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Under the background of "peak carbon dioxide emissions, Carbon Neutralization®, it has become an
important direction of energy transformation to build a safe, low—carbon and efficient new energy
multi-energy complementary heating system. In this paper, the overall framework of the system
covering seven units, namely energy collection, conversion, energy storage, auxiliary energy, pipe
network, load and monitoring and dispatching, and the mathematical models of key equipment
such as solar collectors, ground source heat pumps, heat storage water tanks and gas boilers are
established. At the same time, the system operation strategy model is formed by combining load
forecasting and new energy resource characteristic model. Aiming at the lowest economic cost, the
lowest carbon emission and the highest system energy efficiency in the whole life cycle, a multi-
objective optimal allocation model is constructed and solved by NSGA- iii algorithm, so as to obtain
a Pareto optimal allocation scheme with multi-objectives. Based on the principles of scientificity and
systematicness, a comprehensive evaluation system including three first—level dimensions of energy
efficiency, economy and environment and more than ten second-level indicators is constructed, and
the system performance is quantitatively evaluated by combining analytic hierarchy process and fuzzy
comprehensive evaluation method. The research results can provide theoretical basis and technical
support for the planning, design, optimal operation and performance evaluation of new energy and
multi-energy complementary heating system with double carbon targets.

double carbon target; multi-energy complementarity; heating system; optimal allocation

ElE

BERRGAFNRBIIHFE S BB —, FRG I DUMEA RO EROBECEXE UG RO N AR R R ER . [t AR
RGBT RE R, e e BAOR. RRRASETUAEAR ST, JESCBURRAUSC TR . B 10U B AR R 2R
ESEHT R A KRB B S, P RRIRARGUE DI R AV E S E TR . RIS, BreelRe se b

KBHRE.

TIAKARE

N

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 139



BEIRRIZ | ENERGY SCIENCE

HRRGNIETIL . ARG RS 2 HA RIS H BN eI, FHALARREEIAR, SCIREI MR SO0 TAl, e AR
—RERANE, T RGO S S REIRATI R . REZELAMUARSRI EIGRT, (HAESCERE BT i T i vk 2
PRk Mt ASCRET I AR T ARl s MRS, RAEdRSTgE, MR E S e IO .
MFHEITH RS SR EAMEAR G | 50T BTSN RS IEIC T A SRR S, TSR 0" sy
RN o

—. FEERSREEMIARGEER

(—) REEAZREIET

BB PR R SR R I TF R DU 8 “Tiik b, mrpopin” XL
TR, A PR B TR AR AR
K, oA A A BIBE B FR G I AT PASE 4 R e 43 BCSR IR 7
BR TR R G R R B 12— T REUR S RE AN
MARGELL MG E, BRIEEL. BRI TE TR O
JEI, A —ANPARERRIECRSS . R, fERE. BEBhRRIN. (RRVE
KRR K BRIT SR R R P RGIIRRIX
TSI, T RRHEE. My, SREEZ PR = ORERRIE,
ZEHIGL | B SRR RO T LR I RVEE . fERB ST
TE T (et R o L BB T T AR IR DO TRI R, T el B R IR A S
INZIRAtas A ORI, BRfREESTRE ., Bals MRaREI
HOAE AR AR, BRSO — MR T I S e
R TSR — R, SIS R SO iE T Y AR
SO, R G0RR ALE A T3 R LR A i e 4
B TS AR HOA SR =UaA, DASEB s v
B, ATEERIH

(Z) XBinEfrEn

KA A H B E R G R AIOL, TR 21 75 1Y
i N R BB R R NS AT A HR, ARG
Fid E RS AT BE R AR RN Y AU RGO S L T
FHNHAAER, R B RE AR AR O SR P2 i IR L PR
FHERIREERCM, H RGN Q_th= A + G » n; HIERED
PERBR AN 28 R RIS SR A S e, HHIREh QU
hp=W - COP; FHUKMARELFAREIE C - m - dT/dt = Qin
— Q_out — Q_loss, HHPIEERERIEL; BTH HIRGEEE
TR AR REL, H vt Q_gb=V -+ q + m. iXLLEHY
HFEHFI LT RGN B S 1B TR B

(=) AES5RRSHER

S SRR R MR R RS TR B, A m At
AT I B SRR IR AL R R Vs (AT RGBT
el FHERTN, SESEIN . AGL IRAEE . KIAREE,
KRB AFFHFE: (Q=Q - f, f NBNAMRE, ZEINERE
S0, B AR BP/LSTM Sbl4, % remim K (i
DIFLE & 755 ) O Braei i Aneaaisal . RBHEEH 72 i 58 R
FEGRR, BT AR 45 & R ARG (W Hargreaves,
Angstrom 8L ) 5 HFAREZ ] LR 43 AT 5 A R I
THER ARG ST KB BN XHE v iR, BT
AR A Weibull 444304

(M) REE(THRIRRE

Mgk BAR T, RGBT RO UL REIR TS, FmiftA
TE . HTHBIER A S B R S 1817 AR s IME 7 b
EEITE RS, PR AIACHIRE . AR AT A AR, HOR
PAMEREHIC, /SR SR B RETR, BT REIE T N
e RN SRR R A AR 45 SRR IRt S A A I
R, N AERE . (LA B N R AR, [N IR R
L SO / ST LR U & IB T 28 (A0SR
RESE AR AR AL, MO U AT IR B RL ) |, 5 e sl i
FATESEI R Bl AT RS

—. REZ Bt ERE

(—) I BrERE

BIREFRT, B2 AR CRLER I LAZ T AR ek
At/ AGRERUR IR0 A bR ZTF AR G a4
apfHEAS (LCC) |, MREENIIATTE (Pl E, LN
) L BITHER CGRESE MR AL MADREIRIHFE
A, B ME A i USSR AR i i N R R

GOSFTH . LR SEA B BRI AR IR, FFRON B
e (S4B RR IS AE R S AR R ) 5 &
Gife

S
, BT S BN AEIED) NATEREE, FARN AR Y,
R =F WA, T HIA— b, PR et e
R BT, SEREER min F = o' + 20" - osf
(FHrp 6 B B RAE—ERNSERE, o w2, o BFER
RORZRAHFA 1, BRI (AHP) G5 EFFTHHE ) o

(=) fosR&H%

RERER G T, RE e ek, Purb e A 3
JEAHN L REE T SRR R TE B F /N / R A o
W, Hil AR TR MREINZI R SR ERE CErfBIR R
+ fEREACAE: + BN ARG — FABEIRE ) = (AT R
# (0< E < E_max) . Z#AIZ (P_charge/P_discharge |
TIR) Mg M (E_t=E_t-1+P_charge - At-P_discharge -
At-E_loss) £ W HHGIBTEEINE (AR
R 0-100°C, HUJFINLZE R / P REE B IR . BB P s 58
30%-100%) ; ZGehbice < K RRBRMA (f < E_max_
carbon ) .

(=) MRICKRBEERIZESSIN

FIRTHTABIRZ AR IAMIANRGUX —2 iR, AR, ALRN
SHhni, HH NSGA- MHEZSKAE, FHEMSH AIF6E

S AR BRI R (SRS R RE R A =1L

bR m

140 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



HRORAS A IR0 AT o, eI e B AR S
H)F MOPSO Fl MOSA $13k ¥, Skl v iaih, wae
KPHABEAARTIRY . HWFAGE A G A B R R . 121K
BEESEL, JFRENARRIaFEE,; B — RS B AR AL
VRGN AR, PR RIS TR S ToHE e A T 5 DAG G O
HHFEEAENE; BT 2% SN MR T —1R, JEXH
AT RS SORAR SR EAE ORI s LIS RRIEIRIER, ERBFRR
JEARIREEF RIS, S0 RIS . RO AARS E 5 2
2, SRHIEASRIEMASTIESE (ArFf#E100-200, 1248200~
3007K) , RN MR b, RIS &5 A
FAEHAIR], ST S BR TR A IRE S

=. RERENMESITLEREE

(=) I fEIE A RIBERR

TR RBERCF A P S IO RR 22k SRR T e, R
WHREER e, ROUE, ATRAEME, SRS EOE I R R
T O, R BRI P ST R B SR A S N [ S it
TRORGLET; ARR Y RIS AR &0, IS BT
BE, BRI PE ARG LA R AT s BT A TE R A 5 T AR
B, B s T AR A B R IR R RS
A, BBIER. WU ARRERAKRE, RIE RS AT
bR R HUGETREIRZ AR LA G, SEBORBIRERI TR, 268
TR ORR, ARG T SRR S,

(=) —RiT(E4EE

BT AR S RSO DERE, RGBSR G PR R A5 HE
R G BRI R R — T R SR R IA H
A GErIkEE, MR A Bl sEIR [ A RE RN A a1 5
THEMET, BO " IUEN A RS G IR, RERR B TR B
BEIFIE . ZREEAMIMAREG APt S T S 2T
M, PRI G AR R AR R I 00, 24 R (B Rt
A It WA SRR AR A I
AL AR IR AR RIS IR R G
QLS AT PAE AR AR DAL WS A (R 7 R P P/ N (=N D
(AP 2 o T N 0/ e NI 7 ) =

(=) ZRAEKIFEGIER

BT =TSR, 456 R GRS RGN,

St

FOTHTERR. BEREE S REG O RN, KIAREF A=, ik
REFI IR . HJEEVIE COP. ffEER &2 . ZHEEANAF
B ZPFHEERRER I MO (IR SRR e, Sk
BEREWOERE ) | BB (AR IR T AR S A R
G, REEAZEDIE) | @ RMEOR (SPIRETT . B4
PURBBIRIE AR AR BLEL ) | BRI (RS SR
RHHE, ARG ) | REAFa LR (REEES
B E R A TERE, UCHCRE R S AR ) 5 BRBEZEE
A A SR, (A A U e S R (e
SBBERHRCR ) | ORI CHrRedi i vt 5 A A [
(8, BB AUERE ) | IR ARicE: (GB17H SO2. NOx
SR, FRAEAETAIE) | B (BAEGA RER
ARG L SNSRI, ST E ) o

(W) ZEFNTE

ARSCR B YA HT: (AHP) SERIS & RS &
M RGBT T, DB AR BTl v O RS AS] P A S0
P JERE AHP SRS FARE | ENEMEbR R 1R R
WAL, FER LR P B A B A R, e S — B R
JERE AL, ST REMIZR SO, SeE I SRS
IME, B LS R AR S R DI AR PP AR P
SRJF R B SRR BT G B 5T, AR SRR RN
RGN ER. OrsHUn, RIEEERA T RS AERE
B AP MEEETTREIINAL, SEHES RO, e
HERHUR S EHHE, SRR E 5iETRME, LR
Lt

=

. BRIE

fE Al BRIPRTT S ERRSIATT, ARELUETRETRE A
M2 BE HAMIR R SO RARSI REIRAR U IR LT . SCHHESRATUE 17 6
TRARSCHEER R, ASCHISEZ RS ML BLE S REROTAEPIAZ O
[RIELRIT T R GRS . TSR REIRZ iE AMIER R S
R S P B AL T eI AR, AT T RS
Zpetk . AR SR, TS AR 55 TR DU o

(1 A . K HAE —— AR
[2) PRAETE

ZREH AN REI R G SR ET (D). ALk | bR (ba), 2022.
S, Bl & L PR BRI AE 2 fE EAMSA R GBI TR ELC TS (). B0 5230 L2024, 24(8):104-112. DOI: 10.3969/].issn.1009-8402.2024.08.019.

131 WA . BT ZREEAMY XIS A REIR R GG FER TS S A (D). AEAbria Rt | bR (5 ), 2022.
[4] BN | X, B | 9 FeRE X R A 2 AR EAMIERE R e ST 0], 350 RHE L2022, 29(3):187-192.
[5] HHAR KB, 2 . ZRELANE T AR T BERE 1] FMITITER 22440 ( FARRIERR ), 2021, 42(1):61-66. DOI:10.16862/j.cnki.issn1674-3873.2021.01.012.

161 77 /\%F R ARG A REEANERBOUAL (D). iR - #pEAE 2017,

[7) 5k . ZREEANZE A REIR ARG TR R AU 7). ZFAH T, 2024(26): 23-24.

(8 BE 43, L AEA . ALTT NI R AR I B8 Do 32 22 B8 LA AR B2 TR AR B AR TT (C1//20154F o R B AR AT AT ML AR 2 8 1 =707 IR RE VR T & R B 3218 3

£E 2015:207-211.

191 HKHL . ZAEEANE T AR TR ()], AT RHR 5101, 2021(17):2565. DOI:10.12159/j.issn.2095-6630.2021.17.2456.
[10] =& . { ZREEAMY BT RIS TR HOAR SN ) ZeI A2 A — RS WA ST (). R E SRS A |, 2017(12):19.D01: 10.3969/].issn.1671-3362.2017.12.006.

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 141





