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The diagram below takes a better look at the global CAV market in 2035. It can be noticed that UK and Europe represent
58% of the total £650 billion global market of CAVs, whilst North America represents 30%. A very limited number of sales
are represented by Asia Pacific and Rest of World. In terms of vehicle types, over 756% of all CAVs sold (by volume) are
represented by cars. Vans represent the second largest vehicle sector, corresponding of ~20% of all CAVs sold in 2035.
The number of autonomous HGVs and buses is rather limited and represents less than 3.5% of the total CAV sales.
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Figure 3.20 Summary of the CAV market size projections in 2035 (£ billions)

Figure 3.21 shows the breakdown of the CAV technology market by individual technologies in the central case, and
indicates that the overall share of the market value coming from software technologies increases over time, reaching
44% in 2035. This reflects the increased uptake of L4/5 CAVs over time, for which software is assumed to account for
a larger share of the total per-vehicle value of autonomy packages, compared to L3 CAVs.
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Figure 3.21 Projected global market value (£ billions) from CAV technology sales, by technology (Central case). Values shown are based on the
projected sales of L3-L5 vehicles in the specific years shown (i.e. not cumulative)
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The high and low bounds for the size of these markets are shown in Table 3.4, alongside the central and central UK lead
scenarios. Note that the increase for the central UK lead scenarios.
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Table 3.4 Projected market value from CAV and CAV technology sales, based on global CAV demand. Values shown are based on the projected
sales of L3-L5 cars, vans and HGVs in the specific years shown (i.e. not cumulative). Based on uptake scenarios set out in Section 3.3, p10

Compared to the 2017 edition of this Market forecast, this edition brings a revised short-term projection, with a lower
sales value estimate (due to slow progression of the market) and a higher long-term projection in terms of sales value
for the UK market. The long-term difference is also attributed to the slow development of the market, with a reduced
uptake of CAVs than thought before. However, the market trends also highlight that the CAV technology package costs
will remain higher than previously predicted, counterbalancing the lower number of vehicles sold.

The sluggish uptake of CAVs in developed economies during the first half of the 2020s compared with the assumptions
for the same timeframe made in the previous edition, would have a global knock-on effect on the uptake across other
markets. As a result, the total global market projected in this edition of the Market Forecast is smaller than previously
estimated.
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Figure 3.22 Comparison of the projected UK and global market value (£ billions) from CAVs and CAV technology sales across two editions of the
Market Forecast (Central case). Values for L3-L5 vehicles sales in the specific years shown (i.e. not cumulative)



Connected Places Catapult | Market Summary for Connected and Autonomous Vehicles H

Putting these projections for the global CAV market in context, recent reports estimate the global autonomous vehicle
market expected to reach over USD 550 billion by 2026% (~£445bn considering the CAV and CAV technology markets
alone), several times higher than our estimate of £16.3bn in 2025. In the long term, there are limited projections
available. Estimates by Intel indicated that "the driverless market" could be worth as much as USD70bn (around £57bn)
by 20307". This estimate is assumed to represent the market associated with CAV technologies (rather than the total
CAV market, which inherently overlaps with the existing automotive market) and is well positioned between the Central
and High case results presented in this report.

There is still uncertainty regarding the real market size of CAV technologies and the uptake rates across different
markets. These uncertainties are examined in the next section. The projected market values, both at the global and
regional level, inform the assessment of the economic impacts of CAV market for the UK economy. These impacts
are presented and discussed in Chapter 4.

3.9 Sensitivities on the size of the global market

The three main scenarios examined in this study (Low, Central, High) consider that the UK and Europe lead in terms of
adoption of CAVs. This is based on the work published by Goldman Sachs and consistent with several other sources,
however the wide range of literature available contains publications pointing out that the North American market may
take over the European one in the future. To account for these uncertainties, three sensitivities on the uptake rates of
CAVs across various global markets were modelled. These three sensitivities assess the position of the UK and Europe
compared to North America, as described below:

* Reverted: in this sensitivity the North American market follows the trajectory that the UK and Europe follows in the
Central case. Conversely, the uptake of CAVs in the UK and Europe is modelled lower than in the Central scenarios,
and follows the trajectory assumed for North America under the Central case.

* Aligned: assumes similarities between the North American and the European markets, with the CAVs uptake rates in
these markets following an identical trajectory in time. This means that the uptake in North America is higher in this
case compared to the Central scenario.

* Accelerated North America uptake: in this sensitivity, it is assumed that the CAV uptake across the European
and North American markets commences at the same rate up until 2025, after which the North American uptake
accelerates whilst the UK/Europe continues to grow at a lower rate and fall behinds North America.

The full details of the uptake curves for these sensitivities are included in Appendix B. The resulting CAV market values
of under these alternative uptake scenarios is summarised in the table below.
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Table 3.5 Comparison of market size of UK and North America across different sensitivities

% Allied Market Research (2018) - https://www.alliedmarketresearch.com/autonomous-vehicle-market
2 http://www.bbc.co.uk/news/business-39253422; Accessed 30th March 2017
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It can be noted that under all three sensitivities the North American market is leading, with an estimated market size
of £289 billion in 2035, 50% higher compared to the Central scenario. The size of the UK market ranges between £17.8
billion and £41.7 billion under these sensitivities. Under the extreme scenario of an accelerated CAV uptake in North
America and a lag in Europe and the UK, the British market would be 42% of the Central case estimate.

3.10 The impact of discounts to fleet operators

It is envisaged that connected and autonomous vehicles will revolutionise mobility and would be adopted both by
private and commercial customers. Autonomous vehicles may be used for Mobility as a Service (MaaS) applications
such as ride sharing, car-pooling, or autonomous taxis. It is also expected that vehicle utilised for these purposes

would be purchased in bulk by fleet operators (e.g. UBER). Bulk purchases are usually accompanied with a significant
discount provided by the vehicle OEMs, leading to below market prices for the fleet operator. Whilst the total value of
the vehicle sold decreases as a result of reduced prices, this value is in fact transferred from the automotive market

to fleet operators. However, given the scope of quantifying the impacts of CAV uptake to the automotive market, a
sensitivity considering such discounts was conducted. Given that the scale of discounts given to fleet operator is usually
maintained confidential, this sensitivity relies on a series of assumptions as highlighted in the appendix D. Overall, we
assume that L4/5 CAV cars, those truly "autonomous" and suitable for mobility applications in fleets, would be subject
discounts ranging between 10% and 20% of the vehicle base catalogue price. Such discounts, whilst leading to a
reduction of only 4-5% of the overall market value for the automotive industry relative to the central case?, could bring
significant savings to fleet operators, ranging between £2.1 billion in the UK and £25 billion globally in 2035, as shown in
the diagram below.
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Figure 3.23 Impacts of the discounts on L4/5 CAV cars given to fleet operators in 2035

2 Whilst the case of the discount ranges between 10% and 20% of the vehicle base catalogue price and applies to L4/5 cars only, the reduction in the total market value reaches only 7% as this
includes other vehicle types, such as vans, HGVs, and buses, as well as L3 cars, which are not in the scope of this sensitivity
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4. Economic Impacts for the UK

Summary of findings

* The objective of the analysis presented in this chapter is to estimate the gross contribution of CAVs and CAV
technologies to key economic indicators for the UK. The focus is on the gross contribution to GVA and jobs,
but estimates of the contribution to gross output, trade and investment are also included. Whilst jobs relating
to the manufacture of CAVs will displace jobs in the manufacture of conventional cars, jobs relating to the
production of CAV technologies are net additional. All results are presented as annual figures, providing a snapshot
in selected years.

* Estimates were carried out across the full range of scenarios. The Central scenario assumes moderate CAV uptake
and is the main scenario used to explore the economic impacts. The High scenario and Low scenario provide
an indication of the economic impacts under alternative CAV uptake scenarios. The High scenario with high UK
capabilities is the most optimistic variant, where it is assumed that UK and global markets grow rapidly and that UK
firms are highly competitive in the manufacture of CAVs and CAV technologies.

* In the central scenario, it is estimated that the gross direct contribution of CAV and CAV technologies to UK GVA
would reach £6.3bn and £2.7bn, respectively, by 2035. In this scenario, it is estimated that jobs in the manufacture
and assembly of CAVs would reach 1,600 people in 2025 and 49,000 by 2035. This compares to around 168,000
people who are currently employed in the UK automotive sector (Office for National Statistics, 2019). There would
be 23,400 net additional direct jobs in the production of CAV technologies in the UK by 2035, with a further 14,600
indirect jobs created in the supply chain for these technologies.
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Direct Jobs 600 3,900 18,800

scenario Direct Jobs

Low scenario

High scenario

Direct Jobs 108,100

Table 4.1 Key economic results for each scenario, relating to the manufacture of CAVs

Economic impacts for CAV technologies 2025 2030 2035

Direct Jobs 1,900 8,000

scenario Direct Jobs

Low scenario

High scenario
Direct Jobs

Table 4.2 Key economic results for each scenario relating to the manufacture of CAV technologies
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* The results presented in this chapter are dependent on the assumptions underpinning the market forecasts (as
described in Chapter 3). In addition, it is assumed that the trade intensity for CAVs and CAV technologies are the
same as those observed in the historical data for similar technologies. This implies that the UK manufacturing sector
maintains its current position in terms of relative global capabilities in the automotive sector and in component
manufacturing.

* The UK's strengths and competitiveness in software design and development puts UK firms in a strong position to
capture a large share of the domestic (and global) market for high value-added CAV-related software. However, it is
likely that much of the CAV-related hardware (in particular, sensing and mapping hardware) would be imported from
abroad. Existing electronics and component manufacturing capabilities in other markets, and relatively high labour
costs in the UK, mean that it would be very challenging for the UK to gain a significant share of the global market for
manufacturing CAV hardware.

* There is considerable uncertainty in the gross economic contribution of CAV and CAV technologies over the period
to 2035, primarily due to uncertainty in growth in the market for CAVs in the UK. In the high scenario, where it is
assumed that both the UK and global market grows rapidly (with UK CAV market growth of around 38% pa over the
period 2025-2035), the contribution to GVA of activities relating to CAV and CAV technologies could be as much as
£14bn, with a further £6.3bn contribution to GVA from the manufacture of CAV technologies. In a more pessimistic,
low scenario, where the UK and global market for CAVs remain small (<£21bn in the UK and <£300bn globally by 2035),
the gross economic contribution of CAV and CAV technologies would be much lower, with an estimated £2.4bn gross
contribution to GVA from CAV assembly and £0.9bn contribution to GVA from the manufacture of CAV technologies
by 2035.

* The economic impact is also highly dependent on the UK's capabilities in producing CAVs and CAV-enabling
technologies. If the UK market grows quickly and if UK-based firms are well-supported (for example, with access
to skilled labour), this could incentivise firms to locate production in the UK (close to expected markets and where
business conditions are favourable). In this case, CAV-related gross output and jobs in the UK would grow at a faster
rate and dependency on imports would be reduced. A high UK capabilities sensitivity was introduced to test how the
economic results would be affected if it was assumed that the UK was more competitive in CAV-related industries
than is implied by historical trade shares for similar technologies). In the most optimistic scenario and sensitivity
combination for the UK, the high scenario with high UK capabilities, by 2035, as well as an expected 179,000 direct
jobs in the automotive sector for CAV assembly and manufacture, there is estimated to be 73,000 net additional CAV
technology jobs created in the UK.

* The robustness of the results to differences in assumptions about the relative share of hardware and software
requirements for CAV technologies were also tested. If the software share of CAV technologies remain fixed at 35%
from 2025 onwards rather than increasing to 57% by 2035 used in the central scenario, this would result in around 25%
reduction in the GVA and number of jobs in the UK from CAV technologies, compared to the results for the
central scenario.
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Scope of economic impact analysis

The purpose of the economic analysis was to estimate the gross contribution of CAVs and CAV-related technologies to
key economic indicators in the UK, including:

* Gross output (the total value of production of CAVs and CAV technologies in the UK).
* Gross Value Added (GVA, the net contribution of CAV-related industries to the UK economy).

* Direct and indirect employment (the total number of jobs in manufacturing CAVs, CAV technologies and associated
supply chains).

* Trade (the value of imports and exports of CAVs and CAV technologies).

* Investment (the value of domestic and foreign investment in fixed capital assets to support the production of CAVs and
CAV technologies).

The economic analysis is informed by the market forecasts that were presented in Chapter 3. The focus of the economic
analysis is on the gross contribution of manufacturing CAVs and CAV-enabling technologies in the UK, i.e. displaced
activities in vehicle manufacturing are not measured. The wider economic impacts of a transition to CAV technologies
or potential new business models are not estimated. Changes in use of vehicles, potential new services offered and
productivity or welfare improvements from more efficient use of travelling time are not accounted for. Furthermore, the
estimates do not include the effect of the transition to CAVs in potentially reducing demand for other technologies and
services, such as conventional vehicles, conventional taxi services or vehicle insurance. The results from our analysis
differ to those presented in other studies such as KPMG (2015)(KPMG, 2015) because wider economic impacts,
including the value of time savings, are not estimated for the purposes of this report, which focuses solely on the
potential economic contribution of CAV-related manufacturing industries.

All results presented in this chapter show the annual contribution of CAV-related industries to the UK economy in
selected 'snapshot’ years: 2025, 2030 and 2035 (although this is cumulative, in that jobs created in each year are
assumed to exist in later years as part of the total). In all scenarios, the size of CAV-related industries and their
contribution to the economy increases over the period to 2035, reflecting expected growth in the market for CAVs.

The diagram below provides an overview of the key economic impacts that are within scope and beyond the scope of
the economic analysis presented in this chapter.
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Table 4.1 Scope of the economic analysis

The economic assessment involved both qualitative and quantitative analysis. A literature and data review was

undertaken to identify key characteristics of CAV technologies and services, to assess the UK's likely competitiveness
in this sector and to consider how increased demand for these products and services could develop UK-based supply
chains. This information was used to estimate the impacts of each of the CAV scenarios on key economic indicators.

The predominantly data-driven approach involved mapping the production of CAV-enabling technologies to relevant
economic activities, as represented in the UK Standard Industrial Classification (SIC) 2007 codes (SICO7). The
technology mapping is described in Appendix E.
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Overview of economic method

To ensure consistency in our estimates of the gross economic effects, a systematic method to quantify each
economic indicator has been applied. Starting with the UK and global market forecasts, future trade in CAV
technologies are next estimated, then gross output and investment, then Gross Value Added (GVA) and jobs.
Finally, GVA and employment multipliers were applied to estimate indirect GVA and employment effects.

1 Potential Size of UK and global market
2 Trade
3 Gross Output and Investment

4 GVA

Figure 4.2 Summary of approach to economic analysis

The estimates of the potential size of the UK and global market for CAVs and CAV technologies provided the starting
point for the economic analysis. The UK's likely competitive advantage was then considered, to assess the extent to
which the UK could produce CAVs and CAV technologies domestically and the extent to which the UK would rely on
imports. An assessment of the UK's ability to capture the export market for CAVs and CAV technologies was based
on historic export shares for similar products, using data for the relevant UK SIC (2007) codes.

UK gross output was estimated based on the expected size of the domestic market for CAVs, after accounting for
international trade. Investment shares (i.e. the ratio of investment to gross output) for relevant UK SIC (2007) codes
were used to estimate total investment in CAVs and CAV technologies. GVA was calculated as gross output net of
estimated intermediate consumption in each sector (based on an adjusted input-output table). Finally, direct and
indirect jobs were estimated. Direct jobs were estimated by applying estimates of labour intensity at the UK SIC
(2007) four-digit class level and multiplying by estimates of gross output in the sector. Indirect jobs were calculated
by multiplying these values by employment multipliers from the ONS at the UK SIC (2007) two-digit class.

The approaches taken for each economic indicator are explained in more detail in Appendix C.

The diagram below shows how the key economic indicators were estimated, and how they are inter-related. A
bottom-up modelling approach was used, applying a series of assumptions to the CAV market forecasts to estimate
gross economic impacts. The approach for the economic analysis has been reviewed by the Bank of England and the
Office for National Statistics.
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Figure 4.3 Overview of the economic framework

Impacts on trade

Historic trade intensities for similar products were mapped to the CAV technologies, resulting in the import and

export intensities shown in the diagram below, which shows the likely scale of production of CAVs and CAV technologies
in the UK. Whilst import intensities were estimated for each individual technology, due to data limitations, export
intensities (the ratio of UK exports to global demand) were calculated at the more aggregated UK SIC 2007 2-digit
class? and so the same export intensity is assumed across all CAV-related hardware technologies (2.0%). For
CAV-related software technologies, key technologies where the UK is particularly competitive were recognised

through stakeholder engagement and so assumed the export intensity was 20% higher (0.5-0.6%) versus standard
assumption for software (0.4%).

29 The export intensity for CAVs is based on that for the '29: Motor vehicles, trailers and semi-trailers’. The export intensity for CAV hardware technologies is based on that for '26: Computer, electronic
and optical products' and the export intensity for CAV software technologies is based on that for '62: Computer programming, consultancy and related services'.
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Figure 4.4 Import and export intensities for CAV and CAV technologies

4.1 Imports

Focusing firstly on imports, the assumed UK capabilities for the manufacture of CAVs (i.e. the vehicle assembly) are
reflective of current trends in the automotive sector®, with 42% of domestic demand met by imports. The CAV hardware
technologies are also represented by relatively high import intensities (between 32% and 85%), as historical trade data
for similar technologies suggest that other countries face lower manufacturing costs (i.e. are more competitive) than

in the UK.

By contrast, the data suggests that the UK is likely to have higher relative capabilities in the development of CAV-related
software, reflecting strong international competitiveness in the high value-added services and knowledge-based
sectors. For software, lower import intensities of between 5% and 7% are assumed. As software development and
production is a high value added activity, the fact that the UK is likely to have relative strengths in this area would create
larger GDP gains for the UK (for each unit produced, there are relatively high margins and high labour costs, with little
value flowing out of the economy in the form of raw material imports).The diagram below shows the projected impacts
of CAV market growth scenarios on UK imports of the connected and autonomous vehicles themselves (in the chart on
the left) and technologies that enable automation (in the chart on the right). In the central scenario, imports of CAVs are
estimated to grow year-on-year in line with growth in the UK market for CAVs, with an estimated £22bn worth of CAVs
imported in 2035. This compares to £562bn® of imports of motor vehicles to the UK in 2018. In the central scenario,
imports of CAV technologies are expected to reach £3.1bn by 2035.

% Eurostat Comext database, ONS International Trade in Services statistics and the OECD STAN database.
31 ONS (2016) “UK Trade in goods by classification of product by activity times series dataset” Available here
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In the central UK lead scenario, more rapid growth in domestic demand for CAVs leads to stronger growth in imports
of CAVs and CAV technologies. In this scenario imports of CAVs reach £32bn in 2035, and imports of CAV technologies
reach £2.6bn in the same year.

Over the 2030-2035 period, there is a slowdown in the rate of growth in imports of CAV-related technologies in both
the central and central UK lead scenarios, due to two key factors. Firstly, by 2030, there is a larger eduction in CAV-
related technology costs compared to current levels. Secondly, there is a difference in the types of technologies that
are imported, as the market transitions from L3 to L4/L5 CAVs. By 2030, the market for CAV hardware technology has
matured enough to meet the requirements of L3 autonomous vehicles. Oncel.3 has been achieved the focus switches
to producing L4/L5 vehicles, which are assumed to have a relatively higher software value, compared to L3 vehicles (as
discussed in Section 3.4.2). This results in a reduction to the sensing and mapping hardware market, and an increase
in software market value. With sensing and local mapping hardware contributing to 78% of total imports, and strong
domestic capabilities in CAV software, this is a key factor in explaining the slowdown in growth of imports of CAV
technologies between 2030 and 2035.
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Figure 4.5 UK imports of CAV and CAV technologies, by scenario similar technologies).

As shown in Figure 4.6, across all years, UK imports of CAV technologies are dominated by 'Sensing & local mapping
hardware'. The value of the market for this technology is relatively high (accounting for around 78% of the market for all
CAV technologies) and it is assumed that the UK has relatively weak capabilities in this type of manufacturing, which
explains its heavy dependence on imports.
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Figure 4.6 UK imports by technology, central scenario

4.2 Exports

Export shares (the ratio of UK exports to global demand) for CAVs and CAV technologies were estimated at between
0% and 3% based on historical export shares for similar technologies, using SICO7 code mapping. Out of the four world
regions, Europe accounts for the largest share of UK exports, as the UK's closest neighbouring region. The outcome of
negotiations on the future trade relationship with the EU will largely determine the extent to which the UK could expect
to continue exporting such high shares of these technologies to the rest of Europe. At the time of publication, with
limited information on the form of the future trade relationship between then UK and the EU and other global regions,
we assume that the UK continues to capture the same share of the EU and global export markets for these types

of technology.

The central scenario, by 2035, we estimate that exports of CAVs will reach £10.9bn and there will be a further £0.5bn
of exports of CAV-related technologies from the UK.
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Figure 4.7 UK exports of CAVs and CAV technologies, by scenario
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Figure below shows that the growth of UK exports of CAV related technologies is supported by the growth in both

hardware and software exports.

A high UK capabilities sensitivity was introduced to test how the economic results would be affected if it was assumed
that the UK was more competitive in CAV-related industries than that implied by historical trade shares for similar
technologies. The results of this sensitivity analysis are presented and discussed in Section 4.9.

Imports of each CAV technology (£bn, 2019)

Figure 4.8 UK exports by technology, central scenario
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4.3 Gross output
UK gross output for CAVs in 2035 is estimated to reach £24.3bn in the central scenario, with the value of producing CAV-
related technologies in the UK contributing a further £4.4bn to gross output.
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Figure 4.9 UK gross output in CAV and CAV technologies, by scenario
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Figure below shows that, in the central scenario, UK gross output for CAV-related software technologies is over three
times as large as gross output for hardware technologies, reflecting the UK's relative strengths in developing software
and low dependence on software imports. The largest contributor to UK gross output in CAV technologies in 2035 is
from Connectivity / V2X software, with a 23% share.
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Figure 4.10 UK gross output by technology, central scenario

4.4 Investment

Facing less stringent regulations than in key competitor countries, and with high expected growth in domestic CAV
markets, the UK is in a strong position to attract inward investment in CAV industries. The UK has not ratified the Vienna
Convention on Road Traffic and has allowed the piloting of fully autonomous vehicles on public roads without need

for primary legislation, something that the rest of the EU is still constrained by. The less strict UK regulations will likely
speed up the development of complete automated driving systems through advanced road-testing facilities and could
attract large inward investments. Firms will be able to benefit from the use of well-equipped testing facilities, such as
MIRA, Europe's largest transport sector R&D cluster worth around $450million (MIRA, 2016).

Annual investment by firms to support the manufacture of CAVs in the UK is estimated to increase to £1.7bn by 2035.
Investment to support the production of CAV technologies in the same scenario is expected to reach £0.4bn, annually,
by 2035.

Of all CAV-enabling technologies, investment for the development of connectivity / V2X software is forecast to be
largest, reflecting that this technology is estimated to be the largest contributor to UK gross output.

Our estimates of investment are based on the ratio of spending on fixed capital assets to gross output in well-
established industry sectors. In the emerging CAV-related industries, it is highly likely that there will be an early
investment stimulus, as companies work to develop products in anticipation of strong growth in the future CAV market.
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Impacts on GVA

4.5 Direct effects

The GVA results reflect the same broad trends as shown in the gross output estimates. The UK manufacturing sector
is assumed to maintain its current position in terms of relative global capabilities in the automotive sector and in
component manufacturing. In the central scenario, annual GVA related to the production of CAVs is estimated to reach
£6.3bn by 2035 and GVA in firms that are producing CAV technologies is expected to reach £2.7bn.

Of the CAV technology groups, the UK has relatively strong capabilities in software development and design, and this
is reflected in both the gross output and GVA estimates: UK gross output in software accounts for around 82% of total
gross output and around 87% of total GVA in CAV-enabling technologies. Software and information services are high
value-added sectors and, therefore, the estimated increases in GVA are relatively high, reflecting GVA to gross output
ratios of 60%-95%.
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Figure 4.11 GVA in CAV and CAV technologies

4.6 Indirect effects

The indirect GVA effects show the total contribution to GVA in the supply chain for the CAV technologies. For example,
manufacturing CAV hardware technologies will require raw material inputs, such as plastics and metals, produced by
other firms in its supply chain. An increase in gross output in CAV technologies will therefore lead to an increase in
demand, gross output and GVA in the industry sectors that are manufacturing the raw materials required to produce
the CAV technologies. The impact of growth in market demand for CAV technologies on these supply chain industries
are known as 'indirect effects'.

The indirect effects of producing CAV technologies were estimated using GVA multipliers from the ONS (2016).
The results show that an additional £1.2bn GVA each year is estimated to be created in the supply chain for CAV
technologies, by 2035, in the central scenario.

% Indirect supply chain effects for manufacturing CAVs are not presented to avoid double-counting (as the firms manufacturing CAV-enabling technologies form part of the supply chain for the CAV
manufacturing sector)
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Figure 4.12 Direct and indirect GVA related to the production of CAV technologies, central scenario

Impacts on jobs

The jobs results reflect the trends in gross output and GVA. As firms increase production of CAVs and CAV technologies,
their labour requirements will increase and new (direct) jobs will be created. In addition, an increase in output and
demand for labour in the supply chains for these technologies will lead to an increase in indirect jobs.

4.7 Direct effects

As shown in Figure 4.13, in the central scenario, by 2035, an estimated 49,000 CAV manufacturing jobs are created.
However, many of the jobs relating to the manufacture and assembly of CAVs will, in practice, replace jobs in the
traditional automotive manufacturing sector.

The results show that total direct jobs related to the manufacture of CAV technologies reach 23,400 in the central
scenario by 2035. These jobs relating to the manufacture of CAV-enabling technologies can be considered as 'net
additional jobs' (i.e. they do not displace existing jobs).

The jobs related to CAV technologies are mostly concentrated in the software industries (i.e. 80% in 2035), as shown in
Figure 4.14, where UK capabilities are strong, gross output is high and the labour intensity of production is high (around
6-8 jobs per £1 million of production). The remaining jobs (20% in 2035) would be in the production of CAV hardware,
such as sensors. Over 90% of the jobs created in developing CAV software and over 80% of the jobs relating to the
manufacture of CAV hardware are expected to be in professional, technical and skilled trade occupations.
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Figure 4.13 Direct jobs in CAV and CAV technology, by scenario
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Figure 4.14 Direct jobs by technology, central scenario

4.8 Indirect effects

As with GVA, the number of indirect jobs in the supply chain for CAV technologies is estimated. The results show that, in
the central scenario, in addition to the 23,400 direct CAV technology jobs created by 2035, an additional 14,600 jobs are
created in the supply chains for these technologies.
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Figure 4.15 Direct and indirect jobs related to the production of CAV technologies

Sensitivity to key assumptions

Sensitivity analysis was carried out to test the robustness of the results to changes in key assumptions on:
— UK capabilities and competitiveness in CAV technologies

— the value shares of software relative to hardware that is required by CAVs

— global sales shares

— discounts on the vehicle sales price for large fleet operators

As shown in the summary tables below, if the UK is more competitive in producing CAVs and CAV technologies than it
historically has been for similar technologies (i.e. under the high capabilities sensitivity), GVA and jobs estimates could
be larger, as the UK would be able to increase output from the manufacturing of CAVs and CAV technologies through
lower dependency on imports and capturing a higher share of CAV export market. If the software requirements for CAV
technologies are lower (relative to hardware) than assumed in the central scenario (and the other scenarios presented
so far), however, the benefits to the UK would be lower (due to relatively greater dependency on hardware imports, and
lower demand for exported software).
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Central scenario

Central — High UK capabilities

Central — Low software share

Central — Aligned (similar rates of CAV uptake in
North American and European market)

Central — Reverted (lower uptake of CAVs in
Europe, higher uptake of CAVs in North America)

Central — Accelerated North
America uptake

Table 4.3 Economic results relating to the manufacture of CAVs in the central scenario and key sensitivities tested

CAV technologies

Central scenario

Central — High UK capabilities

Central — Low software share

Central — Aligned (similar rates of CAV uptake in

North American and European market)

Central — Reverted (lower uptake of CAVs in
Europe, higher uptake of CAVs in North America)

Central — Accelerated North
America uptake

Table 4.4 Economic results relating to the development and manufacture of CAV technologies in the central scenario and key sensitivities tested
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4.9 High UK capabilities sensitivity

The high UK capabilities sensitivity tests the impact on the economic results if the UK were more competitive in

the production of CAV technologies than the data for similar technologies suggests. In the high UK capabilities
sensitivities, UK import shares were halved and UK exports shares were increased by 50% (relative to that assumed in
the main scenarios). With a lower share of imports and the UK capturing a higher share of export markets, there is an
improvement to the balance of trade and an increase in gross output, GVA and jobs.

Figure below shows the difference in GVA and jobs related to the manufacture of CAVs and CAV technologies in the
central scenario, under the assumption of high UK capabilities compared to under the baseline assumptions. In 2035,
GVA in the central scenario with high UK capabilities is £10.6bn (around £4bn greater than GVA in the same scenario
under the baseline assumptions). Under this sensitivity, the number of direct jobs related to the manufacture of CAVs
reaches 82,000 by 2035 (compared to 49,000 under the baseline assumptions).

A similar trend is seen for GVA in CAV technologies. In 2035, GVA related to the production of CAV technologies in the
central scenario with high UK capabilities reaches £3.6bn (around £0.6bn greater than in the central scenario under
the baseline assumptions). By 2035 the number of direct jobs in CAV technologies reaches around 34,000 under the
central scenario with high UK capabilities, compared to around 23,000 jobs under the central scenario with baseline
assumptions for UK capabilities.
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Figure 4.16 Direct GVA and jobs related to the production of CAVs and CAV technologies in the central scenario and the central scenario with a
high UK capabilities assumption
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4.10 Low software share sensitivity

The sensitivity of the economic results to changes in the assumptions on the share of software vs hardware in CAV
technologies was also assessed. A ‘low software share' variant of the central scenario was tested, where the share

of software was assumed to remain fixed from 2025 onwards making up a 35% share of the total value of CAV
technologies (compared to a increasing to 57% share by 2035 in the baseline assumptions). The gross contribution

of CAV technologies to gross output, GVA and jobs in the 'low software share' variant is around 20% to 25% lower

than in the Central scenario by 2035, reflecting the UK's strong capabilities in developing software relative to the
manufacturing of hardware. In the 'low software share' variant, the lower gross output estimates are compensated for
by an increase in imports of hardware to meet demand in the domestic market. The low software share sensitivity was
only applied to CAV technologies and there is no impact on the results in the CAV manufacturing sector. The results are
shown in the figure below.
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Figure 4.17 Direct GVA and jobs related to the production of CAV technologies in the central scenario and the central scenario with a low software
share assumption
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4.11 European and North American CAV sales share sensitivities
To test the sensitivity of the results to different rates of growth across global markets, we tested scenarios with
variations in the relative growth of the UK and Europe versus the North American market for CAVs. Comparing

the central scenario to the ‘central aligned' (where the UK and European market size remain unchanged and the

North American market grows faster than in the central case), we find that changes in the North American market

has a relatively small impact on output and employment in the UK automotive sector, due to the fact that vehicles
manufactured in the UK only account a small share of vehicles sold in North America. Thus, despite the US market value
increasing by 50% by 2035 (compared to in the central scenario), GVA and Jobs in the UK only increase by around 3-4%
by 2035 (compared to in the central scenario). By contrast, in the '‘Central Accelerated NA' sensitivity, there is much
slower growth in the UK and Europe post-2025 (such that the UK and Europe market size is almost 60% lower than the
central case by 2035). This sensitivity leads to a reduction in GVA and jobs in the UK of around 50% (compared to the
central case) as the faster growth in the North American market (and UK exports to this region) only slightly offsets the
impact of the smaller domestic market. In both of these sensitivities, it is not assumed that trade and competitiveness
are linked to the rate of growth in the domestic market for CAVs, although it could be argued that faster growth in
domestic demand would attract inward investment, leading to an increase in production and net exports of CAVs.
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Figure 4.18 Direct GVA and jobs related to the production of CAVs and CAV technologies in the central scenario under different assumptions
on growth in UK, European and North American markets
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4.12 The impact of discounts to fleet operators

Finally, we ran a series of sensitivities to test the economic impact of a change in the market size due to discounts
offered to fleet operators. Such discounts for fleet operators (of up to 20% of the vehicle sales price), were assumed
lead to a reduction of 4-5% of the overall market value for CAVs relative to the central case, after taking account of the
probable share of CAV sales to fleet operators. Our analysis shows that this discount would not have an impact on
the employment figures: the same vehicles are being manufactured and so the same material and labour inputs will
be required to manufacture them. However, the sales discount for fleet operators would reduce the level of output and
GVA related to the manufacture of CAVs. The results show that, if fleet operators were offered a 20% discount on the
CAV sales price, gross output, investment and trade in CAVs would all be around 5% lower compared to the central case
(consistent with the reduction in the size of the CAV market) and GVA would be around 20% lower than in the central
case, reflecting the fact that the discount would erode profit margins in the sector.
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Figure 4.19 Direct GVA related to the production of CAV technologies in the central scenario under different fleet operator discounts in 2035
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5. Conclusions

CAV market value

* Projections of CAV uptake assume that total car, van and HGV sales increase over time, whilst the bus sales remain
stagnant (both for the UK market and the global market), and that L3-L5 CAV sales account for an increasing share
of this total. The main results for the market sizing reflect a Central scenario for global L3-L5 CAV adoption, which is
informed by estimated technology costs and consumer willingness to pay (based on previous studies).

* The central scenario indicates that in the UK, L3-L5 CAVs account for 36% of total annual sales by 2035, equating
to vehicle sales of 1.36 million CAVs (including cars, vans, HGVs and buses). The CAV uptake is different across
vehicle types, with cars leading in terms of CAV technology integration. CAVs represent 40% of total annual cars
sales in 2035 in the UK and over 94% of all CAVs sold in the UK in that year.

* Global uptake in the central scenario indicates that the global annual sales of L3-L5 CAVs could account for 15%
of total sales by 2035. CAV uptake in Europe and the UK is assumed to be ahead of uptake in other regions, due to
several factors including a supportive regulatory framework for CAVs.

* UK sales result in a projected total domestic CAV market size of £41.7bn in 2035 for the central scenario (as shown
in Figure 3.2), of which £6.4bn represented by CAV technologies.

* In the central scenario, in 2035 the global market size is estimated at £650bn from CAV sales, of which £100bn in
total for CAV technologies. The higher and lower bounds for the global CAV sales market are £1,763bn and £234bn
respectively, with the large range mainly reflecting the high level of uncertainty in the rate of uptake.

UK economic impacts

* In the central scenario, it is estimated that the gross direct contribution of CAV and CAV technologies to UK
GVA would reach £6.3bn and £2.7bn, respectively, by 2035. In this scenario, it was estimated that jobs in the
manufacture and assembly of CAVs would reach 1,600 people in 2025 and 49,000 by 2035. This compares to
around 168,000 people who are currently employed in the UK automotive sector (Office for National Statistics,
2019). There would be 23,400 net additional direct jobs in the production of CAV technologies in the UK by 2035,
with a further 14,600 indirect jobs created in the supply chain for these technologies.

* The UK's strengths and competitiveness in software design and development puts UK firms in a strong position to
capture a large share of the domestic (and global) market for high value-added CAV-related software. However, it is
likely that much of the CAV-related hardware (in particular, sensing and mapping hardware) would be imported
from abroad.
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Recommendations for further research

Based on the findings of the report, there is a high potential for significant economic benefits to the UK, as a direct
result of the development of the CAV market. Most of these potential benefits would result from CAV sales and
production in the UK. However, the sale and production of CAV technologies would also contribute to various
economic benefits, and therefore a more detailed understanding of certain aspects of these markets would be
beneficial in fully understanding the potential, and to determine the best approach for government and industry to
foster future economic benefits.

Outside of CAV production, software development and integration is likely to provide the most economic benefits to
the UK. However, this area is relatively poorly understood in terms of the value chain within the automotive sector,
and in terms of the associated economic impacts, partly due to a lack of specific data on these areas of economic
activity. This lends a significant degree of uncertainty to the economic benefits cited in this report. As an example
of this, the sensitivity test which shifted the software share of CAV component value from 57% by 2035 (L3-L4/5)
down to 35% to resulted in a 25% reduction in GVA and jobs dependent on CAV technologies (no effect on economic
benefits resulting from CAV sales and production).

Future research into the following areas could help to create a clearer picture of the likely economic benefits of CAVs:

* Approach to software valuation in UK car companies and in CAV-related SMEs, including development costs, as
well as pricing models for OEMs (i.e. one-off or regular updates) and consumers (per-vehicle or per-month), and
understanding the possible cost reductions for software over time (accounting for possible updates required).

* Understanding the value chain for software (e.g. how is software developed in the UK made available to other
markets, and what are the implications for the economic benefits resulting from these value transfers?)

This report only considered the markets associated with CAVs and their components. However, the UK has leading
capabilities in both on-road testing, and virtual environment testing, which could be beneficial in terms of testing
CAVs and CAV software respectively. Extensive testing will be essential for CAVs to gain the low failure rates needed
for commercial deployment, and as such both these capabilities could have the potential to attract significant
economic benefits as the CAV market grows, in addition to those already discussed in this report.

To inform public policy, further research into the wider economic impacts associated with the transition to CAVs
would be constructive. To fully understand the net economic benefits of the transition to CAVs would involve taking
account of the impact of new CAV business models, behavioral changes and productivity or welfare improvements
from more efficient use of travelling time.
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6. Appendices

A — EXTRACT FROM SAE INTERNATIONAL STANDARD J3016

Name

Level

Narrative definition

Driver performs part or all of the DDT

.. The performance by the driver of the entire
No Driving q
. DDT, even when enhanced by active safety
Automation

systems

The sustained and ODD-specific execution
by a driving automation system of either

the lateral or the longitudinal vehicle motion
control subtask of the DDT (but not both
simultaneously) with the expectation that

the driver performs the remainder of the DDT

Driver
Assistance

The sustained and ODD-specific execution
by a driving automation system of both
the lateral and longitudinal vehicle motion
control subtasks of the DDT with the

expectation that the driver completes the

OEDR subtask and supervises the driving
automation system

ADS (“system”) performs the entire DDT (while engaged)

Partial
Driving
Automation

2

The sustained and ODD-specific
performance by an ADS of the entire DDT
with the expectation that the DDT
fallback-ready user is receptive to
ADS-issued requests to intervene, as well
as to DDT performance-relevant system
failures in other vehicle systems, and will

respond appropriately

Conditional
Driving
Automation

3

High
Driving
Automation

The sustained and ODD-specific
performance by an ADS of the entire

DDT and DDT fallback without any
expectation that a user will respond to
a request to intervene

4

The sustained and unconditional (i.e., not
ODD-specific) performance by an ADS of the
entire DDT and DDT fallback without any
expectation that a user will respond to a
request to intervene

Full Driving
Automation

System

ODD = operational domain design; ADS — automated driving system®

Table 6.1 SAE Summary of levels of driving automation. DDT = dynamic driving task; OEDR = object and event detection and response;

System

DDT

Sustained

lateral and

longitudinal
vehicle
motion
control

DDT fallback
OEDR

oDD

Driver Driver Driver n/a

Driver and

System Driver Driver

Limited

System

Driver Driver Limited

Fallback
ready user
(becomes
the driver
during f
allback)

System Limited

System

System System Limited

System System Unlimited

33 SAE International, 2016. J3016TM. Surface vehicle recommended practice — Taxonomy and definitions for terms relating to driving automation systems for on-road motor vehicles
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B — ASSUMPTIONS ON VEHICLE SALES AND CAV UPTAKE

This edition of the Market Forecast included an updated vehicle sales projection for most vehicle types. For the first time
a disaggregation of the Low Duty Vehicle (LDV) category into cars and vans was provided, alongside the inclusion of the
policies on encouraging the uptake of Ultra Low Vehicles (ULEVs). The general approach used in estimating the cars and
vans sales is highlighted in the diagram below:

Sales segmentation Drivers Key sources
a 2020 LDV sales baseline IHS Market research (2018)
+ __________________ o Capture the impacts
of MBMs
e 2020-2035 LDV sales projection PwC (2018), DfT (ECCO0), academic publications
* __________________ . Disaggregate LDVs
I 1 into cars and vans
Historical cars / vans uptake for selected markets
e cars vans (govt. stats)
_________________________ < Reflect ULEV
|—+—| |J—| uptake policies
UK: Road to Zero
ULEV ICE ULEV ICE Other Markets: IEA EV Outlook 2018

Figure 6.1 Approach for estimating the scale of LDV sales over the 2020 — 2035 period

Desk-based research was also employed to understand the projected sales of HGVs and buses. In the case of HGVs
market size, there was no new compelling evidence that the 2017 Market Forecast project required updating. In the case
of buses, data from LMC Automotive Limited (2019) points out that the bus market is cyclic, in line with the renewal of
bus fleets aross the world, with sales over the 2020 — 2023 expected to fluctuate on a yearly basis by less than +2%.

It was decided to keep bus sales constant to current levels over the 2020-2035 period on this basis.

As mentioned in the report, the CAV uptake scenarios for the UK were generated by the CCAV team using internal
modelling and are based on market observations. The uptake rate of CAV technologies is based on market penetration
forecasting approach for new technologies. This assumes an s-curve of sales volumes over time, as early adopters
invest in new technologies despite their relatively high price, which creates initial sales volume that allows cost
reductions to ensue, which enables mass-market adoption and rapid growth, followed by gradual convergence

on market saturation.

Different cases (Central, High, and Low) were provided for the UK uptake for all vehicle types. These reflect a lag in

CAV uptake in heavier vehicle types relative to passenger cars due to technology integration challenges. A 3-year lag

for Buses, 5-year lag for Vans and an 8-year lag for Trucks is assumed. A special case was provided for North American
“vans" which include a large share of pick-up trucks and SUVs. The UK scenarios are used to estimate the uptake of
CAVs across different markets using assumptions regarding geographic differences based on Goldman Sachs (2015).
Based on observed market trends and literature, this approach assumes that the UK and Europe will be leading in

terms of CAV uptake compared to other markets. The diagram below compares the uptake in the UK relative to the
other markets.
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Sensitivities on CAV uptake across different markets
UK's CAV uptake relative to the Rest of the World, in particular the North America, was challenged through three
sensitivities as described below.

* Reverted: in this sensitivity the North American market follows the trajectory that the UK and Europe follows in the
Central case. Conversely, the uptake of CAVs in the UK and Europe is modelled lower than in the Central scenarios, and
follows the trajectory assumed for North America under the Central case.

* Aligned: assumes similarities between the North American and the European markets, with the CAVs uptake rates in
these markets following an identical trajectory in time. This means that the uptake in North America is higher in this
case compared to the Central scenario.

* Accelerated North America uptake: in this sensitivity, it is assumed that the CAV uptake across the European
and North American markets commences at the same rate up until 2025, after which the North American uptake
accelerates whilst the UK/Europe continues to growth a lower rate and fall behinds North America.

The diagram below shows a comparison between the uptake rates across different autonomy levels and cross different
markets in key year. A comparison between the Central case (continuous lines) and each given sensitivity (dashed lines) is
shown. For example, it can be observed that in the case of the Reverted case, the North American market (dashed red line)
follows the trajectory of the UK/Europe (continuous black line) in the Central case. Conversely, the reverted update in the
UK/Europe (dashed black line) overlaps with the North American uptake (continuous red line) as in the Central case.
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Figure 6.3 Alternative CAV uptake curves assumed for market size sensitivities
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These sensitivities lead to the following numbers of sold CAVs. It must be noted that the total number of sold vehicle is
modelled is assumed the remain constant, as highlighted in the scope of this study, however the composition of the sales
in terms of autonomy levels changes in time as shown in the next diagram.

Total sales (millions) across all vehicle types (UK market)
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Figure 6.4 Summary of number of sold vehicle under different sensitivities size of the global market



Connected Places Catapult | H

C — ASSUMPTIONS FOR RELATIVE COMPONENT VALUES

As discussed in the report, a key area of uncertainty in this study is the relative value of hardware and software in
autonomy packages for CAVs. Assumptions on the costs of autonomy packs were revised in the 2020 edition of the
Market Forecast, with the assumptions from the previous study representing the starting point. Those were compared
with available literature sources and were subject to industry consultation®*. Figure 6.5 summarises the process behind
the values used in this study.

i 2017 Market forecast E E e costs E E 2020 Market forecast E
! . ] i proposed for industry | ! . ]
i assumptions ] i L 1 i assumptions ]
i i i validation ] i ]
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 ]
i L3 package cost i i L3 package cost i | Lo ure i)
: : : ' ' introductory cost !
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
: A o A o L4/5 package updates !
1 ] ; . . 1 ) : : 1 !
' L4/5packagecost  Literature |+ L4/S package cost 1 pIndustry b Sntroductory cost i
{ 1 review . 4 b consultation b ]
: et : R : :
1 1 1 1 1 1
E L3 package cost E E L3 package cost E E L3 package unchanged E
' structure ' ' structure ' ' cost structure '
i i i i i i
i i i i i i
! L4/5 package cost ] ! L4/5 package cost ! ! L4/5 package updated !
i structure ! i structure 1 i cost structure 1
1 1 1 1 1 1
1 1 1 1 1 1

.................................................................

Figure 6.5 Approach to finding values for hardware and software aspects of components

The cost of the L3 autonomy pack was validated by industry as still actual whilst the cost of the L4/5 pack was updated
as follows:

* BCG in the "Reimagined car"” (The Boston Consulting Group, 2017), points that the price of an L4/5 pack would be
around $7,100 in 2030 (approximative ~ £4,750 in 2019 currency). This price also contains a mark-up of 30% which
was removed.

* The composition of the cost was further revised, considering that an LL4/5 pack would contain 5 LIDAR sensors/
vehicle (each at ~$200 in 2030). The introductory costs in 2025 was back calculated from the 2030 value and the
corresponding uptake of CAV in 2025 and is estimated at £5,417 for the L4/5 pack.

Industry consultation also pointed out that the share of computer vision through cameras is expected to be greater for
the L4/5 pack than initially assumed, leading to a readjustment of the Lidar/Cameras share in the total vehicle costs.
The diagram below shows the different cost compositions of the L4/5 pack introductory costs used in the 2017 and
2020 editions of this Market Forecast.

3¢ SAE International, 2016. J3016TM. Surface vehicle recommended practice — Taxonomy and definitions for terms relating to driving automation systems for on-road motor vehicles
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Figure 6.6 Differences in the introductory costs of L4/5 packages across the two editions of the Market Forecast

In terms of future cost projections, industry consultation pointed out that whilst the cost of autonomy packs is expected
to drop in time thanks to technological learnings and economies of scale driven by cumulative uptake, a true learning
curve would only apply to the hardware components. It is expected that the software costs would remain flat as the
software itself would be licensed and would require continuous development under the form of new features, updates,
validation, and fixes. This non-linear correlation between the costs of hardware and software is represented in our
modelling, which considers that the costs of hardware drops in time whilst software costs remain constant —

see section 3.5.

The SIC codes and descriptions of the relevant economic activities associated with each component are shown in Table
6.2 and Table 6.3, alongside the final assumed share of the total autonomy package value. Note that the value for the
software technologies is assumed to be linked to activities in four different SIC codes. The distribution across these four
SIC codes for each type of software has been estimated based on knowledge of the requirements for the different types
of software. However, this is unlikely to have a great impact on the economic analysis, as some of the key stages in the
analysis use data that is aggregated at a two-digit SIC code level (and as such, will result in similar economic impacts
across all software-related SIC codes).



Connected Places Catapult | Market Summary for Connected and Autonomous Vehicles H
Total share of Total share of
Hardware SIC .. o
. Components SIC code activity description package value package value
Technologies Code
atlL3 at L4/5

Radar 2651 Manufapture of.lnstrument.s an.d appliances for 12.4% 7 9%
measuring, testing and navigation

local mapping Mapping Manufacture of instruments and appliances for
hardware hardware measuring, testing and navigation

Ultrasonic Manufacture of instruments and appliances for
Sensors measuring, testing and navigation

Sensor-
supporting
hardware

Embedded
controls 2612 Manufacture of loaded electronic boards 1.9% 0.5%
hardware

Control systems

hardware
Other

electronics & 2611  Manufacture of electronic components 3.5% 3.2%

architecture

Connectivity --—--

hardware Embedded

2630 Manufacture of communication equipment 0.3% 0.3%
modem
Safety-related
HMI hardware
TOTAL 65% 50%

Table 6.2 Associated SIC codes and share of autonomy package values for hardware technologies at introduction (L3 2020, L4/5 2025)

The difference compared to the mapping used in the 2017 study comes from altering the ratio for cameras and LIDAR.
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Total share of
Software .. _ Total share of package value
. SIC code activity description package value
Technologies at L4/5

atL3

Mapping & 6202 Computer consultancy activities 0.6% 0.9%

path planning
software

6311 Data processing, hosting and related activities 2.3% 3.7%

Control systems
software

6311 Data processing, hosting and related activities 0.7% 0.9%

% %
Connectivity / 6202 Computer consultancy activities 2.4% 2.8%

6311 Data processing, hosting and related activities 4.7% 5.5%

6202 Computer consultancy activities 1.2% 1.2%

Data processing, hosting and related

6311 0.6% 0.6%
activities
6202 Computer consultancy activities 0.5% 1.2%

Data security
Data processing, hosting and related
activities

Figure 6.3 Associated SIC codes and share of autonomy package values for software technologies at introduction (L3 2020, L4/5 2025)
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D — SENSITIVITY ON DISCOUNTS GIVEN TO FLEET OPERATORS
The approach described below was used in modelling the impacts of discounts given to fleet operators:

* Understanding the share of CAVs sold to fleet operators: this was based onto the share of “shared CAVs" as modelled
in the PwC (2018) study, which was interpreted as the share of CAV sales ending up as part of mobility operators'
fleets. This share is shown in the diagram below for different markets and years.

CAVS part of fleets (% of total new CAV sales)
60 -

Asia Pacific

50 o % North America

40 - \Rest of world
Europe (inc. UK)

30 A

20 -

10 -

0 * 1 1

2020 2025 2030 2035

Figure 7 Share of CAV new sales part of mobility services fleets

* |t is assumed that only L4/5 cars would be suitable to be part of vehicle fleets used in future autonomous mobility
schemes, such as car sharing or taxis. L3 vehicles, which usually provide limited autonomy, could require a safety
driver and would lead to increased costs for fleet operators, making this level of autonomy unattractive for such
applications

* The cost discounts were only applied to the vehicle base under the Central case. The total costs of CAVs is
composed of the vehicle base, built by the OEMs, and the autonomy package, usually out-sourced from a third party
supplier. Given that discounts are negotiated with vehicle OEMs, we assume that the discounts apply to the vehicle
base, onto which the OEMs has control over the price, by example by accepting a lower mark-up when winning
a large order of vehicles from a fleet operator®. The discounts were applied to the Central case uptake only. The
diagram below illustrates an example in which the OEM's mark-up (including profit) is reduced as a result of different
discount rates. The discount rates were capped at 20% to avoid OEM's selling vehicles at prices below the cost of
manufacturing.

% |t must be noted that bulk sales of vehicles in not only associated with discounts provided from lowering mark-ups but also to savings for the OEMs, for example by reducing marketing efforts.
However, due to the structure of the vehicle price structure, the discounts are modelled as a reduction of the mark-up only



H Connected Places Catapult | Market Summary for Connected and Autonomous Vehicles

Standard car cost structure (£) Discount prices for fleet operators (£)
23,773
T 22,763
21,753
] 5'597 I I
Cost Mark-up Price 10% 15% 20%
Vehicle base cost segments (2035)* Discount applied to catalogue price
5, f‘v
= "d
~: \: A mERS b
L
= . e
—1 — - J‘h
!:__ b = 3
e = | Sy

ARy o —




Connected Places Catapult | H

E — APPROACH TO THE ANALYSIS OF ECONOMIC IMPACTS
This section provides details of the methodology used to quantify each of the economic indicators in the report.

Trade

Import intensity and export intensity for CAV and CAV technologies were estimated based on historical data from the
Eurostat Comext database, ONS International Trade in Services statistics and the OECD STAN database. Where possible,
the most detailed data was used at the UK SIC (2007) four-digit class level. Where this data was not available, more
aggregated data was used at the UK SIC (2007) two-digit class level.®®

It was assumed that historic import and export intensities hold over the 20-year projection period. For example, if
the ratio of UK exports to total global demand in CAV software is 5% in 2017, we assume that, in 2035, the ratio of
UK exports to total global demand in CAV technology is still 5%. These intensities were multiplied by the CAV market
forecasts to derive total UK imports and exports.

1 Historical data for the relevant SIC (2007) codes was used to estimate import intensity for CAV technologies:

_ , UK Imports
Import intensity =

UK Imports + Gross output — UK Exports

2 Import intensity (the ratio of imports to domestic demand) was then multiplied by the CAV market forecasts to
derive UK imports (by CAV technology):

Import intensity = Import intensity * UK Market Forecast

UK export shares were calculated for four world regions: Europe, North America, Asia-Pacific and Rest of World.

1 Historical data for the relevant SIC (2007) codes was used to calculate export shares by global region, i.e. the
ratio of UK exports to total domestic demand in each region:

UK Exports , gion
UK Export Share . = -
¢ Domestic Demand

region

2 UK exports to each region (by technology) were then calculated by multiplying the export shares by CAV market
forecasts in each global region:

UK Exports ., = UK Export share .+ Market Forecast .

% Due to data limitations, export intensity for all CAV technologies and import intensity for CAV software technologies were calculated at the SICO7 two-digit class level. The import intensity of CAV
hardware technologies was calculated using SICO7 codes at the four-digit class level
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Gross output and investment
Projections for gross output in CAV and CAV technologies were based on the UK market forecasts, after making an
adjustment to account for international trade effects (as quantified in Stage 1):

Gross Output = UK Market Forecast + UK exports — UK imports

Expected future demand (and expected production) are key drivers of investment in the UK and, to estimate total CAV-
related investment in each scenario, it is assumed that investment in each sector is wholly dependent on current gross
output of CAV-related technologies. The ratio of investment to gross output was calculated using historical data for
industries that are expected to develop CAV technologies®. Investment shares were calculated at the SIC (2007) two-
digit class level, using data for Gross Fixed Capital Formation (GFCF) and domestic output from the ONS Supply and Use
Tables (2016) (see Table 6.4 for investment shares). Investment shares were multiplied by gross output for each CAV
technology to give an estimate of UK CAV-related industry investments in each year.

1 Historical data for relevant SIC (2007) codes was used to estimate investment shares:

Gross Fixed Capital Formation

Investment Share =
Total Domestic Output

2 Investment shares were then multiplied by gross output (by technology) to derive the level of investment in
each scenario:

Investment = Investment share * Gross Output

UK SIC (2007) sector UK SIC (2007) code

Manufacture of motor vehicles, trailer and semi-trailers %
Information service activities 63 11%

Table 6.4 Investment share by UK SIC (2007) code

GVA
GVA was calculated for CAV and CAV technologies as:

GVA = Gross output — Industry Intermediate Consumption

Industry intermediate consumption was calculated using UK input-output tables, published by the ONS. The input-
output coefficients were refined to reflect our estimates of labour costs associated with manufacturing each
technology®’. Industry intermediate consumption was then calculated by multiplying gross output by the adjusted
input-output coefficients.

7 For the manufacturing of CAV hardware technologies, labour intensities (estimated at the SICO7 four-digit class level) ranged from 3 jobs per £million turnover to 8 jobs per £million turnover. As
input-output tables are only available at the SICO7 two-digit class level, adjustments were applied to the coefficients in the Input-Output tables to account for higher labour intensities (and higher
labour costs). We assume that higher labour intensity (and labour costs) would correspond to lower intermediate consumption, and that the same profit shares are maintained within a particular
industry sector
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Jobs

To estimate the impact on jobs, labour intensities for each four-digit SIC code were calculated using 2015 data. Labour
intensities were calculated at a sectoral level, as the ratio of employees to million pounds of turnover (see Table

6.5 for labour intensities). The labour intensities were then adjusted to take account of expected future productivity
improvements, which were estimated by assuming a continuation of historical productivity trends. Future productivity
growth was based on the average growth rate in labour productivity®® from ONS data. The productivity-adjusted labour
intensity estimates were then multiplied by the gross output results to estimate the total number of jobs associated with
production of CAV technologies in each scenario.

1 Historical data for the relevant SIC (2007) codes was used to estimate the labour intensity of manufacturing
CAV technologies:

No. of employees

Historical labour intensity =
Million pounds turnover

2 Direct and indirect jobs associated with manufacturing each CAV technology were then estimated:
Direct jobs = Gross output * historical labour intensity * productivity improvement

Indirect jobs = Direct jobs * (Employment multiplier — 1)

Indirect jobs were calculated using direct jobs and a type one employment multiplier (ONS). The employment multiplier
represents the direct and indirect impact on the supply chain from an increase in employment in a specific sector. Data
was selected based on the relevant two digit SIC codes for each technology.

Labour intensity
UK SIC (2007) sector UK SIC (2007) code (employees per £ million

of turnover)

Manufacture of consumer electronics 2640 5.0

Manufacture of optical instruments and photographic equipment 2670 5.1
Mandscureofbadedsictonboarts w2
Manufacture of communication equipment 2630 5.4
Mandscurofdctonceomponets om0 es
Computer programming activities 6201 6.8
Compueroonautancysettes e s
Other information technology and computed service activities 6209 5.7

Table 6.5 Labour intensities for UK SIC (2007) code

3 Average growth rate for CAV (29) was calculated using data from 1994-2014, for CAV software technologies (62 & 63) a period between 1990-2017 was used, and for CAV hardware technologies
a period between 1994-2015 was used
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Limitations of approach to economic analysis
a) Using UK SIC (2007) codes for existing industries to estimate the economic characteristics of CAV technologies

In the emergent CAV industry, there is limited data available to estimate the likely contribution of this sector to UK
GVA, gross output and jobs in the future. Mapping the manufacture of CAVs and CAV technologies to UK SIC (2007)
codes was an essential step to estimate the economic characteristics of the industries that are likely to produce CAV
technologies in the future. The likely contribution of CAV technologies to GVA, gross output and employment in the UK
(for a given market size) was estimated using labour intensities and trade ratios from existing industry data.

Whilst this approach proved to be the best method for isolating the gross economic contribution of CAV and CAV
technologies, it does have some limitations. The drawbacks of this method meant that some CAV technologies may

be under-represented in data. For example, the SICO7 code '2612: Manufacture of loaded electronic boards' is used

as a proxy for ‘CAV-related manufacture of sensor-supporting hardware' but it could be the case that a large share of
economic activities captured by this SICO7 code represent companies that are not currently involved in manufacturing
CAV technologies (and do not plan to be in the future). Using sectoral economic data to estimate trade ratios and labour
intensity is still likely to provide the best available estimates as, in many cases, the CAV technologies do map relatively
well to existing products. In some cases, however, data at the SICO7 four-digit class level was not available and more
aggregated data at the SICO7 two-digit class level had to be used instead. In these cases, it is likely that are results are
less robust, as they would reflect average industry characteristics at a much broader level.

Data sourced for the UK capability assumptions was subject to a sense check from a review of the literature, which is
described in detail in Appendix F. Tables showing the mapping of CAV-related activities to the UK SIC (2007) codes are
available in Appendix E.

b) Using historical data to estimate the economic characteristics of industry sectors

Another criticism of the data-driven approach is that historical data used to assess the economic characteristics of
industries is unlikely to be accurately reflect the economic characteristics of these industries in 10 or 20 years' time.

The estimates presented in this report do not account for changes in trade intensity over time, as it is difficult to predict
precisely how the UK's competitive position is likely to change in the future, particularly as the focus of the analysis is on
new, emerging technologies. As the trade intensities are a key uncertainty in our economic analysis, we test the impact
of varying this assumption using sensitivity analysis (see Section 4.6 for more information).

The estimates of labour intensity are also based on the latest year of available data, but they are adjusted to account for
expected future labour productivity improvements?.

F — MAPPING OF CAV TECHNOLOGIES TO UK SIC (2007) CODES

For the economic analysis, we used economic data classified by UK Standard Industry Classification (SIC) code (2007)*,
to estimate the labour intensity and import and export shares of CAV technologies. The manufacture of each CAV
technology was assigned to one or more SICO7 codes. The assignment was based on: keywords of CAV technologies
found in the literature and information on primary activity of industries at the four-digit class level(Office for National
Statistics, 2017). Where two or more SICO7 codes were relevant for one technology, a weighted average across the
SICO7 codes was used to reflect the relevance of each industry for the manufacture of a specific CAV technology.
Shares were applied to each of the SICO7 codes to reflect the proportion of different types of components included
within a technology.

Table 6.6 shows the mapping of the production of each CAV technology to the relevant SIC code(s).

4 Estimated labour productivity improvements over the period to 2035 are based on an extrapolation of current trends in labour productivity
41 Henceforth referred to as SICO7
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UK SICO7 4
Technology digit class SIC07 Class Heading

Specific components included

definition in each SICO7 code

2640 Manufacture of consumer electronics Cameras (video cameras)
Radar, Odometry sensors,
St llaes] 2651 Maqufacture ofllnst.ruments and appliances for measuring, Ultrasonic sensors, Sensmg
testing and navigation & local mapping hardware (i.e.

mapping hardware GPS receivers)

Manufacture of optical instruments and photographic

2670 . LIDAR
equipment
SO 2612 Manufacture of loaded electronic boards Actuators
hardware
LIS 0T7 2630 Manufacture of communication equipment Embedded modem
hardware
. Passive components, other
Control §ystems and 2611 Manufacture of electronic components electronics & architecture
computing hardware 5
2612 Manufacture of loaded electronic boards ECU hardware
Safety-related HMI 2651 Mar!ufacture ofllnst.ruments and appliances for measuring, External and internal sensors
hardware testing and navigation
6201 Computer programming activities
Control systems 6202 Computer consultancy activities
. . . — Control systems software
software 6209 Other information technology and computed service activities
6311 Data processing, hosting and related activities
6201 Computer programming activities
Mapping & path 6202 Computer consultancy activities Mapping & path planning
planning software 6209  Other information technology and computed service activities ~ software
6311 Data processing, hosting and related activities
6201 Computer programming activities
ivi 6202 Computer consultancy activities
CleEElly 2 p. : y : — Connectivity / V2X software
software 6209 Other information technology and computed service activities
6311 Data processing, hosting and related activities
6201 Computer programming activities
Data security 6202 Computer consultancy activities )
: : - — Data security software
software 6209 Other information technology and computed service activities
6311 Data processing, hosting and related activities
6201 Computer programming activities
6202 Computer consultancy activities
HMI software : : : — HMI software
6209 Other information technology and computed service activities
6311 Data processing, hosting and related activities

Table 6.6 Mapping of CAV technologies to UK SIC (2007) codes
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G — COMPARISON OF DATA AND LITERATURE ON UK CAV CAPABILITIES

Two studies published by TSC were used to validate the assumptions on likely trade shares for CAV technologies:
* TSC (2015), 'Traveller needs and UK capability study'+?

* TSC (2016) ‘Technology Strategy for intelligent mobility'(Transport Systems Catapult, 2016b)

Both studies ranked technologies on a scale of 1-5, where a score of 1 indicates that the UK has weak capabilities and
suggests the need to import a large share of that technology from abroad, and a score of 5 indicates that the UK has
strong capabilities and would have a high propensity to supply to export markets. There was an issue of technology
comparison between the TSC studies and the list of technologies in this project, as the categories defined were not the
same. Notably, the list for this study made a clear distinction between hardware and software, enabling use of SIC code
date, whereas the TSC studies combined these into complete technologies.

To compare between the data that was used to inform our modelling assumptions and the studies we compared our
assumptions on UK capabilities (gross output as a proportion of UK supply) to the scores that each technology was
assigned in the two studies. Our CAV technologies were mapped to the technologies from the TSC studies. If two
technologies from our list mapped to one technology in another study, weighted averages based on the hardware/software
split (mentioned above) were taken; see Table 6.7 which shows the mapping behind the assumptions of this study.

Traveller needs UK capability study Technology strategy for intelligent mobility | Technology classification used in this study

- Autonomous vehicle CAV (29)

Connectivity hardware

Connectivity networks - Connectivity / Vehicle to Anything (V2X)
software

. ; . Safety-related HMI hardware
HMI & interaction design -
HMI software

I g Mapping & path planning software
Localisation & mapping -
Sensing and local mapping hardware

Security, resilience, safety and cyber

Data privacy and & security Data security software

security
. ) Control systems and computing hardware
Real time control Data management and analysis
Control systems software
Data visualisation = HMI software
Sensing capabilities = Sensing & local mapping hardware

Table 6.7 Technology mapping between studies

2 (Transport Systems Catapult, 2015)
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There were two main issues when mapping technologies between studies. The first issue was broad definitions, in
‘Technology Strategy for Intelligent Mobility’, Data management and analysis has been assigned to Real time control,
but it could also underpin the other technologies, as some sort of data management and analysis could be assumed
paramount. The other issue was overlapping technologies, Sensing and local mapping hardware has been used twice,
once in Localisation and mapping and again in Sensing capabilities. A few technologies have been excluded from the
comparison due to a combination of the issues above.

There is a disparity between the literature and data for Sensing capabilities. The data indicates that the UK capabilities
of building sensing hardware is strong, whereas the literature suggests it is limited. The literature acknowledges that the
UK's strength lies in being academically strong, particularly in vision-based sensors, but lacks the scalability of mass
production required for the automotive and transport sectors. The extra funding from the Intelligent Mobility Fund,

£2.2 million invested to help the advancement of sensing capabilities, may give justifications for the assumptions used
in this study.

A wider gap in UK capabilities exists for HMI interaction and design. The literature suggests that the UK has a mature
design industry that is keeping up with world leaders in app design and high technology solutions. The static and non-
static information displays during the London 2012 Olympics are frequently cited by experts and success in app design
such as Citymapper, Hailo and Kabbee further support UK capabilities in this area.

The gap highlights two issues with the assumptions made in this study. The first, a higher weight is attributed to
hardware technologies than software technologies, therefore the manufacturing of consumer electronics (the SIC code
that proxy's Safety-related HMI hardware) is represented more than the software that underpins the 'high tech solutions
that the UK is capable of. The second is that the SIC codes used do not cover the value added from the design industry.
This could be revised by altering the share to software, or increasing the UK capabilities to reflect the review of experts.

Figure 6.2 shows, for each technology, a comparison of the UK capabilities score from the literature review and the
implied UK capabilities, based on data for similar technologies. The comparison shows that, for most technologies,
findings from the literature broadly support the results from the data review (which is used as the basis for our trade
assumptions). The error bars show the range of assumptions applied under the high UK capabilities sensitivity.
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