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Wi AHA: 2026-03-27; f&RisHHA: 2026-05-06.

EEWE: MaERrrsRORE G RGP R S HEEME (20250203008SF).

F—1EE: Ml (1989—), 5, M, RIHEE, W7 GUKRAOGE D, SBROEHAFIEAR . MRS, E-mail: 20162674@neepu.
edu.cn; BIEMEE: ENI, ML, ¥HZ, TFamm. MHREORSEGERESZCH, REMRMEMERS KRB XS AR AR . E-mail:
18515831495@163.com.

SIRARSE: M, phrTe, ENI, 5 . ZICaEINEN IR BEVA PRI R RE B - BT R 7 [J]. i REREE S HIR, XXXX, XX(XX): 1-15.
Citation: Lin Jianging, Yao Chunyu, Wang Gang, et al. Research on the Energy-Economy-Environment Synergistic Optimization of Solar
Combined Cooling, Heating and Power System Driven by Multi-Energy Storage[J]. Energy Storage Science and Technology, XXXX, XX(XX): 1-15.



itk & A ¥ 5 & K

0 5=

the differentiated load characteristics of four typical building types (office, commercial,
residential, and hospital), a bi-level framework integrating equipment capacity configuration
and operational scheduling optimization is constructed. The functional division and scheduling
priority of hot water storage tanks, phase-change thermal storage tanks, and ice storage tanks
are clarified under different seasons and energy flow scenarios. On this basis, a normalized
energy-economy-environment comprehensive objective function is introduced to achieve multi-
objective collaborative optimization, and the effectiveness and feasibility of the proposed
optimization method are verified through baseline scheme comparison and electricity price
sensitivity analysis. Compared with the system before optimization, the bi-level collaborative
optimization increased the photovoltaic grid feed-in rate from 44% to 46% and reduced the
municipal electricity purchase by 2.4%. The equipment capacities were significantly reduced:
the volumes of the heating phase-change thermal storage tank and the ice storage tank
decreased by 16.1% and 28.7%, respectively. The initial system investment was reduced by
19.8%, the annualized cost decreased by 14.6%, and the carbon emission was lowered by
3.0%. Under the same energy storage configuration, compared with the single-layer
optimization scheme, the bi-level collaborative optimization further reduced the municipal
electricity purchase, the annualized cost, and the carbon emission by 4.8%, 2.1%, and 6.8%,
respectively, and the comprehensive objective function value decreased by 3.7%. Electricity
price sensitivity analysis indicates that the system exhibits strong robustness under electricity
price fluctuations: when the peak-valley price difference increases by 20%, the system's
economic performance is further improved; when the peak-valley price difference decreases
by 10%, only slight fluctuations occur indicators,
demonstrating good environmental adaptability of the proposed method. The research
confirms that the precise coupling of multi-energy storage systems with the differentiated
building loads can effectively reduce the redundant system capacity and improve energy

in various system performance

utilization efficiency. The bi-level collaborative optimization mechanism can realize the

coordinated improvement of economic and environmental performance without significantly

changing the external energy input, providing a solid theoretical support and technical

reference for the optimal design and engineering application of community-scale solar CCHP

systems.

Keywords: Low-carbon community; Solar combined cooling, heating and power (CCHP);
Multi-energy storage; Two-layer optimization; Collaborative optimization
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Table 1 Four types of building loads
X J% 27 Bt H G A kW BT G fi kW SR THIA/m? P brW/m? AR bRIW/m?
WA RS -A T 10684.32 6293.71 100000.00 106.84 62.94
TP G A A 4024.37 1988.01 29000.00 138.77 68.55
B @R T A #A B 947.74 790.45 23000.00 41.21 34.37
[ERIAE Siins aRe Nk ) 4005.95 3043.81 27000.00 148.37 112.73
P Bt AT B LA # B 2675.78 1501.37 21000.00 127.42 71.49
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WMFRAXFR. 2% T (2021 F4EH B )
28 AR HE R ) B,
FReREI (3-9) AR,
E, =E,, - E, (3-9)
XK. E, NEREHRE, KW hy E N RS HFE
M, kWh; E, N6tRkKHE, kKW h, IEEERR
THEGNE, ERRERBE EM.

MBS Rl (3-10) Far.
E
R net

grid ~ a
s R, ANTTBUANE L, BBt A1 38 Fa )
(R B
FeREHEE = (3-11) Frr.
Qpy = Epy x A (3-11)
s Qo NIetRIEFER, kgCO,; A NBRHEK
K7, H10.5876 kgCO,/kW h, J&F WA A& L B AL
(RsCHE R D &
FixcHsE = (3-12) Fs.
Cemission = Enet X A = Qpy (3-12)
e Copoon NHKHE R, kgCO,, 1%1H LR
A R R G R T RE -

(3-10)

3 ZIufE iR AR AT

31 BRmMEMK

RALET 7 R/ T 1.4 1 @B A e b & 2%
TS 1 “BRSIRFRCE”, mfitbr £
ST B R E TS AR ER “HEHERE T
Be”. 2 JCiEREMT I NS T R 50 fe I e 15 45 1
HRENEBERN “WEE 5 S B “BhEs
VLEC S 177 AR . Ak AT G B S50 Ll 3k 3
ira

A G, R B AH AR 6 A4 B 480.53 m3 [ &2
403.03 m® ([# 08 16.1%) , A= 1% #4 /K A1 28 i h
86.23 m*[% % 81.48 m® ([%1%5.5%), & UKiE{AR
i 261.14 m3[% % 186.14 m® ([41E 28.7%) . 7+ #7
R EI SRR 51217 RIS A, fEREER TAS
P M oy T 0 a7 BRI A AR AR S Y A7 A i 2
Ko sh e LA RS, IR &
PEMIERE E, $RTF TAERETABE RO, BRIK T AR
HITR.

Ak SE, ZSRIEHGE IR 28%, 1R1L
LA H174 B K 80%, 2 Hr & Bl £ sofifgn
DUAE] “HIIELS” FIREE. DARA W, RS
T E B (416300 kW) C B A HL K
MIE, GINKER G, JRUEA Tfn] |1 & VKRS /E A
R LA I R A, IR TR AR R A A
fif (IR BB B W), LI 25 & mT oK IE 46
A FAE 1 20%

RALSE, PVT LM 2.9%, (HALHLR
E 26 SO 38, B AL A AT AR B PR 7K 6 4R A
0.1 m*[% 42 0.06 m3, J3 473K W il fE 7K 58 A FE 4 3
VCFCAE AR TRIAR, 177 2 308 Tk A A8 iy F40 P v 5 8 AV
PR, FHEE/NEIRFASEIL T AH R vz ohee /g, ik
JEEMA (53.5°) BRI TAFEM, StHE
SHNMRGER N E S
3.2 BERURAM

RGACIZATE A ST AL KR &, 2
BT BT R RE R F] . IEEE TR, AR R = AME
fE (-28°C~14°C) Lotk RIEMLAEEE, k)5
PR FE HH 50°C~40°C %4 50°C~37°C (K 6a).
BT, AR AT IR B TR R R L
JEE, AT T A R R . R AL S R B SR
COP M\ 1.71# %176, HilE2.9%.
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Table 3 Economic parameters of system equipment

W 24y AL TTE e 18
PVT TYPE-50b
/e 50 53.5
PVT i#/m? 11261.45 10936.45
BN PV AR L [ 7K 8 (A A/m® 0.1 0.06
HERLRIE R/ % 49.58 50.09
ASHP TYPE-206
IR B i P kW 1319.05 951.55
AR BRI AIUE ) KW 1129.84 951.09
AC (R4 HLAH) TYPE-909
TRALBUE )74 TkW 925 185
TANK-V1 CRIE I HHIAE 25 4 6E) TYPE-1334-v1
SR FHAE A2 25 AR R /m® 480.53 403.03
TANK-ICE(% ukith) TYPE-1334-v2
BUKIEHH/m® 261.14 186.14
TANK-DHW (A 15 Aok A A8 2 i) TYPE-1334-v3
PEIG HROK AR A & B PR m® 86.23 81.48
WA TOLF, RGHEE % AN T (26C~ —
34°C) BRIV K POKIRE, H8C~5C % B T
J911°C~6C ([ 6b). BRI A COP
H13.03 5[4 % 2,95 (FEIE2.6%), (HHGKA R4 2l
HLEL ) 3R 2 2 it A7 A5 LAUL IS, 88 v BRI R 7KL éw
PRI T 25 K A I0IR 22 TR, (AL COP M 0.4 aol
BENRTEE0.63 (H1F43%) . #IT R G HERL 38
1, RN R, BBLA B KR T T
W, A ZRLR A COP R E R (K7 TS
i COP 44 {8 M 2,51 T+ 2.54) . Sk Fh3hZs 48 @
SRS QRAE AR S 7 186 L A ATAR T (3 AR AR 4 4% nt —o— itk
HIFE 19°C~27°C), A FHI V> B & W Is1T T = &L ot
(X [8] . 0?
fE R G LR - T, R R K & %8
1 219.93 75 kWh i % 209.98 75 kWh (& 8 H1 [#1ig Bt
4.5%), TWEIHHE F%2.4%. HrRH, JRRS ot
R AR 7 DR S SR A A I AN DL R T K & b 5|

P L HE 96.91 T kWh),  SEFRZFFAME B :
oA e it 2 Jefl R R G R L, RSB
eI B, AT IR & A T A O T RE ik
A5 E UKRE RV A ey, 2 Y H v eI R T LA AX
RV, DGR A B2 e DL AL O 44% 12T+
F46%, S ORISR B R, SRR I
ZIUERE RIS T SIS T, REMML EARA “IB
R KRB E” ¥R “BREmEA MR, 2

El6

26 28 30
AL/ C

(b)

32 34

RGMALRIEKER: (a) HERKIE (b) F/27KIR

Fig. 6 Heating and cooling water temperatures
before and after system optimization
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Fig. 8 Annual System Energy Balance
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= 4 BITRICIERRXTEE
Table 4 Comparison of operational optimization
indicators
Eitan AT AR AR M

JetR K B /KWh 2199334.72 2099832.75 4.5%
W L /kWh 969143.42 968579.71 0.06%
FeAR LM% 44% 46% 4.5%
TTEGRhE & (kWh) 4911404.45 4792287.94 2.4%
T3t oo 2610092.70 2561015.91 1.8%
RGN GETG 59620564.81  47837703.48  19.8%
FERHEBUKGCO, 2316472.58 2246810.96 3.0%
F AT 7628819.31 6516636.95 14.6%
H—Ab 254 B bRk 1.00 0.89 10.1%

B9 10 70 Al o 1 OUAL Rl Ja £ st T 5
BB G . Al L, Ak 5 B 28 e Fi B AT
BRAHRTRS 2 By

G ]
S
or R

1 —— Feat

A~
T

&8 (x10°78)
[\S)

-
-

&9

28 G
Fig. 9 Economic benefits

AL AT K
Ltk st

E10 IfEias
Fig. 10 Environmental benefits

A G0 % 11 5962.06 /5 G [4 & 4783.77 15
JG, FENE19.8%. FEMSH T RAEENRKEY (I
£33, BAPMBIEREEL R, 8 T RSWE
P . R BARIG I T #E, (H I AT E R Rk
AR T R A ws, HildAEEME % T
TR E . W 2 A 261.00 75 i8> £ 256.10
Jigt (F£1§1.8%), &IN4EE52%AH, PHSEEM
762.88 Ji it — 2[4 % 651.66 Ji G, SAEIBITH
AR ENEIL 14.6%

R G HET HH 231.64 T kg % 32 224.68 Ji kg,
PR N 3.0%, F 245 58 T 7 B8 i & A B I
(24%) . HTZRIEMLLKHBERE, L1
KWh T B8 7] 982 £ 0.5876 kg CO,HE . 2 B & 1A
WL BT T B RGBS a5, = f] PLE &5 (1 &
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NPRUEXS EE AT B TR S PEE, Ak iy 2k
HEJT SR TRE R T2 B A “ U fE A7y 3 R0 B
i o 1277 F B RIRINGE AR LA S5 A
RN BB EER S RAEHE, JFIIA
(1.1 -1.2) 124 RECCA 2 o 00 T (19 11 g
AEEPEEOR . il BE ST U AR A S0 78 G AT 8 Bl B U
A ZE AT SR e T . FEAETT S A% ik B
KA &

x5 HEFRREFEBHAN

Table 5 Equipment sizing criteria for the baseline

4.1

scenario

- St IR BARRE el
IR I KRR S g 11-12  WRESAGE SR
IR B R B4 11-12 WSS

PVT PR SR A — iU

HHOKFE R H AT B0 — SN 22

AR ity FAGE VAR A7 A 22 — BHEHR

B UK LRV B 1 2 — Sl e

BT RAR LR T “EpSAEREILR” kit
Jrik, HARFROAT PRt S iEREHEZRE S, B
SERT T B A SO IR “ s AL fEH
IR R SR AGATE g m AR A
RS, ASCHEY 2 et R R, BBt

) 2 ML 7% B A DA HI OBk, ] B B AH B AR

19.8%, {HAZAMI RN 5 TR REI S F S5 ) 2
JAFHIHZ, T BOE R R B HR TS b B A i
XA, 73382.4% 53.0%, 7e7RY], il
FOERIZ O OHELE T A ROH R RGN AL ERITR
Fo B, M AE B Fa 0 BE W SR P B0 AT SR TSR &
TRk
4.2 WEMEMRHHFERBREIE

3t 3B B AIE AR S B UZ B R A HE SR 1) A
XL, G SIANZITTHERERIRTIR T, @M
XIS (O TR AR TR (2
IRl I 25 56 e 4 e B 5 32 A7 U J3E 1 0= i IR A6 7
Fo HENTRIEBGSERILEXAMF T RGN E

R, e T VPSR BE RS b — b 5 NS AT
AR JE R LR TERERI IR RCR «

AR R, A SO T S AR TR 2 T
RE RGP AR RS R TEREZE 7, R,
HEXT LT SIF AR B BN TC b RE R S, R 2T
BEIulfe. BRI LTI R R A B E )T
RIEANS WM. 2B B AR B E R E
SR BTG o, T S B R 7= AR SO X
JE DN RITTEAEIBAT P LY L RS DTk, A3 200
6t TG B RN SR RO TR -

RO XL T AT RIERER . 25F 5%
BRYEE N W R EERESR bR . R IS AT AU
KEJBIMNG i, KO IR 5 X2
W7 RAMAREAEERLE, MHEREIIATE
BATACHTIE BRIIVEREZE 7, TR L 2B 45 B2 IR A
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Table 6 Comparison of optimization indicators

izt B BZ AL ALY
FAR 3% 45% 46% 2.2%
TTBCEN B R /KWh 5033258.94  4792287.94 4.8%
RGWHLTE T 47837703.48 47837703.48 0
o FAEAE G 6658768.13  6516636.95 2.1%
FERRFFBUKgCO, 2410512.60  2246810.96 6.8%
it HARRELF 0.92 0.89 3.7%

ke n W, RERZERENLTT ROET K
FHIEMEFERERIR T RGCR, HETZT%
R Z T 17 73 I LA 5 B A T B s IR A 4L s AT R
FENLHL, i BE 2R 58 I RS 15 98 0 R A9 B 78 7 %
B MLEZR, XUZ B R 5 5878 7 B B L it
EE—B 5N T T RIS RIS AT, SRS
BRI S 75 R OGRS o KAy A (5 5 Bh s i
BARRE AT N I, WETT BRI BORFF
ARETIE T, IR-TOER LA 2.2%. PR T
KL 4.8% . HI IRk B P AFE A 2.1% S el Bk HE
6.8% =5 J5 T ¥R P i 2 A MIVERE -

EIREEREY, ASCFrRHEXUR B R TT
IR TR e S BCE A B, T2 iE R
B ESBTRE” AL, S PRm T
ZIUHERE R S LR T E, RBLH A T4t
R BT R RS
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ATIA 2 #T BN ZF B i B 53247 B P 1R 2 1
Uk 7 XU ACRESEA AT 5 2 07 R MR L 25 .
SR, RN T i R R H . &
&2 2 TUAE RE I A DT IR S XTI I 223X — M S5
AU, A LB —PIR RN BRI R %
sravERefRcm . Ak, ARTIERZ AL FTS R
Ao B LA b, BT AN B BT R BUBRE S b, BAVE
il 3R 7 AEAS R T S A5 108 B 1 5 A {1k o

Z ol e % O AMEAE T “ HIgEIELS”, Tlg
A HLANY 22 o e A BRI OB R 2 o N PRAG
AN BRI S0 RG AT, A5 T X2
P LA 1542 A 8 I ) Th 28 1) 7 i, K i
AWEHEBE T VE, W SR A m) AT EE
B, MRS RRS S FE S0 B, KR
T+ T BUBYE BT IR

HLAN R 5008 PA T MR BT 20 I AR RAE A
REAEE R AR, ZE R TERMZAP N
0.5994 Ju/kWh (5B BCHAT VR LR 7)o 8 SR Ail
by PR E WA S BB MIER I E
TEFEMEME 3K 20%, I DABEHAN 22— 20 hi K 1)
BRI s 15 5% B I 24575 10%,
DU Z U AR T 358

DL i B LAY P, o 2 1 (X 0.6850 JT/kWh).

=R R B Be A TS A Sl (4-1)
% (4-3) Fir.

Ppeak = Pﬂat +(Ppeak,bas - Pﬂat) x B (4-1 )

4-2
Pualley = Pﬂat _( Pﬂat - Pualley.base) x B ( )
Psharp = Ppeak x 1.2 (4'3)

AT TRNSYS /5 31 & Hai Hh (19 % I BER
B RS R B RS, TFREMNEUR
BRUTE DT o 1 SR XUZ AL 7 SR A A T
BRI B HL B, R R R RO
B RIS DU By s i A A DR A B L BN
IBATHUEAARRIRTIR T, LA R LA S0 % 20 I
Bl B ER TR, SRAHEIBT RN Rk
HARNEHFEE GG Bk, Sl AR BN
ATV (BT S 4 G TR I
WZZ8).

®7 AEEMNERTEIEEMNAZ

Table 7 Electricity prices under different tariff

scenarios
W HeHEE =B (oo 155t B, (ot/ 5B, (il
kWh) kWh) kWh)
PR B 0.6850 0.6850 0.6850
e VeI B 0.9847 1.0446 0.9547
A I B 0.3853 0.3254 0.4153
UG B 1.1645 1.2535 1.1456

#=8 ARBEMERTRELFTHSEE MR
Table 8 Comparison of economic and comprehensive performance under different tariff scenarios

UES WA 22 (JT/KWh) WHFEHEZ GO JA— LR G B bRk F ZHRH
B, 0.7193 6405997.40 0.879 D5
BHEMENRGIL 0.5994 6516636.95 0.889 Heif
B, 0.5395 6575740.24 0.894 PRSI RAE )R 2

ZERRW], MERMEY K20% K, RGK
B2 GHLSHE—D . BT ®h 4
I BUW R 5 EEIA B5%, B A FLTH AN LL Bl R 4
RENS T 78 70 A AR R RE IR B A B 78 I fififie
W o TR B AF (R 651.66 T3 JT B Ik &=
640.60 /57C: Zi& Hbrek % F i 0.889F% % 0.879.

MU ZE 4N 10% I, 43 IR s, 9%
M EEAE T % 657.57 5 70; FE/MigEIRI %2 0.894.
JEM R XA BE I A — B R, EA TR bR
BACIE AR, 256 H AR e 800 PR 1R AR BT
EREIRRY], AR T R A TS TR
KT o — N S HOE, WER T ZRSI AR

o RSP S E N

I A, A SCHE AR T I IE 2 Tk e
JE D FIDCACHEZR FO A R, B ZR 8 3 B T 3RALE
A FRBAL DRI B “ 23 s IRBRARET” 1
R LF o ST AR A5 0] fe PTG B 45 SR 5
Wi, AR JE ST T 25 2 SRR D R IT

5 % %
50 B SR X 7 B A A IR {1k 2R 457
U 22 5k 5 42 50 A U R R 7 T A Ak

3 1 T TRNSYS (9 0UZ U A AL R, I JF
J& 1T RGN, FEERUE
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