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Study on a Parameter Matching Method for a Seasonal
Borehole Thermal Energy Storage Heating System Based on
Waste Heat from Circulating Cooling Water
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Abstract: Combining waste heat from circulating cooling water with the seasonal borehole
thermal energy storage technology can provide an alternative pathway for clean heating in
northern China. Aiming at the difficulty in rapidly determining the borehole number and heat
pump capacity during the preliminary design stage of such systems, this paper proposes a
key parameter matching method based on dynamic simulation and objective optimization.
Taking residential buildings in Shenyang as the research object, a system simulation model is
established considering local meteorological conditions and characteristics of waste heat.
With the annual cost and system coefficient of performance (COP) as optimization objectives,
the borehole number and heat pump capacity are selected as key variables. Optimizations of
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45 combined working conditions with different heating areas and waste heat levels are carried
out. Nonlinear second-order polynomial fitting is adopted to obtain empirical formulas for the
relationships among borehole number, heat pump capacity, heating area and source-load
ratio. The results show that the relative error between the predicted values of the formulas and
the simulation optimization values is generally less than 5%. Taking a heating scale of 350000
m® as an example, compared with the conventional selection scheme, the optimized scheme
reduces the initial investment, operating cost and annual cost by 21.21%, 10.87% and
14.12%, respectively. The system power consumption and CO, emission decrease by
approximately 10.71%, while the system COP increases by 12.00%. Under the
meteorological, geological, borehole structure, equipment model and economic parameters
set in this paper, the proposed method can provide references for the rapid type selection of
heating systems adopting circulating cooling water waste heat and seasonal borehole thermal
energy storage.

Keywords: waste heat from circulating cooling water; seasonal thermal energy storage;

parameter matching; dynamic simulation; multi-objective optimization
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Fig. 1 Temperature variation of waste heat in non-
heating season
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Fig. 3 Modeling diagram of waste heat-borehole
seasonal thermal energy storage system
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Table 1 Input parameters of thermal storage model
ZH Kl LA
TSR 1.8 W/(m-K)
TR 2050 kJ/(m*K)
keI 8.6 C
HlifL AT 0.06 m
TR U
UiEshpie 0.016 m
UBEN¥AE 0.013 m
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Table 2 Definition of optimization variables

Ao 15 LA |

L N, R HHRE R R A LB AL

WEAE Q, kw PIREHLAHAE IR E

N REIEERE T w, FERGRA R E
F P AT SR8k KRG RER KR R B, RIEA
SCH AR AR KR R A M R A Y TR AR
DNIBATAIA,  BESR ARG ) FH P 0 ) AR A B A T 22
BUR I BT, P KGR AR T 38°C, Hh
A TR EAME T 4°C. Hirp, 38CAHI4CHr 5
SRR SCARE T8 19 P 0 S A 70 3 P R A H 1
fEfEhlE, RS T A R R GRS — TG IR
B, BAELRFMAEEN NERIFR.

*®3 YRFMHE

Table 3 Constraints

] R WA S

BER R Qupoult) > Qlogg(® L T

AR L Ty (f) > 36°C BRE P 0 K B 2 B Bk
M 11 IR 23R Toeoul) > 4°C S G A I P

2.2 fitkBrR
221 4G ER
AL AT bR g H 2 A E iz oA H
b, aldE AR
.
7= (i|i11)n|z 1 L
X ZAAEM, B RGFYEE TR
B, o AT IR BERI R, PhBH T E
6%;: n ARG FE G, SHEMHCHIEH TREE
PG, ARGATH A M 20 9 LN ARG S
%, J6; CHNRAGFEEBITHM, TT.
Lo = Cue * Cup * Cute * Cpaine * Coonio (3)
X C..=N,xH,xc,, NEFFLVIKE, JT;
Cip=PpXCror AMIEHIH T, T0: Cue=AueXCue
NHARBRVILTE, T0; Cune NE B ARG HE T,
TG Coomu NIEHIRGEHR TR, 70 Cpemet Coonra
AR BT , — OB B 10%~20% -
R & ST SHRE BRI IR 4 iR,
222 HARMHR
KRILCH AR EIR S e A AL H

+C (2)

bore

k4 BEEZFSHRE
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Table 5 Comparison between predicted values and simulation results

A (im® R, BOMEN, BN,  AEHRER (%) BHMEQ, kW) B Q, KW  AHEER (%)
18 1.61 2200 2148 2.36 9488 9058 4.53
18 1.9 2156 2077 3.66 9075 8737 3.72
18 2.34 2133 2037 4.5 8580 8246 3.89
28 1.58 3131 3190 1.88 14160 13558 4.25
28 1.87 3123 3100 0.74 13440 12972 3.48
28 2.36 2974 3030 1.88 12480 11982 3.99
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Table 6 Comparison between predicted values and simulation results for 450,000 m? condition

A (Fmb R, BOMEN, BN,  AERER (%) BEMEQ, kW) B Q, (KW  HHEER (%)
45 1.61 4598 4406 417 20400 19484 4.49
45 1.9 4437 4316 2.72 19720 18627 5.54
45 2.34 4336 4224 2.59 18020 17228 4.39
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Fig. 12 Radar chart of comprehensive benefit
evaluation for a 350,000 m? Operating Condition
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