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Optimal Scheduling of Renewable Energy Base System Considering Inertia

Support Reliability of Grid-Forming Plants

LIN Li, TANG Chuanwei, YAO Liping, ZHAO Dongmei, LIU Chongru
(School of Electrical and Electronic Engineering, North China Electric Power University, Beijing 102206, China)

Abstract: High proportions of renewable energy sources connected to the grid not only exacerbates the difficulties in peak regulation
and absorption, but also degrades the disturbances resistance of power system. This leads to the necessity of considering system inertia
safety issues in optimized scheduling. Against this backdrop, for renewable energy base systems, the inertia support characteristics of
grid-forming(GFM) plants based on virtual synchronous machine technology were analyzed, and an optimized scheduling model for
GFM plants was proposed. Then, the virtual inertia of GFM plants and the synchronous inertia of thermal power units were quantified,
and based on this, an evaluation model for the system inertia that takes into account the reliability of virtual inertia support was proposed.
Subsequently, the inertia support power constraints of GFM plants based on the minimum inertia requirement were established, and a
renewable energy base dispatch model that considers the virtual inertia support of GFM plants and aims at maximizing the revenue of
the renewable energy base system was proposed. Ultimately, a renewable energy base system in Northwest China was used as a
simulation example to validate the effectiveness and superiority of the proposed model.

Key words: renewable energy base; grid-forming plants; grid-forming costs; virtual inertia support; inertia evaluation; optimal
scheduling
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Fig. 1 Inertia support mechanism of GFM and GFL plants
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Fig.3 Schematic of wind turbine load shedding in various wind
speeds
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T A F Gt/ MR T K GFM 0 5 ZE IR b
OB AT E ¢ L A

Eaux,t = EsT/ént _Zi’ilf EUT,t (25)

5 e 15). R(17-18). Qo) HEF H

GFM 7yl (i (i e dUB e 5 T B, I, KR A
ANV SR ARET i

Z:iiw QGFM,iAPGF::mMi:,t = |Apub,t

- Z.N:T 2H P %Uun 0

0

(24)

3.2.3 Ak Kb
D KHENHBITAR

Pl;T']IEnuUT,t < PUT,t < PUnjl'axuUT,t (27)
Tt = Tomn 20
o (28)
Tt ~Tima 20

Ay AT <Py = Pyres < aUT,upAT (29)

R, BRI RNk HHLAE R Py,
KA I A Diah e T T L T~ Tiomn
I3 A K LA t I BOR TR (] AL )L ok
LA T HLB AR N HLBEI: ayr -
Ayt 73RN K TR E ;AT il
JE£ B 1) ) o o

2) FraelEuiia T 4R

GFL HrReds st 219 -

fore
0 & PGFL,i,t < PGFL,i,I

curt fore (30)
0 S I:>GFL,i,t < PGFL,i,t
rt f
PGFL,i,t + P(;:IL—']L,i,t = PGlozﬁi,t (31

R, P P8 Preyayer, 4110 GEL Hi 805
Yol 1 BT TR S I,
GFM 3§ Re 3735 29 8 WL (9-10).
3) fHREHMTIEIT 2R
GFM fi#fig Fsli WX (1-2)F1X(4-6) .
4) HIRARGIBITZIR
PDngn < PDC,t < PDT:aX (32)

—Upc 1 XpcanAT S Pocy = Pocin < uDC,taDC,upAT (33)
t+Tpc -1
Upci + Dt Upey <1 (34)

> Uper <= Noe (35)
> Py ! PR x 87602 4500 (36)

(Permi + Porvin)  Poc, x100%>50%  (37)

X, PRRIPR AHER ARG AR L TR,
Gocup » o SIELTRIHFREBA b FIESE: e,
NARAE tIN BB D) 202 75 R B 1) k) AR s T
NERARG TG R/NSITIA: Npe NERERK
PR (B6-37) B3R /N B 2y s A
BHiRIMER e R RSB RN, ZRER TR
F/INETEOR T 4500 /N, B T REVR LS
BEHERT 50%.

5) RGDFNFHLIW

iNzliT PUTvl + ZiN:GlFM PGFM,i,t +
ZiN:GlFL PGFL,i,t = PDC,t + Pload,t

R, P, AHF AL LI 5175
3.3 HREIK R

X T BT 2 B8 Ay DX 1Y 7 vt A6 B S A DRI e U
Heth i FEAAY , AR SCR A YALMIP T H A8 &2 Gurobi
FORRCKR AR AT KM, 52T MATLAB SCH w2
ik,

4 5B H

4.1 BHIRS%
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500MW H4 [P AR HL3G PV2 . 400MW R [ 2 S AR
HLE PV3, 250MW K HHLZ . 110MW/220MWh #4)
W ALfigRE L, RGUBTREIREENLIZIE YL 85.71%.
FRBPAFESHLM F A K Al; SHAN R
SR A2; HRAZATESHILIMNFZ A & A3;
WA ELAY . XU R AN . e Ok R A IR S A
o A4; HTREUR H 7 TI0I th 2% 5T e I 2 gl b /)
g OO R 22 LB S A B A2, 8] A3,

HESCHR[39] clet Y 40 TEMW, 62 7 et f
fih EAAM T 15% B SAS, B 46 Ju/MW; 453
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i (RN RGHEAME ) etk
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Fig.5 System inertia levels of the proposed model
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At R AR S I TR S, B SRR AT K AL
SHAHNT, 5L 7 U B I B 1 A K R ULt
i, AN TR G 4R D 20N $ A PR 5T & S 4% o

BGFM el uli i AE KOG R K RE i &
SREBCRI B g SR (B & . /] GFM XU HL 7
FHEL, GFM DG AR H sl BRI AR I A0 4 LA 1T 8 Sk
o
4.3 NEHRE FH ZxE o

9T SR TR A B AR, Ah TR BT 3 FhiA
FET7 AT XS LA, B bR R E N (22).
CASE 1:A7% [EA5 5 75 SR 1 I B 7 585
CASE 2:A 75 & K LR B A0 S ) W R 7 85
CASE 3: A% & GFM ub 5l s s St i %2 2%
R GHYRAR B SCPE A FE T &
CASE 0: AT & .

Xf CASEl #4715 74T, B RILK % B
Kl B4, HERGMHE MR C KB Cl. mTEURIL, 1Y
AR HT RER TN, K LA SR AL ()15 R
Wi R RS TRK, M HAR B ok 2 15 &
K, FER B RRIR KRBT B, R G015 R
1947.34MWs, CIGVE & RSt g s T i E R . 1X
Ut AN E LR & 22 4 AL AU R B 7 R AN &
M T aeiis E W= B RS .

BRI, R TR AR S5 Al CASE2. CASE3

HEAT AT L. CASE2 1 CASE3 (145 BL.45 5 UL 5% B
K B5-B6, RGEMEKT IS C K C2-C3. %77
FEVR P A BOHT BE VR 4 56 B L& 2.

R 2 BHERMWBERAKFEERHENE
Table 2 Dispatching costs and renewable energy consumption

level of each case

Yt CASE 0 CASE 2 CASE 3
BN 3 (%) 18882265 14833424 18882265
K EHHIZAT A ®) 836427.91 971682 828484.37
B REIE IR A (D) 85927.72 0 60384.76

B R IRRE B A AR (D) 60615.01 1228668.1 73274

fiti B U BAS (%) 1569.65 840.31 1603.3
SR () 17897725 12632234 17918519

B BRI 9% 95.33% 61.27% 95.64%

AT R R E KT VR, AR
T CASE2, CASEO WIBTREVEHANZFIRTE 34.06%,
RGUSI R LT 41.68%, RG0EA BRI B
IFEBCEIN T 19 A~ BHELET%N, 1F & GFM k16 &
SRS )T SO MR A, B R T R SR RE
TR ANBE IR RGBT 25 3k

FI% T CASE3, CASEO FIHrAeIEIHaN R T[4
0.31%, RGN R 0.12%, HRG HA =G
FER R BERS B3N 7 10 A~ AT L, i1 22 GFM 373
R FUM5% R S T SR B AR SIS BRI R A A U
B2 RGBT E A/ E] T RIS &, BIx
PG AR 2 T332 1
4.4 GFM #aeiRizub iR IR 2 L F

NEAFHLN GFM T REVE 3730 16 A P o0 A L3
PE R S AT, #h AT LA 77 & [F] CASEO
»FEE .

CASE A: /At J GFM BT BRI k45 5 S # A
FERARIHEETT 5. Ho, TRiETH AN B BeVR HL /)
3 L2 = E AT

X} CASEA AT B b, WA R I % B
K B7, 2410 & W3¢ ¢ B C4.CASEA F1 CASEO
(%) GFM 3t BV 37 3 YA 2 %o EU L3 36

% 3 GFM FaEIRIAua UL ZE X EE

Table 3 GFM renewable energy plants revenue comparison

- ERETR R kAR S e
Yyt L N 25 (%)
(¥ e 2k ()

CASE A 2678533.69 0 2678533.69
CASE0 2678411.53 85927.72 2764339.25

% 3 i/, A% T CASEA, CASEO ff) GFM
FrEeUR I b XS RIS A B, (H 25 RE AR =
PR S JE I U 2s BT 3.20%. X2 BTN R &
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Fig.6 System inertia levels under low renewable energy

generation
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