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ABSTRACT Photovoltaic/thermal (PVT) systems simultaneously generate electricity using photovoltaic (PV) modules and recover
thermal energy for applications like space heating and domestic hot water. Air-based PVT systems that use air as the heat transfer
medium offer easier integration into building systems than the liquid-based alternatives. When coupled with an air-source heat pump,
the thermal energy harvested by the air-based PVT collector serves as an auxiliary heat source for the heat pump. This integration is
particularly beneficial during the heating season, when the performance of air-source heat pumps typically declines because of low
outdoor air temperatures. The combined system can reduce electricity consumption and enhance the thermal efficiency by preheating
the air supplied to the heat pump. In this study, a demonstration experiment was conducted to evaluate the performance of a heat pump
system that utilizes thermal energy from an air-based PVT system. It was experimentally analyzed the thermal and electrical
performance of the PVT system and the overall energy performance of the heat pump system.
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Nomenclature C, :specific heat, J/kg'K
. Qo 2
n, : thermal efficiency, % G : global solar radiation, W/m
. . I : i
n, - electrical efficiency, % wp : maximum current, A
T, :intlet temperature, °C

m : flow rate, m’/h

A

put *

. o
- area of PVT collector, m” T, - outlet temperature, °C

V,,, : maximum voltage, V
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Fig. 1. Air—based PVT collector
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Fig. 2. Schematics of air—base PVT system

Table 1. Specification of PV module

Parameter Value
Cell type Mono—cggtca;ﬁge silicon
Module size 1860 x 1066 X 6 mm
Module efficiency 16.05%
Maximum power (P, ) 318.16 W
Maximum voltage (V,,,) 36.97V
Maximum current (Z,,) 8.61 A
Open voltage (V,,) 44,66 V
Short current (Z,,) 9.06 A
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Fig. 5. Air source heat pump system

Table 2. Instrument and sensor specification

Type Specification
Model: Thermopile
Solar Operating temperature: —40°C to 80°C
radiation Measurement range: 0 to 2000 W/ m?
(Pyranometer) | Non—linearity: +2%
Direction response: { £20 W/m?
Model: Vortex flow sensor (VVX20)
Operating temperature: —20°C to 70°C
Flow rate Measurement range: 5 to 80 L/min

(Flow meter) Accuracy: £2% of range
Repeatability: £1% at —20 to 5°C

+0.5% at 5 to 70°C

Air
temperature Model: Humidity Transmitter HF' 5
and relative Operating temperature: —40°C to 60°C
humidity Measurement range: —50°C to 100°C
(Humidity and 0% RH to 100% RH
temperature Accuracy. +£0.1 K at 23°C/+£0.8% RH
transmitter)
Model: Omega T type thermocouple
PV surface Operating temperature: —60°C to 100°C
temperature . o o
Measurement range: —250°C to +350°C
(Thermocouple)

Accuracy: +0.5%
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Fig. 6. Thermal and electrical performance of Air—based PVT
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