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The IEA is the global energy authority EPFR&EIRZE 2 2 3KEER 889N B 44

» Founded in 1974 &Y T 19744

« Providing data, analysis and solutions on all fuels and all technologies 12t % F&REJRIUTFNF AR RIS
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* Four main areas of focus
- Energy security
- Economic development
- Environmental awareness
- Global engagement
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First trend: low-cost Variable Renewable Energy #&#z—: KA EIETTBLELER

Average auction price by project commissioning date SE#IHSEMNE (FRIME & 77H#A)
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Competition has lead to a sharp reduction in VRE costs around the world.
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Second trend: distributed energy resources #8822 —: SHEER

Global electric car stock, 2010-2019 £BKEEFSEFRBE (2010 - 2019)
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China. However, electric cars still only represent about 1% of the global car fleet. #ZE20195F K, £EEHF7205E
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I There were 7.2 million electric passenger cars on the road worldwide by the end of 2019, of which 47% were in



Different Phases of Variable Renewable Energy (VRE) Integration
SR ohtE ol B AERE R F MY ER Xl 53

Seasonal storage and use of

K ey transition synthetic fuels or hydrogen
challenges ,@ Phase 6. Seasonal or inter-annual surplus or deficit of
st sge b kD Longer periods of surplus or B S BESE SR B 4 By o o
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Phase 5. Growing amounts of VRE surplus (days to weeks) B

Power supply robustness during B KRR ol B ERERE&ER ( HRAIZRALHA )
periods of high VRE generation

Phase 4. Stability becomes relevant. VRE capacity covers large majority

Greater variability of net load and

changes in power flow patterns =

@ Phase 3. Flexibility becomes relevant with greater swings in the supply/demand
H == 37 i=x i1 — BNNES o IE N =]

Minor changes to operating balance #£ 3 FHXEELLATI—MEREX, RIFMER AR

patterns of the existing system >® Phase 2. VRE capacity becomes noticeable to the system operator
B o BERERERFCTIERTRBZ
@ Phase 1. VRE has no noticeable impact on the system
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Key challenges in each phase that should be addressed for moving up to higher phases of VRE
integration NIEMKNE ol BERERBNRESHMERET, NAMNYIS Y EEIERIPELK,
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Flexibility is the cornerstone of future power systems
REREM: REENRGENER

VRE shares in total electricity generation by region in 2019
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S
M Phase 2 - Minor to moderate impact on system operation

Phase 1 - No relevant impact on system
M Phase 4 - VRE makes up almost all generation in some periods

Phase 3 - VRE determines the operation pattern of the system
Various regions have demonstrated successful integration of VRE in Phases 3 and 4 with dedicated efforts for system
flexibility. Many countries are expected to reach Phase 4 within the next 5 years. iR BT ENIRSRAREE, B2
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Modelling China power system transformation PEE N &S EIERI SR

» Advanced energy modelling exercises to highlight the possibility of achieving a transformed
power system in China. e R GELELPESE DR AEHE o gEH -

- Performing detailed power sector modelling analysis in 2035 for two possible configurations for the
Chinese power system in 2035 and looked at different system flexibility measures : X12035& 1 EEE /]
R TIOBEECEIATT F FAMEBRES T, HHAR T ARMRAFEMET

Policy, market and regulatory

Stated Policies Scenario (STEPS) aims to provide a

frameworks . ; y .
sense of where today s'pollc'y amb!tlons seem I'|ker to Ghine Bowsr System
) take the energy sector in China (Aligns with China’s Transformation
.« o Assessing the benefit of
i%ﬁ ElectrICIty networks - Doc No. 9 reforms). optimised operations and
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Energy storage Sustainable Development Scenario (SDS) offers an
L integrated way to achieve a range of energy-related
goals crucial for sustainable economic development
< Demand-side response & EVs AIRFEARRBERIEH T I —ZIERBERBEREE
o — AR, XEFARIHPREZLFRKNUFLLE -
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China’s ongoing market reforms will have sirong benefits
PEEEHRHTHEATIRENERFREXRME
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Transition to economic dispatch results in lower energy prices and support economic competitiveness in the
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Regional frading is a key flexibility source which yields substantial benefit
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25.0 -

200 Sot?ter o “Base” to "Flow" saves 36 $Billion/year

15.0 Optimised regional trade

10.0 ~-- M Fuel cost "Flow” to "Operations” saves 19 Billion $/year
>0 ) Economic dispatch with optimised regional
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Enhanced trade across provinces brings substantial cost savings in 2035; these are further maximised by
economic dispatch and increased transmission investment.
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Adopting all flexibility options can bring net economic benefit
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System cost savings by technology options (compared to SDS-Baseline)
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* Benefit/cost ratio:
cost savings divided by
additional cost (flexibility
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Use of advanced flexibility options leads to substantial savings in 2035.
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Optimised use of demand shaping techniques is critical
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Electric mobility has great potential for integrating renewable energy, but only if charging patterns are

optimised. This calls for much closer inter-sectoral policy coordination
BENTRNEIBEEREARGFEER, EXBUEMERESANAR N, XTHFEEAZXZNETWEER

IEA 2020. All rights reserved



Summary and key takeaway £5i€

Power system flexibility is the most important cornerstone of a transformed power system with high
shares of variable renewable energy. B N2 REMEENZGRE - BASLEAK B ERER
EEALM -

Effective spot markets and better utilisation of interconnections brings a more efficient power system
that can absorb high-share of VRE BRI Bz Hin M B H P FHEWN G X0 ST ESHME N RS, X
EE iR o B ERETRE A
- Economic dispatch is bound to trigger the market exit of inefficient coal plants, and this process is likely to
need active management &£5518E 0] 5| SEMEENAHZ T RY, X—IERUEFERRIVEE
- Increasing regional trading and broader coordination can substantially boost system efficiency and

reliability, but efforts to coordinate and harmonize markets are required I8HIERX R Z YT AZIRMEE
BB EERSRANUEMOSEY - BEEZNIMEHD

Advanced technologies (EVs, storage and demand side response) allow for the reliable integration of
very high shares of variable generation AI#F LI RIBIR T » Joif e ARNAY N A ol SEIAR & EE AR s t4 o]
BEREREA, BFRGEEZERS

Optimisation of the Chinese power system has immediate global effects, considering the substantial
share of Chinese power system. ZEEPEBANRANEE - PEBARANECITFEENEIREEE
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