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Abstract: [Objective] With the comprehensive implementation of China’s dual carbon goals and the full-scale
construction of modern new power systems, Hainan’s isolated island power grid has maintained a clean energy
installed penetration rate steadily above 87.1%. Large-scale grid integration of onshore and offshore wind power,
as well as centralized and distributed photovoltaic power, brings about prominent system challenges: insufficient
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peak shaving and frequency regulation capacity, continuous decline in system equivalent inertia, volatile power
flow and severe voltage fluctuations. These issues create major hidden risks to the secure, stable and economical
operation of the provincial power grid. Restricted by local policies that ban the construction of new coal-fired
generating units, existing in-service coal-fired units serve as the only multi-functional supporting power source for
Hainan Power Grid. They can provide essential ancillary services including deep peak regulation, fast primary and
secondary frequency modulation, dynamic reactive power and voltage support, emergency spinning reserve, and
system black-start capability. Against the backdrop of ultra-high renewable energy penetration, this paper
systematically explores feasible flexible retrofitting modes for operational coal-fired units, defines their multi-
dimensional core functional positioning and quantifiable technical indicators, and constructs a complete low-carbon
flexible transformation framework together with targeted grid security support strategies tailored to the unique
operating characteristics of isolated island power grids. [Methods] This study sorts out Hainan’s current power
supply mix, seasonal and diurnal load variation patterns, main grid structure and annual peak-valley balance status.
On this basis, it clarifies the technical requirements for retrofitted units and proposes six transformation pathways:
thermoelectric decoupling, deep peak-load retrofitting, energy storage coupling, intelligent digital operation
upgrading, complementary coordination with new energy stations, and low-carbon emission reduction
reconstruction. A multi-layer collaborative control strategy is established to mitigate grid operational risks, and the
economic performance of retrofitted thermal units is quantitatively analyzed under the rules of the provincial
electricity spot market and auxiliary service market. [Results] Statistics indicate that Hainan’s total social electricity
consumption reached 54.473 billion kW-h in 2025, with a year-on-year growth of 4.97%. Forecasts show the grid’s
maximum peak shaving deficit will expand to 1.83 million kW by 2027. Comprehensive flexible retrofits can lower
the minimum technical output of coal-fired units to below 25% of their rated capacity. [Conclusion] When combined
with capacity compensation pricing and standardized auxiliary service trading mechanisms, renovated thermal
power assets can achieve coordinated optimization of grid safety operation, low-carbon energy transition and
sustainable economic profitability. The research conclusions and transformation pathways provide valuable
engineering references for new power system construction in other isolated island power grids with high renewable
energy penetration worldwide.

Key words: new power system; Hainan Power Grid; safety and reliability guarantee; peak and frequency regulation;
flexible retrofitting
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I LU SO AT R, e — A S
AGC KA AT % o 380 VR H132 4
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AT, WLACRAE AT DUE4 % 80 ms, ThE
Wi BLFCRIE T 2 12% 535080 . HLATEINNIZ1TIRES
N AL A A AT 25 A RO A E Y B, B
A N7 i B TR A <3 s, R A I TR 454 <60
s, REME T 174 S 5y H O o) PRI A% e B 1) 5 B 75
K.

KAEER SRR SR E 10 MW/10 MW « h %
REdtE, flAE s ITKIH 60% BT RN S, AL
DLZEFP R PR ERER o BRI AR TR 40% 1) HEfar
WS, A REAMLECE SRR, 4erRrpLda
1E%E U ia N iE SRR e s T . & Raiiib)E,
HUH LR GRS REfE bR K TR EIRTHE 4.5 LA
b, MSRHUE T H AERATIA 150 Sibh b, #ES
BT RISHZ A 3.2 4F.

[ 30 G ST AT P CR Bl [R] 45 1) SR o HLZHAEAR
B WAIZAT X A A] F ) 165)) SCR JBLAE R4, 1& 4
PeFHWI R 15%/ 4, AN DR B R RFTE
300 CUL L, BEEEMMHRIR € M7 50 mg/m
3L, TESRTHR T B8 0 1 IR B il S PR HE LK
BTN IS AT RRIR T, R G0 H A& P 1l T 2 5k
BT SRR B T RE S, AT — 0 i
TEMALIZAT )7 R B e Fa e K.

A RBH AN EEBENEZ SR X IE

R
4.1 B RS FE MR RS S HE R

P A R e S PR Ry TR R
JRI, LN A G R (R, it
TR, SBILARAL— VRSB HL. 2% PSS
BE | SRR, T AR EER
i AR B HARTT 0.3~0.5 T4 A, IRFLILEIE S
P, AR R TR B Bh i &
0.2 Hz LI, SUETUR Lo ae b ik, 7Er
FE S A RaE 2T, A B HLALITA Pk e 8 4 i
H1, W 0.2's PIBEATT . RN % DAY
VTR, AL RSG5 T R KA
KT 0.1's, HUEIBIRE R + 208058 R, HLALH
[ED AL . i 4% T 00 A4 e I 80 85 O T 328 47K
S, {5 B o R B LR T, A L S R M
BRARTF 30%, ZEARTE o RIEMTT IR /1, 32T &
GiHiE R A RGE I . RS ET, i
Ik B e M L IR 2 25%~35% 8015 11, T
RYHT AU AR 2 1A, AT I 7 RS L P
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B HRREC G R, AT HES) I R R AR VR T AR 5T,
PR B = AR BEVR FHE AR T 18T
42 BHER. MRS EXIEE R

P ML ARG BB H ks, Hgfes
LRSI =7 T, R g A R AR R . S
JENLH TG RECOE f5, VT B K H T4
10%~15%, FEELRAERT B tH 1 IEAR R AME T 98%.
A0 5635 B ORI AR R, ARFERIA S E LR A
IR, A TR 7 R R T SR R R
KE, RER AT s e AR . T . TR
SERTREVE th 1A R s, HLAALEAE 1.0%~2.2%5E
AR AT B IEIE BE Sy PRE G K . AKHE 6~15 h ¥
FH IR, A RO E BRI [ H 7 6k
(S

BRI A5 2B bR S B T, MILZELAK
FERBABNEEITILE 15 min NS5 R%WE, 41
FCB {1217 Dhfe, WBRES N ol Frafjfe)
S EEF Pt . ML AR R IS B I 7R
0.3 A& « F)LAN, HEH 72h WPUE G 3R
(EE A R A AR G AT SR L R RS
2.

IRFCT B IE IS, AL AT A48 8] HL D HLbF
RGBT AR IR KB B 3 3 AR
H A1, REEEANERS A E] s R E] A Hb L 7 14
KEF, FARFEAMISZ FAN R HER,  SEIR X I ) %
PARAECE, FECIRT BRIz T2 et 54
itk
4.3 BHMEHIF TRBWESEERE

M IR TS AN B R RS S
5. 22BNk, SR d g AR A B —
B AR RN BT E. SEIRSS R
Bk ). B 2026 AF G HLZS & HL R[] 58 A
EEBIAMET 50%. %45 E 88— Frifk 330 JC/(kW *4F)
WA, 350 MW LA WAL 1155 Jit, W]
BREGITIH TSR SAS . 0T H Rt i
FRIE BN ZZ RSB, WL TE £ e e s e e A7) 3
R FIEDCRAC IR LG, PR XU, B4k
S SR A 200350, Al B R 45 WAL 2 v 5 TR A
DREE R . s & M B A s, Hodh KAEEA
BRUESE, HEE RIS 350 MW HLALI H A Rk
a3 200 J3IG, AFIESATIA 190 il b, oAk
BRI A

T2 RIS R, Al DL R S M U A O
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TS, A PRI R R S e R B SR AL T A
. HE AL 5 BB, FT &
SRR, MR R . EIRIRMIRTE . S
Yy e i S S N S Y 18
SRS, RRELRTH A RedRbR, DLIREX
B mEAME . R, DA A 20 e R s, K
FEA & T HLEITE St oe Ui o PR, 720 F AR
N ECM AT T, REEVIAE R AT FrEHEE .
4.4 BRI IIE. ME. BIRBIRIFIR S R

B ot i v L PR sy A1 3 IR S PR T R ) T 4
HNE SR AT A S W, AR R A MU
U5 W A i B R BL AR A B — AR AR I T R . R K
PRI RHERE T, A ADGAR R IS 2 3 ek H 70 22
AL, AHTREUR IS H T 2N 0] o (5506 6 AR 3R P T
s MR O, FAHKE R BALERE S B
JSEELIR AT RS, I B A R R LS T
TAE ) FH 2, SCHEIE R BT e R T 9N 2R e 4E R AE
99.87%LL Fo FLMMANER 500 kv FRIZEL 220 kv
Mo TR, b PR sRIR AL NERE ). 5%
B 120 73 kW BN REMESOE, S IR
BUE A5 30%LLR, AP EA 120 /5 kW BT AL
550 75 kW BRI AR S YR, Al SIS
Wrol FH PR, PR R S
J7I, DUACTRE BRI, IEIE R R R T 2
95%ULL L, HTREVRAMNE 5 I 40%. 4555 AR
BRI, 2027 fEEEE SR TEIA 180 J1 kW,
HHES SR B i eSSl
il PRESERE TR RINE . EXTRIRANY, B
i 220 kV BRESEHES X LIRS AL, K DB M 1
M HITEAUE 58 T0%LL R o 7EHT e R T IE M 5
W FIE T RAERS, IR ZREHITE +2%LA
WRFE R b P BE R D R T R e e R ok, 4
T F2 T+ HL M 2 R e s AT 7K F .
45 Fi—REBERTHRGR LA R

HEREATH] 4 6 350 MW IR AL, 1EN
TR RN AZ RSP FR, A R )
AT i Y D e B RS T 5 SRR PR R BE T 1R A

/NFEE HH 7T 35%~40%AE S A, ik St fE AL 2H
/N T AT B 25%80E i far, HUAT 2R 50% L FIX
&) A7 g AR R AT 1A 2.2%/min, T 30%~50%
X 8] F 17 A A R AL 1%/min, fLEEFERE 2 300
g/(kW « h)LLR, BxHFBUK PR SUE R PR 10%~
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15%.

Rl Se a0 B AR R Gk B AT % . ik
SRRRARAL . VREFE AL IR T 5 ML AR AT i S B
TR G, (RBERLZLAE 25% 0% 7 T R Kifase
BAT. RITAEDT SR WA FEVAEL K CCUS
ARATRHEEE SRR, A HEIREHE. fBiE 5G.
ALTELR IR B 2R 58 Be IR S B R #5  4
REizdEfR R, SMPETHIEB B E KT A
T i —ARGR R R, IRR S HEIRCE ST
B, PR SRR ), BT AR A
A B LA S 5730, Rt e Rt
B, RERSTUSAT IR e Bhr. BT 3 5
BT s . ARV B R 0E I8 e Il R G0
E. PR 4 SYLEBPA NS . I RS T
P BT T E W Ja R — U s
T H 58 i CCUS 7Ry TREEE W, ATk Ryl
YA TR PR ELR
4.6 MRS

P IR e RS MRS T 5 e A S ¥ T T ]
SR A SR S ARG . AR R,
Ui ] B s FE AU LB Re 7, H) v B T e
PRI G A Ee 2 5 £ R Rk, BRI T AR S
B, A E S I 5 72 Ml BRI AT SR AR
B I VR FE AT R TRV A s TE], AT HESITE N
BIETF 3%~5%- I/DFENFE, BT 15 REUR
B, PR S TRTERE . Feoe L nT SRR
SRR R RS RIS, Hl T
WRe S TR S B4R R (il 57
v T2 o BUE IR B [F] 421 AT H gk NOL -5 M A HET
B X SRR, KRR SRR AR e
RS, 9 EIBRARIEE o O SR AEE v e A 5 .
ZBFREEE T, P 350 MW Bl S L4 B0 4,
PRI AT 4 MR 1980 3 78, AR I35 618.75
Ji G, R W) 3.2 4F, 5 4 R A i as 3 093.75
Fi7G 10 RIS 6 277.5 JiT0, WS RVER
sUCRA. AGC AR, H IR 5T RE R RAE,
H& RIFEs i,

S5 it 5RE
£ LT 5 L 081397 A U 5 4% el LR A 3
DA 1) A R BILIR , Foiit 2027 SR iR IG B KBk 4] 183 /5

kW, Ay 9 3 B S 5 R L, AN 2R
B SCHEAE P BB B DL 5 AR A D v o B 2298 5
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SRR, 7R 25 A SO FH BB B A
PR MKIEAN KEARBRARTT LA TG, n] AR
FHLZH B /N ST 2 25%~30%5505E i fif,  fig A8
AT 1%~2.5%/min, 3 E 1 B PR 75
Ko BALPUAL— R A ORFENLE], 1K R G
1 +0.5 Hz WWEE +0.2 Hz, FraciHENREC
1E 99.87%LA b o FEBCHE L 2 TOIS AT SCHE SRS 5 A &
Y. I, HBIRSML G Ttk &,
AR B 224 RIS &5 Wai. R
SR e —RREEA NS, WA
RGP S SRRBE IR, iR ) RG0R
W IRMES %,

RKMGRFREIR KRR R S E BNy
2, JEAUR RIR B RIS . B2 R RS B SR R
B, RS RURIETENOE . FoAE 1A R
HES SR SR MT S . N ARG TR &R 4
B Bear Uit . o sk HEE I e S5 5(RE . CCUS. RE U
B RERG, Sl e S AHS &M
RE, PRI REIE T AEVR 5 B SR H bR IR 52
B
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