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POWER

ACCELERATE RENEWABLES CAPACITY ADDITIONS: '

« Identify and map renewable energy resources and develop a
portfolio of financeable projects.

+ Construct no new coal power plants and plan and implement the
phase-out of coal capacities approaching end of its lifetime.

PLAN FOR THE POWER SECTOR TO ACCOMMODATE INCREASING

SHARES OF VARIABLE RENEWABLE ENERGY:

« Prioritize to improve flexiblity of power system (with flexible
supply, storage, demand zsponse; power-to-X, electric vehicles,
digital and
technologies, etc.). Upda(e grid codes.

+ Deploy microgrids to improve resilience of the grid and energy
access rate with renewable sources. Deploy super grids to
strengthen the interconnections among countries within a region

* Deploy cost-reflective tariff structures by properly readjusting the
balance between volumetric charges (USD/kWh), fixed charges (e.g.,
USD/meter-month) and, where applicable, demand charges (USD/kW).

SUPPORT THE DEPLOYMENT OF DISTRIBUTED ENERGY

RESOURCES: *5¢

« Incentivise energy consumers to become prosumers.

* Support regulatory and pricing policies including the right to
generate and sell electricity, tariff regulation and grid-arrival
policies.

« Enable energy
energy resources.

to foster the of

RIFLLTFDOESD,

TRANSPORT (| |

INDUSTRY

BUILDINGS i

) 4

REDUCE THE ENERGY NEED FOR TRANSPORT: **

« Deploy advanced digital communication technologies to
reduce the transport needs (eg. teleconferencing over
traveling) and to improve efficiency of transport by better
utlizing the assets (eg. re-routing due to traffic).

* Promote mobility services: Promote vehicle sharing and
autonomous driving.

* Accelerate modal shift from passenger cars to public transport
(electric railways or trams o electric buses).

ACCELERATE THE UPTAKE OF ELECTRIC MOBILITY:*

« Establish minimum standards for vehicle emissions. Give the
priority for electric vehicles for city access.

« Incentivise charging infrastructure rollout

« Strengthen link between the power and transport sectors for
integrated planning and policy designs (vehicle-to-grid services).

« Deploy low-emissions city trucks.

FOSTER BIOFUELS IN ROAD, AVIATION AND SHIPPING: */°"

+ Eliminate fossil fuel subsidies and implement carbon pricing
to increase the competitiveness of renewable fuels in the
shipping and aviation.

* Adopt supporting policies to scale up sustainable production
of first- and second-generation biofuels. Introduce specific
mandates for advanced biofuels and put in place direct
financial incentives along with financial de-risking measures.

v

REDUCE ENERGY CONSUMPTION IN INDUSTRIES: *

* Promote actions towards circular economy (material recycling,
waste management, improvements in materials efficiency and
structural changes such as reusing and recycling).

« Incentivise and adopt best available technologies (BAT) and
efficiency standards.

ENABLE C OF ES:*

= Support a credible and transparent system for certification
and tracking of renewable energy attributes.

» Consider an energy market structure that allows for direct
trade between companies of all sizes and renewable eneray
developers - such as through PPAs.

* Work with utilities or electric suppliers to provide green
corporate procurement options.

« Empower companies to engage in direct investment for
self-generation.

ACCELERATE THE DEPLOYMENT OF LOW-CARBON

TECHNOLOGIES IN INDUSTRIAL PROCESS HEATING: 4%

* Remove existing barriers and incentivise low-carbon heating
technologies Solar thermal n
bioenergy and heat pumps.

* Support emerging technologies in biemass and hydrogen.
Use renewable-produced hydrogen to replace fossil fuel-based
feedstocks and process heat (e.g., iron and steel sub-sectors,
ammonia production).

* Implement appropriate carbon pricing in line with the real
costs of the externalities and the elimination of existing
subsidies for carbon-intensive fuels (where those still exist).

v

REDUCE ENERGY CONSUMPTION IN BUILDINGS: %

+ Establish and improve energy efficiency building codes and
standards (incl. appliances (eg. air conditioners), lighting (eg. LED
lights) and equipment (eg. efficient boilers)).

* Adopt programmes for retrofitting/renovation including
financing schemes.

* Align renewable heat and energy efficiency policies to leverage
synergies and to accelerate the pace of energy efficiency
improvements.

SUPPORT AND FOSTER THE DEPLOYMENT OF DISTRIBUTED

ENERGY RESOURCES:**%¢

« Remove regulatory barriers for prosumers that restrict them
from taking an active role in the energy system transformation.
Capitalise on smart-homes and digitalisation to allow demand
management.

« Promote community ownership models and innovative financing
schemes.

 Accelerate rollout of smart meters.

SCALEUP RENEWABLE SHARE UPTAKE IN THE BUILDINGS

SECTOR:*4

+ Promote low-carbon heating technologies: heat pumps, solar
heating, modern bioenergy for heating ). Apply these renewable
technologies for district heating

* Establish a long term strategy for heat decarbonisation.

« Incentivise renewable based cooling solutions.

* Phase out traditional biomass as cooking fuel and replace with
clean and efficient cookstoves (biogas, modern solid biomass
and electricity).

v
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GBIl Lo Ty
@_ijIJ>g '\)DE\?E 5a. Heat Pumps 5h. Electric Heating 5c. Oil Boilers. 5d. Biomass Boilers
ERBRLTVS.
6a. Individual & Gas 6b. Individual & Water (District Heating)
7. New Transport Fuels 8. Replacing Coal & Oil 9. Replacing Natural Gas
1 RROTANE-SZFA B2 9 ERED0- Ky
HiF) Aalborg University, Smart Energy Europe: From a Heat Roadmap To an Energy System HFr) Connolly, D., Lund, H., & Mathiesen, B. V., Smart Energy Europe: The technical and economic impact
Roadmap (20154F),p. 5(Figure 3)&E#TEENLEDS EMRINE, of one potential 100% renewable energy scenario for the European Union. (2016),p. 10(Figure 4)
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v BEENRBEISRTE. O2TOXRATAZBIRERAYT D EICEIICLIFHENKE COMRICEOTIRINF-SATA
PACHIFBERIZAMN 9% EFT B,

mCoal WOl mNatural Gas mNuclear ®Biomass ®Waste ®RES = Solar Thermal = COZ (Mt)

20,000 3,200

Table 2: Changes that occur for each step in terms of energy, environment, and economy compared to the EU28
17,500 2,800 :
_ - Ref2050 scenatio.
§ 15,000 a0 g Metric (vs. EU28 Ref2050): | Energy Environment Economy
3 12500 + 2,000 é Scenario (PES) (CO, Emissions) (CO; vs. 1990 Levels*) | (Total Annual Costs)
2 10000 = e d 1. EU28 Ref2050 n/a n/a 40% n/a
H | 12008 2. No Nuclear 5% 8% 35% 1%
H R g 3. Heat Savings -10% 2% 38% 0%
s 4. Electric Cars -17% -16% 50% 1%
’ “ 5. Heat Pumps Only 26% 33% 59% 1%
¢ = T 6. Urban DH & Rural HP -28% -32% 59% 0%
2 7. Fuels for Transport -21% -58% 74% 3%
: 8. Replacing Coal & Oil -24% -64% 78% 3%
%f 9. Replacing Natural Gas -10% -99% 99% 12%
o *Assuming that energy related COz emissions in 1990 were 4030.6 Mt [65]. The EU target is to reduce COz emissions
; by 80% compared to 1990 levels [84].
leating.

Opose sition Towards 100% Renewable Energy
M3 —RIFIF—HHIERLCO2HFHHLEDHETEE xR1 BRERIEO—RIIIF-HHEELCOHRLE. FRIIXMDHER
&) Connolly, D., Lund, H., & Mathiesen, B. V., Smart Energy Europe: The technical and economic impact HPR) Aalborg University, Smart Energy Europe: From a Heat Roadmap To an Energy Systemlo

of one potential 100% renewable enerqgy scenario for the European Union. (2016),p. 21(Figure 11) Roadmap (2015%4),p. 14(Table 2)
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M Investments ®WO&M Fuel mCO2
3,500 Table 5: Import shares assumed for the job creation

E estimates for the EU28 Ref2050 scenario and the Smart
<
g 3,000 Energy Europe scenario.
P gy P
8 2,500 Assumed Import Factors
2 2000 EU28 Smart Energy
o
E Ref2050 Europe
1,500
3 Investments 40% 30%
% 1,000 9 o
g Oo&M 20% 20%
s
& 500 Fossil Fuel 75% 0%
@
S o Uranium 100% 0%
S EU28 Ref2050 Smart Energy -
£ Europe Biomass Fuel 10% 10%
Starting Point  |Zero Carbon & 100% Fue| Hand"ng 10% 10%
RE
Figure 13: Annual energy system costs by type of cost the EU28 C02 0% 0%
Ref2050 scenario and the Smart Energy Europe scenario.
H4 FROIRNF—SZFLAIADOLEE F2 REEFIOMAZISOLER
HFf) Connolly, D., Lund, H., & Mathiesen, B. V., Smart Energy Europe: The technical and {Fr) Connolly, D., Lund, H., & Mathiesen, B. V., Smart Energy Europe: The technical and
economic impact of one potential 100% renewable energy scenario for the European Union. economic impact of one potential 100% renewable energy scenario for the European Union.
(2016),p. 25(Figure 13) (2016),p. 25(Table 5) 11
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HFR) LUT University, Energy Transition in Europe across Power, Heat, Transport and Desalination Sectors (20184128 ),p. I(Figure KF-1) 12
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B JAMDHER
201552050 (CMNFI T, IRILF-DLCOEF50~60€/MWhTHZELLHREZRT (K3) . Fe. ERFIRILF—S
AFAOZME1000bERIETEHETD (K4)

v BHODOLCOEIFB0E/MWhN557€/ MWK T F2h ZADLCOEIF41€/MWh1'543€/MWh(CHIET .
v CAPEXOPEXDLE®HBEIEMENNTE—I5 T MRBOEHSEISGHL T 2.
v ENXERPITIIEMEAIRE(CLO TIRMODRZEN RO THN, BIRCHITDENE TIEIX MO T3, ATZEEXFIR S
Z(ELRV, B X TIIIAMYEKRT S, INF. EXZRRICIO TARIOBENRBBEITHERT 3.
> ERREXAMZEENX CEBREKE BIFHERRAERRZIRELTVSN, B LEIXTEEREKTR, X520,
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Levelised cost of energy [€/MWh]
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Grids cost
Fuel cost
CO, cost

200 -

Bl Desalination

2020 2030 2040 2050 2020 2030 2040 2050
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H3 IRILF-DOLCOEDHER B K4 FEIRINF-SATLAIRNDHERS
HiFf) LUT University, Energy Transition in Europe across Power, Heat, HF) LUT University, Energy Transition in Europe across Power, Heat,
Transport and Desalination Sectors (2018412A8),p. II(Figure KF-3) Transport and Desalination Sectors (20185128),p. II(Figure KF-2)
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HFR) LUT University, Energy Transition in Europe across Power, Heat, Transport and Desalination Sectors (20184128),p. II(Figure KF-3) 14
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HFf) OECD/NEA, The Costs of Decarbonisation: System Costs with High Shares of Nuclear and HAT) OECD/NEA, Thegosts of Dec%ﬁmii?gn; System Costs with

Renewables(2019), p.38~39&DERk High Shares of Nuclear and Renewables(2019), p.17(Figure ES2)
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HiFT) OECD/NEA, The Costs of Decarbonisation: System Costs with ) OECD/NEA, The Costs of Decarbonisation: System Costs with High Shares

High Shares of Nuclear and Renewables(2019), p.13(Figure ES1) of Nuclear and Renewables(2019), p.92(Tablel)&DVER:
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Main region Neighbouring region

Elec. consumption: 537 TWh
Max. demand: 103.7 GW
Min. demand: 33.6 GW

Elec. consumption: 537 TWh
Max. demand: 85.8 GW
Min. demand: 38.1

Interconnection
7.2GW

Reservoir hydro: 10 GW (12% of average demand)

Pump hydro: 4.5 GW

Reservoir hydro: 7.5 GW
Pump hydro: 8 GW

_ K3 ARDHRCHIDENAT LA
HiPT) OECD/NEA, The Costs of Decarbonisation: System Costs with High Shares of Nuclear and Renewables(2019), p.93(Figure 20)

3 =, -;‘q = Se1=—1%
R3 FUARIDE (GwW) =4 SFUARBIOREEZ (TWh)
Base 10% 30% 50% 75% | LowVRE | | NolCno G jLose 2006 ELD 7% [lLow VRES S No i
case VRE VRE VRE VRE cost e hydro o i i i i —
0OCGT 06 0.5 23 39 64 41 45
0CGT 17.0 244 338 155 233
ccet 803 763 735 710 663 707 700 676
ceer 230 230 27 28 248 77 265 308 Nuclear 4256 3474 2303 1333 0.0 3402 1490 1777
Nuclear 487 39.7 266 16.4 00 39.2 19.4 243 Onshore wind 00 403 1206 197.0 287.8 595 1873 174.0
< | Onshore wind 0.0 15.3 46.0 785 1433 227 785 785 Solar 0.0 134 403 688 1233 206 68.6 68.1
o
;'f Solar 0.0 102 306 523 955 156 523 523 s Hydro run-of-the-river 438 438 438 438 438 438 438 438
H ® |Hyd 158 158 158 158 158 158 158 00
£ | Hydro run-of-the-river 100 100 100 100 100 100 100 100 g |Hydroreservor
s £ | Hydro pump storage 82 58 6.1 83 102 55 9.5 0.0
Hydro reservoir 100 100 100 100 100 100 100 00 = [Hydro pump storage - charge | -10.1 72 76 102 126 68 B 0.0
Hydro pump storage 45 45 4.5 45 45 45 4.5 0.0 Battery storage 00 00 00 00 22 00 00 11
Battery storage 0.0 0.0 0.0 0.0 33 0.0 0.0 14 Battery storage - charge 0.0 0.0 0.0 0.0 -23 0.0 0.0 -1.2
Total 98.2 17.8 167.3 219.9 3252 135.2 222.0 220.6 DM 02 03 02 01 01 01 01 01
ocGT 14 122 130 173 242 165 158 193 Interconnections -275 0.5 ns 52 -46 -16.6 - -
Total 53.9 | 5369 | 5369 | 5369 | 5369 | 5369 | 5369 | 5369
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ocGT 13 24 34 43 63 1.8 26 50
Nuclear 517 419 315 197 00 146 181 222 ot 27 733 7 703 670 7an 720 656
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=]
2 | Hydro run-of the-river 75 75 75 75 75 75 75 75 Solar 0o 134 403 688 | 1244 668 688 688
= Hydro run-of the-river 326 326 326 326 326 326 326 326
Hydro reservoir 75 75 75 75 75 75 75 0.0 ~
£ | Hydro reservoir 18 18 18 138 138 18 18
Hydro pump storage 80 80 80 80 80 80 80 00 § [Hydro pump storage 158 108 104 13.0 157 105 133
Battery storage 0.0 0.0 0.0 0.0 0.3 0.0 0.0 15 Hydro pump storage - charge |  -19.5 133 -129 -16.1 194 -13.0 -164 -
Total 94.2 159 157.5 206.2 304.9 2045 206.0 204.6 Battery storage 00 00 00 00 02 00 00 13
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Total 53.9 | 5369 | 5369 | 5369 | 5369 | 5369 | 5369 | 5369
HiF) OECD/NEA, The Costs of Decarbonisation: System Costs with High Shares HiPFT) OECD/NEA, The Costs of Decarbonisation: System Costs with High Share
of Nuclear and Renewables(2019), p.149(Table12) of Nuclear and Renewables(2019), p.150(Table13)
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IrIF— (VRE)

TRTOSER

WSO NIRMEERIZT

BENORMHIUCEERRINESZ3
DTS

o A—ZNSUPT(E, VREFEFRICEIRSGEEY>SSU-F—-EX
(FCAS. S5HEfITOHIH) Z&FIEF

® KEAAIAMNTIEIEnhanced Real-Time Unit Commitment
(EURC)IEM(EN2THIZZE AL, TNETEEEBINTLRNDE

RN (CHELER IE SO ER TEBIRMIEEINSLSITRD,

AEEDAOIHEBEIE(L SRR
® KEERCOTTI(E, #HaNERHii4% (Scarcity pricing) &IF(EN
3. U741 AT (CE VWIS SIENRE T EHEAFZEAL. F
%uxﬂﬁ DB EMERZIEE
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(2. BARRERER EV)1-23> (3/5) OXBRMICLDEIIE]

XERISL ZERIEOEELBVFTHD, XEHADIKE) A2 BERPAR I FACLDEERT
BTLICED, IXEROFIEZLDFIESHITENTES,

B XERME, HEP - HUSR(CH T S RERMEMHSIROIER(CLO T, AR N ZRMII BN TED.
B REOXBRFERE (TSO) MHHLT. ERZEI CERREERTERIBLETES.

B MSENSHHNFIE T RRMEMHEREN RN (CHA T30, BERIREHMBEOBEMI(CEIDENSUMRLTH AR
ERN-NVER—IBLIART ENEETHS.

B XEBRAOER (RE) TOZ17Me. BERREMBNHEETSTENERLLS.
B RHIZEBONMACELD, REIZIEERL TTOS 1) MIREHEE S BN B BERD,
B XBEAOERUZIZER TSN VREBIMEHEZE TSR3 ROEBEBHMEIN TS,

xR EBRBCIZZIMEE EV1-23>

FERMEmEYYI->3> ¥l / =HEI

o SHETH. HHERICLEE, BHIEOMT TR LERERBELT
LUV EMER, WA SO RDBOER o e GO SCC Ly SEHS3.5/MWh (S90/5) O
o KE T, BERTANF—A/(5AM (EIM) %EH

o S o ® EUTHE. (EMMERNORL) EREESEEIR1 5% RFRR

IRBRAIRIREE - 78 DI 10NMESHEE RS CE T REABIR 05 T) MYBERN T3,

SRR TERERES

ledS3im I o HWELTAI T %ERTBGreenlink SO 14 K Tld“Cap-and-

JV;?“,D\;:{;’;II\Fﬁ%/%O)?’“E' szao)ﬁv{ floor" ARMRAEN., TOSTI MREADFryT (LIR) 1536
s SR > = o0, JO7 (FIR) 6i81F3CETRERZRE
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(2. BRI EY)1-23> (4/5) SEMICLDEZNIE]

SEMETANRFE N OHZFEEFHGIRITIZN D DH D, ARBNZEEPFEIEVDEFI DB AICLOT,
ZENOER ERMEEENS.
B BERRERBECARBIREH LT EBBROENTIEADSH - ¥ —EARENFEINILELHD.
= EEOIBOTBASHIT DI, HBRAOEENRDNG.
B EHOMEHNEAINZCILT, —DOBEMNMEMHBARR SN Y- CRIRHEITORMEBSNE L5110,
B BT BERDAIR-232(CED, RIARENCH ISR RERBES AT AOBAZILREE DN TES,

= EEMICISERREE EV)I-23>

ERMEREYYI-53> ¥l / S=ptEf

S —— o KIEFERC, MY RAERE (1S0) EHBEBRAERE
EBLORNHBSMENSISOOR " R10) (L. BEONSICZSHMENTS. 7>>5)-5—E
= At BEMHIBEHZT LD

sEHAEAEE D
SEUMEMHIBARRCSI-Y-EZR o A-XNUTORFEIOSIINCE. BEMHEIRMAEDS, B2
HNBIHEE D EHTHVINERI DIBEE KPR TS, HEDTHSARESIIEIEE. JNUIMERT. R
(T¥RENTEE L | OFFE) ERE. 01 NEREOER T IARHIICLDER

o KENDAYSTOIT/NT(F, BETEIS AT A, JO—Eith, FARIE:,

EHZHCOBESATINOBESIE  EEKCERLEKSEAED10~ 100 EOEEAETEER
Oy NBEES X5 [N
SRS
et s e e g EEREHMAE, EAEEDCILTHSA- X TORMES 25T
I CHIERREE S AT SERARE L. BRI SR RIS AL .
BE AR E RIS E B

12



IEAI Status of Power System Transformation 2019 -Power system flexibility-1(2019)

(2. BRBRZEREM EVJ1—-23> (5/5) OGDERICLDFEEIE]

DB RILF IR (DER) (FREEMISRELTORERATEEEZBLTHN. TOREBNZE+D(C
JEAIBLHICFIHIBOERIOKRIBRIUENBELR D,

B DERZZERMAHSFREL TH2H(ERIBHICF, BB, &6, HiSRADOBESHBETHD.,
B KHIREREEROBEERER O FHRENEREINBVELD, /INRIEDEREIFEEE] FHE DB NATHD.
B HEBAHISEPYY S5 - -EXHIBATIVT - - IS TERLIRHFINEN - EERFENVE THD.
B DERZEAIDEMIFEZTEMTHIET. ZENDZEDPREZLDFIRET LN TE D,
B 2O5-hyIVUYDICEOT ARREREOHF R HHEIRTER T 2N B REER D,

#F DERICLBZEEIMER EVY1-23>

FEEEmEYYI->3> ¥l / SRHEHI

® (FUXT(F, DERNIERSHEFRE Y —ERICSITERLOMHIZEE
® RAYT(E EVZRIRIEMHEREL TR0, B 14T
ERIEEESB75ENS. R THNIE—IEARY 375552 1RE

DERZZIRIHHEIREL CERI 21HD
BAMTEAE, % TiEARAIOES

R -
misEREtE

o (SHUTTIE, NEIAFAHEBINS004F L EDE)\ AV REX—5— (FE
) EBBMEABCHEICLHRIEBES 2T AOFKIR I ZIRET
L. ZRERT S0V, ESRRT - R L 0iRE% AL

DERZZEIIHAHEIREL TERI 2HD
EFEOER

o NIRRT I OBERHEEZAWTHEIF 2= 0 THREHI
o T+ —3EmE EPRRIDEX(CLO—RIRILF—FEZHIR
o EZ AT hARHEOFEACH 2= RARIBEM

TIH—hyTUS (LT, EESE -k - JREE
REBAVSNOIRIF—2FIFAL TLSED
FoEEELHFEZER

HeifomE

Iﬁ@ Rocky Mountain Institute[DEMAND FLEXIBILITY -THE KEY TO ENABLING A LOW-COST, LOW-CARBON GRIDJ(2018)

13

(1.43%]

FEASFOZRRMZERIBET, IAMIRLBEREIRIF-ENOFRRBZITIEN
TE BRFRENIRATLINOERICKEKEBMI DN TED,
B XBEBE FHHNOEBHIATALEVT, 8 DOFREAIGHEZT VYR INIERIERETCODER
ML BEAIZEIENE NS RT AOZRIERHIGCKREEMTEZLEZEEN TR,
B DAEREIE FEAIZIKMEZERIBZILT, FTELOMRIMSSND.
B BARREIRIF-REBOUGEN36%M L.
B FARREIRILF-HOIHEIZR40%HIREL. £z, BREBEEE—I1EZ24%. 5OTEEEES6%HIR.
B CO,HHEEZ23%HIiRL. FEFEEIRAMz$19{SHR.
BERREHE ., JEEREPENSHR. REAFZRE2EETHEREVTHE STEZIRET 20ENHD.

R BEAZRRECLIZENIATINOHE

_ WITHOUT FLEXIBILITY WITH FULL FLEXIBILITY % CHANGE

MAGNITUDE

AVERAGE ENERGY VALUE OF RENEWABLE $8.70/MWh $11.82/MWh 36% increase

GENERATION

ANNUAL PEAK NET LOAD 58,441 MW 44,354 MW 24% decrease
AMOUNT OF ANNUAL CURTAILMENT 42,405,742 MWh 25,637,233 MWh 40% decrease
AVERAGE MULTIHOUR NET-LOAD RAMP 3,898 MW 1,728 MW 56% decrease

ANNUAL SYSTEM-WIDE CARBON DIOXIDE
EMISSIONS

31 million tons

24 million tons

23% decrease

HFT) Rocky Mountain Institute, DEMAND FLEXIBILITY -THE KEY TO ENABLING A LOW-COST,

LOW-CARBON GRID (2018) , p.10(Table 3)




Rocky Mountain Institute[DEMAND FLEXIBILITY -THE KEY TO ENABLING A LOW-COST, LOW-CARBON GRID](2018)

(2.93FFE]

BATREIRILF —ORERT S SvILIRE MMORFENSDEESN TVSTF I AMERCOTZET
JWEUT, 8IERADFEBAIZIE(CLDINREARILUIZ,

m DinEf
B (FE-FEHEFICHVT, BEEsEZRE I LN TES8BMDE Az FlHl. EZREFIFRER.

B 2050FIRINF—YIRZIETE : EENEBERRIRINF—60% (BH42%. XF7HK18%)  R—X
O0-REIR20% (RFD. #hE25F) | FEEIFR20% (HAKA) .

B BRFBEN-Z2OD-FBEOREE (20%) ZTFEIZZECE. BETEIRIF-OEDIEZITS,

£ DFETICHIFSHEERIRIIEOBESRMF

RO

IRTOEETIAY-NTFJ 1ZFRALTED. TBRE (BkRR. BEHRE)

» o B
RN A LS0ORH  auiieasiie, RAL7%0BEE, BA4RMS I L,
- 60KWhD BB/ LA 20FERAEE, B, S EBENEESNTL
BREBE $100/%M  LA1SODEM  pepgus-a\T. £orbBal SN BN,
e ESERE /MRS 3908 premmigaw. SEEFE4. SKWORBEAIEE. —BEELTREAMEL R
%ﬁ.%ﬁﬁ%ﬁ $5/%“ﬁﬂ§l§ 317515\ % (—FBEB)OO/O@H%FEﬁ%) (Cé%btl*}b#_ﬁ?ﬁﬁiﬁﬁg—6o
EE:BRSAFL  $50/kWh 37058  BAEENRESNRE/BEEIATIC, AEME20.25kWh, 2R
A0KWhOBHS A5 W& ES HIEE. —H D55, BENMEVRIITIAL
EZ-BERIATA $50/kWh 2475 F-EFEZITV. EENS V6T I Y —%EA.
EESE $228/kWh D0FE 2 (AE) NRESNRE/BEEIATL. AEMAE28kWh, 2R
S7KWhDKBES 25 NEEES HIETE. —HD55. BEAMEN7BEITIRIL
gegw ops $228/kWh A6 P EEATL. BENEOGEEICEETILEAEA.

HiFT) Rocky Mountain Institute, DEMAND FLEXIBILITY -THE KEY TO ENABLING A LOW-COST, LOW-CARBON GRID (2018) , p.5,6 (Table 2a,2b)&D=Z#EAFTPRICTYERR

Rocky Mountain Institute[DEMAND FLEXIBILITY -THE KEY TO ENABLING A LOW-COST, LOW-CARBON GRID(2018)

(3.93#4E5R]

HEAIEEZERI LT, REZTEIINTE, ARDEVTOTANAIREFRPE-I&
ST BIDDEII S AT INDIRE T THIENTES.

B RERERSATL, FERE. BRADE. FEA-KEAGRERD. ZMCERIEZIRATES.
B EERE. BEXEHIE. aindad. BERIMNAODDEIKEDH TRR M ZHIET SN PIEE,
B EBEABHSITLE. OB TEIETERVZEE Iy M ICEBERIAE,

m EEM-EFRAZER (55E) (ETHABRSATLACLSZREDOHIGE. ZMTERVEERER O,
B CNAOETEE. foSTERNERN REERASNARCERINREZL TV S RHMRITRENEAOTVS,
B FEABRSATLANERINBRHEE TEIZMNTEIFE—IRRAICRE T3NS SIRITRENERD,
n EEA-EBRAEE (5F) & KBRSATLNORENKENLTERT 3.

B commercial Heat
Residential Plug Loads

EEEE
b

2

15,000 |- A

-$85.42

el
15}

FEAZREE EEANNAFTAEDHBE . FREZRAI ZHOIRREDE,

Avoided Curtailment ($/MWh)
) & @

ERROBE o E=ThyMCEBRY P (HAXHFE) RBIEN
s DBBRE R TESDROBNAS BRI S
| mEnzwmecER) i = - : :
- 0 1 2 3 4 5 6 7 8 9 10 HTi’rjio“;Say 14 15 16 7 8 19 20 21 22 23 N o Avoided Curtaiiment (GWh/y) o S
FEAZRMCEALLBA0EH (BE) I OELE B LHEIA N

HiF) Rocky Mountain Institute, DEMAND FLEXIBILITY -THE KEY TO ENABLING A LOW-COST, LOW-CARBON GRID (2018) , p.9,11 (Figure 5,6) 16
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(4. BERN\DIRE

Rk ZR RIZA DB S RT LRI T BIeIC. BERAIZEMOMEZFDERIILZEE
U, ENZKIB I BHOBUER - HlIfE - BTN 2 EDENHEREN D,

x BERREWHE. RERE. ENSHNADRE

RREARCHBVTEIFRAZREOERZERL. BIIFREBADIKEZIIFI TS,

n BAERRIRNF-DBAILASTEZRE I IMRCE. FEAZRMEZ BRI D,

H BARRIRF-EREARREQ. BENCREERIR-NIAAZEKRT 3.

n IEREE (FEFRFIEOZRRIER) \DREZHEREL. ENSHOIRBESHSZIEDT,

ZRMEROBABIVEN AT INDHENMEEEND LR, BEFRNDA T I ZRIFZT 3.
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(5.2Z1Ek : REOBERIRHIEERTOIA]

KET(E. 600 LOBHNEHNEBERIZEEZERITIHOREARRZIRMEL TV, BEA
FZEE(L, ZEEDA> 515 E#HEITS”"Non-Wires Alternatives”t UTEEHIN TS,

B RETE FEARRM 2 RRIOEATTI0T S LANMEEFET 5. INEREROT Y RUARV AEFRR:
D, E-IBEZTIFRRITHL HIOKRFICREEZSI N TaAZFE(LT LTSN TS,

£ KEOBBAFZWIEEATOI5L
i ENS 20035 L=

: . EERBESATACBSEDEREREHADETHRLIE-R
%ﬁﬁ?ﬁ_‘ﬂ Do e C(DER) EUTERTS, 1008070S /2015 (R, BREBTEH
v—=3 ' = C— BT HEOBA BRI BT,

KBS AT Southern California Edison 1,80080KEB&#S AT LAZEZ - E5RE (FER) NEA, §5125.6MW5H
LA (SCE, DUTAIL=TM) HYOBERSEIRMT BTN TTEE.

Hawaiian Electric FBROAN— MEBREHHL TRHEY—ETERTS. 1EM0T0> 1M
AV—MaimE (HECO, \DM) 20144E(CEE. BEFROEBHEASLREECEALTFETZLR RHE
’ FEREN % RN ORENICIRETEZIEMREEAN:.

IO . b BRI B, A7 N —E2y MY — MABERF90 > N A T
AX—PMY—ERFYE  Green Mountain Power FITE 3B TOTT) Me201 74 (LM, BNIE (. TEIEAERDRVEEE T,

EAR—hiGimdE  (GMP /I—EXMH) ARG — EX DAL ST B AT S.
N )  BEREESASAORBCHLT. BEER (RE) (0$650/KWOUR— MR,
BT Tri-County Rural Electric s ynor- yprpgmpm o (TOU) %4770, JEE—IBS0RVESNERAI

AT Cooperative (A/\1ZA)H) TEEEA TS EHEL TS,

HFT) Rocky Mountain Institute, DEMAND FLEXIBILITY -THE KEY TO ENABLING A LOW-COST, LOW-CARBON GRID (2018) , p.4 (Table.1)&D=ZEHFTARICTYER



Iﬁk@ Rocky Mountain Institutel The Non-wires Solutions Implementation Playbook] (2018)

(1]

%ﬁ%ﬁﬁ’iﬁb@”(:%ﬂDZ?AOD%%A}\“E/Z’E}EEIL FYY1—-23> (NWS) ZHLKIBIcsh. FRil
RIB0EE. RNERFEOREL. FEFIEOFELIBEERSD,

B MEIE KETELEINLTCVIRFIE®RE Rz I3, DEEIRILT-RzE0HET 2R IEE
B DYV1—->3> (Non-Wires Solutions, NWS) ZEB A{BEITIHOFIE. Fhs. REILNE-E
REEE -FRBEEOEI|(COVTEEMZRA,

B NWSHERADREE FRRINEFZREBLTED3IRTHD,

B REIEEORER  BUFICLZEATE, (L1207 EA EA - FHMEEHEDRE. XTI —EDFEESD
B FBHFERERAOREL : NWSLEIFROER—AL. BRBEELHRFBEBOWRN. SHERERADNRNLER

u .ﬂEEFJIIEODH-JE{b HEZFRIODJSL (DR, BEM) OB AMEAN-XLDER (FRIFRIREHE. 7Y FRE,
RYRA=FUY) | BRFALOHEE

CUSTOMER COUNT, SALES, AND DISTRIBUTION ASSETS FOR US INVESTOR-OWNED UTILITIES, 2012-2016

e {_1'%[

120% PRC\CUREMENY

15%
0%

» Ml

uTILITY
STRUCTURE

95%

0%

KECHIIDPEEE -/ FEIRFTEN = - BLEEEFEDHR (2012-16) NWSHEAR DI DR T NEERREES
{HFF) THE NON-WIRES SOLUTIONS IMPLEMENTATION PLAYBOOK HiFF) THE NON-WIRES SOLUTIONS IMPLEMENTATION PLAYBOOK
(20184E), p12(Figure 2) (2018%F), p19(Figure 3) 19

SCERGB) BATIRIF-EHI2030 FEARCSFIZEEHE BARAIRINFT-OAEEALENSZATLAOREMDHT1(2019)

(1.81%]

BARODENIATACBNT, RRLZEMEZHIEFL DD BAIRINF—(CLDFERBHFEDA0%%
ST DCLIRIRAEETHD. L BRIRINF—CLBT I - -LROEANRELTRD.

B XEMIE BATRIF-BEE7I5- I3+ -J T ERCEFEEBEBATIRIF— (VRES) DR
NDEDFEEZDL. RRETEMZHEIFUODEARGRABAIRIF LR (RER) ZiERUL.

B DIEROEES ENMNNRRFHEERUIC, 33%5H3\E40% DB AT RIF—LEEROEIRNEIEE,

B VRESEEEND1.8%zHHIHEITEET. 2030FEDERENTED3I3%EBRIRNF—TENRIENTTHE,

B HBHIIHERE3.9%FTHEIZENTENE, 2030FEDFEREBEHEEND40%EZBAIRINF—TIHRSTEHTHE,
FIVRLARI R EEMREMOITEEEBURISES. RIRuEEESSICEES.

B ERU BRAIRNF-CLBT7OITV-Y—ER (AR TRECEERERESEY —EREIREL) OB ANRLEERD,

xR 2030FRROEHBERTIRIF—KE

B ( ~33% RES) H#(~ 40% RES)

BE ®EF @]k B# Ea=k3 [El=ES
ERBE(TWh) 916 412 503 916 a2 503
PV(GW) 100 447 55.3 125 44.8 80.2
EAGW) 36 249 i 54 375 165
BK(GW) 223 89 13.3 223 89 13.3
SNSP#I#* gg;’:g;gg 60% 70% ggxgigg 60% 70%
FRIVRESE (%) 221% 28.4% 16.9% 28.9% 34.7% 241%
FMREE (KHED) (%) 33.0% 389% 28.3% 39.8% 45.2% 35.5%
ERIVRESHFHME (%) 1.8% 3% 0% 3.9% 51% 2.5%

XSNSPHIFIEE, 1R BEDOZRBE BRI F - BAED LRETHS.

AT BAIRIF-EAEI2030 FAKRCSIZEHE BAIRIF-OXEEALBNIZATLAOREESHT] (2019) | p.53 (XR16) 20



BATIRIF-HI2030 FEARCSFIZEEHE BARAIRINFT-DOAEBEALENSZATLAOREMEDHT1(2019)

(2.9HF% (1/2) ]
BHIATLADRZEMNAREIREZ. [ RRREM LT BN | O R mhss iz EHEU.

m AFE
B FEII1L—-23VAET IV THBSWITCHE . BIRS SRS E S 21— AET IV ThdPowerFactory(cd 5E
FIVDBHCED SFUAR] (RR-TS8R) OVRESEBEIGICL i HEizITok.
B BHIATLAOZEMRRREREE ] EEIET OB NS HiZRMeU.

% BHIAFAREROFMER

FEIAE AHFT ORI

FRDEHARBREEBO NG —ELLTRLSNS/ (S5A-FThH3. 225
ORIRBZE(LE SURIRCARBECENIBBACE. RTEERS (FishR) HiE 0.2Hz/s
RBBEIEEMN B BEMERSHOEERIFE TH.

- oy RSN EOEE TS, ABRANCHETSRBMSIUSESERE  BREAA : 49Hz
RAREN ORFERBER  znnissre. meEBmEmmnans, FHEA : 58.8Hz

EHARE T I B EEREEN TR £ — DIBENFI AN 3. ERBSEREN
QRiRIET 0B, BRI CRRICHU UBREEHIS T RIGEZ (BB RIEDTH -
D, RIRLERORERS,

g R MBI DX AR DR 5 IO ZREB TS, BHEROHE%(TS
EhiEl ET. RERRICEHBVRESHEZED FHBLUERBEFREDLZE T (CLD, & =
OEBERR IRV TASREEN BN EIRHECIBTENTES,

3) RRZEEHMEEROO. QICELTE. 1.5GWOZERNBRAUE SR I DICEZREL. REBMITIORATENDIIE. 1.
NIFEBHEOBEMEILE, 2.—RLE (FEBERONNT—EERRKEICE) | 3. RAROHVDCCLS7>S3)—-—EX (600MW) LIEZHE
FEEU. L. VRESEACL2FEZ DI DI, VRESICLDEREREUSE (FFR) Y—EXBEEL TS,

21

BATIRIF-EHI2030 FEARCSFIZEEHE BARAIRINFT-—DOAEEALENSZATLAOREMDHT](2019)

(2.9%F=% (2/2) ]
EHARLFEHAROEHZRRICOWNT, 2 D03 FUAE, 4D0OBERFTEICEEL ToMzEMmU.

B DIRSFUA : T 22D FIAZIETET S
B BEEIESFUA  2030FFE0BARIRIE-EASCHTIBMOBEEE. (BAIRILE-LER : 22~24%)
B BRAIRNF-BASFTUA  BIASEERENERTEEEZZERIRIF—BABESRBULS A,

B XISRISRIMRE ;. RO RAVRRF R EZ 5 I 3.
B [S1:5FEE-KVRES]. [S2 : SFEE-AVRES]. [S3 : {KFEE-BVRES]. [S2b : VRESK#EN'S2 ES3DR .

B XS | REAKCARAROE R ZENTNERICFHT T .

xR DI FUABIEIFEAERK R O SREFERTE
HEAE [GW] HABLTE | BEEREYFVA | BAIRILY—8
BAIRLE |AIRLE— | KHFBVRESE | AVFUALEITE
REIE mrrams | BRIFL . . .
R x—was | =R No. | 91LR5>7 RE —ttih Lo AL~ VRES AL~
FUA
= = oo = S1 | ®E-2030%F8A (5476 | =147 GW 1& (%) & 5% 9%
Bh 10 36 +26 S2 | BE-203048A (51 | =150 GW = rh 22% 36%
"7 23 0 -23 S2b | BfE-2030F7A (FEIE) | R 1M GW 7 2 - 48%
a ¥ ¥ 0 S3 | BR-203045A (F&1E) |BooGw | B & 40% 69%
FHRHRa 53 75 +22
*Ab 52 52 0 3E) VRESEALNIUE. BHIATAICHIIZ21EEEHIEDOVRESEA SRS (BRIHAEZX) TRI.
| 0 0 0
/ciacrx*u, a7 23 26
HhEh 1.7 17 0
a AR O—YzXL—avEEL (—HRHEEA I—IzRL—
Y3y - IRLF-BEAREYI—ICEDRAH) o
b BKREEEED.
c\AAHRBEUIAATR,
HAT BRAIRIIF-EEI2030 EEARCHIIZZESHEBRIRIF— HAT) BRIRIFT-EET2030 FEHARCSFZEEBHEBRAIRILF—D

OASBALBHIATAOEZEMSH] (2019) ( p.27(F2) RBEALBEHNSZATLORERED] (2019) . p.29 (F3) 22



BATIRIF-EHI2030 FEARCHFIZEEHE BAIRINFT-OAEBEALENSZATLAOREMDHT](2019)

(3.9MHER (1/4) FERBEACERLETEERS (REAX) ]

RAATE. RAELTESZBROERL 60%DVRESERHEE R ZEIROIETHD. L. RARERIRIC
£37>33)-Y-EXEM. VRESICL2ERBEIRLISE (FFR) Y—EXZEATEENUNERERD.

B DIERL | EREROBERSEZ RS TEERE (EEHAX)
B VRESHMELEZR (S1) &hbbsR (S2) OBFRIMFECHUVTIE. VRESICEBFFRBRUIC, B FEEIRENIERFREIE
(49Hz) DL ECEEFRD, BIREZ L RDESFBEEFAICINE D,

B VRESHELEE (S3) OFMEIMFEICHNTE. BAOFEBHNSOFFRZIE (BUFBEZES A : £9216MW. BRAIRIL
F—EBAIFUA : 9780 MW ) . KEBHFEEFINSOFFRSZIE (BRIRILF—EAIFUA : 102 MW ) (CL3ER
ENONRMSCENEREINZELTE. R TERERIILIEFREME (49Hz) 2T E3,

B {ERNSEEIIRABIOHVDCGERRICEDT>ITY—-P—EAL, VRESICLBFFRY—EXEEBEINIE. R TER
REUISIICHVTEEERBME (49Hz) (CUNES . COIBA. 60% DVRESHRIFEERHNRIATIAEL LS,

505
o
EY e &
B ERRRIE (TR
R N i
fRFREIME (FRR) w oss
g 094
&
, e © e " ol ” VRESOEA
EVRESIST) BAFFRE U EVRES(S) BAFFRBD  -ene FVRES(S) BAFFREL : ) e ® - - D‘g‘ BRI EEER
— VRSS2 EAFFRBD oo BVRESIS3) BAFRAEL  —— RVRES(SI) EFFRED e i e R g
RRSEACE (Hz/s) RN TE (H2) ™ o 10 20 30 40 50 60 70 8
No. 2ry7vavh BAFFREL BAFFRSBD BAFRIL BAFFRBD — VRESY 27 []
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Abbildung 162: Entwicklung des Strombedarfs in den Sektoren Haushalt, HD und Industrie im Referenz-
szenario, eigene Darstellung (IBP)
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Abbildung 165: Entwicklung des Warmebedarfs im Referenzszenario, eigene Darstellung (Fraunhofer IBP).
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Abbildung 166: Entwicklung des Warmebedarfs im MaBnahmenszenario, Quelle: Fraunhofer IBP
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