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2 C02 ARk > > ')A (P1,P2, P3,P4)

Billion tonnes of CO,/yr

In pathways limiting global warming to 1.5°C
with no or limited overshoot as well as in
pathways with a high overshoot, CO2 emissions
are reduced to net zero globally around 2050.

Four illustrative model pathways —

P1
P2

P3

P4

&LFUFONE

PI(&ETHBD) : 2050 FOBKIT AL F—HBRES 2010 FLLTYA F R 32%&
T % DHHL 2050 FEOLFIREERBITBER T A FRITHFMT A F R 8T,
RAARTAFR MUk BT, 2050 FEF 1% 2010 £ L 1.5 45,

P2BEIRHID) : NAFZBR<BIRICESHMHIGEEZ 2050 FFETIZ 13.3 &I
BOTONEE, TNTLRFAFBEOABLET, CCS [CKEHRFE C02 Al
3,480 f& F UHWE,

P3(BATER) : RIMINFARALGCERYT 5 & ZHFF, 2050 FDFREFAIF 5
B NAFTZRSCBIRIE8 815.0CS 2k 5 RBHIBEIL 6, 87018 + > = HIFF,

P4 (BECCS rily) : CO2 HEtHZ—BA —/\—Sa— FSE 5%, BECCS [CK-THE
75 C02 HlisE 1 9k 2,000 {2 b BT DA, RFHH 2010 FLb 4.7 5.
NAFZBRCBIRMEGE 1. 4 B85



E3 &L+ UFONE

P1: HT Rl P2l P ERITER

P4 :BECCS il

Fossil fuel and industry AFOLU BECCS
Billion tonnes CO, peryear (GtCOz/yr) Billion tonnes CO, per year (GtCOz/yr) Billion tonnes CO, per year (GtCOz/yr) Billion tonnes CO, per year (GtCOz/yr)
40 P1 40 P2 40 P3 40 P4
20 20 20 20
0 —— 0 — 0 \ ]
20 20 -20 20
2020 2060 2100 2020 2060 2100 2020 2060 2100 2020 2060
P1: Ascenarioinwhich social, P2: Ascenario with a broad focus on P3: Amiddle-of-the-road scenario in P4: Aresource and energy-intensive
business, and technological sustainability including energy which societal as well as technological scenario in which economic growth and
innovations result in lower energy intensity, human development, development follows historical globalization lead to widespread
demand up ta 2050 while living economic convergence and patterns. Emissions reductions are adoption of greenhouse-gas intensive
standards rise, especially in the global international cooperation, as well as mainly achieved by changing the way in lifestyles, including high demand for
South. A down-sized energy system shifts towards sustainable and healthy which energy and products are transportation fuels and livestack
enables rapid decarbonisation of consumption patterns, low-carbon produced, and to a lesser degree by products. Emissions reductions are
energy supply. Afforestation is the only technology innovation, and reductions in demand. mainly achieved through technological
CDR option considered; neither fossil well-managed land systems with means, making strong use of COR
fuels with CCS nor BECCS are used. limited societal acceptability for BECCS. through the deployment of BECCS.
Globalindicators I P1 - P2 - P3 P4 ) Interquartile range
Pathway classification No or low overshoot No or low overshoot No or low overshoot | igh overshoot No or low overshoot
€02 emission change in 2030 (% rel to 2010) -58 i -47 -41 : 4 (-59,-40)

L-in 2050 (% rel to 2010) 93 I 95 91 a7 (-104,-01)
Hyoto-GHG emissions® in 2030 (% rel to 2010) -50 i -49 -35 ; 2 (-55,-38)

L.in 2050 (% rel to 2010) 82 -89 78 -80 (-93,-81)
Final energy demand™* in 2030 (% rel to 2010) -15 -5 17 39 (-12,7)

L. in 2050 (% rel to 2010) 32 3 21 a4 (-11,22)
Renewable share in electricity in 2030 (%) 60 58 48 ] 25 (47,85)

L.in 2050 (%) 77 81 63 | 70 (69, 87)
Primary energy from coal in 2030 (% rel to 2010) -78 i -61 -75 -59 (-78,-59)

L.in 2050 (% rel to 2010) o7 ; -7 73 97 (-95, -74)

from oil in 2030 (% rel to 2010) 37 i -13 3 26 (-34,3)

L in 2050 (% rel to 2016) -87 50 81 22 (-78,31)

from gas in 2030 (% rel to 2010) -25 . -20 33 37 (-26,21)

L. in 2050 (% rel to 2010) 74 -53 21 -48 (-56,8)

from nuclear in 2030 (% rel to 2010) 59 83 98 106 (44,102)

L. in 2050 (% rel to 2010) 150 98 501 468 (91,190)

from biomass in 2030 (% rel to 2010) -11 ! 0 36 -1 {29,80)
L. in 2050 (% rel to 2010) -16 49 121 418 (123,261)
from non-biomass renewables in 2030 (% rel to 2010) 430 ! 470 315 : 110 (243,438)

L in 2050 (% rel to 2010) 832 1327 878 1137 (575,1300)
Cumulative CCS until 2100 (GtCOz) 0 ! 348 687 1218 (550, 1017)

L of which BECCS (6GtC02) 0 151 414 i 1101 (364, 662)
Land area of bioenergy crops in 2050 (million hectare) 22 93 283 i 124 (151, 320)
Agricultural CHs emissions in 2030 (% rel to 2010) -24 -48 1 14 (-30,-11)

in 2050 (% rel to 2010) -33 -69 -23 2 (-46,-23)
Agricultural N20 emissions in 2030 (% rel to 2010) 5 -26 15 3 (-21,4)
in 2050 (% rel to 2010) 6 -26 [} 39 (-26,1)

NOTE: Indicators have been selected to show global trends identified by the Chapter 2 assessment.
National and sectoral characteristics can differ substantially from the global trends shown above.

3¥) AFOLU:Agriculture, Forestry, and Other Land Use (. #H#. FDhtithF| B
FEKL., M L2 K S 002 RIREERYT 5 ), BECCS : Bioenergy with Carbon Capture
and Storage (/XA 74 CCS ZERR L. BERDEIMEMZHIEZ TUNHE - i £, LY
%002 #ENETETHEEZEKRT D, cOZ LI YIEYMRERIBIETO 002 IRYR & ¥

B C02 BEIURIC & > T 002 D Z BT ),

</INEFREE>

* Kyato-gas emissions are based on SAR GWP-100

** Changes in energy demand are associated with improvements in energy

efficiency and behaviour change
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I1. [EA THFETR)LF—EREL 2018]

(1) 3 2DELLF VA FHHERVFTIA, FigaaesF U4, BITHKRIF
') A)
B4 3FIFDERM—RIRIILF—EHEE, REAXHELHE (2040 )

700 1 4&%1\/ .................................................................... LT =1 SR S 42.5%{,:/
b= Sustainable Development (2040) New Policies (2040)
(=]
n 600
%_ 500
¥
& A eeorrmrevrse st s e S et e SRS, NOVOU Current -
G _ 32642k .
Policies
T 002 ..... s e (2040) "
710 1 =S U
2017
L0, 1 e T
1990
15 20 25 30 35 40 45
Gt €O,

Achieving sustainable development goals requires a complete reversal of
the historic relafionship between economic growth, energy demand and emissions

FBER ST ) 4 KEHEZE (IPCC) 1Z1RHE L1=REEL I R BB ETE % (2 2040
FETEFOERZERL-VF YA, 2040 EOHEO—RIRIILF—HEEEIX
2017 Stk 25%1BEFEE L TS, CO2 HEHET#HE L. 2100 FOKELFIE 3°C
ELIZH B,

FHEATRES T ) : 2100 £ OIKREL ZEREMRICLERT 2. 0CIZE S,
MIKIRIE EFFR AT REIC T 20D F VAT, HRD-—RIRLF—HEER
BIEWD, IR, BIRZPZFERE LT 2050 4 002 BREEXIFIFHBE KD
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40 %ﬁﬁ%}d"ﬂf
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Bridge measures

10 . , . Further action in SDS
2010 2020 2030 2040

EhER:
6 FERIFTIAITE T HEROERKR (BEAL - GW)
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2 Historical i Pro jections

B 1) . / Solar PV
Coal

Other renewables
— — ] il
cm—— Battery storage

1

— T .
2000 2010 2020 2030 2040

AR RFNT2040 FEXTICTEKNIEZ D, ZDM 2. 7E KWAFHR SN DA
LTEKNARET 5, 2040 FOHREBRMEFTEAA (2017 F10)3. 3 5. K&k
AM6.5fE, HRAKAMN1.25 %, ERERFEEH 1.8 FITIBXT 5,
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3) BIFORBEESILA2%. KBK - RADENEGEL 20E8E ., RIFEZEER.

X8 EHER (K& - BA) AREBEEICHHIEEG (HFEOXT—D)

Phase 4 gf’/lfﬁﬁ%

Ireland South Australia Require advanced

technologies to ensure
reliability

T VREIO%LLE

Flexibility investments

Denmark

Italy  Germany

AR BT Turkey [
Mexico —0 NS Australia

Canada France China, United States . o —

Indonesia
=9 Korea

Russia Saudi Arabia

Phase 2 VRE5N1U%

Draw on existing
flexibility in the system
Phase 1 SZ$80 /-

No relevan;_rllmpact & L’
on system integration

0% 10% 20%

50%

VRE share in annual generation

Many regions are in Phase 1 and 2, with a handful in Phase 4

Notes: EU = European Union, UK = United Kingdom. Kyushu is a subsystem in Japan.
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When (duration)
Seconds Minutes Hours Days Months
Frequency regulation ~ Operational reserves Load balancing Seasonal arbitrage

Where (siting)
Centralised/transmission
TSO/utility

End-user/distributed
Third-party/DSO/utility

Storing energy I Improving grids I Flexible generation B Demand-side flexibility

Expansion of electrification, distributed generafion and variable renewables
will broaden the need and range of flexibility options

B10 HREBEHRMKICETEILFIEY 71— (2040 F)

Power plant flexibility Other flexibility
5200GW 1100GW

.
Interconnections 11%

B A5

— i ke A

0il 3%

Other 2%

While power plants remain the cornerstone of flexibility, storage and nefwork investments
play an important part in meefing the needs for increasing flexibility
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Battery
storage

L] Hx5
AHX—E"
- turbines

GwW

2017 New Policies Cheap
i t
£S5l ﬁ%%a‘?/ohmo Sﬁor{aﬁﬁgiﬂﬂ,
B v
) RMZFEMSFVATIEEEMIR A 2017 FLANLD 0WFETETL, EE
MERTHARBKNERESA. 1BEWOARFI—EVEZRELT. EELRE—VEIRIC
AR

[REIXENI FVF

[EAIZCHETOIFIAICEMLT, SEIE TREEEHIF A ZREL
TW3, CCTIREBESTUAITHRT 2040 EFOEHEEE 35k Kih) %
£ 2 ZIFBH D 7 Jk kWh O L T 42 Jk kWh £ R5AH. TRIK (2017 4 22 3k kiwh)
MOEETEF I THS,

B12 TRXREFEH] >FUF

=]
wu

- 75%

S LB o 65%

2T

Thousand TWh
%]
[==]

Thousand TWh

New Policies Scenario

RS A ©30%

25 - 25%

®19%

2010 2017 2025 2030 2035 2040 2017 NPS FES Tech.
2040

&5 of electricity in TEC (right axis
CHSE S e

Electricity demand in the Future is Elecfric Scenario is about 7 000 TWh higher than in the
New Policies Scenario by 2040, but is still far from the technical potential of electricity




¥) EEEHM|IS S 7T, FIES (X TFuture is Eelectric Scenariol. Tech & technical

potential MIE T, RIXHEBICEITIENN ORI EIRREDOHIE 654D —R , EFE
(GRBZVELTHIREEK. A ML) DlE (MZE. . EE LS VI E)
DRBHFTEIHNEYELGIINE D,

B 13 #WEIFOEIL

Electric vehicle fleet in 2040 Electricity demand
w 1.0 - @ 10 FEIEAD . s
& S FES
2 : =
c c 3 ]
2 2 G MBuses 3 3
& z ERLZ 7 F
s OBy
TE =
2 - %ﬂ 1
2 i 2 8 2017  NPS FiES  NPS FiES
- 2 2 a 2025 2040
Rapid growth of elecfric vehicles across vehicle fypes means electricity demand
from road transport increases substanfially after 2025
#E 3 ¥ C02 iR
14 3 1) 75 C02 BEH & & 7 T AIEIRZh R
Total emissions Industry  Buildings Transport
~ 40 n 12
M Coal
S HEHS S UANPS S mor
® New Policies Scenarioc  ® !

35 9 Gas
Indirect

30 RFLBAVSIATES

25 3

20

2015 2020 2030 2040 NPSFIES NPSFIES NPSFIiES

Total CO,emissions are only slightly lower in the Future is Electric Scenario,
due to a switch from end-use to “indirect” emissions from electricity generation

3) RHESBHTOLARMEERIBIEREENICENSTTOEEBXRICOGAY ., #
BERVFTIFTEHFYELLRBAIFMRE G D, FIZIL. ZBESHFTIIEILRIZE-TH



HHEBEZ 1RO CENTEZEHN, XRESHTOIBEMESZET L. HBRMICEK
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15 BIXR~DOHAFMHE

Renewables support Non-hydro generation
= Historical : Projections E
£ Oth
i T 0 T S er E
s Concentrating - 8 B8
@ 150 ceeeveereres H W Solar PV
Bicenergy .
0o DT B Wind offshore
[ B : Wind onshore -2
T E 1 —
2007 2020 2030 2040 2017 2040
</IMEHREE>

(1) AFT 4 2OV FIFARREASATNED, HATERMIZEIRATRERD
FIVAREEOHRIZESS THBELFIL] OHATHY., £CT
H 002 BEHEILHEE L, THRRITEREMATNCLESTICREREDLRN
BFonGWERAFEND, 2COLRIZCED D THgAlge>F A1 %
KRBT HHICF, 2050 FRHRADHHEZF RS ELILENAHY . BE
DEIFREFBEFAMRIRILF—DIEREROOND, TFBEKSF A
[CENTY 5, 2050 FOBATMREIRILF—OREELRET 42 (K5
- BAK22%) ZBRELTLESN, BENFFLLBVEARMKICE W
TREMBICHENEL L S,

(2) #FHBITEEF SN TRRIEEHD FUFITEVNTH, RICEREREM.
EEIPIDEBILAKRIBICHEATZE LTEH, HELFICE T 5LEBHHE
BOHIBAHRERTFOILARMEEE(ICDUENST—ANE L HHE
DFFICIEDEMNYIZ L, 2FY ., BEAREIRILEY— (K& - A
7)) OBXRIENYI Ty TEROEREHE., BEREMRKRICEGEYIZL
WIS EMAREINTULS,
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(3) 2050 EFTHAMREIRILI—IIXNT ZBFHEMARC C EARHIRE S
NTLLDIFHALHNICTFEARATHY ., BRAIRRERFIEALVTHS S,

I1I. OECD/NEA TERRFEMIR + : BERBEI RIILF—LERFHINE

WEIEZHOSBHAUVATLDIREK]

1. BAVATLAORMERFTAREIF VA

ETEHBEOKE (J)—2T4—ILF) DoFHZICT75 VX 1 BIZHETSHE
NORTLFERBEL., i THERERIEBFIED =62 (IEA @ 2100 &F 2°CLF
) AT %) 2050 EDLEIR €02 Hethi k%% 50g/kWh LLTFIZHIHIS S A1
T. BEARIRILF—DENTHASIZEHER (KB - BAH) OREEEA
BEZE 10%. 30%. 50%. 75% &3 57 —RIZDWT, BAVRTLDUART
LaARXRMRENEFEEKRL, VATLORERVUHEEIR N ED KIS (CTHEX
TEMEFAVE1—2—FETIICKYRETT S,

LEBORE (RUFT—9) EHBZVFTIVAELTIE, DATLELTHRLE
FHEOGEW., EFhEkAzEdibETSHOXTL (Main Region) #&FZ %, &
NIFHEBIESICTH L DN D (dispatchable) BIE TURTLEZEHRT AN
(BFEBEDOIVRATLOARMEZELBEW D) —BLL O NS THD, F-HLE
B (REMHT) OXMRELT. BEOENVATL (F592T4—ILEK)
[CHEICEBEREMASVATLDGEN IR, BLIUVZTOMEEZDHL
EREBEOEEDOR FEFARBZ-6HIZ, RlEBEhEOY T2 X714 (Region2)
EEZAD, RERRLKIZVRERFEL, BEI I VR EEREF DM
DEBEETHIARSA U, N)LX—, FA4Y, R4 R, 132 1)—, EEZED
BEEBFEOERIEGEZEML. TnEETHEB DML THBELZIOTHS (B 16),
K16 FIRTLEHTURTLA

Main reglon Neighbouring region

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

Elec. consumption: 537 TWh

Interconnection o
Max. demand: 85.8 GW

. : 72 GW :
Min. demand: 33.6 GW Min. demand: 38.1
Reservoir hydro: 10 GW {12% of average demand) | Reservoir hydro: 7.5 GW
Pump hydro: 4.5 GW Pump hydro: 8 GW

11



LEREDHZEEDE

= 1

VA RIE

BIRElE (G

BEREAERTDEY,

10% 30% 50% No IC, no
case VRE VRE VRE hydro

OCGT 17.0 338 155 20.6 233
ccar 230 23.0 227 238 248 17.7 26.5 30.8
Nuclear 48.7 30.7 266 16.4 0.0 39.2 19.4 243
= | Onshore wind 0.0 15.3 46.0 78.5 1433 227 785 785
'09? Solar 0.0 10.2 306 523 955 15.6 523 523
.% Hydro run-of-the-river 100 10.0 100 10.0 10.0 100 10.0 10.0
= Hydro reservoir 100 10.0 10.0 100 10.0 10,0 10.0 0.0
Hydro pump storage 4.5 4.5 4.5 4.5 4.5 45 4.5 0.0
Battery storage 0.0 0.0 0.0 0.0 33 0.0 0.0 1.4
Total 98.2 117.8 167.3 219.9 325.2 135.2 222.0 220.6
OCGT 114 12.2 13.0 17.3 242 16.5 15.8 19.3
ccar 83 13.3 135 15.5 18.7 18.2 18.3 233
Nuclear 517 41.9 315 19.7 0.0 146 18.1 22.2
Onshore wind 0.0 15.3 46.0 785 1433 814 785 785
E Solar 0.0 10.2 306 523 95.5 509 52.3 523
E Hydro run-of-the-river 7.5 7.5 75 7.5 7.5 7.5 7.5 75
Hydro reservoir 75 75 75 75 1.5 75 75 0.0
Hydro pump storage 8.0 8.0 8.0 8.0 8.0 8.0 8.0 0.0
Battery storage 0.0 0.0 0.0 0.0 03 0.0 0.0 1.5
Total 94.2 115.9 157.5 206.2 304.9 204.5 206.0 204.6
CCEET-—RITEASN-—BREFROHIEBERFENVATL (A
ﬂﬂiéﬁ) DERENE (W) [XFEFH50%, K7 25%, HRAKFA25hE =N TS,
FHET—ZOBROHT (HHEE. BBE. BHIR L, EEIX M)
FxR2DAEY,
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x2 BROH#ET (RERE. BBXR, HFEIA N, BEHEIRGE)
——  OsMeoss

rate (%) | (MWe) time (years) | (years) | contingency) '?Jm};::}s (USD/MWh) (U;Ig( ,"EJ':W;’ [U\;?:; .-i":.:)klm'eh]
year)
Gas— OCGT 7% 300 | 380% | 85% 2 30 700 58380 80,81 20000 1530
Gas— CCGT 7% 500 | 580% | 85% 2 30 1050 87 580 52.94 26 000 3.50
Coal 7% 845 | 450% | 85% 4 40 2200 183170 2184 37000 5.00
Nuclear 7% |1000 | 330% | 85% 7 &0 4700 413 880 10,00 100000 150
Onshore Wind 7% 50 30% 1 25 2000 171620 0.00 62000 0,00
Offshore Wind 7% 250 40% 1 25 5000 429050 0.00 175000 0,00
Solar PV 7% 1 15% 1 25 1600 137 300 0.00 36000 0,00
Hydro - run-of-the-river 7% 10 50% 5 80 4300 347 750 0.00 65000 0.00
Hydro - reservoir 7% 10 20% 5 80 3250 262830 0.00 50000 0,00
Hydro - pump storage 7% 10 MA 5 80 4450 359890 0.00 65000 0.00
Battery starage 7% 1| 900% | NA 1 10 1146 163 164 NA 17190 0,00
E’;s'l?:t \;ﬁie”ndaao 7% 50 30% 1 25 1333 114410 0.00 41333 0.00
Eﬁt‘;’; \t';da o 7% 250 40% 1 25 2500 214530 0.00 87500 0,00
f;\f'f_rczft_xenario 7% 50 30% 1 25 640 54920 000 14400 0.0

2. DRATLaR FDOATR

FTENERNEZ D EICE>THEZZTAVATLAOR MK, AT
FAIWNAR M, NSOV aR M YY)y FaX b, a3 vaRXR MG
ENRH B,

() ZAZ74)LaR b+ BREEIRXR)
BREBRNEDLDIZLIZKEYRET SR+, EEBERERNEZ 5 LERTE
(residual road) NZEHY ., LM > TENZERB-TH=ODLRATLEADD
AMEELZEDD, BIZAIERITIZRD &SI, EERE DR T LIZE W TR
AL, BAREICKDEHED NICEZ 156, NA—XO— FEHSHHE
YU, E—VBRORBEENMET ZLIZH DS, COERIEIERDILELGABIR
TLORXRMEERESHE S,

JOJ74)aRMED 1 EBROOARMEICEYHEET HOX b
E—YEZRNDARMIEL. A—XRO—FEBFEDIX IR, BIREXREK
SDTEHEBRNEZ S LICE>TRUIWR—RO—-FEFROEZTENEHY . &
WE—VBRORBENMEANEET EORTLIARMEIELLH S,
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Gas (CCGT)  wmm Gas (OCGT)

. gl mmm Aenewables
= Nuclear mmm Capacity credit
100
I i
90 _ I s Yeearty load
80 | I | om— Rlesidual load
70 | | :
s 60 -
£ 50| !
Z |
g
g 40 | I
S 30 1
20 | |
10 1 ; ; :
I : : i
0 0- | E— T | E— T T [
Dispatchable | Dispatchable | Renewables 0 1000 2000 3000 4000 5000 6000 7000 8000
Without e .
VRE With VRE J Utilisation time (hours/year)

<%  BRFEDEIL>
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Residual load duration (GW)
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10% VRE 30% VRE

Demand load - fatal hydro Demand load - fatal hydro
— 10% VRE — 30% VRE

(=) ==
L=} (=]

s
=

Residual dermand load (GW)
Residual demand load (GW)

=
=1

(=]

———T—T— T T T T T T
0 2000 4000 6000 2000

_20 u
50% VRE 75% VRE
100 100
—— Demand load - fatal hydro

Demand load - fatal hydro

i - [ ot
j "M) MI" |l ‘r :l IL!W M“’!l [l"'
; ’l W gl INHIIM'E“M 54 ﬂ ‘ 1

Note that the figures have a different vertical scale.

JOJ7A4)aRMED 2 HBEWRZE

TEERMNMEZ D EMHEOREN —MEMICERLTHRLET SO, FEZL
B 5FEFNIRELTCELZET SEFRNEZ S (B19) (BEVLWNEZEI-EK
UHST=HHBWRREEEIND), TOESWIGLTIRATLORXRMER
95, ARFICR20IZRS&LS5(12. KBEX - AHNBEROEEZEZSIESTIFSZ &IC
BY, SATLAXRMEEREIEE, COTZTHhoaMD I EIEKELDE
B 20%55(24 5 LffifElE 1/4 UTIZTMNS I &, F=-hEMigs 40 L
/MWh (4.4 B/kWh) THNIX, KIEALEZBEATELIRKE FE) F12%BFES
ZERDTM B,

15



20 KB - RAODENEMNMEZ-BEDBEHDBIET %

e \Wind - main region
il Solar PV - main region

80
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Minimal power (%) 50%
Ramping rate (%Pmax/h) 100% 0% 30% 20%
Minimal up-time (h) 1 4 8 8
Minimal down time (h) 1 [ 8 24
Start-up fuel (MBTU/start) 200 700 2600 NA
Cost of start-up (USD/MW/start) 50 150 250 500
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