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Abstract: This paper addresses the problem of increased
frequency regulation demand and pressure caused by the
rapid development of distributed photovoltaic (DPV) systems
by proposing frequency regulation ancillary service (FRAS)
trading mechanisms. First, combined with the characteristics of
DPV, the access conditions for DPV to participate in frequency
regulation are provided. Then, an FRAS compensation
mechanism for DPV under the “two rules” mode is added,
including compensation methods, assessment criteria,
settlement, and allocation methods. Next, an FRAS market
mechanism for DPV is proposed, frequency regulation capacity
and frequency regulation mileage are considered, and capacity
prices and mileage prices are adjusted. A DPV credibility
index is introduced, and the trading process and clearing model
of the FRAS market are described. A two-part compensation
mechanism is adopted, which considers capacity compensation
with opportunity cost and mileage compensation with a
frequency regulation performance index. The cost of frequency
regulation is shared by users. Finally, the simulation results
show that the effectiveness of the proposed FRAS trading

mechanisms.

Keywords: distributed photovoltaic; trading mechanism;
frequency regulation ancillary service
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Table 3 Monthly electricity generation and consumption of DPV

per household
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JEZAE BT RIBE =2, JGR s AR 80N
R D, R BRI .

4.2 mipEIEGISHT

Fesg il T AN [E 23 A OGAR AR R Ak AL 4H 1Y
PR SE . ASHIYALMIP T A B 725 5. AR
ZAEUABARAL B bR R BT, V8 FICPLEX12.63K f#
ATEMATLAB2014ad >R f# . {BIZDPV 1 HIDPV2A &
fiBE, AIEIE 51 80.8F10.9; DPV3&fiffiE, AlfH
JER MR, BOEHLE ARG AT 2 &
WM, S ERAT L L R E R
&, Py b A B AR R AR

VRS, HiRmReiR. AT & THE
RTE R 2 i 28 8 T UL A, SO
MR AN, P LR AR P25 & M BEFE A
TR

RO LIE ., BAR K3 M B, (H
th IR BE 4, RS B AR R M AR, A
W, 255 R B S R AR e AR SRR A SR AT
AT HAE T S I bR
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Table 5 Frequency regulation parameters and biddings of all market players

VAT RIRA LR RERMTAS LEREER TUREER  LERERER TERERKR S8 HRiER
Fk BFE/MW FE/MW  #H/ (T-MW") i/ (5t -MW) B/ (T -MW!') #i/ (T -MW') HeedElr BERARRY
DPVI — 10 — 3 — 7.5 3.5 2
DPV2 — 10 — 3 — 7.5 3.5 2
DPV3 15 10 2 2 8 6 3 2
kil 20 20 3 2 7 7 4 3
KA 20 15 6 4 10 10 45 3
KH3 10 10 2 2 12 12 6 5

® o6 ERIEMEAEEREETIHEEEELR M
Table 6 Biddings corsidering frequency regulation performance of
all market players

®8  LIAMARS HIRIER
Table 8 Winning bid of up-regulation service
MW

BEEN EEEHN BEEN RAEEN

Va7 e 13— - .
Sy A E MEAE T LiAsRE  TREME
ik eSO B ,Ab;;ﬁ N R M
[GE MWD GE MW PR GE MW /(T -MW)
DPV1 — 3 0.583 — 12.87
DPV2 — 3 0.583 — 12.87
DPV3 2 2 0.5 16 12
P&GiA 3 2 0.667 10.5 10.5
KH2 6 4 0.75 13.333 13.333
KHL3 2 2 1 12 12

N T BT ARG SR T 45 28R B IR 2 5 PR
FTEIL, ASCIRBE 3R, WRTR.

®7 FRAERRNERERGS

Table 7 Frequency regulation demand scenarios in a certain

scheduling period
MW
o ZE LM RS LM RZETEM RS TEM
T OREBR ERE%  FEEK  EEEX
e 40 120 40 120
Y2 50 150 50 150
Y3 50 180 50 180

XF3Rh b T A R Y . T R R 55 i AT
HE, AR ARE L AN R FIR IR .

MRBHIZRIFT LA T, BAR KR 218 B J5 i I A%
Wk erEr, B T'DPVI. DPV2AELE Al {5 [H)
ok 2 Re R SE bR . B TFDPVIRYAI{EEERAR, 4
DPV1AIDPV2#H A A0 [F A% 5 F DPVIARE T bR, I
AL I O A R e A BRI RE ST MR FE R
P77 SORIRBOR M T 1 P A . HIIE SRR 10
MEFR.

B H=IE HR|1E BR2E R E BRI E BRIE

wip  EsER SRR AR USRS SRR JEsAsh
i FERE REE GFE GEE GEE GEE
DPVI  — — — — — —
DPV2  — — — — — —
DPV3 12 24 14 28 5 10
kit 20 60 20 60 20 60
K2 2 6 9 27 20 60
KH3 6 30 7 35 10 50

F9 TESRSHIRER

Table 9 Winning bid of down-regulation service

MW
ST BEIT HE1T HE2T H=2T HRE3T 553
iﬁiﬁ: VST AR SRR AR RSR AR SR RAR B hAR A
= g7z == 2R T2 RERE
DPV1 0 0 0 0 0 0
DPV2 0 0 9 18 3 6
DPV3 10 20 10 20 10 20
KELL 20 60 20 60 20 60
K2 5 15 3 9 15 45
k3 5 25 9 45 10 50
F10 LAMRESHBELER
Table 10  Clearing results of up regulation service
FASTIARRE  EESARR 3RIARR R M
= ENE BiEME  ITERR  TEIRER
/(5T -MW™) /Ge-MWY  FER/T ERST
5 6 16 2160 1562
rs2 6 16 2700 2014
Y& 6 16 3210 2400
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Table 11  Clearing results of down regulation service

e TESAREE  TENARER  RBERTEIE DPV 1K DPV2HJiEST DPV3HIEST

= MB/GT - MWY)  HE/GE MW BRI r35/5T r35/5T r35/5E
Yl 4 13.333 1759.96 0 0 306.66
st 4 13.333 2 230.616 0 248.395 306.66
W53 4 13.333 2 645.273 0 82.798 306.66

HHER10AT LA, A0 B A AR n T 8 A3
B, ABA RT3 A i AR AL B 22 AR BT Y i
W55, 45 4% T AR SEPRiR A S AME S AN
o TN T PREEE MMt B2 =, Fii -
FHARM S A R AL, (B b SRR T AR
M, MISEPRTH A G FAREE BRI, AT EER A&
Flas iRM, 46 m R TS SEAN SRS, R
T AW ERE . BRGNS ZESRT, Tk
FL 2 0 R 5 i A0 A% A e A5 i PR S e AR e
e 7RSS 2, (BRI PR A 455
T feft b 7E M s B iy T 37 F2 A8 2o ARG 1 S i 3
P H B RAEREAR RIS T 20 sk, NI IR A 4%
BT BT NAS . I, SRR AS 45 T 5K
AMLGetE 2 AL AR R R 2 A, e a4 = Fi I 1Y
AR ST, HAARI TR T A R A R .

HDPVIFIDPV2y iz 5 F v, #0200k
PRAE G A AT A5 BEFE AR, ARUS I 2 4 v L B SR
%5 KT EAGREMDPV3, HLIL IR RE AT
FIPEARANAR FE DRI T S h 4 rhbs . ARAS IR 5 R
e HTFSE3IR IR KK, TMDPV2IK ] {5
BAK, MERITRRERD, a2 MRS A 2
K. W, A 2B R R i B AL rE sl i H B
AEBEAEPR, RENZ W 1R m LA JR A T s

5 45k

ARS8 LA 23 A1 SO AR Wt ke iy I 45
I, AR T A HOGIRIE T SRR R T 2 5
HBhIRSF HsE Z P HE T 2O IRS SRR
EAZEPERN P2 7 KR AAMEpLET . Sl T
A EOCR S SIS T PN, 5 T IR A
PSR RN Sy b ey s 2 T BT S B iR
B 255 HEDLA] . XA L I A4 58 1)
S 1T PR AU B AR 55 S S LR B A R . e g R]
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