HAE R B30E 2l
196 Vacuum and Cryogenics 2024 3 H

aRXPREMIEE RFIEITRESH

Kk ORI,k B, F MR KR, F %
(AMEE G HHRANS B AFRFHLE, B%  710100)

R E ISP E AR RS EUE T 2 000~3 000 m 1 R ZE s AE N SR, TR A B A, S
ST AL RE, M T . RGBT IS IR IS X R G PERERI R A K. S T 58 B #GK R R 2 H B it
B8 2R G832 47 P I SR, 26T TRNSYS BRA-EE ST TV 22 1 X = b i1 750 20 L 557 0 A B fap A58 20 0 25 A b 1R 2
PMLE RS0 B o AR = Fh R0 0 Sl i SR B0 A R, R 9T PR IR 2 R L R R 4 Y 3B AT o R e
it EL IO ) “ B VIR R B AT Br T o 45 SRR W XTI A S, BRI SC 8 AT A AN LL i il 18 17 A
XA BB EIEAER, Hoh, Beeft s =g H 817 2 - A%, b 132,35 70; X Pl @5, i T4a X
24 h A AT, B BEBE 2R GRS AT SR B R AR A BB ) B N, PRI AILAL I S AT IS AT, ST I AT, R
YT E A, FEE HL I R B, SRAIPLAL L e id 17X, Hag 172 Foh 326.83 JG; X F RIS HE SR, & th il il 17
I RS VI VE e, HAa8 47 9% HERAIK, o 120,49 7T,

KEER: IR E M B BB B AT RS R RIS

B4 25 TKS521; TB657.5 XEAPRAEAD: A XEHE: 1006-7086(2024)02-0196-10

DOL: 10.12446/j.issn.1006-7086.2024.02.013

Analysis of the Operation Strategy for Heat Storage Middle-deep Geothermal Heating System

ZHU Chao, SHI Peng, ZHANG Tuo, LI Zhuang, QUAN Chen, LI Feng
( State Grid Shaanxi Electric Power Research Institute, Xi’an 710100, China )

Abstract: The heat storage middle-deep geothermal heating system extracts geothermal energy from the underground at
depths of 2 000-3 000 meters as a heat source, and is coupled with a thermal storage system to provide clean energy to build-
ings and balance the electrical grid load. The operation control strategy of the system has a significant impact on its perfor-
mance. In order to study the operation control strategy of the heat storage middle-deep geothermal heating system, the ther-
mal load models of three typical public buildings in Xi'an were established using TRNSYS software, along with a simulation
process for the heat storage middle-deep geothermal heating system. Based on the thermal load characteristics of the three
building types, the effects of different operation control strategies on peak shaving and load shifting of the electrical grid were
explored, as well as the analysis of operational economics. The results show that for office buildings, release energy priority
mode and determine proportions control mode have a good peak load shifting effect. The daily operating cost of the release
energy priority mode is the lowest ¥132.35. For hotel buildings, there is a heat load demand within 24 hours of hotel building,
so the control strategy is during the valley power time period and the flat power time period, the heat pump unit runs at full
load. After the thermal load of the heat pump unit meets the heat load of the building, the remaining part of the thermal load
of the heat pump unit is used for heat storage. During the peak power time period, the middle-deep ground source heat pump
coupled heat storage system of the hotel building adopts unit priority operation mode. Using the above operation control strat-

egy, the daily operation cost is ¥326.83. For the mall buildings, determine proportions control mode have the best peak load
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shifting effect, and the daily operating cost of the release energy priority mode is the lowest ¥120.49.

Key words: middle-deep layer geothermal; heat storage; typical building; operation control strategy; peak load shifting
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Fig. 1 The flowchart of the thermal storage middle-deep

geothermal heating system

ZRGW TAERE R 7] VI, V2, V4,
V10 JFJA, 1T V3. V5, V6, V7, V8., V9 X4 i,
HR )2 A AT e e R R SR 2 SR L
HAETF AT, EAFREEN, FEERHENSE
A BT HEAT R B, R AR A7 A RRE N SR
V1. V2, V3, V8JFJH, /I V4. V5, V6. V7. V9,
V10 SCHT B, i 2 b A5 IR T 2 b R R 2R
AT IR T AL, R HOR d i 47 4L
P 2UI T V5L V6, VT, VO TR, I/ V1L V2, V3,
V4., V8. V10 3¢ I, & PAEE B At A7 i # i, XoF
PERCR i AT HE R, 32 R e AT LLAR 4l i R ) 7 A
A ARE O, X E IS T S E Y, 52
MR GEAE = AT FHE D B PROIR ZS TR Y
Yl

2 REHEMETMRE

2.1 SRR R SR B R AT BE A M

B PG 48 VG <2 T A7 T VAT 3 3 R G v A, S
T U A R R R XU A, PR AR
AL A ES . HE GB 50189—2015¢/A A5y
AR AR )™ v g B2, G 22 i IX i T 988 U IX.,
BRI 11 A 15 HEWRAE3 H 15 H, A3



198

Hos HRR

5304 2 )

T TRNSYS Jfa sy 7 BRI\ e 57 0 12 B A 17 o
7 ELARAL, )5 BT F 4 85040 98 FH TRNSY'S #5144
FH R B A 1) VY 22 b X B 7R AF (Typical Meteorologic
Year) S 5 £, He v £ 5514 44 0 181 B2 3 650 m’,
HERZ IR E 20 °C, HE 5T BB 45 #4 $4 T: fig FR i i
RIS L SR B 2 40 GB 50189—2015 Hi#t

N

5. AR A SERE T4 ARG A0 2 BT

B 2 0] LA, In A g5 4 A R i
i A7 103 040.63 kW-h, H 1, f K& I #4671 fif
183.75 kW, HHIRTE 1 A 14 H; W5 @5 4 4F Bt
AN 271 129.78 kW-h, Hv, iz K% B $4 £ fif
17030 kW, HELZE 1 H 2 H; g a8 2t
PAT TR 79 900.24 kW-h, o, 7 K2 BB 6 fiur
14491 kW, HIAE 1 H 14 H .

200 200 150
5 150
E 2 E 100
i 100 i 100 =
E ¥ =g
g & =50
50
0 0 - L L 0
0 2000 4000 6000 8000 0 2000 4000 6000 8000 0 2000 4000 6000 8000

A1 /h
(a) I ST A Ao

(b) W EEFTIZ I 1 o

Ff 1] /h
(o) FELFGE I A o

fisf ] /h

K2 SRS STE I A 4
Fig. 2 Heating load simulation results of typical public building
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Simulation process of middle-deep ground source heat pump coupled heat storage system
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Fig. 5 The thermal load of the office building in the typical

day and outdoor temperature
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Tab.1 Parameter configuration with unit propriety

mode for the office building
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7:00~9:00 0.00 0.00 0.00
9:00~10:00 179.52 137.00 42.52
10:00~11:00 183.78 137.00 46.78
11:00~12:00 152.81 137.00 15.81
12:00~13:00 152.81 137.00 15.81
13:00~14:00 130.26 0.00 130.26
14:00~15:00 114.27 0.00 114.27
15:00~16:00 78.41 0.00 78.41
16:00~17:00 72.54 0.00 72.54
17:00~18:00 73.83 0.00 73.83
18:00~19:00 87.11 0.00 87.11
19:00~23:00 0.00 0.00 0.00
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Tab.2 Parameter configuration with release energy

priority mode for the office building
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7:00~9:00 0.00 0.00 0.00
9:00~10:00 179.52 0.00 179.52
10:00~11:00 183.78 0.00 183.78
11:00~12:00 152.81 0.00 152.81
12:00~13:00 126.15 0.00 126.15
13:00~14:00 130.26 0.00 130.26
14:00~15:00 114.27 99.1 15.17
15:00~16:00 78.41 78.41 0.00
16:00~17:00 72.54 72.54 0.00
17:00~18:00 73.83 73.83 0.00
18:00~19:00 87.11 87.11 0.00
19:00~23:00 0.00 0.00 0.00
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Tab.3 Parameter configuration with determine

proportions control mode for the office building
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15:00~16:00 78.41 62.73 15.68
16:00~17:00 72.54 58.03 14.51
17:00~18:00 73.83 59.07 14.77
18:00~19:00 87.11 69.69 17.42
19:00~23:00 0.00 0.00 0.00
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Fig. 6 The power consumption of the office building’s thermal storage middle-deep geothermal heating

system in different operating modes
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Fig. 7 The thermal load of the hotel building in the typical day

and outdoor temperature
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Tab.4 Parameter configuration with operation

mode for the hotel building

1) BT kW WL i kW KA 1 faf kW

0:00~1:00 123.41 137.00 0.00
1:00~2:00 124.74 137.00 0.00
2:00~3:00 125.90 137.00 0.00
3:00~4:00 127.00 137.00 0.00
4:00~5:00 128.10 137.00 0.00
5:00~6:00 129.22 137.00 0.00
6:00~7:00 130.35 137.00 0.00
7:00~8:00 131.51 137.00 0.00
8:00~9:00 129.65 137.00 0.00
9:00~10:00 129.83 137.00 0.00
10:00~11:00 129.68 97.68 32.00
11:00~12:00 120.10 137.00 120.10
12:00~13:00 114.54 137.00 78.41
13:00~14:00 103.95 137.00 72.54
14:00~15:00 90.24 137.00 73.83
15:00~16:00 90.80 137.00 87.11
16:00~17:00 85.43 137.00 0.00
17:00~18:00 89.55 137.00 0.00
18:00~19:00 93.67 137.00 0.00
19:00~20:00 56.13 0.00 56.13
20:00~21:00 54.38 0.00 54.38
21:00~22:00 55.68 0.00 55.68
22:00~23:00 57.05 0.00 57.05
23:00~0:00 60.15 137 60.15
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storage middle-deep geothermal heating system in the unit

priority operation mode
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Fig. 9 The thermal load of the mall building in the typical day

and outdoor temperature
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Tab.5 Parameter configuration with unit propriety

mode for the mall building

*®7 BRERELETRAETRESH
Tab.7 Parameter configuration with release energy

priority mode for the mall building

Fisf ] B /KW L G /KW K AR ST kW

7:00~9:00 0.00 0.00 0.00
9:00~10:00 52.95 52.95 42.52
10:00~11:00 144.91 137.00 791
11:00~12:00 130.97 81.38 49.59
12:00~13:00 105.37 0.00 105.37
13:00~14:00 86.22 0.00 86.22
14:00~15:00 71.21 0.00 71.21
15:00~16:00 60.97 0.00 60.97
16:00~17:00 53.45 0.00 53.45
17:00~18:00 55.81 0.00 55.81
18:00~19:00 68.53 0.00 68.53
19:00~20:00 71.79 0.00 71.79
20:00~21:00 74.24 0.00 74.24
21:00~22:00 82.60 0.00 82.60
22:00~23:00 0.00 0.00 0.00

Fit 1] BTG ST /AW  HLLAFUG/KW KA LT kW

7:00~9:00 0.00 0.00 0.00
9:00~10:00 52.95 42.36 10.59
10:00~11:00 144.91 28.98 115.93
11:00~12:00 130.97 26.19 104.77
12:00~13:00 105.37 21.07 84.30
13:00~14:00 86.22 17.24 68.97
14:00~15:00 71.21 14.24 56.96
15:00~16:00 60.97 12.19 48.78
16:00~17:00 53.45 42.76 10.69
17:00~18:00 55.81 44.65 11.16
18:00~19:00 68.53 13.71 54.82
19:00~20:00 71.79 71.79 71.79
20:00~21:00 74.24 14.85 59.39
21:00~22:00 82.60 16.52 66.08
22:00~23:00 0.00 0.00 0.00
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Tab. 6 Parameter configuration with release energy

priority mode for the mall building

] BTG /KW  HLALSASTAW KA 57T kW

7:00~9:00 0.00 0.00 0.00
9:00~10:00 5295 0.00 52.95
10:00~11:00 144.91 0.00 144.91
11:00~12:00 130.97 0.00 130.97
12:00~13:00 105.37 0.00 105.37
13:00~14:00 86.22 0.00 86.22
14:00~15:00 71.21 0.00 71.21
15:00~16:00 60.97 0.00 60.97
16:00~17:00 53.45 0.00 53.45
17:00~18:00 55.81 0.00 55.81
18:00~19:00 68.53 4270 25.83
19:00~20:00 71.79 71.79 71.79
20:00~21:00 74.24 74.24 74.24
21:00~22:00 82.60 82.60 82.60
22:00~23:00 0.00 0.00 0.00
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Fig. 10 The power consumption of the mall building’s thermal storage middle-deep geothermal heating

system in different operating modes
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