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| Development Background
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The " Dual-carbon" goals are driving a rapid transformation in the power supply structure and load characteristics of the system, leading to frequent peaks :
in electricity demand and a widening gap between peak and off-peak periods in the power grid. This poses significant challenges for grid balance and ensuring |

a reliable power supply. According to estimates, the regulatory resources of the power system will reach 560 GW by 2025. Involving distributed resources
in the form of aggregated virtual power plants in grid interaction and regulation is not only an inevitable choice for developing a new type of power system but
also a crucial component of China's "14th Five-Year Plan" for modernizing the energy system.
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To implement the national dual- Enhancing the flexibility of the Mitigate local grid supply-
carbon objectives and support power grid regulation resources demand conflicts and ensure the
the construction of a new type to improve grid balance and safe and orderly integration of
of power system. regulation capabilities. clean energy sources.
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| Development Background-Policy requirements
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In order to further implement the major "dual-carbon" strategic deployment of the Central Committee of the

Communist Party of China, the State Council, in conjunction with various ministries and commissions, has

"cloud computing, big data, Internet of Things, artificial intelligence, and blockchain" are gradually being

E successively issued related planning schemes, requiring the use of digital and intelligent technologies to
. integrated and applied across the entire energy supply chain, promoting the transformation of the traditional
. power configuration from partial perception, one-way control, and planning-oriented to highly perceptual,

bidirectional interactive, and intelligent efficiency-oriented.

support the smart integration of energy sources, grids, loads, and storage. Digital technologies such as E
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B&5% ERRIERE KM NIXEIRA HRORBHR, M AEmElEEHRIIABR X5, ?Eﬁa\%ﬂlivt*ﬂh]‘iﬂl SRMERM, NRE BRI, WEED). EeE
WINZEES] . RFETHI3% ~ 5%. SRR R R BARIEFT70%LA L, PR EETRE %gﬁﬂﬂﬁﬁ%%%% EREER,
CREN



—~ ZARF-AALLLHE

| Development Background- Domestic Development
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In terms of police, there hasn 't been a specific national policy for VPP yet. At the provincial and municipal levels, however,
provinces and cities such as Shanxi, Shanghai, Ningxia, Jinan in Shandong, Guangzhou in Guangdong, and Shenzhen in Guangdong
have introduced dedicated policies for VPP. These policies provide guidance and regulations on various aspects of VPP design,
construction, participation in transactions, and financial support.

HiBtEIRE, EPR EAFKTRERRNANL, TS5NEHHRS. BURSHIRXZRFKENTERS, S5FRHZRER
BIRmMNngT.

In terms of market mechanisms, VPP as emerging market entities, are included in the planning and can participate in spot
market trading, ancillary services market trading, and demand response market trading. When participating in different markets,
 they are subject to specific market rules and regulations.

] S @

EREMES - — EMLEEAED What | EREANE. RERHEK
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| Development Background- Domestic Research Progress and Case Studies

BRI, Profit Model SChEtET, Implementation Model

BrILAS5FKRWMEL, Flg. @, SESHBIRSEZA
FEWEFRR, SpoElR ERESEMNESD, BaFAGEEERR
SR N AR EFRES IR,

The primary sources of revenue for VPP include
participation in demand response invitations, peak shaving,
frequency regulation, and capacity reserve ancillary service
transactions. Some VPPs also have peak-off-peak arbitrage
capabilities and can serve as integrated energy service providers
by offering services such as energy aggregation for users to
generate income.

trnEBIES M HStandard Development and Application

ERIEVR BIRIMERmINECLR, HFIECTERINGE2IN, ERESR
AR (EFIEINE) o BB ERERATEKRNEE, fE8e.
D IVEIRAMERIRE,

There are six standards being developed for VPP both
domestically and internationally, including two standards in
progress by the International Electrotechnical Commission (IEC)
and four domestic standards under development
(recommended standards). VPPs can also choose to adopt
standards related to demand-side management, energy storage,
and the integration of distributed energy resources as needed.

HARTZPPARIRERRRS S, REUE Tl HEFLFridlit = iH
RMER. Tk, T, L@ wdb. T RSFWESRTRE 7 EIUE /Y
R, BeRFEERETIRATRER.

Mature comprehensive solutions have not yet been
established, and VPP projects are primarily in the early pilot
research phase. In recent years, provinces such as Jiangsu,
Shanghai, Hebei, and Guangdong have successively initiated
pilots for VPP, with resource aggregation primarily focusing on
adjustable loads.

i =32 Pilot Construction

MEELBM B SBOMERBNARBNFES, Rtz
b, ARDRENIIERIEBENRZIARENBRR, | K THIPF
BRI NRZZINRBR IR, WSEMRYY.

Existing VPP projects are almost entirely overlapping with
the regions where power spot pilot region are implemented.
Except for northern Hebei, all the provinces conducting pilots are
included in the two batches of provinces designated for power
trading pilots. Regions with strong economies such as
Guangdong, Jiangsu, Zhejiang, and Shanghai have more mature
electricity trading pilots with a solid business foundation.
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| Development Background- Domestic Research Progress and Case Studies

IR SERR IR ISRV

The situation of VPP implementation in Shenzhen. R ITq AT, ELI

20226 B 130, AFhARAZLT (FYITHEIB FiT(ES % (2022-
) X3 MR AR IR SEERERA T 751,
REREREHEEFABRAREMBIMER, FERSESENNEEERR
USSR ;

P 1005 FRErIREEND, BELHRFEERARMS%AARISERETIEE;
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20225F4R16H, "'FBRAOXZZHLENE (I FathindtEKinMSChtd
Gf%17) Y (TFH3RS (2022) 548) XH, MEEPR BATEENSHEKIEL
O IEEEEVIBIOETEES: WAEENAMET0.3MW, BRI N HFEERT (B4
INET;
O BiEEPBMOAD®ED: ETFRATAETFTIOMW, BRI HFEERTBIAME
A ;
O FRMBANS: oNATER AR AHBEIEKIMATER, MANTE/SERESRMT,
IR B RZ IR

On April 16, 2022, the Guangdong Power Exchange Center issued the " Guan

On June 13, 2022, the Development and Reform Commission of Shenzhen

Province Market-Based Demand Response Implementation Rules (Trial)* (Guang ality issued the “Shenzhen Virtual Power Plant Implementation Plan (2022-

Trading [2022] No. 54), which stipulates the regulation capacity and demand res which provides clear directions for the next stage of VPP construction in Shenzhen.
mechanisms for VPP. e key focus is on the development of intelligent and orderly charging
O For non-direct control VPP, the regulation capacity should not be less than 0.3 chnologies and corresponding business models, as well as achieving breakthroughs

the bi-directional energy interaction business models between new energy vehicles
d the grid.
e plan aims to establish adjustable capacity of up to 1 GW, gradually forming

with a single response duration of not less than 2 hours.
O For direct control VPP, the regulation capacity for both upward and dow
adjustments should not be less than 10 MW, with a single response duration of n
than 2 hours. ble regulation capacity of around 5% of the annual maximum load.
O The demand response mechanism includes response periods as defined in the de ntinuous improvements will be made in the market-oriented trading mechanisms
response schedule and single-segment pricing. Multiple-segment pricing ca r VPP, nurturing and incubating a group of leading domestic load aggregation

enabled when certain conditions are met. sinesses and core component research and manufacturing enterprises.
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| Development Background- Domestic Research Progress and Case Studies

IR SERR IR

The situation of VPP implementation in Shenzhen.

iR

BNFIIEMET Farma AT LIBE LI =1 RIR3X1S I -

Market entities connecting to the Shenzhen VPP platform can obtain incentives from the following three sources:

[ FREHIHCERIIRIHME

Guangdong Province Market-Based
Demand Response Subsidies

O HEigey, s ER3.557t/kWh

Day-ahead invitation, the price ceiling
was set at ¥3.5/kWh

O FAASIRITER. HRIERIF/GET, gL
BR57T/kWh

Bid by week and being scheduled two
hours in advance: price ceiling
is ¥5/kWh

O

O

A ITE B TR A B E E 4G

The local fixed subsidy established
by the Shenzhen Municipal
Government

A IUEA LM E0.35T/kWh
Distributed PV: 0.3 ¥/kWh (electricity
sent to grid)

BiRFTEEANAE3007T/kW, TikF
BN EE1507T/kW,

DC charging pile
capacity: 300 ¥/kW;

AC charging pile
capacity: 150 ¥/kW

grid-connected

grid-connected

Market Incentive Mechanism

A EBRXIEANENRERRLE. R

BNBRSSEIEfitE+h s

The fixed price subsidies for peak
shaving, frequency regulation, and
other ancillary services

O J837f#880.792 Jo/ kWh;

Independent Energy Storage 0.792
¥/kWh

O EEHEAETRE, HE50.132-0.7925T/

kWh, &, 0.264-1.5845t/kWh,

Dispatch-center-controlled Adjustable
Load, Off-Peak 0.132-0.792 ¥/kWh,
Peak-Shaving 0.264-1.584 ¥/kWh
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Y| =BT SEEE SR EiZIER
The situation of VPP implementation in Shenzhen. EeJi13{{Tl«i{eJ I} T

E#ZEHR, FREEARSHE12R, BEARNSEN7T1ATR, EPHURTAE0ATR (BETHUILFPRENRERESE) 9%
A HRB=221H5FR.

As of now, the platform has onboarded 12 aggregator companies with a combined installed capacity of approximately

710MW. Among them, the adjustable load capacity is 500MW (equivalent to the installed capacity of about 90,000 households),
and the distributed PV capacity is 210MW.

FEBA XA

20255, BEMER1005TRERTRGEDNERIBIT, EEHMERRARS%AAREETRE
It is projected that by 2025, the VPP with an adjustable capacity of 1 GW will be established, gradually forming a stable
regulation capacity of around 5% of the annual maximum load.
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AEPIR e IE R

The situation of VPP implementation in Shenzhen.

> EaEIZ=R Highlights of the platform construction :

SR ERIENREIES

Real-time and Accurate Response to Dispatch
Instructions

SCIL Y RAERUAIR, SCRYfEZR. £BalslT, JE1HAIR
SR BEAIE S TIX,

The system has achieved closed-loop, real-time online,
and fully automatic operation, with the ability to
complete optimization calculations and issue
instructions within 1 second.

BRIt e R

High versatility and easy expandability of
functions

Enab

HReRim KRR, BEREAEN, TENARZE
SHIRERRIFEN, ISR EZ AL,

The intelligent terminal adopts a modular design with
universal interfaces, making it adaptable to various
types of distributed energy resource connections and
capable of integrating additional application
functions.

EL A

Construction Status

SHFFES. AREE

Comprehensive Resource Integration and

Closed-Loop Optimization Control
SHESHEE. f. fUzaR, YUSSRERRE, T8
/NS TV RER SRERYEE R IEEEE 22,
Comprehensively encompassing typical controllable
resources in generation, load, and storage, all of which
can participate in dispatch and control

e ELEiRIEER G ES]

Customizable Terminal Functions

BEeRImRTURIRGEAIJRIZAE ], B RGP EET
ZEIERIEE, (RIBRBIETIREYE.

The smart terminal RTU module possesses strong
programmable capabilities, allowing for flexible
implementation of customized logic control functions
as required by users, ensuring stable and reliable on-
site operation.
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Y= SERR TR BITHR

Operational Performance

The situation of VPP implementation in Shenzhen.

O sl 202111888, FYIEREEATMLEIR

YlsberEER SR, RYIKSERERIK S5, FEER
E£EFRIR T, EITHIETBREE3000kW, LElEiREZEE
EREEEXRRE, 102MAREINREINEZERINE.

Pilot Operation Effect 1: On November 8, 2021, demand
response adjusted the load as planned, totaling 3 MW.
Upon receiving the emergency control request, the
demand-side resources reduced the load power to the
target value within 10 minutes.

RIETTRN2: 2022F4828H, 1=#AIM¥E & 10000kWE]
THTEX, —XATRESHEEEXE&XH A A
5344kw,

Pilot Operation Effect 2: On April 28, 2022, an advance
request to reduce demand by 10MW was sent to the
platform. Within one day, seven aggregator companies
reduced the maximum load by 5,344 kW in the
designated area.

O W=iEfTas3: 2022648298 1404309, Rl EX R

KICHIV2CHRELEIERES19WA, TEIIXRENT, 75
R FERERIXFEN, SEIR Y EENSESHEMERIRIERT.
Pilot Operation Effect 3: On April 29, 2022, at 14:30 in the
afternoon, the V2G charging station rapidly reduced the
charging power to zero within 1 minute upon receiving
the command, achieving swift regulation through the
interaction between electric vehicles and the grid.

IR EES Shenzhen VPP Platform
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| Development Background- Comparative analysis

MEIRSMEMERT SEBRIILE, BBRAER, BEUT.

Comparing VPP practices between domestic and international contexts, there are significant differences, summarized as follows.

Ersh
FELIR

REeriREs
Aggregated Resource Types

E5r

Overseas

XKBFE, giF. & EFIXREEF. CHLDBXNTBERFEE, AElE
RGN,

Diverse in type, encompassing various resources such as generation,
load, and storage. Europe primarily focuses on distributed renewable
energy, with a smaller share of demand-side resources

Er

Domestic

RIGENERRBAE. RRFEENATBERRSFEEMNE, AT
LGN

Mainly focused on load-side resource regulation. It has not fully
leveraged the abundant domestic renewable energy resources,
making it challenging to achieve economies of scale.

BERNHIARAE
Policy and Market Maturity

HENARSTHIAFIRR DI RTINS, JTEREDMEHHEMAR.

The ancillary services market and electricity spot market mechanisms are
well-developed, with the electricity spot market, in particular, being
more mature.

PRTIHEARRRR, KD EDLANRISTUHE,
Both types of markets are not yet mature, and most provinces are
promoting them through pilot programs.

BARRFE
Technological Maturity

IEEHRAFR OB, FTSEIRR SR B ERR AR R G,
Core technologies such as coordinated control have become more
mature, enabling flexible control of various renewable energy sources
and loads.

PHATBERERATE, BEEESREBEETE.
Distributed renewable energy sources are still uncontrollable,
and coordinated control strategies need further improvement

AR

Business Model

CSEMmEkE, TEBSRIHIRS. S5REEM. EEEIES SHEIRSS
SRat,

It has achieved commercialization, primarily by participating in
electricity market transactions, peak shaving, frequency regulation, and
engaging in energy storage to benefit.

AAHRIUEARER, S5HKELN, RUTERBRRESRSNE, &
SHERS I, S5BNMENERRTF.

The business model is not yet well-defined, primarily focusing on
participation in demand response, providing energy-saving and
power consumption monitoring services, with auxiliary services
markets as secondary, and participation in the electricity spot market
still in the exploratory phase.
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HIFAXERFTIWEERTVPPERDHIZREESSEIS | Potential VPP applications in the power market under relevant national

and industry policies

/
I
i

VPPBEEIBAN T S ER, g‘gf&q:uuﬁﬁﬁé}gﬁg—fqﬁg@z/ggﬁg*u@m\i g"VPP is still in the pilot stage, with its application in demand response as load managing entity.
TSI A MG R B LA B AP EEIg . EIl, Ewﬁﬁrﬁ'—ifﬁﬁﬂﬂi iHowever, given inadequate profit margins and subsidies, investments are shy to sustain. Market-
35, RESM&SE, HERFIEENTL, B, ‘based transactions, especially spot transactions, to obtain sufficient benefits for VPP
S EG— N RRRSTIFICERD, SR LEREER, | | e oY to brealthe fce.

M ABFMRFFEARIESR, VPP HI#RE. RANSINEN. &

RN SHUSTFRIEREE, “+R" HiE, VPPEEEHFERNK

i Driven the construction of a unified national power market, various power generation groups and

i power grid companies are actively conducting research and pilots. VPP market mechanisms,
{technical standards, and business model developments are rapidly advancing. During the 14th

i

f&lZH&JEZiE ___________________________________________________________________________ / \Five-Year Plan period, VPP is expected to develop rapidly in power supply-scarce areas. )
b iy X5 BUR AR b it Anntti);r;ced Document id Policy name Department
20224E7 B / (BAERMEESE GERELE) ) ERERUES 2022 Jul / Demand Side Management Measures (Draft) NDRC
20224E11 5 / (Eﬁﬁfﬂ%ﬂ?%ﬁ%ﬁgﬂﬂﬂ (FEREI E SRS 2022 Nov / Power Spot Market Ground Rules (Draft) NEA
\ b ap s = 14" Five-Year-Plan Modern Energy System
2022418 HHELE (2022) 2105 (HREHREEARNY)  EREREEE. ExgEs oo REER [2022) 2108 Planning NDRC, NEA
Opinions on Improving the Institutional

s e 1 e s 2022 Jan REEEIR (2022) 2065  Mechanisms and Policy Measures for Green NDRC, NEA

2022%1R KRR (2022) 2065 <%$E%§§;§%g§gfﬂf%¢ﬂmﬂ EXARAER. BRERS " ? and Low-Carbon I%/nergy Transition
. - . = Guidance on Accelerating the Construction of
00218 REGH (022) sy (KTNREEEEECATIRR mepmaez. axwEn 2022Jan - KEIKE [2022) 1185 a Nationally Unified Power Market NDRC, NEA
NEIERSUSY

Guidance on Accelerating the Development of

(RTMIEDILAERBOESE gy pmanz. mxmnm 20210l RHHEFH (2021) 10515 Nowel Enera Storanes NDRC, NEA

2021F7H  RHEERAM (2021) 10515

Guidance on Promoting the Integration of

Generator, Grid, Load and Storage and the
Development of Multi-energy

Complementarity

CRTHEA B JRMET S — L 8
BHRRAESERL)

2021 Feb & BBEEM (2021) 2805 NDRC, NEA

202128  AMEEEM (2021) 2805 EREZRNEZ. BREER
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Il Status-quo research - VPP analysis based on different regional advantages

SHENEEIZ=THVPP | VPP demand and supply coupling in Rl r Sl S=balie ce g

ERNFHLZITE multiple grid interaction scenarios Urban VPP can ease power shortage during
extreme weather conditions

O HhEMNE EEZEFRTER. BlERNEREMRARE. £L8. bR, NEFRREN, BhENE RERREFENENTIE, [
RIRTLAR BB IIBIEY & AN IR SRR E.

O Urban VPP mainly aggregates AC and lighting loads of residential and commercial buildings. In the recipient grids of Shanghai,
Beijing and Hangzhou, urban VPP are effective tools to alleviate the tense between supply and demand, and reduce the total amount
of carbon emissions from the expansion of transmission and distribution capacity.

R RE8ERUTR, Tmﬂﬂﬁﬁﬂ[‘]ﬁ_\i
HE., K. SEFHIESH. tthimizsT, 4

RRAFENSSFERIBNHZELY. ﬂlll ﬁﬂﬂﬂﬁ% b

R, BRANEEXIEENEZEREETENSE o 00

Az, .

VPP aggregates massive heterogeneous 40

resources and extracts advantages of various - 30

resources such as fast response speed, long so00 o

duration and large capacity. In extreme _ .

scenarios, it organizes users to actively L i I I I I I I I I

participate in demand response and peaking o ggagngazngazugagugagagagazagagagagayagagazALALAg i 2 STt W ST WAL B b5 ST T W Kok WE R b T

ancillary services to maximally support thesafe | .

and stable operation of the power grid and the X8 H AR AT X 95% L}J:"‘m%ﬁﬁﬁﬁﬂjlﬂj
kreIiabIe supply of electricity. ) Typ|ca| |nter-day load curve Typ|ca| peak load (295%) durations

by area
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SIS THVPP | VPP demand and supply coupling in LAl Rzl EF SR R AR 5 RE)

S : . .y . . . Industrial VPP enhances flexibility of the New Power
ERFNF=R(HFE M multiple grid interaction scenarios System Y

(PEARENETLYERE) M (T HEERRINE) BRS8N, HahERITI TR, PSRN, LTEAR2023FX3Nik. Fit. KeeF17MTLFFE=R
HIEREFE PR E T TR ER,

The People s Republic of China Energy Conservation Law and Industrial Energy Conservation Supervision Measures require industry to comply strict
energy-efficiency standards to promote energy conservation, carbon reduction, cost reduction and efficiency improvements in key industries; the Ministry of

Industry and Information Technology (MIIT) carried out mandatory energy-consumption quota standards for 17 industries in 2023, such as iron and steel,
coking, ferroalloys, etc.

TIEEREP AR (T egEaEEN T EX, ErTll, EUR LK IZMESHTITR, SSIEE, REhaiEs.

Industrial VPPs are in industrial parks with high energy intensity. In Anshan, Liaoning province, the VPP optimizes process flows and production periods to
enable peaking and improve carbon efficiency.

BEABFERRRITIIAE VRE Capacity

39

ARAEETIHKFN2 System flexibility demand projection?

Bz TR Unit: 100GW 2020 2025 2030 2050

RIEEEE
&5
TFR

O L
o v O v O wun

Capacity/100GW
FHHLTE,

xusgmne |vadtond|  Gas | 1| 15 | 18 | 23

- -
o wn

K ERE Dispatchabl™pymphydro | 032 | 068 | 12 | 1.7
le Units Battery
o o oo [ [0
Storage
S e e SYRAERELERTR | VRE Povier Ramping Gap | 265 | 562 | 7 | 259
\SUESEETF REBELFE (chEegy  ydro Wind Solar PV

T FERRERS)

o o
o uwu

2016 2017 18 20 2020

2064 ( "+OR" MABEEAZEMK) EFN 1 China Power Industry Annual Report, CEC 2 74th Five-Year-Plan Modern Energy System Planning, NDRC & NEA
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Il Status-quo research - VPP analysis based on different regional advantages

SHEMZEHSETFHVPP [ VPP demand and supply coupling in [kttt p N e e

- SORIE (44 o multiol rid interaction nari VPP for renewabl.e energy consumption reduces
mRFIEiR MR IR ultiple grid interaction scenarios renewables curtailment

SHFRERENEEAEEY, RBESFREREEENER, RMKEEFNAETIUEE, SnEhiFeRBiLN, SESEX BEREREITRIBEERN
ko

Distributed VRE has variable output, poor low voltage power information access rate. Large scale distributed VRE deployment would impact load forecasting
accuracy, adding on the impact of centralized renewables, significantly increasing the difficulty in daytime ramping during low load periods.

A BARSRIBAEME T IBERRFEAIMX, SIEHN. Tt FItSE, BYiHMEIEREENEE, NATHHILR BERRREARITER, (RERTBERIRL
HZ,

Renewables curtailment prevention VPP is in renewable energy-rich areas, such as Gansu, Hebei and Northeastern China. Through load and output forecasting,

these VPPs and utilize VRE generation during maximum output hours to promote the local renewables consumption.
2500

100
= HRAEE =e=mihh wbh 14 -~
2000 Capacity Min. Output Max. Output % E o8
O 60
= A
g i 1500 o =
= R © g 20
~ C
2 S5 < o
‘G Jgé:[ 1000 c3S R
§ 2 .% 2 H -20
v 500 EZ % -40
&S & -60
o s L -80
S, i = = Y O e FAL N . < N A . i Sy
FELFEFEESFREE S FFSF OB TS VR AT e HAR e BRINIER I 5757 0
Load PV output  Net Load

#E2021 FREMEEXRSHANRKBITHMEERLDER
State Grid owned distributed PV capacity and output summary in 2021

2021 FTHEFEENRK LI RAFT RS

Load and PV’s output curve in a county in Jiangsu

BB aSClE X o AR R RENSMER SRR, Bidt VPP can establish efficient connection and real-time monitoring between various types of distributed resources,
HBEAEEHRA,. RFNEUAELS, FROHUIFEEEAMIZZE, | carrying out trading of distributed renewables through advanced automatic response control technology and flexible
FRIEM SR ITESRE S, SARERASHAIEERATENEES. ’ ‘ business model. VPP can also conduct centralized trading in spot market, to maximize the renewables consumption.
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gﬁlﬁﬂm"’_ﬁﬁu 2 FRIVPP | VPP demand and supply coupling in  [E:Et:Laratze 2anidi: Git oEs
ERF S B E I multiple grid interaction scenarios Diversified energy services for consumers

“+=1" HARERNGDPEERINELHERERNME. HEFPKFE, "+EA" ML (NE) B "+IUR" HHEEKENGDPRERHFEMFE13%~14%.
China’s energy consumption per GDP during the 13th FYP period is about three times that of OECD countries and 1.5 times the world average; the 14th FYP Outline
points out that during the 14th FYP period, energy consumption per GDP should be reduced by 13% to 14%.
FEERMER (BRTESUBERRNRERAIE) B2022F48K0E, SEHZRERLHERAITE.
The Ministry of Housing and Construction (MOH&C) has issued a national standard: General Standard for Energy Efficiency and Renewable Energy Utilization in Buildings

to be implemented since April 2022, making it mandatory for buildings to implement carbon emission accounting.

LRINEEBNIRS BN ZTHInEIR, MoMEANEFBERITA. Rk, EARETUAIBEETTIAYF, RETESEK,
The establishment of the spot and ancillary services market has put forward higher requirements for analyzing the power consumption behavior, load characteristics, and
load forecasting.

O SN ETSORREIMAL GANNARRAGIT OGS, AR o WP mamanen @
BRI R HE RO TR T 5 |
0 RN EARASRSERE, FRTAER, SRS

MR TR, WERSNREETH.
O Based on the complementary characteristics of heterogeneous resources, VPP
integrates the optimal carbon flow calculation and cost-effectiveness of internal | | |

resources to provide users with an economic operation strategy that improves energy
efficiency and reduces carbon emissions.

O VPP monitors users' aggregated capacity and regulation potential in real time,
forecasts market demand, and supports users' participation in the energy, ancillary
services and capacity markets in medium- to long-term and spot transactions.

B L{EH — aikH -u B+ X
1. (FEARXNEERSFMMSKRE TN EFEMLF2035F = BFRHNE) Outline of the 14! FYP for the 48 2022$1FJ 4H24 Hourly energy demand forecast 16
National Economic and Social Development of the People’s Republic of China and 2035 Vision Planning /N B 2 B R B T in a province on Jan. 4th
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AEHRTEVRFIRHEFELE

VPP resources coupling under different scenarios

B EEHIEB T Urban VPP TAViELEEIEBI Industrial VPP

EreRe LI —AxFI RSB, RIASEPFE, ENFEER
BREXFABAERRE. RAEARERIE, RMENZEITZEM

W EM R RREEATRAE. BSE. B
B, SHhlAE. f5EE. RBSE, BEEERER,
%O X R RE RS,

BEEZLFKERASHEBESHR, JEAERIR
PRIEIERK, MNAERIEENFIRAES, RIERERRA
FRATEEDIEE, BREELRRIERE, EERDKR
HE,

Urban VPP resources include AC loads, EVs,
telecom stations, distributed power sources,
energy storage, charging stations, etc., which are
characterized by dense buildings and high intensity
of electricity consumption in the core area.

With the evolvement in economy and
consumption preferences, adjustable loads are
growing rapidly, the demand for load flexibility is
increasing, the load regulation ability during peak
hours is enhanced. Adjustable loads tend to shrink
instead of shifting during peak hours, which directly
reduces consumption and carbon emissions.

FEAMNY,

TEEREUR FREaEEE CE W REEIEEEe
SHMEFKT, TUCERRS. SReRDEIERE, FEt
BREENIRRSIFEERAEF S, BRARRAEIERN

K.

Energy intense industries generally take advantage
of the valley power price and concentrate their
production at night, resulting in low utilization of local

power grids during the day and high load ratios at night,

which threatens the safety of grid operation and power
supply.

The industrial peaking VPP needs to research and
register the production load available for peaking
capacity in advance, and formulate safe and
intelligent strategies to help enterprises proactively
excise production lines supporting short-term power
outages on demand, to avoid losses caused by
unserved load and power shortage.

A BAEREIRHMEIR

Renewables curtailment
prevention VPP

SRR mEMNER . T EEREINB FEE
B EER],

ErEdE. RSN, XFREREX, EIKEDT
HEARESERFHIEMESITY, BN BERR
K, WOEFNARERAFRFERHL, SHfEEEIR
BFAUBERRERNEUR BR, FHREBHETAS
SIERREA.

Renewables consumption VPP has overlap or
linkage with the urban VPP and the industrial peaking
VPP described in the previous section.

In the northwestern, northeastern China and other
renewables-rich areas, enterprises can make timely
adjustment on production plans according to market
clearing and scheduling, thus better utilize renewables
generation, reduce carbon emissions generated by
traditional fossil energy generators. Energy storages
can also be renewables consumption VPP, which store
green power when renewables are outputting at their
peak and discharge during peak hours.
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