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Executive Summary
►

This report was commissioned by the Australia and New Zealand Driverless Vehicle Initiative (ADVI) to estimate the
evidence based employment impacts arising from the introduction of connected and automated vehicles (CAVs) into the
Australian car fleet.

►

Australia is highly regarded as being in a position to be an early adopter of CAVs, however a key concern is potential
employment impacts.

►

CAVs included in this study are private vehicles, shared vehicles, shuttles, buses plus freight and logistics.

►

CAVs have different production and operational value chains to traditional motor vehicles because they require
software, artificial intelligence, new hardware and communications devices. CAVs (the key objective for Australia being a
fleet of connected and automated vehicles) are likely to require new infrastructure, hardware, software, road
infrastructure and telecommunications. In addition, CAVs require new regulatory, insurance and administrative (e.g.
cybersecurity) frameworks.

►

Estimating future job impacts requires consideration of likely future increases in travel demand (15 to 50% increase) due to CAV benefits derived from lower prices, better
quality transport options and more productive use of in-vehicle time. In addition to growing the demand for travel, CAVs will in effect grow a new mobility industry. That is, it
is not just a matter of replacing existing vehicles on the road with CAVs.

►

Based on Federal Government budget allocations, regulation expenditure and ADVI member expenditure we conservatively estimate that expenditure on services (IT &
communications) will average $280 million per annum to 2025. This would result in 932 direct jobs and 1,059 indirect full time equivalent jobs per annum. Hard
infrastructure is excluded from these estimates. We note for example, $160.9 million in the 2018/19 Federal budget for upgrades to the accuracy, integrity and availability of
satellite navigation systems. In our view, hard infrastructure expenditure will begin to occur from 2021. This is excluded from the job forecasts.

►

Key industries that will experience employment growth in the research and testing phase (Investment Phase) from 2018 to 2025 as a result of the CAV disruption are
professional, scientific and technical services (56.7% of direct employment growth or 528 direct and 472 indirect jobs per annum), information, media and technology (26.5%
of direct employment growth or 247 direct jobs and 417 indirect jobs per annum) and administrative and support services (14.7% of direct employment growth or 137 direct
and 115 indirect jobs per annum).

►

By 2023 Level 4 vehicles will be common on Australian roads and CAV shuttles will be widely utilised.

►

By 2026 the mobility industry in Australia will go through an accelerated take-up phase with job gains and job losses becoming evident. This timing is informed not only by
industry consultation undertaken for this project but also by detailed industry discussions, workshops, and discussions with both regulators and OEMs. Between 2026-2035
(Implementation Phase), CAVs will become widely available with taxi-bots and automated buses accepted forms of shared transport.

Executive Summary
►

►

►

►

Due to this demand for CAVs, MacroPlan has forecast that there will be a net increase of 1,333 new jobs
per annum directly employed within the industry and 1,928 FTEs per annum employed indirectly as a
result of investment into the CAV industry from 2026-2035. That is a total net jobs increase of 3,261 jobs
per annum from 2026-2035.
We also note that after 2025, as Mobility as a Service (MaaS) begins to dominate that:


The proportion of expenditure on mobility services as distinct from motor vehicles will increase
substantially.



As Australia no longer produces motor vehicles, reliance on MaaS will drive service sector jobs in
Australia.



Further, Australia will be well placed to be a global supplier and implementer of CAVs given that
by 2025 entirely new mobility services value chains will emerge.

From 2036-2045 (Transformative Phase), there is estimated to be a net increase of 4,101 direct jobs per
annum representing a 1.3% increase to direct jobs growth as all vehicles sold have a level 5 CAV
capability, according to Haratsis (see slide 39). Further, with Haratsis (2016, 2017) forecasting 60%-100%
of new vehicles sales being CAVs, the industry is estimated to increase employment across Australia by
5,120 indirect FTEs per annum. That is a total of 9,221 additional jobs per annum.
From 2036-2045, key job gains are estimated to be in the professional, scientific and technical services
industry. This sector alone is projected to experience direct employment growth of 4,973 jobs per
annum and indirect employment growth of 3,978 FTEs per annum, due to an increased requirement for
professionals to support growth and development of the CAV industry.

The key job losses are in the transport, postal and warehousing industry with a decreasing level of staff
required in the employment intensive trucking and freight transport industries due to CAVs replacing
drivers. There is estimated to be a decrease of -3,339 jobs per annum (-39.8% of the industry growth)
due to the CAV industry from 2036 onwards.

Increase in Number of Jobs Per Annum

►

15,000

12,000

9,000

PHASE 1: RESEARCH AND
TESTING

(INVESTMENT PHASE)

6,000

PHASE 3: COMPLETE
MOBILITY

PHASE 2: ACCELERATED
TAKEUP

ANNUAL JOBS GROWTH
DIRECT: 932 JOBS PER
ANNUM
INDIRECT: 1,059 JOBS PER
ANNUM
TOTAL: 1,991 JOBS PER
ANNUM

3,000

(IMPLEMENTATION
PHASE)

(TRANSFORMATIVE
PHASE)

ANNUAL JOBS GROWTH
DIRECT: 1,333 JOBS PER
ANNUM
INDIRECT: 1,928 JOBS PER
ANNUM
TOTAL: 3,261 JOBS PER
ANNUM

ANNUAL JOBS GROWTH
DIRECT: 4,101 JOBS PER
ANNUM
INDIRECT: 5,120 JOBS PER
ANNUM
TOTAL: 9,221 JOBS PER
ANNUM

DIRECT JOBS

0
2018

2025

2035

2045

Source: ABS (2016); Australian Government (2017); ADVI; MacroPlan (May 2018)
FORECAST NET ANNUAL EMPLOYMENT GROWTH
CAV Industry
Maturity

Investment Phase
(2018-2025)

Implementation Phase
(2026-2035)

Transformative Phase
(2036-2045)

Direct
Jobs

Indirect
Jobs

Total
Jobs

Direct
Jobs

Indirect
Jobs

Total
Jobs

Direct
Jobs

Indirect
Jobs

Total
Jobs

Annual Jobs
Growth (No.)

932

1,059

1,991

1,333

1,928

3,261

4,101

5,120

9,221

Total Growth

7,456

8,472

15,928

13,330

19,280

32,610

41,010

51,200

92,210

Source: ABS (2016); Australian Government (2017); ADVI; MacroPlan (May 2018)

Executive Summary
► These projected impacts for Australia are evidence based at the time of preparation of this report. Compared with forecasts for the US and UK,
the impacts forecast are conservative.
► These are evidenced based estimates based in market driven take-up and implementation of CAVs based on very limited Australian public
sector investment.
► Analysis in the UK, USA and Australia suggest that CAVs as a platform industry have the opportunity to drive much more significant economic
benefits and hence employment benefits. This includes Clements & Kockelman’s (2017) positive impact of $USD1.2 trillion per annum, Haratsis’
(2016) work based on continuing the historic car manufacturing subsidies of $AUS1.5 billion per annum resulting in 16,000 total jobs per annum
and the UK estimates of $1.6 trillion per annum in increased productivity and trade (Centre for Connected and Autonomous Vehicles 2016).
► The total global passenger economy of autonomous vehicles is estimated to be $7 trillion by 2050, according to Strategy Analytics and Intel
(CNBC June 2017).

Brief
MacroPlan has been engaged by Australia and New Zealand Driverless Vehicle Initiative (ADVI) to:
►

Review national and international literature in relation to employment impacts including CAV take up, vehicle sales and wider implications for diverse
mobility, including car share, ride share and Mobility as a Service (MaaS) platforms.

►

Specify the likely direct and indirect industries impacted by CAVs both positively and negatively.

►

Assess current Federal Government employment forecasts to identify whether the impacts of CAVs are considered in these forecasts.

►

Specify existing and potential opportunities and scenarios for Australian companies to participate in the CAV and diverse mobility industry utilising case
studies.

►

Estimate the likely market penetration of CAVs into freight and logistics and consequential employment implications.

►

Specify the likely evolution of the structure of the mobility industry in Australia for 2020, 2030 & 2040 and identify public infrastructure requirements for
CAV.

►

Specify the direct and indirect economic and employment (positive and negative) impacts of CAVs in Australia by ASIC four-digit code based on a market
driven outcome.

►

Comment on the likely economic interaction between CAVs and EVs.

Introduction
•

Autonomous Vehicles (AVs) are forecast to formally enter the Australian marketplace in 2020 with
the National Transport Council providing the necessary regulatory frameworks for the introduction
of Level 4 CAVs. They will become an essential part of a new mobility ecosystem and key to
developing Connected and Autonomous Vehicles (CAV).

•

CAV job impacts in this analysis are considered in terms of both new technology and new products
(as per mobile phones) and new mobility which partly substitutes for existing mobility.

•

There are two schools of thought in relation to the impact of technology. First the rise of the robot
hypothesis which argues that up to 40% of jobs will be lost due to technology (Ford 2015). We find
no evidence supporting this position for the implementation of CAV in Australia.

•

The second and this study’s findings is that the introduction of new technologies will lead to
increased levels of economic activity, productivity, wealth and employment because Australia has
lost its car manufacturing base. Platform technologies such as mobile phones and devices have
created new industries and increased productivity and employment and this is the predicted path
of CAVs, electric vehicles (EVs) and Mobility as a Service (MaaS). CAVs will be a platform
technology.

•

Informed by extensive research in the United Kingdom and the United States, their introduction
will provide Australia with a major productivity boost, improving living standards and well-being
through better connectivity, improved agglomeration benefits and new industries, jobs and
prosperity along with less (long term) transport congestion and less carbon and air pollution.

•

CAVs will significantly change how we live and use cities. This radically disruptive technology has
the potential to substantially improve access to jobs, services and entertainment for all citizens
and to create new industries, occupations and prosperity.

•

There are compelling economic, industry development and environmental benefits for Australia to be an early adopter of
CAVs, EVs and MaaS. Mobility is a big domestic challenge for Australia with its great distances and its sparse population.
There is substantial latent demand for travel demonstrated by the early success of Uber. The broader population can be
better connected into jobs and services. Productivity, equity and the sharing economy are all dependent on being well
connected.

•

Digital disruption generated by connected and automated vehicles and new mobility services plus a number of powerful
megatrends can create unprecedented opportunities for the industry and services’ sectors.

•

University of Melbourne researchers and regular contributors to Reserve Bank of Australia (RBA) research analysis, Borland
and Coelli, canvas the nexus between new technologies and jobs impacts in Australia since the 1960s. They find no evidence
that overall job numbers have decreased as a result of new technologies. Their research concludes “that there is no radical
transformation underway in the Australian labour market. The total amount of work does not appear to be decreasing; and
the pace of change in the labour market is not accelerating” (Borland and Coelli 2017, p.392).

•

Their research is cited by the RBA in a paper on “Structural Change in the Australian Economy” (March 2018) providing
evidence for Australia that while technology has made some jobs obsolete, it has created other new jobs and that overall jobs
numbers have not been impacted. Borland and Coelli (2017) acknowledge that the introduction of technology does cause job
polarisation. Jobs involving non-routine and cognitive skills tend to be concentrated respectively at the top and bottom of the
skill distribution. New technologies have therefore decreased the relative demand for middle rung jobs and this has hollowed
out the middle of the labour market.

•

Australia no longer has a car manufacturing industry. The Productivity Commission (2014) in their inquiry into the industry
stated that factors that have led to a reduction in locally sourced componentry include the high cost of Australian
manufactured components and the move by vehicle producers to global platforms.

•

The advent of CAVs into Australia brings new opportunities to mitigate the problems of the previous vehicle manufacturing
industry by focussing on high value products and services and the new infrastructure required by the new extended global
automotive supply chains necessary to enable the industry to operate.

1. International Trends - Economy, CAV Related
Employment & Economic Opportunities

Global megatrends are accelerating both demand for and supply of CAVs, EVs and MaaS:
•

Demography – the over 65 demographic is growing four times faster than population growth. The need for mobility for this group and persons
with a disability will drive CAV demand.

•

Wealth – increasing size of the middle class especially in the rapidly growing Asian region will drive demand for CAVs to use commuting time
productively.

•

Urbanisation – According to the United Nations (World Urbanisation Prospects, 2014), 54% of the world’s population is urban. This grew from
30% in 1950 and is projected to be at 66% by 2050. Population growth and urbanisation are expected to add 2.5 billion people to urban areas
escalating traffic congestion. In Australia, Sydney and Melbourne respectively are forecast to have a population of almost 7 million and 6.8
million by 2056 (ABS 2016 Series B).

•

Congestion – a MaaS led approach to new mobility will bring the benefit of valorising existing public transport and active travel modes as they
can be seamlessly integrated into the journey to work. This can positively impact the burgeoning congestion, carbon and air pollution problems
cities are battling and which are forecast to be worse in 2031 despite massive infrastructure expenditure on both road and rail projects.

•

Energy and Climate – There is an increasing urgency for transition to more efficient Internal Combustion Engine (ICE) vehicles or to EVs as the
likelihood of containing global warming to 2 degrees diminishes.

•

Connectedness – The internet of things is forecast ultimately to encode 50 to 100 trillion objects. By 2020, 17.6 billion devices are predicted to
be connected (IHS Markit). CAVs and MaaS will become key connectors.

•

Mobility as a Service - CAVs will be part of a new mobility ecosystem and this comprises car hailing and ride sharing and is based on developing
new integrated platforms which include traditional motor vehicles and public transport plus car and ride sharing, CAVs, EVs, e-bikes and
walking. The vision for MaaS is that it will integrate public transit but still incorporate significant private vehicle ownership driven by on-going
demand for individual ownership due to wealth, practicality (remote areas / farms) and individual preferences (e.g. four-wheel drivers or
vintage car enthusiasts) (Haratsis 2017).

1. International Trends – Support for CAVs
There is very strong support for CAVs. Some
countries e.g. China and Korea are leading their
development, especially at the affordable end of the
market.


Policies in these countries are also favourable
to their introduction. For example, in China
government policy facilitates the purchase of
EVs but there is a significant wait of up to 2
years to secure the purchase of an internal
combustion engine (ICE) vehicle.



Some cities also have restrictions on the entry
of ICE vehicles into their cities due to serious
air pollution problems.



This is important because these countries will
drive the development of affordable CAVs and
potentially EVs.

1. International Trends - China


China is the world’s largest and most
profitable auto market. It therefore
has great leverage over car
manufacturers world wide.



The Chinese government announced
in September 2017, a system of
steadying increasing quotas to
reward
car
manufacturers
for
producing
and
selling
electric
vehicles (Financial Times 2017)



Car makers will need to amass credits
for so-called new-energy (electric)
vehicles equivalent to 10 percent of
annual sales by 2019. That level
would rise to 12 percent for 2020
(Reuters 2017).



Many global car manufactures have
responded positively to this challenge
to produce more electric vehicles. To
be successful in the China’s market
they will also have to be more
affordable
than
their
current
offerings.

2. National Trends – Economy, CAV Related
Employment & Economic Opportunities

Source: APRA, RBA



Business Services are now a key part of the Australian economy.



The structure of the Australian economy has changed
significantly over recent decades. Services have become an
increasingly important part of the economy.



Supply chains have lengthened as goods-producing industries
have become more specialised in their core activities and
outsourced their non-core activities to the business services
sector.



Technological change has lowered the costs of communication,
logistics and automated processes to build efficiency and
increase productivity (RBA 2018).



CAVs will become a key contributor to increasing labour market
access, reducing last kilometre delivery coats and reducing direct
and indirect mobility costs.

2. National Trends


CAVs are part of expanded global supply chains linking research,
artificial intelligence, software, communications and vehicle
production.



This graph shows that there is some correlation between
growth in Multi-Factor Productivity (MFP) and the lengthening
of supply chains as measured by upstreamness and
fragmentation (RBA 2017).



This means that new technology such as CAVs which have new
and significant value chains have the potential to improve
productivity in the economy.



It is difficult to attribute changes in productivity to any one
causal factor, but if the reorganisation of activities across
industries is the result of more specialisation and a more
efficient organisation of activities across firms, MFP should grow
more strongly when supply chains are lengthening (RBA 2017).



The increasing integration across sectors associated with longer
supply chains should also boost MFP growth by making it easier
to share technologies and productivity gains across the
economy (Dao et al in RBA 2017).

2. National Trends


Significant increase in business services is at the centre of how
technological and process change is transforming the Australian economy.



CAV investment to 2020 is primarily focussed on business services to
design, develop and deploy CAVs. Business services will remain a key part
of CAV deployment.



Longer supply chains provide more opportunities for firms to provide these
intermediate inputs into production of goods and services.



Increasingly these supply chains have become global as firms have sort the
most efficient and effective new partners to input into their supply chains
of production.



CAVs will stimulate two key parts of the business services sector.



Within the business services sector, the largest industries are ‘financial and
insurance services’ and ‘professional, scientific and technical services’.
These two industries have also increased the most as a share of Gross
Value Added over the past few decades.



The increase in the share of business services has partly reflected the
development of completely new services in the economy, such as internet
publishing, internet service providers and data processing services. This
provides a springboard for the (re)emergence of a niche high technology
automotive manufacturing sector in Australia (RBA 2018).

2. National Trends


As the Goods Production sector has become more specialised, it has
relied on more support from the business services sector.



The sector has increasingly relied on intermediate inputs to
undertake non-core activities to build more efficient and effective
business processes that have spearheaded effort to produce higher
valued innovative goods that can compete in international markets
(RBA 2018).



The focus of employment created in the CAV sector is initially
business services.



There is also a realm of new work opportunities in the complex world
of CAV implementation. This requires specialist skilled engineers to
undertake safety assurance, monitoring and compliance to agreed
standards, develop project hazard logs, design new operational
systems and assessment along with trials management plans.



CAV implementation needs to be rigorous and therefore is expensive
and time consuming but essential to maintain public confidence in
CAVs. It has potential as an export service to new CAV markets.

2. National Trends


The increasing integration of the business
services sector into the supply chains of goods
production sector corresponds with high growth
in total factor productivity in the Australia as
the reorganisation in economic activity has led
to more specialisation and efficiency in
operations across the economy (RBA 2018).



CAVs will play a key part in goods distribution
and last kilometre delivery.

2. National Trends


Fragmentation in production will allow
Australia to participate in the global
development of CAVs.



Production has become more fragmented
within Australia and world-wide as global
supply chains have lengthened. Increasingly,
Australian firms have been able to successfully
engage in these supply chains.



OECD research has pointed to the increasing
importance of knowledge-based inputs into
global supply chains and how this has provided
openings for new firms to participate.

2. National Trends
Australian firms are benefiting through high skilled and specialized niche
activities. Innovative firms like:


Cohda Wireless are supplying Original Equipment Manufacturers (OEM)
like General Motors USA with V2X software as a standard feature on its
Cadillac CTS sedan.



Telecommunications firms like Telstra, are working closely with the global
high-speed wireless “long-term evolution” community which is
developing special automotive capabilities for the mobile network. Telstra
has been exploring connected intelligent transport systems for several
years and in October 2016, in partnership with Cohda, successfully trialled
vehicle to-infrastructure (V2I) technology over Telstra’s 4G network at
Tonsley, South Australia.



Technical services firms like Nova Systems, is delivering integrated
Connected Automated Vehicle and Intelligent Transportation System
technologies world-wide.

All these Australian firms have high levels of expertise and creative new thinking
that generates new and upgraded services and products together with more
efficient business processes that increases productivity expected in global
supply chains.

2. National Trends
Australia’s Global Strengths in Start-ups and
Young Businesses

Australia is a world leader in the percentage of start-up
businesses and the contribution of these businesses to the
economy is significant.
Entrepreneurialism in Australia is important because:


As firms age they contribute less to job creation and more
to job destruction.



Young firms in Australia employ a small fraction of the
Australian workforce (15 per cent) but young SMEs
generated the largest share of total job creation (40 per
cent) in the economy.



Start-ups (firms aged 0-2 years) added 1.44 million FTE jobs
to the economy whereas older firms (3+ years) shed around
400,000 FTE jobs over the same period (ABS 2006-2011).

If Australia were to accelerate industry development and EV and
CAV implementation, this could facilitate Australia’s emerging
global services economy and changing industry structure (Haratsis
2017).
Source: Criscuolo et al. (2014) and ABS (2015) ‘Expanded
Analytical Business Longitudinal Database 2001-02 to 2012-13’

2. National Trends
The Rise of E-commerce will drive demand for CAVs
- Australian Store Based vs Non-Store Based Retail
Non Store Based (Online) Retail ($b)

325
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FORECAST



The Australian on-line market share is growing
strongly and is now close to 8.0% and valued at
$23.4 billion annually.



MacroPlan’s
freight
and
logistics
study
demonstrated that much of the growth of freight
and logistics is due to on-line retailing.



Demand for drivers is outstripping supply (Volvo
2016).



Last Kilometre delivery is rapidly expanding.



Last Km delivery is well suited to CAVs and EVs due
to short distances and shortage of drivers.
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2. National Trends
Australian consumers are ready for CAVs

Willingness to Pay for Autonomous Vehicles


ADVI undertook the first Australian national survey of public opinion
about automated vehicles.



Responses from 5,263 participants were collected and analysed in
relation to their level of awareness of CAVs.



Most Australians believe that fully-automated cars have many potential
benefits.



Results reveal that the majority of the respondents intended to use a
fully-automated car under all conditions except to transport their
children on their own.



An analysis of the extent to which respondents were willing to pay are
shown on the graph and revealed that 50% were willing to pay at least
$5,000 more and 25% were willing to pay at least $10,000 more than for
their current vehicle. The average extra amount that this group of
respondents was willing to pay was $9,000. This is in line with initial
OEM estimates of $7,000 to $10,000 for Automated Driving Systems.



The survey’s findings are broadly consistent with those derived from a
previous (multi-country) survey of 3,255 respondents (Schoettle & Sivak
in ADVI 2017) that included a sample of 502 Australian drivers. Schoettle
& Sivak found (for the 6 countries sampled – China, India, Japan, US, UK
and Australia) that most respondents had heard about autonomous or
self-driving vehicles, had a positive opinion of the technology and
expected the technology to yield significant benefits.

Source: ADVI (2017)

2. National Trends
Geography Matters in CAV Implementation & Employment Impacts


Capital cities are likely to see earlier implementation due to
the high cost of CAVs and short(er) driving range of EVs over
the short term and willingness to pay to get the benefits
(ADVI 2017). Regional Areas will require significant
infrastructure upgrades including road sealing, line marking,
signage and 5G network coverage.



Following the trend set by Uber’s entry into Australia and
international trends (Arbib & Seba 2017), CAVs, EVs and
MaaS are initially likely to be taken up by inner city residents
who have higher disposable incomes, a higher propensity to
engage in active travel and utilise public transport, have
lower rates of car ownership and driver’s licences and are
generally better educated and more concerned about
environmental matters like climate change.



This is where car-share has flourished in Australia initially
establishing in the inner-city regions of Sydney and
Melbourne ahead of dispersing to the inner-city regions of
the other capital cities. Population and congestion are
growing quickly in Sydney and Melbourne.

3. Digital Disruption in the Auto Industry


Whilst electric vehicles are the current focus of OEMs, they see full
automation as the future of car technology. The future business model
for car makers will be mobility rather than just the production of
vehicles. Many brands are moving to become mobility providers which
will become a much bigger market than just selling vehicles to dealers
and customers.



CAVs are a prime focus for competitors to OEMs including software
companies such as Waymo, etc



OEMs are creating new entities to focus directly on mobility as a service
(e.g. brands like Moia from VW, Maven from GM, Moovel from DaimlerMercedes and BMW, Lynk & Co from Geely and Volvo) (Arbib and Seba
2017; Guillot 2018).



Major public transport operators (e.g. Deutsche-Bahn, Transdev, Keolis)
and rental companies are looking to extend their offer to MaaS type
services (Guillot 2018) inclusive of CAVs.



New technologies, materials, power trains, electronics and the changing
expectations of consumers are making automobiles far more complex
than they were in the past. This is causing auto suppliers to change their
business strategies to focus more strongly on innovation rather than just
production.

3. Digital Disruption in the Auto Industry


Many firms are reorganizing through mergers and
acquisitions to acquire the knowledge, resources
and skills needed to produce innovative
technologies.



Tier 1 suppliers are creating new divisions to focus
on innovative products while divesting old
production divisions (EY 2018).



In the past, suppliers relied heavily on mechanical
engineers, but there is now a substantial shift to
software engineers (including artificial intelligence)
who are likely to be half the engineering workforce
in the near future.



There is more computer code in next generation
autos than there is in a mobile phone or commercial
jets (Guillot 2018).

3. Digital Disruption in the Auto Industry
Disruption in the Auto Supply Chain

Source: Deloitte and MHI Next Generation Supply Chains: Digital, On Demand and
Always On 2017 MHI Annual Industry Report – survey responses from more than 1,100
manufacturing and supply chain industry leaders (2017)



Digital disruption is impacting the auto
industry in terms of manufacturing value
chains for CAVs.



CAVs require an entire digital ecosystem and
appropriate physical infrastructure to operate
safely and efficiently.



CAVs are also part of the digital disruption
that
potentially
will
impact
other
manufacturing.

3. Digital Disruption in the Auto Industry
The New Automotive Supply Chain
– The Rise of 0.5 Tier Suppliers

Source: Kapadia (2018)



Technology is changing at such a rapid rate that Tier 1
suppliers and OEMs are increasingly needing to codesign and co-develop new products to stay ahead of
the innovation curve (Kapadia 2018).



This level of interaction between OEMs and their Tier 1
suppliers has increased significantly over the past two
decades, according to research by Manufacturing
Foresight, the voice of the US advanced manufacturing
sector. In 1989, just under half of suppliers were
contributing to product design. In 2011, that figure was
up to 70% (Mahoney & Helper 2017).



For auto suppliers, the choices are now to be a supplier
of parts and compete with the numerous other suppliers
in the same market competing in a race to the bottom
on price. Or shift focus to be an innovation partner in
the Auto Industry and join the ranks of the new 0.5 Tier
firms co-designing and co-developing new products with
OEMs (Kapadia 2018).

3. Digital Disruption in the Auto Industry
Manufacturing + Artificial Intelligence + Connectivity = CAV

3. Digital Disruption in the Auto Industry
The Complexity of the New Automotive Supply Chain

Source: McKinsey (2016)



A 2016 McKinsey research report conducted with the
Stanford University argues that while emerging
manufacturers take a share of new vehicle sales, these
newly established 0.5 tier suppliers will increasingly
capture a larger portion of the vehicle’s total value.



As tier 0.5 suppliers move to provide more complete
vehicle sub-systems, they will establish their market
presence with the end consumer positioning
themselves to capture the aftersales mobility spend
(McKinsey 2016).



This creates further opportunities for business services
firms to help industry successfully navigate the
increasingly complex and competitive world of
automotive engineering and manufacture.

3. Digital Disruption in the Auto Industry
The new Value Chain puts increasing pressure on OEMs

Source: McKinsey (2016)



This will likely lead to shifting market positions opening
up opportunities for new players, who will initially focus
on a few selected steps along the value chain and target
only specific, economically attractive market segments
– and may expand from there.



While Tesla, Google, Apple, Baidu, and Uber currently
generate significant media attention, many more new
players are likely to enter the market, especially startups and cash-rich high-tech companies (McKinsey
2016).



This is the global value chain and work stream in which
Australian companies are already engaged and it
provides significant opportunities for future expansion
as this report demonstrates.

4. CAV Commercial Opportunities
in Australia


Driven by the current and emerging trends in vehicle manufacturing due to the implementation of CAVs,
EVs and MaaS, new supplier business models outlined in the previous chapter are appearing along a
significantly lengthening automotive value chain. Each new link in the value chain generates the need for
more advisory and business support services growing the business services market.



These new and evolving business models are complemented by the new generation of Tier 0.5 advanced
electronic, IT engineering, artificial intelligence, digital services and software suppliers. They are helping
transition the auto industry to the new high tech smart vehicles future by building capability around
software, artificial intelligence and digitalization.



Electric vehicles and advanced driver-assistance systems (ADAS) are initiating much of this transition but it is
likely to be closely followed by the increasing automation of vehicles as testing and technology evolves the
products to meet consumer expectations about safety, convenience and value.



Recent economic modelling by Aribib and Seba (2017) concludes that MaaS could offer vastly lower cost
transport alternatives as early as 2021 in the USA. They argue that price will drive consumer acceptance of
the new technologies. Consumers are likely to respond positively to the value and convenience of the higher
value level 4 and 5 CAV offerings, and MaaS. This will help build a new pay-as-you-go travel cultural and
accelerate the restructuring of the auto industry and the complementary workforce. New industry sectors
will be created along with new higher value jobs.

4. CAV Commercial Opportunities
in Australia


Lower mobility costs ( e.g. Uber & rideshare) and
better quality service have already induced
modal shift away from public transport to cars
(Haratsis 2017) and have significantly increased
propensity to travel.



Evidence from the NSW regulator, the
Independent Pricing and Regulation Authority
(2018) for all urban areas in NSW indicates that
between 2016 to 2017 demand for point to point
travel (taxis, Uber, etc) increased by 45% with
taxi industry reducing transactions by 10-15%.



This suggests that AV/EV introduction could
significantly grow the “mobility industry”.

4. CAV Commercial Opportunities
in Australia


We anticipate significant increased levels of mobility as price is driven lower through CAV in terms of productive use
of time in vehicle and the introduction of driverless taxis i.e. taxi-bots and shuttles. We also anticipate a long term
requirement for traditional taxis to cater for the aged and disabled. Significant new competitive forces in the mobility
market will help drive down mobility costs and increase service quality.



New large-scale fleet financing (leasing/rental) and management firms could evolve and form new mobility services.
New business operational models can be built and managed generating additional work for professional and advisory
firms setting up vehicle management systems to hire, maintain, service, clean, recharge and store the new fleets of
CAVs.



Fleet management software needs to be developed and new on-board processing, monitoring and control units need
to be developed and installed in the vehicles. IT-Platform integration of application programming interface (API) with
third parties is required for the Internet of Things connectivity to be realised. In general terms, API is a set of clearly
defined methods of communication between various software components essential for seamless customer
experience, data sharing and safety in the new CAV operating environment.



Business user apps for passengers and backend system booking, dispatching, routing, billing and customer service
needs to be developed and managed along with the “improved customer experience” while travelling in the vehicles
which will require new forms of digital entertainment and a full range of mobile business facilities to live up to the
hype of the benefits of this new form of mobility (Arbib & Seba 2017, Lacovini 2017, Clements & Kockelman 2017) .



This new paradigm will challenge the survival of the traditional auto dealer - OEM business model, especially in light
of longer lasting vehicles and declining maintenance requirements of digital electric vehicles.

5. Market Penetration of CAVs into
Freight & Logistics
Truck Platooning


With the rise of e-commerce in the big capital cities of Australia, consumer preferences have
grown increasingly important in the traditionally business-oriented parcel-delivery market.
Large e-retailers, as well as various start-ups, have identified last-kilometre services as a key
differentiator.



“Free” delivery offers and simplified “hassle-free” returns policies from retailers along with a
proliferation of delivery options, have squeezed margins for delivery companies to
unsustainable levels. Retail supply chains have been built for volume by optimising goods
movement through consolidating loads for efficient delivery. Now the “business to many
customers” model required for on-line shopping has fractured that model.



Many international logistics companies have left the home delivery to Australia Post as it
was costing them about a third of the delivery charge to fulfil the last kilometre.



AV penetration into freight and logistics will be driven by “last kilometre” economics initially,
ahead of truck platooning getting regulatory approval and becoming widespread due to
significant efficiencies it can generate.



Demand for appropriately skilled drivers is anticipated to increase almost 50% with the
freight task growing 26% to 2026 and domestic passenger task increasing 19% by 2026 (NTC,
2016). CAVs will reduce the growth in driver numbers but due to the labour intensity of last
kilometre delivery, employment numbers will increase in total.

5. Market Penetration of CAVs into
Freight & Logistics
Professional Driver Demand Outstripping Supply



Increasing the efficiency of drivers is of particular interest to the freight and logistics industry because of the
large projected shortage in drivers (Volvo 2016, Walker 2017). In Australia, the transport, postal, wholesale
services sector is growing strongly adding to demand for drivers.



An Australian survey of trucking companies revealed a serious driver shortage in 2016 (Volvo 2016). Volvo
Group Australia commissioned Clemenger BBDO to conduct both qualitative and quantitative research into
the availability of professional truck drivers, surveying nearly 600 industry representatives whom collectively
employ almost 34,000 professional truck drivers.



52% reported having issues attracting the quantity of drivers needed and 82% have issues attracting the
quality of drivers they expect. These issues are becoming a tangible problem for the industry, with 46% of
respondents experiencing a driver shortage.



This shortage is supported by the Buslines Group, the major regional NSW bus services provider whose driver’s
average age is 67 years old and they have on-going driver shortages. NSW Taxi Council also argue the taxi
industry has on-going driver shortage especially for weekend and late-night shifts.



This mirrors driver shortages in the US where the American Trucking Association claimed a driver shortage of
38,000 in 2014 and that it could rise to 175,000 by 2024 (Walker 2017)



Substantial investments have been made in smart distribution centres over recent years. New builds in
Australia are increasingly fully automated distribution centres dramatically reducing the need for staff whilst
improving efficiency and effectiveness (e.g. Woolworths at Dandenong, Melbourne). In the US, 70% of new
distribution centres are fully automated. These new distribution centres are also CAV truck ready (Deloitte
2016).

6. Forecast rollout of CAVs

taxi-bots

Source: Haratsis (2017)

6. Likely Rollout of the CAVs in Australia


CAV and EV take up rates are not co-dependent, though some forecasters do argue that fast CAV
implementation is heavily dependent on EV take up.



The efficiency of ICE vehicles is improving significantly and depending on the forecaster, fuel efficiency
could improve by a further 40% in the next 10 years. The EV vehicle lifetime is forecast to be over 100%
longer, maintenance costs 80% lower and fuel costs 70% lower. This dramatically reduces mobility
costs, particularly when driverless taxis (taxi-bots) are factored in. In addition, fuel-cell technology
cannot be discounted as a fuel source.



The key trigger revolves around travel cost per kilometre. When vehicles, such as share vehicles / taxis /
on demand buses travel over 80,000 kilometres annually, the marginal cost of travel reduces
dramatically. This means that when MaaS begins to take off and sales volumes of EVs increase, the
capital / upfront cost of EVs will reduce (Haratsis 2017).



Analysis of forecasts for EV take up rates vary between forecasters:
 McKinsey / Bloomberg forecast 60% of all vehicles on roads will be electric (including hybrids) by
2030 with accelerated take up in major cities (e.g. Shanghai / New York).
 UBS predicts 14% of all vehicles will be electric/hybrid for 2025.
 OPEC predicts less than 7% fully electric vehicles by 2040.
 VW plans for electric vehicles to account for 20-25% of sales by 2025 and Volvo has announced the
end of purely petrol vehicles by 2019.

6. Likely Rollout of the CAVs in Australia



IAG, the Australian insurance company, has forecast a much slower rollout of CAVs in Australia than the current expectations of commentators and the
media. Its forecasts are influenced by barriers created by the 700 separate laws and regulations that must be changed and the cost of installing
recharging infrastructure (Harrington 2018).



IAG’s research argues that the shift to CAVs will have a huge impact on the $40 billion per annum that motor vehicles currently cost the economy which
includes road accidents, hospital related costs, smash repairs and regulatory costs.



A 2015 KPMG study forecast a decline in revenues of 60% for vehicle insurers. This estimate is based on 90% of accidents being caused by driver error
and accident frequencies would drop by 80%. Motor vehicle insurance is a $17.6 billion per annum industry in Australia. CAVs on this basis would
create over a $10 billion hole in this insurance market.



Neither the IAG nor the KPMG’s insurance business impacts will be significant before 2025 due to low levels of CAV market penetration.

6. Likely Rollout of the CAVs in Australia


NTC has undertaken analysis suggesting that by 2020, there could be 1.7 million highly automated vehicles and by 2030 there
could be as many as 9 million “highly automated vehicles”.



In this context, “highly automated vehicle” refers to a level 3 or above CAV.



MacroPlan’s maximum projections are almost equal to the mid-point of the NTC projections.

Source: NTC (May 2018)

6. Rollout of the Diverse Mobility

Source: Litman (2018)

Source: Haratsis (2016; 2017)



Having regard to the range of implementation
timetables published from a variety of sources over
recent years, the one published in the ADVI Position
Paper, Economic Impacts of Automated Vehicles on
Jobs and Investment by Haratsis (2016) reproduced
below with revised maximum’s from Haratsis (2017) is
used in this research to analyse the impacts of the
industry and jobs transformations.



Haratsis’ analysis is in general agreement with
predictions made by McKinsey (2016). Litman (2016,
2018) indicates slower rates of CAV sales.



Sales of CAVs will require a more labour intensive pre
delivery commissioning/ testing process.

6. Rollout of CAVs in Australia
AV Forecasts based within the International AV Level Definitions
AV Initiation Phase 1: Level 0/1 Automation but licensed drivers are in control of the vehicle
2016 – 2021
AV Phase 2: Level 0/1/2/3/4 Automation with licensed drivers at the wheel but with
minimal attention 2021-2026. Tesla, Mercedes Benz and BMW have reported production of
fully automated vehicles by 2021
AV Phase 3: level 0/1/2/3/4 Automation widely available, automated taxis (Taxi bots) and
buses. Licensed driver not required in all situations (e.g. elderly, persons with a disability, 1218 year olds etc.), 2026-2035 (30% AV market share)
AV Phase 4: Level 0-5 Automation – all vehicles sold with level 5 capability and 90% of all
future vehicles required to be fully automated by 2045 (60% to 100% AV Market Share)
AV Phase 5: All cars to be level 5 operation by 2060 (100% market share). Fully automated
private vehicles saturation
Source: Automated Driving –SAE International and J3016 in Haratsis (2017)

6. Rollout of CAVs in Australia



Analysis undertaken by Arbib and Seba (2017) in
the US argues the elasticities of demand for CAV
take up and particularly MaaS as price drops
through strong penetration rates from 2021 and
economies of scale of production and the
effectiveness of MaaS as an affordable transport
solution.



Based on the IPART (2018) research undertaken in
Australia, consumers of mobility are very
responsive to price and service quality.



The work of Infrastructure Victoria who recently
examined the induced demand for public transport
as a product of cheaper early morning fares also
indicates high levels of price sensivity for travel.

7. Forecast Economic & Employment Impacts of
CAVs in Australia


Australia’s automotive manufacturing industry has undergone considerable structural change over recent
decades. The industry’s composition and scale, and the location of economic activity and employment
have all been impacted.



The Productivity Commission’s inquiry into the Australian automotive industry presented a pessimistic
view of the future of the sector. The Commission said that despite heavy subsidisation, the automotive
manufacturing industry had struggled to survive in a highly competitive global environment (Productivity
Commission 2014).



Despite this negative assessment of the industry, there have been good news stories. Employment in
some sectors like motor vehicle body and trailer manufacturing had increased slightly. Whilst
employment in motor vehicle manufacturing had declined by more than 45 per cent between 2005 and
2012, employment in component manufacturing had been impacted less declining by just over 30 per
cent over this period (Productivity Commission 2014).



This has been due to the ability of the supplier market to seek other markets and produce other products
that were competitive. Building on this competitive advantage and the newly created 0.5 Tier suppliers is
an important opportunity for Australian industry.



Industry consultation for this project has demonstrated keen interest and many enterprising companies
already engaged in existing global supply chains.

7. Economic & Employment Impacts
Automotive Industry Employment

Source: ABS (November 2013)



The Productivity Commission (2014) estimated that up to 40,000 people would lose their jobs
as a result of the closure of the motor vehicle manufacturing plants and the rationalisation
of firms in the supply chain.



In 2013, about 44,000 people in Australia were employed in the manufacture of cars,
engines, electrical and other components, as well as trucks, buses and products for the
automotive aftermarket.

7. Economic & Employment Impacts

(Source Productivity Commission 2014)



There were an additional 233,000 people
employed in the repair, maintenance and
retailing of motor vehicles and parts in 2013.
This workforce is not significantly influenced by
the extent of automotive manufacturing in
Australia.



As the graphs demonstrates, automotive
manufacturing makes up about 5% of
manufacturing in Australia.

7. ADVI Industry Investment Survey Results
ADVI (2018) surveyed a range of member organisations.
This survey yielded 27 responses and of those, 22 are major investors in the CAV industry space. Below are
examples of member organisations.

7. ADVI Survey Results – Current Employment
In April 2018, the peak body for automated vehicles (ADVI) in Australia and New Zealand
undertook a survey of its member organisations with 27 respondents, of which 22 were
major investors (ADVI has provided their methodology and explanatory notes for the
survey and these are reproduced at Appendix 2). The employment and economic
impacts quantified by the survey are at the investment stage of the CAV industry in
Australia (being from 2018-2025). The findings are considered in 2 sections: current/
near term employment and economic impact (e.g. spend) (ADVI 2018).
Current/Near Term Employment (Research and Testing Stage 2018 – 2025)
Key findings were:
1. On average, respondents hired 10.5 employees working within the automated
vehicle industry over the last 2 years.
2. Overall, there was estimated to be 169 additional workers over the 2 years employed
by the 27 respondents in the survey.
3. 70% of respondents indicated that they were intending to hire more staff within the
next year.
4. 19 respondents indicated that they were intending to employ a total of 121
additional employees as a result of the CAV industry in the next 12 months,
representing an increase of 6.4 workers likely to be employed per respondent
organisation.

Q4. Over the last 2 years, how many people have you employed
directly that are working within the automated vehicle
industry? That is, employees working directly for your
organisation.

All Respondents Major Investors

Base

27

22

0 employees

22%

14%

1-10 employees

59%

68%

11-99 employees

15%

18%

4%

0%

10.5

6.5

100 or more employees
Average Number of Employees

Source: ADVI 2018

7. CAV Industry Analysis – Current Employment
Current and Future Investment
1. 59% of major investors invested over $1 million into the CAV industry.
2. Estimated total investment made by all major investors in the CAV
industry totalled $109 million.
3. 78% of all respondents invested into the CAV industry with their own
equity with 41% investing into the CAV industry also with government
grants.
4. 41% of respondents intended to invest between $1 million and $10
million over the next five years with 15% of respondents intending to
spend over $15 million over the next 5 years (Source: ADVI 2018)
5. Estimated total investment into the CAV industry from the survey
results infer that $1.37 billion will be made over the next 5 years as the
industry goes from research phase to the beginning of the
implementation phase.
6. It is notable that there are large sums of funding for infrastructure that
potentially are available. In the order of $160.9 million is an example
in the 2018/19 Federal budget for upgrades to the accuracy,
integrity and availability of satellite navigation systems.

Q11. What is your estimated total capital $ investment
over the next 5 years in this industry?
All
Respondents
Base

Major
Investors

27

22

No investment to be made

22%

14%

$1-$1,000,000

22%

23%

$1,000,001 - $10,000,000

41%

45%

Over $10,000,000

15%

18%

AUD$
43,014,815

AUD$
52,563,636

Average Total
Investment To Be Made
Over Next 5 Years

Source: ADVI 2018

7. Qualitative Analysis – Expenditure and Employment
MacroPlan drew on a range of insights to inform our employment projections. This includes Clements & Kockelman (2017) and describes the CAV industry growth stages
which include research and testing phase (2018-2025), accelerated takeup and implementation phase (2026-2035) and transformative phase (2036 onwards).


The Clements & Kockelman (2017) paper synthesizes and expands on existing analyses of the economic effects of CAVs in the United States across 13 industries
and the overall economy. The paper argues that CAVs could dominate the automotive industry.



Industries analysed included Automotive, Electronics and Software Technology, Trucking-Freight Movement, Personal Transport, Autorepair, Medical, Insurance,
Legal Profession, Construction and Infrastructure, Land Development, Digital Media, Police and Traffic Violations, Oil and gas. Analyzed industries include
automotive, technology, freight movement, personal transport, auto repair, medical care, insurance, law, infrastructure, land development, digital media, police,
and oil and gas.

The key findings of the paper are:


CAVs will soon be central to the automotive industry, with software composing a greater share of vehicle value than previously. The number of vehicles purchased
each year could fall because of vehicle sharing, conversely rising travel distances may increase vehicle sales.



The opportunity for heavy-truck drivers to do other work or rest during long drives may lower freight costs and increase productivity.



Personal transport may shift toward shared CAV fleet use, reducing that of taxis, buses, and other forms of group travel.



Fewer collisions and more law-abiding vehicles will lower demand for auto repair, traffic police, medical, insurance, and legal services.



CAVs will also lead to new methods for managing travel demand and the repurposing of curbside and off-street parking and will generate major savings from
productivity gains during hands-free travel and reduction of pain and suffering costs from crashes.



If CAVs eventually capture a large share of the automotive market, they are estimated to have positive economic impacts of $1.2 trillion or $3,800 per American
per year.

7. Qualitative Analysis – Positively Impacted Industries
►

Clements & Kockelman’s (2017) paper features a range of insights amongst 13 industries analysed. These include industry wide benefits, some of which overlap
across industry defined boundaries. The following provides the key insights which may be considered as relevant to the implementation of CAVs in Australia.

►

It is important to note that industry categories in the US do not align perfectly with ANZSIC system of industry classification. The benefits attributed to US
industries therefore should be considered as informative for the purpose of projecting where the industry and employment opportunities may accrue within the
Australian industry context.

►

Automotive Sector - “Once fully autonomous vehicles become pervasive, greater emphasis will be placed on software and digital media”.

►

Electronics and Software Technology - “Morgan Stanley estimates software costs rising from 10% of current car values to 40% in a CAV environment”.


►

...self-driving software and its corresponding updates will grow from $USD680 million in 2025 to $USD15.8 billion in 2040.

Trucking – Freight Movement - “CAV’s could simply increase the capacity of logistics companies, allowing for more shipments”.


“The role of the truck driver could become more technical, as they would need to monitor the CAV system to ensure it is running properly. Such a role would
likely require training and could increase the value and wage of individual truck drivers”.

►

Land Development - “The land area previously used for parking could be converted into housing, parks, or other useful developments that replace these parking
dead zones” (Clements & Kockelman 2017).

►

Digital Media - “At the point of full automation, commuters who usually spend time vigilantly watching the road (or dangerously multitasking on their
smartphones) will demand greater integration of digital media features into their automobiles. Content providers like YouTube, Netflix, and social media
networks will see a large benefit from the increased time and desire for their services on commutes. Additionally, a study by McKinsey & Co. suggests that
internet shopping could receive a large bump from this added free time, stating that each additional minute occupants spend on the internet could generate $5.6
billion annually, totalling $140 billion if half of the time of the average round-trip commute (25 minutes) is spent surfing or shopping (McKinsey 2015)”.

7. Qualitative Analysis – Negatively Impacted Industries
►

Auto Repair Sector - “Although there may be fewer total cars, the cars in use could be on the road for 12 hours per day, which will cause an increase in the miles
travelled and the overall need for maintenance” (Clements & Kockelman, 2017).


►

“ Some auto shops could find new opportunities in aftermarket personalization of vehicles, customizing the new, more important interior of the CAV,
but this will likely not be enough to cover the losses from their usual business (McKinsey, 2013)”

Medical - “Approximately two million hospital visits and 240,000 extended hospitalizations per year in America are due to traffic accidents, and driverless cars would
eliminate a large majority of these emergency room visits” (Clements & Kockelman, 2017).


“With a 25% crash reduction, this accounts for a loss of $5.75 billion in the medical industry, $11.5 billion at a 50% reduction, and $20.7 billion at a 90%
reduction” Insurance; (Clements & Kockelman, 2017).

►

Insurance - Ultimately, KPMG (2015) estimates that CAVs could shrink the auto insurance industry by as much as 60%. With the current revenue of the auto
insurance industry at approximately $180 billion, this decrease could represent a decrease in revenues of $108 billion.

►

Legal Profession - “The result of fewer accidents from the automation of driving will likely challenge the profession of many attorneys”.

►

Oil and Gas - “A more efficient system of driving will also cause ripple effects in the oil and gas industry. Platooning, computer-controlled, and lighter cars
interacting with more efficient infrastructure will contribute to an overall improvement in fuel efficiency (Silberg, 2012). Furthermore, SAV fleets could make
electric vehicles a more viable option and even financially preferable for fleet management companies”.

7. Qualitative Analysis
►

Easier travel means greater demand for travel…Fully automated vehicles will enable children, elderly, and disabled people greater access to meaningful
destinations and activities at all times of day.

►

Diamandis (2014) estimates that CAVs could save over 2.7 billion unproductive hours in work commutes, generating an annual savings of $447.1 billion per
year in the U.S. alone (assuming 90% CAV penetration).

►

This time savings estimate, combined with $488 billion from collision costs amounts to total savings of $1.1 trillion in the U.S., or 8% of the U.S. GDP, and
as much as $5.6 trillion worldwide (Jonas et al. 2014).

►

The economic effects of CAVs will extend beyond the simple crash, productivity, and fuel saving into every facet of the American economy.

►

It is important to note, that the forecast impacts for Australia are modest compared with economic development focus evident in the UK and USA.

►

Applying findings to the Australian context, Haratsis (2016, 2017), based upon the work of McKinsey (2016) has projected that “…based upon achieving 1%
of the global intelligent mobility market, Australia could generate $15 billion in revenue and depending on the nature of the jobs, this would generate
approximately 7,500 direct jobs and 16,000 direct and indirect jobs requiring $1.5 billion - $2 billion annual investment based on traditional car
manufacturing subsidy parameters.

7. Quantitative Analysis: Occupations likely to experience impact in

employment due to CAV take-up/ implementation from literature review
►

MacroPlan’s identification of the occupations likely to experience uplift in employment have been identified from international literature plus research and
consultation with a broad range of industries including peak bodies such as ADVI and Motor Trades Association of Queensland (MTAQ), the peak body
representing the automotive industry in Queensland.

►

It is notable that in consultation with firms’ representatives, that a quantitative assessment for future employment in an industry that is currently being
“invented” is difficult. However, what has been determined through these consultations is the identification of the occupations which are anticipated to
represent opportunities for employment as a consequence of the introduction of CAVs.

►

Consultation included review of the House of Representatives Standing on Industry, Innovation, Science and Resources’ inquiry into the social issues relating to
land based, driverless vehicles in Australia (2017). Comments were provided by a range of organisations and companies including Volvo, AustRoads, IMOVE
CRC and others.

►

The analysis is presented in three phases:
 Phase 1 2018 – 2025 Research and Testing - Investment Phase
 Phase 2 2026 – 2035 Accelerated Take-up - Implementation Phase
 Phase 3 2036 - 2045 Complete Mobility - Transformational Phase

7. Industry Consultation Results –Set of occupations that are likely to be
required as a consequence of uplift provided by industries expected to be impacted due to CAV
implementation

Industries (ANSZIC 1 Digit)

Type of occupations that can be
expected to be required

Direct consultations with
CEO's, General Managers,
owners and Senior
Business executives from
the following firms

Submissions to the House of Representatives
Committees Standing Committee on
Industry, Innovation, Science and Resources Comment
Inquiry into the social issues relating to
land-based driverless vehicles in Australia

Business Administration Managers nfd
Finance Managers
Policy and Planning Managers
Engineering Managers
Motor Trades Association of Queensland
Importers, Exporters and Wholesalers
Manufacturers
Production Managers
Supply, Distribution and Procurement
Managers
ICT Managers
Austroads
Call or Contact Centre and Customer Service
Managers
Transport Services Managers
Accountants
Volvo
Financial Dealers
ICT Trainers
Actuaries, Mathematicians and Statisticians
Intelligence and Policy Analysts
Management and Organisation Analysts
Manufacturing, Construction
ICT Sales Professionals
Commercial Bank, Credit
Robert Bosch Pty Ltd
Air Transport Professionals
Wholesale Trade
Union, Accountancy Practice,
Marine Transport Professionals
Retail Trade
Professional Property Services
Surveyors and Spatial Scientists
Transport, Postal and Warehousing
(commercial cleaning),
Graphic and Web Designers, and Illustrators Occupational Health specialist,
Information Media and
Electronics Engineers
Public administration,
Telecommunications
IMOVE CRC
Industrial, Mechanical and Production
Education, Federal Chamber of
Rental, Hiring and Real Estate
Engineers
Automotive Industry (FCAI),
Services
MTAQ, Logistics company,
Professional, Scientific and Technical ICT Business and Systems Analysts
Multimedia Specialists and Web Developers Commercial estate agency,
Services
Real estate investment trust,
Administrative and Support Services Software and Applications Programmers
Database and Systems Administrators, and Taxi industry, Nova Systems,
Public Administration and Safety
ICT Security Specialists
HMI Technologies, Trade
Education and Training
Computer Network Professionals
Measures Specialist
ICT Support and Test Engineers
DBIRD
Telecommunications Engineering
Professionals
ICT Support Technicians
Telecommunications Technical Specialists
Automotive Electricians
Electronics Trades Workers
Telecommunications Trades Workers
Office and Practice Managers nfd
Office Managers
General Clerks
Call or Contact Centre Workers
Information Officers
Couriers and Postal Deliverers
ADVI
Purchasing and Supply Logistics Clerks
Transport and Despatch Clerks
Commercial Cleaners
Shelf Fillers

Source: MacroPlan; Various sources (April 2018)

"..... there are some 90,000 persons employed in the motor trades. The expectation is that there will be significant
changes in the employment profiles resulting in jobs phased out in some trades and new opportunities created in
others. From an interview with The Conversation "We see the application of autonomous electric vehicles (AEVs)
requiring extensive skill acquisition by existing technicians for the maintenance and repair requirements of the electric
engines. The AI components may even require a new workforce that is closely aligned to software engineering rather
than mechanical engineering. Industry is currently working with government in an attempt to pre-empt these
requirements"
Driverless vehicles could provide the opportunity for people with mobility restrictions with an ability to get to be able to
travel to places of employment.
Introducing fully autonomous cars onto specific Australian roads will require careful coordination and planning among
state and territory jurisdictions, as well as changes to current road laws, to ensure the technology is fit for purpose.

Australian automotive engineers are globally recognised for their innovation and ingenuity. Investment in automated
vehicle infrastructure, trials and capability will support the transition of skilled engineers from a declining local car
industry to a sustainable and rapidly growing global industry. Collaboration between Australian engineers and global
driverless vehicle initiatives will ensure Australia is best positioned to contribute to developing new technologies.
Job creation - There will be a need for skilled people to develop, manage and support driverless vehicles. This is likely
to result in more jobs being created than lost in the long run, however these jobs will likely be more highly skilled
than those lost through this technological development.
...there are also a number of factors that could lead to new employment opportunities and make this transition easier.
Firstly, early models of automated vehicles may need to hand back control to a human driver or be limited in the scope
of their operations, meaning that professional drivers will still be required. Professional driver roles may evolve to place
a stronger focus on non-driving tasks, such as customer service. Some challenging or specialist driving tasks may
require a human driver for an extended period. Secondly, a long.transition period is anticipated for automated
technology, particularly higher levels of automation that do not require human oversight (see item 2.1.3). There have
been difficulties in attracting younger workers into some parts of the sector, leading to labour shortages. A gradual
increase in the automation of driving roles may assist with managing these shortages. Lastly, automation will
create new business and job opportunities that could offset possible losses. There could be new roles in
supplying, maintaining and operating automated vehicles, or other roles that use automated vehicles as a platform to
deliver new kinds of services to the market. opportunities that may arise with automated vehicles. Automated vehicles
could also improve labour market participation for people who are effectively excluded from the market, such
as people with disabilities, if they are better connected with employment centres. These factors may mean that an
overall large, negative impact on the workforce from automated vehicles is unlikely.

Recommendation
It is ADVI’s position that the Federal Government commit funds to manage the accelerated introduction of driverless
vehicles and maximise employment outcomes targeting 20,000 new jobs by 2025, and realise the social and
economic benefits of introducing CAVs in Australia.

7. Direct Employment Estimates
Based on consultation, research and MacroPlan experience, MacroPlan estimated the employment impacts of the implementation of the CAV industry in
Australia. MacroPlan methodology for the CAV employment jobs growth is detailed in Appendix 2. MacroPlan projections are that in the initial stages, in line with
ADVI (2018) Survey results, there is projected to be growth of 932 jobs per annum employed as a result of the CAV industry by 2025 (Investment Phase). This is
due to highly intensive nature of investment, expenditure of at $280 million per annum over the next 2-5 years is expected with government funding representing
a key contribution (eg. GPS upgrade to 5G announced in FY 2018/19 budget at cost of $160.9 million).
From 2026-2035 (Implementation Phase), as CAVs become widely available and taxibots and buses are acceptable forms of mobility, there is estimated to be a
net positive increase of 1,333 direct jobs per annum. From 2036-2045 (Transformative Phase), there is estimated to be a net increase of 4,101 direct jobs per
annum as almost all vehicles sold are likely to include a level 5 CAV capability, according to Haratsis, 2017 (see page 39).

FORECAST ANNUAL EMPLOYMENT GROWTH
CAV Industry Maturity

Accelerated Take-up –
Complete Mobility Implementation Phase (2026-2035) Transformative Phase (2036-2045)
Annual Direct Jobs Growth (No.)

Annual Direct Jobs Growth (No.)

Manufacturing

155

351

Construction

8

56

Wholesale Trade

201

386

Retail Trade

-96

-243

Transport, Postal and Warehousing

-1,480

-3,339

Information Media and Telecommunications

483

1,245

Financial and Insurance Services

648

1,663

Rental, Hiring and Real Estate Services

24

72

Professional, Scientific and Technical Services

1,913

4,973

Administrative and Support Services

62

178

Public Administration and Safety

363

980

Education and Training

106

286

Health Care and Social Assistance

-1,055

-2,507

Total

1,333 jobs

4,101 jobs

Source: ABS (2016); Australian Government (2017); ADVI (2018); MacroPlan (May 2018)

7. Wider Economic Benefit of CAV Industry
MacroPlan has then undertaken economic multiplier analysis to determine the wider economic benefit of the CAV industry based on the work of Haratsis (2016,
2017):
Indirect economic impacts include costs of new road traffic infrastructure, increased vehicles on road, changes to insurance and liability, the cost of
enabling road and telecommunication systems, implications for public transport without a managed introduction of CAVs, reduced car purchase,
potentially reduced active transport and potentially increased demand for car parking in the short term as vehicle usage increases prior to full
automation. (Source : Haratsis, 2016, 2017).
2018-2025 (Investment Phase), there will be an indirect benefit of 1,059 new full time equivalent employees (FTEs) per annum as a result of the CAV industry. As
automation becomes widely available, there is estimated to increased employment of 1,928 indirect FTEs per annum from 2026-2035 (Implementation Phase).
From 2036-2045 (Transformative Phase) with Haratsis (2017) forecasting 60%-100% of new vehicles sales being CAVs, the industry is estimated to increase
employment across Australia by 5,120 indirect FTEs.

INDIRECT JOBS GROWTH - WIDER ECONOMY
2018-2025
Investment Phase
Manufacturing
Construction
Wholesale Trade
Retail Trade
Transport, Postal and Warehousing
Information Media and Telecommunications
Financial and Insurance Services
Rental, Hiring and Real Estate Services
Professional, Scientific and Technical Services
Administrative and Support Services
Public Administration and Safety
Education and Training
Health Care and Social Assistance
Annual Growth in No. of FTEs Per Annum

417
54
472
115

1,059 FTEs

2026-2035
Implementation Phase
258
12
649
-93
-1,487
758
356
10
1,530
26
158
28
-277
1,928 FTEs

Source: ABS (2016); Australian Government (2017); ADVI (2018); MacroPlan (May 2018)

2036-2045
Transformative Phase
587
85
1,247
-235
-3,356
1,954
913
31
3,978
73
425
76
-657
5,120 FTEs

7. Summary
In line with the above analysis and informed by the research findings MacroPlan has found the following results:
2026 – 2035 (Implementation Phase)
There is expected to be a total direct jobs gain of 64,356 FTEs and a loss of 51,030 FTEs, meaning a net increase of 13,325 FTEs from 2026 to 2035. Flow on benefits
are projected to create 64,970 FTEs with 45,688 FTEs lost resulting in a net gain of 19,282 FTEs from 2026 to 2035. In total, implementation of CAVs are projected to
create 129,326 FTEs and result in the loss of 96,718 FTEs meaning a net increase of 32,607 additional FTEs from 2026-2035.
2036 – 2045 (Transformative Phase)
There is expected to be a total direct jobs gain of 157,146 FTEs and a loss of 116,133 FTEs, meaning a net increase of 41,012 FTEs from 2036 to 2045. Flow on
benefits are projected to create 153,576 FTEs with 102,378 FTEs lost resulting in a net gain of 51,198 FTEs from 2036 to 2045. In total, implementation of CAVs are
projected to create 310,722 FTEs and result in the loss of 218,511 FTEs meaning a net increase of 92,210 additional FTEs from 2036-2045.

FORECAST JOBS GROWTH/ LOSSES
CAV Industry
Maturity

Implementation Phase (2026-2035)
Direct Employment

Flow On (Indirect) Employment

Jobs Growth

Transformative Phase (2036-2045)
Total Employment

Jobs Gain

Jobs Losses

Net Jobs

Jobs Gain

Jobs
Losses

Net Jobs

Jobs
Gain

Jobs
Losses

Annual Jobs
Growth (No.)

6,436

-5,103

1,333

6,497

-4,569

1,928

12,933

-9,672

Total Growth

64,356

-51,030

13,325

64,970

-45,688

19,282

129,326 -96,718

Source: ABS (2016); Australian Government (2017); ADVI (2018); MacroPlan (May 2018)

Direct Employment

Net Jobs Jobs Gain
3,261
32,607

15,715

Flow On (Indirect)
Employment

Total Employment

Jobs
Losses

Net Jobs

Jobs
Gain

Jobs
Losses

Net Jobs

Jobs
Gain

Jobs
Losses

Net Jobs

-11,613

4,101

15,358

-10,238

5,120

31,072

-21,851

9,221

157,146 -116,133 41,012

153,576 -102,378 51,198

310,722 -218,511 92,210

7. Rationale – Employment Commentary
Industry

Comment/s

Manufacturing

The introduction of CAVs is expected to translate into a higher demand for a wide range of specialised parts/components. In its submission to the House of
Representatives Standing Committee on Industry, Innovation, Science and Resources Inquiry into the Social Issues Relating to Land-Based Driverless Vehicles
in Australia, the MTAQ notes that "..... there are some 90,000 persons employed in the motor trades (in Queensland). The expectation is that there will be
significant changes in the employment profiles resulting in jobs phased out in some trades and new opportunities created in others” Furthermore, the CEO of
the MTAQ Dr Brett Dale stated in The Conversation "We see the application of autonomous electric vehicles (AEVs) requiring extensive skill acquisition by
existing technicians for the maintenance and repair requirements of the electric engines. The AI components may even require a new workforce that is closely
aligned to software engineering rather than mechanical engineering. Industry is currently working with government in an attempt to pre-empt these
requirements“ (7 February 2018).

Construction

While a minimal effect is anticipated initially, mild increase in demand for development/redevelopment of car parks and re-positioning of assets such as
shopping centres should offset any job losses. For example in the US, Clements & Kockelman (2017) noted that the land area previously used for parking
could be converted into housing, parks, or other useful developments that replace these parking dead zones”. It is highly likely that such an impact would be
replicated in Australia’s urban centres with the need to re-purpose car parks and curbside parking.

Wholesale Trade

Retail Trade

Transport, Postal and Warehousing

Information Media and Telecommunications

Financial and Insurance Services

Rental, Hiring and Real Estate Services

Changing processes will require training and upskilling in this industry. Any job losses which may occur are expected to be offset by new employment
opportunities as outlined by the statements above from DBIRD and the MTAQ. This is also reflected in the statement made by IMOVE CRC in their submission
stating that in regards to job creation, there will be a need for skilled people to develop, manage and support driverless vehicles. IMOVE CRC also stated that
this is likely to result in more jobs being created than lost in the long run, however these jobs will likely be more highly skilled than those lost through this
technological development.
Any negative employment impact on delivery drivers servicing online purchasing will be more than offset by new opportunities driven by new roles and
occupational skills required to serve the broader retail industry. In their submission to the Standing Committee, Austroads noted that driverless vehicles could
provide the opportunity for people with mobility restrictions with improved opportunities to access places of employment. MacroPlan maintains that while this
may not create new employment directly, the second round impacts from increased incomes due to improved access to employment would lead to increased
consumption. Additionally, a study by McKinsey & Co. suggests that in the US internet shopping could receive a large bump from this added free time, stating
that each additional minute occupants spend on the internet could generate $5.6 billion annually, totalling $140 billion if half of the time of the average roundtrip commute (25 minutes) is spent surfing or shopping (McKinsey 2015). Such a bump, while not of the same magnitude could be reflected in the Australian
Retail industry.
Employment is expected to decrease as the CAVs will replace the requirement for these roles. In DBIRD’s submission to the Standing Committee, it is argued
that there are also a number of factors that could lead to new employment opportunities and make this transition easier. Firstly, early models of automated
vehicles may need to hand back control to a human driver or be limited in the scope of their operations, meaning that professional drivers will still be required.
Professional driver roles may evolve to place a stronger focus on non-driving tasks, such as customer service. Some challenging or specialist driving tasks may
require a human driver for an extended period. And in terms of the US projected scenario, Clements and Kockelman note that, “the role of the truck driver
could become more technical, as they would need to monitor the CAV system to ensure it is running properly”. In the longer run however, employment is
anticipated to fall in this industry. Currently all CAVs are imported and have extensive testing prior to use.
The need for higher skilled technicians and IT professionals to code components will drive significant employment growth. The MTAQ statement referenced
above is particularly relevant for this industries employment prospects. It is also important to note that in the Federal Governments Budget 2018-19, $160.9
million has been allocated to the upgrade of the 5G network to support driverless vehicles.
The need for the insurance sector to fully comprehend, measure and the impact of CAVs and to provide financial support (eg. funding/ financing) will mean
that a positive impact is likely for this industry over the forecast timeframe. Austrade’s statement above is also relevant to this industry’s employment growth
prospects. Improved mobility for disabled workers may lead to an increase in demand for services and therefore employment in this industry. Driverless
vehicles could provide the opportunity for people with mobility restrictions with the ability to be able to travel to places of employment. In addition, the
mobility industry is forecast to grow significantly as are vehicle numbers to 2035.
This industry will be positively impacted. As mobility increases as identified by IPART, demand for many occupations across this industry must increase.
Induced demand for travel and as per the comments for the Construction industry above, the re-purpose of some land uses made obsolete by CAV’s will
ostensibly create the need for real estate services across a broad spectrum of occupations.

7. Rationale – Employment Commentary
Industry

Comment/s

Professional, Scientific and Technical Services

There will be a greater need for professional and technical staff to provide support for technology involved in CAVs. This is supported by the MTAQ statements
referenced above. In addition, Bosch in their submission to the Standing Committee noted that Australian investment in automated vehicle infrastructure, trials and
capability will support the transition of skilled engineers from a declining local car industry to a sustainable and rapidly growing global industry. Collaboration
between Australian engineers and global driverless vehicle manufacturers will ensure Australia is best positioned to contribute to developing new technologies. It is
considered that while these jobs may not be fully known at this time, it is likely that this investment will create employment opportunity in a range of occupations in
the this industry. These should be significant and will more than offset the negative impact on the legal profession expected due to the reduction in motor vehicle
accidents and injury. MacroPlan expects significant resourcing for the initial first phase with around 30-40 tests each year costing $1.5m to $5m per test

Administrative and Support Services

Greater numbers of administrative staff will be required to support the new CAV industry. In their statement to the Standing Committee, Volvo maintained that
introducing fully autonomous cars onto specific Australian roads will require careful coordination and planning among state and territory jurisdictions, as well as
changes to current road laws, to ensure the technology is fit for purpose. MacroPlan expects that such a significant change is expected to translate into a
requirement for greater employment to deliver and manage the new regulatory framework for CAVs to the professional standard expected by the Australian
population. It is likely that mobility network control and maintenance will require significant employment including for prevention of cyberattacks and management
of network failure. Higher regulations mean more need for administration of this. NTC has prepared a paper on AV regulation and suggested an industry based
approach to regulation of new AVs

Public Administration and Safety

The employment generation impact for this industry is largely reflective of the Administrative and Support industry. While some government occupations may be in
demand, there will be a counter impact from the reduction in employment demand flowing from areas such as traffic policing due to higher levels of road safety.

Education and Training

The requirement for training and education of Australia’s labour force in relation to the need for new skillsets required for CAV industry is expected to be significant.
IMOVE CRC in their submission stated that in regards to job creation that there will be a need for skilled people to develop, manage and support driverless vehicles.
This is likely to result in more jobs being created than lost in the long run, however these jobs will likely be more highly skilled than those lost through this
technological development. In their submission AUSTROADS stated that driverless vehicles could provide the opportunity for people with mobility restrictions with
an ability to get to be able to travel to places of employment. It is considered that investment and employment will be required to match demand for the new skill
sets demand by CAV’s.

Health Care and Social Assistance

A notably lower requirement for medical professionals is expected as CAVs will greatly reduce human errors from the driving equation. MacroPlan fully expects that
the Australian experience will reflect the US projections “…with a 25% crash reduction, this accounts for a loss of $5.75 billion in the medical industry, $11.5 billion
at a 50% reduction, and $20.7 billion at a 90% reduction” (Clements & Kockelman 2017).

Appendix 1. Glossary
ADAS - Advanced Driver-Assistance Systems
ADVI – The Australia and New Zealand Driverless Vehicles Initiative
AI – Artificial Intelligence
A-ICE – Automated Internal Combustion Engine
API - Integration of Application Programming Interface (API is a set of subroutine definitions,
protocols, and tools for building application software.)
AV – Automated Vehicle is defined as Level 5 (SAE International and J3016 when it is self-driving).
AV – EV – Electric Automated Vehicle (as per AV definition)
AV – ICE – Fossil fuel Automated Vehicle (as per AV definition)
CAV - Connected and Autonomous Vehicle
EV – Electric Vehicle
FTE – Full Time Equivalent Job
ICE – Internal Combustion Engine
MaaS – Mobility as a Service
NTC – National Transport Commission
OEM – Original Equipment Manufacturer such as vehicle and component manufacturers

Appendix 2. ADVI Survey Methodology
ADVI provided the methodology and explanatory notes for their membership survey undertaken through March and April 2018 to MacroPlan and it is
reproduced below.
Methodology
Data collection was undertaken utilising an online survey approach, with a survey link distributed by ADVI to its membership via email. As this is a Member
Survey, the term ‘members’ is used throughout to collectively describe everyone who participated in the survey.
At the time of the survey, ADVI had 115 members drawn from peak bodies, industry associations, major investors and SMEs and other interested
organisations. A total of 27 interviews were completed. It is estimated that around 25% of ADVI members can be categorised as major investors and from the
survey an estimated 85% of major investors responded.
The survey findings therefore tend to be more reflective of major investor members. Interviewing occurred between 8 March and 12 April 2018. The average
interview length was 9.8 minutes. Data has been analysed using SPSS, Excel and Office Reports tabulation packages.
Extrapolation
For the purposes of this MacroPlan research, it is assumed that 22 of the completed interviews represent 85% of ADVI’s major investor members. The total
employment figures and total investment figures have been extrapolated to represent the estimated total figures for ADVI’s major investor members with the
assumption being that the 22 completed interviews are representative of this group.
Summary
In summary, those respondents who participated in the ADVI Survey (April 2018) report a high level satisfaction with ADVI and believe that ADVI works hard to
advocate and support the safe and successful introduction of automated vehicles into Australia and New Zealand.
It is important to note that while 27 members participated in the survey, 22 of these members are classified as major investors and this represents 85% of
ADVI’s major investor members. The extrapolated results contained in this report are therefore considered to be a reliable indicator of this important group of
ADVI members.

Appendix 3. Methodology for Employment
Projections
Step 1: Estimate baseline employment growth by occupation (ANZSCO 4 Digit) with jobs growth projected to be at the ABS
Census 2011-2016 Annual Average Growth Rate (%). Estimate the projected total jobs for each occupation and growth as at
2018/ 2025/ 2035 as per the implementation strategy on Page 39.
Step 2: Determine occupations likely to experience either an uplift or downgrade in employment due to AV takeup/
implementation from literature review.
Step 3: From an inspection of the occupations that will anticipated to experience either an uplift or downgrade in employment,
estimate likely extent to which employment will be impacted.
Step 4: Estimate penetration rates of AV take-up and implementation based upon assumptions provided by Haratsis on page 39
of the report.
Step 5: Find the jobs impact by taking away occupations likely to experience an uplift in employment job growth/ losses over
the respective periods 1 (2018-2025, 2026-2035, 2036-2045) from baseline employment growth by occupation found in Step 1.

Appendix 3. Methodology for Employment
Projections
Step 6: Reflect occupation employment impacts (e.g. job gains/ losses determined in Step 5) into affected industries. This is estimated by finding the
proportion of each occupation (in terms of 2016 jobs) that is located in industries identified as being “affected”. Affected industries are: Manufacturing,
Construction, Wholesale Trade, Retail Trade, Transport, Postal and Warehousing, Information Media and Telecommunications, Rental, Hiring and Real
Estate Services, Professional, Scientific and Technical Services, Administrative and Support Services, Public Administration and Safety, Education and
Training. MacroPlan assumed the use of an affected industries approach because not all industries may be impacted by CAVs.
Step 7: Calculate anticipated additions and subtractions representing job gains/ losses from each affected industry to estimate a total net gain (or loss)
for each industry. This number is assumed by MacroPlan to be the direct annual jobs gain/ loss over a certain time period.
Step 8: Add all job gains/ losses from industries to obtain a final jobs gain/ loss position.
Step 9: Obtain average annual expenses per worker from ABS Cat. 8155.0 as at FY 2015/16 for each industry. This is found by dividing Total Expenses by
employment at the end June (both in the ABS Cat. 8155.0 Datacube titled: Australian industry by division
Step 10: Multiply out the total job gains/ losses from each industry across each time period to find the total expenses generated by the implementation
and take-up of CAVs over each period.
Step 11: Divide the resulting product from step 10 by $1,000,000 and use input: output multipliers for indirect benefits including production induced and
consumption induced multipliers to determine total indirect annual jobs gain/ loss over a certain time period.
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