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Germany’s approach to flexibility and capacity adequacy:

EEREEAFESRMBE

= Why talk about flex and adequacy together?
« AT2ARRFEMFTRERE—RENIE ?

= How has Germany achieved flexibility?

= {EEINAISEIENR AN ?

= Germany’s future flexibility measures

- EEFREZLUREUEN

= How adequate is Germany’s capacity?

« EEMFEERZITR ?

= How do China’s flexibility needs compare?

« AT P ERSRIEETK ?

= Conclusions
m 2|:| B
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- Germany’s raéid increase in renewables results in much higher demand
for flexibilityfzE =
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Variable renewable energy in Germany has reached 33% of output
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Gross electricity generation in Germany
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Electricity mix in 2021
B8 12545 (2021)

EFEREY BERY
Wast ~renewable: ﬂ Wast wabl
4.82 TWh \ _ 4,45 TWh
1.0% i o .
600 Fosslloll: — |
564.5 o
s fot o
9.4%
ﬂ:EE\'ﬁ; Fossil gas:
400 s -
= oil & Otersy 496.64 TWh we LR RETIHBAERIR: 45.7%
= natural gas zms HEAF 2401 TV sele = { ar
= - " wEms (VRERoh 4 ol B4RE
; \ 87,72 TWh " NER 0)
200 Foi?ll% mmmmm 1/ lignite: 17.7% ,Jﬁ\' 328 /0)
A KIEREE AR
Py A _
hard coal =% a.1% ABEES Wind/X E8: 22.5%
Solar self-consumption:
261 Twh
0 e P o . PVyE{KR: 9.8%
Nuclear: — Rﬁh\“““%—_,__ Other ﬁﬁ;{ﬁi ER
1990 2000 2010  2020* e et
@ Waste renewable [ ] H'{fdro Run-of-River Hydro water reservoir
< g;.uol.::a;:id feed-in ‘S'yvr::-.la‘: ::Ir:—hcoor:sumption [ g::rur::r‘:;:r:hles
@ Geothermal @ Nuclear @ Fossil brown coal / lignite
° Fossil gas o : Foisll hard coal @ Fossll oll
Waste non-renewable Others I
In 2022 so far, each GW of wind and solar is saving consumers €4/MWh )
#1E20224F, EGWMXEBBRKXPHEE O] ATI 4Bk T/MWh g 1Z
Slide 3 | 19 | Sino-German Energy Transition Project

September



China is also seeing rapid increases in wind and solar

PERMXEEFMAPHREE N EREIER

China 2021 electricity generation by fuel China solar capacity R EXHEER =
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Germany has to deal with more fast ramps in both winter and summer

ZEEAEZFNEFROLNUEE SRIRENCH

Winter Week Public net electricity generation in Germany in week 6 2020

Energetically corrected values
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Almost all coal plants have some deg_rlee of flexibili
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Net electricity generation from fossil hard coal in Germany in week 6 2020
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This is very different from inflexible dispatch that relies on storage

. B e N

“BAEE, BRRAT BiIET , BEGERTTILE GRS MBS HEER
Risks and Challenges for China’ s Energy Industry with the “Carbon Peak

and Carbon Neutrality” Target
SR E GRS NERNEUNERR | HRNHTEEREXTLENNR,

The “Carbon Peak and Carbon Neutrality” Ta Pushes the High-Speed Development of
Renewable Energy Which Brings Significant Challenges to The Electrl lndustry

> RERSHEW, FESVEFRHEFHLAEARRRERELRE, BHRGFEENRMAMEIFE.
> BARELE, MERMEHPRIMRE, FERNRINOGEFRZHXRINEHNAEEDCERE LN, M

mT AR FRED.
> RERALE, MERSEALRBBPRAZFAAE, LERVABRA LA, RERMEEHTE. RRTR

HETRIQPNM, WHRERAE.,

e B A A Storage

wr/E RGBSR 20
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in Europ e &5 776 LS B £ fal EL 1 3t X 20 22

- Germany'’s electricity zone has larger ramgin% needs than any other zone
=

Germany’s 1-hour ramping needs 99.9 percentilefZE99.9%MER T, RIRE—/NITLIA
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How does Germany’s flexibility compare with China’s? 2019 ERI report

EEREFHEPIELREEREMN ? 20194, EBRAER (ERI) RS

== FIfEE A B 85 ) A EEER LS

Figure 27 Comparison of typical day LOLP between Jing-Jin-Ji and Germany

= Germany has much higher

Typical summer Day &5 25 i 71U [ proportion of wind and solar, yet
offers higher reliability
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- Introduction of shorter spot market intervals has been key to price signals
SIAEEMIEminER—ESNBESHRE

Volumes on Germany’s spot markets (TWh); note typical monthly consumption 40-50 TWh
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China has adopted spot market pilots and aims for national spot
market by 2030

hEEZFETHMEDIARS - FiHXR2030FE B £EMNEMIA

Spot market provinces Ml & hHiAE % = Only a few provinces have engaged
in continuous trading

= RELBILDEBGET FFENRS
= During power shortages, spot
market sometimes stop operating

= HEERGRHE - WEAHHERNSF

1ESBE
8 original pilots (2017) = Narrow range of trading
2017584 BYITE . REEEE
6 newly added pilots = Volume low
(2020) » EXZ=E
2020F 61 #IBRSE = Prices below operating cost

~ « ETFEEMARRIMAE

'
Slide 11 | 19 September | Sino-German Energy Transition Project g
2022



encouraged flexibility

Bal, BEEXE&KETDNE - REBERTEMR G

- So far, Germany has mainly relied on the market, though policy has also

= Spot market accounts for the majority of electricity traded in the German system
- WM HEEBENARSHImIKE D

= Spot price variation from high to low levels throughout the day encourages plant owners to operate
flexibly

= WBENMEE-—RXRFPEHSEENZEEMEB] WFBARENEE
= Several factors commonly mentioned account for a small amount of flexibility:
= BERIMNIITERSREEN—/NES
= Imports and exports make up around 10% of power supply on a typical day
= HEOANSBNHNERIHAY10%
= Energy storage is also a minor factor so far
= fEEEtE—TR/OREE

o o giz
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To reach 100% renewables in the power sector by 2035, Germany will
- need new flexibility options

N T SEI2035F 100% Al BAERERB r - &

i

=AY SRR M R

= Customer-sited batteries

= FAFImeEE A

= Demand response / demand-side flexibility
= FEORME N/ SRR OE M

= Aggregation

- K&

= Energy communities

= HEIRFLRX

= Vehicle-to-grid (V2G)

= FEHRERIEBW (V26)

'
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EEEBATFERENNES

Proportion of load-control agreements in Germany

& E 5 fer = il M AV EE B
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= Night heaters 7z gt

33%
= Heat pumps #=
64%
" EV B
m Other Hih

Source: BNetzA 2021
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Germany is working on demand response and aggregation

Current German load control mostly covers heating

EE B AT A EER T EZHA

New 2022 Energy Law amendment may lead to requirements for grid
operators to offer rewards for customers that provide flexibility, such
that it is voluntary for customers and non-discriminatory with other
flexibility providers

20225 FEV] AR A D BER BR B E R VKM OB E S = #

X - EFZ2BBHFEXNEMRE SR HELEN

Heat pump market expected to double or triple, from 150,000 per year
to up to 500,000 per year
REMDIOCREERE =F - NBFI5HEBMEEF505E
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- Home energy storage market is booming in Germany

TInEREEIKRE

RIEERET

Home energy storage systems in Germany, 2013-2021: capacity (MWh, left) and power (MW, right)
EEREMREAEZRS - 2013-2021 : BE (MWh, &) f1ZhE (MW, H)
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Energy storage market is booming (2)

- figgEhnZEIRE (2)

= Most of Germany’s energy storage market is for home use, typically paired with residential solar
EEEEMI AT N SR - BESEEAHEEERER
= Germany added 145,000 home energy storage systems in 2021, and reached 450,000 total systems
= EE2021FHIBI4SFERAMEERS - REXRISHE
= Home energy systems reached 3.5 GWh or 2 GW in total
« RERRRSSDERISCWhE2GW
= Annual installations likely to increase by 60-100% in 2022
« 20225 ZE EF[HEHEN60-100%
= If used for grid stability, could provide up to a fourth of peak ramping needs
- WMEAFREBW - ol REZARUAMIEECREFEK
= Industrial, commercial, and utility storage is also rising, but smaller
T~ WA HESEREEIFEIEM - BRARE/N
= Large-scale storage systems reached 0.75 GWh and 0.6 GW in total
« REMEEEZRSEE320.75 GWhF10.6 GW

'
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- Germany battery operation likely similar to California in size and flex
EE= M EEERAIEN R IFES NS

California peak summer day battery net output, 5-minute intervals, 2018-2022

mEZFTEMSE B IEE - 59 HERE - 2018-20224F
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Source: CAISO 2022
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Distribution of battery storage by
location, 2021

BBthfigBERY DB At - 2021

55%

m Grid side Generation side = Load side
== =N M

Source: State Grid 2022
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Provinces with mandates for energy
storage paired with RE

fggEFM I B ERERECENE D

Xinjiang

Liaoning
Inner Mongolia
Ningxia etes Tianjin
i i Shani
Cniglie Shandong
Gansu
Shaanxi  Henan Jiangsu
Hubei  Anhui Shanghai
Zhejiang
Hunan
GwW Fujian
x N/A
NERLERRIGEE /7 Only with municipal or county level policy Guangxi
NARPREEIR T EiEAE Storage required for solar facilities onl
RXBER R G Storage required for wind facilities onl
APREEFIN AEI BB AE Storage required for both solar and wind Hainan

Source: various reports compiled by GIZ

China’s battery storage focuses on generation and grid-sited storage
P ERIRMIANE

South China Sea



Unlocking demand-side flexibility requires additional policies

TR MR AT EE SRS

Create robust tools for measuring
and valuing customer flexibility

plEa AR TERGEMTNES RN

Incentivise flexibility through
energy market price signals

How do ARERMIHM B ES A E M

we activate

Ensure a level playing field
for demand-side resources

BWRABRMFZRRHE R FHNREIIERE

household

flexibility?
W0{A]BGE
REMRE Accelerate installation

of flexible assets in homes

AR 2R BE R M IR Bl B 228

Make flexible actions easy
and safe for customers

FEEFHNEEMITHESME R I
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- Germany’s power system is highly reliable

System Average Interruption Duration Index (SAIDI, minutes) and renewable energy share
R LT 19h T IEIFE £ ( SAID,
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ENTSO-EFiN{EE

41

= Germany’s loss-of-load-probability
(LOLP) in 2030 is 20 times safer
than the EU standard

= EE2030FEMEBENAEME (LOLP)
e R R AR E L =204

= LOLP determined by Monte Carlo
simulations of weather, plant and
transmission outages, demand

» BHAARE (LOLP) BURFXK. I
TFEmDE - RN EREEL

=  Simulation uses weather from past
years with low wind and sun

= EIEATE/ENEXAMEHERX
SR
= EXcess capacity in neighbor

countries helps explain Germany’s
situation

= BENSHEEENTEEINR
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LOLE TY 2025

LOLE TY 2030

ENTSO-E projects Germany will remain reliable through 2030
FE2030F 2 HI RIS

Min 0.0

MULL AVERAGE LOLE AVERAGE LOLE = 0.1 HOURS/YEAR AVERAGE LOLE » 0.1 HOURS/YEAR

MULL AVERAGE LOLE

AVERAGE LOLE = 0.1 HOURS/YEAR

aaaaaa

AVERAGE LOLE » 0.1 HOURS/YEAR

t/uploads/2020/12/figure-4-web2-komplett-2.png 2nes with a LOLE lower than 0.1 hours/year over the average of the
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Figure 2: LOLE values for TY 2030. Bidding zones w
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- Recent BMWK stress test also suggests no physical shortage
BIEEEBRILFMSEFRPI (BMWK) BIE 7763 1 FRAAZ A SE B 14 BV FE R

Slide 22 |

BMWK asked Germany’s four TSOs to
perform two stress tests in mid-July and early
September 2022 of the security of the power
grid this winter in the face of worsened
external conditions (gas supplies, drought,
French nuclear outages)

Grid stress test finds that hourly crisis
situations in the power system are very
unlikely this winter, but cannot be entirely
excluded

Main response is to activate coal reserve
(already undertaken)

Germany will establish a new deployment
reserve of two nuclear power plants in the
south of Germany until April 2023

19 September |

2022

Sino-German Energy Transition Project

E X R ERIIMNBRMG(RASHN ~ T2 - )&
E# S E), BMWKEREZEEMRKE LRSS
=8 (TSOs) 7E2022F 7 AIFIOAMNINS
KEBNLZEHHT T RREDME
BMEAMXLIN - SELXFENDRGHI/N
BRI DI BE TR/ - B ABESE = HERR
FENRBATEXRER(BETTIR)
EEIFE2023F 48 201, EEEEIEILR
MBI E MR
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HEEF2022F 8 EEEN

Slide 23

Germany’s power markets have worked
to promote renewables and renewable
integration

EESEIH—ER N TR IBEER
E?%DWA

Germany’s power markets are well-
supplied from the perspective of capacity
adequacy

MEERBENAERE, EEBLIM
EIVEYE

Germany is making progress with new
flexibility—both policies and technologies

FEEAHMNREEATEERSAR - T1E
EBERALZRA

19 September
2022

Sino-German Energy Transition Project

Germany and the 2022 energy crisis

But/ZZ&...

Europe is presently experiencing a crisis in
energy costs

BRiM B RiNEFE 2 D BETR A AR e 1l

Two main causes: sudden need to stop gas and
outages at French nuclear fleet

MM EERE . RAESTEEZRBENANEFET

Electrification, renewables, storage, and demand
response are the main long-term measures to
solve these problems

St ~ OlBEREIR
Lo FE 2 KRS
Energy reserve system more necessary

RERIEE R RBMNNE

fi& BEAN T oK Mo R 2 AR AR 3
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2022 Berkeley study found greater transmission flexibility offers lowest-
- cost solution for VRE integration

2022 HR AR EMRAAMEBEARWEHRBIENTBEREREZESREEEMR
FRARARE

f =

= Jiang Lin et al. modeled various
iScience ocerress [ — . " flexibility measures for 2030

= Jiang Lin%’%%‘XﬁZOSOﬁﬁé‘é
RIBMHEETHT FEE

= Combining larger balancing
areas and distributed energy
offers the lowest-cost solution
to renewable integration under
e all scenarios

= HEREAERT. SFEEARFE
I:tﬁl] \7Fﬁ‘t ,J?_II«HJTEE

- | | = Coal plant erX|b|I|ty upgrades

Iy ” require substantially higher

Large balancing areas and dispersed renewable
investment enhance grid flexibility in a renewable- 300 Do  Provincal
dominant power system in China

- A costs for less benefit

ol . b ol SRS EEE RN
- R, BRI

...................

Source: Jiang Lin et al, iScience, 2022
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2019 IEA study found that inter-provincial trading and other flexibility
measures more effective than dedicated peaking plants

2019 EfrE BBV R A - SMRRZMEMREEIBELETREIEER] EAW

= Efficient spot power markets and bi-direction inter-
China Power System provincial trading are the lowest cost and highest
Thanataratian benefit solutions for flexibility

Assessing the benefit of » BREHIMEHIIANCHEFRRZEHARKRE ~ 4

optimised operations and FEEREREIERERAAE
advanced flexibility options ] ]
= Implementation of these solutions reduces costs by

15% and emissions by 750 million tons in 2035

Figure37.  Annual operational cost savings from different flexibility options, 2035, SDS - XL HE A S O] L 7E 2035 4F J5i 2 15% B B AN FN 7,517,
M B

=  Smart charging of approximately 250 GW of peak EV
charging load and 800 terawatt hours of total annual
. EV charging load can reduce cost by 5% and reduces
— peak load by 15%

| = XJ250 GWHIEBEAFE R B SIE R 1800 TWhHIEB T
ARERBAGHTERERRE - BeA5%MI B ARFI15%
YR G115
= China can accommodate a larger share of VRE
with a mix of flexible generation technologies

" without dedicated plants to provide flexibility
Motes: Y-axis does not begin at 0.0 to enhance reader comprehension of trends; MWh = megawatt hour. - q:l Eﬂuiﬁﬂﬁ;ﬁﬂg&%*ﬁ*gﬁ@;ﬁ;ﬁzw Ek1ﬁ§ﬁﬂ"]m

BYERER MASTETIININ REHREFK
Source: IEA 2019

'
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Primary cause of power shortage in Sichuan was high
demand for air conditioning during heat wave combined
with low output from hydro, wind, solar, and thermal
generation

Under the West-to-East hydropower development
strategy, a fixed proportion of power is sent to eastern
provinces from Sichuan’s main hydro stations. This
means that the outward transmission of hydropower
from Sichuan is not just a policy decision of the grid or
Sichuan, but a rigid principle that can only be changed
in a grid emergency

Most of Sichuan’s high-voltage lines are designed to
send power in only one direction. Of the HVDC lines,
only the 500 kV Deyang-Baogui DC transmission
project can transmit electricity in both directions, but this
is designed for seasonal adjustment, rather than hourly
adjustment as would be true for European or U.S. DC
lines

Source: IEA 2019
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2022 Sichuan outages highlighted present grid inflexibility in China
20224F I B AFEROE F PEBRIEBEMINARE

)il N B E B RE R E RSN 2B
BEK, MzKE, MEE. APREERAENE
=8

EKFBRERAT KB, MIEMEEK
BILM A S NHEARELLAINKE, XEK
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» Renewable energy and energy efficiency help reduce the
cost of the gas crisis, assisted by:

= ABARFMERAREMTRIERASENHIRE, H
EUPSENGEES

o High-volume day-ahead and intraday spot markets
and sophisticated redispatch policies

o BRIFIBRIMEHIAMREN - BEEEREZR

o Flexible and bidirectional operation of
interconnections

o REMIMMEEIERE

= Germany’s various coal plant reserves were initially
designed as an emergency measure

» ZEEMEMRES] BERYZFAN TN BRI
= Capacity market not needed so far, but under debate
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Conclusions: Different situations, common solutions

ChinafhE

Faster scale-up of domestic renewables, flexibility,
storage, efficiency, and demand response all help with
energy security

ERRTEAERRRE. RiEME. fE8  BEERNFRMMNATR
B K - #HETERZE

o High-volume national spot market trading would
help

o REMERNEHARSNBEME

o Flexible and bidirectional operation of
interconnections critical

o REMBAEITHEEEREZE

Reducing the cost of electrification important for energy
security and decarbonization

BAREB S{EAM AN EER L Z IR IFEEE

Lack of flexibility leads to overinvestment in fossil
capacity, stranded asset risks
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