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What are connected and autonomous

vehicles?

INTERNATIONAL.

What does the
human in the
driver’s seat
have to do?

Base case

What do these
features do?

Example
Features

SAE J3016™ LEVELS OF DRIVING AUTOMATION™

Learn more here: sae.org/standards/content/j3016 202104

SAE SAE
LEVEL O™} LEVELT" | LEVEL 2"

SAE

You are driving whenever these driver support features
are engaged - even if your feet are off the pedals and

you are not steering

You must constantly supervise these support features;
you must steer, brake or accelerate as needed to

maintain safety

These are driver support features

These features
are limited
to providing

warnings and
momentary

assistance

*automatic
emergency
braking

+blind spot
warning

+lane departure
warning
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These features
provide
steering

OR brake/
acceleration
support to
the driver

*lane centering
aR

+adaptive cruise
control

These features
provide
steering

AND brake/
acceleration
support to
the driver

*lane centering
AND

+adaptive cruise
control at the
same time

SAE
LEVEL 4~

SAE SAE
LEVEL 3" LEVEL 5~

You are not driving when these automated driving
features are engaged - even if you are seated in
“the driver’s seat”

These automated driving features
will not require you to take
over driving

When the feature
requests,

you must drive

These are automated driving features

This feature
can drive the
vehicle under
all conditions

These features can drive the vehicle
under limited conditions and will
not operate unless all required
conditions are met

*5dame as
level 4,
but feature
can drive
everywhere
inall
conditions

*traffic jam «local driverless
chauffeur taxi

«pedals/
steering
wheel may or
may not be
installed

Project case



Not your typical CBA?

- No specific policy change or investment envisaged

- Technological changes to allow CAVs predominantly occur overseas

- Aiming to understand what society can expect such a change to deliver
« How welcoming should we be of such a change?

- No formal discounted cash flow analysis
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Baseline without CAVs ) CIE

Overall projections of road transport
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Overall projections of speed
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Uptake scenarios

ESA

Date of
Introduction

“Level -

Date of
introduction
oL .

u%

Uptake speed

i

Market
saturation rate

I
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Scenario 1:
Barriers to broad
adoption

AN

2031

Scenario 2:
Technological
catch-up

Scenario 3:
Society
embraces AVs
O AT
T AN

- 7




Scenarios for uptake

Projections of CAVs as a share of fleet under alternative BITRE scenarios

= Base case = Barriers to broad adoption
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« Scenarios are not endogenous to costs and benefits
* in reality uptake, costs and benefits are linked
 technology with higher benefits/lower costs is taken up more quickly
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Types of costs and benefits

CAV uptake and
capability

ACCIDENTS

v ROAD T
CAPACITY |
WASTED |

DRIVER TIME ¢

l ROAD

Direct transport impacts
TRANSPORT
COST

Poople and businesses respond to CAVS Government /road s::]:::e‘;'schanges in response
DROP AND FLEETS AND LESS ROAD SPENDING LESS CAR
RETURN ROBO TAXIS OR BETTER SERVICE PARKING
STANDARDS
INCREASED ROAD
ROAD USE ROAD PRICING REGULATIONS
Economy-wide impacts Social impacts
JOBS SHIFT HIGHER
FROM DRIVING PRODUCTIVITY INCREASED JOB
TO OTHER AND INCOMES MOBILITY DISRUPTION
ACTIVITIES
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Transport cost impacts

&

Travel time cost reduction for level 4/5 automation.

» Near full reduction for commercial passenger and freight
vehicles as driver no longer required

* For private and commercial which still require someone in the
car, cost of travel time is likely to partially reduce

* Value of time uncertain

Vehicle operating costs reduce

e Convoy drivin
ey y driving

« Smoother driving
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Transport cost impacts

Reduction in value of driver time for CAVs compared to non-CAVs

Per cent Per cent Per cent
Private vehicles 20 35 40
Business cars 22 26 46
Light commercial vehicles 12 21 24
Freight vehicles 63 95 100
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Transport cost impacts

oio

Reduction in fuel consumption for CAVs compared to non-CAVs

Per cent Per cent Per cent
T I I
Capital cities
Base case Regional 0 -5 -10

Long distance

P . Capital cities
roJeCt case Regional -7.5 -17.5 -27.5
Long distance -5 -10 -20

Significant network effects
Driver
outcomes

Penetration
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- Fuel saved through

 Platooning
Speed regulation technologies

Platooning




Road capacity impacts

- Road capacity will increase when CAVs are at full adoption
* Travelling with smaller headways
» Faster response times
- Conflicting evidence
« Some studies found capacity will immediately increase

« Others found it needed a significant uptake (~>40%), and may
initially decrease at low levels of CAV penetration

Headway

=

=

Non-CAV CAV
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Change in road capacity from zero N CIE
penetration by behaviour

m Motorway ® Multi-lane link Single-lane link ® Roundabout m Signalised Intersection
80%
=
e 40% —
Q.
O
O
P
o
s 0%
o Lo
-40%
25% 50% 75% 100% | 25% 50% 75% 100% | 25% 50% 75% 100%
Cautious Default legacy fleet Assertive
Penetration
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Capacity change
PCU factors (Capacity change %) for AV-classes on different roadway types

Motorway 1.20 (-17%) 0.77 (+30%) 0.73 (+37%)
Arterial 1.26 (=21%) 0.81 (+23%) 0.76 (+32%)
Urban Street N/A 1.32 (-24%) 0.85 (+18%)

Change in capacity and PCU factors for urban road network

; PCU f CAV .
Market Penetration (a‘;?l"g?]%g_CAvss) Capacity change

0% 1.00 +0%
10% 0.98 +2%
20% 0.96 +4%
30% 0.94 +6%
40% 0.92 +8%
50% 0.90 +11%
60% 0.89 +13%
70% 0.87 +15%
80% 0.85 +18%
90% 0.83 +21%
100% 0.81 +24%
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Valuing Road capacity impacts w

- Value congestion cost using marginal costs of congestion

If a kilometre of car travel is avoided, how much benefit is there to other road
users?

- We use BTRE modelling of the cost of congestion: captures time delay costs,
changes to vehicle operating costs, changes to travel time reliability and
changes to air pollution

- E.g. if a CAV uses only 80 per cent of the road capacity of a standard car, then it avoids
0.2 standard cars for each kilometre driven. We then apply a benefit based on 0.2
multiplied by the kilometres driven multiplied by the marginal cost of congestion.

Marginal congestion costs

$/PCU km $/PCU km
Sydney 0.44 0.61
Melbourne 0.41 0.55

Brisbane 0.51 0.73
Adelaide 0.37 0.50
Perth 0.45 0.70
Hobart 0.13 0.16
Darwin 0.09 0.12
Canberra 0.16 0.22
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Road capacity impacts
Capacity benefits without additional traffic

e |nitially worse and then better =20 per cent less capacity use per vehicle
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Dwarfs impacts of infrastructure investment aimed at increasing
road capacity
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Overall costs of crashes

Fatal crashes per one million VKT for cars and trucks by region
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Overall costs of crashes

» Estimated cost of crash using OBPR value of statistical life

Total annual crash by methodology

H Fatal crash Hospitalised injury crash ® Minor and property crash
14
12
10
5
2 8
Py
€
# 6
o
o
4
2 1
0
HC WTP OBPR WTP ATAP
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Safety impacts of CAVs
N R

Level 1/2 Level 4/5 Level 1/2 Level 4/5 Level 1/2 Level 4/5
automation automation automation automation automation automation

Per cent Per cent Per cent Per cent Per cent Per cent

Capital city

Regional 28 48 34 71 39 93
Long distance -93
_____

Capital city -93
Regional 32 48 37 71 42 -93
Long distance -32 -48 -37 -71 -42 -93

- Reduction in crashes for low level automation is based on studies which
assessed CAV technology levels against various crash events and pre-crash
scenarios

- High levels based on the premise that if almost all crashes could be avoided,
what couldn’t the technology prevent

Technology issues such as weather, vehicle error, traffic control devices
malfunctioning

» Behavioural issues such as how other drivers respond such as
overtaking
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Safety impacts of CAVs

Road crash benefits from CAVs

12
m Fatal crash Hospitalised injury crash # Minor and property crash

10

Accident benefits ($b/year)
o

2020 2025 2030 2035 2040 2045 2050 2055 2060 2065 2070
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Avoided GHG emissions

Reductions in cost of GHG emissions associated with CAVs

0.6

H Capital city H Regional Long distance

0.5

0.4

0.3

0.2

0.1

Reduced GHG emission benefits ($b/year)

0.0 T T T T T T T T T T T 1 1 1 1 1
2020 2025 2030 2035 2040 2045 2050 2055 2060 2065 2070

Fairly small as fleet is moving to electric by the time CAV
uptake is significant
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What will it cost to enable CAVs?

» Vehicles will be more expensive

« Mix of CAPEX and OPEX

» Higher costs slow uptake
« Communications infrastructure extended

« Satellite positioning systems

* Increased cellular coverage to all paved roads
 Line markings

* Increasing coverage of markings

« Maintenance costs of pavement markings
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How might people, businesses and govt Y
respond to CAVs? Additional trips

Additional road trips and mobility

Measuring the impacts of induced traffic

Marginal private cost == e= Demand with CAVs

Demand == == Marginal social cost

g ~ Benefit to new users=A + B
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How might people, businesses and govt Y
respond to CAVs? Active transport

* We estimate the fall in active transport as a result of induced demand due to
CAVs, through:

* the number of induced vehicle kilometres
 the share of induced trips that reflect substitution from other modes, and

 the share of substitution from other modes that is from walking and cycling
respectively

* Private costs and benefits calculated applying rule of half, however this does not
include external costs and benefits

* E.g. health system costs
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How might people, businesses and govt Y
respond to CAVs? Business models

» Two trends driving new business models
* Rideshare: Mobility as a Service, e.g. Robo taxis

« Automated freight: Consolidation favours driverless small package
deliveries

» Cost savings

« Subscription models: Changes to convenience, parking requirements
at home, waiting for shared vehicles to arrive...

 Freight utilization: Increase in driving hours may shrink the truck fleet,
however may not decrease purchases
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Overall patterns of cost and benefit
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Costs and benefits from different levels of w
penetration

# Reduced congestion costs (net of new traffic) B Reduced crash costs

B Transport time benefits for people Reduced business, freight and fuel costs
120

m Benefits for new mobility and road use
100

80
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40

Net impact ($b)

20

-20

40

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
CAV penetration in 2050
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Net benefits by vehicle type

m Private cars ™ Business cars  Light commercial = Heavy commercial * Bus

Net benefits by vehicle

| |
0 200 400 600 800 1000 1200 1400 1600
Net impacts 2020 to 2070 ($b)
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Costs and benefits by scenario

4000

3500

3000
$2,726 billiongg

2500
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| $1,412 billion
1000
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Base case Broad barriers to AV adoption Society embraces AV
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Flow on impacts to economy

« Job impacts

 Displace driving jobs

* Increase accessibility to labour market
 Improved freight productivity

« CGE modelling found consumer prices would initially fall if reduced
freight costs are passed on to consumers

* Producers could see increased competitiveness in exports
« Spatial changes to cities and regions

« Reducing cost of transport is modelled to increase city size
* Mobility constrained groups will increase accessibility

« Economic and social returns for e.g. disability and elderly
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What did we learn?

» When technologically possible, CAVs deliver enormous benefits, well
above their costs

 the largest benefits will be travel cost savings, both for business
and a reduced cost of time for other travel

« significant benefits are not expected in the short to medium term
* Interventions to reduce induced traffic will mitigate costs
 such as pricing of road use in some form

 Transition can be costly and the longer the transition the more costly this
period could be
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