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Project objectives

1. Improving
performance

2. Enabling
flexibility

3. Fostering
sector coupling

22.09.22 6
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Progress
review

1 September 2022

- Main takeaways

Review panel members:

Michael Moser, SFOE
Cedric Carnal, SFOE N/
Paul Dean, Univ. College Cork

Viktoria Martin, KTH Royal
Institute of Technology

Felix Matthes, Oko-Institut S
Aurelio Fetz, Alpiq SA
Anne-Kathrin Faust, SFOE  siiees to translate results to stakeholders
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The workshop goals

1. Get to know each other — in person
2. Present

of national scenarios, hydrogen, system flexibility, and sector coupling
3. ldentify

to align project objectives, preliminary results, and current challenges
4. Translate into actions

to shape the PATHFNDR energy pathways

swe et wiss energy research
for the energy transition
HFNDR -



Introduction to
the workshop




Agenda
Day 1

sweet

PATHFNDR

N° |Topic Time Presenters
Welcome 10 13:00 |André Bardow, ETH Zurich

2 |Introduction to the workshop 10 13:10 |Lea Ruefenacht, ETH Zurich
Presentation 1: A net-zero Switzerland and the impact ) i

3 |of trade limitations 10 13:20 |Jared Garrison, ETH Zurich
Presentation 2: The potential of hydrogen as energy _ o .

4 |storage medium for the electricity sector 10 13:30 | Paolo Gabrielli, ETH Zurich
Presentation 3: Industry views and emerging conflicts _

9  laround hydrogen 10 13:40 |Jochen Markard, ZHAW
Presentation 4: Flexibility assessment of P2H2P and e- _ ) )

6 | mobility in multi-energy districts 10| IeRel Bt NeliE, Sifpe)
Presentation 5: Residential heating / cooling demand _ - .

7 and erX|b|I|ty potentlal 10 14:00 Phl”lp SChUtZ, HSLU

8 |Q&A 10 14:10 | All participants

- | Coffee break 20 14:20 |All participants

9 [Poster pitches (2 minutes each) 50 14:40 |Researchers

10 Poster exhibition 70 15:30 | All participants
Poster exhibition + Coffee break 40 16:00 |All participants

11 |[World Café session (round 1) 30 16:40 |All participants divided into groups

12 |World Café session (round 2) 30 17:10 | All participants divided into groups

13 |Presentation of World Café dicussions 40 17:40 |Group representatives

14 |Closing remarks 10 18:20 | Christian Schaffner. ETH Zurich

- Dinner 60-90 18:30 | All participants

22.09.22



Presentations

Goal
Present preliminary results

(as input for the World Café session)

Approach

« 5 presentations, each 10 minutes (without Q&A)

* 10 minutes Q&A (3-4 questions) at the end
presentations

* Further questions are answered during the break

and World Café session

- Presentations + Q%A : |
sweet ERE 13:20 — 14:20 (60 min) >

'I
‘in

Presentation 1
A net-zero Switzerland and the impact of trade

limitations
Presenter: Jared Garrison

Presentation 2
The potential of hydrogen as energy storage

medium for the electricity sector
Presenter: Paolo Gabrielli

Presentation 3
Industry views and emerging conflicts around

hydrogen
Presenter: Jochen Markard

Presentation 4
Flexibility assessment of P2H2P and e-mobility in

multi-energy districts
Presenter: Binod Koirala

Presentation 5
Residential heating / cooling demand and flexibility

potential
Presenter: Philipp Schiitz

22.09.22
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Poster pitches

e.g.,
# 20

Goal

Present preliminary results (as further input for the

World Café session)

Approach

« 22 poster pitches, each 2 minutes (without Q&A)

* Questions are answered during the poster
exhibition (70 minutes, with coffee break)

» Feedback/inputs/comments are written on post-

its and sticked on the poster

| Poster pitches + exhibition
Sweets i 14:40 - 16:40 (120 min) =,

sweet:

The PATHFNDR consortium

Pathways to an efficient future energy system through flexibility
and sector coupling (2021-2027)

In line with the national vision of net-zero GHG emissions

Within this future, the main goal of PATHFNDR is to develop
PATHFNDR imagines an

and analyze

Main objectives Expected outcomes

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

———

Pathwaysfor — _ © foassessn g pathays and technol ogies
Europe
Caliope

nnnnnnnnnnnnnnnnnnnnn

Pathways for =
Switzerland SRy

sssss

3

Policy Business

2021 202 2023 2024 2025 14
wP1 | | |
wp2 | |
wps |

|

WP 4 &5 (P&D)
i

wee
|wp7
wpaasl

|
|
|
| | WP 10
|
I
w10 | |

CONSORTIUM [E5%E  ACKNOWLEDGMENTS
ETHzirich @Empa - Zh e

partners

z
HHHHHHHHHH ) oy eEnive EPFL TUDelft

22.09.22

14



World Café session

Goal
|ldentify synthesis topics that PATHFNDR

will/should address

Approach

» Participants gather around a table (8 tables)

» Participants are already pre-assigned to a table
(see list)

» Each facilitator explains the question

World Café session = J

§weet 25?5;;;555[}2‘2?}{3;% 16:40 — 18:20 (100 min)

World Café table 1 & 2

Can Switzerland reach its net-zero goal with
import/export limitations?

Facilitiator(s): Jared Garrison & Stefan Pfenninger

World Café table 3 & 4
Is hydrogen a hype and is it not needed for the

energy transition in Switzerland?
Facilitiator(s): Paolo Gabrielli & Binod Koirala

World Café table 5 & 6
Are current regulations or institutional interests

preventing efficient use of flexibility?
Facilitiator(s): Adamantios Marinakis & Philipp Schiitz

World Café table 7 & 8

Will sector coupling de-stabilize the electricity
system?

Facilitiator(s): Massimo Fiorentini & Florian Baader

22.09.22



World Café session

« Participants answer “Yes” or “No” and “Why?” to
the question

» After 30 minutes (1 round), participants move to
another table for another 30 minutes (2 rounds)

* Answers/inputs/comments are written on post-its
and sticked on the board

« A group representative is selected to present the

results (in 5 minutes)

Wit
‘\

- Poster pitches + exhibition J
sweet e 14:40 — 16:40 (120 min) -

’
‘in

sweet puomes

World Café
Will sector coupling de-stabilize the electricity

system?

Table #:

22.09.22
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Additional board #1

Goal
Collect ideas/suggestions on “hot/new” development

that PATHFNDR should take into account.

Approach

« Participants suggest one or more development(s)
during the break(s)

» Suggestions (+ their names) can be written on

post-its and sticked on the board

swe etynms

PATHFNDR

sweet pumees

What “hot/new” development(s) should the
PATHFNDR scenarios take into account?

Please suggest one or more developments and add your name. We thank you!

22.09.22
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Additional board #2

Goal

Collect use cases (with data availability) that

PATHFNDR should consider.

Approach

» Participants suggest one or more use case(s)
during the break(s)

» Use cases (+ their names) can be written on

post-its and sticked on the board

swe etynms

PATHFNDR

sweet iy

PATHFNDR

What use case(s)* (with data availability) should
PATHFNDR consider?

*use cases can be cities, villages, districts, sites and networks

Please suggest one or more use cases and add your name. We thank you!

22.09.22
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Presentations



1 A net-zero Switzerland and the
impact of trade limitations

Presenter: Jared Garrison, ETH Zurich

swe et swiss energy research
for the energy transition
PATHFNDR -



Connecting models: European scope with
Swiss details

fGermany
>
C
wn
) S,
) Q
c
o
L
Italy
Euro-Calliope provides the development of the Nexus-e provides a more detailed assessment of
EU toward net-zero the Swiss electricity system
Trondle et al., Joule, 2020, 4(9) Gjorgiev et al., Applied Energy, 2022, 307

p:j = — 22.09.22 21



Explore impacts of decarbonization by 2040
under relevant policy scenarios

Reduced
market transfer
capacities

Fuels for the
CH energy Gas units
system can be allowed in CH
imported or not or not

(fuel autarky) ‘ Scenario
Factors

Free or Price for
balanced synthetic gas

annual when imported
electricity or produced in
trading CH

eeeeeeeeeeeeee

*All results shown:
* For Switzerland electricity system only

* Given Euro-Calliope’s EU & CH
transition toward net-zero
(dominated by: PV, Wind, Hydro)

22.09.22
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Under baseline conditions, net-zero transition:
Swiss consumer investments in rooftop PV

Context: Net-Zero transition in CH

« 2020 Swiss demand =60 TWh

« Euro-Calliope Electrification 2 81 TWh

« EP2050+ ZERO-Basis in 2040 = 71.5 TWh
« EP2050+ ZERO-A in 2040 = 80.1 TWh

Capacity transition in CH

* Nuclear phasedout: 3> 0.0GW
* Rooftop PV: 32> 204 GW
« Little more GasCC: 0.1 > 0.7 GW
« Little new Battery: 2> 0.2GW

Generation capacity [GW]

20

15

10

5.0

0.0

2020

Historical

Generation capacity [GW]

40

35

30

25

20

15

10

5.0

0.0

2040

Baseline
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Under baseline conditions, net-zero transition:
production shifts to PV, imports

Monthly generation [TWh]

4 5 Ménth7 8

2020 Historical

= 2020, Load (Total)

——— 2020, Load (Net)

2020, Import (Net)

2020, Load Shed

2020, Import

2020, DSM (Down)

2020, Battery (Generation)
2020, Pump (Generation)
2020, PV

2020, Wind Offshore

2020, Wind Onshore

2020, Biomass

2020, Dam

2020, Run of river

2020, Gas (simple cycle)
2020, Gas (combined cycle)-CCS
2020, Gas (combined cycle)
2020, Oil

2020, Coal

2020, Lignite

2020, Nuclear

2020, Export

2020, DSM (Up)

2020, Battery (Load)

2020. Pumn (1 oad)

Monthly generation [TWh]

ES

N

N

-4

1 2 3 4 5 fonth 8 9 10 11 12

2040 Baseline

* Removal of 24 TWh of Nucl > 17.5 TWh of PV (+15), 4 TWh of KVA (+2)
« Shift from net Exporter in 2020 (30 — 35 =-5) = to net Importer in 2040 (52 — 30 = +22)
* Generally lower wholesale prices in all countries because high RES

sweet

swiss energy research
for the energy transition

I

= 2040, Load (Total)

——— 2040, Load (Net)

2040, Import (Net)

2040, Load Shed

2040, Import

2040, DSM (Down)

2040, Battery (Generation)
2040, Pump (Generation)
2040, PV

2040, Wind Offshore

2040, Wind Onshore

2040, Biomass

2040, Dam

2040, Run of river

2040, Gas (simple cycle)
2040, Gas (combined cycle)-CCS
2040, Gas (combined cycle)
2040, Oil

2040, Coal

2040, Lignite

2040, Nuclear

2040, Export

2040, DSM (Up)

2040, Battery (Load)
2040. Pumn (1 oad)

22.09.22
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Under baseline conditions, net-zero transition:
impact on operating costs are modest

3'000
Operating Costs
* Phase out of Nuclear
« Similar Hydro
* Increase from rooftop PV

2'500
2'000
1'500

» Lower operating costs are also reflected in lower
wholesale prices across all countries

1'000

500

Import costs / Export revenues
« Higher quantity of import but similar cost
« Similar quantity of export but less revenue

-500

-1'000

Production & Import Costs, Export Revenues (Million EUR)

> Lower prices 1500

-2'000

2020 Historical

2040 Baseline

W Import

M Battery
PV
Wind Onshore

M Biomass
Pump

mDam

M RoR

B GasCC-CCS

W GasCC

® Nuclear
Export

22.09.22 25



Restricting transfer capacities:
shift to focus on domestic electricity capacities

= 2040, Load (Total) = 2040, Load (Total)
—— 2040, Load (Net) —— 2040, Load (Net)
2040, Import (Net) 2040, Import (Net)

B 2040, Load Shed B 2040, Load Shed

M 2040, Import M 2040, Import

B 2040, DSM (Down) B 2040, DSM (Down)

B 2040, Battery (Generation) B 2040, Battery (Generation)
= B 2040, Pump (Generation) = B 2040, Pump (Generation)
E 2040, PV E 2040, PV
i B 2040, Wind Offshore — B 2040, Wind Offshore
s 2040, Wind Onshore 15 2040, Wind Onshore
® M 2040, Biomass ® M 2040, Biomass
= B 2040, Dam 2 B 2040, Dam
& B 2040, Run of river & B 2040, Run of river
E B 2040, Gas (simple cycle) E B 2040, Gas (simple cycle)
= B 2040, Gas (combined cycle)-CCS € B 2040, Gas (combined cycle)-CCS
g B 2040, Gas (combined cycle) g B 2040, Gas (combined cycle)

2040, Oil 2040, Oil

M 2040, Coal M 2040, Coal

B 2040, Lignite Bl 2040, Lignite

B 2040, Nuclear B 2040, Nuclear

-2 2040, Export 2 2040, Export
2040, DSM (Up) 2040, DSM (Up)
B 2040, Battery (Load) B 2040, Battery (Load)
-4 2040. Pumn (1 oad) 2040. Pumn (1 oad)
1 2 3 4 5 Monﬁ] 8 9 10 11 12 1 2 3 4 5 Monﬂ.‘ 8 9 10 11 12
2040 Baseline 2040 Reduced NTCs to 30%

 Large increase in domestic PV (36 GW / 29 TWh) and Gas (0.2 GW /5 TWh)
* Imports (52 = 19 TWh) and Exports (30 = 11 TWh) strong concentration into the seasons of greater need
* Impacts extend into surrounding countries

swe et swiss energy research
for the energy transition

PATHFNDR —

I
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Requiring a balanced electricity trade:

similar but less pronounced impacts

1 2 3 4 5 ﬁ/lonﬁ] 8 9 10 11 12

1 2 3 4 5 Monﬂ] 8 9 10 11 12

= 2040, Load (Total) = 2040, Load (Total)
—— 2040, Load (Net) 12 —— 2040, Load (Net)
2040, Import (Net) 2040, Import (Net)
M 2040, Load Shed — M 2040, Load Shed
M 2040, Import 10 ol | M 2040, Import
B 2040, DSM (Down) B 2040, DSM (Down)
B 2040, Battery (Generation) 8 B 2040, Battery (Generation)
= B 2040, Pump (Generation) = B 2040, Pump (Generation)
2040, PV 2040, PV
E B 2040, Wind Offshore E‘ 6 B 2040, Wind Offshore
15 2040, Wind Onshore 15 2040, Wind Onshore
® M 2040, Biomass T 4 B 2040, Biomass
= B 2040, Dam 2 B 2040, Dam
& B 2040, Run of river g B 2040, Run of river
E B 2040, Gas (simple cycle) E>* 2 B 2040, Gas (simple cycle)
= B 2040, Gas (combined cycle)-CCS € B 2040, Gas (combined cycle)-CCS
g B 2040, Gas (combined cycle) g 0 B 2040, Gas (combined cycle)
2040, Oil 2040, Oil
M 2040, Coal W 2040, Coal
B 2040, Lignite -2 B 2040, Lignite
B 2040, Nuclear B 2040, Nuclear
-2 2040, Export —4 2040, Export
2040, DSM (Up) 2040, DSM (Up)
B 2040, Battery (Load) B 2040, Battery (Load)
-4 2040. Pumn (1 nad) -6 2040. Pumn (1 oad)

2040 Baseline 2040 Balanced Annual Imports/Exports

 Large increase in domestic PV (36 GW / 36 TWh) and less Swiss PV curtailment
* Imports (52 = 42 TWh) and Exports (30 = 42 TWh) moderate concentration into the seasons of greater need
 Only price impacts in surrounding countries

swe et swiss energy research
for the energy transition

PATHFNDR —

I
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Conclusions recap

Swiss net-zero transition
« High level of electrification
« Consumer investments in rooftop PV leads to greater imports and moderate operating cost impacts

Restricting Swiss NTCs to 30%

* Huge reduction in the annual imports and exports of electricity from Switzerland

« Concentration of imports/exports into seasons of greatest need

* Leads to an increased need for domestic Swiss capacities (PV, Gas)

* Noticeable impact on neighboring countries since the transit of power through Switzerland is much
more limited

Requiring balanced annual trade

« Similar overall trends as 30% NTCs but less pronounced

* Imports reduce (especially in summer) while exports increase (especially in summer)
* Most seasonally pronounced import/export behavior

- Still impact neighboring country wholesale prices

swe et wiss energy research
for the energy transition
FNDR

22.09.22
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The potential of hydrogen as

2 energy storage medium for the
electricity sector

Presenter: Paolo Gabrielli, Reliability and Risk Engineering, ETH Zurich

swe et swiss energy research
for the energy transition
PATHFNDR -



Hydrogen could have a role as long-term storage

Discharging time [hr]

_________________ 1 year
1004 1 month - Competition among different
Hydro storage energy storage technologies,
100 A each with different techno-
Compressed air 1 day economic characteristics
10 - energy storage
(CAES)  Hydrogen is characterized by a
L 1 hour low round-trip efficiency, but
Battery B energy capacity cpsts anq low
R gE%0 losses over long time horizons
>
0.1 1 o
5 80-90 _
S £ 085 * Thus, hydrogen might play a role
ee ‘S - . .
o1 {1 0 2 6075 when large sizes are installed or
by energy is stored for a long time
S 35-45
=]
0.001 £ 25-35
T T T T T T T T T I
1 kWh 1 MWh 1 GWh 1 TWh
Storage capacity
§:We et ooy eron Adapted from: Yao et al., Sustainable Energy and Fuels, 2019,

PaTHENDR — : 3 22.09.22 31



France

Scenarios for the Swiss electricity sector

National analysis via Nexus-e model:

» Scenario-based analysis to investigate role of hydrogen for electricity storage

* Minimum-cost optimization complying with zero-emissions targets

Germany
{

v
v o
g am: &
1

a\Y

2025 Grid

Quantity

Range of variation

Target year

Learning rates of hydrogen-
based technologies

Net Transfer Capacity (NTC)

euisnv

Load-shedding cost

Meteorological year (Switzerland)

=380 kV
*220 kV
~150 kV
“Y-c

erosin

e European scenarios (TYNDP)

2020, 2030, 2040, 2050

5%,

12%.,{20%

0-

100%

1,000 —{10,000 EUR/MWh

Dry,

Average| Wet

Nati

onal Trends| Distributed

Energy, Global Ambitions

Italy

swe et wemgens  Gjorgiev et al., Applied Energy, 2022,
ar -~ 307

Reference scenario

Hassig, Master Thesis, 2022

22.09.22 32



The role of hydrogen: Reference scenario 2050

1,000

500

T

énelrgj pr\oddce‘d/cbns‘urﬁed‘[T\‘Nh]I

T T T T T T T T
Energy stored [TWh]

T

T

T T T T T T T T T
Electricity price [EUR/MWh]

T

|

| 1 | L 1 T 1 I 1

1

1

Jan

Feb

Mar Apr Mai Jun Jul
Month of the Year (res: week)

* No hydrogen storage is installed

Aug

Sep

1
Oct

Nov

Dec

Natural gas
Hydro, pump
Hydro, dam
Hydro, RoR

Hydro, pump
Hydro, dam

Hydrogen storage capacity [TWh]

1 —t

0O 10 20 30 40 50 60 70 80 90 100
Net Transfer Capacity (NTC) [% today]

 Existing hydro storage is sufficient to balance energy generation and demand: Dam (6.9 TWh) and pump (1.9 TWh)
 No significant differences are observed for different meteorological years and European development scenarios (TYNDP)

sweet sy

PATHFNDR —

Hassig, Master Thesis, 2022
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The role of hydrogen: Cross-border power flow

3 ' Elne‘rgy‘ prt‘:'dulce<‘1/c<‘)nslurnled‘[T\I‘Vh]I

H, storage (discharge)
Natural gas

Hydro, pump
Hydro, dam
Hydro, RoR

H, storage (charge)

10 T T T T T T T T

Energy stored [TWh]
: Hydro, pump
0 | Il

~H, storage

I T f

T T T T T T T
Electricity price [EUR/MWh]

Hydrogen storage capacity [TWh]
w

0 L —t —_—

. L L L . . . ™|

Jan Feb Mar Apr Mai Jun Jul Aug Sep Oct Nov Dec
Month of the Year (res: week)

* Hydrogen storage starts being installed when NTC is limited below 30% of current value

0O 10 20 30 40 50 60 70 80 90 100
Net Transfer Capacity (NTC) [% today]

* Hydrogen storage operated not only seasonally, but also used for short-term balancing
* Reduced NTCs cause load shedding: Hydrogen storage installed for load-shedding costs of 10,000 EUR/MWh

swe et i nargy e — -
= = :  Hassig, Master Thesis, 2022
PATHFNDR — -~ 22.09.22 34




The role of hydrogen: Impact of load-shedding

350 6
< 300 <
= 51
o 3
> 250+ =2
.g S 4r
Q. Q
S 200 S
() )
> o > 3
S 150 The more we are willing to 5
c shed load, the smaller ° Ll
L g )
S 100 hydrogen capacities are 2
= installed =
T 50f EY
0 0
1. 2 3 4 5 6 7 8 9 10 0 10 20 30 40 50 60 70 80 90 100
Load-shedding cost [KEUR/MWh] Net Transfer Capacity (NTC) [% today]

For NTC of 30%, hydrogen storage disappears for load-shedding costs of 1,000 EUR/MWh

Hassig, Master Thesis, 2022
22.09.22 36




From national to European electricity sector

European analysis via Euro-Calliope model:

* Scenario-based analysis to investigate role of hydrogen as
electricity storage medium and flexibility provider

* Minimum-cost optimization subject to zero-emissions
targets (cap on CO, emissions)

« NTC 100% and average meteorological year
* Regional resolution (502 European regions as locations)

» Greenfield approach: analysis of optimal system in 2050,
not bound to current installed capacities

sweetuiznzn  Tréndle et al., Joule, 2020, .
— 49) Upadhyay, Master Thesis, 2022 29.09.22 39



European perspective: Types of countries

Total installed storage capacity [GWh]

=25

25-50
@ 50-75
® 75-100
@ =100

EU
pumped
hydro

5=
GR_|

Fl

battery hydrogen

Countries

DE
Ccz

PL

0.0 0.2 0.4 0.6 0.8 1.0

Share of installed storage capacity

Total installed storage capacity in Europe in 2050: 3.1 TWh

* Battery: 0.4 TWh
* Pumped hydro: 0.5 TWh
* Hydrogen: 2.2 TWh

22.09.22 40



Conclusions and recommendations

» Hydrogen plays no major role as an electricity storage medium and flexibility provider under most
conditions, for the Swiss electricity sector:

« Hydrogen plays a role for limited NTCs, below 30% of current values

« Limited NTCs impact the possibility of meeting electricity demands, and results in hydrogen storage
for high load-shedding costs (> 2,000 EUR/MWh)

« Overall, hydrogen storage is not required in a reasonably-interconnected Switzerland to transition to a
zero-emissions electricity system.

* When considering European electricity sectors, hydrogen does play a role; different types of
countries are observed:

1. Large hydro resources and no hydrogen is installed (e.g. Switzerland)
2. Some hydrogen is installed, but battery dominates the storage mix (e.g. Greece)
3. Hydrogen dominates the storage mix and large amounts are installed (e.g. Germany)

sweet menes
e : 22.09.22 4



3 Industry views and emerging
conflicts around hydrogen

Presenter: Jochen Markard, ZHAW

swe et swiss energy research
for the energy transition
PATHFNDR -



Net-zero energy transition

Particularities

Multiple sectors
Some: Difficult-to-decarbonize, H

.............................

1
Gt CO,

w Y

w o
oo
c:
o
S
wn

Solar, Wind

e.g. chemicals, cement, aviation 0

- Multiple actors & interests H2 zz ................

- Multiple technologies / solution strategies TR
Some sector specific, e.g. EVs 10 SRR 7 W
Some for multiple applications: H2 5

clean electricity, hydrogen, saving

Dominant strategy “electrify everything” H 2020 2025 2030 2035 2040 2045 2050
2
IEA 2021

22.09.22 43



Firm perspective: Who supports H, and why?

Case & approach

- Hj,: Many diff. actors from diff. sectors

- Germany: National hydrogen Strategy (2020) Figure A.1: Attention actors
o
- Exploration of public debate Q] .o
S
i I i S | Research and
with discourse analysis = Research
- Source: Newspapers 3 - Electricity
- Industry
- Time: 2016-2020 o Gas and heal
7 Transport
- Analysis of storylines: .
) Policymakers
Dense arguments around novel technology
o - ] |
- ldenfification of conflicts & discourse network AR O U IR AR LGN AR AR AR N
S . S, S ;S S S S

Ohlendorf et al., under review
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General discourse

Figure 2: General storylines

Important for energy transition 82

Required for decarbonization Climate change

mitigation
Prioritize other climate mitigation options 6
I T T T | T
0 2 4 .6 .8 1
B Policymakers M Transport B Industry B Research and think tanks
B Gas and heat [l Electricity B NGOs
sweet i

PATHFNDR —
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Discourse network

Dominance of policy actors

Three groups with similar positions
- Car industry (grey)

- Energy industry (red)

- NGOs / think tanks (green)

Swe et wiss energy research
for the energy transition

PATHFNDR

Figure 3: Discourse network of key conflicts in the German hydrogen debate

. Easac
CAR. . .
@ sicmens Policymakers

. \ @ Transport

Die Grinen @) Gas and heat
Prognos @ ) BUH ® @ Industry
Electricity
. Research and think tanks
. Environmental NGOs

. Toyota
Daimier
® Total
E3G Salzgitter . Agora Energiewende
@ ceP TH Regensburg @ -8 Klimaallianz
@2 Bobilty . BUND
@ Hy dal O’Eo Institut
Airbus mprion
Q Fraunhofer ISE . Greenpeaoe Westendrgie
Senator of Hamburg
. Viessmann
. Shell Deutschland Vaillant
. SPD
GP Joule ® vc
. Hydrogenious Technology
@ Gazprom
BDHay @ FNE Gas
BDI Max Planck Institute
. ukunft Erdgas
0o N T
@ Nikola Thyssenkrupp~. ommission
. FDP Open Grid Europe
BDEW
DIHK@ Monncrmgkomm\sswn
BMWi @]
RWE

. Universitat Erlangen
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Three emerging
conflicts

Where to use hydrogen
How to produce hydrogen

How to deal with imports

(d) Use: Restricted use

Figure 4: Specific lines of conflict



Main insights

Much support for H, across all industries,

only a few critical voices

No ‘classic’ resistance by incumbent actors

- everybody sees a benefit

- Industry: little alternatives

- Gas & heat: use of existing assets

- Transport: some car producers with H, strategies

- Electricity: balancing (?)

swe et wiss energy research
for the energy transition
HFNDR -
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Complementary decarbonization strategies

Challenges

- Complex interactions & interdependencies

Between entire sectors, v A
e.g. clean electricity for transport eterort ot ¢
transition
Between specific technologies, > /
e.g. EVs, load curves, grid balancing \
Interactions
- Competition for scarce resources, across transitions
+—>
e.g. hydrogen > \
- Coordination across sectors / Transitionsin CHG ermissions

specific sectors

- seek to exploit complementarities

Time

Markard & Rosenbloom, forthcoming

sweetzz
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Flexibility assessment of P2H2P
4 and e-mobility in multi-energy
districts

Presenter: Binod Koirala, Empa

swe et swiss energy research
for the energy transition
PATHFNDR -



Power-hydrogen-power (P2H2P) system

./;i\.

battery electrical grid
\ I / \ ! /
~N /‘\ Ve - -
s §
(A1 s
T =
PV electricity demand
C 5 iy T
aw i
electrolyser hydrogen tanks fuel cell heat pump
|32% 151% l
. — .n
1 — 8
hot water & heating
AN

—

thermal storage



ower-hydrogen-power (P2H2P) system —
rutten (2016) :

30
25
20
15

10

Electricity consumption (kWh)

0 f
7/1/2016 0:00 11/13/2017 0:00 3/28/2019 0:00 8/9/2020 0:00 12/22/2021 0:00
Time

1 MONOCRYSTALLINE SOLAR CELLS 13 ELECTRICAL CHARGING POINT

2 THIN-LAYER SOLAR CELLS 14 PRESSURE BOOSTER STATION FOR COLD WATER
3 PHOTOVOLTAIC SYSTEM INVERTER 15 HOT WATER STATION
4 STAND-ALONE INVERTER 16 CONTROLLED HOME VENTILATION
5 BATTERY STORAGE 17 CONTROLLED HOME VENTILATION (APARTMENT DISTRIBUTION)
6 ELECTROLYZER 18 FUEL CELL
@ 7 HYDROGEN TANK 19 COMMUNICATION
8 AMBIENT HEAT FROM THE OUTSIDE AIR 20 FLOOR HEATING
9 HEAT PUMP 21 WALL HEATING
10 TECHNICAL STORAGE 22 SHOWER WITH HEAT RECOVERY
11 THERMAL LONG-TERM STORAGE 23 ELEVATOR WITH RECUPERATION
12 DOWNHOLE HEAT EXCHANGER 24 ENERGY CONSUMPTION DISPLAY
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Power-hydrogen-power (P2H2P) system
kW m2 kWh MWh
. ) min. carbon autarkic 2040 [ | I /T
» Aresidental P2H2P system is | o — ]
H ildi min. cost autarkic 2040 I —1 I
modgllgd in Ehub tool for a byﬂdmg R e corererg B e seeces S 1 T
consisting of 40 apartments in Baden. min. carbon 2040 : : — T '
. | 0 —
« All autarkic as well as low carbon | i —
. min. cost 2040 I
solutions use P2H2P system. @~ e b "N R SRR i R e R M R I &
. | =
« P2H2P systems will be more , O
attractive in 2040 due to higher _ ! -
- . min. cost 2020
efficiencies and lower costs. 0 0 4 60 o a0 s 1200 0 30 600 10 20 30
. hp fuelcell  melectrolyser pv_Sol m battery tankTH  mtankH2
» Pressurized hydrogen storage
presents large cost and embodied = Do "
emissions due to huge size. £ —e—2020aut
9 4 2040aut
3
2 s \
5
De Koning, Josien and Koirala, Binod; Analysis of a Residential Power-to- g 5 \\-o—._.
Hydrogen-to-Power System using MILP Optimization and the Energy Hub Concept, @
International Energy Workshop, 25-27 May, 2022, Freiburg, Germany 0
0 5 10 15

cost [CHF/m?2a]
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Power-hydrogen-power (P2H2P) system

+ >80% autarky can already be achieved with a . utarky . selfreonsumption
battery, without P2H2P

« P2H2P systems will have higher self- 0% 0%
consumption/autarky. - 4%

« P2H2P system will be more flexible. 20% I 20% I I

« P2H2P system can also provide seasonal L -
flexibility. Cmmme e

A= U A WWMJ[\‘\'\\J\WW)W »HNUN\!IlMhn‘UWlMWU\\WW‘J‘! i MﬁM’(\‘f‘JW»h\,\\\Wﬁ}.‘[\\NW&‘@MMMJ e .

5§ \ T 0 i\'(m s bbbl L1 ]] veotsore 3, B IL =— I
De Koning, Josien and Koirala, Binod; Analysis of a Residential Power-to- ::: I

Hydrogen-to-Power System using MILP Optimization and the Energy Hub Concept, .
International Energy Workshop, 25-27 May, 2022, Freiburg, Germany |  cean heat W2 clectn heat M2 electr heat  H2oelectrnheat  H2

hp melectrolyser fuelcell Mbattery in ®tankTH




E-mobility flexibility

» An e-mobility module is developed and integrated into the E-hub Tool.

» |t captures the fleet size, charger size, transport demand, vehicle availability, controllability and battery
size.

 The module is tested using the multi-energy system in Chur.

\ . Export(t)

-

| (V26)
Charging
station <— Controlabilty
(discharge) —| R
Availabilty (t) market share,
avi(??yedannual
Charging . . m(i 1} eman
Import(t) |, otation _ Availabilty ) ., Drivetrain | I:;\xﬁmand(t) 12440 km
(G2v) e I (kWh)
Standby
EV-fleet Battery(kWh) — > Losses(t)
(kWh)

ssssssss

N

aaaaaaaaaa
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E-mobility flexibility

» Under the current boundary conditions and
energy-mix, V2G is an attractive solution in
a cost optimization over a CO, optimization
scenario, this may change with higher
share of renewables.

* In future — sensitivity analysis will be
conducted for different share of EVs,
renewables etc.

B. Koirala, Mutschler, A. Bartolini, A. Bollinger, and K. Orehouning,
“Flexibility assessment of e-mobility in multi-energy districts ,”
CIRED e-mobility workshop, 2-3 June 2022, Porto, doi:

10.1049/icp.2022.0827

g 3500 "
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g 1500
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2000

1000

o

-1000

charging /discharging (kWh)

N
o
[=3
o

3427

G2v

Cost minimization

2170

Supply side
flexibility

76

V2G

= CO2 minimization

-3000
F0 2000 4000 6000 8000
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0.18 4000 _
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g 016 3000 2
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82 01 1000 @
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Conclusions and recommendations

P2H2P:
» Multi-energy system with P2H2P has potential to be more flexible and autarkic.

» Both technological and costs improvements are needed for P2H2P systems to be more
attractive option.

E-mobility
» E-mobility can provide both supply and demand side flexibility.

» Institutional arrangements are needed to harness flexibility potential of V2G (controlabilty,
incentives, etc.)

swe et wiss energy research
for the energy transition
HENDR . 22.09.22
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5 Residential heating / cooling
demand and flexibility potential

Presenter: Philipp Schiitz, HSLU
In collaboration with: Marcel Troxler, Esther Linder, Edward Lucas
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What are we considering?

Task: Estimate heating/cooling demand for (residential) buildings in
Switzerland

Input data Target Period

Public data
oo

D d profil s
Source meter / cmant prowe
data

22.09.22
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Heating/cooling loads
from public data %

Approach:
Estimate heating loss from register of buildings and dwelling data (RDB):

Demand = Heat loss factor - ERA - (Troom — Tambient)

Heat loss factor: Estimated based on RDB data

ERA: Energy reference area (estimated as 85 %
of building area * #floors)

Target room temperature (here 20 °C)

Average ambient during heating season
(Tambient < 1506)

Troom:

Tampient:

sweet sy
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Heating/cooling loads
from public data

Validation: Annual consumption data of Swiss city

1200 1 Model
Actual

1000 -

o]
o
o

Number of buildings

S
o
o

200 A

o . resean T T
swe et e 140 160
'HFNDR =

2IO 4I0 . 6I0 8IO . 1(I}0 1I|20
Specific space heating demand [KWh/m2/a 220022 61



Heating/cooling loads

Demand profile

from public data

Approach:

Estimate parameters of simple building dynamics model and run model
CdT;;mn = —H (Troom — Tambient) + 9I + QEs + Qinternal

C: Lumped heat capacity

Troom: Room temperature

H: Heat loss factor

Tombient: Ambient temperate

g l(t): Solar irradiation contribution

Qgs: Contribution of emitter / heating system

Qinternal: Internal loads (e.g. appliances and persons)

swe et wiss energy research
for the energy transition
FNDR -
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Heating/cooling loads
from public data

Validation: Annual consumption data of Swiss city

Demand profile

Model
Actual
500 -
7))
(@))
£
T 400
S
o)
Y
O 300
| -
(<}
£
> 200
zZ
100 -
swe et swiss energy research 0 T T T T T T T T
= e 20 40 60 80 100 120 140 160

Specific space heating demand [kWh/m2/a]
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Heating profiles from

metered source data
Approach:

Source meter

data

Parameter identification for dynamic building model

Pararmeter identification for dymarmic building model

based on measured source profiles.

(Parameter fitting for C, H, g based on
minimisation of RMS deviation of simulated
and actual cumulative heat demand)

swe et wiss energy research
for the energy transition
FNDR —

7500 H

5000 -

N
9]
o
o

Cumulated Heat
Demand [kwh]

o

—— Reference
—— Recovered

Hour of Year
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Heating profiles from
metered source data

Validation: Test procedure on actual measurement data

Source meter
data

Demand profile

2

— 6

S

g

e sim A

3 [ ground truth

c 01

O . . . . .

© 0 5 10 15 20
Hour of day

Observation: Good overall description of system behaviour,
but controller not synchronised.

22.09.22 65



Popolation-weighted average HDDs

Investigating the evolution of heating /
cooling demand

Estimating heating/cooling demands based on heating/cooling degree days

(HDD/CDD) evolution:

4000 4 ! : : R, - :
HDD in RCP 4.5 . | I P i (R ™ S 1O -600
i b -700
3500 fvd r -800
................... s k™ -900
! -1000
o -1100
B vedion -1200
-1300
2500

. 1** to 3" Quartile .' > HDD(2099 1'981> -1400
Ensemble range ' . | T - RCP4.5 Ensemble -1500

2000 > ‘

1980 2000 2020 2040 2060 2080 Year 2100

M. Berger, J. Worlitschek, The link between climate and thermal energy demand on national level: A case study on Switzerland,
https://doi.org/10.1016/j.enbuild.2019.109372
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What happens if we cut the
heating system?

Assumptions:
« Governing equation for room temperature T: 20.0 —— 100 % saving
CT=—-H(T - Tamb) + Qs
Uniform building with linear heat loss rate 13
O 15.0
« Constant, but variable ambient temperature Ty,,,; @
and heating power Qg B 125
E 10.0
= Normal exponential cooling down behaviour g
& 75 1
=>» Target temperature is offset by the heating co
power’s contribution
25 A
0.0 05 10 15 20 25 30

Time [C/H]
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FNDR 22.09.22 67



Flexibility without
comfort loss

Analytical solution

- Typical values of C/H:
- old building 6 h 0.1
- modern building 12 — 24 h
- Minergie building 24 h +

Guiding questions: 05
 How long does it take until the room cooled down by —— 100 % saving
1 K? g 90 % saving
« By how much can we prolong this time if we maintain 041 i —_ 3207
a bit of heating? E
- Easily accessible potential of 5 — 20 % characteristic § 031
time C/H of building with 100 % saving (full shut s
down) E 02/

0.0

=10 -5 0 5 10 15
Ambient temperature [°C]
swe et e
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Take home messages

Public data enable the estimation of residential heating/cooling loads

Three different procedures to estimate the heat / cooling load are validated

Already public data are sufficient for decent reproduction of cumulative
heating / cooling demand

Accuracy depends on available data

Call for support:
If you have access to large-scale heat consumption data, please get in contact
with us.

swe et wiss energy research
for the energy transition
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Poster pitches




World Cafe
session




sweet vz
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World Café table 1 & 2

Can Switzerland reach its net-zero goal with
import/export limitations?

Facilitiator(s): Jared Garrison & Stefan Pfenninger

World Café table 3 & 4
Is hydrogen a hype and is it not needed for the

energy transition in Switzerland?
Facilitiator(s): Paolo Gabrielli & Binod Koirala

World Café table 5 & 6
Are current regulations or institutional interests

preventing efficient use of flexibility?
Facilitiator(s): Adamantios Marinakis & Philipp Schiitz

World Café table 7 & 8

Will sector coupling de-stabilize the electricity
system?

Facilitiator(s): Massimo Fiorentini & Florian Baader

sweet zuomes

World Café
Will sector coupling de-stabilize the electricity
system?

Table #:

22.09.22

76



Closing remarks



Thank you

Dinner
18:30

Drinks at The Bristol Hotel bar

21:30 (for participants staying in Bern)

Workshop day 2
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9:00 (please arrive 10-15 minutes earlier)
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