SINTEF

~
= 4
. a
P )
-
N
el S, N
e = <
% — —
S - 5. -

o

“Holistisk Design og Analyse av Transportsystems

i

Vibeke Steerkebye Ngrstebg




* Assess, design and optimise overall
technology choices and sizing of
infrastructure, energy storage and
powertrain systems.

Hz Energy
storage

Infra- Environm e, -
structure assessm )

Innovation X
l Powertrain ‘

————

-> Technical characteristics and information as
input (energy technology, infrastrucutre)

case studies

-> Combined with environmental and social
assessment
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;* Research challenges, and results

* Lacking overall assessment to identify and plan in an optimal way use
and combination of electric and hydrogen-based technologies

-> Characteristics of energy and power use in heavy vehicles,
railways, coastal line vessels and ferries, and short-haul flights.

-> Optimization models for guiding technology choice, sizing and
operation of zero-emission infrastructure, storage and powertrain for
high energy demand.

-> ...based on relevant and real data from the industry, and
laboratory work

-> Indicators on relationship of costs and energy/power rating needs



(% Typical methodologies

Performance curves and data analyses based on performance
descriptions and data from technology providers and experts,
laboratory works and literature review

e different batteries, fuel-cells, hydrogen storages, chargers, etc.
Load profiles with suitable time and space aggregation
Optimization models for design and operation of vehicle/vessel
and infrastructure

* Analyses of business models

Learning curves for new technologies
Scenario and feasibility studies

Socio economic studies and ripple effects
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i‘?; System perspective
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System perspective
* Infrastructure
 Location
« Technology and sectors and sector coupling

« Complexity
-> Mathematical models for decision support

% ﬁﬁg\ \ Electric
%/ == charging
Renewable || || N\ ccmmm e e e mmmeemmeeemmmmmemmmm——————-
electricity Y )
s Oz OO© @. g
% ' =" _ Fuelling of
) D = hydrogen
1]

Production Transport Fueling stations
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https://www.smart2zero.com/news/battery-or-fuel-cell-researchers-calculate-infrastructure-costs

(% Potential wider impact

Roadmap for technology transition towards fossil-free high energy
demand transportation showing specific technology and
economic consequences for different sectors

Opening for new possibilities and changes in behaviour due to
better infrastructure and technology development
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Drivetrain system design tool

« System concept design — hydrogen/battery
hybrid
(application, infrastructure, outer
boundaries)

* Defined routes/time tables and load
profiles
(ship, truck, bus, plane, ...)

« Optimise dimensions of system
components for lowest total cost of
ownership




Model for cost-minimal design and operation

Design Platform

Decomposition PEMFC

P P Hybrldlzatlon Performance
& Lifetime Predictions
- ¥ e
dh

Optimization Platform Design Platform

Time=t+dt Time=t HYOPT

External

Mechanical Degradation - Strategic Period i
Power Out Mode! Mechanica -
Power Out .
Motor -
y Motor
Update ?a 6

Power Elec.
Update Degradation Power Elec.

PEMFC BAT Bat

Update

PEMFC BAT

Current / A - cm?

H2 Elect.
In In

+ Objective: Min. cost over whole horizon
= Calculates: Energy prod., storage, flow
= Tracks: Cost and KPIs

* Updates: Stored capacity, degradation
* Requirements: Must be linear in all var.

H2  Elect.
In In

* Objective: Min. cost over strat. intervals
+ Calculates: Energy prod., storage, flow

« Tracks: Cost and KPls

* Updates: Stored capacity, degradation

- Requirements: Can be non-linear

Ship Specs &
Power Profile

Optimized

Hybridization &
System Sizing
S|9POIN
uonepeibag

79 9ouUeWIoNad

Decomp

Optimization Platform

* Objective: Simulate performance
and lifetime under various loads
* Inputs: System size, profile, BoL
PEMFC Properties

+ Outputs: Voltage, Therm. & Elec.
Power, Temperature, SoH

+ Objective: Simulate performance and

lifetime under various loads

* Inputs: System size, profile, BoL

Battery Properties

* Outputs: Voltage, Therm. & Elec.

Power, Temperature, Capacity, SoH
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Model for cost-minimal design and operation

> o

* Rekkevidde elbil = -

Trondheimsfjorden

Strindfjorden

— 0-10
— 10-20
20-30
30 - 40
40 - 50
50 - 60
60-70
70-80
~— BO-90
— 90-100

www.adressa.no
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~** Eksempel: Drivstofforbruk for en rute

Forbruk langs rute: el vs. Hydrogen-hybrid

150 20
< B
= 15 X,
o 10 c « Elbil vil kreve to ladinger
E - for & fullfare ruten:
I o X Betydelig tidsforbruk
= Strekning =
3 =3

mm Hydrogentank —Batteri elbil ——Batteri hybrid

Eksempel: Fordeling av effekt ved hydrogenbil

Effekt langs ruten

%P’\r\fm—:\_\/\ )\/\’\/V\/\'\ -
. Y Y Ndhveertyrf Y Vo7 Vi beay/

Effekt [kW]

' R ARV

Tidsperioder

—+—Regen =e—=Brenselcelle til last =e=Brenselcelle til batteri Batteri til last
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Rammeverk for analyser

« Kobling av energimodul fra transportmodell og optimeringsmodell

« Optimeringsmodell dimensjonerer fremdriftssystem/energisystem (strategisk

planlegging), og simulerer driften (operativ planlegging)

Input bil:
Vekt,
motoreffekt,
virkningsgrad
motor, rulle- og l Otput
luftmotstand, energimodul:
fronareal . Effekt som
Energimodul o T (©
g
tilbys) i hver
tidsenhet
Dnsket rute

Rekkeviddeanalyse

CAPEX: Investeringskostnad
OPEX: Driftskostnad

Input infrastruktur:
Kostnader (CAPEX,
OPEX),
kapasitetsbegrensninger,
virkningsgrader
brenselcelle og batteri

\J

Optimeringsmodell

A

Input
drivstoff:
Kostnader
per enhet
som fylles

Output
optimering:

Kostnadsanalyse

og optimal

hybridiseringsgrad
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Hydrogen tanks Hydrogen tanks

Fuel cells

Hydrogen powered — Zero emission

Propellers

Main switchboard




Driftsmgnster - eksempel

855 Garten - Storfosna Operatar: Fosenlinjen AS
Fra Garten Fra Storfosna
man-tors | fredag | lerdag | sendag man-tors | fredag | lerdag | sendag
Operational periods On-off profiles | ™5700 | 6700 | 0700 | 0700 0625 | 0625 | C0640 | €060
strat per Rl oper per M duration [t.u.] [ tot dur [t.u.] M description Rl at quay 1 B at quay ARG 0725 | 0725 | A07.30 | A07.30
1 1 900 900 pause TRUE FALSI 09.00 | 0900 | 0840 | 08.40 08.30 08.30 | AD8.20 | A08.20
1 2 30 930 klargjgring, frakobling FALSE FALSI 10.00 1000 | 09.20 | 09.20 09.30 09.30 | 09.00 | 09.00
1 3 45 975 mangvrering ut fra kai FALSE FALSI 11.00 11.00 1030 10.30
1 4 135 1110 akselerasjon FALSE FALSI 12.00 1200 | 12.00 12.00 11.30 11.30 11.40 11.40
1 5 3240 4350 overfart FALSE FALS | 1200 | 13.00 1220 | 1220 | 1220 | 1220
1 6 120 4470  deakselerasjon FALSE FALSI |40 | 1400 1500 1330 | 13.30
— 14.50 1450 | 1520 14.20 14.20
1 7 60 4530 mangvrering inn til kai FALSE FALSI Iy o1 Te00 | 1600 =10 t30 | o
1 8 30 4560 tilkobling osv FALSE FALSE ™0 T 17,00 P T on -
1 9 300 4860 lossing og lasting FALSE TRUE 18.00 18.00 18.00 1730 1730 17.30
1 10 540 5400 pause FALSE TRUE 19.00 | 19.00 18.30 1830 | 18.30
1 11 30 5430 klargjgring, frakohbling FALSE FALSI 20.00 20.00 19.40 1930 | 19.30
1 12 45 5475 mangvrering ut fra kai FALSE FALSI 21.00 21.00 21.00 2030 2040 | A20.30 | 2040
1 13 135 5610 akselerasjon FALSE EALSI A2200 | A22.00 | A22.00 | A22.00 A21.30 A21.30 21.30
1 14 3240 8850 overfart FALSE FALSH | A240 | A2.40 A220 | A2220
1 15 120 8970 dea I(selerasjon FALSE FALSE  Aturenma bestilles 1 time fer avgang Aturen ma bestilles 1time fer avgang
1 16 60 9030 mangvrering inn til kai FALSE FALSI ‘;‘l;'_f;;’y‘;jﬁj‘;ﬂ:gj 2";‘;‘5'{‘}' 21.00 dagen for ‘i;ﬂﬂ;;j?‘j;‘jﬂ;j ‘;‘g;“ogz‘-"o dagen for
1 17 30 9060 tilkobling osv FALSE FALSI
1 18 300 9360 lossing og lasting TRUE FALSE FALSE
1 19 9540 18900 pause with H2 fill TRUE FALSE TRUE
1 20 30 18930 klargjgring, frakobling FALSE FALSE FALSE
1 —————————————————— — —————— — —— ]
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battery level [MWAh]

Eksempel: Hybrid O-utslippsferje
- Driftsprofil batteri og hydrogenlager over dggnets 24 timer

Storage levels for strategic period 1
400

N
o

350 — Battery on Board
2 300 - | [P Ioad [MW]
o)
15 250 5 Battery at Quay 1
o
200 §ﬁ ——Hydrogen Storage on Board
\ 150 9
g Battery at Quay 2
3~ 100 <
, Hydrogen Storage at Quay 1
A il s0
0 -
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Krafttilgang elektrolyse

operational time

Landligge natt

Effekt [MW]

Eksempel:
Krafttilgang og forbruk til elektrolyse AR RIS e

33137141145149153157161165

Tid [timer]

—Fra vind —Fra nettet -Vindkraft tilgjengelig = -Kapasitet elektrolysgr



Nullutslipps-ferje -> Hva gir lavest kostnad?
» Eksempelsamband

Batteri- | Brensel- | Hydrogen | Infrastruktur- | Investering | Driftskostnad | qfeitz1/¢elsiigk=le
starrelse celle, -tank, kostnad per dag, over 10 ar
[kKWh] [KW] [kg] [MNOK] [MNOK] [NOK] [MNOK]
Hybrid 7,6

200 180 80 1,8 : 3200 15,5
m/lading pa @
begge kaier

H, M/egen- 170 200 95 2,1 8 3600
produksjon,

ingen

lading

H, tilkjart* 60 260 91 0 6 6000
ingen

lading

(nattfylling)

Kun batteri, 1000 0 0 3,5 14 1800
lading pa

én kai
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Global Value Chain analysis

Aim: Explore global effects through international trade

Research Questions

« What are global societal and environmental effects? o

« What are the economic effects on upstream value chains? ‘ @ o

* Which industries/countries are most effected by a sustainable & 'of
transition?

Austrata

United

States Thailard / \
Argenting Israel () China
Methodology = :
* Analysis of bilateral trade at the product level

« Combine Input-output (I0) modelling with bilateral trade data R

ReSU ItS ::'!‘ng\'o'v;&"ﬂ China

o EnVlronmentaI |mpaCtS by Industry and |n Other Countrles’ e.g. https://www.worldbank.org/en/topic/trade/publication/book-making-global-value-chains-work-for-development
emissions, material use

» Detailed data on raw material extraction and trade of raw and

Micro to macro to global

procgs_sec_l materials _ $$$ Aggregation of effects across technologies, industries,
* ldentification of changing trade patterns . countries for a full assessment of complementary and
- Distribution of employment opportunities around the world ~ §¥§¥ conflicting sustainability effects of technological change.
Examples References
- New battery technology - Renewable energy technology diffusion
- Hydrogen fuel - Aglobal circular economy scenario
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https://www.worldbank.org/en/topic/trade/publication/book-making-global-value-chains-work-for-development
https://sintef.sharepoint.com/teams/work-1207/Shared%20Documents/Scientific%20Expertise%20One%20Pagers/Literature/Wiebe%20-%202016.pdf
https://sintef.sharepoint.com/teams/work-1207/Shared%20Documents/Scientific%20Expertise%20One%20Pagers/Literature/Wiebe_et_al_2019_acs.est.9b01208.pdf

