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Overview

* Methods: \What have we learned from a methodological
point of view? Which challenges did (and still do) we have
to face?

* Results: What have we learned from a content point of
view?

 Central Conclusions
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InNNOSys
Methods — Indicator selection

* Indicator selection requires intensive
cooperation already at beginning of the

c ie s;fb-r e : unit calculated with "h:;;:' “;’:Ei" n'!"f:"z::'; .
B = DIoject
Freshwater ecotoxicity CTUe FRITS ILCD 2.02018
Ecosystem Quality F{e§hwater eulrophicaﬁon kg Peq FRITS ILCD 2.02018 . . .
e st oo xze | Conflicting goals: Comprehensive
Carcinogenic effects CTUh FRITS CUM  AGG ILCD 2.02018
= Non- Carci ic eff CTUh FRITS CUM AGG ILCD 2.02018 - -

e N o e FRTS O A LGD202010 description of all relevant consequences
Ozone layer depletion kg CFC-11eq FRITS CUM  AGG ILCD 2.0 2018
Photqchemscalochecreation kg NMVOQeq FRITS CUM  AGG ILCD 2.0 2018 age . g
ooyl ymes  gsemepeee RIS G son Lozt vs. manageability and comprehensibility

Resources e Mme | FRTS  cm A LCD20z0t
and use ints
S e s om se wsommee | TOF Stakeholders and MCDA
System costs Bn€ MESAP CUM X
GDP Bn€ PANTA RHEI
socio- structural change 1000 PANTA RHEI . . . . L) L) .
| spors __ eamne » Explicit consideration of social indicators
people in employment 1000 PANTA RHE| X
yment rate - PANTA RHE| X _ . .
o E—— me w0 cmewseaems DOt yet satisfactorily resolved.
based on expert judgements
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» Systemic indicators (e.g. resilience):

~only first steps achieved
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Methods — Scenario selection and re-modeling

Installed capacity power generation  Published scenarios differ strongly in

N Lignite =S Gas CHP — pv =N "Backup”

2250

2001 e o cir e power o Bt terms of storylines, boundary conditions,
1750 NN Coal CHP B Wind offshore EEE Other RES 1 Imports etC

_ 1250 | « Harmonized re-modeling of scenarios
" 1000 - allows unbiased comparison of impacts
750 . . .

for different transformation strategies

500 4

« Shortcomings:

* Focus on Germany

* Re-modeling of entire scenarios
allows no systematic assessment of

FZJ19-95
GP15-PLAN
INES17-ME
NIT14-100
NIT19-OPT
UBA14-THGND
UBA17-GreenEe

BDI18-95
UBA19-GreenEel

BMU12-THG95
BMUB15-KSSz95
denal8-EL95
denal8-TM95
INES17-0S
ISE15-90-a-mix-b
ISE20-BEHARR
ISE20-INAKZ
ISE20-REF100
ISE20-SUF
ISE2020-REF
JAC17-WWS
UBA19-Greenlife
UBA19-GreenMe
UBA19-GreenSupr

UBA19-GreenEe2
UBA19-Greenlate
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InNNOSys
Methods — Life cycle based environmental impacts

* FRITS: Framework for the assessment
— gy“\? T e ——r— of life cycle environmental impacts of
; transformation scenarios

|| energy scenario (foreground): ||

power, heat, gas, and fuel generation technologies

new installed capacities and decommissioning
development vehicle fleet and fuel demand 75 b
+ “coredatabase”: Ecoinvent

* technical characterizations technologies + other data bases: BioEnergieDat, SYSEET,
shares biogenic and synthetic fuels and gases . LCI datafrom pro.ject partners ' T ° C h al Ie n g e S .
i—l +  re-modelling of LCI from literature -
Lite Cyle — » LCI data availability, quality and
environmentalimpacts of energy and transport (3) Adjustment/Harmonization of LCI data
technologies (construction, operation) «  separation of construction & operation :
T ] +  adjustments for the usage of power, biogernic repre sentativeness

and synthetic fuels and gases generatedin

LCI data sources

(5) Life Cycle Impact Assessment (LCIA) ﬁ

(6) Harmonization of technical parameters foreground energy scenario

environmental impacts of energy and transport +  adjustment of electricity mixin upstream ® P rOS peCtiVity a | SO i n baCkg ro u n d

technologies (construction, operation), processes (from background scenario)

harmonization with techn. parameters scenario | d t b
(4) Global energy scenario (background): a a ase

AN | !

(7) A . di technology mix power generation for 10 world
ggregation according to energy scenar regions and five years within time period 2015- V | f d t 9 | 1 d

implicit harmonization of full load hours and technical 2050) * O u l I Ie O a a a n a yS I S a n

life time

< B visualization

(8) Life cycle based environmental impacts of energy scenario
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Methods — Multi-objective optimization

 Allows systematic analysis of trade-offs
g between pairs of indicators and
s ) e eessene cONSEQUeENces for energy (power) system

Life cycle coefficients i

'# « Challenges (up to now):

b oy, |  Large effort to implement LCI data in
optimization model REMix

[ At
'y Batteryandfueleell 1 1
' wehicles |

Result for pareto-optimal solutions
| & Generation portfolio

) Envi | ex
%. Paretofrontier L "
\ e}
1 + * asses of the
- 5
.
ets .
e other ased
.
teee 2Nvirg talimpacts
’\ Y envi
— » Lo |

« Long computation times

» Multi-objective optimization only possible
for pairs of indicators

 Limited to infrastructure expansion and

i DLR
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Methods: Macroeconomic modeling

* Allows assessment of macroeconomic
= impacts of transformation strategies

* Coupling with energy system model

requires harmonisation of technologies
" i—r el — and data
_ » Challenge prospectivity: Long time
y horizon and fundamental changes in
S [ e analyzed energy systems
| | | ’— - numerous exogenous assumptions
U required during assessment of
e i 12 vt macroeconomic impacts
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Methods: Integrated impact assessment in general

Power generation per technology,
Hydrogen demand (in kWh)

Techno-economic energy system modelling
Scenario generator > Power market model
MESAP/PIa Net Installed capacities power generation, ﬂexABLE
I electrolysers, electricity storage (in MW)

Energy system scenarios 2000 - 2050

+ Energy mix power, heat, transport, ... * New installed capacities (incl. replacement) for
* Investment
* Imports

*+ LCOE

generation of power, heat, fuel, gases
* Generation of power, heat, fuels, gases

B I

Impact assessment

Macroeconomic model LCA-based environmental impacts
PANTA RHEI FRITS

i DLR

* Focus on supply side strategies
neglects impacts from changes in
demand - “true” impacts of
transformation might be different

* Different system boundaries ESMs /
FRITS and macroeconomic model
PANTA RHEI hamper comparison of
relative differences between ecological
and economic indicators

* No assessment of uncertainties of

impacts possible (yet)
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Methods: Discrete Choice Experiments

Welches der beiden Paare wére aus Ihrer Sicht eine insgesamt
nachhaltigere Stromversorgung in Deutschland?
Die Prozentzahlen stelien die Abweichungen vom jeweiligen Durchschnitt aller anderen

:fe;?::g:f:h.::s:;;ar Werte sind entweder schiechter (rot/orange) oder besser (gelb/grun) ® N eW a p p ro a Ch Of a p p I yi n g d i Screte
choice experiments (DCEs) to scenarios
A: B: . .
Windkraftanlage Gaskraftwork + I S p ro m I S I n g , b ut

& « Challenges:

re—————y ™ « Complexity and abstractness of

Beschaftigung - Betrieb & Wartung +35% Scenarios

* Develop condensed representation
of the future appropriate for DCEs

» Appropriate choice of indicators

Gestehungskosten

Versorgungssicherheit

Effekte auf menschiiche Gesundheit

Wirkung auf den Klimawandel

Flachenverbrauch

Ressourcenverbrauch

Paar A
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Methods: MCDA
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MCDA
Methods
Value and ; Analytic Analytic
= Outranking ) Other
Utility Theory ‘ Hierarchy Network
Approaches Approaches S, PracEse Approaches
WSM ELECTRE TRI FUZZY AHP TOPSIS
MAUT ELECTRE lll VIKOR-AHP NAIDE
MAVT ELECTRE IS AHP-TOPSIS VIKOR
SMART PROMETHEE AHP-OWA MACBETH
OWA PROMETHEE Il AHP-DEA MCM
F-PROMETHEE PMCA

i DLR

[Greco et al., 2016]

(InNOSys

» Use of different MCDA methods - robust
statements possible

» Challenges:

« Some MCDA methods require further
procedures and parameters not
available from models and focus
groups - own settings by modelers
necessary

* Indicator weights crucial - should
involve broader variety of stakeholders




www.DLR.de ¢ Chart 11 INNOSys - Summary & Conclusions « T. Naegler & the INNOSys Team « Final Workshop ¢ February 24th & 25th 2021
InNNOSys

Important Findings: Transformation strategies

M T o T  Even after harmonisation of useful

= e energy demand and transport services:

| SEELE SESS CBERmm | Surprising litle consensus on how a

T I — e i climate friendly energy system should

Z 1000 ] look like

] | | |+ Inparticular true for scenarios with GHG

60: ] e emission reduction of ca. 95%

- Need for multidimensional impact
RN = : > s s : = =x assessment of transformation strategies

» & § § % & & 8 § ¥  anddiscussion of results with
stakeholders

i DLR
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Important Findings: LC-based environmental impacts

» Impacts from upstream processes
become more and more important

szen' . zu:‘:gt: :osyst;m qua
— v ., |
;:::S:. i e Q) N * No clear tendency for ambitious

. sy, S:f\ o . climate protection strategies to have
' lower environmental impacts than
<5 il moderate strategies

lity:

resources:
dissipated water

o ———

* Resource-type impacts may
significantly increase compared to
today

~

ecosystem quality:

e

-
29
83

2

®
o~

ozone layer

* Impacts related to road transport
tend to dominate overall impacts

WA B g4 1 o 8 ¥,
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Important Findings: Macroeconomic impacts

» Differences between macroeonomic

impacts of selected scenarios relative

GDP Total investment Employment U:‘air:?r:z:::t?:t_
Real, Bn EUro,,, - 1000 Percent Sma”

Scenario Average of the years 2030 to 2050 T d f f bl .
Scen | 37519 820.7 43879.5 b e
Scen Il 3748.8| 815.5 43868.9 ) en etncy or morfe avg{:‘ah.eheconomlc
Scen || 3755.8 825.4 432231 G -
Scen IV 3749.0 817.3 43z80.3 A 7 lmpgc S In. scenarios V_VI Ig
Scen V 3757.0 4.27
Sen e 71 (national) .|nvestment in new
Scenvil SR S—c1 : B 1 - +11 technologies
Scen VIl | 37622 834.2] 43546.5| 4.25
e I 2 #% - From macroeconomic perspective not

decisive which (moderate or ambitious)
(supply) side strategy is chosen!
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Important Findings: Discrete Choice Experiments (DCE)

and Focus Groups
 DCE used to determine stakeholders'

preferences - weighting for MCDA

L]
bewusster Vf.-rzicht/Sparamkeit

-
n \
|tat VOR Kollek

Extrapolation Geg

;:::?:;: ‘ ‘W it » Costs do not play a central role for most
5e|bst§\§ eltschmend A . - @ stakeholders
Ressourcensd \ |ndw‘|qye ___Vertellungs erechtigkeit
SR Tndidaitar_ « More important: climate protection and

gsauftrag Ausgie:chsme hanism

Le ensstllbe ahrung Ungerechtigkeit: Inte
Lebensstilanderung

distributive justice / fair burden sharing
within the society

.
Ungerechtigkeit:Ingividuum vs.

. Be hi‘a':‘tigung nterhehmen P . .
e » Stakeholders’ life situation more
Zeit Partizipatio

Versorgun ssucherhe
gung bale Gerechtik. neu
Eigener Be trag

important for preferences than
Ungerechtlgken Individuum vs.

Staat(en) education
E DLR
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Important Findings: MCDA

Ranking of scenarios depends to some
extend on MCDA method

No clear trend that more climate
protection is more sustainable in general

Rank

O 00 N O N A W N

No leading indicator that dominates
MCDA results

Difficult to trace back MCDA results to
@ & : individual scenario features

TOPSIS PROMETHEE WSM Min- CE System Costs

Max
i DLR
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Central Conclusions I:

» Wide range of discussed transformation paths for Germany in the literature, all
claiming to describe an “optimal” or “sensible” scenario

» Ambitious climate protection (95% GHG reduction) is not automatically “more
sustainable” than moderate climate protection (80% GHG reduction)

* No “leading indicator” in MCDA results

» Distributional justice as highly relevant topic in focus groups blind spot of ESMs
and macroeconomic models

-> Classic ,,techno-economic* scenario development falls short when aiming
at a development of “sustainable” transformation paths

- Multidimensional impact assessment required!

i DLR
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Central Conclusions ll:

» Transport sector is becoming the driving force for environmental impacts
—> necessity to develop sustainable strategies for transport sector (technologies
and user behavior)

* Increasing resource requirements (minerals, metals, land, ...) are the biggest
(environmental) drawback of climate friendly transformation strategies

» Climate-friendly transformation generally has strong positive impacts on the
macroeconomy. From macroeconomic perspective not decisive which
pathway is chosen.

i DLR
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Central Conclusions lll:

Methodological challenges:
 Availability, quality and representativeness of LCI data must be improved

» Prospectivity: Expected transformation of upstream processes must be better
considered in LCIl data

 Certain relevant social and technical indicators can so far only be determined
roughly or not at all

* Models should be improved in order to adequately represent the expected
fundamental structural changes in the energy system over the next decades.
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If you are interested in more details of the analyses or in a
future cooperation, please do not hesitate to contact us:

DLR: Tobias Naegler, tobias.naegler@dir.de

GWS: Lisa Becker, becker@gws-os.com

INATECH: Anke Weidlich, anke.weidlich@inatech.uni-freiburg.de
INEC: Heidi Hottenroth: heidi.hottenroth@hs-pforzheim.de

ITAS: Jens Buchgeister, jens.buchgeister@kit.edu

ZIRIUS: Wolfgang Hauser, wolfgang.hauser@azirius.uni-stuttgart.de

For more information (presentations, publications, data) please visit our website:
https://www.innosys-projekt.de/de
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Thank you very much for your attention!
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