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ABSTRACT: As the prerequisite for participating in the power
market or grid scheduling, determining the overall operation
characteristic of virtual power plant has been widely studied in
recent years. Based on the principle and advantages and
disadvantages of the algorithm, the operation characteristic
aggregation method of distributed energy resource in virtual
power plant is summarized in this paper. First, the difficulties
of operation characteristic aggregation of distributed energy
resource in virtual power plants are analyzed from the
perspectives of economy and technology. Then, as technical
virtual plants, the aggregation algorithms of adjustable power
domain and adjustable power cost are introduced.
Determination methods of bidding electricity price or bidding
electricity quantity of commercial virtual power plants as price
receiver and price maker are described in detail. Finally,
combined with the development requirements of high
proportion new energy system in the future, the research
direction of operating characteristic aggregation algorithm of

virtual power plant is prospected.

KEY WORDS:

resource; operating characteristic; aggregation algorithm; high

virtual power plant; distributed energy

proportion of new energy

THE: 1F NS 5 il r R BE K S ke 2% A i 5 e 40
LR AT R AL SOl LR AR B2 0 7T . DURE R R
HE OB AL R XL oA s R E AT e 1
RETNERATERAR - NETHERMBARYEPIA L A, 0 #r
REANFRL) v A SRE IR A IS AT RV A X s PRIRBOR T
FOUREL T FRY AT T 5 Ty R S 5 Ty AR R A A P S AT R
AT ANEL R B M %% 52 5 A % il i
FHISERR AT A SEAR TR E TV i, A A ARk L
WREIR R G A R EDR, JRE B A AT R R & 5k M
WA

K. B A aRE, s ATRE RERNE
EL A5 %7 RE IS

0 38

BaE ARG D6 AR AR K AT PR A RE AL ZH 3¢
PUAERIIN, H I 77 UM R B I % Dy 22 i X
e 5 oA SIF R, {75 e R B 0 R
T PR X KR 3 ﬁ%ﬁﬁlﬂﬁ)ﬁﬁ"]%@ﬁm J5t
TR R, B RG B yn] B AR RR R
O E S LR EA ) RGP BER B RS
BRAX LR rH ZAERIBE AL R A R
PEZIR A FEE B, AMUTCIEL U5 R = 4 F
Wk, =4 2R EIBAT T AR MM,

— A AR IR B . B
(virtual power plant, VPP)XJ 734 =X A Y 1 Hu #L A7
B BRI R AR, i KGR
TPl 1) B AT e B R MR E Y 1R A =X

AR T 3o

VT ENHEMNE I RS S oA R 2
(M SE, R ERE A A REIE IS T IR 1817
FRAFNEAT AT R, RE 5% Hm —i
% 5 e i Y. 2 B L
A EEIR IS TR TR G, FEBTUURM
R 1D an o AR ) A B 4 23 A 12X
REVREAT @A, FEm) g s bR v 4H A B
B, A I R b 25 5 AR RS SRR R B
RSO, 2 N 4 R LAk BT AR E R P K
MXECAKAR: 2) i) M EREZ 5 |



16 moORE OB B TR ¥ R

43 %

NIRRT AT 5E S P AR FFE XL
%o AR R AT AR RS D .

RIE D RERFALAIANE], AT LS R R Rl 20
HARAY AL e )RR M A AL e R R
HL O O R IR B AR 55, BRI R
JE ST P BT O Y D A SRR T R A s L R
W S 5 T, B E N PR A R A
SERR RIS GERR LR SEARIA). AR, B
ARV IR e b Y AL R ), AR 0 A1 U RE
PRAISATREPEEAT R A A ST UR R 1) K
FURE ) S RS o A SCBE IR AL, e ATTRY
BATREAFE R E R 2) A e dRis A7 ke
MR GRE Kk ZARLIEL R . FrEL, SRR E
LR AR LR RS IS AT R R S A &
FEXS oA ARG IS AT 5V (10 fi] BV SR A o

S, AR A HBOR B AL AT b
AL X A FCREIR IK) E BE A AL AT R . 5 18
B o A A RE IS AT R R I B IR k2 S BUB L )
REBEEOVWAERIRA R, Fr AL G LA,
ARPEPIAS A BE B e Xt AT 0. 25, H A
PR X A AR AT AR R Al A
W R BAREE R PR E R, AR
A REAKTT, i AR m BB e R ek
JEER, WRORTL R Ak R ) is AT
Rk SR & D7 IR Wt T 7 TR P 2

1 BRI EIBEMMEI TS

FETSEBERAE ] THE L EESEER, B
J AT DR A L il e 2R B SRk A e A AN [
KA A SCREIRREAT R A&, il B v 2 T A 4K
AR S 2 A o0 A SRR R i ARG s 4T, (L
RE 2 5o i B B IR 55 . 1% B Th RERFAEAS
[, REAELT AT AR SR Ik 2R R UL R
J ORISR AL IX PRSI R X
AT AREIR IS AT R VEEAT RGBT, AR
R 3R A E AR A7 AE 2 .

BRI () DhRERFAIE A2 D i R0 A B 32
Mg Rl A, PHEEAE AR B RSS, B
JE A FCREVR X AN L X 28 ) SIEINF 2, T A R
{43 A0 2 BE R RO B A R T i 1 R,
BRI ) A AL B 5 2 Dy R T [ R E
PEBRIR, ZRG 5 IRXE RIGTER IS TG, 8
ITZH TLFR AR B UL R B O SR A X 2%

B A SN L T R R AR R AL
A, TR T R FRL T 1 AT 315 D A SR
DA AR o HEAR Y AT ) AT 355 2y AR T
DA A R GE R AL e B O AT VP A
VA BE L U B IR 55 B A /N BB, B i A
sieict VE VN RIRGR R S S D DGR e
S a5
Rt ok
BAPRA AT ariRs iR, fE TR
BB H A
bR

R |

El1 RARBEME] BTN

Fig.1 Operating framework of technical VPP
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Fig.2 Operating framework of commercial VPP
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As the prerequisite for participating in power
market or grid dispatching, determining the overall
operation characteristics of virtual power plant has been
widely studied in recent years.

According to the difference of characteristic and
function, a virtual power plant is divided into technical
virtual power plant and commercial virtual power plant
in this paper.

The operating framework of technical virtual power
plant is concluded, which is shown as Fig. 1.
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Fig. 1 Operating framework of technical VPP

The aggregation operation of adjustable power cost
of technical virtual power plant mainly refers to
simplifying economic scheduling model with adjustable
power parameter. The simplified model is used to
represent the nonlinear relationship between cost and
power of technical virtual power plant. However, it is not
possible to obtain the cost curves of all distributed
energy source by it.

Because of nonlinearity and specificity of the cost
curves of all distributed energy source, the aggregation
operation of adjustable power cost of technical virtual
power plant is difficult. Common aggregation algorithms
include encapsulation method based on the neural
network and encapsulation method based on the
curve-fitting, which are analyzed in this paper.

The aggregation operation of adjustable power
domain of technical virtual power plant is:

P(ﬂgg):i P(/’):{p(agg):ip(j) |p(j)€P(j),j:1,2,'“,J} )

= j=1
Considering temporal coupling and parameter
difference of power constraints of distributed energy

resource as well as nonlinearity of node voltage

S2

constraints and line power flow constraints, the
aggregation operation of adjustable power domain of
technical virtual power plant is NP-hard. Common
aggregation algorithms can be divided into two types:
approximate linear sum based on distributed energy
adjustable power domain and global
approximate solution based on virtual power plant’s
adjustable power domain. Their principles, procedures
and features are all analyzed in this paper.

The operating framework of commercial virtual
power plant is also concluded, which is shown as Fig. 2.
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Fig.2 Operating framework of commercial VPP

When the capacity of commercial virtual power
plant is small, the commercial virtual power plant has
little influence on the clearing result of the electricity
market, which can participate in the electricity market as
a price taker. Otherwise, it participates in the power
market as a price maker. The bidding strategies in these
two scenarios are analyzed.

In addition, considering the randomness of
distributed energy resource, the aggregation parameters
of virtual power plant should be a group of random
rather than deterministic parameters. Except for the
methods about how to improve the prediction accuracy
of these parameters, the methods about how to obtain
conservative parameters for the worst-case scenario or
risky parameters at a certain confidence level are also
analyzed in this paper.

Apart from purpose, content, difficulty and
algorithm of aggregation of virtual power plant,
challenges and prospects for the future research under
power system with high proportion of new energy are
also shown, which can provide reference for the research
of virtual power plants.



