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Abstract To address the problems of inconsistent energy efficiency evaluation indicators between air source heat pumps and storage -
type electric water heaters in China, this study proposes a unified energy efficiency evaluation method based on 24-h dynamic water usage
tests. Based on an analysis of the hot-water usage habits of Chinese residents, a typical water usage pattern was established that included
water usage time distribution, temperature demand, and flow characteristics. A unified evaluation index based on primary energy
utilization efficiency was also designed. Experimental verification shows that the primary energy efficiency of heat pump water heaters

(67. 7%-99. 2%) is significantly higher than that of storage electric water heaters (31. 5%-36. 4%).
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Fig.1 Distribution of 24-hour hot water usage in
Chinese households
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Tab.5 Unified test water usage mode for water heater
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Tab.6 Parameters of water heater test prototype
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24 150 1 4.22 24 60 1 0.6 80
34 150 1 4.25 34 60 1 0.6 85
44 200 1 4.20 44 80 1 0.6 70
54 150 2 4.06 54 80 1 0.6 80
6 150 2 4.10 6 60 2 0.7 75
T4 200 2 4.07 T4 60 2 0.7 80
8# 200 3 3.80 8# 80 2 0.7 80
94 200 3 3.94 94 80 2 0.7 80
104 200 3 3.87 10# 80 2 0.7 80
114 200 3 3.80 114 60 3 0.8 70
12# 200 3 3.80 124 80 3 0.8 70
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Fig.3 Energy efficiency verification process for heat pump
water heater and storage electric water heater
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Tab.7 Test results of prototype of heat pump water heater
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1# 80 — 0.104 PR 4 B Be o2 o v 71 M 3.55 —
21 150 1 0.058 2.509 6.832 14.24 125 L 422 99.2
3# 150 1 0.064 2.684 6.848 14.27 123 L 425 927
44 200 1 0.122 3.95 8.751 16.37 208 XL 4.20 80.4
5# 150 2 0.073 3.123 6.849 14.37 148 L 4.06 79.9
6# 150 2 0.106 3.195 6.848 15.64 159 XL 4.10 76.6
T# 200 2 0.091 RIKBERAS 4 5 BG4 2 209 XL 4.07 —
8# 200 3 0.079 3.664 8.752 15.12 203 XL 3.80 88.1
o# 200 3 0.096 3.947 8.746 14.98 208 XL 3.94 80.9
10# 200 3 0.106 4.764 8.753 15.28 206 XL 3.87 67.7
11# 200 3 0.079 JHAKBECER 4 B B o 45 o) 212 XL 3.80 —
12# 200 3 0.073 PSR 4 By BEIGIA S, R 223 XXL 3.80 —
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Tab.8 Test results of prototype of storage type electric water heater

FHAKAE L

BB ARV g OORE yg RO —UCER
KW e 0, /(kWeh) /(KW h)  HUKEHK /M Fg o FIHBERI%
14 60 I 0.137 5.051 4.965 13.05 98.8 M 34.9
24 60 1 0.161 5.033 4.950 13.05 97.4 M 343
34 60 1 0.158 5.071 4.951 13.07 99.0 M 342
4t 80 1 0.114 7.065 6.933 13.10 148.5 L 36.4
St 80 1 0.219 7.136 6.861 13.11 1425 L 325
o# 60 2 0.204 5.041 4.955 13.06 87.0 M 332
74 60 2 0.218 5.139 5.004 13.03 83.3 M 326
84 80 2 0.137 7.103 6.896 13.10 140.7 L 35.6
o# 80 2 0.243 7.158 6.871 13.13 141.4 L 332
10# 80 2 0.330 7.135 6.911 13.12 139.2 L 320
11# 60 3 0.161 5.081 4.962 13.05 94.6 M 34.1
124 80 3 0.289 7.399 6.869 13.10 130.8 L 315
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Fig.4 Comparison of energy efficiency between heat pump water heater and storage electric water heater
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Fig.5 Comparison of heating capacity between heat pump

water heater and storage electric water heater
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Fig.6 Comparison of standby power between heat pump

water heater and storage electric water heater
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Tab.9 Comparison of standby power, water usage mode power consumption, performance coefficient,

and energy efficiency of heat pump water heaters

ZBUL FENLI S5 % FFHLIIA W FHAK A L 4/ (KW - h) PERE R AL — R BEWFI IR 1%
FEHL2#(12%) 0.058 2.509 4.22 99.20
= FEBL3#(14%) 0.064 2.684 4.25 92.70
FEHLS#(290) 0.073 3.123 4.06 79.90
B0 FEBL 6#(24%0) 0.106 3.195 4.10 76.60
200 FEBL4#(15%0) 0.122 3.950 4.20 80.40
FEML 8#(3 %) 0.079 3.664 3.80 88.10
200 FENLO#(390) 0.096 3.947 3.94 80.90
FEHL10#(35%) 0.106 4.764 3.87 67.70

FH 22 10 AT, X 7K RO ER 77 i, 4480 S#EEEIL
Fi BRIRAT BEAPRMER K 1 SRBERL, LA AU [R] (80 L)
B IR HEP , 22 B . SR ERE AL %
b SHEEDLIE: 440 T 2 47 , S KB S RE B Bt
T 4, RBUEE 5 W) 5 B0 BEAIK 5 X 8# R 10#FE AL, 35K
80 L.fE &L 2 2Ly ™ i, {H m 43 51l 2y 35. 60% Fil
32.00%. Tk B, 104 FF LT R 8419 2. 4 F%, HL
FAAKRE N REHE B 1O#HLIE 2 T 8%, X B2 T1F
PLID 5 7o 5 35 o FRA 5 X 6 740 1 1#RERIL, BERL S5
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LI R T 11, T# KA I R T 114
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1M 6# R LI By T i A AL R R EOH p 8 11425
AL K L POK AR R LI AR n B0
PER A TR BERL A5 ™ il A P KRR 30T FE HL i 22 5
BE/INIRE R o 52 AL/ AELCE 3 A AL DI 25 A4 52 i )
SIIRXT  BIRENR o AT WL, AS0E i BT A RES AR %
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PN IR SR 25 T AL R A AR BT fiE
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Tab.10 Comparison of standby power, water usage mode power consumption, and primary energy utilization

ARUL LERIIWE = REFLIIR AW JHARE R L 4/ (kW - h) — AU IR %
REHL4#(14]) 0.114 7.065 36.40
v FEPLS#(14%) 0.219 7.136 32.50
FEHL8#(2%%) 0.137 7.103 35.60
" FEHL 10#(24%) 0.330 7.135 32.00
FEHL6#(29%) 0.204 5.041 33.20
60 FEHLT#(24%0) 0.218 5.139 32.60
BEHL11#(3%%) 0.161 5.081 34.10
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Fig.7 Water mode test for heat pump water heater
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