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Table 1 Fitting formula, optimal 7 and largest COP of heat storage system
T A Hefn &K cop
10:00~15:00 COP=—-19.617'+22.947'-10.57 7/ +2.147+3.41 0.21 3.57
10:00~16:00 COP=-8.127'+11.677'-6.657+1.611+3.43 0.23 3.56
11:00~14:00 COP=-14.817+18.0677-8.8677+1.817+3.45 0.19 3.58
11:00~16:00 COP=—-15.367'+18.687'-9.077+1.911+3.43 0.21 3.57
12:00~14:00 COP==-20.047'+22.817'-10.3617+1.957+3.46 0.17 3.58
12:00~15:00 COP=-33.677'+36.837'-15.407+2.731+3.41 0.18 3.59

2 1 A1, SE RS COP B KA R it BE Ry
12:00~15:00, LR %G8 COP 4y 3.59, IEHT n 8y 0.18, A,
Xf 1 =0.18 THAR IS T RGE COP #ATHEAIIIR
& 6 SABIEE AL . ] PR AL A Ry B A A I TR B
2, 5 5 M ZACRA R ARG AR 4N« AT LR I 21k
11:00 f##4 1 h 78 11:00~12:00 & GHE2 fif#kita],
[l 6 FIE AT IR AT 2 12:00, GBS 3 h (19T
LR RGE COP K AHAFI T COP MZEAK,

7 FiR A GHE2 HEFA R B AR it B A [) i #4453 sf
MG AELSE R . AT LLVE I B S RS coP A
A fE a3, IF HAsFp T oL 2208 K, 6T LA 45
S, AT DOKFE IR | - R A R A5 0 A8 b 43 BT R
o RO R U], R R AR B A [ 4 B SR
GHE2 {42 fiff $hoi AH 22 0K Al BT B Oy 11:00~
15:00 40 N B it i ok, o 183.3 G,
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Table 2 Additional investments of direct supply system

HB: B HAM /TG Biton T AL BN S T HE
KEIG 2 6580 13160 1 13160 1PL50/165-5.5/2
TCHENE /m 80 38 3040 1 3040 DN65
TR TE 1 1600 1600 1 1600 FUAG AR AL 2 S Ak fR A
W i A 9 75 675 4 1587 DN65
B[] [/~ 2 156 312 4 733 DN65
R 18/~ 1 260 260 4 611 DN65
ke 1 3200 3200 4 7523 DN65
JE 24 2 125 250 2 357 0~0.4 MPa
jsSan — — 22497 — 28611 —
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Table 3 Total power consumptions and total costs of direct supply system operating for 20 years under various n
i ?

0.00 0.05 0.10 0.13 0.15 0.20 0.30
BN 2T I8 2.86 2.86 2.86 2.86 2.86 2.86 2.86
JFEH E/MWh 2827.40 2673.46 2658.00 2657.26 2658.80 2671.74 2700.50
SIBTT 2T I 68.01 64.31 63.94 63.92 63.96 64.27 64.96
2L RIG /778 70.87 67.17 66.80 66.78 66.82 67.13 67.82

F4 BRAREAEASHRERFAEIT20a 2RBEE5RHA

Table 4  Total power consumptions and total costs of heat storage system operating for 20 years under various time strategies

e A Bt
13:00~14:00 13:00~15:00 12:00~15:00 12:00~16:00

SFERH/MWh 2801.42 2799.50 2797.92 2803.20

S {E T 0T 67.39 67.34 67.30 67.43
4 #= B 15:00, GHE1 5 GHE2 Hyfefhini & o 0.82/0.18, REE
IB1T 20 a V-2 COP ek, 20 3.59, AR G e fE At
DIEEME RGBT T SR GHE2 (19m U Bl 200 R G PR Bl 2 RS 1k A v ) B 20

A BT % RS COP ,GHEL 5 GHE2 M tEi & HI 1~2 h, S ARG 2~3 he

[t A 0.88/0.12, BLH R G 1T 20 a KIF4 COP H K,
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D EMIMA G BT M T, GRS E] 24 12:00~

3) iz 47 2% 1 B IS 2% P U T AT
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STUDY ON COUPLING METHODS OF SOLAR-GROUND SOURCE
HEAT PUMP SYSTEM WITH DOUBLE BURIED PIPE GROUPS

Shen Haixiao, Wang Enyu, Shen Yunxiang, Qi Chengying
(School of Energy and Environmental Engineering, Hebei University of Technology, Tianjin 300401, China)

Abstract: In this paper, two kinds of hybrid solar-ground source heat pump system with double buried pipe groups are put
forward according to the load demand of office buildings in Tianjin. The difference of the two systems is the usage of the
heating season’ s solar energy: direct supply to building or storage in soil. The optimal operating condition, the operating
performance and the economic characteristics for each system in a period of 20 years are studied by simulation.The results
show that the average coefficient of performance (COP) of the direct supply system 20 years is up to 3.78, and 5.3% higher
than the heat storage system. The sum of additional investment and operating cost shows that the direct supply system
operating for 20 years costs less 5200 yuan less than that of the heat storage system.

Keywords: solar energy; ground source heat pumps; economic analysis; operating costs; coefficient of performance



