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Table 1 Solar energy resources of Lanzhou City

- H/(MJem™) Hy/(MJem™ o) H,/(MJem™) H/(MJem™) Hy/(MJem?) -

-6.9 8.178 4.874 3.305 11.312 17.723 162.2 0.461
2 -2.3 11.655 6.496 5.158 14.789 22.583 185.5 0.516
3 52 14.831 8.780 6.051 16.152 29.258 202.0 0.506
4 11.8 18.563 10.458 8.105 18.128 35.670 232.0 0.520
5 16.6 21.208 11.072 10.136 19.216 39.952 253.8 0.531
6 20.3 22.389 10.303 12.086 19.553 41.609 2423 0.538
7 222 20.406 8.811 11.595 18.016 40.629 252.8 0.502
8 21.0 18.994 7.704 11.290 18.151 37.067 248.9 0.515
9 15.8 14.378 7.064 7.314 15.376 31.271 197.7 0.460
10 9.4 12.282 5.916 6.365 15.207 24.447 192.6 0.502
11 1.7 9.214 5.040 4.174 12.600 18.759 180.8 0.491
12 -5.5 7.326 4.439 2.886 10.696 16.180 157.7 0.453
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Table 2 Values of main parameters of solar heat collection system

FHHPE | ORISR | R RfEROKE | B RGAE | RPHRRSEAGE | RPHREAE AL
HIE/N /b | AR 5 | AORBR SR e | SESER /m™ | BE /B fRikE /kWh

1 523 0.50 0.2 202 90 7165

2 6.63 0.52 0.2 202 90 8757

3 6.52 0.55 0.2 202 90 11172

4 7.73 0.57 0.2 202 90 12693

5 8.19 0.59 0.2 202 90 14347

6 8.08 0.60 0.2 202 90 14465

7 8.15 0.61 0.2 202 90 13938

8 8.03 0.61 0.2 202 90 13937

9 6.59 0.59 0.2 202 90 11053

10 6.21 0.56 0.2 202 90 10826

11 6.03 0.53 0.2 202 90 8229

12 5.09 0.50 0.2 202 90 6847
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Table 3 Heat gain of solar heat collection system and pERALA o

its time distribution
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Fig. 1 Schematic diagram of working principle of medium-

depth strata geothermal heating technology
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Table 5 Main thermophysical parameters of heat transfer
well using medium-depth strata geothermal
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Fig. 2 CFD simulation results of thermal influence radius of
heat transfer well using medium-depth strata geothermal on

rock soil layer
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Fig. 4 Distribution situation of ground rock temperature in
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Fig. 6 Schematic diagram of control logic of solar energy and
medium-depth strata geothermal multi energy
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Fig. 7 Schematic diagram of operation principle of multi

energy complementary heating system in operation mode 1
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Fig. 8 Schematic diagram of operation principle of multi
energy complementary heating system in operation mode 2
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Fig. 9 Schematic diagram of operation principle of multi

energy complementary heating system in operation mode 3
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Fig. 10 Schematic diagram of operation principle of multi

energy complementary heating system in operation mode 4
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Fig. 11 Schematic diagram of operation principle of multi

energy complementary heating system in operation mode 5
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Fig. 12 Schematic diagram of operation principle of multi

energy complementary heating system in operation mode 6

4 ZEEHEIMERRFHIEITIIX S 5547

R FIRF R, 72N RO P RS
HRZ A A AMIE RIS T H o 1 SIS I HE 1)
ZHe HAMER R G | BRI ZHE AR RS
(& 1 Othes #a ol ) A1 ERHRER RS
YL, eI E AR A 200 mm. R FE N 2500 m;
SR FH R 6 B 5 il XK B R AR 4, AR AT




55010 39 FR P4 KBHARE Sz Hva TR RE B MIE AR IR R AR 5T

¥ AR W o5

BN 202 m*(CASEEL U R, SRS 43
5K PHRER AR PRSI — A & it, TER T 124
PRAE(E 40T ). FEGEIVE IR b 223 3 Bt B3R,
O BITE LR TT S A AR 48 . K PH AR
ERRG I REAH oo s g g, KPH g
iR 2 A I RE B AME R R G TR E S5
Ry R g A man e 13 fros.

ZZ R HAMERRG G, 1ERBE ST
TR, LL2018 4E 2 A 3—5 HEdE A, K
REZET K BH REAE #4 R 40 A FA = A 45 R AR 6.
K14 iR

a. KBHBERHARIET]

d ZHRGRE

b. iR AR

c. K

13 KRS REHERSELIMIRRGNIE LR EEFRERE

Fig. 13 Project photos and control system interface of solar energy and medium-depth strata geothermal multi

energy complementary heating system

‘@)

N~



& N 1 K PFH A 2022 4

* 6 REFHAPABEEARGHFHAENXER
Table 6 Test results of heat gain of solar heat collection system in heating season
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e % Bl /kWh FEME AWh | R KWh | 38 KWh | 38 KWh
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2018-02-04 10:58 13987 17:58 14293 306 67 1.12
2018-02-05 10:58 14293 17:58 14612 319 69 1.15
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Fig. 14 Hourly heat gain of solar heat collection system from February 3 to February 5, 2018
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EXPLORATION AND RESEARCH ON MULTI ENERGY
COMPLEMENTARY HEATING TECHNOLOGY OF SOLAR ENERGY
AND MEDIUM-DEPTH STRATA GEOTHERMAL

Tian Binshou'?, Shao Jixin', Yang Haihong', Si Shuanglong', Lin Ruishan', Xia Bin'

(1. Gansu Building Materials Research & Design Institute Co., Ltd., Lanzhou 730020, China;
2. Key Laboratory of Green Building Technology of Gansu Province, Lanzhou 730020, China)

Abstract: The reserves of solar energy and geothermal energy are huge, and they are low-carbon and clean
energy with great development and application potential. The heating technology of medium-depth strata geothermal
takes heat without water, which is a low-grade geothermal energy resource that can be exploited and applied.
In this paper, by combining the solar heat collection system with the medium-depth strata geothermal heating
system, and using the solar energy resources in Lanzhou, a set of multi energy complementary heating system
using solar energy and medium-depth strata geothermal is designed and constructed with solar heat collection area
is 202 m’, a single heat transfer well of medium-depth strata geothermal with a diameter of 200 mm and a depth
of 2500 m. Under the condition of continuous heat extraction and rock temperature gradient of 30 C/km, the heat
supply situation of the heat transfer well and the temperature recovery situation of the ground rock are simulated.
Then, the control system of multi energy complementary heating system is optimized, and six operation modes
are proposed. Finally, the actual operation of the multi energy complementary heating system in heating season
is tested and analyzed. The results show that: 1) The theoretical annual heat gain of the solar heat collection
system is 133429 kWh, and its heat gain in the heating season accounts for 31.6% of the annual heat gain;
2) The heat influence radius of the heat transfer well using the medium-depth strata geothermal is about 8 m,
and the recovery period of the rock temperature after the heating season is about 120 days, which can realize the
continuous heating of the medium-depth strata geothermal; 3) In the heating season, the average daily heat gain
of the solar heat collection system in the multi energy complementary heating system is 307 kWh, which
can provide about 11% of the heat for the entire multi energy complementary heating system; 4) The multi
energy complementary heating system has six operation modes, which can be automatically controlled according
to the change of client heat load and sunshine conditions, flexibly allocate energy, and give full play to the
advantages of the two energy sources to achieve the purpose of the lowest heating cost.

Keywords: medium-depth strata geothermal; solar energy; multi energy complementation; solar heat

collection system; renewable energy; clean heating
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