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Abstract

Closely focusing on the utilization of Photovoltaic-Solar Assisted Heat Pum in Tibetan residential
houses of Northwest Sichuan, this paper takes a two-storey residential building with typical Tibe-
tan style in Northwest Sichuan as a model. Based on meteorological data, this paper simulates the
power consumption of Photovoltaic-Solar Assisted Heat Pum during a heating period. The energy,
economic and environmental benefits during the twenty-year life cycle show that the residential
buildings in Northwest Sichuan can effectively meet the heating needs of single-family residential
buildings by installing photovoltaic arrays on their roofs, transforming the abundant solar energy
resources into electric energy, and driving the operation of air-source heat pumps; the roof pho-
tovoltaic arrays can be produced annually. In addition to satisfying household self-use, electricity
can also be used to generate income from the surplus electricity, thus recovering the cost within
five years, and the net income can reach more than three times the cost. In northwest Sichuan,
residential buildings use roof photovoltaic arrays to generate electricity; each household produc-
es electricity every year, which can save more than 4 tons of standard coal for power generation
and effectively reduce the cost. Pollutant emissions have significant environmental benefits.
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Figure 1. PV heat pump heating system
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Figure 2. The residential model of the Tibetan area in the
northwest of Sichuan
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Figure 3. Hourly heat load during residential heating period
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PEEAEAIE TOUT, BRI R P il SN DI 2R LA, 8 XONTEH I RE 5% COP (coefficient of
performance, W/W), S4B L€ 1 #IZIE 1T INRERE . X T H 28 K R IIE R4, she HIZ4TH 1) COP
EMRER R, RINFAERE . MR SCER[4]H IEREE R, RS HIX, BE = SNSRI I B,
AR TIRAIEN) COP EHMMETAUEE, HaWsh T, Wik 1 s,

Table 1. Measured values of COP at different outdoor temperatures
#* 1 TEZESNEE TH) COP LA

FIMRE(C) COP & FEIMRE(C) COP fii
1.34 1.92 —6.50 1.88
—2.77 1.92 —8.06 2.73
—2.99 2,61 -8.17 2.58
—3.43 3.04 —-8.19 1.57
—3.67 2.84 -10.43 1.76
-3.73 2.30 -10.57 2.06
-3.97 2.98 -12.85 1.44
-4.91 2.30 —13.65 1.40
—6.38 2.00

PLEAMNEEE N E A5, DL COPE NINAR &, XfUA b HRSEAT — o mIH 8T, RIS RS
et 4, XRIRIEIATFEN:
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Figure 4. Temperature-COP linear fit line
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Table 2. Monthly heat load and heat pump power consumption statistics during residential heating period
2. REMEHAZAARGFGRAREEESI

RV 10 H 11 H 12 A 1H
H ¥ RALRE(C) 0.00 -6.00 -11.00 -12.00
AT (KWh) 1403 1015.9 2018.5 2714.7
COP ff&fH 2.64 222 1.88 1.81
KM H #E L i iR R {H (kW) 53 458 1074 1500
VEED 2 A 3 A 4 A
H AL <IR(C) -10.00 -6.00 -1.00
AT (KWh) 2083.7 1327.9 2221
COP i1 1.95 2.22 2.57
KM H #E HL i IR KA (kWh) 1069 598 86
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FH 75y 20 4F.
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Figure 5. Sun track of Daocheng County, Ganzi Prefecture (the horizontal axis is the azimuth
angle and the vertical axis is the height angle)
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RO, T BIET S B 3D JeORBESIA B ALk, HeAmA RIS . BT

(ol p e IR R R, RTREATIOAR SR . DRI AOE R . BRAF RO BHe 12 A B A R R H RS AR
vl T AT PR RO BT SN PRI A TH A, R HEAT I H T S AR L.

DOI: 10.12677/aepe.2019.75009 80 WS abeid


https://doi.org/10.12677/aepe.2019.75009

AT, BT

LA, A IRFES IR ) 35 I3 R e 3

Table 3. Simulation statistics of photovoltaic array photoelectric conversion
efficiency loss

%= 3. ARG T AR IR R IRARAR U S vt

LRI BB R E 4 HL (%)
I 5 845 -9.9
ot -2.26
SR AR 5 45 -2
it B F 5L -3.39
W -2
JER/TGER -0.62
AU HLA -0.57
AR g -4.22
KL GBI -2

HH Archelios Prog #ff, 1AL MRBURBILIERDCIR RGOSRy 14.5%, iRz
REEWE 4. SIS EAER Ry 13,615 kWh. KZ A Ja R i 558 2 o 1 RIE A #e & i K E
XHLE, FIAS S BRI PR S IRPRIE R . BL BT EE W 4. WIHESRE, 1 Ao ie ik A
BETE AT AR ARMIR T2, AL T KEEFB M ANTE . JeRAERERIIH (R i) & LB Dy 4638 kWh.

Table 4. PV system power generation and battery discharge statistics

® 4 RRRGLBERERBHEES T

VEE N 10 A 11 H 124 1A
Fe Ak & HL & (kwh) 1145 1268 1247 1301
HAL X R 78 HL (KW h) 0 0 0 200
At 2A 3A 4 A
ek & B (KWh) 1190.73 1161.91 1048.15
HL X R 78 HLE (KWh) 0 0 0
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Xtz BB AR Ha AR e 4B 2 A TN B0 BL R 30 5 2% A«

1) ABAUI H T R i, 2T B 2009 35,000 T Al )1 H AL e S X 32 e 223 9
%375 7000 Jt. DIBEA RS EAL) 42,000 To. RGEFLEE Y ENEAR 1%, HEEKHE =,
BEA (R 4ES e 4 3%I) M B 1Y .

2) FEARIR A FEAARAEARKE A, SRR, FEFICREFE L, BRFER R
—AEFERIEEIRIEEN 0.05%. JuRAD I EAE, R R SR BLIRAN H R AR RTIR T, REME
gara. HT, PG AEH X — P KR AR H AT R 20 800 kWh. HIEZ5T A JE, B SRR 1
i FH i DL B9l B2 i

3) MDY M AR, 2019 4RFE, DUk S — 3R Jm RO b IR 2k (35~110 KV)
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HOGARA AN FRHE RS 0.18 JC/kWh o 5T JREDRHEAR A HL AU Aot COKHR R B, FEBAIASR AR
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4) RAMEHERE = Stk HRE - fERFEaE - HFEHRE (6)
5) WARB M2 He = (F bR E E+ 0 A E) x R & B @)
6) SLRIFUN = JefRATA M + JGRAMEERE x JBR EMEG — e ftmg i &
x MR RN - 4RI ®)
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Table 5. Residential photovoltaic power generation capacity and power generation revenue over the years

#5 REAABREMELEERLBHA

Fly AR iigzé AR MEGRE RN BEFR SRkl
kwWh kWh TG kWh TG TG JG
1 13,615 5438 2921 8177 5662 420 8061
2 13,558 5478 2941 8080 5801 433 8208
3 13,500 5520 2963 7980 5944 446 8360
4 13,442 5564 2985 7878 6091 459 8516
5 13,385 5610 3009 7774 6241 473 8676
6 13,327 5659 3034 7668 6395 487 8840
7 13,269 5710 3060 7559 6551 502 9008
8 13,212 5764 3088 7448 6711 517 9180
9 13,154 5820 3116 7334 6872 532 9355
10 13,095 5879 3147 7216 7035 548 9531
11 13,037 5941 3178 7096 7200 564 9712
12 12,980 6006 3212 6973 7367 581 9895
13 12,921 6075 3247 6846 7532 599 10,078
14 12,863 6147 3284 6716 7698 617 10,263
15 12,805 6222 3322 6583 7864 635 10,449
16 12,748 6301 3363 6446 8027 654 10,634
17 12,688 6384 3406 6304 8186 674 10,816
18 12,631 6472 3450 6159 8342 694 10,996
19 12,572 6563 3497 6008 8491 715 11,171
20 12,514 6660 3547 5854 8634 736 11,342

7. AR RGOz T

BB B (1 Ay A SR TR DR K AR oo, B F B I FEIE B 200 320 g BndERYKWh .
AR F 27 A KB ) COpv SO NOK AN R SET5 S . REIAGE — MR HEXR B HE U5 58, s Arys
QIR X B IA BT RAS U4 6 Bis[6]. AR BHBESE IR Ll AT DAGE S IX S8 75 Qe 7 . iR 4%
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BOR FEEOA 13,615 KWh, AT LA bRAESE 4355 kg, $2 R AR 240 0.7143 115, 1948 R 6098 kg;
XoF 5 B G R AR R LR 6. BEEREWREEIR R R, AR R IR A ST N )
s, MR RG DS RCR SR FETEN,  RIZ AR AE 55— A Ok S AR B0 o & 4R A
VS PNER

Table 6. Residential PV model emission reductions and environmental benefits
= 6. RIEBARERFHEMTRINE

CO, SO, NO, T
P AR B HE R B (kglkgee) 1.731 0.022 0.01 0.017
B HE OISR AR (V6 k) 0.023 6 8 2.2
Je ARG AR R HE & (kg) 7540 96 43 75
etk A R IR R 2 (T 173 579 346 165
FRORIMF I &1 (T) 1263 It
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