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Abstract

With the introduction of the goals of carbon peaking and carbon neutrality, research on photovol-
taic direct-drive air source heat pumps has been expanding. To investigate the feasibility of pho-
tovoltaic direct-drive air source heat pumps for simultaneous heating, cooling, and hot water pro-
vision, a new system with heaters having two different heat transfer media was built in a separate
building in Luquan District, Shijiazhuang City. The real-time energy consumption of the system
was recorded. Simulate the annual cooling and heating loads of this building using DeST software;
describe the operation mode and performance evaluation method of the new system; compare the
energy consumption with other heating and cooling methods. The study concludes that the system
reduces operating costs by 79.66% compared to electric heating. The new system reduces annual
operating energy consumption by 15.45% compared to ordinary air source heat pumps and pho-
tovoltaic direct-drive air source heat pumps, and reduces grid consumption by 57.77% and
26.79%, respectively. The feasibility of the new system is evident with a significant energy-saving
impact and noticeable economic benefits. The new system effectively prevents outdoor circulating
pipelines from freezing due to low temperatures thereby increasing efficiency.
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Figure 1. Architectural floor plan
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Figure 2. The building’s cooling and heating loads are computed hour by hour
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Table 1. The envelope and thermal parameters of the building
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Table 2. Building energy supply setup parameters
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Figure 3. The main components of the system
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Figure 4. Physical diagram of the system
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Table 3. Device parameter table for the system

*3 RGRESHE

& S g #ri&(m)
e R 220V
KBARE AR B IR SIRAR e A 50 Hz 6900
A 4000 W
e & 150 L
fEHIKAR TR R R E B HE/I42 mm 2300
e 0.70 MPa
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Figure 5. Temperature test results
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Figure 6. The power consumption of the system during heating
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Figure 7. The power consumption of the system during the experiment
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Table 4. Hebei province electricity price ladder charging standard
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B 0.82 0.85 0.60
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Table 5. Parameters of three air source heat pump energy supply systems

F5 ZHERFEARBERENSH
NUSRN . ey RR BT SIEREN
S YEERERE AR BERESFERE A RIBRALES
il PR 4500 W 4500 W 4000 W
AL
LYY 1000 W 1000 W 1100 W
=L K ARG 650 m/h 650 m/h 650 m*/h
- AR KL — — 650 m¥/h
FeARAR FA% 1 — LG450 LG450
fEHK A W 120 L 120 L 150 L

=R RGN HARESAERE . FIATIREFENLZE 6 AIE 8 iR, STELRE. REIEAT A s S IEHEE
SMFEH RN 2509.69 KWh; YR B IR S SR AZE S RERE S I8 S IR AIE RGAH ], i HIEFE RN 1447.61
kKWh; XU R G EHLRERERS = T HAL RS, MACEREFE R E T HAL RS . BN RERNL RS, F
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Figure 8. System energy consumption of three types of air source heat pumps
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Table 6. System energy consumption of three types of air source heat pumps (Unit: kwh)

F 6. ZMESIRARMEERGREFE(RAL: kWh)
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RREFE A RGEFRR T 15.45%
Table 7. Economic benefits of three cooling and heating methods (Unit: yuan)
T ZHEDS . HESROHES(RALL: TT)
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4.4. EF1ESHR

N BRI 1 AT PR B RS SR I U IR AL YA BR R HIGGPE, R AT =R AT
XFECTT 5o FTIE FH )50 2 SR AR R 4% 22 35 AR 9790 T, AR B IR S SR AT 1R 5 I 22 35 AR N
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