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Table 1- Energy equivalents of inputs and outputs in broiler production
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Energy inputs Unit (MJUnit™) Reference
Energy
equivalent
FEQR PR 3310 (Ngjafi-Anari et al., 2008)
Chick kg
Jps céow Sy 847 (Kitani et al., 1999)
Diesel fuel L
55 Ko yio 549 (Kitani et al., 1999)
Gas m’
Sl
Feed
@) £S5k 97 (Atilgan and Hayati, 2006)
Corn kg
L PR 612 (Atilgan and Hayati, 2006)
Soya kg
puS PR 713 (Ngjafi-Anari et al., 2008)
Whest kg
Olond mandS (60 PR 10 (Alrwis and Francis, 2003)
CaHPO, kg
Sl (690 celo 9.1 (Heidari et al., 2011)
Human labor hr
Ly S el @lg okS 6.3 (Heidari et al., 2011)
Electricity kWh
b ile
Machinery
>Y g £S5 shs 762 (Chauhan et al., 2006)
Steel kg
oSl 9390 PR 864 (Chauhan et al., 2006)
Electromotor kg
ol b pyS oS 346 (Kittle, 1993)
PE kg
& o CudoS £S5 slS 3310 (Celik and Ozturkcan,
Chicken meat kg 2003)
Eyo 355 pyS oS 30 (Kizilaslan, 2009)

Manure kg
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2- Congtant return to scale (CRS)
3- Variablereturn to scale (VRS)
4- Efficiency measurement system
5 -Charnes, Cooper and Rhodes
6- Banker, Charnes and Cooper
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Table 2- Energy indices of broiler production in Mashhad city
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Direct energy
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Indirect energy
PREWCS I
Renewable energy
PRRIRCSPSI
Non renewable energy

(MJ (1000bird)™)

»'5 )‘.\j.o
Unit Value
- 0.2
(kg MJh 0.019
(MJIkg?) 52.55
(MJ (1000bird))  -100306

(MJ (1000bird)™) 71400
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Table 3- Energy indicators of broiler production units with different capacities

(anki) s5uydnge Sl Laasly olass 9> 85PN 82959 855 Sl 904 o329 555!
o .. MJ1000bird®*  MJ 1000bird™ kg MJ! MJ kg
Number of birds Number of units - o
Outputenergy  Input energy  Energy productivity  Specific energy
<15000 14 24425 132632 0.0174 57.43
15000-30000 12 24802 133456 0.0176 56.93
30000< 10 25684 107758 0.0225 44.34

Gl doyd Ve i GialS ool jlade ool asly ials
P e 45 0 S )il b b 3 45 o
29 (S8 Ere 9 3 ble ($3959 531 e i
2 ol 2o 3 VY 390 jd iulial ol a8 azily aoli8l (o)l cse
AW woldie )b Ly Ladsly e (935)9 sboisiyl plo
il (6559 Al 5> i pae o] e oS W5 samlie (g)l> sixe
L 2909 slosipl ggoome ST cunl 0392 £y addad 508y A5
S3333 535 E3ene o5 330i 038Lin i 35,5 amilin S5,
oS YL Bl b slassly p3 Epe adkad 50y ()90 sl

P St ghe 4o (295 9 62935 SIFl son @

Sy sLaodles (6359 (65,31 glis sl 00h 0351 ¥ S
L) @iy e 3 Grae phw dw ) pdle 5 Sl
O ;35S )5 9 Srpan g s Bl 8L 15l b pe
o8l Slasl (s958 sloay lapuidle jlodlatul ()9 (slacylo
il gslaw )3 Laosles () (65,51 mhew 5 cl 03,57 1y
Ol L oad ol gl by sl 03,8 Iy S iyt
S35l plade Jlie Yo gl sl 4 )15 V0 Sl ka8 ) Gl cud )l
P ime yobodny (B85 Eye gy > Sl s95 62959



YAY LGl el s g cilie (ool piew Julxi g 4y 35

Sreolhe cundy |l e VL glassly dad oo ol &5 F 4
(32 ¥e VD 5,150 V0l j2e8 cud )b L) laasly plo &y o
Al W glate bl s Wlg e o] e ol Soglite aild )95
2948 > Mg pow plie JUbd g Ve AD L (g5, ool 3 (il
Alg FEY L laes li] a4 cad (6550500 sla il 51 5 canlyld

(Statistical Center of Iran, 2012) cusl 45,95 5 Jlud

RSe L jiehl gl )3 ey y50 slaisly oS vz ja
Al oyl 8 (Sl g qoydad a5yl (gl e BV S
)b L ghen (bl ) (395 E e hyg 0 syl
gBeee i zaS) Lnced b il b duglio ) axad 8-+ V0- -«
(Fotros and wiwa jls 1y (g, 5gllas Cundg (Ve v 5l i
¥ Jsds ) 5uins oyl gl b awslio )3 bl zobs .Salgi, 2003)

Srprer Gle golaw )3 (2555 Ere M Sy (295 5 2909 Slesil Ol —€ g
Table 4- Energy input and output for broiler production in different capacities
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Table 5- Technical efficiency (TE), pure technical efficiency (PTE) and scale efficiency (SE) in broiler farms

aalyojlad  (axhd) salycadyl (38 T (A B8 o wbis 2T,

Number  Capacity (Birds) TE PTE SE
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3 33000 0.90 0.97 0.93

4 33000 0.86 1.00 0.86
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7 12000 0.89 1.00 0.89

8 62500 1.00 1.00 1.00

9 45000 0.90 0.97 0.93
10 40000 1.00 1.00 1.00
11 50000 1.00 1.00 1.00
12 17500 0.92 1.00 0.92
13 6500 1.00 1.00 1.00
14 4500 1.00 1.00 1.00
15 60000 1.00 1.00 1.00
16 10000 0.89 0.97 0.92
17 6500 1.00 1.00 1.00
18 11000 0.94 1.00 0.94
19 18000 0.86 0.97 0.89
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21 13000 1.00 1.00 1.00
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23 18000 0.83 0.98 0.85
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27 10000 0.86 0.97 0.88
28 9500 1.00 1.00 1.00
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30 22000 0.83 0.96 0.87
31 35000 1.00 1.00 1.00
32 15000 0.90 0.98 0.92
33 12000 1.00 1.00 1.00
34 13500 0.86 1.00 0.86
35 20000 0.88 0.99 0.90
36 18500 0.86 1.00 0.86
e 22500 0.93 0.99 0.94
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Table 6- Comparison of average optimal and actual energy consumption
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Introduction

The high energy consumption is one of the serious problems in poultry industry. The poultry industry
consume about five percent of total energy sources in different countries, with consideration of losses, it
increases up to 16-20%. In the year 2003 also, the Iranian chicken meat consumption per capita was 13.3 kg,
while in the year 2013 it increased to 25.9 kg (FAO, 2014). It shows that in the diet of Iranian people, the
chicken meat has become a strategic food. Poultry industry is one of the biggest and most developed industriesin
Iran. In the past two decays, mainly due to population growth and increase demand of white meats, it is
necessary to change and improve energy efficiency in thisindustry.

Technical efficiency of broiler farms in the central region of Saudi Arabia was analyzed through stochastic
frontier approach (Alrwis and Francis, 2003). They reported that many farms under study work lower than their
total capacity. In the research, the output was chicken meat weight in the term of the kilogram per one period and
the inputs were the number of chicks, feed, the total of all variable expenses and fixed input except chicks and
feed and the total cost of fixed inputs including building, equipment and machinery used for the broiler houses.
They found that the small and large size broiler farms in the Central Region of Saudi Arabia were produced
chicken with mean technical efficiency 83 and 88%, respectively (Alrwis and Francis, 2003). Efficiency
measurement of broiler production units in Hamadan province was investigated by Fotros and Solgi (2003).
They reported that the minimum, maximum and mean technical efficiency under variable return to scale were
12.7, 100 and 64.4%, respectively. Their results showed that technical efficiency at 16.5 (14 units) and 42.35%
(24 units) of farms were more than 90 and 70%, respectively (Fotros and Salgi, 2003).

Khorasan Razavi province after Esfahan and Mazandaran provinces is the third largest producer of broilers
in Iran. This research was performed because it is necessary to have energy consumption status; also there is a
few data about broiler’s energy consumption in Mashhad. In this research, the data of Mashhad’s broilers was
analyzed by Data Envelopment Analysis Method. The other objectives of this study were to separate efficient
and inefficient units to use energy resource efficiently and determine total energy saving.

Materials and Methods

This study was performed in 2013 in Mashhad, Iran. The data were collected through interviews and
guestionnaires from 36 poultry farmers for a growing period of April to May. Input energies were the feed, fuel
(gas and gas ail), electricity, labor, equipment and chicken, and the output energies were the chicken meat and
the manure. The energy consumption for each element was calculated by multiplied amount of inputs/outputs to
energy equivalents.

Results and Discussion

The total of input and output energies were obtained 125.2, 24.9 GJ/1000Birds, respectively. Energy indices
such as energy ratio, energy efficiency and specific energy were determined to be 0.2, 0.019 kg/MJ and 52.55
MJ/kg, respectively. The highest share of energy consumption were 50.84 and 42.43%, for fuel (natural gas and
diesdl fuel) and feed respectively, the lowest share among the input energies were 0.39 and 0.06%, for chicken
and labor respectively. Comparison of energy in three levels of farm sizes (15000, 15000-30000 and =30000
chicks) showed the energy ratio for large farms were higher than the other levels.
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Data Envelopment Analysis (DEA) was used to evaluate the poultry efficiency. The results showed that 13
poultry units had average technical efficiency (0.93) in the definition of Constant Returnsto Scale (CRS), and 21
poultry units had pure technical efficiency (0.99) in the definition of Variable Returnsto Scale (VRS).

Conclusions

The Fuel (natural gas and diesel fuel) consumption energy had the highest shares of energy consumption; it
is because of the low efficient heating equipment in poultry houses and low fuel pricesin Iran. Energy efficiency
of broiler farms in Mashhad was obtained 0.2 that show low energy efficiency. Improvements in energy
efficiency could be achieved by increasing yield or reducing inputs energies.

Keywords: Data envelopment analysis (DEA), Energy efficiency, Fuel consumption, Technical efficiency



