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Program at a Glance

Day 1: Thursday, August 12, 2021 [Boston Time)

2:00 -8:20 Chiair Welcome
8:20-8:10 Electrochemically modulated mitigation of acid gas emissions
3:10-10-00 “Green" energy realpolitik: Challenges in materials sourcing
10:00-10:20 CoffesTea Break
10:20-11:10 New directions for fusls from sunlight
1110-12:00 The aritical role of carbon capture and storage in decarbonizing Califormia’s energy system
12:05-13:10 Lunch Break
13:10-15:10 Enesgy Fuel
15:10-15:35 CoffeeTea Break
15:35-17:35 Sustainability

Day 2: Friday, August 13, 2021 (Boston Time)

00 10 00 Innovation

10:00-10225 Coffes/Tea Break
10:25-12225 Energy Materials
12:25-13-10 Lunch Break

13:10-15:10 Decarbonization
15:10-15:35 Coffes/Tea Break
15:35-17:35 Carbon capture, utilization and storage

Pre-recorded 5 Oral Sessions and 2 E-Poster Tracks

[Page 11~ Page 18]




Topic Session

Energy Fuel
13:10-15:10, Thursday, August 12

Prof. Bingging Wei

University of Delaware
Photocatalytic hydrogen
production from water vig
photothermally induced biphase
systems

Prof. Hans Auer

Technische Universitdt Wien
Low carbon European energy
systermn scemarios - the apen
modeling platform developed in
openENTRANCE

Sustainability
15:35-17:35, Thursday, August 12

Dir. Holger Schigr

Institute of Energy and Cimate
Research

The Food-Energy-Wioter-Nexus
and @ Keynes sector in o post
growth economy — learnings from
o OGE model

University of Maryland

A window of oppovtunities of
sustainabie recovery pathways in
Past-COVID in the LS

Prof. Curtis Berlinguette
The University of British
Colimbia

Converting captured 002
directly into fuels

Sassion Chair
Dr. Chukavunwike lloeje
Argonne National Laboratory

Dr. Destenie Nock
Carnegie Mellon University

Low-carbon energy transitions: a
systemic approach to

quantifying equality and
sustoinability trode-offs

Sassion Chair

Dr. Rachel Meidl

Rice University's Baker
Imstitute



Low Carbon European Energy System Scenarios - the
open modeling platform developed in openENTRANCE

Hans Auer,* Energy Economics Group (EEG), Technische Universitat Wien, Austria
Pedro Crespo del Granado, Norwegian University of Science and Technology (NTNU), Norway

Pao-yu Oei, Karlo Hainsch, Konstantin Loffler, Thorsten Burandt, Technische Universitat Berlin, Germany
Daniel Huppmann, International Institute of Applied System Analysis (IIASA), Austria

Ingeborg Grabaak, SINTEF Energy Research, Norway

Corresponding Author / Presenter: Email: auer@eeg.tuwien.ac.at

August 11-13, 2021 - MIT, Cambridge, USA
www.applied-energy.org/mitab2021



Slide 2

HOW TO UNDERSTAND THE openENTRANCE SCENARIO RESULTS ?

European Project openENTRANCE: scenarios built upon storylines, see www.openentrance.eu
Low-carbon scenario studies comply with the (European fraction of) 1.5/2.0°C global warming targets
Remaining CO, budget for Europe (IAM Message, -GLOBIOM) fixes important modeling constraints

Technology portfolio availability, technology exchange rates (triggered by CO, prices) are main determining
parameters in the model for achieving carbon neutrality in Europe in 2040 or 2050

The quantified scenario results not only show the necessities of the optimization model to find feasible
solutions from the analytical point-of-view...

...but also: what needs to be done in the future European energy system if we seriously intend to comply
with the 1.5/2.0°C global warming limitation targets

Our (European) experience/imagination from the past what's supposed to be feasible (in terms of speed of
technology exchange rates) and/or financable might not be sufficient any more...

...Business-as-usual (BAU) terminology intentionally has not been used (most expensive) -> outdated

Open source/data modeling: change of paradigm in energy system modeling: GENeSYS-MOD = Piano
(everybody on this globe can play this piano for free and carry out own scenario studies)

Low Carbon European Energy System Scenarios * Hans Auer



Slide 3

openENTRANCE STORYLINES

Smart Society
Climate awareness and activism
Smart services and circulareconomy
Bottom-up societal revolution

1.5°C
1.5°C
Gradual . Technology Novelty
Development | Technology disruption and breakthroughs

Zero emission technology achievements
Top-down technology revolution

Directed
Transition

Policy Exertion
Policy endeavour
Strongactive policy push
Strongincentive-based policies

Applied Energy Symposium
MIT A+B

Co-organized with Harvard
e

Low Carbon European Energy System Scenarios « Hans Auer



Slide 4

FLOWCHART OF MODELING APPROACH

WP7
“cpmanmance i verson =i N e
MAIN FEATURES EENEHERNEID GREEN-X PATHWAY DATABASE

A 7.1 l T

H
TAILOR-MADE __InputData
- > FURTHER Input Data |
BHERIET, DEVELOPMENT [ ========== = -omememeoeo oo oo i
Functionalities,... l
PARAMETRIZATION »MOST ALIKE
. openENTRAMNCE EXISTING

STATUS QUO VERSION
GEMESYS-MOD

PATHWAYS"

A

PLAUSABILITY/

l CONSISTENCY
CHECK

PAN-EUROPEAN
MODELING
RESULTS

|

VERSION 1.0
PAN-EUROPEAN
MODELING RESULTS

SLIGHT MODIFICATIONS
‘ DUE TO INSIGHTS GAINDED

D3.1
h S i IM CASE NEEDED
FURTHER FINE-TUNING [UPD»‘-‘«TE LATER
COUNTRY-LEVEL IN THE PROJECT)

GEMESYS-MOD S

FINAL COUNTRY- EXPERIEMCED

CASE

i RESULTS
i
i

SPECIFIC MODELING [---=---# SAINED/ FEEDBACK/ |- -- STUDY
] ADAPTATIOMN AMNALYSES
D3.2 - 'y
FINAL TR
\ PAN-EUROPEAN WP4
DELIVERABLE - | MODELING RESULTS | -
D3.2 S Appendix D3.2
[t 1 - ¥
»  DELIVERY TO OPEN

App“ed Eﬂem symposnlm o PLATFORM
MIT A+B

Co-organized with Harvard

Low Carbon European Energy System Scenarios * Hans Auer
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OPEN SOURCE ENERGY SYSTEM MODEL GENeSYS-MOD

| GENeSYS-MOD v2.0 GENeSYS-MOD v2.9.b-0E

Applied Energy Symposium
MIT A+B
Co-organized with Harvard

Low Carbon European Energy System Scenarios « Hans Auer




Slide 6

GENeSYS-MOD IMPROVEMENTS/ADAPTATIONS COMPARED TO EARLIER VERSIONS

» Regional update from 17 (partly aggregated) regions to 30+ (EU27, UK, Switzerland, Norway,
Turkey, Balkan regions)

« Temporal update: timeslices were replaced by reduced hourly resolution and time-clustering
algorithm (all demand and renewable feed-in time series are now on hourly basis)

« More detailed represention of the different sectors, notably industry sector

- Data collection and diaggregation for all new regions (country-spefic input data fine-tuning:
ongoing work (!))

« Calibration of the new regions for 2015

* Inaddition to CO, budget contraints also carbon price mechanic

SC, TF, GD: The carbon prices have been created by iterations over different price levels, which in the

end ensured carbon neutrality, either in 2040 or 2050 (depending on the scenario).

DT: The carbon prices have been created based on 5 years’ CO2 allowances and corresponding
technology exchanges of emitting technologies (on the benefit of cleaner ones); trade-off determines

(shadow-)price.

Applied Energy Symposium
MIT A+B

Co-organized with Harvard

Low Carbon European Energy System Scenarios * Hans Auer
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SOCIETAL COMMITMENT
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SOCIETAL COMMITMENT

Year
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SOCIETAL COMMITMENT
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SOCIETAL COMMITMENT

Year

2015 2020 2025 2030 2035 2040 2045

Technology

B Rail [Petrofuels] B Road [BEV] B Road [PHEV | Petrofuels)
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Passenger Transport until 2050
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TECHNO-FRIENDLY
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TECHNO-FRIENDLY
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DIRECTED TRANSITION

Year Year
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GRADUAL DEVELOPMENT
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COMPARISON OF KEY INDICATORS FOR ALL FOUR SCENARIOS

Installed capacities per scenario [GW] Hydrogen usage per scenario [PJ]
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CARBON PRICE FOR ALL FOUR SCENARIOS
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Year
Pathway 2015 2020 2025 2030 2035 2040 2045 2050
Directed Transition 15 30 196 357 510 68C 850 1,000
Gradual Development 15 30 83 128 183 261 348 435
Societal Commitment 15 30 62 137 273 497 829 1,275
Techno-Friendly 15 30 43 97 193 351 585
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FINDINGS / INSIGHTS SO FAR ...

If we are going to limit the global temperature increase to 1.5 °C (and in this context conduct our
“homework” in Europe), significant efforts need to start now!

Already in 2030 the emissions in Europe must be around 1/3 of today’s level only!

This underlines the importance of corresponding policy measures to ease the future energy transition in
case of reliance on a less risky strategy (Directed Transition)!

A novel technology breakthrough (7echno-friendly) or a fundamental society’s life style change (Societal
Commitment) also can meet the ambitious goals, but the risk seems to be higher that the corresponding
novelties/adaption processes can be achieved in time in the next decades until 2050!

Half or more of the residential and commercial heating needs to be provided by heat pumps already in
2035, unless carbon dioxide removal technologies are available!

The same is true (half or more) for passenger transport and BEV, but already in 2030!

Removing the last 1/3 of the emissions from 2030 to 2050 expects increases of CO, prices several
times and remains at very high levels in 2050!

Applied Energy Symposium
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openENTRANCE SCENARIO EXPLORER

5 openENTRANCE Scenario Explorer project-internal database Downloads Documentation License About

Pathway quanitifications (Deliverable 3.1) ~

This workspace shows the development of the primary-energy mix and total CO2 emissions in the pathway quantifications using GENeSYS-MOD as reported in Deliverable 3.1

https://data.ece.iiasa.ac.at/openentrance

Directed Transition Gradual Development

* . " . - - ——
1 scenario 6 variables 1 region 1 scenario 6 variables 1 region =

s0 % openENTRANCE Scenario Explorer License About Resources €
(31
h g International Institute for » p
2 w® Applied Systems Analysis A 4
= I 1ASA www.iiasa.ac.at .\'J}
2015 2020 2025 2030 — 20935 2040 204 .

open & ENTRANGE

openENTRANCE Scenario Explorer

© openENTRANCE consortium 2020-2021

The scenario ensemble is protected by EU Sui generis database rights.

O

= |Username
Please visit the project website for more infarmation and sign up the our newsletter to be informed about the
release of the scenario data!
Password
Login
| Register ‘ | Forgot password? ‘
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