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@) Solar energy technical Pathways in building
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Solar assisted vapor compression air-conditioner g/

Operation mode:
1.VC cooling
2.Absorption chiller cooling
3.Hybrid cooling
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Solar absorption & dehumidification HVAC system
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Solar combined air-source HP system application

Huairou in Hebei Province
»Heating area: 100nt

»Low-temperature air conditioner: 6P

Daxing in Hebei Province
»Heating area: 60nt

»Low-temperature air conditioner: 3P
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Tangshan, Hebel Province
Area:220 m?,

38 m? solar collector

5 P low-temperature air-conditioner
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PVT heat pump system

By combining PVT module with heat pump system,

cogeneration of building could be achieved;

high-efficiency heat and power

Comprehensive utilization efficiency of solar energy is improved greatly

PV system efficiency:14%

PV/T system:

PV efficiencyl18% + PT efficiency 60% = Comprehensive

PT system efficiency:50%

utilization 78%
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Tank volume

Compressor type WHPO1900BU [-]
| : vl V-HBAU
., (Recumntod Compressor power 460 W
— - B Refrigeration type R134a -]
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LA AT J t |
el ) | ; PVT number 2 [-]
Y / / /4 / /[ /R :
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E l Solar assisted PVT heat pump system l (Condcnscr)ii I 1 48m*0 68m
_______ : : >
PV area ~101 m
PV coefficient -0.53 %I/°C
Solar cell type Silicon [-]
e N PR PV per power 175 W
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PVT heat pump system application
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The traditional solar collector is difficult to work in rainy days;
Traditional solar heat pump has low cop and low energy
utilization.

Using PVT coupled with heat pump system and photovoltaic
power generation to supply compressor can greatly improve
cop to more than 10;

In rainy weather, the ambient air can be used as the heat
source, and the water temperature can also be heated above
50 °C.The heat pump cycle is used to cool the photovoltaic
panel, reduce the efficiency loss of the module at high
temperature, and prolong its service life.




ar building component
Roof, facade, balcony;
Distributed cogeneration




BIPV technologies

« Building material type: PV roof coil, glass PV curtain wall, etc;
- Component type: awning components, sunshade components, etc;

 Installation with roof & wall: installation on flat roof, sloping roof, etc

PV roof-Qingdao Railway Station Glass PV curtain wall-Weihai Lanxing Office Building
(A-si, 103 kW On-grid system ) (A-si, 161 kW On-grid system )




) BIPV case study
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Heat
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= Y. -.- ] R 0.675Q
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Winter heating
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Heat load

Collector

temperature
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> Higher than 70 °C , Combined with HPG, heating by HP; :
I'"» 35~70°C, heating by solar collector directly;
|\ » 10~35°C, Combined with LPG, heating by HP
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Solar combined air-duhumidification HP system g/

® Solar collector subsytem

@ Air cycle in system
Solar heat enhanced regeneration

C,—C:
: Saturated desiccant
Ugng\es?u ySt-erQ ® regeneration
‘ Heat pump ump EHothater from{ 40
+solar collector - C1 —C 5.
. subsystemf Condense heat for e/ I P _ .
; 262)K 280K 300K 32‘0K 34110K 3&0 W 18 | n Heat pump ! < Maximum regeneratlon
] ‘ . AN q =l cooling water ; o 30 % cap acity
) \\\ muist.ure release$ 195 :\“@ o
. Wi nio e bode N\ || Condensation ! C o) C2 C3 .
£ i - dehumidification ! 2. Juo® A
S| : > Start dehumidification process
e : 1155
8 i ° °
8 Um muistiire removas . g C—Cy:
2 O Maximum instantaneous
G ! : 245 Y :
e : 196 dehumidification capacity
‘ ‘ ‘ ‘ L, | ‘ 1, | n : i " i f (] L | L 1 L O
%%50" 200 250 300 350 400 45 500 0 10 20 30 40 50 60 70 80
Specific enthalpy (kJ/kg)

Temperature (C) yaeN—2un m
32



®) Solar combined air-duhumidification HP system g/

12 LCycle time: 20 mins | Moisture removal S | Air flow rate: 775 m/h L] Moisture removal ®
11 i —e— COP . 16 gl —si— COP - ] ) -
?g 10 b 10.05 —e— COP of conventional AC | g i - ?:4— cop c;f.(;:sonventlonal AC_ i ‘ EXpe rl ment Cond |t|0n
o I o/ :
< of 891 15 2 6.57 6.67
2 i 454 | ° %6 I 4.20 417 N EL’ 27.5°C ' 7/8.4%RH
2 8 7,63 /ié?/' o 397 = |,3
4l el e 145 68— = 1824g/ngA
2 ol [B4l___Fer— - e | (= .
20 |* Bal |B 5 : g C
S 5l 23;/ 53;/3.31 3.39 1387 3.26 3.30 3.32 3.28 321 |3 ‘ RGSU' t
: 3+ ] . Jege 5 0
“r . - Dehumidification capacity: 6.37~8.94
300 400 500 600 | 700 800 o0 1000 40 12 12 16 18 '_2'0 '_2'2 24 26 28 30 g/kgDA;
Air flowrate(m®/h) Cycle time(mins)
8 Cycle time: 20 mins 8 Air flow rate: 775 m*/h e System CO P . 340 ~454,
= | ] Moisture removal per kWh _ | [ Moisture removal per kWh .
E I Moisture removal per kWh of conventional AC § " [ Moisture removal per kWh of conventional AC ° Com pa red to CcO nvent|0na| tech nO|Ogy ,
D6t 8.03 5.80 <6l Gos .
g 20, & = o system COP improved by
s 473 ail s |
- [ 2 14.5%~29.3%;
= 84r . _— o (o .
g N T T b « Unit electricity dehumidification value:
= _ 67 - : ' 76 81 ? .79 72
AR s | 4.16~6.03 kg/kWh;
-‘22 2 « Unit electricity dehumidification capacity
= c - c
0 . . . . . , , , , is 1.89-2.09 times that of conventional
400 525 650 775 900 12 16 20 24 28

Air flowrate (m*/h) Cycle time (min) System MJT m
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Solar combined air-duhumidification HP system

e d

@ Effect of radiation intensity and collector

area on system dehumidification capacity
13
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Cycle time: 16 mins

Air flowrate: 6150m3/h

0'1'2'3'4'5'26'7'8
Solar collector area (m?)

Average moisture removal (g/kgDA)

@ Effect of radiation intensity and collector

area on system COP

6.0 >
—— 1000 W/m

900 W/m?

800 W/m?

5.5 f=—— 700 W/m?

— 600 W/m?
[ ——— 500 W/m?

45 |
30°C, 75%RH
Cycle time: 16 mins
Air flowrate; 650m°/h
4.0 N I T W [ T T

0 1 2 2 iV I 6 7
Solar collector area (m°)

€ The change of cop is similar to that of dehumidification, which increases with the increase of
solar radiation intensity and heat collecting area, but the increase range is smaller;
€ Under suitable heat collecting area and irradiation intensity, the dehumidification capacity of the

system can reach 10 ~ 12 g / kgda and COP can reach 5.0 ~ 5.7.
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N,

@) Conclusions

ar cooker is welcome in rural areas, as well as tourist spots;

®Solar heating and cooling is very helpful for energy saving in building
section;

®Solar PVT Is one of the highest way to harvest solar energy;

®BIPV Is important direction in solar energy utilization.
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