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— Coal Fired Plants

(A) Existing US Plants

(B) Coal Comb.C n=46%
(B) Coal n=43%

(B) Lignite Comb.C n=48%
(B) Lignite n=40%

(C) Hard Coal 800 MW

(C) Hard Coal Postcom. CCS
(C) Lignite Oxyfuel CCS

Natural Gas Fired Plants
(A) Existing US Plants

(B) Natural Gas n=58%

(C) Natural Gas Comb.C

(C) Natural Gas Postcom.CCS

Renewable Energy

(B) Solar Thermal

(B) Geothermal

(B) Wind 2.5 MW Offshore |
(B) Wind 1.5 MW Onshore

(C) Wind Offshore

(B) Hydro 300 kW -
(B) PV (2030) n
(B) PV (2000)

(C) PV Southern Europe

(C) Biomass CHP 6 Mwel

(D) Biomass Grate Boiler ESP 5
and 10 MW Fuel
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Energy and process-related CO, emissions (Gt/year) Ene;gy and process-related CO, emissions
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(Hi88) IRENA: Reaching Zero with Renewables (2020)
https://www.irena.org/publications/2020/Sep/Reaching-Zero-with-Renewables
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B: Operational model only

O

Unidirectionally soft-linked investment

ERETIL
and operational modeils (BIZ?’-I-\T :Ej__\\) l/)

l O

A: Bidirectionally soft-inked i B: lterative optimization of
Investment and operational operation with an
models investment algorithm

0 B 0

Co-optimization of
investments and operation

(0]

(£82) N. Helisto et al.: Including operational aspects in the planning of power systems with large amounts of

variable generation: A review of modeling approaches, Energy and Environment (2019)
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between 2017 and 2020

[3] before 2017

£ after 2020
E between 2017 and 2020
[ before 2017

= [V] Phase-shift transformer

Latitude:38.094152 Longitude:-22.201298

K]

PLATTS - European Commission R

(£#2) European Commission: Projects of Common Interest — Interactive Map
http://ec.europa.eu/energy/infrastructure/transparency_platform/map-viewer/
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Benefils

B1 Socio-economic welfare

RES fuel savings

Emission cost savings

B2 CO, variation

B3 RES integration

B4 Societal well-being
B5 Grid losses

B6 Adequacy

B7 Flexibility

(£42) ENTSO-E: TYNDP2018 Executive

H XV ENTSO-E: TYNDP CBA from assessment indicators to

investment decisions (2018)

C1 CAPEX 51 Environmental

C2 OPEX

Transfer capacities

System adequacy

Installed capacities
for fossil fuels + fuel
& CO, prices

System security

Installed capacities
for RES

Report (2018)
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AtBA 2737”70y R)

JR~
137~27421—0
(#91.7~3.3JKM)

Ireland

o HEBEAE B
i S 2MS1—0/%F
Garry ~. (¥93,00012M)

new infrastructure

BE 2025 ST 2030 DG 2030 EUCO 2030
Cost (€ bn) 13.7 - 27.4 13.7-27.4 13.7-27.4 13.7-27.4
SEW (€miyr) 1,303 2301 © 2,108 1,838
CO, (ktlyr) -8,489 -14,923 -9,003 7,487
RES (GWhyr) 17,756 19,507.9 19,238.6 13,840 4

(88) ENTSO-E: “TYNDP 2018 Regional Insight Report — Northern Seas Offshore Grid (NSOG)” (2018)
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- I'IMES: The Integrated MARKAL-EFOM System

« [IEA-ETSAP (Energy Technology Systems Analysis
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Energy Source Energy Transformation

LNG
Qil
Import
Coal
Nuclear
Biomass Biomass

PV

Onshore
Wind

Offshore

Wind
Hydro
Small
Hydro
Geothermal
Refeinery
Coal CCS

(L) 28 - Bl5: 2050F —BLikF=HFEE80%HIRBIRZEMN T 7= HDEIRBAL & RFTIEREHE,
Fa HIRILF— - BRIE/GEESRMARSR, FTE-20-024, HV-20-098 (2020)
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Power Grid
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5 9 16.7% 5 9
o B
20% 219 |5 20% B3
; g
10% — Ba% | 10% d
22% | -
0% S v v 0% N v ____A /
2030 2040 2050 2030 2040 2050
(a) No Grid Expansion Scenario (b) Grid Expansion Scenario

B Onshore Wind = Offshore Wind = PV ® SmallHydro ®Hydro ®Biomass ®Nucler ®mCoal ®Gas
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