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Introduction: Transport sector transformation eESw
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Model coupling and scenario analysis eESw
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Modelling and 1 4 passenger transport N

passenger transport

I
scenario framework | dcimand scenarios . vehicle fleet scenarios
i quetzal_germany EuSys/AnyMOD.jl
E aggregated transport demand > energy system optimisation
i model pkm by model
T mode -
socio-technical drivetrain
storylines compositions

Avoid, Shift, Improve scenarios under analysis

Transport supply: Reference developments for drivetrains* 100% BEV
Technology mix Improve

%' o reference Ref4+Mix Ref+Improve

F S  Avoid Avoid+Mix Avoid+Improve

S € Shift Shift4+Mix Shift+Improve

- QO

= o Avoid+Shift  Avoid+Shift4+Mix Avoid+Shift+Improve

*: Take 2040 values from ,Technology Mix' scenario in Ariadne project: 30% ICEV; 14% PHEV; 56% BEV; other modes 100% direct electrification

04.05.2023 Reiner Lemoine Foundation — PhD Group 4



Transport demand model quetzal_germany eESw
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Regional coverage:
Physical mobility
Germany go (number of trips)
1
Temporal scope: o
aggregated m0b|||ty of goal k Destination choice
(length of trips)
one target year goal 1
Method: Mode choice
aggregated transport (propulsion system)
model. discrete choice non-motorized car  air  rail bus  coach

modelling I\Ioad_on/l

Transport networks = passenger kilometres

Openly available and documented on github

https://qgithub.com/marlinarnz/quetzal_germany

Arnz (2022): The demand-side mitigation gap in German
passenger transport. Eur. Transp. Res. Rev. 14, 44, DOI:
10.1186/s12544-022-00568-9
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storage + . o
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greenfield optimisation écondary onergy Synthetic fue
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MethOd. . Final demand E Passenger transportp,
techno-economic cost : private road navi a
L. R . K * public road
minimisation targeting il
100% RES Freight transport
« heavy road
+ light road
= rail
Based on open source framework by Goke (2021), AnyMOD.jl: o o
A Julia package for creating energy system models,
.22. AnyMOD,jl
https://github.com/leonardgoeke/AnyMOD.j| o006 b Sob y J

https://leonardgoeke.qgithub.io/AnyMOD.jl/stable/
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Transport demand scenario results eESw
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Avoid+Shift (56%) private_car

car_sharing
rail_long

* PT can become very attractive

« Active mobility can increase starkly

P N » Car trips can be reduced to up to

reference (100%) 40%

* Avoid measures can reduce trip
freuquency significantly (layer
thickness; numbers)

non-motorised

rail_short
air

coach
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Energy system generation capacities
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Comparison Mix scenarios:
up to 23% less capacities

Comparison Improve scenarios:
up to 8% less capacities

Cumulated: -29% capacities
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Energy system conversion capacities
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Mix scenarios: Avoid+Shift reduces
PtX capacities by 46%

Improve scenarios: shift heat supply
from heatpumps (-3%) to network
heat (+7%) = flexibility
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Energy flows without demand-side mitigation
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Scenario reference+Mix
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process heat; 77.3
space heat; 470.9

N

direct air capture; 9271 |

ﬂelectric space heating; 252.0

DH substation; 218.9

final demand; 480.7

JDH substation; 53.8

BEVs; 199.TD
==DH boiler, electric; 14.2

— pumped storage; 5.9 ~———H_2 turbines; 2.0 other transport; 11.6 —
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Energy flows with demand-side mitigation ESI.U
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Energy system cost

esuw

ENERGIE SYSTEM

Energy system cost [MEUR/a]

90.000

80.000

70.000

60.000

50.000

40.000

30.000

20.000

10.000

Energy supply cost for Germany without
transport technologies and infrastructure

reference

04.05.2023

avoid

-26%

mix

shift

avoid+shift

-29%

reference

7%

= u
=] &£
s b=
> @
©
improve

avoid+shift

wind
solar

M powerToX

M ocgt

M ccgt
engine

H bioConversion
networkHeat
miscProHeat
miscSpaceHeat

heatpump

WENDE

Avoid+Shift's additional cost of
flexibility are lower than generation
and conversion cost reduction

Improve cost -29% in the reference
case, declining gradually to -11% in
Avoid+Shift

Avoid+Shift cost -26% with a
technology mix, declining to -7%
with improved technologies
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Conclusions ESI.U
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« Transport supply-side and demand-side mitigation have similar RES
capacity and cost reduction potentials

« Cost of flexibility provision with Avoid and Shift measures is smaller than
cost savings from lower energy conversion capacities

« All strategies are radical
» Full cost analysis pending
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Research design sufficiency scenarios
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Results: Storyline outcome dimensions
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social activities in interconnected PT
local environment e Safe and
 Digitisation in work comfortable
relations and distant cycling
social contacts infrastructure
* increased public
health
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transport and
spatial planning

e private cars as
anti-status symbol
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Results: Trip frequency eESw
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Results: Trip distribution eESw
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Transport demand scenario results eESw
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Energy system results: flexibility provisioning eESw
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Energy system results: storage use ESW
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Capacity [GWh]

Energy system results: storage capacities ESW
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Appendix: Background eESw
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Appendix: Transport demand simulation eESw
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Hierarchical decision making; rational choice

Physical mobility
go (number of trips)
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Destination choice

goal k .
(length of trips)

goal 1

Mode choice
(propulsion system)

non-motorized car air rail bus coach
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Appendix: quetzal_germany structure
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Appendix: quetzal_germany structure (disagg.)
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. Road network data (OSM) _ i
; PT network data (gtfs.de) : p N
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\ 4
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choice parameters Trip frequency Inner-zonal pkm,
porbabilities by Aggregated transport and emissions
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