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Abstract; In order to accelerate the low-carbon transformation of energy, this paper proposed a clean
coupling heating scheme based on the multi renewable energy complementation of solar energy, wind en-

ergy and geothermal energy, that is, while using geothermal energy for heating, solar energy and wind
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energy were combined to achieve auxiliary heating, so as to break through the shortcomings of instability
and intermittency of solar and wind energy and achieve the reasonable allocation effect of the three energy
sources. First of all, the thermodynamic model of energy conversion and transportation of heat collection
heat storage and heat exchange was built in the EBSILON software. The meteorological, geothermal and
other natural resource conditions in typical heating seasons of Zhengzhou were selected as the initial con-
straints, and the change laws of key indicators such as solar heat and light heat transfer efficiency, heat-
ing capacity and geothermal unit heating output were studied. The results showed that the photothermal
conversion efficiency was concentrated in 45% to 60% ; when the radiation was weak, the solar energy
mainly relied on the heat release of the heat storage device to maintain the heat balance of the unit, and
the minimum heating valley value was 27.268 kW ; with the enhancement of external radiation capacity,
the maximum heating capacity of the system could reach 40.311 kW ; at night, the output of heat supply
of geothermal units was dominant, and the maximum output load was 165.556 kW ; compared to the day-
time with good sunshine conditions, the return water temperature preheated by solar energy had been in-
creased, resulting in a relative decrease in the daytime heat supply of geothermal units, with the mini-
mum heat supply of 163. 637 kW ; when the geothermal temperature gradient rised by 5 C , the heat sup-
ply of the unit increased by 6. 548 kW on average ; with the fluctuation of unit load and external wind re-
sources, the wind energy utilization unit could flexibly meet the energy demand of the electric compressor
at the back-end heat pump unit to ensure the long-term stability of heating at the user side.

Key words: solar energy, geothermal energy, wind energy, clean heating, heat pump cycle, multi en-

2023 4F

ergy complementation

51

[l

B WUBK ™ RETR RIS TR R ] 28 B RN
FIHHHEE AT A T MR . KRBV A
CERLREPREE 0L i S At =P A PN
RS RERE . RIS, XURE 5 1l R BE B A e
HALFR N, LR R IR A B 7 i
AT M AT BT L, 5K AT RO & S B 22 e E AN
TR, DU X 2 B Y053 335 PG Ao e TR 7 A I ¢
TR,

R, [ A Sha 2 [ e it R W R TT T 5 R
RUEBFIETAE . Hepbasli 4 A 434 T HUIR R &
GERUK BHRE SR P2 I AL (912 4754 5 Astolfi 25
NSIRSE T R K R RE IR A AARE 1 R R A R
GiARAEHLHE ; Ozgener % A1 Hepbasli %5 A"~ 5%
T MBI AL R P BE A B 1 A TR = B R AR RE,
20 T K B AES M IR AR L AMEEA T T 1) 7 TPk
415 Bakker % A" FOBAR S #— IR AL B 4 0 K
BH A= 2L R 7 S ARRESC I T A A5 Ozlu 26 A0 1%
T T RBHBE S XBE FL AN AR, 0 T 253 B

P AIB AR ZHE ; Notton 45 A #0981 K IR g
FIXURETE 45 7 57 W FH S BRI 18] 52 R v KA & 1)
A 474 ; Johnson %5 A" B T A BH AE A 24 S
BHIZREMAITTS 6 T RELAHHRR s B
LR T K A AR VAL BE R GG, ST
T B EIE AT INZ R b R e T
PAKFHAEE N AR BT 2 AR R, IR 3R AT T 8w
B L T R X ) R AR B8 FRAMOG S N
K FHAE R JZ AR RE FXUBE A R B, B B A A
T RGP S AR TR KK B
IRAMIPRALAL S AR FHEE, B85l —F At
BB 4 BRI AT S0 s X AR A T AR R P Ok
FL AT AU R AT 5800 52, A T — o R At AT
PLie RGBT A R B B A A A% O R
ek

Zi LRk A R IR E AR R R 2 (A2
RN R —e 57300 SR, K FHAE AR AESS AT
PHEREERRR MM I A S8 26 A2 AL, A7 )R
FRAE RIARVE S AN E R . DR, AR SO T — bk
TRFHBE uHEERXAE 3 2R REIA A5 ) R 58



5511 1

Bk H, 55 ZREEANE I B R SR T <177 -

LN PERREATT R, e M Z RE T AMES:, L4
REVR IR 25 704 AT 5P T, o O 4 2 2 A A2 7 i
o T AT 2 RE HAME T LR A AR AL 4R
H—EZ%

1 REEE

1.1 #EB#EST
ARSI 22 BE AN T bR 2R 48 1 A5 K
FHAELR B Ak L BLAL AN RE R L 4 1 &
G¢, JLYBRAS AN 1 B . R PHAE P AE S B
WHRIAT RGeS LA AL A TG R A, 44
PRGN A RO L PR i
JZHAL

19

KM | RITRERL

5 T

SRR
E==

o

il
# T
#h 5 Hh
%E%% 2
0 e b
L % RS K
%
O A -
SHE o ) WK

PP 3

B 1 KPHBE.REE .t BE EAMIERR R S5 M
Fig. 1 Structural diagram of solar,wind and geothermal

energy complementary heating system

111 KPARBAE MR

R 5 VAT e 2 A T Y b G G B R T
G IBOE “FL T PP AR ot (S R FH A 0 i R D A A
FRVERPHAE AR FH 4 B . SR INER 4 B 5] o3 A X HE
B L T FEZR AL L2 B2 BE N T BN o AR AP RE AL
(R T

BOLARTE BT A BG83 (14
SFSRBE T, N

I, =1,P (1)
s [, —5 5030 B RS B 7 1] b K PH R 55 i
B, W/m* s P—KA0GE B R B F AR m— KA R
it ke

B PR 7 o WS4 1) 1) K S 6 S5 R R ) R T R
i‘ﬂ‘j:

Q. = lcospA (2)
A R PR S L, W/m® s A—5R e 8% 2 6 T
L, m* ;06— KBHEAS S, (°) o

K FHBESE ARAR DL 2L RE 7., M HOE
HEARAERE S (0 B BAE AR, B T B2 A
B Q.

Qus = QMo (3)

ROCAFEEZ K BHRR B8 S RE AT 0 o Be it 2k
Qone » ZEBRINEI R W Ay e AW A Q. , KFHREDGHA
&SRR
Qi = Que = Qe (4)
Qe
= <ol 5
nse Qtola] ( )

s T AR opt—Hl 2UAR AR s T AR abs—FL 45 4 44
B IAR se— K FHAEEHA
1.1.2  figEg

it T R G550 Sy e TR TR it FAVHE | it FA A T
FIHIER 3 3543, F1 K H IR IR 70 AL B, MR TR
AP H5 0 A0 Bh K A, TR T, A T IR A
it s PG T HE B8 7 59 4 2 95 95 ( Direct Normal Trradi-
ance , DNI) 5 55 b, 55 TR v 1) 975 56 O 26 e P % 1
AR AL, IR IE R G IV SR, e Ab F AR S
TR AT S RE AR, BE R, i R 5 0 R A B
s T

d . .

%fprllsdv + qoul,ms - qin,ms =0 (6)
Vins

%J‘pmsUdV + qout,msu =~ Qh - wa - Qus
Vins

+ j? - ndS (7)

A VAl A A ) PR AR R PR A, m® 5 AR
ms—JA £ A R 5 do—F PR AR B 5 0% 5 o — M
B kg/m’  u—IEEE N AE, J/Kg5 @ I o —
SEFRIE 1 H 1 T M, ks v, — I SR
7 4 ik s m— i R ik 5 S 15 S 1) 42 il T
L, m” 5, — RS 5 b T 42 ik B PR L W5 Q) — 1%
PR RE T B 41 SR BR B P 2, W5 Qs £ 22 1T 9
e TSR IR AN SR PR B (P, W



- 178 - W 3

2023 4F

L1.3 USSR S

K FHA B R A DL TR S A DL ) 1
¥4 (Organic Rankine Cycle, ORC) #ATh#; e | e 45 if-
SR T O AU A L P R R I iR
G R AT 4 DL ERAE AN TR K A Kk
PL TR A BEas , ARG A WA 2 s, TR
TERIOCCHR [ 22 1 0F5E i R JEA T PERE 20T o

S oHnTRERE ©
4
AV WAL
HHH
W
" (’%7’5117J<
(a) G5

3
/ci - B Cout

(b) 4% 5 2 &

2 ANHEREFRTEE

Fig. 2 Schematic diagram of organic Rankine cycle

B 1 -2 SRR AER IR AL B R ik i 78 52 -
3 BIEIRAEA BERS P A HE 53 -4 (5) B TR
PR AR 5 — 6 (1) & T i ik 7% & a5 W A it
TR e Cou R HIKIE VR 5 g, g — 2 FT AR 1
T F AT ML 28 VRORI R Bl R it M 1 Ak 78R T
a — b—HR TR G B 5 d — e—¥2 JE K 19 35 34
SUR i

(1) AHLTFizEk %S

TG R Qs :

Qs-1 =qu(hy —hs) =qc (T s = Touy)  (8)
K e, —ERLR TR LIS KD/ (kg - K) 5q,0—

A WU i e, kg/s 5 q,,,— PR BT 4, ks
T, —IGER I 5 B U500 2 % 2 0 10 9 MR 3, K
T —EIEI 28 2 2% 11 DO AR BE K hy LBy g
hy Jhs— T JRAE PR 5k 2 o 4 oIR 45 5 A0 HU A, T/ kg B
PR mf—GHL TR ; T AR me—3 & 2 PO Ik

(2) BERKHL

T RAE MR AL AL TRAZS, M A2 i
T 5 T 76 5 76 28 VR A P Th 4 R ik I G
[ F

W5 = qu(hy —hy) (9)

(3) WEER

MR HIL FFHE H B 2 95 70 V8 B 5 TR A, Bk
LW HUK FEIR I RS, 203 ¥ R 2% BRI ) A
% 0273 y‘:’:

Qz-s = qu(h‘z - h3) = qmtcmt(T()ut,e - Tin,d>

(10)
A g, —RHR TR BRI, ke/s; ¢, 0 —
Ve TR 2 e s R3S k) (kg » K) 5 T, —
BT R DR K T, — A HIR A DR,
K; TR mi—i2 RS A RIS HIA

(4) ORC JEHF R G IFM 1645

TEERA TR P AR SRR W, 3R, T
B SF 1 ER AR B S Q, L, R T W, R
EEHAR 0, S A -

Wo = Wi, =W, (11)

W... W,,-W,

Nore = 0, = qu(h‘l _ h4)
R TR p— TR ; TR net—3 TR (945 i 114
13 FHR ore—ORC fFIF
114 HhpEe Rl s

HIBAREFI TS B 26 R % K IR B b
T BERS ML . PR P2 R S 0, 5
Ve BERSS HUK I Q, 235K «

Q. =pc, v (T, = Tp) (13)

Q4 = PuCpa(Tig = Touy) (14)
Ao s p,— I BLL R % 3 kg/m’ 5 ¢, —BATE o
TR AR, kI (kg - K) 50, — R ALLL i
PN TR, m/s; T, (T, —AEHLH 7 & i
PESHE D 04 FE BRI K p, — 8 HUK B
ke/m’ e, —RHIK HE FEIE  kI/ (kg K) j0,—4
HKBAGE o, m* 5 T, (T, — PSRV BE 25 1Y

(12)



5511 1

Bk H, 55 ZREEANE I B R SR T

- 179 -

AR TR, K M AR U R G T s
q—IREE RS
L1.5 KAOMHRE

— R WAL S RE N E s KBLI
Fr e sl n] % Al B A LI RE B 2 e AL Y B AES
Evalid 5 RL@E E@%U%?ﬁiﬁﬂ LL , IJ]'J :

Eva]id

L, = x 100% (15)

1.1.6  F P ufteg s

FH P i AR R AL % [0 K A6 2R 5, 38 3 K BH e 48 #4
T RGN, F5-25 i P LH WO IR V8 B o T R
RIS E T A R KRR . HEBR KB
TR R P AR SRR B QR

Que = UKS (T, -T,) (16)
Arp U—BEmz 1 P 80 K, —R W2 2540 1% 38 R 8L,
kl/m*; S, —RBELEM A, m*; T, 1 T—RIEEZE

v
gl 1
’.’
Kt

I Z AP I IR BE, K N AR user— ] 775 N AR s—4K
it FhR n—2 NRELEH ; ThR o—%4b,

v Bz P 7K 28 BAMIL I 3R Ge k11 P s 1) °F-
VRREEN T, 00 R EE T,k

Q user
ng - Tave + ZF“ CI} . < 17 >
T L= T Quser < 18 )

T
Ko F — LB B oK i it kg/s5c, ,— B H h#k
IK R TERAS k) (kg K) 5 T, —3 ik F P MG g%
Ja A S il L K R bR ave—F 245 F bR w—HL B2
HIK,
1.2 EF EBSILON WS HBEEWFTERBERE AR
B3 K BHRE M #RE  XUBE 3 o] 14 BE U
WG Z 5 W 2 e TR s B 2 I ) R G 0 4G
.

B

: | J P
|

| ’fﬂ

| Bﬂ

|
TQ’* B
I

B3 ZeEMNFERERERNREGEE

Fig. 3 Structural diagram of thermal model of multi energy complementary clean heating system

1.3 #RBVIIE

BT AR )7 %8, R SCHR [ 18 ] r i 45 28
BT ARV IR, N 1 iR, 3R 1 Al AE BT I
JE AR RIAGRER S AR S 2175, i HRE N
JIT iR B AT AR ISR 2 SRR B BB T A5 AL

*1

PEAE—E IR SLVFI B Z A, IR T AR 114 of
BPE S AT EENE . BB R A TR AR R, AU
VRS sk e T B , O JR 2 5 (3t 2 25 8 A 2 i 2 1 119
BATRAY

R R

Tab. 1 Model verification results

LR BERARRREE/W - m T2 HEECREE/C SRR/ C EARERIREE/C RIABE RS E/KW AL B kW
K LB 7R 670 90 8.5 203.163 27.234 160. 265
AR SR 670 90 8.5 203.207 27.268 162. 664
Y xR 2 0 0 0 0. 0440 0.340 2.399
HAXHR 2% 0 0 0 0.022 0.125 1.497




- 180 - 2

aod
[y
gl

I 2023 4F

2 hESRSH

2.1 BRRBEZFHSE

ASCH ] Meteonorm AR R B 2 BT R, 4
BGRT R AR 21 243 & 34. 80°N, 2 J& 113. 66°E [ KL
W, K BH fE B 9 1® &1 ( Direct Normal Irradiance,
DNI) FREGI S5 R B, T 45 5 1% Ak A 57
AT T A A AR 2 ( FAEE 11 10 H Z=RAE
13 H 20 HZeA) ROHERPERERCIL . (BT 4 a5 250

AEACIE N
800
. 600
=
= 400
z
(=]
200
010 1128 1217 15 123 211 31 320
H
(a) DNIZE4L A
20
15
£ 10f
)
=
5_
| f| ‘
| )\ il 1
OT110 128 1217 15 123 211 31 3720
H#i
(b) X AE L&
100
90
o
2
= 80
1 1 1 1 1 1 L L L L
M 23 4 5 6 7 8 9101112
A
) Rk IR EE AR AL

B4 BARBRFHTUEIRE

Fig. 4 Data of changes under natural resource conditions

2.2 HBRHRERzBZI
2.2.1 B E IR

AWz 2R B ) 4 i — R TR A A A S R R
8:00 N4 18:00, DNI 2T 5 |5 BRI AR 4k

R P, il AR S AR AR N B B S T
FHE T W S Ny . FEALIE TR ] 1O 25 1 25
TEMCIIN , AERE 12 20 HERAERE 1 A 20 H
nwmﬁﬂﬁtﬁlﬁvwﬁﬁﬁﬁﬁzéﬁDm
R A B AR 0 RO PR R > 3 B A ik
w%%¢ﬁﬁ%~m%zmgﬁlsazﬁmﬂ
SR AR T T0% BG4 2 0 21, W1 5k 5

oy

40

_ 3 | M 1; y

11/10 11/26 12/12 12/28 1/14 1/30 2/15 3/4 320

(=)
W
T T T

SEREEIRER %
N

ES5 #EAKMAERLEELRERYE
Fig. 5 Photothermal conversion efficiency

of trough solar concentrator

& 6 Fy i HEIEE A 15 H =R R0E 1.,
Asfp et W H N o B 5 I e T PR
IR E B AR A . R B 6:00 ~
8:00H1 T4 16:00 ~ 1800 Z [&], ¥ H Bl — 4k
{8, HRCRE A KRBT /K 12:30 24 2 X R
fiio 7£18:00 =YX H 6:00 Z[8], DNI 455, n, 34
RZ WL PSR H iR 4ERE

—=—11715H
o 12f158 T, A
——1H15H -
—v—2A158 | T e
—+ 3H15H | A% -

SIS %
55

- b oo

-l I I 1 1 “\}.J.-A-
8 10 12 14 16 18 20 22 24
A ] /h

2 46
R EUEE Ee NGRS T Rt

Fig. 6 Photothermal conversion efficiency of

trough solar concentrator in typical day



5511 1

Bk H, 55 ZREEANE I B R SR T - 181 -

2.2.2 R HLITRRA D)

Pl 7 230 3 G ER 6 45 i B H 11 S5 B ) 32
fl. T DNI 33 LB R T 3 ) G R 38 53 %
BLI CISl B = % 5 AT e, 76 B
11 H 10 HZEWRAE3 H 20 H, i i I3 AE 3. 917
KW 2 5.039 KW 3 FIE5h , 32 DN TR G2 1) 2
A18 % 28 H S 11 F B, 75 DNI B
ST O B2, B0 IRER R TIRH D , % o BL R 1
D6 24t 15 1 AL 3. 917 KW, Bl 45 BL 41 5 [ B

BT o

5.25

5.00

4.75

4.50

4.25

Sk DA kW

4.00

| 1 | 1 1 1 1

3.75
11710 11/26 12/12 12/28 1/14 1/30 2/15 3/4 3/20
H 39

E7 ZE#HHOZRAHIIE

Fig.7 Actual output power at generator outlet

2.2.3  RFHAE R G AERE A TR K IR EE

Pl 8 S A BH B 4 R Gt Atz A it R TR K IR
784k, FEL 8 AT, HEBE = P, HEBE B 27. 268 ~
40.311 kW [i] % 5)y, DNI 2 1EAH G A8 M, 456 1% 7
AT, R HL AL 2 R By 3 R0 SR ] KOO BE AR S H
AR ) 5 ZA S0, DNT BNy ZE ), Tl oK
W 27.268 kW A aE, fif i ) oo 2 WL A K R =
71.409 C AEWHOK L J7 18, T o FAAL2 P i 44
(AT 7K R SR DNT A, % A 4 R A5 4k, R B2 7 71. 410 ~
73.039 °C [A) 3, f @ iR 2% 1.371 °C, DNI /N
R AR B E TR 71,410 °C, S5k
BILON 2l 3R A — 35, PREDKIREEdAE 2 A 18
HZJEIE 10 KNS (.
2.3 HRE IR
2.3. 1 HbIHLLE ) e i R AR K I R

P19 Ay b RAHTL 20 L A Sk AL B2 K s 1 L A
1o H1 B AT A, b At R B 4E RR AR 163 637 ~
165.556 kW, 454 & 8 nl 1, DNI &/, K FH g 2

HBEREUH 27. 268 kW, LI DUAB AR e £
SRR 75 2K | b L2 I B £ o A2 0 7 I KM
165.556 kW, XJ #HoK it 42 A% Z 4y 45 /7 DNI
BRI, K PHBB LR 1 2 i =ik 40. 311 kW, L}
KBABEH J13 £, ML REAG T [, IR 2 {304
it 163. 637 kW it (i ] SR 3IE {IL B8 1) Fa i 5 72 R B
AR o d5c A, A BB AL H T 0I5/ 0N, L /K 3R
£ 92.068 ~93.452 Clul s, ZiAKFAE, KHAEME
h SR AL T R 2 I T DNT 5/ ek i o &
b IRE R R 2, B R B — % BAME . 2 KM
RE P K T fr e B, R 7K M TR Bt dse iy, — B A
Fe—2.

42.5

40.0

37.5

35.0

32.5

HEE PR/ W

30.0

27.5 pl L Ll

25.0 1 1 1 1 1 1 1
11710 1126 12/12 12/28 1/14 130 2/15 3/4 3/20

H
(a) iR

73.25
73.00
72.75
72.50
72.25

1REE/C

72.00
71.75

71.50 |

L L 1 1 1 1 1

71.25
11710 11/26 12/12 12/28 1/14 1/30 215 3/4 3/20
H Y
(b) BHIKIREE
B8 KFHBEEHRFEEMAEM
KRBT
Fig. 8 Changes of heating capacity and preheating

water temperature of solar collector system

2.3.2  AS[R) i AL Xl b AL A2 2 114 5
10 ZeH 11 A 16 H A H R K[ Mgk
I L i A 2 M ARk . PR T b b B AR AR
FEF-2% L E S Hr T 78,83 ,88,93 F198 °C 5 Fif
TN ALA LB AR A R PR, BEAS IR O, A



- 182 - #oHe B

I 2023 4F

DNI Syt , s ML Rz A A4 5 AE e — e AL,
P PRE S B e T, HLA 00T B 535k
152. 473, 159. 012, 165. 556, 172. 107 FiI 178. 664
kW s R HLZE PR AT, KR BT R 5 °C
HLALAT iz B8 2 6. 548 kW JRRE/KIR T i 48 fE
I B LS AT $2 T, B2, IR DN 32 bt 2 %
R BERE TR IR A o, s AL R 2 T e
fe/IME, B H AU

165.75
165.50 iii
165.25 m
165.00

164.75 ||
164.50 ||
164.25 |||
164.00 ||
163.75 ||

163.50 L : ! : !
11710 1126 12/12 12/28 1/14 1/30

H
(a) fHLARE

A E/kW

1 1
215 3/4 3720

93.50

93.25 i“

93.00 “|

1REE/C
©
N
>

92'00 1 1 1 1 1 1 1
1110 11/26 1212 12/28 1/14 1/30 2/15 3/4 3/20

H 3%
(b) BEBRIK (R

B9 i HARMESFEHEKE ORE
Fig. 9 Heating capacity and outlet heating water

temperature of geothermal unit

2.4 RURZEL I RNE
2.4.1 Kb T2

BT g 5 KU AL D T A8 4k, 5 4b
TR AR AR AR [, JRT BIL AT e 4 T R AE O ~
3000 kW [a] , fARBLBH AN FS G A5 AR AR 0 BEAL D% 3h
PEo Z XML EBR S, S XA 12,2 m/s B,
KITHLH F T3 o 20 (H 3000 kW, 33X XF TAL4H
AN —E PRI, 7T 3k G0 17 Ay 0 A B I A
ENEEE

180 L —=78C —e-83T 4 88T v 93T o 98
L o o o o o X 2 PE A O o o o

*teee

VY VVVYVVVYVYyYY vy YYVYVVYVYVYY

v
YVeyv

A A A A AAAA LA A A A A A A A A

A

|

l

e o o |
- | 3
.y " n

HERE /AW
2

._.
A
)

4 6 8 10 12 14 16 18 20 22 24
B[] /h

(=]
N

E 10 FAEtHBEERHIE
Fig. 10 Heaing capacity at different

geothermal temperatures

3000

2500

HTEAW
_ N
Y=}
S S
S S

= 1000 f

L}

500

1
11/10 11/26 1212 12728 1/14 1/30 2/15 3/4 3/20
H 34

B 11 RANEHAThEER

Fig. 11 Changes of output power of wind turbine
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Fig. 12 Power at grid side
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