& reported in this paper involves
" the cncrgy  Consumption  for
“poultry yield in Nigeria using
AY farm as case study. The eneray
2 of the hatchery section of the farm
¢ environmenial temperatures for @
hirty (30) days were measured. The
gre duta were analyzed 10 decrmine the
ree duy for the period und this was
energy consumption for cach day
regression obtained between enerizy
(Ey in kWh) and the heating
(D in “C-day) was:
Ry, This equation was apphed for
‘Energy consumption for all the
of the year using the available
degree-days for lorin, Tt was
that February is the period that is
ble for hatchery business in Horin
e energy consumption is lowest for that

value to man, for example chicken.
pose, duck, pigeon. sea fowl. pheasant,
punes fowl and ostrich. Fach of these is
varietics [1]. Poultry is of grea:
% 10 man because they serve as v good
‘protein and its consumption by mun is
pted by people of different religious
L1t is highly valued for its compelitive
‘when compured 10 meat from other

¥ birds have shoet producton eycle [2] A
- week ofd chicken starts laying and
e laid egos arc fertile wirth favoruble
gtion condition, the eggs are hatched
3 weeks 10 produce day old chicks. The
‘chicks arc reared naturally by mother
¢ antificially by brooding system. The
e stage lasts for four to six weeks.
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Incubation is the provision of favourudle
conditions that will make the eggs to develop
from embryvo to healthy birds and hatch at high
efficiency (more than 80% of (ke fertilized
eggs). There are various types ol poultsy and
gach has its incubation period.  Amificial
incubation takes place in an incubator which is a
device that provides the  appropriatc
environmental conditiop for development ol
embryo in fertile eges into chicks,

The appropriate favoursble conditions are to be
maintmned 1o yield good and efficient results,
One of the conditions is maintenance of proper
jemperature, This is the major criterion for
successful ineubation of poultry cggs.  The
embryonic development starts when the cgg 1s
exposed 10 @ temperuture of 26.6-29.4°C |3]
Good embryonic development 15 achicved at
temperature range of 37.2-39°C and the exact
temperature depends on the types of poultzy
czirs and the age of the eggs in the incubator,
Another important factor is *proper humidity
which is necessary to keep the eges from losing
ton much water during the incubation period.
Chicks’ eges should lose between 11-14% of
their weight. Control of humidity is necessary 1o
control  weight loss. Humidity should be
balanced with  temperpiure.  as different
temperature reguires different relunve humidity
In the first eighteen days of incubation. 1
needed relative humidity ¢ 60-65% but it
should be close to 70% during the last three
days. Reduction of cvaporalion from egas i8
provided for by optimum relative humidity (1
Adequate veniilation for the eggs is necessary
for the embrvo which is a living ussuc to
exchunge Oxygen (0Oy) and Curbon dioxide
(CO.) throughout the growth process. T obtain
optimum hatching result the best source of
ventilation is atmospheric air, which conlins
21% Oxvzen (0.). Also towards the end of
incubation period Carbon diexide (CO.) is
needed to uchieve sufficient muscle, for the
embryo (o pick its way out of the shell, for
emergence [3]. However oo much of this 18
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undesirable and ventilation is needed to rid the
incubator of excess carbondioxide and other
noxious substances that may anse from spoiled
or broken eggs or fumigation of incubator, [3]
Positioning and turming of eggs is another vital
factor in e¢ges incubation. Eggs are st
horizomally or with broad end up in the eags
trays in the incubator. This 1s for the embrya
benefit from oxygen cell, Eggs incubated with
small end up most oflen do not hatch because
the embryos develop with their hesd in the
small end of the eggs. Egas need to be tumed
regularly to prevent embryo from sticking 1o the
shell which leads 1o death. They must be turned
at least three times daily to prevent them laying
on the same side every might. {1, 4]

There i$ an enormous Increase in energy
demand in Nigerio both domestically and

industrially. The generation and transmission of

energy do not meet up with the demand. To plan
for adequate energy supply to farms, there is
need o ascertam what guantity of energy is
needed for hatching of eggs and raising chicks
to matunity. This will help in the national
planning in greater measure and help pouliry
farmers te pilan‘for meenng the cost of energy
consumption in their projection,

Much has not been done in the area of energy
consumption in poultry industry. Aiyedogbon
{5] worked on computerization of poultry record
of NEFRADAY Farm, which focused on
poultry record keeping based on information
and  communication  technology  (ICT).
Olorunsanya [6] in her work on egg production

2. EXPERIMENTAL METHODS

Experimental data were gathered at the hatchery
section of the NEFARDAY Farm Limited. This
is an integrated farm, located at Km 20, lorin-
Ogbomosho  Road.  The data  gathering
instruments are Fluke 971 temperamre-umidity
meter made by Fluke Corporation. and single
phase, 2-wire, CL 147 x {5 Watt-hour meter,
made in Nigeria by EMCON. The incubitor
worked on single phase electricity supply. The
energy  meter was installed o monitor the
energy consumed by the incubator.

The eggs from various customers were loaded
into the incubator and these eggs were of
various poultry birds such as turkey, chicken.
duck, and geese. These eggs were loaded into
the incubator whenever they were recetved from
customers, There was no time when the
incubator was filled to capacity duting the
period of the experiment

" production, found that approximately 25% of

in Kwara State, Nigeria considcred the
economic analysis of ege production with no
reference to energy consumption.

Adeniyi [3] worked on energy consumed by
incubator: he determined this. by analysing the
heat transfer in the meubator. Smith [7] reported
that energy saving tps could be successful if
good wnd  accurate  records of  energy
consumption in poultry cutfit are kept:

Biscarini, v of [8] reported that the control of
environmental condition in furm buildings has
greal importance on energy consumption which
will have o great effect on the to1al production
¢ost, Tabler, er af [9] i their work on energy
cost associated  with  commercial  broiler

gross farm income is required 10 pay for fuel
{popane) and electricity annually

Poultry keeping is a cottage industry in Nigerin
because there is hardly any home in rural area
where chicken are not kept. lowever there are
many commercial farms where poultry keeping
on a large scale is done. Chicken 1s the most
popular among poultry birds and account for
about 9024 of local pouliry production in
Nigeria, Chicken is abour £0% of 120million
poultry types us at 1987 of which 86.5% are
found in the northern part of Nigenia. [10]

The objective of this work presented in this
paper is to derermine the energy consumed for
hatching pouliry birds at NEFRADAY Farm
and refate it with environmental condition and
the cost of encrgy consumed.

The hourly readings of temperature and relative
humidity (RH) were taken for the air in the
incubalor and the ambient air oulside the
incubator, The following parameters were also
measured hourly: dry bulb temperature (Tpah
wet  bulb  temperature (Tyy) and  relative:
humidity (RH) of air outside the building and
inside the huilding. Readings of energy
consumption were also taken using the energy.
meter installed.

Whenever there was power outage, 2 period of
ghout 3 minutes was allowed to see if the power
would be restored otherwise a generator is put
an or a kerosene stove is lit. 1f the kervsene
stove is 10 be used, the ventilation port size wall
be reduced 80 as fo conserve the heat energy in
the setter. The kerosene stove was weighed
twice daily: first thing in the morning and lsst
thing al night to determine the mass of kerosene
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s for space healing with the stove when
by was riof available, The readings taken
s served as the final reading for
ht session und initial reading for the
on. While the cvening readings serve
reading for the day session and
s for the following immediate
n. The cxperimental data were
e average for 10 hours per day for a
(30) days.

»

[
25 /M)

To-Ti

= 0

b= Healing degree day

y ambient dry-bulb temperalure.

T, = Temperature in the incubator
base temperaiure.

number of hours over which
yalues were meusured.

aperature used 1s the daily average
the incubator and it varies from

wws the average values of dry-bulb
(1oe) inside and oulside the

The major tequirement oF the hatchery is
heating the space in it. There is a relationship

hetween fhe energy used for space heating and
the diffcrence  between  the  operafing

temperature and outside lemperature. This Jeads
to the concept of heating degree-duys [l
|leating degree- day is defined as the addition of
all the positive differences between the base
temperature (Ty) and the observed values of

ambient temperature  (T) thar s (Ty-1)
multiplied by time interval in days. In

calculating the heating degree-day, the formula
given by Olorunmaiye | 12] was used:

(m

dT:>T,
fTe=T, (2)

incubator, heating degree-days, numbee of hours
over which reading was tuken during the duy,
and clecirical energy consumed.

The encrgy consumed by the incubator for
heating the space tn it and driving the incubator
fans over the period of the experiment cach day
(Fys) was obtained by multiplying the values in
columns 6 and 7 in Table 1, The values of g
and Dy, are presenied in Table 2.

¢ Average vahwes of dry-bulb temperature inside and owside the ipcubator, heating degree-days
{Dy,), number of hours over which readings were taken during he day

and average clectrical

‘energy consumed per hour.

' | Average l Average Llectrical enerzy
Averaze D, Tow Hours of consumed ~ per hour
e nside outside the day || kWh
incubator incubator ‘ tho} T Duy Night
(T
16.06 225 297 | 5 1273 | 1.42 |
36,00 123 2825 0 1.158 1.36
30.26 .70 04 9] 1047 138 |
363 .83 3045 7 1237 156
36.43 262 29.75 9.5 1432 | 162 |
36.07 3.43 2805 93 (%) 70
36.66 145 S 9.5 1132 181 |
36.71 [ 336 2945 | 03 1,768 06 |
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9 21172006 33,63 145 | 203 3 1.567 1.54
10 [3712006 | 363 297 0% 93 1.189 1.30
11 | 4112006 | 3478 197 296 55 1043 1.25
12 [ 5/1172006 | 36.1% 345 347 8 I3 .70
13 6172006 | 3633 200 2935 | 93 1.397 1.61

13 | 71172006 (3708 298 3] 93 1356 180
15 [&102006 13672 | 346 .35 0] 1596 | 180
16 [971172006 | 3693 143 383 s 1.864 A0

}_n 107112006 | 37.08 307 281 8 1.55 1.30 |

[ 18 7112006 | 37.17 101 3045 %5 1.463 1.80
19 | 127112006 | 36.89 3.45 382 83 1.812 1.67

(20 | 131172006 13699 303 27.7 1 1618 147 |

(21 [ 1377172006 [ 365 4.07 27.25 i 1722 170
22 15112006 | 36,56 456 266 12 1.7 .77

[ [i6nia0e | 3633 382 28RS 1 L6 203 |

[24 1771173006 | 3645 | 329 259 0 1.727 187

(25 | 181172006 | 3594 4.00 268 1 1.63% 163 |
26 [ 190172006 | 36,14 3.95 251 9 1678 1.93
27 300112006 | 36.99 112 2799 T 1371 | 199

(38 [ 2171172006 [ 3486 256 %03 3 1652 T.98

129 - 2211172006 | 36.84 532 2855 9 1.79% 182 |

{ 332 . i

30 [ 2371172006 371 | 321 1 20,03 &5 1582 | =

Table 2: Statistical data for determining correlation coefficient between energy consumed (Ey) and

heating degree-days (Dy)
| Day | D R ‘]
[= X Y X7 v XY
1| 235 10.18 S06| 10363 :-:.tmsj
lj 2| 33 LS8 | 10401 T 13400 373458
3] 270 | 94 729 8874 25434
L 3 143 5,66 3.35 75.00 | 15.84038
5] 262 13.60 6.86 18296 | 35.60933 |
6| 348 16.15 11,80 | 26083 | 5571785 |
7| 343 ] 2120 11.93 44948 | 7322839 |
By ‘ 336 | 1630 11.28 28224 56,43
9| 14 70 | ?.TL' 2209 | 6.82624]
0] 297 11.30 880 12769 | 3342333
[ 1| 197 S88 359 7885 175195
[ 2] 245 10,20 6.00 108,16 | 25.3%018
K 1337 | B39] 17609 | 3843571
L =l { ehs |
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298 | 1478 | 885 21845 | 43.97053 !
: 1.66 15.96 1341 354.72 | 5845348
6| 353 1491 12.36 22231 | 52.63547
7| 337 1230 | 1069 133.76 | 40.54686
18| 301 12.45 9.04 | 155.00 | 3743648
19| 345 1540 11.90 737,16 §313
20| 393 17.80 15.47 316,34 | 7001334
1 407 18.94 16,54 358.72 | 77.02264
22| ase 204 0,78 38103 | 8297867
23| A.a2 17.60 1457 309.76 | 67.17333
24| 429 19.00 1838 36100 | RIA4625
35| 400 %02 16.03 ST TI50 |
2% | 3.95 15.10. | 15.60 22801 59,645 |
7 .12 TR0 | 00S 171.61 | 14.62833
3®| 236 8.26 6.57 68.23 | 21.1748%
9| 332 16.13 11,00 36083 | 5356417
0 321 1343 1032 180.90 | 4320813
9334344 | 41986 | 319 | 632999 1370476

s of correlation coefficient hetween Energy consumed Ly and hesting degree-days Dy was

' i3)
I!Z\': ’Y.\ nz\"*'Y\ i
1 -l \ -l \ =

b this case v, = Ly, values, 8, = Dy values, and o~ 30, See Tabic 2

e of R was found 1o be 08154 Thes R value shows 2 good relationship between heating degree
i energy consumed by the mwebator,

late lincar cquation relating Ly and D, s of the (orm,
y = mx (4)

& the values of Ey and Dy as v and %, respectively m Lable 2, the scoiier diagrum of energy
: pd by the incubator versus heating degree-dovs was plotted using Microsoft Excel 2007 version
) 3 presented in Figure 1 below. The trendline passing thro the origin of the axes is also shown in

iFigure. Thus the slope m = 4.448 in cquation (4} ebove and we can write

-
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Ej=4.448Dy 5

Equation (3) is the major result obtamed in this work from the experimental data gathered for 30 davs.
The equation can be applied to determine energy consumed by the incubator for each of the twelve
months in the year once the values of heating degree-duys for those months are known, Table ¥ shows the
average monthly heating degree-days (Dy) for Tlorin based on howrly Dry-bulb temperature data obtained
from National Meteorological Agency, Oshody, Lagos State for five years (1983-1987) by Raheem [13]
end seven years (2000-2006) by the authors of this paper, and the computed values of Energy consumed
(T30) using these values of D, in equation (§),
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T . .

000 0S50 100 150 200 250 300 350 400 450 500
Heating Degree-days (DH in oC-day)

< m consumed by incubator (Fy) versus heating degree-days (D) along with the trendline
that pass through the origin.
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Table 3: Heating degree-days (Dy,) for Tlorin computed from hourly dry-hulb temperature data by
Raheem [13] for 1983-1987 and values of Dy computed in the present work for 2000-2006
along with the values of energy consumption (Fy) calculated from equation (35)

S/No Mootk | D, (°C-day) for T, = 37°C Ex (kWh)
1983-1987 | 2000-2006 | 1983.1987 | 2000-2006
I Tanuary 34040 313.21 1514.10 1393.16
z February | 241.30 333.76 1072.86 1039.76
3 March 353,00 334,93 1121.79 104492
'3 Apnl 23500 254.53 113824 113215
s May 304.80 302.59 1355.75 134592 |
3 Tune 342.40 33580 1823.00 1493.73
7 Taly 185,90 37300 171648 163919 |
g August 389,30 391.54 1731.61 1741.57
] September | 369.30 362,84 1642.65 161391
i October 341.70 346,97 151988 1543.22
IT | November | 299.80 300,62 1333.51 1346.05
12" | December | 360.10 319.13 1601.72 142038 |
5
l_‘- | 17271 59 16774.06

3.2 Discussion of results

From the results. it was discovered that there is
a strong correlation berween heating degree-
days and energy consumption in hatchery. The
cocfficient of correlation  between energy
consumption and the heating degree-days is
0.8154, From Table 3 the highest heating
degree-duys and hence Energy consumption
oceurs in August for both 19%83- 1987 and 2000-
2006 meterological data, The other months with
lower heating degree-days have Jower energy
consumptions,

The lowest ¢nerzy consumption per month
occurs in February. Therefore. it is cheaper 10
incubate eggs in February than any other month,
From Tahle 3. it can be seen that the values of
dverage monthly heating degree days (and
hence energy consumed by incubator) for each
month of the year except August, October and
November are lower for the period 2000-2006
than for the period 19831987, From Table 3,
the estimated average energy consumed per year
in operating the incubator for the periods 1983-
1987 and 2000-2006 are 17,271,59 kWh and 16,
774.06 kWh respectively, The average energy

per year 18 2.9% lower for the 2000-2006
period. This is due the phenonmenon of global
warming. This in a way is favourable for
incubation of eggs which requires heating. This
is one instance in which the phenomenon of
global warming is advantageous unlike in fmost
cases where it is considered undesirable.

4. CONCLUSION

The linear relationship  between energy
consumed by incubator and heating degree-days
oblained from data gathered for 30 days has
been presented. It was applied to estimate
energy consumption by the incubator for all the
twelve months in the year for llorin, The
equition is useful in estimating the cost of
enrgy consumplion for operating an incubator
at the planning stage at any location once the
heating degree days over the period is known.
The results are ulso useful in guiding farmers on
what month of the year minimum energy will be
vonsumed for incubating eggs, Global wirming
is favourable for incubation of ezis because of
reduced energy consumption in the incubator,
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