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« Key messages from the latest IPCC 6th Assessment report
« Major uncertainties in long-term projections
« Two big research questions in improving demand estimates

« Other research projects in our Transport and Energy System TES group

Sonia Yeh, Chalmers University of Technology, Sweden



a. Global GHG emissions
80

70

60

Overall messages —
Emissions and
temperaturerise

T
>
o
w

S

O
=4

e
a
c

=}
wv

a2
£
%)

C)

jm )

G]

Projected global GHG emissions
from NDCs announced prior to
COP26 would make it likley that

o o iemente ol warmng will exceed 1.5C and also
Lirit warming to 2°C (>67%) o rturn warning o make it harder after 2030 to

1.5°C (>50%) after a high overshoot, NDCs until 2030

Limitwaming 0 2°C (-67%) mitigate warming to below 2C

Limit warming to 1.5°C (>50%) with no or limited overshoot

2010 2015 2020 2025 2030 2035 2040 2045 2050

Modelled pathways:

i1 Past GHG emissions and uncertainty for 2015 and 2019
(dot indicates the median)




Demand-side mitigation can be achieved through changes in socio-cultural factors, infrastructure

aesign and us dend

, and end-use technology adoption by 2050.

a. Nutrition

b. Manufactured products, mobility, shelter
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Snmﬁﬁ:,’fé Nutrition Manufactured products  Mobility

M Socio-cultural factors

Dietary shift (shifting to balanced,
sustainable healthy diets),
avoidance of food waste

and over-consumption

M Infrastructure use

Choice architecture’ and
information to guide dietary
choices; financial incentives;
‘waste management;
recycling infrastructure

End-use technology adoption

Currently estimates are not
available (for lab-based meat and
similar options — no quantitative
literature available, overall potential
considered in socio-cultural factors)

AFOLU

B Direct reduction of food
related emissions, excluding
reforestation of freed up land

M Socio-cultural factors

Shift in demand towards Teleworking or
sustainable consumption, telecommuting; active
such as intensive use mobility through

of longer-lived walking and cycling
repairable products

W Infrastructure use

Networks established Public transport; shared

for recycling, repurposing,  mobility; compact cities;

remanufacturing and spatial planning
reuse of metals, plastics

and glass; labelling low

emissions materials

and products

End-use technology adoption

Green procurement to Electric vehicles;
access material-efficient shift to more
products and services; efficient vehicles

access to energy-efficient
and CO; neutral materials

Total emissions 2050: Mean  ---- IEA-STEPS

Total emissions 2050 ]
I socio-cultural factors
I infrastructure use

End-use technology
adoption

" The presentation of cheices to consumers, and the impact of that presentation on consumer decision-making.

ZLoad management refers to demand-side flexibility that cuts across all sectors and can be achieved through incentive design like time of use pricing/menitoring

by artificial intelligence, diversification of storage facilities, etc.

IThe impact of demand-side mitigation on electricity sector emissions depends on the baseline carbon intensity of electricity supply, which is scenario dependent.

Social practices resulting
in energy saving; lifestyle
and behavioural changes

Compact cities;
rationalisation of living
floor space; architectural
design; urban planning
(e.g., green roof, cool
roof, urban green
spaces etc.)

Energy efficient
building envelopes
and appliances;
shift to renewables

— IP_ModAct

Emissions that cannot be

avoided or reduced through

demand-side options are
assumed to be addressed
by supply-side options

. Electricity: indicative impacts
of change in service demand
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Electricity

W Additional electrification (+60%)

Ad al emissions from increased
electricity generation to enable the
end-use sectors’ substitution of electricity
for fossil fuels, e.g. via heat pumps and
electric cars {Table SM5.3; 6.6}

Industry
Land transport Demand-side
measures
W Buildings 739%

M Load management?

Reduced emissions through demand-side
mitigation options (in end-use sectors:
buildings, industry and land transport)
which has potential to reduce

electricity demand?

I Add. electrification
Industry
Land transport
I Buildings
I 1.0ad management

ipgc

Land transport
Mobility
Socio-culturalfactors

Teleworking or
telecommuting; active
mobility through
walking and cycling

Infrastructure use

Public transport; shared
mobility; compact cities;
spatial planning

End-use technology adoption

Electric vehicles;
shift to more
efficient vehicles
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Many options available now in all sectors are estimated to offer substantial potential to reduce
net emissions by 2030. Relative potentials and costs will vary across countries and in the longer I DCC -
term compared to 2030. S

Energy

AFOLU

Buildings

Mitigation options

Wind energy

Solar energy

Bioelectricity

Hydropower

Geothermal energy

Nuclear energy

(Carbon capture and storage (CCS)
Bioelectricity with CCS

Reduce CH, emission from coal mining
Reduce CH. emission from oil and gas

Carbon sequestration in agriculture

Reduce CH. and N:0 emission in agriculture
Reduced conversion of forests and other ecosystems
Ecosystem restoration, afforestation, reforestation
Improved sustainable forest management

Reduce food loss and food waste

Shift to balanced, sustainable healthy diets

[ Avoid demand for energy services

Efficient lighting, appliances and equipment
Mew buildings with high energy performance
Onsite renewable production and use
Improvement of existing building stock

| Enhanced use of wood products

Potential contribution to net emission reduction (2030) GICO.-eq yr'
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Transport

Fuel efficient light duty vehicles
Electric light duty vehicles

Shift to public transportation

Shift to bikes and e-bikes

Fuel efficient heavy duty vehicles
Electric heavy duty vehicles, incl. buses
Shipping - efficiency and optimization
Aviation — energy efficiency

Biofuels

Industry

Other

Energy efficiency

Material efficiency

Enhanced recycling

Fuel switching (electr, nat. gas, bio-energy, Hz)
Feedstock decarbenisation, process change
Carbon capture with utilisation (CCU) and CCS
Cementitious material substitution

Reduction of non-C0; emissions.

Reduce emission of fluorinated gas
Reduce CH, emissions from solid waste
Reduce CH. emissians from wastewater

GICOs-eq yr

Net lifetime cost of options:

B Costs are lower than the reference
0-20 (USD tC0O;-eq’)

I 20-50 (USD tC0,-eq")

I 50100 (USD tCO-eq”)

I 100-200 (USD tCO-eq")
Cost not allocated due to high
variability or lack of data

——— Uncertainty range applies to
the total potential contribution
to emission reduction. The
individual cost ranges are also
associated with uncertainty
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Transport

Fuel efficient light duty vehicles
Electric light duty vehicles

Shift to public transportation

Shift to bikes and e-bikes

Fuel efficient heavy duty vehicles
Electric heavy duty vehicles, incl. buses
Shipping — efficiency and optimization
Aviation — energy efficiency

Biofuels




C.12 Mitigation options costing USD100tCO.e or less could
reduce global GHG emissions by at least half the 2019 level by
2030 (high confidence).

Latest Carbon Prices

Q. Why has transport emissions
CarbonCredits.com Carbon Prices Continued tO increase given the
Compliance Markets observed carbon prices?

European Union » Transport emissions are often exempted from
California carbon markets

Australia (AUD)

* Raising fuel prices are nearly impossible

New Zealand (NZD) politically

South Korea

« Consumers are price inelastic toward fuel prices
Voluntary Markets

Aviation Industry Carbon Offset * Ene rgy effICIenCy paradox

Nature Based Carbon Offset

Tech Based Carbon Offset



https://carboncredits.com/?gclid=Cj0KCQjw37iTBhCWARIsACBt1IzGN9RSgMFrz6XVkRYTyobIHF4yuo9bo4EpChZZJLN9pQEnnJQifGwaAuuTEALw_wcB

Three lllustrative mitigation pathways

CHALMERS

for the Transport sector

a) CO; Emissions from Transport . b) 1.5 5P

2040 2050 2060 8 2020 2030 ) 2060 2070 2080 2100

c)1.5Ren d) 15 LD

Fossil
- Biofual
- Hydre

© Eleciricly

2020 2030 2040 2050 2060 0 0 0 2090 2100
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Sonia Yeh, Chalmers University of Technology, Sweden



Temporal

Behavioral change

Data: new mobility patterns,
technological change

Models: mode choice

Individual trajectories

Data: individual location and trips,

and travel mode
Models: agent-based

Migration and population
change

Data: population growth, socio-
demographic change

Models: urban and infrastructure

Population trajectories

Data: origin-destination matrices,
population flows, mode share

Models: traffic, accessibility

Nested nature of activities and modelling across spatiotemporal scales

Energy transitions

Data: total PKT and energy use by
mode, fuels and technology, CO2

Models: integrated assessment

Long distance travel

Data: air and rail trips, and their
distances

Models: network analysis, disease
transmission a_
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Spatial

individual country

Sonia Yeh, Chalmers University of Technology, Sweden




Three building blocks for modelling

the future of transport

Transitions

Transport systems play a critical

role in achieving a sustainable

future

»Several emerging trends mayleadto a
transition in transportsustainability

But the future is highly uncertain,
depending on the development of
demand, consumer choice and
technology

Sonia Yeh, Chamers University of Technology, Sweden

Policies can create the
conditions that favor these
transitions

*Must be carefully designed with a good

understanding ofthe drivers of
behaviors

*New trends and disruptive innovation
bring opportunities and challenges

Data

is the new oil

New research frontier: Big Data,
Machine learning and Al

*Many challengesin using Big Data
effectively

*But, the potentials for drastically
improving understanding and
managementoffuture systems are
limitless!



Vehicle cost

Fuel cost
Refueling station
availability

Range Anxiety cost
Model availability

New technology risk
premium

Towing capability
Supply chain logistics
Willingness to pay

10



Barriers translate to real and
perceived costs for consumers
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Urbanf
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50000
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Model Availability cost 10000

. . 30000
Risk Premium
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Major Uncertainty Il technology/
behavioral transitions (2010-2020)

Simplified car ownership ( ) Audiunite BMWi. &
1. Electric vehicles, trucks, ships, airplanes Peer transport services / @ o
* Emissions, efficiency benefits Carsharing () -sunfiostar
Extended multimodal planner | i GO ®¥moovit
 Range, cost concerns
Combined mobility services ( | UbiGo MaaSfi
Integrated public transport ()« @ Hamo Helshki Mobilty gmj)e

2. Mobility as a service (MaaS)
* Car/ride/bike/scooter sharing

Mobility Broker | ) DenCity
3. Autonomous vehicles
* Safety, traffic benefits
* Unknown impact on total travel demand
* The end of private vehicles?
* More parking space?
e Shared or not shared?




Major Uncertainty Il: technology/
behavioral transitions (2020-)

1. Electric vehicles, trucks, ships, airplanes

Industry
* Emissions, efficiency benefits
* Range, cost concerns
2. Mobility as a service (MaaS$) Policy

» Car/ride/bike/scooter sharing

3. Autonomous vehicles
* Safety, traffic benefits
* Unknown impact on total travel demand Consumer
* The end of private vehicles?
* More parking space?
e Shared or not shared?

4. Artificial intelligence (Al)

 Efficiency, new usages, new technology /service




Major Uncertainty Ill.: Demand growth

- Huge uncertainty about China:
China’s LDV stock
- Willthere be 90 million cars or 500

a) World
mil I I IoNn cars in C h Ina by 2 O 5 0 ') 2% 208 24 IAM/sectoral scenarios Illustrative pathway
B 1AM C1:1.5°C lo 0S + 2.0-GS
B3 1AM C2: 1.5°C hi 0S x 15-Ren
3 3 1AM C3: likely 2°C « ModAct
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The variations in the base years are just as large as
the projected change in 40 years from a single model, and
the range of variations in the future projections among models
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Two big research questions in
Improving demand estimates:

How much will we travel How much do we travel
in 30-50 years, globally? today, globally?

Sonia Yeh, Chalmers University of Technology, Sweden



e Sound simple

The basis of any relevant disciplines: transport planning, infectious
disease, infrastrcture development, energy supply, and climate mitigation
policies.

 Are challenging and ambious

Sonia Yeh, Chalmers University of Technology, Sweden



Existing gaps

* Insufficient avaiable to comprehensively characterstise today’s global
travel demand consistently across global regions; and
simulate individual mobility patterns based on unconventional data sources

* Insufficient to extrapolate today’s global demand to the next 30 years.
estimate the travel demand at the macro level, aggregating individual trips to the population
level.

* Research innovation is needed to understand the future of travel demands by
bringing together mobility research at various scales.

Sonia Yeh, Chalmers University of Technology, Sweden



Advances in Transport Modeling

Understand how we move from today to the future Making projections is

Describing, predicting and simulating emerging trends and patterns hard!
of mobility at various scales: city, region, country and global. ara:

Prescribing solutionsis

Identify effective policy solutions to get us from
even harder!!

where we are today to where we want to be in the

future
Developing quantitative tools to evaluate policy options that
support energy transitions

Sonia Yeh, Chalmers University of Technology, Sweden 20
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Overall messages - Policies

« There has been a consistent expansion of policies and laws addressing
mitigation since ARb.

« At least 18 countries have sustained production-based GHG and consumption-
based CO2 emission reductions for longer than 10 years.

Reductionswere linked to energy supply decarbonisation, energy efficiency gains, and energy
demandreduction, which resulted from both policiesand changes in economic structure.

Sonia Yeh, Chalmers University of Technology, Sweden
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Ongoing research projects in our
Transport and Energy System TES group

* H2020 STORM: modeling 100% electrification
infrastrcture for long-haul trucks

* Synthetic truck tours

Sonia Yeh, Chalmers University of Technology, Sweden
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Ongoing research projects in our
Transport and Energy System TES group

Sonia Yeh, Chalmers University of Technology, Sweden

* H2020 STORM: modeling 100% electrification
infrastrcture for long-haul trucks

* Synthetic truck tours

aaaaa
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Ongoing research projects in our
Transport and Energy System TES group

* H2020 STORM: modeling 100% electrification
infrastrcture for long-haul trucks
* Synthetic truck tours

* Impacts on the grid
N N
Locations of break areas Locations of rest areas for

for long-haul trucks A long-haul trucks A
Break areas Rest areas
Sum of long-haul trucks Sum of long-haul trucks

1158 11

159 a7-502
. so3 W 176 - 1106
. 1007226 . 57 2425
- -

0 380 760

0 380 760

Break locations (45 min parking) and rest locations
(9 hours) aggregated to 25*25 km squares 24

Sonia Yeh, Chalmers University of Technology, Sweden



Ongoing research projects in our
Transport and Energy System TES group

* H2020 STORM: modeling 100% electrification
infrastrcture for long-haul trucks

» Synthetic Sweden Mobility (SysMo) model
* Synthetic truck tours

* Agent-based modeling

* Impacts on the grid
) TEERET A

Rest areas
Sum of long-haul trucks
158

TS
¥zfgEra=
-

0 380 760

0 380 760

Break locations (45 min parking) and rest locations
(9 hours) aggregated to 25*25 km squares 25

Sonia Yeh, Chalmers University of Technology, Sweden



Ongoing research projects in our
Transport and Energy System TES group

» Synthetic Sweden Mobility (SysMo) model

* Agent-based modeling

» Follow the parking!

Work parkin-charing (intermediate)

Parked cars for Work (need charging): hour of day -

Other parkin-charing (fast)

Parked cars for Other (need charging): hour of day - 0

Sonia Yeh, Chalmers University of Technology, Sweden

* H2020 STORM: modeling 100% electrification

infrastrcture for long-haul trucks
* Synthetic truck tours

* Impacts on the grid

Locations of break areas N N

Locations of rest areas for
for long-haul trucks A long-haul trucks .

Break areas Rest areas
Sum of long-haul trucks A Sum of long-haul trucks

1-1% SAT P Loy -158

158- 502 s 47-502
. 503 - 1106 176 - 1106
. 11072426 I s67 - 2026
- -

Break locations (45 min parking) and rest locations
(9 hours) aggregated to 25*25 km squares 26






