F41%5 F28
2021 F£2 A

Vol.41 No.2
Feb. 2021

® 2 & #H wE &

Electric Power Automation Equipment

I Tl 2o fru e S IR MM 2 A HETR R e N ik E SR e 2 i LRI 1

TRAE, Faksh ' ATALME ' RN, A AR
(I B e RATRFAEANS], Bk BT 57020452, L7 HAIFTAHM A ATRAZ LT 100085)

BEERMAGLRRAA, GRREMEER A FARBRSFERBILE BRI ZAM0BA A KL,
MBFFRRE ARG ETLT R, A, BRSO T AR LA SRR KRBT EME A5FET
EANRK XE 4 = Ak A (NSF-CAES) £ 22 -8 R Z 4o P 69 2 AR, YA NSF-CAES H R A KA, BFR T @ @K
MLz AR A GO AR R TR Tk, B h, @ RALHLR] B, # & NSF-CAES £ 4269 # b B2 4 / B
AEAFPE M2 T NSF-CAES 2 W95 /749 R A ksl b @@ A 42 A4 R & 42, VA 5k K AL NSF-CAES
ARG R AR HE A B AR, E T NSF-CAES 2 40y 5T MR 7 ik KRG @ F MR ay 7 ik K AT
FEMXNAER SR 12 T R RAFH BB R)e, B ARG IET IrERA AR, 7 A
2R AR BANSF-CAES #3509 BB F AR & A2 dh T L BA F 6 K #fe ik B4l / BEAEAL ), B

& NSF-CAES 2 4t A MA AR A % kA R 2 F 5,
KRR M AR A B BRAE / BRAE AEANR R R4 F AR R % A E LR

RESZES:TM 715;TK 01

0 5§

Bt 5 4> BRAE R A= 7 FIH 2 R 2L g AR
ARk a6t ke 0] R 8 g Ay S0 T PN T s s [ X R, o
NS A AR AR BT T 5 0 o TR A
PRI, 45 AR & R Tt RE IR A, DA
AR R 2 B ARRIES . 20194:5 H, hdtrp
RINVAIT E S BEINAITER & T (R ZA S SO g
IX P ) SE Tt 7 28 ), 7 2 WA 4 < 1 2 X
“VETEREYR T, KRS =i i ne R L, SR RE TR
FHRCR W2 4 gt AR =R i T AR IR LR
RPN BRI, KU AR A T T A R Y K
A H A4 4 FRg s T ok T IR PR AR, ™
AL RS SRRt S 9%t o /S| A == < (NP S
T KA AEGY . Horb Al i 1) Tl e X BT
e el 45 N 7 st OB 25 B R IR R 40, e S
W R EZMRRIIE AR gl 24 T
JER I BCR Ak n] FAE BR IR IS N A s R 2 —
fitt ek & A Re s IR I TR, n] LUA 242
T ZR G R FR g8 rh oA CHL I B T 9 K AR
Geyis AT R IEVE AR LG REIR R G Y G
Wz —1, I, A PR E i AE R G0N G
TEWE Z At Re R AR, F Tt At 8 2 B IR LAY i fig
Tz — , FH LA e [0 B R ) o g e AR AN
] 9 7 ok R TG L B AN 2 M/ R R A 2%
PERR S & Gt AE SRS, IRk BEE
s B EA:2020-04-25; f& B H #A : 2020-09-19
EEE : i5d s M A FRITEAS AHA B (070000KK52190003)

Project supported by the Science and Technology Program
of Hainan Power Grid Co., Ltd.(070000KK52190003)

XERFRAERD: A

DOI:10.16081/j.epae.202011024

b 1) 125 5 07 A S HE AR YA W 58 3 | H A BE R R
SR T Tz, R BT AR fe ok TG Y i g
RIS SR, B AR H b i RE B R Y AR N A R
P AR AT W S A e | B R [T i AR AT
AR 7 &, LA [l Scasd 7 o I8 A7 7 v A 1 IR 8 1 e
[, bR s e — e R B PR T A e
REAR I FH AR

B T L2 RE B R Z 4h, My BB R R R
& H AT LI AERE L U2 —  Hop R AR X
J 4 25 S At BE NSF-CAES (Non-Supplementary Fired
Compressed Air Energy Storage )+ AR &%) PR RE £7
AREyEERERZ ' M THIBEREE AR, BR
NSF-CAES £ ARTE  Hi 8 HL 73038 | Sl 2850w Ly 2 B 2 fig
A Ttk — 5 (R B 2 AR I
(MR ZEZ10007C / (kW-h)) 817 A B (n] 1k
20~40 a) AEFEHEFILB L . LA, NSF-CAES
AR BA P A / B A I RR L 3, ol ol FE 25
HREUE RGP HAR S LR A R IR A AR RE S
KE] 70 %A 1, ST Ak, K O AR 44 1l 22 3 B
R E /NI NSF-CAES /R VB 6, X 28R 5 5 A
WG THES) TZFREA LR A RRIR R Ge 1y )
FHPERE' S UL, iR AR 98 NSF-CAES 7E i R 25 & fig
e L Rl E S IR U pRr

H BT, 210 41 % NSF-CAES H, 34 19 #8 %) 5
BATRMETE R T — 2 AR 9E . SCHk[ 7] 7% 1& NSF-
CAES ZHG S 5 Wiz T, 2 H T % NSF-CAES 1%
HL DO ) 25 St 0 Ak R R 5 5 SCHR [8 144 & T NSF-
CAES MR R G B A & R I PR TG &
HL 2R 40 1 A VA i o] SEPETPA  SCRL9 J48 s T 5%
JE AR HLAN R ik ML AR 77 i R PR 1) NSF-CAES RS 11



F2H TOGHE A5 T ) 2 (016 1 TR 2

BRI RS E A R G A LRy (O]

5 MR D79 5 SCHR[ 10 DL NSF-CAES AR 3  #
7T 1] ZB W H, T 354 NSF-CAES H, 3 19 28 B PE T
fEREHY FE40HT T NSF-CAES XL ) RS e HE
TSR, EIR SCHERFSY T NSF-CAES REL7EH
BB 3750 RO RLRI R S 20 by ik |1
K7 & NSF-CAES vl (LIt / BRI fE

ML AE SR, 52 35 ARk B GV NSF-CAES HL 3 1Y
ZHRemBAE / BALRE 11, SCER( 11 ]% fE A3 NSF-
CAES HL3 (I #A L IR fIE BB ), #2537 T NSF-CAES &4t
B PG Ak 18 AR L 3R HH T B NSF-CAES H 3 ) fl 78
FE R ELIBE I () R AR U B 1 5 SCHR [ 12 128 Bl AR R B
FEHLLH AP AT AT B AR A g R R T
NSF-CAES RGEIMHLIK Gty Wl A 83153071 5 3
MR 13]HEH T NSF-CAES Hi, 3 (1) ¥4 $A e, B A Y
FEHE T v AR R ARG B NSF-CAES RS 1)
DAL R FERSEAY SR, b3 SRk 2 B4 X NSF-CAES
HAL 3 7E 25 5 BE TR 2 G2 Hh RO P Ak 18 2 SR s R A T A
H T, & T NSF-CAES HL b 7E L B 25 5 BB VR &R e v
P 5 2 P AR R S ek B I3 A LR

R, A SCER X TR 25 A BB TR FR 45 Y NSF-
CAES HL U5 28 AL BRI 1) LR A 0 5, BB
REAE T % 18 T NSF-CAES £ %0 (1) $ l e %/ Bk it
FEPE, T A ZE SRR IR R G AL TR TR A AL
L MERLRI 1Y NSF-CAES 48 1 25 1 0 AL FL Rl 4 7
e, M T % JE NSF-CAES H i PR 6%/ B it
FEPE DB REIZ A THEAY ; SR I , Il ) LR & (0365 B3 255 6
BEVR 2245 B2 T NSF-CAES H 3 (1 25 5 10 R 4 75 |
Fal 3 A5 LR A 04 5k K T A R A TR e
RE TR AR IR A B R R R B i i
ELEAGT FIGUE T TR AL RSB AR (i A Rk

1 EEHREBEE / BRI NSF-CAES &
FZHIZITIEEY
1.1 NSF-CAES R&RIZH

LY NSF-CAES 2R 45 1 5 46 1o 72 A & H i F
A A B SR R AL () FEL AT (B) TR0,
NSF-CAES &4t £ ZAFE R4 WL WAk ALl
FIHL R HEAL I/ B KEE AERE AR Ok
%{3,{5‘;[14]0

FERRIRAE / BALEIC  NSF-CAES R4 nY It
B AT RE AT AR B A R4 i R H A R A A
R G AR 428, b FR4E /K HL L R R
e/ LB FRAR XS AN ST

4B FT I R FEA A TR BN R

(DTE R v, SRS A SRR gpLd v,
Bl 45 22 e iR e HOIR S 8 0 Ve AKOKE R 4 I B v L
e e AR AE e B2 v R R AR v HOR S A7 6
T E T, R B & IR A S 1 HOR A6 T

PR

(2) 7 & Had B, AR A S R,
FROKFIIG L 2y e AR A B s P b A T e 0, TR
FEAARBO A Z SRR A FEE AR AR P14 647 1
KA, B IR JE O OK A7 6 T8 K B

(3) FEAf At B, 38 2 ZR R ClniR S e ML
AN I P I ) IR TR , IR A7 6 T NSF-
CAES R AL 5

(4) TEAE AT A b i B R A7 1) FROK Cfe TR
TR 46 SN MER IR ) F g5 S fir

T ZEU I A ¢l K B AR A i 1) L AAEE
RENE 7R B/ INI IR 22 N A IR 22 1 s, HLHRARAIG
Sy ARBC R I, H R 22 NSF-CAES 7R 3 H 3 Yo%
FHIKAE M 8 I, 4 n 3% [ 4 “TICC-500" 78 11 5
GragEs BeAh, B AT H R NSF-CAES £ 48 % H“ W
TEfE IR 72X, 20 )R F HAOK BE AR A AT i v /K
FIE IR . HIER A R 2R Bl F RO, HUK R
SR g A7 Al e tad A, HL7E
BRI AT AR, BAOK B K IR A AR A R AN
RIS BRI, R R T 851 A SRy AR P 1 7K R B
ETHERS THRUKOKIE . Mg /KEENZTTTHE
A PR A, V8 K HE B /K TR AR 32 47 A Y v a] DAk S AL
LTI,

NSF-CAES R G I REARZS EZ IR TR =
(SR FNFROK B N i 7K o, L NSF-CAES REL 1
it L o P At 0 SR BRI P A i A e [ e
E , iR 32 B T HOKEE N Aotk . I,
TEFLR) ) A NSF-CAES £ 40 1k fig 25 i %
BT S 2 AR A LRI AN FAOK R B B
1.2 EEMEBAE / B4R NSF-CAES R4 H
BITARERER

it S BRI RE N A 7K ST 43 i AR
(DA 2)HEES .,

Pt =Puit F P AL (1)

My, = My oy + Mgy Al (2)

Hoi o m o Bl poamgy 2390 R = 1B B AL

BB AR AR UK TEN 6K & 5 p.,, ., 55

A ¢ s B i S AU AR AR UK EE it K A
AR A Ry B E FE B BT

iS58 1T AR A S AROK BE Ak B 2R 1k
L5 NSF-CAES RS WY K40 V1R Rk IR g 4T

B AT ) 1 56 R AT RR R -
Pyise.
':p'su :|_ k,}ul“kn-,de _k,;mdk,;“."g 0 0 PCAESg,l
n'lm\‘, k(r;')“ri)“k/izdP(, _kﬁl“lr’tdkm“["g k""uPh _k'ﬁ“f’u. H(;A“hs_t
H s,
(3)

/E\: EF‘ ’ P(:AESo.t\P(:AESg,z ﬁ%uy‘j 14 HTJ‘E% NSF'CAES %é}ﬁﬁ/‘]



(10} L/ AR {7 G-

F41%

FE48 138 R IR H g Heagsi,, 735 0 0 B B
NSF-CAES R4t 1 ik oo 3 BRIk, , N R4
W5 it E4a ALl i 2 SR s Z A R R &R
B ke NP T 385 G T I WL ) 28 BB O
T Z AR R by, FTR I RGP / R IRALAE
Mz BRI SR E R B RZE R R
B ks, ks 5 R R4 R B e AR rp s U
i i g POK BT AR R B Y OC R Rk, W
e/ AT R 5 HOK T AR AR ] A O R R A
NSF-CAES 2 4t 11 1) 1 48 HLZH F1 B2 K AL 20 3
O3 R 29 AR R EN T 2 K G
PRI AR ) o KRRk, , Mk, , 5
B HIEAE UL I R 46 L/ BEIKMLAH I Ak L LA 1
T RS SRR R A X it (4)
A (5) R,
- 7.
Te.n T B -1
1
k"'k.”g_ n.e,.n,T, . [1-B;7""] (5)
v g, on, 40 B0h R 4E ot B R S AR Y SRR AR
T T 50 BN HE AR R G WL 45 SR K L2
28 SR EE 5o, 53900 R FE AR HILAL R K MILZH 1 %
B B, B, 53N Z G R AE WAL B FAE R 45 L 2 )
AR ALAL A BRI AK L s e, s S HLIAES 5y 2
S IFEHL
FERLR (] B rp | H T 4 A2 R ke B A 1) AR
S A SE AR E ML R S BOR SE e,
PR AE T3 2R B e, RV ke, IR S0 240 B P 44
ML AR AR MLA B 85, Al 3 vk i AR BR AT
(1) AR 40 it 0 A28 A9 RO 11, 1 2 NSF-
CAES RSt 48 L R IK EE 5
(2) MR 41 22 9% 46 HILAL ) BEAELFE 45 LU FN 22 9 i
RRKATLEH B BEAE R AK Eb 08 3388 5K, A B304 R 4 WL
2 ) 4 EL RN A SRR ML B R K L
(3) MR 41 4% 9 46 WILAL ) FE 4 L AN 45 2 Bk HIL
H B IK LT 545 245 R A HLAEL AR AL A8 1
PRI B, 25 A AR 0T 1 I P8 A 3 P o P
B RERL R BUE S8, PIWT 45 9% i HILZE A ik WL AL
BRI R A A 3 T L Y
(4) TF-FIF A L R Y i 40 HLAL AN I A AL
HEOE 2
H i, i S /N NSF-CAES R G e
WM EZ — TR bR Re
2 B R B DR e AR S R ) R 2
SR FH A5 SR ARSI L 45 74 NSF-CAES & 4t i <=
Bk, W (6) TSR],

(4)

ky, =R,T.IV, (6)
b RONERR SRS TR / TR
B RIIE B A B TR « V. b
FARFR
MR RE PR E L &y, AES T30 3 (7)
M= (8)TH5 155,

c, (T ..—T..

ky » =n, Gl L) 7
wMa CP* w (Tlnw - T('W)
C. . T in_T" out

k,g,] . :ngM (8)
Wty Cov (T],w - T«w.g)

Ho e, KLV s T, T, 43 B HOKRE 7K
E N 7KL 5 T, A 2 K aat A rp BOK 72 S U 19
JE 5T, s Ty 73S IR DG UL 25 D IR HLZH
H AR s SR
LB AR BT AEE A K, 1 2 (9) HF B
(CEI
1
by p. ) (9)
Horp T, S RORTEBERUS 1 1 KR B
7E NSF-CAES R AR 27 f i, i 7 25 &
JEGR DR AR K IR H G R AT LA
DPRAR G847 THAR MRS SR AR HAOK
N K B2, 23 5 X (10)—(16) BiTzs
WUearse,: ﬁC:\ESckCA\ESu SPoupse. S Ueapse FCAES(- (10)

U CAESg, 1 P CAESgkCAESg <P CABS 1 S Weapsg, s P CAESg (11)

CAEShs ( 1 2 )
CAEShr ( 13 )

0< Hypsne S eapshe, H
0< HCAEShr.r S UCARShr H

Ueapse, T Wearse: S 1

(14)

Ucapsio: ¥ Weansie, S 1
PaSPuiSPa (15)
O<myy, <p.Viy (16)

FEH e camse  Wernse s Beasie s Beassi 2390 H FHFHE 7R ¢
I Bt NSF-CAES 2402 A A T i T8 i T
SERCT B BERCT B B HRAS AR B #540 T I i
R 1, A5 A KL TF W R 05 P s P earses H capsin
H ey, 53 5024 NSF-CAES R G0 (1 R 45 D) 32 25 0 &
DR i MR A i IR ks oans,
I3 R FE 4 ML I K MLAE G 58 T 008 413 L5
po IR E SR bR R s p, KB 5V,
R BRIKRER AT
2 HEGZBERMELSSEEE RS HI NSF-
CAES R EM LB ERE

ARSCITIE ST 0 LR S (00 I O SR A B R 4
) 25 F8 7 B AN 1 TR, 35 % &R G5 NSF-
CAES RGN AR MALFRI ik, R0 & 1y &



28

TG, G5 < ) 2 (U OB SR RE DR R ST RO A RE R G A LI T ik 1]

PR RS AR E 4 XU, FAR T NSF-
CAES HL % .

R

. 1
R R e P T )

L NSE-CAES i |7 45
A
FNTK
177 =] .
e R, e KR, e BT
1l ARGEEEMBSARERGNEHTER

Fig.l1 Structure diagram of typical micro integrated

energy system in environmental friendly island
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Table 2 Comparison of energy consumption costs

before and after configuration of NSF-CAES system
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Capacity planning method of energy storage system for micro integrated
energy system in environmental friendly islands
NING Guangtao',LI Linwei',HE Lipeng', CHEN Mingfan',ZHENG Zhu’
(1. Hainan Power Grid Co.,Ltd.,Haikou 570204, China;
2. Beijing Tsingsoft Technology Co.,Ltd.,Beijing 100085, China)

Abstract: The development of micro integrated energy systems and rational allocation of energy storage de-
vices are important means to achieve the goal of substantially increasing the proportion of clean energy,in-
creasing the utilization efficiency of comprehensive energy and building a clean energy island. Therefore,
based on the comparison and analysis of the operation characteristics of different types of energy storage
technologies, the application advantages of NSF-CAES(Non-Supplementary Fired Compressed Air Energy Sto-
rage) in the integrated energy system are fully considered. Taking NSF-CAES technology as a representative,
the capacity planning method of energy storage system for micro integrated energy system is studied. Firstly,
considering the combined heat and power storage / generation characteristics of NSF-CAES, the operation
constraint set of NSF-CAES system is constructed for optimal planning problem. On this basis,the capacity
planning method of NSF-CAES system is proposed for the micro integrated energy system with the objec-
tive of maximizing the net benefit brought by NSF-CAES. Then, by means of equivalent linear transforma-
tion, the established planning model is transformed into the mixed integer linear programming model which
can be solved easily. Finally,the validity of the established model is verified by a simulation example. Simu-
lative results show that although the total investment cost of NSF-CAES station is relatively high, installing
NSF-CAES system can bring significant economic benefits to the micro integrated energy system due to its
merit of long lifetime and its unique capability of combined heat and power storage / generation.

Key words:micro integrated energy system;combined heat and power storage / generation; NSF-CAES; capacity

planning



i =D | HFbL | FE4i

> ™

ey oK i A
Skl

()4t Feom e

/

prp<| Kbl | g{; 2%

A
D S~
e QT e N e I
el |
e

(byR AL s 2 ]

— ERRAGW ——» Kigim T HlbugR
Al B2% NSF-CAES RGHILHIREE
Fig.A1 Structure diagram of a typical NSF-CAES system
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Table A1 Operation parameters of installed equipment

W& ZH A
H o EIR/AW 1000

H R IR/AW 100

FE A a/(kW-m?) 2.67

RS

FE AR p/m3 11.43

RN % 0.8

KR % 0.8

RIE A B % 0.8
LRI - IR/AW 1000

il KR % 4.4

% A2 NSF-CAES REGMEARSH
Table A2 Basic parameters of NSF-CAES system

Y e ZH e
B T AR D) AR BB R A (T kW) 2340 IR I QIR REL S 4
AR BT A A/ (T kW) 1950 FEAR /IR AL 178 T30 7 Bl 0.4~1.0
B AE DR BB R A /(T kW) 300 FEARHLL/ IR AL B 850 R0 1% 90
AL D) FR BT R /(T kW) 300 it %S LR /bar 100
AL AR AR A/ O me) 180 il 5 UE T PR/ bar 60
B AR HROR B BE B A/(TE - me?) 800 FoKHE A KGR/K 368
AL D) FRIBAT U RA/(TT kW) 66 P A I KR BE/K 313
NSF-CAES #%i%i/a 40 [ GIPNEET 7] 363




2
22000
3 R
R 1500 P
8.,
1000} o E'E'E' E.zz'a
EEE XV SN A f?i\ﬂ
500 /g '& 3
0 1 e e oA ofp M 1 1
00:00 06:00 12:00 18:00 24:00
A %

B A2 A B H A G R KR FUR & Fh sk

Fig.A2 Load curves and predicted wind power output curve of system in a typical day
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Fig.A3 Electric power scheduling results in a typical day before installing NSF-CAES system
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Fig.A5 Heat power supply scheduling results in a typical day before installing NSF-CAES system
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