobs were in research,
design and engineering

+ in construction, activity marginally increased in 2017 and
major infrastructure projects offset declines elsewhere

- Network Rail’s railway upgrade plan, which is due to
complete in 2019, is the largest modernisation programme
since the Victorian era

- UK off shore oil and gas has been declining but still
employed 28,300 in 2017. Decommissioning of power plants
increased in 2016, reaching 7% of total industry spend at
£1.2 billion

- in 2017, renewables (not including nuclear power) provided
the majority of the UK's electricity supply for the first time.
The renewables sector employed nearly 126,000 people in
2016

- in manufacturing, the realisation of industry 4.0 is still some
way off, but the connected factory is becoming more
widespread

- the European cyber security market is forecast to be worth
$25.3 billionin 2018

However, this largely positive news must be balanced with the
huge uncertainty that the result to leave the EU poses for all the
engineering sectors.
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2.1 - Context

We explain in this chapter how we define engineering and

how we use that definition across the engineering footprint.
We then show the total contribution engineering makes to the
UK economy. This is through revisiting the contribution
engineering makes to UK productivity and through engineering
enterprise turnover. Having revised the engineering footprint,
it is worth noting that equivalent numbers given in previous
Engineering UK reports are not directly comparable. Time
series data from 20009, revised to reflect the new footprint,

is available in our Excel resource.

We then give an overview of the engineering sectors to show
the breadth of engineering activity. We include examples of
engineering developments and emerging sectors, such as
synthetic biology. We also consider enterprise turnover and
contributions to the economy.

Engineering also contributes to the national economy
indirectly: any upgrades made to national infrastructure will
improve productivity by saving time and creating opportunities
for economic growth. Such developments can also mitigate
against potential economic losses. In light of this, we highlight
a number of major infrastructure projects at various stages of
development across the UK, and provide information about
their estimated economic benefits.

Because engineering industries are so interwoven, some of the
categories in the footprint inevitably overlap and developments
or products in one may also be found in another. For this
reason, we have had to make some arbitrary decisions on
where the boundaries fall. In describing the sector, we have
included the size of companies by the number of employees.

A more detailed description of the engineering workforce is
given in Chapter 7.

Common themes run through this chapter. One such theme is
the increase in digitisation and use of technology. Another is
skills shortages - largely because we are focusing on growing
sectors. The most pervasive theme, however, is the uncertainty
from the UK’s decision to leave the EU. While the devaluation of
the pound has made exports more competitive, it also has
made imports of materials, goods, services and people more
expensive. The future movement of skilled labour into the UK
and its attractiveness as a place to live and work is also less
certain: itis, in the words of the Construction Industry Training
Board, “... one of the most significant unknowns”.2' We give a
comprehensive analysis of predicted skills supply and
shortages in Chapter 10.

2.2 - Defining the engineering sector: the
engineering footprint

The Oxford English dictionary defines engineering as:

“the branch of science and technology concerned with the
design, building, and use of machines, and structures; a field
of study or activity concerned with modification or
development in a particular area: software engineering”.?

2 - Engineering and its economic contributions

However, there is no universally accepted operational
definition of engineering. Large scale civil engineering projects
(such as the Queensferry crossing, covered later in this
chapter) or mechanical engineering products are easily
recognised as engineering. There is less agreement on the
boundaries of what is or isn't engineering. The engineering
footprint attempts to create a workable definition of
engineering by classifying which jobs and industries count as
‘engineering’ using the Office for National Statistics (ONS) lists
of jobs (standard occupational classification — SOC2010)

and industries (standard industrial classification — SIC2007).22
We use the resulting footprint as the basis for indicating the
sector’s contribution to the UK economy, its wider impacts,

the needs for and supply of skills.

Inthe ONS SOC and SIC lists, jobs are grouped into classes by
skill level and skill specialisation, while industries are grouped
by activity. These codes go into several levels of detail. The
engineering footprint is specified at the most detailed level for
job (4 digit) and industry (4/5 digit). When we refer to engineers
in this report, we mean those in jobs within the engineering
occupational footprint. Similarly, when we discuss engineering
enterprises, we are referring to organisations whose industrial
classification is in the engineering sectoral footprint.

From the outset, our footprint has considered a job or industry
to be either fully included or excluded as ‘engineering’. We
recognise that there are some limitations to this approach.
One challenge we face in categorising job and industry codes
as engineering or not comes from the level of detail available
for each code and the breadth of the codes available. For
example, airline pilots might not be considered to be engineers,
while flight engineers would be; they are, however, covered by a
single code, making itimpossible to differentiate one from the
other. Another challenge comes when using the model to
estimate numbers, as data is not available to the same level of
detail - or even at all — for some codes. There are also jobs
and industries excluded from the footprint that require some
level of engineering competency and may even be vital for the
success of the engineering sector: for example, lecturers and
teachers of engineering in higher and further education. This is
because even at the most detailed SOC level, we are unable to
distinguish those teaching engineering and technology
subjects from all the other subjects.

Finally, these classifications are created by coding jobs and
industries retrospectively, which means that they may not
reflect the latest jobs. Bioengineers, for example, work in a
relatively new field and don't yet have their own occupational
classification code. It is possible that it falls within code 2112:
biological scientists and biochemists. However, that code
didn’t meet our agreed inclusion criteria, so we have not
included it in the footprint. For the same reason, the footprint
may not capture emerging industry segments. For example,
production, transmission and distribution of electricity have
their own SIC 2007 codes (3511, 3512, 3513) and are included
in the footprint. But there is no distinct code for the storage of
electricity, an emerging industry driven by increased use of
renewables and the availability of new technology.

2.1 Construction Skills Network. ‘Forecasts 2017-2021’, 2017, p6.
2.2 Oxford English Dictionary, 2017.

2.3 ONS. ‘Standard Occupational Classification 2010 volume 1: structure and descriptions of unit groups’, 2010; ‘UK SIC 2007’, 2007.
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Itis highly likely that these codes will need to be revised in the
next decade to more accurately reflect new jobs and
industries. Although SOC codes have typically been revised
every 10 years (S0C90, SOC2000, SOC2010), 78% of
respondents to a consultation in 2016 thought that an update
was needed sooner rather than later.2* SIC codes have been
revised 7 times since they were first introduced in 1948,2° and
those too may need revising within the next decade. In the
meantime, we will necessarily struggle to capture emerging
occupations and industry segments.

For these reasons the engineering footprint should be
considered as a model rather than an objective listing of
all those people and organisations that make up the
engineering sectors.

Review of the engineering footprint

The version of the footprint used in this report differs from the
version used in the 2017 State of Engineering.

Different variants of the footprint have been used by the
Engineering Council, Royal Academy of Engineering and
EngineeringUK. In 2017, colleagues (including senior
representatives) from the Engineering Council, the Royal
Academy of Engineering and EngineeringUK formed a panel to
review the engineering footprint model. This was done to
update the footprint and reach closer agreement between
organisations to use a single version.

Previously, EngineeringUK opted to use a binary approach
(whereby a sector or occupation was seen to be either in or out
of the footprint), while the Engineering Council determined
proportions of each SOC classification that may be engineers.
For example, in a binary approach, architects are considered to
be within engineering, whereas a proportional model might
determine that only 30% of architects are included.

In the first instance, the three organisations agreed to
standardise on the binary approach, but to improve its
precision by further classifying jobs within the footprint

as core or related (Figure 2.1). Core engineering footprint jobs
were defined as primarily engineering-based roles that require
the consistent application of engineering knowledge and skills
to execute them effectively. A production and process
engineer is one example of a core engineering occupation.
Meanwhile, related engineering footprint jobs were defined as
those that require a mixed application of engineering
knowledge and skill alongside other skill sets, which are often
of greater importance to executing the role effectively. An
architect is an example of a related engineering occupation.

This is the main difference made to the model between this
report and the 2017 report. Core engineering jobs include
those that are self-evidently engineering: the engineering
professionals ‘minor’ group of civil, mechanical, electrical,
electronics, design and development and production and
process engineers. The ‘core’ definition also includes those
that might not primarily be considered engineering but require
consistent use of engineering competences, for example 5211:
smiths and forge workers. The classification of core or related
was only applied to jobs (SOC), not to industries (SIC).

Engineering footprint: rules for inclusion and
exclusion

Representatives from EngineeringUK, the Royal Academy
of Engineering, and the Engineering Council agreed a set
of rules on which to decide which SOC and SIC codes were
included in the engineering footprint.

1 Elementary occupations that require no formal training
or qualifications were not considered as engineering
occupations and all occupations within the level 9 major
group elementary occupations were removed

2 Allremaining occupations were examined on the
following basis:

- Level of qualification required. If no formal qualifications
were required above level 2, then:

- the occupation SOC code skill descriptor was
examined - if the panel agreed that there was no clear
engineering skills content within the descriptor, the
occupation was removed

- if the panel did not agree, further information was
obtained from an external body with specific
knowledge of the skills and competencies of the
occupations

3 A second element of the classification was to decide
whether the occupation should be counted as a ‘core’
engineering occupation or a ‘related’ engineering
occupation, with the following definitions used:

Core: occupations that are primarily engineering-based
and require the consistent application of engineering
knowledge and skills to execute the role effectively

Related: occupations that require a mixed application of
engineering knowledge and skill alongside other skill
sets, which are often of greater importance to executing
the role effectively

4 Where available, the numbers in a given job who were
eligible for professional registration as an engineer were
taken into consideration by the panel (using information
from the Engineering Council’s project MERCATOR)

5 Finally, the list of industries (SICs) was reviewed by the
panel members, who decided if they should be included
or excluded from the footprint model.

As a result of this review, 10 job titles were removed from the
footprint, three were added and four remained with input from
external organisations. Fourteen industries were removed
from the list of SICs and two were added. A full list of SOC and
SIC codes within the revised footprint, and more details on the
changes made, is available in our Annex.

2.4 ONS. ‘Consultation on revising the Standard Occupational Classification 2010 (S0C2010)’, 2016.

2.5 ONS. ‘UK SIC 2007’,2007.
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IR XN The engineering footprint model
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Standard occupational classification (2010)

The standard occupational classification 2010 (S0C2010)
has four levels of detail: the highest is major group level,
followed by sub-major group, minor group, then unit group.
For example:

Major group: 2 Professional occupations

Sub-major

group: 21 Science, research, engineering and
technology professionals

Minor group: 212 Engineering professionals

Unit group: 2127 Production and process engineers

The engineering footprint uses the most detailed level
(unit group), but data can also be analysed at higher levels
if necessary.

Case study — Project MERCATOR

Engineering Council

Standard industrial classification (SIC)

The Standard Industrial Classification 2007 (SIC2007) has
four to five levels of detail: the highest is section. This used
for grouping and is not required to identify the industry.
Industry identification starts at division, then group, then
class. Some classes have sub-classes, which is the fifth
and most detailed level. For example:

Section: C Manufacturing

Division: 20 Manufacture of chemicals and
chemical products

Group: 20.4 Manufacture of soap and
detergents, cleaning and polishing
preparations, perfumes and toilet
preparations

Class: 20.41 Manufacture of soap and
detergents, cleaning and polishing
preparations

Sub-class: 20.41/1 Manufacture of soap and

detergents

- Engineering Technician (EngTech)
+ Incorporated Engineer (IEng)

Project MERCATOR is a research project run by the + Chartered Engineer (CEng)

Engineering Council, designed to estimate the number of
engineers eligible for professional registration. It does this by
using the ONS Annual Population Survey data, which shows
which industries engineers and technicians work in by SIC
code. The data also shows the qualifications they have
attained and their occupation by SOC code. Using this
information, project MERCATOR can estimate the numbers
of individuals working in each occupational area who would
be eligible to register as:

By comparing these estimates with the actual number

of engineers and technicians registered at each level, the
Engineering Council is able to calculate the proportion of
the engineering workforce who are registered with them.

Project MERCATOR also uses the Annual Population Survey
data to identify where in the UK these engineers work.
In addition, it uses data on characteristics, such as gender
or ethnicity, to describe the diversity of the engineering
workforce.
- Information and Communication Technology

Technician (ICTTech)
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2.3 - Engineering and UK productivity

The UK's economic performance is a long-standing — and, to
some, concerning — point of discussion. As detailed in Chapter
10, recent years have seen a substantial increase in the number of
people employed and a decline in unemployment. By the end of
2016, GDP, employment, and hours worked were about 7% to 8%
higher than the recession in 2008. However, productivity —
indicated by how much is produced for a given input, such an
hour’s work — was no higher. GDP growth has largely been
achieved through more hours being worked, rather than through
higher productivity. This has resulted in a “low wage, low
productivity, high employment outcome.” 2¢

No single theory provides a sufficient explanation for this
‘productivity puzzle, which makes it difficult to predict when —
and if — the UK’s weakness in productivity growth will come to an
end.?” What can be concluded, however, is that with the
proportion of people in work at an historic high, only limited
economic growth can be achieved by simply recruiting more
people. For growth to continue at its recent pace of around 2% per
year, the productivity of existing employees needs to be improved.

Engineering has a key role in driving productivity. In addition

to employing 18.9% of the UK total workforce — often in highly
skilled roles — the sector is integral to the country’s ability to
innovate, attract investment, and develop infrastructure. As a
major beneficiary of vocational and technical education, the
engineering sector also has a clear hand in shaping this agenda,
and in directly advancing the skills of the workforce through the
provision of apprenticeships.

The engineering sector is therefore both integral to achieving, and
reliant on, the success of the industrial strategy, which aims to
improve productivity. The government’s productivity plan?€ and
industrial strategy 2° include aims to improve national
infrastructure (transport, energy and digital) and enhance skills,
particularly in STEM. The engineering sectors are reliant on and
are supporting upskilling, from school to continuing professional
development. They also create and benefit from the impact of
national infrastructure projects across the UK.

In the 2017 edition of this report, we detailed the significant
contribution the engineering sector makes to UK productivity.
This was calculated to be a quarter of the UK gross value added.
Analysis by Cebr for EngineeringUK (based on the old engineering
footprint, but adjusted to reflect the revised footprint) indicated
that the engineering sector generated £420.5 billion in 2015. That
was more than the Gross Value Added (GVA) generated in 2015
by the retail and wholesale, and financial and insurance sectors
combined (£193 billion and £125 billion respectively). 2

Gross valued added (GVA)

The GVA is a measure of the value in the national accounts of
an activity. Essentially, it is the value of industrial output
minus the value of the intermediate goods and services used
as inputs to produce that activity. GVA will be distributed to
employees, shareholders and to the government. It is linked
as a measurement to GDP (GVA plus taxes, minus subsidies,
equals GDP). Taxes and subsidies tend only to be valued at
the whole economy level rather than by sector or region, so
GVA is a useful measure of a sector or region’s contribution
to the economic picture.

Figure 2.2 shows the estimated GVA per person per year within
the revised EngineeringUK footprint by industry. On average,
employees in engineering industries in 2015 generated £74,184
each. Estimates varied significantly between capital intensive
engineering industries, such as mining and quarrying
(£253,250) and electricity, gas, steam and air conditioning
(£139,564), and other engineering industries more reliant on
labour, including construction (£64,195) and architecture,
security systems and defence (£57,437).

IGEIE¥ 2 Breakdown of projected GVA per person by
engineering industry (2015) — UK

Engineering industries GVA per person (£)

Mining and quarrying 253,250
Manufacturing 68,263
Electricity, gas, steam and air conditioning 139,564
Water supply, sewerage, waste management

e 141,301
and remediation
Scientific research and development 81,429
Construction 64,195
Wholesale, retail, repair of motor vehicles and

27,465

motorcycles and transport
IT, te{lecommu.nlcatlons and other information 94,853
service activities
Architecture, security systems, defence 57,437
Other service activities 60,156
All engineering industries 74184

Source: Cebr, 2016
To view this table with total GVA and employment numbers, see Figure 2.2 in our Excel
resource.

It is estimated that every £1 of GVA
created by engineering activity
generates a further £1.45 of GVA
elsewhere. What's more, every additional
person employed in engineering is
estimated to support another 1.74 jobs.

The importance of engineering to UK productivity is not just
its direct contribution but also through the GVA it induces
elsewhere. These ‘multiplier effects’ occur through supply
chain activity and the people those organisations in the supply
chain employ. It is estimated that every £1 of GVA created by
engineering activity, generates a further £1.45 of GVA
elsewhere. What's more, every additional person employed

in engineering is estimated to support another 1.74 jobs.2™"

Other contributions to UK productivity, which are not directly
considered in these calculations, are the effects of the
engineering sector outputs themselves — for example, the time
saved or additional jobs attracted by transport infrastructure
such as Crossrail (Elizabeth line) or the Queensferry crossing.
These and other major infrastructure engineering projects are
discussed later in this chapter.

2.6 OECD. Glossary of statistical terms; biotechnology, single definition, 2001.

2.7 BIS. Cable announces £20 million for UK industrial biotechnology, February 2015.
2.8 NESTA. Financing Industrial Biotechnology in the UK, October 2011.

2.9 OECD. Synthetic Biology, November 2010.

2.10 Synbicite. Synthetic Biology Examples, 2017.

2.11 Synbicite. UK Synthetic Biology Start-up Survey, 2017.
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Case study — Economic contribution via the
supply chain

Philip Pratley, Director, Trade and External Relations UK,
Leonardo

In an increasingly competitive international market, the
UK’s advanced engineering sector has maintained its
successful edge by creating adaptable partnerships
across the supply chain. Larger, often transnational,
engineering companies work with specialist partners,
many of them SMEs, and with academia to create new
systems and engineering support services.

Post-Brexit, it is these supply chains, not the larger
companies alone, that will be competing internationally.

The defining characteristic of the larger companies will be

their commitment or otherwise to invest in UK intellectual
property, in engineering design and development, in
advanced manufacturing infrastructure and in skills in the
UK, on their own sites and throughout the supply chain.
These will be the features which give the supply chains
their resilience internationally, and it is these features
which now need to be immediately apparent in the
coherence of the UK government’s industrial strategy as
this emerges from its long gestation into real
implementation.

An example of the economic impact of larger engineering
companies working with their supply chains for UK and
export customers is the UK business of the transnational
company Leonardo. Its UK indigenous capability portfolio
is in helicopters, RF systems and sensors, data services
and cyber. Fifty percent of its £2 billion UK turnover is in
exports. With a mature foundation of more than 1,600 UK
suppliers, of which over 950 are SMEs, and a strong
heritage of its own in companies from Marconi and
Ferranti to Westland and Mullard, Leonardo in the UK has
achieved strategic contracts from USA to the Middle East,
and from Northern Europe to Asia Pacific.

This, in turn, sustains its own workforce of 7,000 highly
skilled UK jobs directly and a further 18,000 in the UK

supply chain. Independent analysis has shown GVA of 1 to

2.61. This value can be seen in regions of the UK which
depend on the success of the company, around its sites in
the South West, in central Scotland and in the East of
England, and also through the supply chain in other
regions. The shared challenge now for both the UK's
advanced engineering network and the UK government is
to extend to each other the partnership principles of risk
management, transparency and long term business
planning to be sure of continued success domestically
and abroad.

If the GVA multiplier effect of 2.45 is
applied to the total engineering GVA
estimate of £420.5 billion for 2015, this
gives a total impact of £1,030 trillion.

2 - Engineering and its economic contributions

Independent analysis by Cebr?'?, which estimated the gross
value added of the engineering sector by detailed industry,
provides a useful indication of the contributions of engineering
to the UK economy. In total, the engineering sector created

a quarter of the UK's total GVA in 2015 (Figure 2.3).
Manufacturing was a key industry, generating £156.1 billion
GVA in 2015. This was 9.3% of the total UK GVA in 2015.

The construction industry generated £62.9 billion and

IT, telecommunications and other information service
activities £85.4 billion.

If the GVA multiplier effect of 2.45 is applied to the total
engineering GVA estimate of £420.5 billion for 2015, this gives
atotal impact of £1,030 trillion. Similarly, using the old
engineering footprint employment of around 5.7 million and
employment multiplier of 2.74, we can reasonably estimate
thatin 2015, 15.6 million people in the UK were supported by
the activity of the engineering sectors.2"

IEEMERX] Breakdown of projected GVA by engineering
industry (2015) - UK

GVA % of total

Engineering industries (£ billions) UK GVA
Mining and quarrying 16.2 1.0%
Manufacturing 156.1 9.3%
Electricity, gas, steam and air conditioning 272 1.6%
managemen and remedtation 160 0%
Scientific research and development 4.0 0.2%
Construction 62.9 3.7%
Wholesale, retail, repair of motor vehicles
and motorcycles and transport 8.6 0.5%
Architecture, security systems, defence 42.2 2.5%
Other service activities 19 0.1%
All engineering industries 420.5 25.0%
Non engineering industries 1,264.5 75.0%
All UK industries 1,684.9 100.0%

Source: Cebr, 2016
To view this table with numbers by SIC 3-4 digit industry, see Figure 2.3 in our Excel resource.

2.12 Ibid

2.13 Cebr. ‘An updated assessment of the economic contribution of engineering to the UK economy’, November 2016.
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2 - Engineering and its economic contributions

2.4 - Engineering enterprises

About the data

Analysis in this chapter is primarily on data from the ONS
Inter-departmental Business Register (IDBR). Numbers are
rounded to the nearest 5. Percentages and numbers may
not sum to 100% or the total due to rounding or missing/
unknown categories not being included in the figures.
Where there are small numbers for some categories, these
have been suppressed for data protection. Suppressed
numbers are denoted by .

Number of engineering enterprises in the UK

In 2016, the latest year for which data is available, there were
687,575 registered enterprises with SIC classifications in the
engineering footprint (Figure 2.4). Over a third (239,495) of
these were registered in London or the South East. Together,
the North East, Yorkshire and the Humber and the North West
accounted for 18.7% (128,655) of registered engineering
enterprises (Figure 2.5). Wales, Northern Ireland and Scotland
together had 12.5% (86,225). The South West had 8.7%
(59,860) and the Midlands (East and West) and East of England
combined had just over a quarter (173,310).

The number of registered engineering enterprises in the UK
grew by 5.6% between 2015 and 2016. This equated to 36,495
new engineering enterprises. This increase varied between
3.5% and 5.8% in each devolved administration or English
region, except in London, which increased by 10.2% (11,310
new enterprises). Over the 5 years from 2011 to 2016, there
were double digit percentage increases in each region and
country, except Northern Ireland. For the UK, this increase was
over a quarter at 26.8%. Growth in terms of number of
enterprises was particularly high in London (54.3%), the North
East (33.9%), and Scotland (29.6%).

IR Number of VAT and/or PAYE registered
engineering enterprises by nation/region (2016) — UK

Change over Change over

Nation/region No. % 1year (%) 5years (%)
England 601,320 87.5% 5.8% A 27.6% A
North East 19470  2.8% 45% A 339% A
North West 63,480 9.2% 4.5% A 23.6% A
:(rf’e”ﬁgr';i:?d 45705  6.6% 39%A  21.0%A
East Midlands 45155 6.6% 4.6% A 18.6% A
West Midlands 54,140 79% 5.3% A 20.5% A
East 74,015  10.8% 5.3% A 22.3% A
London 122,200 17.8% 10.2% A 54.3% A
South East 117,295 17.1% 5.2% A 241% A
South West 59,860 8.7% 4.0% A 18.9% A
Wales 24,145 3.5% 4.2% A 20.0% A
Scotland 46,880 6.8% 3.5% A 29.6% A
Northern Ireland 15,230 2.2% 5.6% A 2.4% A
UK 687,575 100.0% 5.6% A 26.8% A

Source: ONS, IDBR, 2011 to 2016
To view this table with numbers from 2011, see Figure 2.4 in our Excel resource.

Over a quarter of the 2.5 million
registered enterprises in the UK were
in the engineering footprint (26.9%).

IGEMER X Distribution of VAT and/or PAYE registered
engineering enterprises in 2016, by UK nation and region

Scotland
6.8%

e

North East

2.8%
Northern Ireland

2.2% Yorkshire and
the Humber
® 6.6%
North West Easot Midlands
9.2% 6.6%
East
West Midlands » 10.8%
7.9%
Wales .o o London
3.5% 17.8%
South West -
8.7% _ T
South East
17.1%

Source: ONS, IDBR, 2016
To view this chart with numbers from 2011, see Figure 2.5 in our Excel resource.

Over a quarter (26.9% or 687,575) of the 2.55 million
(2,554,510) registered enterprises in the UK were in the
engineering footprint.

This proportion increased marginally, by 0.3 percentage points,
between 2015 and 2016 and by 0.8 percentage points between
2011 and 2016. In 2016, in the English regions and constituent
countries of the UK, the proportion of engineering enterprises
varied from 22.0% in Wales and 24.2% in Northern Ireland, to
29.1% in the East of England and 29.9% in the South East and
28.7% in the North East.
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2 - Engineering and its economic contributions

IGETERXA Number of VAT and/or PAYE registered engineering enterprises as a proportion of all enterprises (2016) - UK

Number of
engineering
enterprises

Number of all

Nation/region enterprises

England 2,213,655 601,320
North East 67,800 19,470
North West 245170 63,480
mﬁ:;iz:d 177,930 45705
East Midlands 172,700 45,155
West Midlands 200,550 54,140
East 253,955 74,015
London 476,890 122,200
South East 392,085 117,295
South West 226,575 59,860

Wales 99,860 24,145

Scotland 171,900 46,880

Northern Ireland 69,095 15,230

UK 2,554,510 687,575

Source: ONS, IDBR, 2011 to 2016
To view this table with numbers from 2011, see Figure 2.6 in our Excel resource.

In the UK, the proportion of enterprises classed as
‘engineering’ has increased by less than a percentage point
over both 1 year and the last 5 years (Figure 2.6). In the last
year, the only decrease was in the East Midlands, which fell by
just 0.1 percentage point. This was driven by the growth of
non-engineering enterprises between 2015 and 2016
outpacing the growth of engineering enterprises, rather than by
an absolute decrease in engineering enterprises in the region.
This was part of a slightly larger decline (0.9 percentage
points) over the previous 5 years, as non-engineering
enterprises increased at a slightly higher rate. There was also a
marginal decrease in Yorkshire and the Humber of 0.1
percentage points for the same reason. The proportion of
engineering enterprises increased by 2.3 percentage points in
Scotland and by 2.2 percentage points in the North East. The
proportion of engineering enterprises in London increased by
1.9 percentage points.

The number of engineering enterprises in the different broad
industrial groupings by region/nation is shown in Figure 2.7.
Overall, information and communications comprised the
largest proportion of engineering enterprises in the UK (29.2%).
This was followed by construction (26.3%) and manufacturing
(19.1%). The remaining quarter of engineering enterprises were
from other industrial groups such as:

- production of electricity to maintenance and repair of motor
vehicles

- data processing, hosting and other activities

- engineering design activities for industrial process and
production

Percentage
engineering
enterprises

Change over
1 year (%p)

Change over
5 years (%p)

27.2% 0.3%p A 0.7%p A
28.7% 0.4%p A 2.2%p A
25.9% 0.1%p A 0.3%p A
25.7% 0.2%p A -01%p ¥
26.1% -01%p ¥ -0.9%p ¥
27.0% 0.2%p A 0.2%p A
29.1% 0.2%p A 0.5%p A
25.6% 0.7%p A 1.9%p A
29.9% 0.4%p A 11%p A
26.4% 0.3%p A 0.8%p A
24.2% 0.5%p A 1.2%p A
27.3% 0.4%p A 2.3%p A
22.0% 0.5%p A 0.2%p A
26.9% 0.3%p A 0.8%p A

There were only 1,185 mining and quarrying enterprises in the
UK. The largest proportion were in Scotland (20.7%), followed
by London (13.1%), then the South East, South West (8.0%
each), then Yorkshire and the Humber (8.0%).

Manufacturing had over a 100 times more enterprises in 2016
than mining and quarrying (131, 530 compared with 1,185). The
largest proportion were in the South East (13.9%), followed by
the North West (11.0%), West Midlands (10.9%) and East of
England (10.4%). Yorkshire and the Humber, the East Midlands,
London and the South West each had a 9.0 to 9.1% share of UK
manufacturing enterprises.

At 180,510, there were almost 50,000 more construction
enterprises than manufacturing enterprises in 2016. These
were concentrated in southern and eastern England, led by the
South East (16.9%), then London (13.6%), the East of England
(12.4%) and the South West (9.8%). The North West had 8.9% of
the construction enterprises in the UK and the highest
proportion across the Midlands and northern UK.

Information and communication had the most enterprises of
any engineering industry, at 200,750. These were even more
concentrated than construction in south eastern England.
Nearly a third were in London (30.8%), a fifth were in the South
East (20.6%), and a further 10.2% were in the East of England.

Enterprises in the remaining industrial groups in the
engineering footprint were less focused on southern and
eastern England. The South East had the highest proportion
(15.6%), followed by London (13.2%), then the North West
(10.7%) and the East of England (10.1%). The South West had
8.7% of the enterprises in the remaining industrial groups.
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2 - Engineering and its economic contributions

[N WAl Number of VAT and/or PAYE registered engineering enterprises by selected industry and region/nation (2016)

Mining and Information and All other Total engineering

Nation/region quarrying Manufacturing Construction communications industrial groups sector
England 785 113,380 155,605 185,510 146,040 601,320
North East 45 4,240 5155 2,965 7,065 19,470
North West 70 14,465 16,110 14,200 18,635 63,480
mk:g;i:d 95 11,810 13,000 9,010 11,790 45,705
East Midlands 80 12,010 12,830 8,825 11,410 45,155
West Midlands 55 14,385 13,555 11,755 14,390 54,140
East 85 13,640 22,370 20,425 17,495 74,015
London 155 12,675 24,485 61,905 22,980 122,200
South East 100 18,235 30,445 41,400 27115 117,295
South West 100 11,920 17,655 15,025 15,160 59,860
Northern Ireland 90 3,870 6,235 1,620 3,415 15,230
Scotland 245 8,655 10,850 9,495 17,635 46,880
Wales 65 5,625 7,820 4125 6,510 24,145
UK 1,185 131,530 180,510 200,750 173,600 687,575
EREET2 0.2% 191% 26.3% 29.2% 25.2% 100.0%

engineering sector

Source: ONS, IDBR, 2016
To view this table with numbers from 2011 and by enterprise size, see Figure 2.7 in our Excel resource.

E[T-WX: W Engineering enterprises registered for VAT and/or Overall, the proportion of engineering enterprises increased
PAYE by industry (2016) — UK by 5.6% over 1 year — although there was variation across
the sectors (Figure 2.8). For some, there was no increase.

Change  Change  ppoqyragingly, however, no industries decreased in number

Engineering industries No ye‘;"re(z/; yea‘:‘;e(f,/s) of enterprises over either the last 1 year or 5 years. The largest
) ° ° increase within the major engineering industries was
Agriculture, forestry and fishing 65 18.2% A 857% A information and communication, which grew by 7.6% over
Mining and quarrying 1185 00% 6.8% A 1 year and 40.8% over 5 years. In 2011 there were 142,585
information and communications enterprises. Examples of
Manufacturing 131,530 24% A 89% A

developing industries, given later in this section, show many
Elect.rl.clty, gas, steam and air 3940 28.3% A 5109% A are within information and communication.
conditioning supply

Water Supply, Sewerage, waste Size of engineering enterprises

management and remediation 4855 24% A 20.3% A  Across all industry sectors in the UK, 89.2% of enterprises
services in 2016 were micro-sized (0 to 9 staff), 8.9% had 10 to 49
Construction 180,510 63% A 18.4%a  employees and afurther 1.6% were medium sized (50 to 249

employees). Overall, 99.6% classed as small or medium
42,500 34% A 208% A  enterprises (SMEs). Only 0.4% of enterprises were classed

as large, with 250 or more employees. The enterprises in the
Transportation and storage 10 0.0% 0.0%  engineering footprint reflect a similar profile, with a slightly
Information and communications 200,750 7.6% A 40.8% A higher proportion of micro enterprises (90.6%) and,

correspondingly, lower proportions of all other enterprise
113,705 56% A 43.6% A sizes (Figure 2_9)

Wholesale and retail trade; repair
of motor vehicles

Professional, scientific and
technical activities

Administrative and support

) - 2,070 48% A 489% A
service activities

Bublic administration and Qf the major engineering !ndqstrles,
defence; compulsory social 25 00% 250%a information and communications saw

security th I h . f .
Other service activities 6,340 23% A 273% A e argeS‘.t grOWt . In terms o enterp”se
All engineering industries 687,575 5.6% A 26.8% A numberS, IncreaSIng by 7'6% over one

All industries 2554510 43%a 228%a Yyear and 40.8% over five years.

Source: ONS, IDBR, 2011 to 2016

To view this table with numbers from 2012 see Figure 2.8 in our Excel resource.
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IGETMZE¥X:) Engineering industries by enterprise size (2016) — UK

Engineering industries 0-9 10-49
Agriculture, forestry and fishing 76.9% 15.4%
Mining and quarrying 72.3% 18.1%
Manufacturing 77.9% 16.7%
E.Iectrlcr.cy, gas, steam and 90.6% 79%
air conditioning supply

Water supply; sewerage,

waste management and 77.0% 18.3%
remediation services

Construction 92.9% 6.1%
Who]esale and reta‘ll trade; 92.6% 6.8%
repair of motor vehicles

Transportation and storage 50.0% 0.0%
Information and communications 94.8% 4.3%
Profe§3|onal,‘ s.c.lentlﬁc and 94.1% 49%
technical activities

Adm.lnlstrafu\./e? and support 97.8% 72%
service activities

Public admlmstr_atlon angl defence; 20.0% 40.0%
compulsory social security

Other service activities 93.9% 5.0%
All engineering industries 90.6% 7.5%
All industries 89.2% 8.9%

Source: ONS, IDBR, 2016
To view this table with numbers from 2011 see Figure 2.9 in our Excel resource.

However, Figure 2.9 and Figure 2.10 also show that, while
micro enterprises dominate the engineering sector as a
whole, these are concentrated in specific industries: namely,
construction; repair of motor vehicles; information and
communication; and professional, scientific and technical
activities. Conversely, manufacturing, agriculture, forestry
and fishing, mining and quarrying, water supply, and
transportation and storage had relatively low proportions

of micro enterprises.

Manufacturing, agriculture, forestry and fishing, mining and
quarrying, and water supply, also all had higher proportions of
small and medium sized enterprises. The relatively few large
enterprises were more often in manufacturing, water supply,
electricity supply, and mining and quarrying.

The number of engineering enterprises has increased by over a
quarter 2011 to 2016 (26.8%, Figure 2.4). This trend may partly
be explained by an increasing number of micro or small sized
enterprises in emerging industries, particularly in information
and communications.

2 - Engineering and its economic contributions

50-249

7.7%
5.5%
4.5%

0.8%

3.8%

0.8%

0.5%

0.0%
0.8%

0.8%

40.0%

0.9%
1.5%
1.6%

Total SME
(0-249)

100.0%

95.8%
99.1%

99.2%

99.2%

99.9%
99.9%

50.0%
99.8%

99.8%

100.0%

100.0%

99.8%
99.7%
99.6%

250+

0.0%
4.2%
0.9%

0.8%

0.8%

0.1%

0.1%

50.0%
0.2%

0.2%

0.0%

0.0%

0.2%
0.3%
0.4%

Total no.

65
1,190
131,530

3,940

4,855

180,510
42,590

10
200,745

113,705

2,070

25

6,340
687,575
2,554,510

The number of engineering enterprises

increased by 26.8% between 2011
and 2016. This is in part due to the

growing number of micro or small sized
enterprises in emerging industries.

In 2016, 90.6% of engineering
enterprises had less than 10 employees.
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2 - Engineering and its economic contributions

IR EL) Engineering industries by enterprise

size (2016) — UK

Manufacturing 4.5%

77.9% 16.7% 0.9%
Construction 6.1% 0.8%
Repair of motor vehicles 6.8% 0.5%
Information and communication 4.3% 0.8%
02%
Other service activities 5.6%1.0%
Total engineering footprint 7.5% 1.5%
03%
All industries 8.9% 1.6%

@09 @1049 @50-249 @250+

Source: ONS, IDBR, 2016
To view this chart with numbers from 2011, see Figure 2.10 in our Excel resource.

IGETE¥XLN Engineering sector by enterprise size and nation/region (2016)

Nation/region 0-9
England 90.7%
North East 89.0%
North West 89.2%
Yorkshire and the Humber 87.6%
East Midlands 88.4%
West Midlands 88.3%
East 91.2%
London 93.5%
South East 91.9%
South West 90.8%
Wales 89.7%
Scotland 89.8%
Northern Ireland 88.8%
UK 90.6%

Source: ONS, IDBR, 2016
To view this table with numbers from 2011 see Figure 2.11 in our Excel resource.

By nation or region, Yorkshire and the Humber, the East
Midlands and the West Midlands had lower proportions of
micro enterprises in the engineering footprint and higher
proportions of small, medium and large sized enterprises.

These regions also had slightly higher proportions of

manufacturing enterprises than other UK countries or regions
(see our Excel resource).

The North East and Wales also had slightly higher than average
proportions of medium and large engineering enterprises.

The North East had a higher share of those industries tending
towards medium and large enterprises (manufacturing, and
quarrying and mining), compared to its share of industries with
more micro enterprises (information and communication, and
construction). In Wales, there was a relatively high proportion
of manufacturing enterprises, which tended to be small or
medium, a lower proportion of enterprises in information and
communication (mostly micro enterprises) and a higher

proportion of construction enterprises (also micro).

In contrast, London had a higher proportion of micro
enterprises than the rest of the engineering footprint

(Figure 2.11). As noted earlier, London had a concentration
of enterprises in information and communication and in
construction, both of which had high proportions of micro
enterprises. When aggregated to SME level, the regional and
country variations all but disappear, with only 0.2 percentage

points between the lowest and highest.

10-49

7.5%
8.5%
8.6%
9.7%
9.2%
9.4%
7.1%
5.3%
6.6%
7.6%
8.0%
7.9%
9.0%
7.5%

50-249

1.5%
2.1%
1.8%
2.2%
2.0%
1.9%
1.4%
1.0%
1.2%
1.3%
2.0%
1.8%
1.9%
1.5%

Total SME
(0-249)
99.7%
99.6%
99.7%
99.6%
99.6%
99.6%
99.7%
99.8%
99.7%
99.7%
99.6%
99.6%
99.7%
99.7%

250+

0.3%
0.4%
0.3%
0.4%
0.4%
0.4%
0.3%
0.2%
0.3%
0.3%
0.4%
0.4%
0.3%
0.3%

Total no.

601,320
19,470
63,475
45,705
45,155
54,140
74,015

122,205

117,295
59,860
24,145
46,880
15,230

687,575
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2.5 - Engineering enterprise turnover

Turnover, the amount derived from goods and services after
tax, gives an indication of the size of enterprises and the
industries and sectors they operate in. Engineering enterprises
registered for VAT and/or PAYE in the UK generated 23.2%
(£1.23 trillion?™) of the UK’s £5.3 trillion total turnover from all
registered enterprises for the financial year March 2015 to
March 2016 (Figure 2.12). The total turnover itself had grown
by 3.2% in the same period (Figure 2.17).

Engineering enterprises registered for
VAT and/or PAYE in the UK generated
23.2% (£1.23 trillion) of the UK’s

£5.3 trillion total turnover.

IGEMEEEEY Engineering enterprise share of turnover in all VAT
and/or PAYE registered enterprises (2016) — UK

23.2%

2 - Engineering and its economic contributions

Engineering enterprise turnover by region

Analysis by UK nation and English region (Figure 2.13) shows
that London and South East England accounted for the
largest engineering turnovers (£238 billion and £225 billion
respectively). Between them, London (19.4%), the South East
(18.3%), the West Midlands (10.9%) and Scotland (9.4%)
accounted for over half of engineering enterprise turnover.

However, overall engineering turnover declined compared
with 2015. Turnover in London was 1% lower than the year
before and in the South East it dropped by 9% in 2015 to
2016. The decline in turnover in London and the South East -
the regions with the two highest levels of engineering
employment - together with a decrease in the South West,
effectively cancelled the growth in all the other regions in
England, to cause a decrease of 1.4% in England and of 0.7%
in the UK.

Between 2011 and 2016, every UK constituent country and
English region saw double digit percentage increases in
turnover, except the East of England (1.5%) and the South
East (-2.2%). Most of these increases were between 16% and
23%. The highest was in the West Midlands (74%), where the
share of engineering enterprise turnover was 10.9%.
Although this presents an apparently healthy picture overall,
it should be remembered that this data covers the UK's
emergence from the recession, and much of this growth
could represent recovery to pre-2008 levels. Also notable is
the dip in turnover in 2011 across much of the north of
England and Wales. Nevertheless, that turnover across all
countries and regions was higher in 2016 than 2009
indicates the sector has recovered from the financial crisis.

IGETZEPEE] Turnover in VAT and/or PAYE registered
engineering enterprises by nation/region (2016) — UK

Share of Change Change
engineering  Turnover over over
Nation/region turnover (%) (£ billions) 1year (%) 5years (%)
England 85.9% 10556 -1.4%V  159% A
North East 2.6% 317 4.0% A 17.2% A
@Engineering enterprises North West 7.8% 953  0.8% A 224%A
Source: ONS, IDBR, 2016 Yorkshire and 5.6% 691  44% A 225%A
To view this chart with numbers from 2011, see Figure 2.12 in our Excel resource. the Humber
East Midlands 5.9% 719 3.6% A 224% A
West Midlands 10.9% 1341 21% A 74.0% A
East 9.0% 110.9 2.3% A 1.5% A
London 19.4% 2384 -1.0%V 15.0% A
South East 18.3% 225.3 91%V  -22%V
South West 6.4% 790 -30%VY 174% A
Wales 3.0% 37.2 58% A 158% A
Scotland 9.4% 116.1 27% A  17.5% A
Northern Ireland 1.6% 20.1 33%A  111% A
UK 100.0% 1,2291 -07%V 15.9% A
Source: ONS, IDBR, 2011 to 2016
To view this table with numbers from 2011, see Figure 2.13 in our Excel resource.
2.14 £1,230,000,000,000

Back to contents

42



43

2 - Engineering and its economic contributions

Engineering as a share of total turnover

Between 2015 and 2016, the contribution of engineering as a
proportion of all turnover decreased by nearly 1 percentage
point, to 23.2% of all enterprise turnover (Figure 2.14). It is
worth noting, however, that this UK average is skewed by the
low figure (11.8%) in London, where engineering turnover is
overshadowed by the service sectors. Across other English
regions and the constituent nations of the UK, engineering
typically generated between a quarter to a third of turnover in
their respective regions. Even in Yorkshire and the Humber,
the region with the lowest share of turnover other than London,
it stood at 20.5%. The share of turnover was highest in Wales
(38.8%) and the West Midlands (40.2%). While the value of
engineering enterprise turnover in Northern Ireland was
relatively small at £20 million, as a share of total turnover, this
was 29.6% (as we show in our Excel resource).

Engineering turnover as a share of the total saw minimal
change between March 2015 and March 2016, with changes of
one percentage point or less across most regions. There were
two exceptions: engineering share of the turnover decreased in
the South West by 1.9 percentage points and in the South East
by 3 percentage points. Changes are more apparent when
looking at the five-year period since 2011. Although engineering
turnover as a share of total turnover decreased by 0.7%
percentage points nationally, the West Midlands, South West
and Scotland saw increases of between 5 and 7 percentage
points. The share in the North East also increased by 2.5%.
The overall decrease observed at the UK level was largely
driven by the substantial decrease in the South East

(8 percentage points). Wales and the North West also saw
decreases of about 2 percentage points between 2011

and 2016.

IGETZ¥ XL Engineering enterprise share of turnover of all VAT
and/or PAYE registered enterprises by nation/region (2016) — UK

Change over Change over

Nation/region Turnover 1 year (%p) 5 years (%p)
England 22.1% -1.0%p ¥ -1.0%p ¥
North East 30.5% 1.0%p A 2.5%p A
North West 28.2% -09%p V¥ 1.7%p ¥V
:fe”ﬁﬂgiz:‘d 205%  03%pA  09%p A
East Midlands 29.6% 0.5%p A 0.9%p A
West Midlands 40.2% 0.4%p A 6.9%p A
East 28.6% -0.8%p ¥V 0.7%p A
London 11.8% -07%p ¥ -1.3%p ¥
South East 30.9% -3.0%p ¥ -8.4%p V¥
South West 271% 19%p Vv 5.1%p A
Wales 38.8% 0.3%p A -2.3%p ¥
Scotland 33.9% 0.4%p A 51%p A
Northern Ireland 29.6% 0.0%p A 0.2%p A
UK 23.2% -0.9%p Vv -0.7%p ¥V

Source: ONS, IDBR, 2011 to 2016
To view this table with numbers from 2011, see Figure 2.14 in our Excel resource.

Engineering enterprises turnover by industry

With a value of £572 billion, manufacturing accounted for
nearly half (46.5%) of the turnover of engineering enterprises in
2016 (Figure 2.15). The next two largest industries by turnover
were information and communication (16.1%, £198 billion) and
construction (14.0%, £172 billion).

The rest were below 10% (Figure 2.16). Some engineering
enterprises generated a very low proportion of turnover in
2016, perhaps reflecting their comparatively small size.
Agriculture, forestry and fishing accounted for just 0.02%
(£187 million) and transportation and storage only 0.07%
(£883 million). Nevertheless, their turnovers were still hundreds
of millions and their services and outputs are necessary for
other industries, with higher turnovers, to function.

m Top engineering industries by turnover in
2016 - UK

42.4bn

171.9bn 571.6bn

245.1bn

@ Manufacturing @ All other industrial groups
@ Information and communications @ Construction @ Mining and quarrying

Source: ONS, IDBR, 2016

Manufacturing accounted for 46.5%

of turnover generated by engineering
enterprises in 2016. The information
and communications and construction
industries also constituted a sizeable
share of turnover (16.1% and 14.0%,
respectively).

Back to contents



IGEMZEY XL Percentage share of turnover in VAT and/or PAYE
registered engineering enterprises by industry (2016) — UK

Engineering industries Turnover (%)

Agriculture, forestry and fishing 0.0%
Mining and quarrying 3.5%
Manufacturing 46.5%
Electricity, gas, steam and air conditioning 8.1%
supply s
Water supply; sewerage, waste management o
e 2.0%
and remediation
Construction 14.0%
Wholesale and retail trade; repair of o
f 1.9%
motor vehicles
Transportation and storage 0.1%
Information and communication 16.1%
Professional, scientific and technical activities 7.3%
Administrative and support service activities 0.1%
Public administration and defence; 01%
compulsory social security e
Other service activities 0.4%
All engineering Industries 100.0%

Source: ONS/IDBR, 2016
To view this table with numbers from 2011, see Figure 2.16 in our Excel resource.

While turnover in the engineering sector declined by 0.7%
between 2015 and 2016, it increased in non engineering
industries by 4.5%. Over 5 years, (2011 to 2016) the increase in
turnover by enterprises in engineering industries was outpaced
by those in non engineering industries (15.9% versus 20.5%)
(Figure 2.17).

The — admittedly slight — decline in turnover between 2015
and 2016 was largely driven by a decrease in the turnover
generated by manufacturing (down 2.7%), which comprises
19.1% of engineering enterprises. Turnover for the next two
biggest industries actually increased. Information and
communication turnover increased by 5.0% and construction
by 11.5%. There were relatively big declines in turnover for
agriculture forestry and fishing (down 25.9%), mining and
quarrying ( down 15.7%), electricity, gas, steam and air
conditioning supply (down 17.3%), and in public administration
and defence (down 17.0%).

Turnover trends over the 5 year period between 2011 and 2016
show a more positive picture. In that period, manufacturing
turnover increased by 22.6% and information and
communication by 23.5%. Turnover in construction enterprises
also increased by 15.8%. Turnover for some of the smaller
industries, such as professional, scientific and technical
activities and wholesale/retail trade and repair of motor
vehicles, also saw sizeable increases in turnover (33.6% and
30.8% respectively).

However, some industries saw a decline in turnover between
2011 and 2016. Mining and quarrying, for example, saw a
decrease of 40.3%. Electricity, gas, steam and air conditioning
supply industry also saw a less dramatic decrease of 1.4%
between 2011 and 2016.

2 - Engineering and its economic contributions

Engineering enterprise turnover by region and industry

Our Excel resource shows turnover for the main engineering
industries by UK nations and English region as at March 2009
10 2016. This is summarised in Figure 2.18.

In 2016, much manufacturing was concentrated in London
(£69.1 billion), the South East (£96.3 billion), the West Midlands
(£91.9 billion) and, the North West (£54.2 billion).
Manufacturing was the industry with the highest turnover in
Wales (£25.1 billion), Northern Ireland (£10.8 billion), the South
West (£34.3 billion), the North East (£19.5 billion) and Yorkshire
and the Humber (£38.7 billion).

Information and communication was focused in London (£82.1
billion) and the South East (£60.8 billion). Construction was
concentrated in London (£26.1 billion), the South East (£33.6
billion), the East of England (£23.4 billion) and the East
Midlands (£14.2 billion).

Considerable turnover was concentrated in London, including
in mining and quarrying (£20.3 billion). It is possible this is due
to many enterprises’ head offices being registered in London.

ST [V (- A VA Turnover in VAT and/or PAYE registered
engineering enterprises by industry (2016) — UK

Change Change

Turnover over 1 over 5
Engineering industries (£ billions)  year (%) years (%)
Agriculture, forestry and fishing 02 -259%V =
Mining and quarrying 424 -157%V -403%V
Manufacturing 571.6 27%V  22.6% A
Electricity, gas, steam and air 992 173%V  14%V
conditioning supply
Water supply; sewerage, yvqste 245  -40%VY  16.6% A
management and remediation
Construction 1719  11.5% A 15.8% A
Who_IesaIe and reta.ll trade; 237 07% A 30.8% A
repair of motor vehicles
Transportation and storage 0.9 49% A -
Information and communication 198.0 50% A 23.5% A
Profe.ssmnal,. s.c.lentlﬂc and 891 100% A  33.6% A
technical activities
ARSI e P 09  41%A 1097% A
service activities
Public administration and
defence; compulsory social 1.3 -17.0% VvV -
security
Other service activities 54 273% A 62.0% A
All engineering industries 1,2291 -07%V 159% A
Non engineering industries 4,061.6 4.5% A 20.5% A
All industries 5,290.7 3.2% A 19.4% A

Source: ONS, IDBR, 2011 to 2016
To view this table with numbers from 2011, see Figure 2.17 in our Excel resource.
‘=" denotes low values which have been suppressed.

Back to contents

44



2 - Engineering and its economic contributions

TN PR EN Share of total turnover generated by VAT and/or PAYE registered engineering enterprises (in £ billions) by industry and

nation/region (2016) — UK

Mining and

quarrying Manufacturing

England 26.9 505.0
North East 0.5 19.5
North West 0.4 54.2
the umber 08 387
East Midlands 2.2 44.8
West Midlands 0.4 91.9
East 0.2 56.2
London 20.3 69.1
South East 19 96.3
South West 0.3 343
Wales 0.3 251
Scotland 15.1 30.6
Northern Ireland 0.2 10.8
UK 42.4 571.6

Source: ONS, IDBR, 2016
To view this table with numbers from 2011, see Figure 2.18 in our Excel resource.

2.6 — Developments and emerging industries

The engineering sector is diverse and dynamic, with
enterprises developing products ranging from synthetic
biology to smart motorways or artificial intelligence. For the
reasons explained in the previous section, the industries are
covered by area rather than exact SIC 2007 code. This section
is not intended to be exhaustive, but rather serves to highlight
some of the developments across the engineering industries
and a few of the outputs they create. It also indicates some of
the emerging industries and reflects on expected future skills
shortages.?™®

Where helpful, we have provided figures such as employment
numbers or turnover as an indication of the market size or
potential of an emerging industry. Section 2.7 goes into more
detail on specific examples of infrastructure projects, with
indications of their economic contribution.

Biotechnology, nanotechnology, bio-medical engineering
and land-based engineering

Biotechnology

Biotechnology is: “the application of science and technology to
living organisms as well as parts, products and models thereof,
to alter living or non-living materials for the production of
knowledge, goods and services”. 2%

Construction

Information and All other Total
communications industrial groups engineering sector

1511 191.7 181.0 1,055.6
5.3 1.3 51 31.7
11.9 8.5 20.2 95.3
13.0 4.3 12.6 69.1
14.2 39 6.9 719
12.8 6.0 229 1341
23.4 11.8 19.3 110.9
26.1 821 40.7 238.4
33.6 60.8 327 2253
10.7 13.0 20.6 79.0
5.2 1.4 52 37.2
10.9 4.0 55.6 116.1
47 0.9 34 201
171.9 198.0 2451 1,229.1

It includes healthcare biotechnology and industrial
biotechnology. Industrial biotechnology is forecast to be worth
up to £12 billion by 2025.2¢ Applications range from the
production of fuels (such as bioethanol), to food or material
production and waste management.z"?

Synthetic biology comes under biotechnology and is the “...
design and construction of new biological parts, devices, and
systems” or the “redesign of existing, natural biological
systems for useful purposes” 2'® such as the production of
medical vaccines or flavours for food products.?' Between
2009 and 2016, the UK government invested £300 million in
synthetic biology. In 2016, there were 111 active synthetic
biology start-ups that had raised £620 million in investment
funding between them.22°

Nanotechnology

Nanotechnology is the “... set of technologies that enables the
manipulation, study or exploitation of very small (typically less
than 100 nanometres) structures and systems”.2?' It spreads
across a number of fields, from electronics such as
semiconductors, to materials like graphene. While the
considerable investor excitement in nanotech start-ups in the
mid-2000s has declined somewhat, the industry is still
developing.222 One UK example is Graphene Composites Ltd,
based in Sedgefield in North East England. It is working to
combine graphene and aerogel to produce aircraft skins,
‘ultra-strong’ cables and ballistic armour.2% Another
application is the use of nanoparticles as ultraviolet light
filters in sunscreen. 224

2.15 OECD. ‘Glossary of statistical terms; biotechnology, single definition’, 2001.

2.16 BIS. ‘Cable announces £20 million for UK industrial biotechnology’, February 2015.
2.17 NESTA. ‘Financing Industrial Biotechnology in the UK’, October 2011.

2.18 OECD. ‘Synthetic Biology’, November 2010.

2.19 Synbicite. ‘Synthetic Biology Examples’, 2017.

2.20 Synbicite. ‘UK Synthetic Biology Start-up Survey’, 2017.

2.21 OECD. ‘Science and Technology Policy: Nanotechnology’, 2017.

2.22 Time. ‘Here’s Why Nobody's Talking About Nanotech Anymore’, October 2015.
2.23 Graphene Composites Ltd. ‘Welcome to GCL', 2017.

2.24 The Guardian. ‘The nanotechnology in your sunscreen’, February 2014.
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Biomedical engineering

Biomedical engineering covers the design, testing and
maintenance of medical devices and equipment, from sticking
plasters, to cardiac pacemakers and prosthetics, to medical
scanners and incubators. The UK medical technology market
has 3,700 enterprises employing 115,000 people.?? The UK
government estimates the UK medical technology market to
be the third largest market in Europe, at £7.6 billion.

Demographic changes such as an aging population and the
prevalence of chronic and communicable diseases are
expected to further fuel increased demand. Global healthcare
spend is predicted to reach $8.7 trillion by 2020.226 The UK
government'’s industrial strategy white paper, Building a Britain
fit for the future, 2?7 and the Life Sciences Sector Deal 228 seek
to capitalise on this position and ensure the industry is ready to
capitalise on this for the future.

At the intersection of medical devices and ‘the internet of
things’, is the connected healthcare market. Examples include
wearable activity trackers and blood pressure monitors.
Accountancy and consultancy firm PricewaterhouseCooper
(PwC) has forecasted the global market for this to increase by
a third each year, reaching £37 billion by 2020. It is thought the
UK will capture 5% (£2 billion) of this market.??°

Land-based engineering

Land-based engineering employs 22,850 in the UK and is
worth £4 billion a year.2% It covers machinery used from
farming to forestry to sports grounds. This ranges from
tractors with satellite guidance and remote monitoring
down to domestic lawn mowers and hedge trimmers.

In 2016, an estimated £1.5 billion worth of new farm machinery
was sold in the UK.2%" The number of farming businesses in
the UK has continued to consolidate towards fewer and larger
businesses relying more on mechanisation and contractors.
This leads to less but larger and more sophisticated
agricultural machinery being sold.

Much of the agricultural engineering equipment sold

in the UK is imported. Although the number of companies
manufacturing in the UK has reduced, many export to
elsewhere in the EU and globally. The global market for
agricultural machinery is estimated to be roughly

€100 billion. 232

Automotive, aerospace, space and defence

Automotive industry

The UK automotive industry had a turnover of £77.5 billion in
2016 — a significant part of the £571.58 billion total
manufacturing turnover in 2016 (Figure 2.17). The industry
employed 169,000 in automotive manufacturing and 25,000
engineers in UK motorsport. In 2016, 1.72 million cars were
built and 1.35 million vehicles were exported. UK car
production reached the highest level in 17 years and 78,000
people were employed in the UK supply chain.233
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Case study — Bioelectric medicine
Lucy Waterman, STEM careers manager (GSK)

We're all familiar with the life-saving impact of
pacemakers and defibrillators on the heart. But we are
now discovering the potential of the body’s nervous
system to treat diseases as diverse as asthma, diabetes,
arthritis and high blood pressure. This has spawned a
whole new field, called bioelectronic medicine.

GSK is leading research into this new scientific field.
Innovation is fundamental to driving improvements in
healthcare, and our researchers are pursuing the latest
scientific avenues and technologies so we can continue to
develop medical breakthroughs for patients.

Bioelectronic medicine involves the attachment of small,
implantable devices to peripheral nerves that would
modify the electrical signals from the brain to the organs
in the body. We believe that recent scientific advances
have made it possible to control specific sets of neurons,
creating the potential for more precise bioelectronic
medicines.

Bioelectronic medicine is a vision far from today’s medical
practice. But we believe that one day these devices could
be used to treat a range of chronic diseases, with greater
precision and fewer side effects than with conventional
medicines. Our ambition is to deliver a marketable product
in the next decade.

Right now, it may sound like science fiction, but we're
edging closer to a future where precision electronic
therapies sit alongside the medicines and vaccines we use
today. It’s like learning a new language - the electrical
language of the body. Through learning to read and write
the electrical signals that travel between the brain and the
body’s organs, we believe we can open up a whole new
frontier in treating disease.

In 2017, there was a move away from diesel and petrol vehicles.
According to the Society of Motor Manufacturers and Traders
(SMMT), there were 83 different models of alternatively-fuelled
cars and vans available in the UK in early 2017.234 In 2017,

under the UK government plans to improve air quality, the
government announced a ban on new petrol or diesel-only
vehicles from 2040. Volvo announced it will only sell hybrid or
electric cars from 2020.2%% Jaguar Land Rover also announced
that every new car launched from 2020 will be electrified.?3¢ In
2016, the UK automotive manufacturing industry invested over
£2.75 billion in research and development.??’

2.25 HM government. ‘Medical technology in the UK’, October 2017.

2.26 Deloitte. ‘2017 global life sciences outlook: Thriving in today’s uncertain market’, 2017.

2.27 HM Government. ‘Industrial Strategy: Building a Britain fit for the future’, 2017.
2.28 HM Government. ‘Industrial Strategy: Life Sciences Sector Deal’, 2017.

2.29 The Financial Times. ‘UK’s growing medical tech sector looks to be in rude health’, March 2016.

2.30 LANTRA. ‘Land-Based Engineering’, 2017.
2.31 The Agricultural Engineers Association. ‘Industry Facts’, 2017.

2.32 Agricultural Engineering Association. ‘The Agricultural Engineering Market — An Overview’, 2017.

2.33 SMMT. ‘'SMMT Motor Industry Facts 2017, 2017.

2.34 SMMT. ‘Carmakers come together to promote low emission vehicles, as motorists across UK call for greater incentives to switch and better charging infrastructure’,

February 2017.
2.35 BBC. ‘New diesel and petrol vehicles to be banned from 2040 in UK’, July 2017.

2.36 Jaguar Land Rover. ‘Every Jaguar and Land Rover Launched From 2020 Will Be Electrified’, September 2017.

2.37 SMMT. 'SMMT Motor Industry Facts 2017°, 2017.
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This move towards electric vehicles comes alongside
increasing automation and connectivity. Examples of this
automation are automated emergency braking, lane departure
warning and adaptive cruise control. KPMG forecasts that
such technology will add 1% to GDP and create 25,000 jobs in
automotive manufacturing by 2030. 238

Aerospace

The UK'’s aerospace industry is the largest in Europe and
second globally to the USA.?3%° Aerospace employed 120,000
people and supported a further 118,000 jobs in 2016 in the UK.
The industry represents £27.7 billion in exports, and has
increased its turnover since 2011 by 39%, reaching £31.8 billion
in 2016. According to a 2017 survey by ADS, the trade body for
aerospace, defence security and space, 26% of employees in
UK aerospace companies were in research, design and
engineering (approximately 31,000). 24°

The Made Smarter Review, a 2017 industry-led review into UK
manufacturing opportunities for industry digitalisation
technologies, found aerospace offered the greatest potential
with industrial digital technologies, for cost reduction and new
business models. This could be worth £17.5 billion over the
next ten years.24'

Thus, the conclusion of a 2016 study by BIS that the UK
aerospace industry has not kept pace with global aerospace
growth poses some concern for the sector. Among its findings
was the shortage of manufacturing and advanced technology
skills, such as composite manufacturing — which could save
weight and therefore costs — and data security in the
aerospace industry. 242243 Moreover, just over a third (34%)

of the aerospace companies surveyed by ADS said they were
not confident in accessing the design and engineering skills
they need.

With a turnover of £31.8 billion, the UK's
aerospace industry is the world’'s second
largest. The Made Smarter Review
noted that if it embraced industrial
digitalisation, it could grow by another
£17.5 billion in the next ten years.
However, over a third of aerospace
companies surveyed said they were

not confident in accessing the design
and engineering skills they needed.

Space industry

The UK space industry made up 6.5% of the global space
industry and contributed £5.1 billion in gross value added
(GVA) to the UK economy in the 2014 to 2015 financial year.

It employed 38,522 people. Positioning, navigation and timing,
metrological, earth observation and telecommunication
satellite services are estimated to support 13.8% of GDP.24
The 2017 Space Industry Bill includes measures to provide
spaceports for commercial space flights from the UK 245

Defence industry

While the UK is the second largest defence exporter, there
are also major defence equipment programmes in the UK 246
These include the Queen Elizabeth carrier programme,?#’

a new fleet of armoured vehicles,>*® and a new fleet of
maritime patrol aircraft.?#°

The defence industry employed 142,000 people in 2016,
including 4,300 apprentices. Turnover grew by 10% from 2010
to £23 billion and contributed £8.7 billion GVA to the UK
economy. According to the 2017 Defence Industry Survey, 21%
of defence company employees were in research, design and
engineering, accounting for some 30,000 jobs. Notably, of the
companies surveyed, 42% planned to invest in design and
engineering, and a third expressed concerns about accessing
crucial research and development or design and engineering
skills.250

Construction and infrastructure rail and roads

Construction had a turnover in 2016 of £171.91 billion
(Figure 2.17), representing 14.0% of total turnover produced
within the engineering sectoral footprint (Figure 2.16).

Although activity in construction has declined in commercial
work, increases in house building alongside infrastructure
projects has led to an overall marginal increase in 2017. 25252
It is expected that this trend will continue. According to
forecasts by the CITB’s Construction Skills Network, average
construction output will grow slightly by 1.7% per year between
2017 and 2021. Much of this is attributed to a 5.4% increase in
infrastructure output, which will account for nearly half (45%)
of all construction growth. The CITB furthermore forecasts
that the annual recruitment requirement for civil engineers will
increase from 53,630in 2017 to 57,610 in 2021.2%

The 2017 Made Smarter Review likewise estimated that
between 2017 and 2017, the value of the construction industry
will increase by 8% as a result of industrial digitalisation
technologies. This is in part due to the cost reduction that will
be enabled through the use of new technologies. For example,
monitoring of assets by connected smart sensors or use of
drone mounted scanners at project sites can inform decisions
to mitigate risk early on in the design process.?%

2.38 KPMG. ‘Connected and Autonomous Vehicles — The UK Economic Opportunity’, March 2015.

2.39 ADS. ‘Industry facts & figures 2017°, 2017.

2.40 ADS. ‘UK Aerospace Outlook 2017’, June 2016.

2.41 ‘Made Smarter Review.’ October 2017.

2.42 BIS. ‘UK Aerospace Supply Chain Study’, July 2016.

2.43 BBC. ‘Carbon fibre planes: Lighter and stronger by design’, January 2014.

2.44 UK Space Agency. ‘Summary Report: The Size & Health of the UK Space Industry’, December 2016.

2.45 UK Parliament. ‘Space Industry Bill [HL] 2017-19’, 2017.

2.46 UK Defence Journal. ‘UK is second largest global arms dealer’, September 2017.
2.47 Royal Navy. ‘Queen Elizabeth Carriers’, 2017.

2.48 MoD. ‘Ministers announce Ajax delivery milestone in Wales’, September 2017.

2.49 RAF. ‘Defence secretary announces new maritime patrol aircraft squadrons’, July 2017.

2.50 ADS. ‘UK Defence Outlook 2017, September 2017.

2.51 IHS Markit, CIPS. ‘UK Construction Purchasing Managers’ Index, September 2017; Construction Products Association. ‘Construction Industry Forecasts 2017-2019’, April 2017.
2.52 Construction Products Association. ‘Construction Industry Forecasts 2017-2019', April 2017.

2.53 CITB. ‘Construction: growing to meet the infrastructure challenge’, 2017.
2.54 'Made Smarter Review.” October 2017; BSI. ‘BIM level 2, 2016.
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Building information modelling

Building information modelling (BIM) is a project management
approach that uses digital information to design, construct or
operate a building or infrastructure asset.?% It is increasingly
common in construction and infrastructure.?% BIM standards
necessarily raise the requirement for digital skills — especially
since the UK government made the new BIM level 2 standards
mandatory for public projects in 2016. Whereas BIM level 0 is
the use of 2D CAD drawings, BIM level 2 involves the creation
and use of 3D models where points or objects in the model are
associated with additional data or information. The model is
then shared with all parties who collaborate on the project.?%’

Smart meters

The trend toward increasing digitisation is also apparent with
the rise of smart infrastructure. For example, smart energy
meters for electricity and gas are increasingly common. These
send digital readings of energy consumption to the energy
supplier and allow the bill payer to more easily monitor their
energy usage.?*® However, although relatively simple in
concept, implementation of this to date has proven not to be a
smooth process.?%°

Digital railways and smart motorways

In 2015/16, UK rail passengers made 1.7 billion journeys,
covering 67.4 million km. Approximately 8% of distance
travelled in Great Britain in 2015 was by rail (83% by cars, vans
and taxis). Of all public transport trips during 2015 to 2016,
national rail accounted for 20% of passenger journeys, and 61%
of passenger km.

Rail journeys have doubled in the last 20 years, with the number
of rail journeys in the United Kingdom the second highest in the
European Union in 2014. The majority of growth has been in
London and the South East, with 64% of journeys either
starting or ending in London. In 2015 to 2016, Government
support to the rail industry was £4.8 billion. Passenger revenue
generated another £9.3 billion.2®°

Figures from 2013 estimate the economic contribution of the
industry and its supply chain was the employment of
approximately 212,000 people, the generation of £9.3bn in GVA
each year, and the provision of £3.9bn of tax revenue to the
Exchequer. Importantly, the tax contribution almost exactly
offset the funding provided by government to the industry. It
was also responsible for up to £10bn worth of additional
productivity in the economy, through the impact of the rail
industry on other industries in the economy.?®'

The digital railway programme aims to increase rail capacity
without building additional track. This is a change from
signalling based on fixed blocks of track, to block signalling
sited within moving trains. The result is that trains can be run

2 - Engineering and its economic contributions

closer together, increasing the capacity of the network.262 This
is a critical part of Network Rail’s railway upgrade plan, the
largest modernisation programme since the Victorian era. The
programme includes High Speed 2 and Crossrail (discussed
later this chapter), as well as electrification and station
upgrades.?%® This makes Network Rail, in its own words, “one
of Britain's largest engineering companies” working on “some
of the most visionary and challenging engineering projects in
Europe” beyond normal operation and maintenance tasks.?¢*
Unsurprisingly, these major projects increase demand for
engineers. For example, it is anticipated that an additional
7,200 engineering and technical workers will be needed in high
speed rail by 2020.2%5

Smart motorways are another example of the march of
digitisation. Here, technology is used to change speed limits to
smooth traffic flow, use the hard shoulder as an additional
lane, or to close lanes for emergency vehicle access. Smart
motorways increase capacity more cheaply than traditional
road widening schemes.2®

These types of projects and their stage of construction have a
significant effect on the types and volumes of engineering
skills in demand. For example, CITB estimates that in 2021, the
Hinkley Point C nuclear reactor construction project will
account for 0.8% of total UK construction output.?¢’

Energy and water

Carbon emissions in the UK have fallen and national income
risen faster and further per person than any other nation in the
G7. Since 1990, emissions are down by 42% while the economy
has grown by 67% and the UK achieved a decarbonisation rate
of 7.7%, almost three times the global average in 2016.25¢

The UK appears to be reaching a tipping point in relation

to renewable energy, with Duncan Burt, the director of National
Grid noting that, “We’ve gone from renewables being a part

of the mix to often being a significant, majority part of the
mix.” 2° In early June 2017, solar, wind, biomass and hydro
technologies produced the majority of Britain’s electricity
supply (54.4%) for the first time ever, while nuclear technology
produced a further 23.2%.27° Onshore and offshore wind and
solar have consistently produced over 10% of the electricity
generation mix since Q4 2015. 27" The renewable energy
industry is a sizeable employer, employing nearly 126,000
peoplein 2016. 272

2.55 BSI. ‘BIM level 2, 2016.

2.56 ICE. ‘BIM in infrastructure, Not just a fad’, 2017.
2.57 NBS. ‘BIM levels explained’, November 2014.
2.58 Uswitch. ‘Smart meters explained,’ 2015.

2.59 IET. ‘Smart meters: what would it take to stop the national rollout juggernaut,’ May 2017.

2.60 DfT. ‘Rail Trends Factsheet’, 2017.

2.61 Oxera. ‘What is the contribution of rail to the UK economy?’, July 2014.
2.62 Network Rail. ‘Digital Railway’, 2017.

2.63 Network Rail. ‘Our Railway Upgrade Plan’, 2017.

2.64 Network Rail. ‘Careers: Engineering’, 2017.

2.65 ICE. ‘Mind the gap: The need for rail engineering skills’, December 2015.
2.66 Highways England. ‘Smart motorways programme’, 2017.

2.67 Construction Skills Network. ‘Forecasts 2017-2021', 2017.

2.68 PWC. ‘'The Low Carbon Economy Index 2017’, 2017.

2.69 The Guardian. ‘This summer was greenest ever for energy, says National Grid’, September 2017.
2.70 The Telegraph. ‘UK sets new renewable energy record as wind and solar surge’, June 2017.

2.71 Ofgem. ‘Electricity generation by quarter and fuel source (GB)', July 2017.
2.72 Renewable Energy Association. ‘REView 2017, September 2017.
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Oil and gas

In 2016, capital investment in the UK offshore oil and gas
industry was £8.3 billion with the industry spending £7 billion
operating these assets.2’3UK offshore oil and gas has been
declining from its peak but still employed 28,300 people and
supported an additional 273,900 jobs in 2017.

Decommissioning is seen as an emerging market, with an
expected spend of £17.6 billion between 2016 and 2025.274In
fact, in 2016 decommissioning was the only area of increasing
spend within the oil and gas industry, reaching 7% of the total
industry’s spend at £1.2 billion.2”5 Nevertheless, oil and gas will
still provide two-thirds of total primary energy by 2035
according to the Department for Business, Energy & Industrial
Strategy (BEIS). It is estimated that there could be up to 20
billion barrels of oil and gas still to recover from the UK’s
offshore areas.?’® Exploration and development of onshore
gas oil and gas, particularly shale gas, continues — although
opposition to ‘fracking’ has slowed progress. 277

In addition to oil and gas, the following sections look more
closely at wind, solar and nuclear energy, along with energy
storage. However, there are other renewable sources worthy of
note. For example, the potential of tidal power was reported in
Chapter 1 of Engineering UK 2017: the state of engineering.
Biomass is another example, with the Scottish government
allocating £1.8 million for the UK’s first deep geothermal
district heating system in Kilmarnock, western Scotland. 278

Offshore and onshore wind

The offshore wind industry has grown particularly dramatically,
with the UK now one of the leading countries in this area.?”°

In 2011 to 2012, turnover was £2.10 billion. By 2015 to 2016,
turnover had increased to £3.19 billion. Over the same period,
the number of people employed across the UK supply chain
increased from 16,200 to 21,557.28°Onshore wind has similarly
increased from a turnover of £2.11 billion in 2011 to 2012, to
£2.97 billion in 2015 to 2016. It supported 20,209 jobs across
the supply chain in 2015 to 2016.

This growth is being driven by advances in technology and
coverage. Offshore turbines have increased in capacity per
turbine from 3.7MW in 2007 to 8MW in 2017. The UK
government aims to increase off shore wind generation
capacity from 5.7GW to 10GW by 2020.2#"

One effect of this growth is that offshore wind is forecast
to generate electricity more cheaply than nuclear energy
by 2022.282

Solar energy

The solar (photovoltaic) industry had a turnover of £2.04
billion in 2015 to 2016 and employed 13,687 people across

the supply chain. After changes in subsidies, the UK solar
industry contracted in 2016 but still produced over 10,000GWh
in2016. 28

Energy storage

Energy storage is another emerging industry. A key feature

of solar and wind is their variable electricity output, depending
on how much wind and sunlight there is moment by moment.
The growth in these technologies has made balancing load

on the national grid a bigger issue. In turn, this has increased
the focus on energy storage technologies 284 such as batteries
and pumped hydro (an example of which we give later in

this chapter).

Nuclear energy

Nuclear power supplies around 11% of the world’s electricity,
with an average of around 20% in the UK. There are currently
over 437 commercial nuclear power stations operating in 30
countries and an additional 67 are under construction. In the
UK, there currently are 16 nuclear reactors and all but one of
these will be retired by the late 2020s. The spent fuel from the
current generation of nuclear reactors is recycled for re-use.

The UK nuclear industry currently employs over 60,000 people
involved in a range of activities from power generation to
clean-up and construction. This is likely to increase in the years
to come as UK Government policy is to support the building of
new nuclear power stations in the UK. The first of these,
Hinkley Point in Somerset, is expected to be online by 2024
and will have two reactors on site. A further nine or ten reactors
are planned to be built across another four sites, giving a total
of 16GW of new nuclear electricity production by 2030. The
investment to build these power stations is coming from
private utilities and is estimated at more than £70 billion.2#®
Hinkley Point is expected to provide up to 25,000 jobs during
the lifetime of the project and once built will provide about 900
full-time jobs. The 2017 Nuclear Workforce Assessment, a
forecast of supply and demand for skills until 2021, forecasts
an increase in total workforce required, across the industry,
from 87,560 in 2017 to 100,619 in 2021.

Water

In 2016, water supply, sewerage, waste management and
remediation had a turnover of £24.52 billion (Figure 2.17): 2.0%
of turnover generated by engineering enterprises (Figure 2.16).
The water industry faces a number of challenges, beyond
regulatory and commercial pressures. Increased frequency of
droughts and floods have immediate effects on water supply
and wastewater treatment. Ageing infrastructure and
population growth are also affecting demand and capacity.

A key priority in the water industry is therefore improving
resilience.2®” Engineers are needed to make this happen, from
building and commissioning new treatment plants to large
scale projects like the Thames tideway sewer.2#

2.73 Oil & Gas UK. ‘Key Facts’, 2017.

2.74 0il & Gas UK. ‘Decommissioning Insight 2016’, 2016.
2.75 Oil & Gas UK. ‘Economic Report 2017’, 2017.

2.76 Oil & Gas UK. ‘Key Facts’, 2017.

2.77 WIRED UK. ‘What is fracking and why should you care? WIRED explains’, June 2017; The Guardian. ‘This summer was greenest ever for energy, says National Grid’, September 2017
2.78 Arup. ‘Scotland’s first deep geothermal district heating network given backing’, September 2017.

2.79 The Telegraph. ‘Britain’s wind turbines catch breeze of a rising industry’, May 2017.
2.80 Renewable Energy Association. ‘REView 2017’, September 2017.

2.81 The Telegraph. ‘Britain’s wind turbines catch breeze of a rising industry’, May 2017.
2.82 BBC. ‘Offshore wind power cheaper than new nuclear’, September 2017.

2.83 Renewable Energy Association. ‘REView 2017’, September 2017.

2.84 National Grid. ‘Enhanced Frequency Control Capability’, 2017.

2.85 The Nuclear Institute. ‘The UK nuclear industry: How it works an d how you can be a part of it..’, 2017.
2.86 National Skills Academy for Nuclear. ‘2017 Nuclear Workforce Assessment launched’, July 2017.

2.87 Water UK. ‘Improving resilience’, 2017.
2.88 Tideway. ‘The tunnel, September’ 2017.
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Another element of improving resilience is energy use.
Pumping water, treating it for supply, and wastewater
processes are energy intensive. Increased use of renewable
energy sources, in the water industry, is intended to reduce the
significant volumes of greenhouse gas emissions.2® This in
turn will create more demand for renewables and the
engineering skills they need.

Manufacturing

In 2017, manufacturing accounted for 45% of UK exports,2°°
making the UK the 8th largest manufacturing country by
exports in the world. Almost half (46.5%) of turnover generated
by engineering enterprises came from manufacturing in 2016
(Figure 2.16), although there is still evidence of skill shortages.
The MHA association of regional accountancy firms, in
collaboration with the Institution of Mechanical Engineers,
surveyed 464 mostly small to medium manufacturing

Case study — Industrial digitisation
Ann Watson, Chief Executive, Semta

The history of industrial progress has been a transition to
new labour saving manufacturing processes and a raft of
innovations and inventions that have changed people’s
lives for the better. As it was in industrial revolutions 1
(steam), 2 (electricity) and 3 (computers), so it will be with
the fourth industrial revolution.

For advanced manufacturing and engineering, the shift
towards integrated digital ways of working will likely mean
a shift away from the rigid demarcation of engineering
disciplines we have today. Engineers of the future will not
need the same skillset as their predecessors have today.
Instead, they will need to be creative, adaptable and,
crucially, ready to take on new skills and work on new
projects.

Smart engineering firms are already embracing the future
and shaping their training today to meet future need. So
Rolls-Royce, for example, is now training its engineers to
be less specialised and more adaptable, as the walls
separating job roles are broken down by technology.
Dyson has just opened a university that will train
engineers who can work in any discipline.

Industrial digitalisation doesn’t have to mean job losses.
Yes, jobs and industries were lost to previous industrial
revolutions. But the upsides of those revolutions were
the invention of new industries and the creation of many
more jobs.

Remember: the net effect of each of the 3 previous
industrial revolutions has been the creation of better work
for humans, if humans are adaptable and willing to shift to
new ways of working (and thinking). So let’s get on with the
job of creating an engineering workforce that is truly ready
for our digital future.

2 - Engineering and its economic contributions

companies across the UK in 2017. They reported higher
shortages than in the previous two years: 46% reported
difficulties in recruiting skilled machinists or technicians; 39%
had difficulty recruiting experienced engineers with specific
skills; and only a quarter reported no problems in recruiting
staff. Notably, where recruitment was an issue, 18% were
looking to adopt lean manufacturing and 16% were turning
to automation to compensate. For some manufacturing
companies energy sourcing was a consideration, with 15%
investing in energy efficient plants, 7% planning to use
renewable energy, and 9% reporting having already
transitioned. 2°' As with the water industry, this will create
more demand for renewables and the engineering skills
they need.

Industry 4.0

A growing trend in manufacturing is the use of technology to
promote collaboration and information sharing between
companies. Dubbed ‘Industry 4.0’ and sometimes referred to
as the industrial ‘internet of things’ or the fourth industrial
revolution, this development has been on policy agendas for
some time. For example, it was one of the topics at the January
2016 World Economic Forum annual meeting in Davos. 2°2

Industry 4.0 builds on the automation of single machines or
processes (Industry 3.0) to create end to end digitisation of all
physical assets.?*? In simpler terms, business advice firm BDO
defines it as follows:

“It essentially means smart, flexible factories, where machines
capture more data and convey more useful data to business
operators so that they can make quicker, better decisions about
how something is manufactured.” >°*

The 2017 Made Smarter Review
estimated that the use of technology
to promote collaboration and
information sharing — often dubbed as
Industry 4.0 or the ‘internet of things -
could increase the value of UK
manufacturing by as much as 14%.

2.89 Water UK. ‘Improving resilience’, 2017

2.90 EEF. ‘UK Manufacturing 2017/18, the facts’, September 2017.

2.91 MHA. ‘Manufacturing and Engineering: Annual report 2017/18’, September 2017.
2.92 WEF. ‘World Economic Forum Annual Meeting 2016’, 2016.

2.93 PwC. ‘What we mean by Industry 4.0, 2017.

2.94 Page 2, BDO. ‘Industry 4.0 Report’, June 2016.
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While the realisation of Industry 4.0 is still some way off, the
connected factory is becoming more widespread. The drive
appears to be to increase revenue rather than cut costs.?°®
Over half of the manufacturers surveyed in 2016 were using
connected sensors or connected alarms. About a third were
monitoring motors or actuators and slightly under a third were
using robots. Of the manufacturers surveyed, 80% expected
improved factory connectivity to increase output levels and
68% expected it to improve quality. A lower, but still significant,
proportion expected to increase production flexibility (44%)
and reduce production cycle time (44%). Only a quarter (24%)
expected increased connectivity to reduce their staff costs.?
The 2017 Made Smarter Review found digital transformation
forindustry 4.0 could increase the value of UK manufacturing
by 10 to 14 percent. In the food and drink industry, costs

could be saved through automation of labour and increased
resource efficiency.?%’

Some public figures have voiced concerns about the social
impact of automation displacing large numbers of workers.
Ralph Speth, CEO of Jaguar Land Rover, for example, has
highlighted the impact on UK truck drivers.2°8 Yet increased
automation may enhance rather than replace workers, with
evidence of this already occurring in manufacturing. For
example, the use of ‘cobots’ — robots working alongside
humans - is being trialled by automotive companies. There
is some evidence that this combination is more flexible,
and therefore more productive, than large industrial robots
working alone.29°

Enterprise resource planning

Another trend in manufacturing is investment in ICT. A survey
carried out by The Manufacturer found that 71% of
manufacturers surveyed had invested more in ICT in 2016 than
the previous year. Enterprise resource planning (ERP) was the
most common technology investment for manufacturers, both
in 2015 to 2016 and planned for in the following year.2'°° ERP
provides a similar function to BIM level 2, sharing common
processes and data within an enterprise. This can improve
collaboration between teams and increase efficiency.2""

Additive manufacturing: ‘3D printing’

Finally, additive manufacturing (commonly referred to as 3D
printing) uses a range of techniques to create 3D objects layer
by layer, typically using polymers, metals or ceramics.?'°2
Additive manufacturing has become an important technology
in high value manufacturing. This is a growing area and the UK
has been a leading country in its development and commercial
application.?'% |t is estimated that the UK could take £5 billion
of the £69 billion global market in 2025. This also requires
more people skilled in this industry. It is estimated that
between 13,000 and 45,000 members of the Institution of
Mechanical Engineers alone need some form of additive
manufacturing training.?%4

Additive manufacturing, which to date has primarily been
used for model making and rapid prototyping, is now being
used to make end-user parts.?'% For example, a ‘printed’
titanium bracket is being used on production A350 XWB
Airbus aircraft.210¢

Technology

The broad trends towards increased automation and increased
connectivity mean that all of the engineering-related sectors
have a technology theme running through them. In 2016,
information and communication had a turnover of £198.02
billion (Figure 2.17), 16.1% of the engineering footprint turnover
(Figure 2.16).

Big data

We highlighted big data as an area of opportunity in the 2016
and 2017 EngineeringUK reports. The big data industry
continues to grow. The Centre for Economics and Business
Research estimates that big data analytics will add £241 billion
to the UK economy from 2015 to 2020, with the manufacturing
industry expected to benefit the most (£57 billion). Adoption of
big data analytics and ‘Internet of Things’ devices are also
expected to create an additional 41,000 new jobs between
2017 and 2020.2'%7 To realise this potential, however, more data
analysts, data infrastructure engineers and solution architects
are needed.2108

Industry experts define ‘big data’ with reference to volume
(that is, how new technologies have increased capacity and
hence datasets), velocity (often the need for near-real time
transactions), variety (different types of formats). This means
traditional methods of data management and analysis are not
sufficient for these large and complex datasets.?'%°

2.95 BDO. ‘Industry 4.0 Report’, June 2016.
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Case study — Developing autonomous ships

Paul Broadhead, Head of Community Investment &
Education Outreach, Rolls-Royce

As disruptive as the smartphone, the autonomous ship
looks set to revolutionise parts of the maritime industry —
provided, that is, a number of technological and legal
challenges can be overcome.

Rolls-Royce is leading the development of a range of
technologies to enable remote and autonomous shipping,
and this exciting opportunity is shaping the strategic
direction for the company’s marine business.

One research programme the company is leading is the
Advanced Autonomous Waterborne Applications Initiative
(AAWA). In collaboration with some of Finland’s top
research universities and other world-leading maritime
companies, we are looking at the feasibility of remote
controlled vessels.

Three key areas are being developed:

- Sensor fusion and object detection: On a ship, sensors
are used for sensing the surroundings and monitoring
equipment to create an understanding of both the
internal and external environment of the ship for a
shore-based crew.

+ Control algorithms: These interpret the sensor data for
functions such as reactive control for collision
avoidance. For a vessel to produce a sufficiently
accurate output for human interpretation, a range of
sensor outputs need to be combined, which will require
sensor fusion.

+ Communication and connectivity: Each vessel in the
future will still need human input, making it crucial that
connectivity between the ship and the crew is
bi-directional, accurate and supported by multiple
redundant methods.

AAWA's research to date has highlighted how remote and
autonomous ships could change the economic landscape.
Macroeconomic changes might be significant and they
will potentially redefine the roles of different players in the
shipping business.

2 - Engineering and its economic contributions

The 2010 to 2015 Coalition government identified it as one of
the ‘eight great technologies?"® and worldwide revenues from
the business analytics software associated with big data is
predicted to grow from an estimated $150.8 billion in 2017 to
more than $210 billion in 2020.2™

A practical example of applying big data is in improving
industrial safety. This application is already used in the oil and
nuclear industries, and can also be applied to rail. One tool in
development — the Red Aspects Approaches to Signals
(RAATS) - analyses incidents where railways signals are
approached when still on red and finds common factors
between these incidents. In time, this tool might be integrated
with on-train monitoring and data on signal condition and
maintenance.2"?

Cyber security

The rise of the internet of things, both for consumer products
and industry infrastructure and assets, means that cyber
security is increasingly important. The House of Commons
Public Accounts Committee has rated cyber-attacks as

one of 4 top tier threats to UK security.?"® The engineering
sectors are naturally involved with much of the UK’s critical
national infrastructure, with cyber security being just one
security consideration. The water industry, for example,

has now established principles for cyber security.2"'* More
broadly, organisations vulnerable to hacking and data theft
are increasingly realising the need for cyber security experts,
including cyber security engineers. PwC estimates that the
European cyber security market is worth $22 billion and
forecasts that it will increase to $25.3 billion by 2018.211

Artificial intelligence

Artificial intelligence (Al) is another area of technology likely to
impact on future skills needs. Professional services company
Accenture forecasts that Al could increase UK labour
productivity by 25% by 2035. As with robotics, there are fears
that Al could replace humans, but it may also create new
jobs.2"¢ There is also the possibility that it will make new
goods and services possible. For example, IPSoft has
developed an Al platform that interacts naturally with humans,
called Amelia. Amelia has been used as a virtual service desk
agent but has also been piloted to support field engineers.
Having ‘read’ the detailed manuals, Amelia can diagnose
problems and suggest solutions.?""”

2.110 BIS and David Willetts, ‘The ‘eight great technologies’ which will propel the UK to future growth receive a finding boost’ (speech), January 2013.
2.111 International Data Corporation. ‘Big Data and Business Analytics Revenues Forecast to Reach $150.8 Billion This Year, Led by Banking and Manufacturing Investments, According

to IDC’, March 2017.

2.112 Rail Engineer. ‘Big data: a new approach to risk analysis and safety management’, September 2017.
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2.114 Water UK. ‘Cyber security principles for the water industry’, March 2017.
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2.7 - Major infrastructure projects

One of the more visible contributions of engineering to UK
productivity is the construction of new national infrastructure.
The World Economic Forum ranked the UK 11th in the world

in terms of the overall quality of its infrastructure in 2017,
behind Germany (10th), the USA (9th) and France (7th).2"®
The formation in 2015 of the National Infrastructure
Commission (NIC) to independently assess the UK’s
long-term infrastructure needs and make recommendations
to government represents an important opportunity to ensure
UK infrastructure is fit for purpose. The UK government has
since announced ambitious infrastructure plans with around
£600 billion public and private infrastructure investment
between 2017 and 2027.2""°

In July 2016, the government major projects portfolio had 143
projects worth over £455 billion. These are categorised as:
infrastructure and construction; government transformation
and service delivery; ICT; or military capability.22° The skills
found in the engineering footprint are needed for projects in
every category.

Infrastructure resilience to both natural hazards (such as
changing weather patterns) and man-made pressures (such as
a growing and aging population) is a key area for development.
The UK Infrastructure Transitions Research Consortium, a
collaboration of seven universities and over 50 partners from
infrastructure policy and practice, are examining this issue in
depth, and are working on the world’s first national
infrastructure system-of-systems modelling platform and
database (NISMOD).2""

Infrastructure project examples

The following examples, which span different industries and
nations of the UK, are only a few of the major infrastructure

projects underway and are intended to provide an indication
of the sheer range of work taking place.

Beyond these, there are other notable infrastructure projects
at various stages. For example, at the site of the new nuclear
power station, Hinkley Point C, 1,600 construction workers
were already on site in 2017.2722 There is also the Thames
tideway, a 25km sewer to protect the tidal River Thames from
pollution, due to begin in 2018.2'22 Additionally, the Queen
Elizabeth Carrier Programme for the Royal Navy includes a
£100 million project to upgrade port infrastructure as well as
the construction of two 65,000 tonne aircraft carriers.?'?*

A new national ship building strategy has also been
announced to produce export-ready general purpose
frigates,2' partly in response to the Parker review.2126

Case study — The economic impact of HS2

Kate Myers, Head of Skills, Employment & Education,
HS2 Ltd

Onceit is fully operational in 2033, HS2 will form the
backbone of the UK’s rail network. Eight of Britain's10
largest cities will be connected directly by high speed
services. But HS2 is so much more than just a railway. It
will be a catalyst for economic growth across Britain.

HS2 will increase rail capacity and provide faster, easier
and more reliable travel between Britain’s economic hubs
to better connect industries and businesses and help
bridge the north-south divide. By bringing new investment,
employment and regeneration to towns and cities up and
down the country, HS2 has the potential to support
hundreds of thousands of jobs.

Local areas are already building HS2 into their growth
plans. In Birmingham, £900 million has been set aside for
development around the reincarnated Curzon Street
station. Birmingham City Council's masterplan predicts
the scheme will create 36,000 jobs and 4,000 new homes.
To the east of the city, Solihull is planning for 77,500 jobs
and another 4,000 new homes around the new
Interchange station. In total, the West Midlands Combined
Authority expects HS2 to add £14 billion to the region’s
economy. Just along the M42, the East Midlands has put
together an HS2 Growth Strategy that plans for 74,000
new jobs and an extra £4 billion in GVA by 2042.

Alongside the 25,000 people who will be employed to
design and build the new railway, these local figures —
from just 3 of the 9 stations HS2 will build or redevelop -
demonstrate the project’s huge potential for jobs, growth
and rebalancing the UK economy.

Crossrail railway line, London

One notable infrastructure project is Crossrail (the Elizabeth
line), a high frequency, high capacity railway for London and
the South East. Begun in 2009, the railway line is on track to
fully open in 2019, under the control of Transport for London.
Although it is Europe’s largest construction project, at a cost
of over £14 billion, Crossrail is seen as a way to generate
productivity in the long-term. Already, it has supported
55,000 jobs (including over 600 apprenticeships) during its
construction and awarded 62% of contracts to businesses
outside London (95% of which were in the UK). After
completion, it is expected to lead to 63,000 more jobs in the
City of London2'?” and Isle of Dogs and to increase UK GDP by
£42 billion.2128

2.118 Klaus Schwab. WEF. ‘The Global Competitiveness Report 2017-2018’, September 2017.

2.119 Infrastructure and Projects Authority. ‘Transforming Infrastructure Performance’, December 2017.
2.120 Infrastructure and Projects Authority. ‘Annual Report on Major Projects 2016-17, July 2017.

2.121 UK Infrastructure Transitions Research Consortium. ‘Homepage’, 2018.
2.122 EDF Energy. ‘Hinkley Point C: securing the UK's energy future’, 2017.
2.123 Tideway. ‘The Tunnel’, 2017.

2.124 RN. ‘HMS Queen Elizabeth makes debut in Portsmouth with first entry to her home port’, August 2017.
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2.126 Parker, J. ‘An Independent Report to inform the UK National Shipbuilding Strategy’, 2016.
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Western Link high voltage direct current, Scotland
to Wales subsea cable

Another key infrastructure project is the Western Link high
voltage direct current (HVDC). Despite delays, this is due

for completion in 2018 at a cost of over £1 billion. This

cable is expected to bring 2,200MW (enough for 2 million
people) of renewable electricity from Hunterston in Ayrshire,
Scotland, to Deeside in Wales and on to England: power that
the national grid would otherwise have had no capacity to
transmit.?'?° The energy sector trade body estimated that the
energy sector as a whole directly supported 137,000 jobs and
indirectly supported another 500,000 in 2015.2'30

700MHz waveband use for mobile data

A third example is the clearance of the 700MHz waveband for
mobile data use. (This waveband is currently used by digital
terrestrial television and wireless communication at music,
theatrical and sporting events.) Ofcom estimates this could
lead to network cost savings of £900 million to £1.3 billion,
improving services and lowering costs for mobile phone
customers. The savings come from both a reduced need for
mobile network base stations and improved performance in
hard to serve locations as a result of enhanced signal. The
subsequent freed-up waveband available can also make way
for the development of new services and technologies.

These projects are large and complex, which is reflected in
their risk rating status: many projects on the portfolio are rated
amber rather than green.2'®

Queensferry crossing over the Forth, Scotland

Other major projects not listed on the government major
projects portfolio include the Queensferry Crossing in
Scotland, which opened in 2017, replacing the Forth road
bridge. Since construction started in 2011, over 15,000 people
have been inducted to work on the site.2'32 At 1.7 miles, it is the
longest structure of its type in the world and is estimated to
have cost £1.45 billion. The bridge shields vehicles from high
winds better than its predecessor and uses an intelligent
transport system with variable speed limit signs and
messaging boards to minimise congestion. It also has an
internal dehumidification system to reduce corrosion and is
intended to last for 120 years.233

The UK government has announced
ambitious infrastructure plans with
around £600 billion in public and private
infrastructure investment over the next
ten years.
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Atlantic Gateway infrastructure programme,
North West England

The Atlantic Gateway is another major infrastructure
programme, spanning Liverpool to Manchester and estimated
to cost £14 billion. It is expected to create of up to 250,000 jobs
by 2030, with a GVA impact of £6 billion per year. It includes the
development of:

- Sci-Tech Daresbury campus for science, business and
research

- port facilities at Liverpool, Salford and Warrington
- the Mersey Gateway bridge, a six lane toll crossing?'3*

Glyn Rhonwy pumped hydro energy storage project, Wales

Development consent was given in March 2017 for the Glyn
Rhonwy pumped hydro project in Snowdonia, Wales.2'¥ This is
an energy storage facility with a capacity of 99.9MW. The
project will convert two abandoned slate quarries into lower
and upper reservoirs. Water will be pumped into the upper
reservoir when electricity is cheaper and released through a
turbine to generate electricity. The project is expected to cost
£160 million, and to recoup that cost in approximately 15 years.
The carbon payback is estimated to be 6 to 9 months.?'3¢

Superfast Cymru superfast broadband, Wales

In 2012, the Welsh government also started Superfast Cymru,
a next generation broadband project aiming to supply all
businesses in Wales with access to next generation broadband
by the middle of 2016 and to make sure all households are
enabled by 2020.2'%7 By February 2015, 255 jobs had been
created and 123 apprenticeships provided.2'*® Between 2015
and 2016, superfast broadband coverage increased from 79%
to 85% of the country and by the end of March 2016, 86.8% of
business premises had superfast broadband.?'*° At a cost of
£231 million, the project was publicly funded, including £90
million from the European Regional Development Fund.
However, it also received £26 million from BT, the contractor
selected to deliver the project.?'%° Although delayed, 650,000
business premises were due to be connected by June 2017. 2™
The Wales Audit office reported in 2015 that the project was
“delivering direct employment-related benefits”.242

York Street Interchange upgrade Belfast, Northern Ireland

Meanwhile, in Northern Ireland, £400 million has been
allocated to infrastructure projects between 2017 and 2018.
This funding comes from the post-election confidence and
supply agreement made in June 2017 between the
Conservative Party and the Democratic Unionist Party.2'43
Funded projects include upgrading the York Street Interchange
in Belfast to address a bottleneck where 3 major roads link: the
Westlink, the M2 and the M3 motorways. The scheme is
forecast to cost between £130 million and £165 million and
take 3 years to construct. It has an estimated benefit to cost
ratio of 2.334.2144
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Engineering and the
fourth industrial
revolution

The world is waking up to the scale of change occurring in the

labour market. Predictions abound regarding how these
technological, socio-economic and geopolitical disruptions

will continue to shape the future of work. The World Economic
Forum has been focusing on this issue for some time, defining

this period as the beginning of a fourth industrial revolution.

While technological change is nothing new, the accelerated
pace and interconnectivity of current advances certainly is.
Developments in genetics, artificial intelligence, robotics,

nanotechnology, 3D printing and biotechnology, to name just a

few, are all building on and amplifying one another. Alongside
this technological revolution is a set of broader demographic,
environmental and political drivers of change and it is the
interactions between these developments that will generate

new categories of jobs and occupations while partly or wholly

displacing others. All this is laying the foundation for a
revolution more comprehensive and all-encompassing than
we have seen previously.

This process of rapid technological advance holds great
promise but the patterns of consumption, production and
employment being created also pose major challenges
requiring proactive adaptation by corporations, governments
and individuals. As whole industries adjust and new ones are
born, many occupations will undergo a fundamental
transformation. The skill sets required in both old and new

occupations in most industries will change, transforming how
and where people work and requiring an urgent and concerted

effort for adjustment. Precisely how these developments are

to shape our future will depend on how business, government

and individuals react.

The skill sets required in both old and
new occupations in most industries will
change, transforming how and where

people work and requiring an urgent and

concerted effort for adjustment.

Susan Wilkinson, Till Leopold,

Project Lead, Education, Project Lead, Education,
Gender and Work System Gender and Work System
Initiative, World Economic Initiative, World Economic
Forum, Forum

Robotics and machine learning are less
likely to completely replace existing
occupations than to substitute specific
tasks to free workers up to focus on
new tasks.

Much of the debate regarding technological transformations
has been heavily polarised between those who foresee
limitless new opportunities and those that foresee a significant
dislocation of jobs. The Forum'’s Future of Jobs report,?'?®
which surveyed leading employers representing more than

13 million employees across 9 broad industry sectors in

15 major developed and emerging economies, together with
our subsequent work on these issues, is an effort to become
specific about the changes at hand. We have through
consulting those well placed to observe the dynamics of
workforces — chiefs of human resources, strategy officers,
labour leaders and policymakers, together with those creating
new models of work. Through this, we have been able to gather
insights and knowledge regarding what the current shifts
mean, specifically for employment, skills and recruitment
across industries and geographies. We have also begun to
assess how the benefits and burdens of the fourth industrial
revolution will be distributed.

A key finding of The Future of Jobs report is that, in reality, the
impact of the fourth industrial revolution is likely to be highly
specific to the industry, region and occupation in question and
the ability of various stakeholders to successfully manage
change. Looking specifically at engineering, the future appears
broadly positive. Our respondents expected strong
employment growth across the architecture and engineering
job family, with 3D printing, resource-efficient sustainable
production and robotics all seen as strong drivers of
employment growth. This is due to a continued and fast-
growing need for skilled technicians and specialists to create
and manage advanced and automated production systems.
These shifts in production are expected to lead to a
transformation of manufacturing into a highly sophisticated
sector which requires highly-skilled engineers to make the
industrial internet of things a reality.

Solid job growth is also expected for engineering roles in the
consumer, information and communication technology and
mobility industries. In addition, new job roles are being created
and we received frequent mentions of emerging specialities.
These include human resources and organisational
development specialists, engineering specialities such as
materials, bio-chemicals, nanotech and robotics, regulatory
and government relations experts, geospatial information
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339,000 extra jobs

are estimated to be created up
to 2020 in the architecture and
engineering job family globally.

systems specialists and commercial and industrial designers.
By contrast, demand for additional engineering talent in its
traditional core basic and infrastructure and energy industries
is set to be fairly flat. In total then, an extra 339,000 jobs are
estimated to be created up to 2020 in the architecture and
engineering job family globally.

These new talent needs will put pressure on labour markets
already struggling with skills gaps in such growth sectors.
Given the overall disruption industries are experiencing, it is
not surprising that, based on current trends, competition for
talent in in-demand job families such as architecture and
engineering is predicted to be fierce. By 2020, business
expects that it will be significantly more difficult to recruit
specialists across most occupations, but particularly for
traditional middle-skilled and skilled trade roles. Finding
efficient ways of securing a solid supply of talent is therefore
a priority for virtually every industry.

This quest for talent will be made more complex given skills
requirements will continue to shift throughout this period of
change. The accelerating pace of technological, demographic
and socio-economic disruptions is shortening the shelf-life of
employees’ existing skill sets, with business model changes
often translating to skill set disruption almost simultaneously.
But this need not be a negative trend. For example,
technological disruptions such as robotics and machine
learning are less likely to completely replace existing
occupations and job categories than to substitute specific
tasks previously carried out as part of these jobs. This has the
capacity to free workers up to focus on new tasks and lead to
rapidly changing core skill sets in these occupations.

The question, then, is how to meet these talent and skills
challenges. Some of the most popular workforce strategies
envisaged by companies include providing employees with
wider exposure to roles across the firm; stepping up efforts to
target the female talent pool; collaborating with the education
sector more closely; and investing in reskilling current
employees. However, a lack of understanding of disruptive
changes and resource constraints are cited as the major
barriers to managing change across all industries. This
perhaps explains the mismatch between the magnitude of the
upcoming changes and the relatively minor actions being
taken by companies to address these challenges so far.

For businesses to capitalise on new
opportunities, they will need to put talent
development and future workforce
strategy front and centre.

2 - Engineering and its economic contributions
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needs more focus.

Another major measure lacking attention is addressing

the wide gender gaps still present in particular occupations.
Although recruitment of women into many specialist roles

is expected to improve up to 2020, women still make up low
numbers in the fast-growing STEM job families. The growth
of new and emerging roles in computer, technology and
engineering-related fields is outpacing the rate at which
women are currently entering those types of jobs. This puts
women at risk of missing out on tomorrow’s best job
opportunities and has the potential to aggravate hiring
processes for companies due to a more restricted talent pool.
Despite this, and even within the context of widespread
proclamations in support of workplace gender parity, only one
in four companies envisage actively targeting female talent.
This suggests that this strategy needs more focus.

While the implications of accelerating disruptive change are
far-reaching for employment and skills, rapid adjustment to the
new reality and the opportunities it offers is possible, provided
there is concerted effort by all stakeholders. For government,
it will entail innovating within education and labour-related
policymaking, requiring a skills evolution of its own. For the
education and training sector, it will mean vast new
opportunities as it provides new services to individuals,
entrepreneurs, large corporations and the public sector.

The sector may become a noteworthy new source of
employment itself.

For businesses to capitalise on new opportunities, they will
need to put talent development and future workforce strategy
front and centre. Firms can no longer be passive consumers of
ready-made human capital. They require a new mindset to
meet their talent needs and to optimise social outcomes. This
entails major changes in how business views and manages
talent, both immediately and in the longer term.

Itis our actions today that will determine whether the wave of
change brought by the fourth industrial revolution will result in
a substantial displacement of workers or in the emergence of
new opportunities. Without urgent and targeted action today
to manage the near-term transition and build a workforce with
futureproof skills, governments will have to cope with ever-
growing unemployment and inequality, and businesses with

a shrinking consumer base. The engineering sector, expected
to undergo significant shifts and to be a major source of new
and emerging job roles, therefore has a crucial role to play in
helping to deliver on the positive potential of the future of work.

http://www3.weforum.org/docs/WEF_Future_of_Jobs.pdf
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Careers education and guidance,
STEM inspiration activity, and
employer engagement can
maximise momentum towards
the pipeline during the secondary
education stage

Key points

The engineering skills pipeline

The largest flow of newly skilled talent into the engineering
workforce comes directly from education. Between each
educational stage there is potential for ‘leakage’ from the
pipeline, as individuals make voluntary decisions about their
progression. These ‘leaks’ impact strongly on the diversity of
entrants into the workforce. It is crucial to encourage as many
young people as possible into the pipeline at the start.

Population trends

Total population is set to grow by around 3% over the next 5
years and by over 11% in the next 20 years. In the next 5 years,
studies project considerable increases in the number of 12 to
16 year olds (although the dip can still be seen in decreases in
18 to 21 year olds). Over the next 20 years, all age groups will
grow, especially teenagers in secondary education. This is
encouraging for the potential engineering talent pool.

Perceptions and attitudes toward engineering

Promisingly, the proportion of young people aged 11 to 19 who
would consider a career in engineering has grown from 40% in
2013 to 51% in 2017. The challenge is to sustain their interest
as they progress, and to convert that ‘in principle’ interest into
more conscious desirability. Interest drops off as pupils grow
older, and this decline is particularly pronounced for girls after
the age of 14.

In addition, there is a clear need to strengthen knowledge of
the profession. While young people tend to have a positive view
of engineering — although not as positive as their view of
science and technology — their knowledge of what the
profession actually entails lags behind this positivity.

Nevertheless, there has been some progress in this area: in
2017,27% of 11 to 14 year olds and 30% of 14 to 16 year olds
reported knowing what people working in engineering do,
compared with 15% and 18% in 2013. This could correlate with
evidence of arise in the proportion of young people reporting
that they have taken part in a STEM activity. Around one third
say they have done so within the last year.

Types of interventions

In England, careers provision is patchy and can miss those who
need it most. A marketised landscape of external careers
support has grown up to fill the gap, which schools struggle to
access or differentiate. A new careers strategy for England
was published in December 2017 and the centralised all-age

The first key leakage point in

the engineering pipeline is when

young people choose their GCSE
subjects and enter key stage 4 of
secondary school

strategies in Wales, Scotland and Northern Ireland are all hard-
pressed. The Department for Education Careers Strategy
makes clear that current provision is patchy and careers
guidance has not been given the status it deserves.

A large number of players offer STEM-related enrichment or
inspirational activities to schools and young people. There is
evidence that such activities raise short-term interest in
engineering careers, but a planned succession of interventions
may be necessary to sustain positive attitudes. There is a need
to coordinate the players in this market, to undertake more
impact studies and to help schools select and access the most
impactful interventions.

Current education policy emphasises that schools should
engage with employers so that young people have encounters
with people from the world of work. Historically, this involved
hosting a week or two of work experience for a year 10
teenager but increasingly, they involve people from business
or industry coming into school to give talks or facilitate
enrichment. Spurred by government policy, a market in
provision has sprung up, of which the STEM Ambassadors
network is a part. Although talks in school by employers have
been correlated with subsequent improved outcomes in work,
these encounters are a form of inspiration that will work best
when planned alongside generic careers support and other
STEM enrichment experiences.

Diversity issues

The diminishing representation of girls and women with
progression along the STEM skills pipeline is well known. Only
27% of girls’ entries to A levels in 2017 are in STEM subjects. At
first degree level, women comprise only 16% of engineering
students. In the workforce, less than 1 in 10 professional
engineers are female.

The key point of ‘leakage’ in the skills pipeline for those of
minority ethnic background appears to occur at the transition
to employment, rather than during subject choices. 25% of
engineering students are of BME origin — a higher percentage
than in the general population of the same age range - yet they
only account for 8% of the engineering workforce.

Enrichment and employer-led activities need to take account
of the persistent under-representation of women and ethnic
minorities in engineering if they want to harness more of the
potential talent in the skills pipeline.

Back to contents
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3.1 — The engineering skills pipeline

The term ‘pipeline’ is used widely to describe the educational
pathway that leads to an adult career in engineering or STEM
fields. It is based on the idea that the supply of engineers
depends on enough young people entering the pipeline

in education and flowing through it until they emerge as
qualified candidates. The metaphor is commonly used

to highlight ‘leaks’ that occur at different stages and
eventually affect the diversity of the STEM workforce:

in particular, how these leaks vary with gender, ethnic or
socio-economic background.

Some commentators have challenged this description,
accusing it of being too linear and overly focused on the
supply of skills. For instance, it doesn't account for deviations
from the engineering pathway that some people inevitably
make throughout their career.?! The pipeline concept only
assumes leakages and doesn’t account for people entering
the flow mid-way, for instance when they change educational
direction or employment sector. Nonetheless, it is a valuable
metaphor for the largest element in the supply of engineering
skills. Practically, to increase the flow of engineering skills
into the labour market, we need to maximise the number of
people who progress right through the pipeline and minimise
unnecessary leaks.

Professor John Perkins uses the pipeline analogy in his report
for the Department for Business, Innovation and Skills (BIS) to
depict the multiple routes along which developing talent flows
towards professional registration (Figure 3.1).32 He also
highlights the many points at which talent leaks from the
system. The levels in the tanks in the diagram are schematic,
and intended to give an idea of the impact that the leakages
have on the total flow.

The diagram’s three main stages broadly map onto the next
three chapters in this Engineering UK report, namely:

- compulsory education
- vocational education
- higher education

3.1 BIS. ‘STEM graduates in non-STEM jobs’, March 2011.
3.2 BIS. ‘Professor John Perkins’ Review of Engineering Skills’, November 2013.
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Compulsory education

Perkins usefully splits education into a general stage of
academic foundation (broadly up to and including key stage 3)
and later stages which result in formal qualifications such as
GCSEs and A levels. The first stage involves all students,
whereas in later stages students have made choices. For
example, they may choose to study separate sciences or
combined science at GCSE, and a variety of elective subjects
outside the compulsory core of the curriculum. Subject
choices post-16 (for A level or vocational qualifications) are
largely open to the student, although it is now compulsory to
remain in education or on a recognised training scheme until
18 years of age. Once choice is introduced, there is potential
for leakage from the pipeline. This could be voluntary leakage,
where a student deliberately chooses a subject that does not
lead towards a STEM or engineering pathway. Or it could be
involuntary, for example where a student fails to meet
academic eligibility criteria for the next stage or attends a
school where certain subjects are not offered. It is at these
‘choice’ points that other parties can have an influence on
young people’s decisions. At these times, the profile of
young people in the pipeline begins to change, with certain
types of students disproportionately likely to leak out:

for example, a high proportion of female students choose
not to study physics.

Vocational education

In this year’s report, we have combined information about
work-based training opportunities, such as apprenticeships
and other vocational routes within further education (FE), in a
single chapter. Many of these pathways can be entered at
either age 16 or 18, and are either voluntarily chosen or relate
to academic eligibility. Increasingly, the government refers to
these routes as ‘technical education’. These routes appear to

be affecting the diversity of people emerging from the pipeline:

for example, apprentices in engineering are overwhelmingly
white and male.

Higher education

For some time, the government has promoted progression to
higher education (HE) as the optimum path for any students
that could meet the eligibility criteria (although this policy is
now softening in favour of a greater balance of routes). There
are several potential leakage points that relate to HE: choosing
a subject for undergraduate study, choosing to carry on with or
change subject during the HE programme and, for some,
choosing to go on to postgraduate study. At each of these
stages, the diversity of the student profile changes. Many
students also decide on their ultimate career direction while
still in HE.

This chapter focuses on opportunities to influence the flow of
young people as they move through compulsory, vocational
and higher education. We also examine what is known about
the impact of such approaches.

3 - Harnessing the talent pool

The first key leakage point is when
young people choose their GCSE
subjects and enter key stage 4

of secondary school.

3.2 - The importance of engaging young people

At each stage in the pipeline and into employment, young
people make conscious and voluntary decisions about where
they are going and how they will get there. If the engineering
sector acts on opportunities to influence these decisions, it
could positively affect the flow of young people into the
pipeline. This chapter focuses on the early stages of this
opportunity. Without substantial momentum early on, the
potential flow in all subsequent stages will be diluted. For
example, it may be too late to start to excite learners about
careers in engineering when they're 16, as they already have
made chosen subjects that will restrict their subsequent
options. And once they're out of the pipeline, they may not have
ready opportunities to re-enter it later on.

The first key leakage point is when young people choose their
GCSE subjects and enter key stage 4 of secondary school.
Although study of mathematics and science is compulsory,
many will be able to choose whether to study separate
sciences or combined science. This should not have an impact
on their options post-16, but will affect the extent of their
learning that is based on STEM subjects. Some pupils may
have the opportunity to select other STEM-related subjects,
such as design and technology, computing or even engineering
itself. At age 14, some young people also have an opportunity
to change type of school. For example, they might goto a
university technical college (UTC) and specialise in
engineering-focused subjects, although only a minority
currently take this pathway.

It is because this stage is so important that EngineeringUK
actively promotes the benefits of studying STEM subjects to
young people in key stage 3, when they are aged 11 to 14 years.
However, as Perkins points out, there is also potential value in
‘priming’ the pipeline by inspiring young people about
engineering, which is not covered in the key stage 3 science
curriculum, and encouraging them to develop a strong
academic foundation in STEM subjects, before they face
subject choices. The aim is to encourage as many young
people as possible to make a conscious progression through
this early stage of the pipeline. As a result, it is hoped that they
might make better informed choices when they approach the
first decision point.

Back to contents

60



61

3 - Harnessing the talent pool

3.3 - Population trends

A key factor determining flow into the pipeline that cannot be
influenced is the number of young people entering secondary
education. This section summarises our current
understanding of how the UK’s population is changing, with the
focus on likely future numbers of young people (Figure 3.2).

In 2016, the UK population was a record 65.6 million, and
projected to reach 74 million by 2039.33 From the high
population growth of the 1960s baby boom, growth slowed in
the 1970s. In the late 1980s, the total population began to grow
once more, when the baby boomers began having children.

In each of the last three years, net migration of 250,000 or
more — partly relating to the expansion of the European Union
- has added significantly to the ‘natural’ expansion of the

UK population.

The population is also getting older, thanks to improvements in
healthcare and lifestyles. People aged 65 and over are
projected to account for a quarter of the total UK population by
2046. Life expectancy is increasing and girls born this year can
expect to live around 83 years on average: 4 years more than
those born 15 years ago. Men have seen an even greater
increase in life expectancy, with an average approaching

80 years.

m National population projections for age groups
1110 14,15t0 16 and 17 t0 18 (2017 t0 2037) — UK

3,500,000 3,295,666 37334906
3,000,000 .

2,930,049
2,500,000
2,000,000

1573150 1712739 1,653,695 1,695,025

1,495,376 o o
1.500.000 1,668,745 1,652,976 1,700,428
e — 1,493,176

1,406,661
1,000,000

2017 2022 2027 2032 2037
®11-14 @1516 @17-18

Source: ONS, 2017

Increased life expectancy, along with lower birth rates, have led
to the UK'’s population of children declining from 25% in 1976 to
19% in 2016, with further decline predicted. However, high net
migration has gone some way towards countering our ageing
population. Immigrants — most of whom are aged between

20 and 36 — make a significant contribution to the birth rate.

In fact, 2012 had the highest birth rate since 1990.

Figure 3.3 shows population projections for the UK for the next
20 years. Total population is set to grow by around 3% over the
next 5 years and by over 11% in the next 20 years.®# The
number of young people is set to rise, even though they are a
decreasing proportion of the overall population. The
projections show that a recent dip in the number of young
people has nearly worked its way through the yearly profiles.

In the next 5 years, studies project considerable increases in
the number of 12 to 16 year olds (although the dip can still be

3.3 ONS. ‘Overview of the UK population: July 2017’, July 2017.

seen in decreases in 18 to 21 year olds). Over the next 20 years,
all age groups will grow, especially teenagers in secondary
education. This is encouraging for the potential engineering
talent pool.

Regional variations

The size and age profile of the population varies across the UK,
with the focus of growth still firmly on London and south east
England. London'’s population is expected to grow by over 6%
by 2022 and 11% by 2027. In contrast, overall growth rates in
the North East and North West of England, and in Scotland and
Wales, are all expected to be less than 2% by 2022 and only
around 3% by 2027.

Geographical profile trends follow a similar pattern, with

the strongest growth in the number of young people expected
to be in London, the South East and East of England. Growth
in Scotland, Wales and the North East of England will be
much lower.

Over the next 20 years, the number
of young people is set torise,

an encouraging prospect for the
potential engineering talent pool.

Diversity trends

The male population is set to rise slightly more than the female
population. Largely, this is due to increasing male life
expectancy, but a slight increase in the proportion of young
males is also predicted. Gender differences, however, are
insignificant compared with expected changes in the ethnic
profile of people in the UK and especially young people.

The 2011 Census provides the most recent data on ethnic
background. At that time, white British was the dominant
ethnic group, accounting for 87% of people of known ethnicity
in the UK. Behind the headline figure, however, is a more
nuanced picture. The national average is influenced heavily by
ethnically-diverse London, where only around half of the
population were white British, 18% were Asian or Asian British
and 13% were black or black British in 2011. In the West
Midlands, over 10% classed themselves as Asian. This
contrasts with the North East and South West, Scotland and
Northern Ireland, where 95% categorised themselves as white.
The concentration of the UK’s non-white population in large
urban areas has been highlighted by Policy Exchange, which
states that “just three cities (London, Greater Birmingham and
Greater Manchester) account for over 50% of the UK’s entire
BME [black and minority ethnic] population.” 35

This pattern of overall white dominance is set to change,
however, because ethnic minorities account for a much higher
proportion of the young population than of the old.

3.4 ONS. ‘National Population Projections, Principal Projection’ - UK Population Single Year of Age, 2014-based, October 2015.

3.5 Policy Exchange. ‘A Portrait of Modern Britain’, May 2014, p7.
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Age 2017
7 811,955
8 803,511
9 809,294
10 782,325
1 766,236
12 736,601
13 723,764
14 703,448
15 693,354
16 713,307
17 734,088
18 761,288
19 779,049
20 812,448
21 824,990
65 672,482
All ages 66,029,928

Source: ONS, 2011

2022

797,347
803,882
824,227
850,438
838,556
822,564
814,267
820,279
794,044
779,106
751,143
742,033
729,591
729,399
758,845
734,696
68,202,846

70,

2027

824,739
823,155
820,530
816,653
812,493
807,476
814,191
834,784
861,726
851,013
836,676
832,069
845,822
829,335
823,645
847783
234,132

IR Percentage of population by broad ethnic group

and age group (2011) - England

2032

828,984
832,563
834,937
835,719
835,434
834,878
833,480
831,114
827979
824,997
821,650
832,045
860,384
897,049
895,573
882,399
72,053,345
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2037

819,835
822,855
826,267
829,996
834,453
839,142
842,902
845,538
847,066
847,959
849,066
851,362
856,764
863,391
869,648
840,619
73,672,863

5-year
percentage
change (2017
to 2022)

-1.8% Vv
0.0%
1.8% A
8.7% A
9.4% A
11.7% A
12.5% A
16.6% A
14.5% A
9.2% A
2.3% A
-2.5% Vv
-6.3% V
-10.2% V¥
-8.0% V
9.3% A
3.3% A

20-year
percentage
change (2017
to0 2037)

1.0% A
2.4% A
21% A
6.1% A
89% A
13.9% A
16.5% A
20.2% A
22.2% A
18.9% A
15.7% A
11.8% A
10.0% A
6.3% A
5.4% A
25.0% A
11.6% A

The 2011 Census data showed in that England just under 82%
of 15 to 19 year olds were white British, and 80% of 10 to 14
year olds, compared with 85% overall (Figure 3.4). These

Percentage of 15-19 age group

81.7% 18.2%

Percentage of 10-14 age group

80.4% 19.6%

Percentage of total population

85.4% 14.6%

@ White @BME
Source: ONS census, 2011

differences were due to higher proportions of black, Asian and
especially mixed or multiple ethnic backgrounds amongst the
young (Figure 3.5). The proportion of 10 to 14 year olds with
mixed or multiple ethnicity was twice as high as in the overall
population. It is thought that ethnic minorities comprise as
much as 25% of those aged under 5 years, whereas they only
constitute about 5% of the English population aged over 60.
However, some models suggest that by 2051 BME
communities could represent as much as 30% of the UK's
total population.3®

m Population by young age group and broad ethnic group®’ (2011) - England

Percentage of
total population

White 85.4%
BME total 14.6%
Mixed/multiple ethnic group 2.3%
Asian/Asian British 7.8%
Black/African/Caribbean/black British 3.5%
Other ethnic group 1.0%
All ethnic groups 100.0%

Source: ONS census, 2011

3.6 Policy Exchange. ‘A Portrait of Modern Britain’, May 2014, p6.

10 to 14 year olds

Number of
15 to 19 year olds

Number of Percentage of

15-19 age group

Percentage of
10-14 age group

2,477,722 80.4% 2,729,955 81.7%
603,207 19.6% 610,310 18.3%
138,048 4.5% 126,931 3.8%
286,140 9.3% 301,350 9.0%
144,439 4.7% 144,245 4.3%

34,580 1.7% 37,784 1.7%

3,080,929 100.0% 3,340,265 100.0%

3.7 Categories are those used by the ONS at top-line UK harmonised level. For further information see Harmonised Concepts and Questions for Social Data Sources: Primary Principles

- Ethnic Group, ONS, May 2015.
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Itis worth noting that these projections are based on 10-yearly
census data and computer modelling of birth and mortality
rates. They cannot take full account of short-term shifts in the
nationality profile of the population due to immigration, which
may impact ethnicity. Nevertheless, the key point is that ethnic
diversity among the young is growing, and this needs to be
taken into account when considering the future flow of talent
into the engineering skills pipeline.

Social mobility

Another aspect of population change relates to social mobility,
although this is much harder to measure. Participation in HE
has traditionally been used as a yardstick for the overall
prospects of the UK’s young. Participation is at an all-time
high: 43% of 19 year olds in England had entered HE by 2016.38
However, early figures for 2017 university entry suggest that
growth may be tailing off.

Between 2006 and 2016, the percentage of HE students from
disadvantaged areas almost doubled from 11% to nearly 20%,
although much of that increase was at less selective
universities (Figure 3.6).3° This widening of access is thought
to result from higher school attainment, intensive efforts to
widen participation, the removal of the cap on HE student
numbers, and more availability of HE degrees at FE colleges.®™°
There is little evidence to date that increased tuition fees have
deterred students from poorer backgrounds from going to
university.>" Yet despite these improvements, students from
lower socioeconomic backgrounds are still far less likely to
attend university than their counterparts from more
advantaged backgrounds.

IGETEE Percentage of HE students from disadvantaged
areas (2006 and 2016) — UK

2006

my
11%

2016

20%

Source: UCAS, 2017

Even when they do go to university, graduates from
disadvantaged backgrounds are less likely to complete their
degrees and enter professional jobs. They also tend to earn
less than other graduates (although they usually earn more
than those without degrees).®'?

3.8 UCAS. ‘2016 End of Cycle Report’, December 2016.
3.9 UCAS. ‘Equality and entry rates, 2017.

Case study — Aspiring Professionals
Programme (CH2M)

Sam Daly, Business Development Manager, CH2M

CH2M helps unlock new engineering talent by supporting
the Social Mobility Foundation. We are proud to be
involved in the Aspiring Professionals Programme (APP),
aresidential week for 20 students chosen from across the
UK who fit the eligibility criteria:

- Year 12 students (aged 16 to 17)

- If they attend a school with a GCSE pass grade above
50%, they must have at least 5 A grades

- If they attend a school with a GCSE pass grade below
50%, they must have at least 4 A grades

- Predicted to achieve at least ABB at A level

- Be either personally eligible for free school meals
(household income below £16,190) and/or be the
first generation attending university from a school
with at least 20% of pupils who are eligible for free
school meals.

The programme provides a week of activities,
presentations and project visits to deepen students’
understanding of engineering. The students are also given
a mentor for the year who helps them apply for higher
education courses and supports them in practical tasks,
such as writing a personal statement and practising for
interviews.

The impact on students’ educational outcomes has
been impressive. Out of the 2014 and 2015 placements,
63% of students went on to Russell Group universities.

In 2016, 95% of students said they would not have been
able to secure an internship without our support. In 2017,
CH2M interviewed 11 candidates from our 2016
placement year for prospective employment. CH2M has
recently completed our fourth consecutive year of the
residential programme.

3.10 Social Mobility Commission: ‘Time For Change: An Assessment of Government Policies on Social Mobility 1997-2017’, June 2017.

3.11 Social Mobility & Child Poverty Commission. ‘The Social Mobility Index’, January 2016.

3.12 IFS. 'Heterogeneity in graduate earnings by socio-economic background’, October 2014.
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The Social Mobility Index is another measure of lifetime
outcomes, reflecting academic studies that suggest
educational attainment plays a crucial part in a child’s life
chances. The index compares the chances of a child from a
disadvantaged background doing well at school, going on to
higher education and getting a good job, across each local
authority in England." It also considers outcomes achieved
by adults in that area: what their average income is, how likely
they are to take on low-paid work or get a professional-level
job, whether they own a home and what they spend on
housing. Together, these elements paint a picture of the
likelihood of someone converting a good education into

a good life. The results show substantial differences
between different parts of the country, and also unexpected
local variations. Amongst the conclusions drawn are that:

- London and its commuter belt are pulling away from the rest
of England. Young people from all backgrounds living in
these areas are far more likely to achieve good outcomes in
school and have more opportunities as adults than those in
the rest of the country.

- Many coastal areas and industrial towns are becoming
social mobility ‘coldspots’ as they perform badly on both
educational measures and adulthood outcomes.

- Other than London, England’s major cities are not
necessarily the places of opportunity that they might be.
No other major English city performs well in the Index.
Manchester, Birmingham and Southampton are all
about average while Nottingham, Derby and Norwich
perform badly.

+ While there is some link between the overall affluence
of alocal area and the life chances of disadvantaged young
people, many affluent areas fail young people from poor
backgrounds.

Greater social mobility means that the talents of more young
people are being recognised and used. There is evidence that
students from lower socio-economic backgrounds are more
likely to pursue STEM subjects than some other subjects such
as law or medicine.?' Growth in demand for STEM skills could
then be good news for overall social mobility.

To maximise flow into the pipeline, engineering will need to be
as inclusive as possible. We need to draw in people from an
increasingly ethnically-diverse young population, and make
sure that children from disadvantaged backgrounds can
pursue the educational pathways they need to transition
successfully into engineering employment.

3.13 Social Mobility & Child Poverty Commission. ‘The Social Mobility Index’, January 2016.
3.14 BCG. ‘The state of social mobility in the UK’, July 2017.
3.15 Prior to 2016 this was called The Engineers and Engineering Brand Monitor (EEBM).

3 - Harnessing the talent pool

3.4 - Perceptions and attitudes about engineering

The Engineering Brand Monitor (EBM)3® is EngineeringUK’s
annual survey of engineering and STEM perceptions among
nationally-representative samples of young people, adults and
STEM educators. Results from the EBM between 2013 and
2017 suggest that, overall, perceptions about engineering and
STEM have improved in recent years.

Consideration of an engineering career

The proportion of young people aged 11 to 19 who would
consider a career in engineering has risen from 40% in 2013
to 51% in 2017, with all age groups showing an upward trend
(Figure 3.7). However, the older pupils get, the less likely they
are to consider a career in engineering: 39% of 16 to 19 year
olds in 2017 would consider engineering, compared with
59% of 11 to 14 year olds. While this may partly be due to
older pupils having clearer career aspirations and solidifying
their plans, it also confirms that sustaining young people’s
interest as they progress through secondary educationiis a
key challenge.

SLERWA Young people between ages 11 and 19 who would
consider a career in engineering (2013 to 2017) - UK
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3 - Harnessing the talent pool

Figure 3.8 shows clear differences in levels of interest in
engineering among female and male pupils. Boys are far more
likely to consider a career in engineering than girls at every
age. Interest drops off for both boys and girls as they get older,
but this is particularly pronounced for girls after the age of 16.

SRR Proportions of girls and boys between ages
11 and 19 who would consider a career in engineering
(2017) - UK
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