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Building a community with a shared future for human being
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Research on development paths on the green
and low-carbon transformation of energy
towards carbon neutrality before 2060

China Energy Transformation Outlook
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Energy? The relationship with us?

BEREASEIRIIREM, EHRE
AR HIEERIN, REEREFFR
E.PEF/RRME1964FI8H: "BERERLHE
Y. MREFTERRETRERZ LAY,
BERESES. KHLiFRNER" .

"Energy is irreplaceable as modern life is
completely structured on the basis of energy,

energy isan essential_f actor _I ust as imPOf tant 0 kWh 2,500 kWh 10,000 kWh 50,000 KWh >100,000 kWh
: B No data 1,000 kWh 5,000 kWh 25,000 kWh 75,000 kWh
as air, water and land. —— | T
— Theodore W. Schultz 2o1o LIRS (FRH)

2019 Global energy consumption per capita (kWh)
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Addressing to Climate Change is a necessity, for China to taking the path of green and low-carbon
development in energy development
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Coordinate both domestic and international situations

It is necessary for China to proactively and innovatively implement
systemic changes in the energy sector. Otherwise, the domestic
ecological environment will further deteriorate, and the products
under the high-carbon energy structure will be in a disadvantageous
position in the international market.
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New challenges faced by energy development: The principal contradiction has changed, so as the main aspects
of the contradiction . -

EE% E %ZEEE\E \lu\ { \—I:IZ_ /Ii '52§7;Ic T:I:AEE 2500 -
yjﬁgi)g‘ *EIJ% E EJLJT_ = Ab ﬁ 1:/H~E A= I_.lﬁr *@%U 2000
éI\JE:IE:_J—ﬁb{iJL—I;% T‘i%&@ﬁg% E ' 1500

» The emissions of SO,, Nox,
dust and particulate matter are
the highest in the world

» RE A, ZANm.
(f) LURTRABHAE
EERE—;

» The emission of SO, in China
1s as much as 2 times than that
in US and 3 times in EU

The principal contradiction: Used to be the contradiction between - > RESO,HHEL H £ EHUE.
insufficient total energy supply and the urgent demand for energy from  su R . E’m#ﬁfﬁf; .
economic and social development. Now it is the contradiction between L . . . . . . . . . | ; ;:E’ st iy o Eﬁ;g‘:ﬂ:ﬁﬁ;ﬁ?ﬁéls =

the high-carbon structure of energy supply that restricts and may even bl b i > gi{t%ﬁkﬁkﬁz% BRE 1. 5

set back economic and social development;

- FENEELE: IEXRREERENIIGESEMR
BAE. MEREKXNIN. St KEFETBERERET]
LMACRETREGEEY (REEEEK)

The main aspect of the contradiction: Used to be ensuring coal supply
provinces

to meet the total supply shortage, now turned into the vigorously use A ddyy

wind, solar, hydro and other renewable ener rces to optimize th PR AR r ZECE RS ELMER,
, solar, hydro and other renewable energy sources to op e the 2w K 0kerr,

energy supply structure (low carbon to zero carbon).

» The man-made emission of Hg
mnto the atmosphere account
more than 30% of the total

- ﬁ)%{ﬁk ARHHE S R

®8 " ~ Theacid rain acreage increase
0 BRRERSEEY KA.

» The haze affect 0.6
billion people and 25
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From a high proportion of renewable energy in 2050 to a renewable energy outlook to an energy
transition outlook towards carbon neutrality
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China Renewable Energy China Renewable Energy China Renewable Energy China Renewable Energy
Outlook Outlook Outlook
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Methodologies

IFLIMER: BinSH. |3
RS, RESH

Adhere to the global pattern: goal-oriented,
problem-oriented, systemic analysis

China Energy Transformation Outlook
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Building a great modern socialist country by the Chinese path to modernization --- achieving carbon neutrality
of the economic society by 2060
- BFHEKRE:
Economic and Social Development:

o AA: 13-13.512A

Population: 1.35-1.4 billion people
0 AIYGDP (20208H11) : 4.2-4.4/35E7T
GDP per Capita (at 2020 prices): $42,000-%44,000

O SIS PM2 iR PANEFEIRE, 2060881 _ A ERAEECINSA]

Environment: PM2.5 meets the WHO standard; achieve carbon neutrality by 2060

RERAS: LSinft, SEEMZRSNnnislnsds, EeliR., SAEBHHERNRE,
LS NRFNZOBRE SRR, TS IR R,

Energy system: Supported by advanced, intelligent and green manufacturing, a new type of electricity system with wind power and
solar PV as the main body will be established, and a clean, low-carbon, safe and efficient new type of energy system will be built with the

new type of electricity system as the core.
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Breaking the impossible triangle-- building a new type energy system

Economic Environment Friendly

ki SR

WEEEENER New-type energy
AERRR system

Ecological civilization society

BN E

Modernized
economic system

FhBLRETRS ML EEST
ES 33

HinlRE: EREERE. RESHERES. EERESERE,
ety

DBEEREFRE

Faced issues: Energy supply and demand security, energy and environmental security,

energy and climate security, and even national economic security
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BEEENATE) |, BREEFE—T2E6EN, HERel, SREFN Fiv

Adhere to the system concept: insist on building a clean, low-carbon, safe and efficient new energy system
nationwide (effectively connecting production, supply, storage and marketing). The new energy system has to be
green, safe and economical

Green
® HAH%KN - Low ecological losses
o HEERD - Low environmental pollution
® FRRER - High resource efficiency
® —HIWRHEIR

- Low CO2 emissions

Safety Economic
® o 5 y
° %ggﬂ;&’ﬁm{gﬁ o iV FI/FEREKSE
o TIFMIETIIER & SUDWAN=HAES
o s MY o TiAHlH A EEERR
- Able to withstand “"maximum pressure” e AR ,F— & & - Affordable for businesses and residents
20 T\ HE U Ve 718 - High output benefits from societal investments

- Guaranteed resource supply
- Affordable average prices
- Flexible production, supply, storage, and sales

- Predominantly market-driven resource allocation

CET
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Adhere to the systemic concept: To establish modelling-based decision-making support system b

CETO{FEFBREIRIA R AT B FXRF= IR R FEHITAT
IREBRNEENDT. ZEERGHE 7 BERMHN, 88 e Technologes Police
e L= —
gg*nﬁﬁ\i@ﬂb*ﬁﬂgﬂlﬁo /rdemand eistonaten demand demand \

Industrial Production

Biomass
processing

CETO uses the ERI’s proprietary model system for quantitative analysis
of the defined scenarios. This model system encompasses the entire
energy system, including enerqgy supply, energy conversion, and final
energy consumption sectors, aided by three core models and two
auxiliary models.

© " hEMSHAGRBROITIER  (ERI-LEAP)
“China Long-range Energy Alternatives Planning Model in End-use Lol
Sectors" (ERI-LEAP)

- " HEESIEBEMMASE"  (ERI-EDO)

"China Electricity and District heating Optimisation Model" (ERI-EDO)

- "RESFASTNREL (ERI-CGE /CETPA)
"China Economic and Social Evaluation Model” (ERI-CGE/CETPA)

Industry

Power
generation and
transmission

Buildings

Building heating
District heating 2

o Construction
production

Heat
production

Agriculture

Fossil fuel
processing

Transport

Socioeconomic
impact

Investments and
operating cost

1000
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Scenario design b

. %%’I%% (BLS) : Ll%ﬁﬁﬁ%;ﬁ?éﬁﬁ@ﬁ%ﬁﬁ@ HE = Baseline Scenario (BLS) : Projecting current trends in enerqy system development

ES, HLSCH (E2RimE) eGSR and is carefully recalibrated to align with the objective of the Paris Agreement to
WSE FFHESIE B REZ INESHTEIE, 7D limit the 7g_fl)obal a[ver.age temperature in.cC;ease' to within 2 °$.degreﬁs. Ce[lsiuz'{ this

s Ny 4 N N T tury. t t t
e, EEAEHRCEAREIR, SIS, e dongne ety e ol o e
EEERAKE. EFREZFIRHAIFEER, YHLATEE '

regions and countries. It assesses the likely impacts on the evolution of new and

e TN NNET== 1 = + AN
XHEERS I BERRT AR, SXKPEREREE renewable energy sectors, as well as on the energy transition both globally and

I ImHE T, REEEDERNR/ NN EREREE within China. A Baseline Scenario for China’s energy transformation, characterized
BEES, AHEHSHMNMRDIEESHITEELR by relatively lower intensity, is presented. This serves as a standard for quantitative
s, comparisons with two scenarios that envisage carbon neutrality.

= BRERFIES1 (CNS1) : FURAEETELARSE, B0 cc = Carbon Neutrality Scenario 1 (CNS1): Advocates for renewable energy

N R g development, and by 2055, biomass power and remaining coal and gas power units
Fq‘\b Ey_%ﬁ b 9)(/_ g / /
F, EMREEAFEAIEEIRE. KNS RENAERE are fully installed Carbon Capture, Utilisation and Storage (CCUS) facilities,

7 FH RS +- N aus
Kﬁﬁﬁﬁ?ﬁ%‘ *Uﬁﬁl_ﬁiﬂ? (CCUS) EUK ! jj %Hb’ﬁg gﬁ targeting net zero emissions in the energy system around 2055.

— - \ == s
20 EES =S .
55 RU/ESEILIFEHFAL = Carbon Neutrality Scenario 2 (CNS2): Based on advocating renewable energy
. ﬁﬁqﬂ*ﬂ’lﬁﬁz (CNS2) : kﬂﬁ@ﬂﬁiﬁgiﬁﬁggﬁﬂi development, it is required to further expand wind and solar PV power generation

, H—ET AXB IS ARBIENSE, HEBENAAE capacity. The full load hours and power generation of coal power units both drop

INEFNRES REER, 20 5 S-EEELIJ— . AEYEREA R faster' t{'ll naturally retire;i as conse(jque[;vc?. I—Zri;r ;i—i—ilj é)/}(c)mclzis pom{er.anjlc t
\ sy . = N s remaining gas power units are gradually installe acilities, aiming for ne
RERIARTARBEZLRACCUSIAN, TIFERS zero elnlvisgsigons//?n \;\;7(3 :nelrgy sygtemube;;;e 2055 - o
#2055 FRISCENIEFHERL,

* REEmaREE
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Energy transformation: mission 1

EMZinAERLLAIRSHE
AeiRex BRI R & RAIETL

Achieving a high proportion of electrification in
’ r end-use energy is the basis for the green and
low-carbon transformation

China Energy Transformation Outlook




%ﬁﬁlﬁ EEEVRIEE%% *i%ﬁéigﬁﬁgﬁ E(JLZ‘E%#F CNS21ER TRIRER JBSILE

Terminal electrification is a necessary condition for systemic changes in the economy and society E’“”’f’scggf)’;;, .‘;fzjvogjnd vse

100%

Blast furnace Electric furnace Industrial heat pump

80%

60%

T FARReBSHK

Electrification in industry

40%

20%

Solar PV integrated

. . o%
bU|Id|ng 2020 2025 2030 2035 2040 2045 2050 2055 2060
e 2255 End-use sectors Tk Industry
---- % Building %2 j# Transport
ablh /=
= ERABREESMN
Electrification in Building
Heating Smart Household power Intelligent

storage management system

pump meter

Electric car Charging pile

= RBEEHARERESL

Electrification in Transport

S \ s = B | I
- e, ) = .= )
\‘\‘ . > - — N, 4 a
SN y ) @ @ €
— N e
* o E fE R BN E
CHINA ENERGY TRANSFORMATION PROGH
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CNS2: Total electricity demand outlook in 2060

B8 il
6.0%

AR |

S SHBOEESEEK
2RimFAREI TV RIS L HIFR SUCANER ISR

_AEEW

21%

P&

T
4.9%

WRRRHFHBREERIBFER; S0y,
SHLBRET 6 FIZFRE; Ha060F, £ |

— 1.8%

R XBEH

Tt =REEH—TiIXE 20 HIZTFRE. e - gy

Total electricity consumption continues to CNs2 M Tro6eFRTUISRER

grow Power to heat Other industries

6.0%‘ 9.5%
The high proportion of electrification in the end-use Power toother ue
. 3.0%
sectors and the development of electric hydrogen
production on a large scale are the main drivers of a

Public utilities
2.1%.

Machine
manufacturing

8%
Chemicdl>”

4.9%
more rapid increase in electricity consumption; by 20335, A aS iy .
society as a whole uses 16,000 TWh of electricity, and Hydrogen pro g Building materials i
i 0.9%

Steel
2.2%

by 2060, society as a whole uses a further 20,000 TWh
Of eleCtrICIty Own consumption and

line loss
2.9%

Building
1.8%

Agriculture Transport
1.5% 8.4%

2060 Total electricity consumption by sector in CNS2
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CNS2: End-use sector electrification rate reaches 66%

« ENMEEZIREP AR SACREPERFAIEIN. TECNS2P, KinggREEEHE
FILLE M 2020519 23.9%IEINE! 20355 Y 40.2%6F02060FHY655.8%,

The overall electrification rate of end-use sectors continues to increase in all three

100%

scenarios. In CNS2, the share of electricity in end-use energy consumption increases 80%
from 23.9% in 2020 to 40.2% in 2035 and 65.8% in 2060.

- @SRRI IR ABERRIRAVTUL, FECNS29, BHHAIEERJ8ER
THZRLL BRI M 2 ETAT3%6 1K B 20605F A 51.4%; 4%
The transport sector sees the fastest electrification growth, with the share of electricity
in transport energy use growing from the current 3% to 51.4% in 2060 in CNS2.

- BRENIEEANEERSHSE, FEONSA, BSUERMNIRRR/%H—E o
kmEiEK:ZéZOGOEE'\JgGg% . 2020 2025 2030 2035 2040 2045 2050 2055 2060
The building sector has the highest level of electrification, with the electrification rate — £ I"] End-use sectors Tl Industry
growing from the current 37% to 96.9% in 2060 in CNS2;

> —= Ny RS P % ggau..g Y —
- TR INEBSHRIBEHETEIRT, FECNS2H, MSBIAI250 < B 2060E] NS T AR TR

Electrification rates of end-use sectors in CNS2
52.2%,

The electrification rate of the industrial sector sees steady increases, growing from 25%

60%

20%

- === % Building 7218 Transport

currently to 52.2% in 2060 in CNS2.
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CNS2: 2060 % AH SEMBELEHECO-HiWE ‘ﬂ-l-l

CNS2: Total power Generation, power capacity mix and CO: emissions in 2060 b

(NS2

21,000 "Bz W Transmission losses
|

= — = o B WStoragelosses

SHCAERB0:ZFRE (Bd, ' = VEERE Nomcsmyin
EEN#UBTRA, ORI o - IEEE Wb
— B REEMA  WE-fuel production
ZFER, #1554 sHIZFER) . - — S
i i Hydrogen production
Total electricity consumption: 20,200 TWh B = gEmis  pDisticthestng
(Among them, 14,000 TWh for end-use sector, ZEV > - A1 11
1,200 TWh for PtX, 4,500 TWh for green 55 - I - N 111 1 gt
. v ! — .
hydrogen production). T Ty sty
3000 BERY  mConstruction
) — e e o Ew EmoEm ) B Agricutture
2021 2025 2030 205 2040 2045 2050 2055 2060
CNS2iERT2itaABE
CET Total electricity consumption in CNS2
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Energy transformation: mission 2

KD EZRERBHIFARBESE
L bt 4=t d: SHEE ST

Developing wind power and solar PV power
generation is the source and pre-condition for a
green power system

China Energy Transformation Outlook




CNS2: R EFMNRZEHREB HERS

CNS2: Wind and solar power support the new-type power system

10000

AIAERER (KEBFIYR) RAEMHEIR

CNS2

ARGSESCIE SR, AR
BN 2035 FREBEENISRHNZFR, o
BERERNLL77%; 2060 REBENIARlgsZF
R, SJE4HETRNo8%; REMRLCOERE -t 1
0.14-0.217T/ F LA, Bovimiretoton

Wind power and sola PV will become the
absolute dominant power source

The power system fully realises the clean transition, and wind
power PV installations increase in scale; by 2035, the total installed
power generation capacity exceeds 6,300 GW, with renewable
energy accounting for 77% of the total; by 2060, the total installed
power generation capacity reaches 9,800 GW, with renewable
energy accounting for 98% of the total; and the wind power PV
LCOEs are reduced to 0.14~0.21 RMB/kWh.

16 CET
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T/ T [ (RMB/kWh)

100% »
AR RE R

-
B o
JAL H,
[ PiEEN
.
!
[ RN
— e
— B A B i L
— Al PR REUR o5 L

80%

60%

4 Ekf Share

40%

20%

0%

2040 2045 2050 2055 2060

CNS2AER TR

e

L

Bl Geothermal and ocean energy
ElBiomass
Solar
Wind
ElHydro
I Nuclear
Gas
Hl Coal
—=Coal share
—NMNon fossil share

—~Renewable share

Total installed power generation capacity in CNS2

0.7
0.6
0.5
0.4
0.3
0.2

0.1

2021 2030 2040 2050 2060

[ifi I A H. Onshore wind i b XS Offshore wind

YAk K L Solar PV

CNS2i5 TSR &ZHBLCOE
Wind and solar PV LCOE in CNS2




CNS2: XIBE AR

CNS2: Wind power development

2040fF R X A2 RRIXTERTHA

s

Fl20405F, [ELEXEBMROEFIBETES, RXIES %%
PR, DXNEASLKEHIM T EER,
20605, NEBEENGIA0ZFR, HPELERE ¢

HBYAZTR, NXEEERE, M EXE2%MT "=
6" X, B EXE 58w THRIEKX,

The timeline leading up to 2040 is pivotal for
wind power development

By 2040, onshore wind power still dominates the new installed
capacity, and low wind speed utility-scale wind power, distributed
wind power and offshore wind power all achieve large-scale
development; by 2060, the total installed capacity of wind power
reaches 4,270 GW, of which offshore wind power is more than 700
GW; from regional deployment, 71% of the onshore wind power is
located in the "Three North" region, and 58% of the offshore wind
power is located in the East China region.

CET
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2025
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2050
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2060
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2030
2035

BLS CNS2

Fit: I 42 A XL Utility-scale onshore wind
5 I 431 =0 X\ F, Distributed onshore wind
m i [ X Offshore wind

B 22

Total installed wind power capacity

e

Onshore wind

! 2060

CNS218= T2060fFfE_ E KB HIE _E KB XIRIRE

Onshore and offshore wind power regional deployment in 2060 in CNS2

ﬁm ;

Oﬂ:shor; wind = %<4t Northeast
2000
@ m 5]t Northwest

m 5 /7 South

2040
2045
2050
2055

£ Centre
127 East
£k North

2060




CNS2: NRERE

CNS2: Solar PV development

5000

Esl. DHANALRETTFLHH o

=
Bl2040fF, EPIAKARDEILENETS, 5 F°
BRARIIGEIUGES R, HloosofF, JfREE -
MiABLSZTFR, EERtReowT ‘= L B |I" i I
X, DHRIRs%AITH-R-FEbibX. e
’ LS " N ZNs: ) N CNS:
Utility-scale solar PV and distributed PV develop Ry IR Bt oy
FREZBEEN

in parallel _ .
Total installed solar PV capacity

By 2040, Uutility-scale PV still dominates new

installations, with distributed PV installations
growing faster; by 2060, total PV installations
reaches 4,800 GW, with 68% of utility-scale PV
located in the "Three Norths" region, and 35% of
distributed PV located in the central-eastern-
southern region.
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a 1£M Centre
m 1£7E East
A IR m £ 1E North

Distributed PV
SHrbUte m =3t Northeast

L zOBIR

Utility-scale PV
2060 2060

m F53E Northwest
% B m g /7 South

18%

CNS21ER T 2060 AR KA VR KILERE

Utility-scale PV and distributed PV regional deployment in 2060 in CNS2
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Energy transformation: mission 3

. BV DRANSESRE
{CRIRBMIFRAS

v T e
| ‘I | oin T E‘F /ﬁ The establishing of a new type of power
o _—

system and a highly intelligent new form of

{A = S S power grid

China Energy Transformation Outlook




CNS2: REMFEMRELRE, FEAEELHET

CNS2: flexible resources will be developed fast, and the role of coal fired power plants will change

z"JzoGOE H7kE6E. FEEREFIERMINN R AE N RFENEDETLRIR,
ERIEEIAE28. 7‘Z:FE

By 2060, pumped storage, new-type energy storage, and demand-side response resources
become the primary regulating resources of the power system, with the total resource capacity of

2,870 GW.

- BERENE TUR" £ "ThRA" BBEREESHIEELS FE, SiotABiEhE
FH, Fl2040FPREENR BN REATRIE, Fl2060FHEBRLRL,
The installed capacity of coal power will peak between the 14th~15th Five-Year Plan period and then
gradually decline, with some of the units being put on reserves, and will remain an important flexible

requlating resource by 2040; coal power will be reduced by 2060.

hEREREREE
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HESEEREMN BN RENREEITAEERER Fﬂt

Energy storage by EVs play a significant role in the stability of power system operation

BLS CNS2

100% 100%

= Jiit20604F, BLSIESE NAEEINSEERXR,.2{0H,
CNS2(E&= TEERRENSE 4. 7 ARBREELAG MU 2 2
EERBSEDIRENR D 2N IARIEETS

80% 80%

60% 60%

40% £4,0%

EO 20% 20%
It is projected that by 2060, there will be 420 million o »
. " " . 2020 2025 2030 20 2040 20 2050 20 2060 2020 2025 2030 20 2040 20 2050 20 2060
pure EVsin BLS and 470 million in CNS2. The P P ua Hibradspsetr:u
SR IR E mRHE Hydrogen Fuel Cell M Fuel vehicle

remainder will be a small number of plug-in hybrid

vehicles and very few hydrogen fuel cell vehicles. 2020-2060FFFASR I S MAEI SR 14080

2020-2060 Market share of private cars by fuel type

500

* FECNSERT, HBafSEtLENw%, HRS z
EEAWEA, SHIT%, = o
In CNS2, the share of EVs will be 94%, while plug-in @ 200
hybrids will be almost completely replaced, e
accountingfor On[y 4% ’ 2020 2025 2030 2035 2040 2045 2050 2055 2060
=—BLS ——CNS2
2020-2060FFBFISFRB =
c ET 2020-2060 Electric vehicle ownership

hEREREREE
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P2X in aviation and maritime L

= IRZEE, FECNSABERT, 20605, EVIAHFIFEHIRHILLEGE —
XE28%-30%, SHOE WA, MEHUEERER - =S 0B I N
BR. SHRBERAORIE— (. I
and e-fuels will reach 28%-30% in CNS2. Hydrogen is expected to constitute around I I .

CE JIWERREE) [ (Mtce)
5 g

In the aviation sector, it is anticipated that by 2060, the combined share of biofuels

N
o

o

17% of the energy mix, while the share of aviation kerosene will decline to less than CNs: | BLS  CNS2 | BLS  CNS2 | BLS  CNS2

20%, thereby further diminishing the dependency on fossil fuels. 2030 2040 2050 2060

m {15 Electricity M it Jet Kerosene m %Z(HE Hydrogen M =47 Bio jet fuel w144} Ejetfuel
. B3 EE aEyEEaEE M FaME_ LE/B T
B, OSBRI, IEERIRIE RIS B2, o oo SIS (SBERE)
%Hb\ =lHe. %r&ﬁUEﬁﬂi EE:%M%?E (Eerl 0||) vttiig%wiﬂo 2020-2060 Aviation fuel demand (encompassing passenger and cargo transportation)
Flao40F 2R, FRITHAIMmHCERE 7 %A E, {BF20605F,
AR ERBNFIARE %, MEEEFIREERILLEN S BISEE]24%F]

60

ORI T5%, T- FRER
= oA ey N S
45%, IER T AEMARIEIEES T, S P = = l -
In the maritime sector, CNS2 predicts the process of replacing non-fossil fuels to gain g 3 -
momentum, with a steady ascent in the shares of energy sources such as ammonia, m -
hydrogen, electro-methanol, and e-fuel oil. Prior to 2040, petroleum products are 1° I —
projected to maintain a presence exceeding 57% in the energy portfolio; however, by ° Bs  ohey | Bis.  enss | Bt ovss | B ones
2060, this figure is slated to reduce to less than 5%. Conversely, the shares of 2020 2030 2040 2050 2060
: . 0 0 : : ® 7)) Electricity | /%3 Fuel oil Z{it Hydrogen | P55 Biodiesel
hydrogen and ammonia will elevate to 24% and 45%, respectively, commanding a i p o o
substantial portion of the maritime fuel landscape. e,
2020-2060fEARIEIAEI R
CET 2020-2060 Maritime fuel demand
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CNS2: Green hydrogen greatly contributes to balance power load in parallel with supporting industrial transition

w9

SBHEIFISPRKIBABOE

5,000 25%
IR S E 2035 F R NFRIERAIR _

. — s = 4, %
BAINR; El20355F, HISFAEEXRE25H2F g -
Eﬁj: 5%71%%%%152%, §U206Of|5iﬁ— E% 3,000 15% isf[

N 54 E
BIBINZE 4. s H{ZTERAET, GEXE22.1%. Sa . 2%

. . = £ 1,000 5%
Green hydrogen plays an important role in the g
mid to long-term future I o%
The contribution of green power-based hydrogen T8 98¢ fgsggge fgaggs
production to electricity demand growth BLS CNS2 CNS2
increases after 2035, by 2035, eleCtriCity il % Hydrogen production #1505 tb Share of hydrogen production
consumption for hydrogen production reaches S ERERERE S
2,500 TWh, or 15.2% Of total electr icity Electricity consumption of hydrogen production and
consumption; it further increases to 4,500 TWh by its share in total electricity consumption

2060, or 22.1%.
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CNS2: Interconnections and power mutual aids form the new power grid pattern

2035 | 2060
0 ' =g
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i, XIXEEX, £EFE" (OBRMFES, R
PER X R MRE S RIERM RIS A.

Inter-regional power mutual aids and grid |
optimisation

) Northeast
600900 120,
I Q 300 20 3

By 2035, Northwest-Central, Northeast-North, Central-
East are still the main inter-regional transmission
corridors; by 2060, the grid pattern of "West power to
the East, East power to aid West, North power to the
South, North and South mutual aids" is formed, and
the scale of the recipient of the power in the East and
Central regions will be increased on the basis of the
current about two times.

CET CNS21ER T 20355 2060 FEE X EIfIEREE

2035 and 2060 Inter-regional power transmission sketch map in CNS2
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CNS2: A safe and green power system with wind power and solar PV dominance

ZOGOﬁﬂaﬁgﬁﬂEF*ﬁﬂﬂ 2060 Power balance of the new-type power system
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s
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Noon with high PV output

pumped storage, battery i‘fsooo Evening with low wind
and EV undergo substantial o output

charging, accounting for f;_mo pumped storage, battery
37% of the total load; EV- 2000 and EV-V2G discharge a
V2G helps to absorb excess - considerable amount of

o

electricity from the grid electricity, contributing to

38% of the total power

Day1
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TR e VaG i — it generation capacity
Reduced losses Shifted load Reduced EV charging M Traditional consumption

MElectricity to heat M Consumption-alu. smelters -flex. Distribution losses M Consumption-EV smart charging

mmStorage charge V2G charge —Total

CNS21E5 T2060F E ZF/BIREB JIXEET Hourly power balance in summer 2060 in CNS2
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Evening with high wind output
EV smart charge plays a more

1EER, ERBBEAETR
hEbiX16%.

substantial role, reaching 16% of the
total power load
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Energy transformation: mission 4

SRR EERISERR
i MEFHARERRIETER

The green and low-carbon transformation of
the energy system to trigger systemic changes
of the whole society
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China Energy Transformation Outlook
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clean energy industry become a new pillar of social economic development F L
IEERRERAFESEUER: INS2T, 203585EK. i EXE. & EXEBAYERTNTER
D AXE2021FRY8.20F, 5.4EFNIT30fH

Sustained leapfrog development in renewable energy technologies: CNS2 predicts, from 2021 to 2035, the annual

. L . . . etk LD E
average growth rates for installed capacities of photovoltaic (PV), onshore wind, and offshore wind are 16.2%, :gﬁﬁiéﬁ . i;giﬁg V26 :ﬁﬁg E g
15.6%, and 27.4%, respectively. By 2035, the cumulative installed capacities will be 8.2, 5.4, and nearly 30 times == SR AN 0 5 B R A = he

the levels of 2021.

BOREHEAIESEER: (NSABRT, 2001-2035%F, FEERERA (BV26) H ™
HEERZANA26%, 2030~2060TF[E], V2GEEIIEERA)A14%,
Exponential progress in power flexibility technologies: CNS2 predicts, from 2021 to 2035, the annual average growth rate of new

storage technologies (including V2G) is approximately 26%. Between 2030 and 2060, V2G experiences an annual average growth
rate of about 14%.

ERMMEFEAR (DR) EBHEKX: BISEHEFE. T ENESFDRIYA,
2021~2035FFITIEHNIK22%, 2035 FFPBAMEIAR 2020 FH160FLA L,

Enormous potential in demand response (DR) technologies: Multiple DR technologies, such as intelligent charging for EVs and 2060
industrial responses, are projected to have an annual growth rate of around 22% from 2021 to 2035 in CNS2. By 2035, the
deployment scale is expected to exceed 16 times that of 2021.

2050

20 40 60 8o 100 120 140 160
1 [T A== I=k>1 xS = . ~ Zran
B IR RS AR RHUREIETIRESL: CNS2TF, 2060 FHRERHIHASN. FEEIR 202271
N okt R —PAN= ey <z =z <z istri lity-
V. SRR D BIiAR 2021585605, 20fFH1331E. = Distributed PY = Utilty-scale PV
Massive deployment and deep substitution with new end-use technologies: CNS2 predicts, from 2021 to 2035, the annual average B New-type energy storage (incl. V2G) M Boiler and heat pump
growth rates of deployment scales for heat pumps and electric boiler technologies, new energy vehicles, and hydrogen technology Demand side response 1 New energy vehicle
are 10.5%, 21.2%, and 21.7%, respectively. From 2035 to 2060, these rates are forecasted to be 11%, 2.8%, and 3.1%, respectively. Hydrogen

By 2060, the deployment scales for these technologies will be 56, 29, and 33 times their 2021 levels, respectively.

CNS215R TaR 3 iBR R A IR IS8

Growth multiples of selected clean energy technologies in CNS2
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Renewable energy creates more green jobs

* BRARFIENEFIINS . BRPFBRCNSIFICNS2Z R, SBLSERME, IFKABERNDENE 7 ESRIHI
7, XEFEBRIFUIA S, W TREREESERIER. KEF TAIR RAHRR,

Carbon neutrality spurs employment opportunities: In the carbon-neutral CNS1/2, non-hydro renewables create more jobs compared to

BLS, offsetting job losses from coal, thermal power and other conventional sectors.
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Energy transition facilitates the reduction of atmospheric pollutant emissions and achieves a Beautiful China b

* PM2.5, NOx, SOFFEXRSSHHIHIMESEREFERIBR FiHE—LIFE: (INSIFICNS1ERT, 2
2060 FAERARR T KRSHRIANE, MHETSRENMZEIREINFERM 7 REIE.
Under energy transformation scenarios, the emission levels of major atmospheric pollutants such as PM2.5, Nox and SO2 are
further reduced: Both CNS1 and CNS2 fully address the issue of atmospheric pollutant emissions by 2060, offering pivotal

support to enhancing air quality and realising the vision of a Beautiful China.
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Revolutionary transformation of the energy structure

- AU AR SR EERIER D EMRGER: INS12BRT, 2035FHMEARERTE—XBERFROLLINEEY

35%; 20605, CNS1HICNSABTR T HIRFIZE85%H192% (FBIHMIEIR)

=

Non-fossil and renewable energies emerge as dominant sources: In CNS1/2, non-fossil energies account for over 50% of the

primary energy demand by 2035; by 2060, this increases to 92% and 96% respectively. (heating-value basis)

BLS CNSa CNS2
6000 6000 6000
5000 5000 5000
4000 4000 4000
]
e
=
3000 3000 3000
2000 2000 2000
1000 1000 1000
0 0 o)
sl el o LN o LN (=] LN o o wn (@] LN o L o wn o o LN (o] n o L o wn o
o o~ (ng] m < ~ [7al LN w o o o o ~t ~ (¥ [¥al 0 o o (ag] [ag] ~F ~ [¥a} wn O
© o © © o o o O o © o o © o © © o o o o o © o o o o o
o o~ ~ N o~ o~ I o~ o~ N o o~ o N o o ~ ~ o~ o o~ N ~ o ~ o~ ~
m 5w m 75 RY &3 m KRS m 1% m 7K &R X &8 K BHAE m 4 fEaE Hh#hak mESEAR
B Coal HCrude oil Oil products mNaturalgas M Nuclear B Hydro Wind Solar mBiomass Geothermal W Ocean
- N e = sleEay
~v CET 20212060 F—REGEBRSEREN (BRLEE)
TRENREIR 2021-2060 Primary energy demand and structure (energy basis)

AL




2021 F E REF B

Energy flow chart in 2021

201 EAERERA | 2021 China Energy Flow Chart (CETO 2023)

2060FE FEfERE (CNS2)

Energy flow chart in 2060 (CNS2)

2060EHEREAE | 2060 Chin Energy Flow Chart - CNS2 (CETO 2023)
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