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Introduction

In the poultry industry, reducing energy consumption is essential for reducing costs. Energy requirements in
the poultry industry include heating, cooling, lighting, and power line energy. Identifying factors that increase
energy usage is crucial, and providing appropriate solutions to reduce costs and energy consumption is
inevitable. One of the major and expensive factors in the poultry industry is the use of fossil fuels, which also
causes pollution. Energy costs directly impact the cost of production and increase the per capita cost of
production in the meat and egg sectors. In lIran, poultry farms are among the most widely used energy
consumers, especially for heating breeding halls, making them a significant subset of the agricultural sector.

Materials and Methods

The problem under study is the thermal simulation of a meat poultry farm located in Ardestan city, Isfahan
province. Ardestan city is situated in a desert region in the north of Isfahan province, at a latitude of 33 degrees
and 23 minutes north, and a longitude of 52 degrees and 22 minutes east. The dimensions of the poultry hall
floor are 5 meters by 8 meters, and it has a capacity of 300 poultry pieces. There are two inlet air vents
(windows), each with dimensions of 1.90 by 1.6 meters. The roof has an average height of 2.5 meters and is
sloping, made from a combination of plastic carton, fiberglass, and sheet metal.

To reduce energy consumption in this poultry farm, a solar heating system is designed and studied in this
research. The farm is one of the functions of Isfahan province, with dimensions of 8 meters in length and 5
meters in width. The simulation is performed using TRNSYSS software.

Results and Discussion

The results demonstrate that a collector surface area of 26 m? is necessary to reach the technically optimal
point, where the sun's maximum production is achieved with no energy dissipation. Furthermore, the findings
indicate that a balance of 16 m? is required to align the solar system with the auxiliary system.

Conclusion
By installing 2 square meters of solar collectors, 5.2% of the total energy demand can be met with solar
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energy. To fully meet the energy demand using solar energy, a collector area of 30 square meters is required. As
the solar fraction increases, the system's ability to extract solar energy also increases. The maximum production
of solar energy without any wastage is achievable with a collector area of 26 square meters. Moreover, to
maintain a balance between the use of solar energy and the auxiliary system, a collector area of 16 square meters
is needed.
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Table 1- Specifications of different parts of poultry
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Table 2- Characteristics of poultry hall heating system based on license plate on jet heater made in Iran (Damavand
Niroo Tahvieh Co)

dasuiv slado
Property Value
Sl oy 116.3kW
Thermal power
LSS 99%
Efficiency
Fran Sy Natural gas
Fuel
e &5 Hybrid
Torch type
loa 15
3lgh Ol 7000 m*h't
The amount of aeration
Maximum covered space
2909 pSI )35 550 W
Electromotor power
)9:"5"5):“&” )9° 1450 R.P.M
Electromotor speed
ol 29A
Electric current
ol e 0.97
Power factor
s 220V
Voltage
oA 50 Hz
Frequency
56 1
Phase
25 s1
Duty
Enclosure
Sl b 100000 kCal
Heat capacity
Maximum fuel consumption
et 80-90 kg
Weight
[PEYIREITN

Standards

1SO 10002-2004, CE, I1SO 9001-2008
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Table 3- Collector specifications

WL Olousgi/ ylado
Property Value/Description
0liiS x> £ sldg) axan
Type of collector Tube plate
o > poinsl]
Plate material Aluminum
dxiio iy, ) <lo olw
Cover color of plate Matte black
Ao j9ho o pb 0.9
Emission coefficient of the plate
rio Gl el oyl 211 W.mLK?
Thermal conductivity of the plate
.. 2x1 m?
o.\Mfé‘o:} slal - 3x2 m?
Collector dimensions 3.2%2.5 m?
Emission coefficient of the cover
‘_?I)Jol ‘_ch Caols 0.02m
Insulation thickness around
Ll Gl el ey 0.05 W.m™ K
Thermal conductivity of insulators
Jele Jlws <l
Working fluid Water
oanli 5L yuis Yof el
The material of the reflectors Steel 304
A8 rox (635 )15 d 45°
Slope of the collector
O 40
<
o 30
|-
32 2
9 8
- 2 10
3 €
3 2 0
£
S -10
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Fig.2. Distribution of the desired temperature in the poultry house in relation to the age of the chickens
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Table 4- Characteristics of climate and solar radiation in the place based on the data of Metronorm software
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Temperature Relative humidity (%) Wind velocity (m.s™) Wlndarc]igigctlon
S -8.88 9.89 0 7.62
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'“5 b 44.33 98.45 7.9 358.15
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381 gelans 43 o yod il Coad S 405 33] du gl T PO .
s N ”f o= Sns9> 531 495 Sy EW )l argly (w8 Coow gl
Intensity of sunlight on the The angle of the solar .
- - Solar elevation angle Solar angle
horizon horizon
_J%I» 378.15 10.06 59.72 10.03
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).i'fi.b
. 639.3 89.82 116.047 98.98
Maximum
(Zelzouli et al., 2012) 545 0 (2l (7) alasly 51 008 o> alleus (55l uo
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U
395 b (V) Sl 035 g JS (5551 Ui
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Table 5- Assumptions to solve the solar heating system problem

Property Value Unit
e 5 Type 1b -
Component Type
oS 5
E> &y Flat Plate Collector -
Collector Type
oS “ o lwo .
gox == Variable m?
Collector area
Sl 03z sle)s 4.19 KlkgLK?
Fluid specific heat
o Cund (4l s oo 40 kg.h'l.m'z
Tested flow rate
ey ) 0.8 .
Intercept efficiency
S0 13 kihtm2K?
Efficiency slope
22k st 0.05 KL m2.K?
Efficiency curvature
ARTSTY b 2 -
Optical mode 2
IAM) 450 0.2 i
1st-order IAM '
IAMY 450 0 i
2nd-order IAM
$3529 slod Variable °C
Inlet temperature
3923 ok €5 Variable kg.h
Inlet flow rate
) ke lod Variable °C
Ambient temperature
el Variable kJ.ht.m?
Incident radiation
53| Wb .
«* &5 o o Variable kJ.ht.m?
Total horizontal radiation
e b Variable ka.htm?2
Horizontal diffuse radiation
o) U3k 0.2 i
Ground reflectance
2 gar el 45 degree

Collector slope

O el Oyguodn Jlo Job 3 cuiy opd Cal otel Cawday
S e s g daslone S0 yod | &bl Jlassl (655 sl
4 iy opl  (Duffie et al., 2020) 546 0 (b5, (saudyo>
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Sl 93 pleusea ) 5 S IS4 9 (5 jleudings
099y 3 shdygs 00 S ge glalle s (giluwaigy jglaied;
(Duffie, g 0 odlaisl (Barley & Balcomb) cwlsIl 5 J)b
Ol g duwlbre (sudiyen S laul .Beckman, & Blair, 2020)
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Fig.4. Extracted solar energy relative to the energy required for the collector to a area of 2 m?
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Fig.5. Extracted solar energy relative to the energy required for the collector to a area of 6 m?
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Fig.6. Extracted solar energy relative to the energy required for the collector to a area of 8 m?
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Fig.7. The amount of solar energy storage in the tank for the collector to the area of 2 m?
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Fig.8. The amount of solar energy storage in the tank for the collector to the area of 6 m?
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Fig.9. The amount of solar energy storage in the tank for the collector to the area of 8 m?
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Fig.10. Daily solar fraction for the collector to the area of 2 m?
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Fig.11. Daily solar fraction for the collector to the area of 6 m?
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Fig.12. Daily solar fraction for the collector to the area of 8 m?
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Table 6- Results from the use of surface of 2, 6, 8 m?

Aaduwiv slado slado slado asly
Property Value Value Value Unit
o,\;;f@? N WY 2 6 8 mz
Collector area
L“‘%l"s k 04671628 94671628 94671628  kl.yrt
Heating load
Syt ko 030 4786686 14360407 19147267  kl.yr!
Solar useful gain
’L“ 250 eSS ) 89884942 80311221 75524361 kd.yr?
Auxiliary heating required
S 2 (sl oS 154847 1384689 2622029  klyr!
Energy reservoir in tank
<55 ohleS sl o9y sled 106.4 106.4 106.4 F
Inlet temperature for under floor heating
< et sl 2 e 91.4 91.4 91.4 F
Outlet temperature for under floor heating
> S 15 15 15 F
Temperature difference
S 2 0.03 0.1 0.13 m?
Tank volume
e b bt IS oo 4941533.1 157450955 217692959  ki.yr!
Total solar gain with reservoir
Sebyg S 5.2 16.6 23 %
Solar fraction
Sras SNG ) 11834 11834 11834 m3.yr?
Total NG consumption
253 JENG 22y Loy 618 1968 2721 ml.yr
Total NG saving by solar
Srae SNG S 11216 9866 9113 me.yr
Total auxiliary heater ng consumption
WN_G 4920 4920 4920 Rial
Ng price
eyt § Op L i 58223050 58223050 58223050  Rial.yr
Annual cost without solar heater
S e Al digjo 55184010 48539820 44834930  Rial.yr®
Annual auxiliary heater cost
syt b Vo g2l 3039040 9683230 13388120  Rial.yr®

Annual solar heater saving
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Fig.13. Solar fraction curve for different collectors
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Fig.14. Amount of energy produced and the amount of auxiliary energy required for different collectors
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Fig.15. Amount of annual cost (in terms of Million Rials) for different area of collectors
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Table 7- Comparison of air temperature in Ardestan and Bekaa in different months of a year

olo (S Ol lod SYA !
Month  Bekka (°C)  Ardestan (°C)  Temperature difference
w5l 133 2.1 112
January
499 13.7 4 9.7
February
ke 15.2 8.4 6.8
March
J"”_' 18 14.8 3.2
April
«* 20.7 20.5 0.2
May
93 235 255 2
June
Vg 25.7 27.6 -1.9
July
s 26.6 26.4 0.2
August
b 25.5 22.4 3.1
September
5] 22.7 16.3 6.4
October
ey 18.7 9 9.7
November
).:.Al.u))
15.1 3 12.1
December
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Total collector energy loss coefficient
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The flat surface area of the collector (m?)
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The number of layers of transparent coating (glass)
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Volume flow rate of circulating liquid (m®s™) ¢
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Table A. Climate profile of the place in different months
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Mont C) humidity (%) velocit The angle of the Solar elevation Solar Zenith
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45 3.14 62.19 2 44.16 32.61 771
January
49 8.22 57.87 2.74 44.72 39.53 69.85
February
ooke 13.92 45.94 291 44.92 45.83 63.72
March
J“¥ 18.18 47.80 3.22 44.94 53.65 58.10
April
«* 24.60 47.26 3.95 44.40 57.41 54.91
May
053 29.90 4159 2.95 4355 57.93 54.48

June
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ﬁ; 3273 33.82 3.46 44,61 57.66 54.75
d 30.95 29.94 2.66 44.80 54.90 57.79
August
b 26.52 32.47 2.57 44.55 42.56 62.50
September
81
20.64 47.39 2.37 44.80 42.26 68.61
October
9 13.06 55.88 2.09 44.20 34.73 74.13
November
ol 6.12 64.31 1.84 44.05 31.13 77.86
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