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1. Introduction 

Recently, the government is inducing voluntary participation in 
energy saving to deal with skyrocketing energy demand in 
buildings. Especially, the energy related policies centered on 
supply mainly are changed into policies centered on demands such 
as making submission of energy saving plan mandatory in 
buildings larger than 500㎡ in total size or raising electric fee. Due 
to this, interests on new and renewable energy is expected to 
increase and the market for them is as well expected to grow 
continuously. Photovoltaic market shows decrease in the price of 
ESS and photovoltaic module as Energy Storage System, ESS, and 
new, renewable energy industry grows and is predicted to steadily 
grow with market increase of 14.9% on yearly average from 2013 
to 2016. [1]+ 

Photovoltaic/thermal system is one of technologies that 
efficiently use photovoltaic energy and a form that photovoltaic 
module and thermal collection system are combined, being a 
system that prevents efficiency reduction because of rise in 
temperature of modules caused by summer insolation by 
circulating thermal medium such as liquid, air and uses the heat 
through measurement and retrieval. Design methods using 
quantitative data are still not enough since the study of liquid PVT 
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system still stays in experimental study stage although air PVT 
system that use air as a thermal medium through pilot studies until 
now is at utilization stage in its study level through various 
interpretation and experimental studies[2]. Study for PVT system 
has been done for 40 years and the contents are as follows. In 1978, 
Kren and Russeell presented hybrid system that combined flat 
photovoltaic collecting collector and photovoltaic module[3], and 
study on PVT system has been accelerated as interest on new and 
renewable energy increases all over the world in 1990s. Y. 
Tripanagnostopoulos at al. conducted study to increase total energy 
production of PVT system and reported the result that electric 
performance decreases although thermal performance increases 
upon usage of glass cover[4]. Zandag H.A at al. presented 
alternatives for module production of high performance by 
measuring performance change through various designs of PVT 
modules showing the highest thermal performance which is 39% in 
Insulate type among many types of modules presented and 
obtained the result that electric performance is the highest with 
7.6% at sheet-and-tube[5]. In domestic researches, Uh, Seung-Hui 
and others analyzed and compared photovoltaic energy collector 
and PV module regarding performance of Glazed and Unglazed 
PVT system then confirmed performance change by change in 
entrance temperature of modules[6]. Jung, Sun-Ok and others 
evaluated heating performance of BIPVT system which is building 
all-in-one air PVT by considering applying it to roof and outer 
walls through experiment[7]. 
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A B S T R A C T K E Y W O R D

Purpose: Recently, renewable energy system has been widely used to reduce the energy consumption and CO2 
emission of building. A photovoltaic/thermal(PVT) system is a kind of efficient energy uses, which is combined with 
photovoltaic module and solar thermal collector. PVT system removes heat from PV module by through thermal fluid 
to raise the performance efficiency of the PV system. However, though PVT system has the merit of the improved 
efficiency in theoretical approach, there have been few performance analysis for PVT system using the dynamic energy 
simulation.  In this study, in order to establish the optimum design method of this system, simulation was conducted by 
using individual system modules. Method: For the dynamic simulation, TRNSYS17 was used and local weather data 
was utilized. Furthermore, the system performance in various installation condition was calculated by case studies. 
Result: As a result, the amount of electric generation and heat production in each case was found by the simulation. The 
gap of system performance was also evident according to the installation condition. 
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Most of studies on PVT system in pilot studies are experimental 
studies to develop specifications of system proper for installment 
condition and climate features of installment area and 
interpretative studies for optimum design are rare. Thus this 
research confirmed system performance by operation methods of 
circulation pump of PVT module by using TRNSYS17 which is 
simulation for active interpretation with the objective of Geo-PVT 
system development, a hybrid system that PVT system and 
geothermal system are combined and measured performance under 
the conditions where a certain amount of convention heat loss is 
constantly happening to establish design factors. Also, it confirmed 
system performance change by installment angle of PVT module 
by regions. 

2. Target system summary

PVT system is a form that Photovoltaic (PV) module and Solar 
collector (SC) are combined and can produce electric and thermal 
energy at the same time. It can reduce installment area compared to 
installing each system since it produces electricity and heat at the 
same time possessing higher energy amount produced by unit area 
than individual system. PVT module can be classified into air PVT 
and liquid PVT depending on thermal mediums of circulation and 
modules are classified into Glazed PVT and Unglazed PVT 
depending on the presence of glass cover at front of modules. 
Glazed PVT is a form that glass covers are additionally installed 
with a certain space in front of PV module with features of low 
electric performance because of increased temperature of modules 
despite high heat amount produced through heat loss reduction at 
module surface and Unglazed PVT is a form that has an ease in 
cooling of module by convection since its surface meets air having 
features of high electric performance despite low thermal 
performance due to heat loss[8].

The kind of PVT system used in this system is liquid type 
Unglazed PVT referring to the system that uses liquid like water or 

antifreeze as heat mediums. Liquid type Unglazed PVT has a risk 
of leak or freeze but occupies only little space compared to air type 
system and it is easy to combine with other heat source system as 
well as the fact that it can al so be used for protection against heat 
by radiation of summer night aside from producing heat in daily 
times. Fig. 1 shows structure of PVT modules. 

PVT system that uses solar energy, on the other side, has 
insolation entered changed depending on the angle and installment 
location of modules thus its performance can be changed easily. 
Maximum output of PVT modules possess power amount of 0.5% 
when temperature of module changes by 1℃ being affected by 
insolation and surface temperature of solar battery under operation 
conditions and can be obtained through following equation[9]. 


  

  (1)

 (t) : Maximum output under operating conditions (kW/㎡)

 : rated output(temperature 25[℃], intensity of solar radiation 

1[kw/㎡])
 : intensity of solar radiation under operating conditions (℃)
  : surface temperature of solar batter under operating 

conditions (℃)

Decrease in generation amount due to increase in surface 
temperature can be decreased through heat gain of thermal 
exchanges and calory gain of Unglazed PVT can be obtained 
through following equation. Heat amount generated of PVT system 
is determined by values of calories absorbed of absorber plate of 
modules (G·α), performance coefficient in heat removal FR, heat 
loss UL and heat removal performance ( ) is affected by specific 

heat and flow, diameter of pipe and interval and heat loss ( ) can 

be obtained by adding heat loss rate at front(), back( ), wall

()all together[10].

 ｉ   (2)

 


 (3)

 

ṁ 
ṁ 

′  (4)

 ′
 














(5)

 : Calories obtained from heat exchanger
  : heat gain area of PVT modules (㎡)
 : Performance coefficient in heat removal of PVT modules

 : insolation (W/㎡)
α : Heat absorption rate
  : heat loss rate (W/㎡℃)

Fig. 1.Concept of Unglazed water PVT module
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  : entrance temperature of PVT modules

  : air temperature (℃)

ṁ : flow of circulation water (kg/s)
  : specific heat of circulation water (kj/kg℃)

  : heat exchange performance between pipe and heat medium

3. Interpretation summary

3.1. Simulation summary

This research did its simulation using TRNSYS 17 which is 
active interpretation program and simulation model is shown in 
Fig. 2. The system is composed of PVT module and heat storage 
tank, circulation pump. PVT module is installed at 45° angle to the 
south being unglazed type PVT without glass covers and the size of 
it is 1.644m in length, 0.992m in width, electric performance of 
photovoltaic module is set as 15.33%. Absorber plate inside the 
collector is supposed to be of aluminum (heat transfer 
rate238W/mK) with 3mm in thickness. Heat storage tank is set as 
300L, the capacity generally used in the household. Control of 
circulation pump is set so that pump stops when circulation water is 
below 2℃ and works when the temperature of PVT module of 
circulation water and entrance temperature of heat storage tank 
differs more than 5℃ in temperature difference control method. 
Flow of circulation water is 120kg/h(0.02kg/㎡s), standard of 
performance test of photovoltaic collector referring to KS B ISO 
9806-1 and Table 1 shows setting condition of PVT system. 

 Heat stored in heat storage tank supposed heater load on daily 

average as 210kg/d and set to use according to the pattern of daily 
heater load shown in the figure[11], and supplied water of 15℃ for 
amount of hot water used. Data of Seoul was used as climate 
conditions for simulation. 

3.2. Simulation conditions

 Case Study of simulation conducted simulation dividing 
objective into 4, to establish operation methods and design factors 
of PVT system, to confirm system performance by conditions for 
link with other system and the contents are as follows. 

Case1 compared daily energy generation amount by setting halt 
temperature of circulation temperature in different temperature 
control as 2℃ and changing the operation temperature to 5℃, 10℃, 
15℃ while Case2 compared daily energy generation amount to 
flow of circulation water through changes. Simulation was done by 
selecting 120kg/h which is the standard of performance test for 
photovoltaic energy collector as Base Case for flow and adjusting 
the conditions to 90kg/h, 200kg/h, 300kg/h. Case3 confirmed 
changes in generation amount of electricity and heat under the 
conditions that convection heat loss occurs continuously through 
changes of transfer coefficient of convection at front PVT modules. 
Coefficient of convection heat transfer was set to 5.8W/㎡K, 
17.4W/㎡K, 29.7W/㎡K under the supposition that breeze, wind at 
3m/s, 5m/s continuously blows at front of module each. Case4 

Fig. 3. Daily hot water supply patterns

Component Description Value

PVT collector

Collector length 1.644 m
Collector width 0.992 m

Absorber plate thickness 0.003 m
Thermal conductivity of the absorber 238 W/mK

Number of tubes 50
Tube diameter 7mm

PV efficiency at reference condition 15.33%

Storage tank
Tank volume 300L

Set Temperature 60℃
Pump flow rate 120 kg/h

Table. 1. Design parameters in TRNSYS 17 

Fig. 2.Simulation model of PVT system

Fig. 4. Amount of solar radiation
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compared amount of energy generated by angle from Ulsan, Seoul, 
Kangrng, Mokpo to check the changes in amount of thermal and 
electric energy generated by installment angle by regions. 
Simulation was done by differentiating installment angle of 
modules into 5 degrees, 15°, 30°, 45°, 60°, 75°. Weather data of 
Meteonorm from Meteotest company of Swiss was used for 
weather data of target area and Figure 4 shows daily average 
insolation by months of target area. 

Simulation result showed amount of energy generated on daily 
average by month classified into electric and thermal generation. 
And it showed energy usage performance that considered both 
electricity and heat generation compared to insolation in each cast 
conditions.

4. Simulation result

4.1. Result by changes in operation temperature of 

circulation pump

Table 2 shows simulation result by changes in operation 
temperature of circulation pump. It showed amount of heat and 
electric energy generated on daily average by month of PVT 
module with energy usage rate compared to insolation htat 
considered amount of heat and electric energy generated(). 

Amount of energy generated was the highest at 5℃ with 
2.01kWh/d and at 10℃ and 15℃, it was each 1.97kWh/d and 
1.91kWh/d, with pump operation time and energy generation 
amount decreasing as operation temperature increases. Working 
hours for pump on daily average was shown to be 4h 38m at 
(on/off) 5/2℃ and 3h 55m 10/2℃ and 3h 22m at 15/2℃. Amount 
of electricity generation recorded relatively similar result value and 
heat production amount was confirmed to be huge in summer 
where insolation is high with high temperature. Operating hours of 
pump on daily average was also shown to be large by 2.7 times on 
average in summer compared to winter. 

Comparison of result after dividing amount of energy generated 
into summer(June, July, August) and winter(December, January, 
February) shows 10% decrease in amount of energy generated in 
winter and 6% in summer as working temperature of circulation 
pump ΔT increases from 5℃to 15℃. It was confirmed that 
reducing amount of heat loss by shortly running operation cycle of 
circulation pump in winter where heat loss of PVT module is large 
is a desirable operation method. 

4.2. Result by flow change

Simulation result by flow change shows 2.10Wh/d of energy 
generated in 90kg/h, 2.01Wh/d in 120kg/h, 1.81Wh/d in 180kg/h, 
1.56Wh/d in 200kg/h and amount of thermal and electric energy 
generated decreased as flow increased. It was decided reduction in 
electric energy generation is because of increased surface 
temperature of module due to decrease in heat loss amount and 
reduction in heat generation amount was decided to be caused by 
decreased total operating hours without continuous operation of 
pump since ΔT at entrance and exit of circulation water decreases 
as flow increases. Based on the result of Table. 3, there showed 
difference of about 2h in summer and 1h 20m in winter as a result 
of comparing operating hours of pumps that are 90kg/h, 300kg/h 
with biggest difference in the amount of energy generated. 

MON

Circulating Pump Operating Temperature
5℃ 10℃ 15℃

Power
(kWh/d)

Heat
(kWh/d)


(%)

Power
(kWh/d)

Heat
(kWh/d)


(%)

Power
(kWh/d)

Heat
(kWh/d)


(%)

01 0.62 0.67 39.8 0.62 0.66 39.4 0.62 0.63 38.4
02 0.75 0.92 35.2 0.75 0.91 34.9 0.74 0.87 34.2
03 0.77 1.09 30.9 0.77 1.06 30.4 0.77 1.02 29.7
04 0.81 1.57 31.8 0.81 1.54 31.4 0.81 1.49 30.7
05 0.70 1.66 31.4 0.70 1.61 30.8 0.70 1.55 29.9
06 0.66 1.87 33.8 0.66 1.82 33.1 0.65 1.74 32.0
07 0.53 1.81 39.6 0.53 1.74 38.4 0.53 1.64 36.8
08 0.56 2.02 44.5 0.56 1.94 43.1 0.56 1.84 41.4
09 0.68 1.89 44.1 0.68 1.85 43.5 0.68 1.78 42.3
10 0.66 1.46 43.3 0.66 1.42 42.6 0.66 1.37 41.4
11 0.57 0.85 41.3 0.57 0.82 40.4 0.57 0.78 39.1
12 0.51 0.46 35.3 0.51 0.44 34.7 0.50 0.42 33.6

AVR 0.65 1.36 37.0 0.65 1.32 36.3 0.65 1.26 35.2

Table. 2. Result of operating temperature changes of circulating pump

Fig. 5. Energy production and operating time for varying flow rate.

MON

Flow Rate
90 kg/h 120 kg/h 180 kg/h 200 kg/h

Power
(kWh/d)

Heat
(kWh/d)


(%)

Power
(kWh/d)

Heat
(kWh/d)


(%)

Power
(kWh/d)

Heat
(kWh/d)


(%)

Power
(kWh/d)

Heat
(kWh/d)


(%)

01 0.62 0.73 41.7 0.62 0.67 39.8 0.61 0.56 36.3 0.61 0.45 32.5
02 0.75 0.96 36.1 0.75 0.92 35.2 0.74 0.76 31.6 0.73 0.58 27.6
03 0.77 1.17 32.2 0.77 1.09 30.9 0.76 0.90 27.6 0.75 0.72 24.5
04 0.81 1.66 33.1 0.81 1.57 31.8 0.80 1.30 28.1 0.79 1.04 24.5
05 0.70 1.76 32.7 0.70 1.66 31.4 0.69 1.43 28.3 0.68 1.14 24.2
06 0.66 1.97 35.2 0.66 1.87 33.8 0.65 1.63 30.4 0.64 1.29 25.8
07 0.53 1.96 42.1 0.53 1.81 39.6 0.52 1.56 35.3 0.51 1.34 31.3
08 0.56 2.13 46.5 0.56 2.02 44.5 0.55 1.78 40.2 0.54 1.45 34.3
09 0.68 2.00 46.0 0.68 1.89 44.1 0.67 1.72 41.0 0.66 1.29 33.4
10 0.66 1.55 45.1 0.66 1.46 43.3 0.65 1.26 39.0 0.64 0.97 32.9
11 0.57 0.92 43.2 0.57 0.85 41.3 0.57 0.71 36.9 0.56 0.57 32.7
12 0.51 0.52 37.4 0.51 0.46 35.3 0.50 0.37 31.9 0.50 0.32 30.1

AVR 0.65 1.45 38.7 0.65 1.36 37.0 0.64 1.17 33.4 0.63 0.93 28.8

Table. 3. Result of flow rate changes
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4.3. Result according to convection heat loss change

Case3 that changed heat loss rate of convection confirmed that 
amount of heat generation decreases and electricity generation 
increases as heat loss of convection increases. Heat transfer 
through convection is active since module surface directly meets 
air because of features of unglazed PVT module without glass 
cover and heat production amount rapidly decreased as heat 
transfer coefficient of convection increased in winter where 
temperature difference between module surface and air 
temperature is large. Amount of heat generation was each 
0.68kWh/d and 0.05kWh/d with 93% decrease under 5.8W/㎡K 
and 23.7W/㎡K in average of heat production of winter 
(December, January, February). Amount of electricity produced 
showed difference by 6% with 0.66kWh/d under 0.63kWh/d under 
5.8W/㎡K. Electricity and heat generation amount changed by 
changes in heat transfer rate of convection in summer as well and 
electricity generation increased by 2% while heat generation 
decreased by 21%. 

MON

Top loss convection coefficient

5 .8 W/㎡K
(Breeze)

17.4 W/㎡K
(3m/s)

29.7 W/㎡K
(5m/s)

Power
(kWh/d)

Heat
(kWh/d)


(%) Power Heat 

(%) Power Heat 
(%)

01 0.62 0.67 39.8 0.65 0.15 24.6 0.66 0.03 21.2

02 0.75 0.92 35.2 0.78 0.30 22.7 0.79 0.09 18.6

03 0.77 1.09 30.9 0.80 0.45 20.7 0.81 0.21 16.9

04 0.81 1.57 31.8 0.83 0.91 23.3 0.85 0.60 19.3

05 0.70 1.66 31.4 0.71 1.22 25.7 0.72 1.02 23.2

06 0.66 1.87 33.8 0.67 1.54 29.5 0.67 1.36 27.2

07 0.53 1.81 39.6 0.54 1.66 37.1 0.54 1.57 35.7

08 0.56 2.02 44.5 0.57 1.85 41.8 0.57 1.76 40.2

09 0.68 1.89 44.1 0.69 1.50 37.7 0.70 1.31 34.6

10 0.66 1.46 43.3 0.67 0.99 34.0 0.68 0.75 29.2

11 0.57 0.85 41.3 0.59 0.38 28.2 0.60 0.19 22.9

12 0.51 0.46 35.3 0.53 0.12 23.4 0.53 0.03 20.6

AVR 0.65 1.36 37.0 0.67 0.93 29.4 0.68 0.75 26.3

Table. 4. Result of changes in convective heat loss

 

4.4. Result by changes in installment angle and regions

Case4 compared amount of electric and thermal energy 
generated on daily average monthly by changing installment angle 
into 15°, 30°, 45°, 60°, 75° targeting 4 regions, Seoul, Kangrng, 
Ulsan, Mokpo. Comparison of daily insolation on monthly average 
of target areas shows the highest in Mokpo, 3.84kWh/㎡d, the 
lowest in Seoul, 3.32kWh/㎡d. 

As a simulation result energy generation was shown the biggest 
at installment angle of 15° in summer when the altitude of sun is 

high and, 60° in winter when it is low, with yearly average energy 
generation being the highest at 30°. Energy generation amount by 
angles of each city showed similar distribution since latitudinal 
difference between target cities of simulation and Mokpo with the 
highest daily energy generation on yearly average and Seoul with 
the lowest of it each showed difference by 22% with 2.48kWh/d 
and 2.03kWh/d because of effect of air temperature and insolation. 
Table8~ 11 shows the result of simulation by installment angle of 
each city. 

The generation amount of electricity and heat is each 0.71kWh/d 
and 1.54kWh/d at installment angle of 30° that show the highest 
performance upon comparison of energy generation amount by 
installment angle setting the simulation result of data from 4 cities 
as averages and it was confirmed to be higher by 23% than that of 
installment angle of 75° with the lowest energy generation amount. 
Energy generation amount by seasons shows 1.34kWh/d in winter 
(January, February, December), 2.94kWh/d in summer (June, July, 
August) and energy generation amount of summer was as much as 
2.2 times that of summer showing big performance difference 
between seasons. Electricity energy was shown to be 32%, while 
thermal energy was shown to be 68% in ratio of electric to thermal 
energy in average energy generation. 

MON 01 02 03 04 05 06 07 08 09 10 11 12 

15° 

Power
(kWh/d) 0.47 0.63 0.73 0.85 0.82 0.78 0.62 0.62 0.67 0.60 0.47 0.38

Heat
(kWh/d) 0.27 0.57 0.95 1.67 1.93 2.20 2.07 2.18 1.85 1.25 0.48 0.17


(%) 17.8 21.5 25.7 32.3 36.6 40.5 45.7 48.0 40.4 33.5 22.8 16.2

30° 

Power
(kWh/d) 0.57 0.72 0.77 0.85 0.77 0.73 0.58 0.60 0.70 0.65 0.53 0.47

Heat
(kWh/d) 0.52 0.80 1.08 1.68 1.85 2.08 1.97 2.15 1.93 1.40 0.72 0.35


(%) 22.4 24.6 27.1 32.6 36.3 40.4 45.7 48.2 40.9 35.0 26.6 20.2

45° 

Power
(kWh/d) 0.62 0.75 0.77 0.82 0.70 0.65 0.53 0.55 0.68 0.65 0.57 0.50

Heat
(kWh/d) 0.67 0.92 1.08 1.57 1.65 1.87 1.82 2.02 1.88 1.47 0.85 0.47


(%) 24.6 25.9 27.2 32.0 35.5 39.8 45.4 48.3 40.8 35.7 28.5 22.4

60° 

Power
(kWh/d) 0.63 0.73 0.73 0.73 0.60 0.55 0.45 0.48 0.63 0.63 0.58 0.52

Heat
(kWh/d) 0.73 0.92 0.98 1.32 1.35 1.57 1.58 1.82 1.73 1.40 0.90 0.52


(%) 25.6 26.0 26.3 30.3 33.5 38.3 44.9 48.3 40.3 35.5 29.3 23.6

75° 

Power
(kWh/d) 0.62 0.70 0.65 0.60 0.47 0.42 0.35 0.40 0.55 0.58 0.55 0.52

Heat
(kWh/d) 0.70 0.78 0.75 0.97 0.97 1.15 1.27 1.55 1.48 1.23 0.83 0.50


(%) 25.1 24.8 23.9 27.0 29.6 34.6 42.5 47.6 39.1 34.3 28.7 23.3

Table. 5. Simulation result of Seoul
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MON 01 02 03 04 05 06 07 08 09 10 11 12 

15° 

Power
(kWh/d) 0.57 0.67 0.77 0.93 0.92 0.82 0.68 0.65 0.63 0.62 0.55 0.50

Heat
(kWh/d) 0.38 0.67 1.08 1.83 2.27 2.15 2.23 2.17 1.67 1.30 0.75 0.37


(%) 18.8 22.5 27.0 32.6 37.4 38.5 44.7 46.2 39.3 33.6 26.0 19.1

30° 

Power
(kWh/d) 0.68 0.77 0.80 0.93 0.87 0.77 0.65 0.63 0.63 0.67 0.65 0.63

Heat
(kWh/d) 0.70 0.95 1.22 1.87 2.17 2.03 2.13 2.12 1.72 1.47 1.07 0.73


(%) 23.3 25.5 28.3 33.0 37.1 38.3 44.8 46.3 39.8 35.0 30.0 24.7

45° 

Power
(kWh/d) 0.77 0.82 0.80 0.88 0.80 0.68 0.60 0.58 0.62 0.68 0.70 0.70

Heat
(kWh/d) 0.93 1.08 1.23 1.75 1.93 1.80 1.95 2.00 1.67 1.53 1.27 0.98


(%) 25.9 26.9 28.6 32.5 36.3 37.4 44.3 46.2 39.8 35.5 32.1 27.8

60° 

Power
(kWh/d) 0.78 0.82 0.75 0.78 0.68 0.58 0.52 0.52 0.57 0.67 0.72 0.75

Heat
(kWh/d) 1.02 1.08 1.12 1.50 1.60 1.50 1.70 1.78 1.52 1.47 1.33 1.10


(%) 27.0 27.0 27.8 31.0 34.5 35.8 43.2 45.9 39.2 35.4 32.7 29.0

75° 

Power
(kWh/d) 0.77 0.77 0.67 0.65 0.53 0.45 0.40 0.42 0.50 0.62 0.70 0.73

Heat
(kWh/d) 0.97 0.93 0.88 1.10 1.15 1.08 1.37 1.50 1.30 1.30 1.25 1.05


(%) 26.5 25.7 25.6 27.9 30.6 31.6 40.9 44.9 37.9 34.2 32.2 28.7

Table. 6. Simulation result of Kangnung

MON 01 02 03 04 05 06 07 08 09 10 11 12 

15° 

Power
(kWh/d) 0.52 0.63 0.85 0.95 0.92 0.82 0.80 0.82 0.72 0.75 0.50 0.45

Heat
(kWh/d) 0.50 0.75 1.33 1.98 2.27 2.27 2.67 2.90 2.17 1.85 0.73 0.43


(%) 22.1 24.7 28.6 33.8 37.5 39.9 45.3 47.5 42.6 37.6 26.8 21.5

30° 

Power
(kWh/d) 0.60 0.70 0.88 0.95 0.87 0.77 0.75 0.80 0.73 0.82 0.57 0.53

Heat
(kWh/d) 0.78 0.97 1.48 1.98 2.13 2.12 2.53 2.82 2.20 2.07 0.97 0.68


(%) 26.6 27.2 29.8 33.9 37.1 39.6 45.4 47.6 42.9 38.8 29.9 25.9

45° 

Power
(kWh/d) 0.65 0.73 0.88 0.88 0.77 0.68 0.67 0.73 0.70 0.83 0.62 0.58

Heat
(kWh/d) 0.95 1.07 1.47 1.85 1.88 1.85 2.28 2.63 2.12 2.15 1.08 0.85


(%) 28.7 28.2 29.8 33.4 36.3 38.7 45.0 47.6 42.8 39.2 31.5 28.1

60° 

Power
(kWh/d) 0.67 0.72 0.83 0.78 0.65 0.55 0.57 0.63 0.65 0.82 0.62 0.60

Heat
(kWh/d) 1.02 1.05 1.32 1.55 1.53 1.48 1.95 2.33 1.95 2.07 1.12 0.90


(%) 29.4 28.2 28.7 31.7 34.3 36.3 44.0 47.3 42.5 38.9 32.0 29.0

75° 

Power
(kWh/d) 0.63 0.67 0.73 0.63 0.48 0.40 0.42 0.50 0.55 0.75 0.58 0.58

Heat
(kWh/d) 0.95 0.88 1.02 1.10 1.03 1.00 1.48 1.92 1.65 1.83 1.03 0.85


(%) 28.9 26.6 26.2 28.1 29.4 31.0 40.8 46.2 41.3 37.8 31.2 28.6

Table. 7. Simulation result of Mokpo

MON 01 02 03 04 05 06 07 08 09 10 11 12 

15° 

Power
(kWh/d) 0.50 0.57 0.70 0.80 0.87 0.75 0.72 0.80 0.65 0.67 0.53 0.47

Heat
(kWh/d) 0.42 0.62 1.05 1.63 2.08 2.00 2.38 2.78 1.85 1.57 0.83 0.37


(%) 20.6 23.3 27.7 33.3 36.8 39.2 45.3 46.9 41.1 36.6 28.1 19.7

30° 

Power
(kWh/d) 0.58 0.63 0.73 0.80 0.82 0.70 0.68 0.78 0.67 0.73 0.62 0.57

Heat
(kWh/d) 0.67 0.80 1.15 1.63 1.98 1.88 2.27 2.72 1.88 1.77 1.12 0.62


(%) 24.6 26.0 28.8 33.4 36.6 39.0 45.2 46.9 41.6 37.9 31.4 24.0

45° 

Power
(kWh/d) 0.63 0.65 0.73 0.75 0.73 0.63 0.62 0.72 0.63 0.75 0.67 0.62

Heat
(kWh/d) 0.83 0.88 1.15 1.52 1.78 1.68 2.07 2.53 1.82 1.82 1.27 0.78


(%) 26.8 27.0 28.9 32.9 35.8 38.1 44.7 46.9 41.5 38.3 33.0 263

60° 

Power
(kWh/d) 0.65 0.65 0.68 0.67 0.63 0.52 0.52 0.63 0.58 0.72 0.68 0.63

Heat
(kWh/d) 0.88 0.87 1.05 1.28 1.48 1.40 1.78 2.25 1.65 1.75 1.30 0.85


(%) 27.7 26.9 28.0 31.2 34.1 36.4 43.7 46.5 41.0 37.9 33.4 27.4

75° 

Power
(kWh/d) 0.62 0.60 0.62 0.55 0.48 0.40 0.40 0.50 0.52 0.67 0.65 0.62

Heat
(kWh/d) 0.82 0.73 0.82 0.95 1.05 0.98 1.42 1.85 1.42 1.55 1.22 0.80


(%) 27.1 25.5 25.6 28.0 30.0 31.8 41.4 45.2 39.6 36.9 32.8 27.0

Table. 8. Simulation result of Ulsan

5. Conclusion

This research compared and analyzed amount of heat and 
electricity daily generated by months depending on installment 
conditions and operation methods of PVT system using 
TRNSYS17 simulation. System performance change according to 
changes of each design factor could be checked through simulation 
result and optimum installment condition and operation method by 
region and season under simulation conditions could be checked. 

(1) The result by changes in ΔT which is temperature control of 
circulation pump in different temperature control method shows 
decrease in heat and electricity generation by respectively 2% and 
5% as operation temperature increases to 5℃, 10℃, 15℃.

(2) Energy performance by flow change of circulation water 
decreased as flow increased because of reduced temperature 
difference at entrance and exit of PVT module and it was confirmed 
that energy generation decreased due to reduced time of pumping 
working hours caused by this. 

(3) Electricity generation increased and thermal generation 
decreased as convection heat loss increases as a result of checking 
effect of convection heat loss at front of Unglazed PVT modules. 
Daily thermal generation decreased up to 93% monthly under the 
condition of 29.7W/㎡K in winter where temperature difference 
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between air and average temperature of circulation water is big. 
(4) The biggest energy generation was confirmed at 15° in 

summer, 60° in winter in the result by changes in installment angle 
of PVT modules. Yearly total energy generation was shown to be 
the biggest at 30° angle. Energy generation in summer was as much 
as 2.2 times of winter, helping us know that energy generation of 
PVT module is largely affected by insolation and air temperature. 

It is planned to be reflected in design and empirical experimental 
for system introduction in the future through comparison and result 
of performance experiment of PVT module produced for a test 
based on this simulation result. 
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