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" ABSTRACT - ~ s ' - s
: 2 study was conducied to mvcstxgntc the effects of thrcc different roof lnsulnnon trcntmcnts

i “namely, Thatch grass (TH), Envnroluff (EN) and ‘Alucushion (AL) on’ conductive heat flux

exchange (HFE) when compared to that without roof insulation (Control, CT) during summer
" and winter seasons in southeastern Botswana. Each trcatment was replicated three times. Black
~ globe temperatures and outdoor air velocity were measured hourly dunng the two seasons. Data

i measurcd during two ‘of the hottest and two of the coldest months were avemgcd hourly to obtain

diurnal pattems and were ‘used in, the calculations  of HFEs. Data was analysed using the
~ ANOVA pmccdure in Statistical Annlysns System and ‘the  means compared using Turkey’s
.~ multiple- comparisons procedure. In summer, the daytime’ average-hourly HFE values’ were
o signif cantly (p<0.05) lower in TH (2.2+2.1), EN (2.0+2.0) and AL (1.9+2.1) than 15.9£2.1W/m*

"in CT. The HFE values at night were nlso significantly lower for TH (-1.642, 7), EN (-1.6£2.7)
- and AL (-1.4£2.7) than -13.7£2.7 W/m* in CT. In winter, the HFE were significantly lower in

- TH (4.942.4), EN (4.8+2.4) and AL (4.5+2.4)'than 36.8£2.4 W/m®in CT. Correspondingly, the
values at night were Aalso significantly lower in TH (-2.42. 2), EN (-2.122.2) and AL (-1.9£2. 2)

" 'than -15.322.2 W/m® in CT. During summer, cooling is required for.12 hours per day while in

‘winter, heating is required for 17 hours per day. Further studles are requ:rcd on cost—bcnef’ t
analyses of insulating roofs of broiler houses in Botswafia. .. .~
'Keyw\ordS' Botswana Broiler, heat tmnsfer msulatlon, poullry housmg

: lNTRODUCTlON ‘
“: . Botswana lies in the sub-tropical region’
(17 and 27°S" latitude ‘and 20" and 30“E

longltudc) and the mean minimum and

maximum temperatures in the eastern part
range- between 410 19°C and 22 to 33°q,

respectively, while relative humidity ¢ mnge
from 28 to 47% (Chepete, 2008). High

.. ambient temperatures and solar radiation

heat transmitted through bunldlng envelopes
result i in extreme heat loads in sub-tropical

:. regions. - Poultry houses in the tropics are

" ofien inadequately insulated against solar
. radiation. “Increased ventilation, use of
“reflecting building surfaces and building
materials with high héat storage capabilitics,
: nnd lmprovcd insulation are some of the

means’ ‘of" rcducmg the heat loads in’ the
tropics (Magoko and  Gustafsson, 1994).
Guidelinés for summer ventilation in animal

- houses / thnt have been developed” for

tcmpemlc regluns (CIGR, 1989) do not

~consider high heat loads from solar radiation

m poorly insulated houses in the tropics.
““Almost all small scale broiler houses in
Botswana lack supplcmcntnry cooling and
heating systems to ‘mitigate. the high heat
load and cold in the houses during the hot
and cold scasons (Chepet¢ and Tsheko,
2006; Chepete er’al., 2005). Chepete and
Tsheko (2006) rcporlcd that: 60% of
conductive heat gain in broiler houses was
achieved through the uninsulated roof, while
30% was through' the ‘wall. If the roofs are

]
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insulated, -a . significant - reduction - in
conductive heat gain could .be nchieved
which could help maintain better. indoor
temperatures. Hence, the objectives of this
study were to (2) quantify the average
hourly conductive heat flux exchanges in
summer and winter seasons; (b) determine
the average number of hours in . a day

required for cither heating or cooling and;
{c) determine the magnijtude of conducuvc .

heat cxchnngc reduction due to the use of
roof insulation in southeastern Botswana,

: MATERIALS AND METHODS

'I‘rcatments .

‘A total - of twelve smull cxpcnmt.nml a

houses each mt.asunng 1.6m L x 0.7m W x

0.4m H were fabricated. They resembled the -

conventional small . scale broiler houses
commonly used in Bolswana as described by

Chepete and Tsheko (2006). ‘The  floor of

cach house was made of masonry bricks to

- resemble the concrete floor. They were then
_ anchored to the ground with wires to prevent
" uplift by wind. Their walls were made.of .~
3mm.thick. plyivood | bonrd with thermal - ¢
. conductivity of 1.3 W-m™ K" at- 35°C and .
' were roofed with corrugated iron sheets, - '

Three msulatlon materials (trcatmcnts),

cach replicated thrce times, were placed Sem

.beneath the corrugated roof sheets. The first
_treatment. involved  a single sheet of
'Envnrotuff 201 insulation. (EN). The EN was

made of three layers of woven aluminum

“foil. The second was a single sheet of single-

sided fire retardant Alucushion® (AL). The

- AL was munufucturcd by a 'continuous

lamination . process - of  low . density

- polyethylene and aluminum' foil with sealed -
. bubbles of :air. between “the two  outer _
_.u_flnmmutcs The: third “was -thatch _ grass -
.. (Eragrostis pullcns) (TH}) in which the grass
- phytomers were compacted by hand to dem.
¢ thickness before placing. The fourth was the -
_ Control (CT) with no roof insulation. :

Measurements and data collection '
The experimental houses were placed in:.

an open field. free from obstrucuons and D

randomly laid in a 6 x 2 amay ‘with'a *
separation distance of 1.5m between and -
within a row. Hourly measurements of black |

globe temperatures (BGTs) and air velocity. .~
were done during winter. (May to August. - .-

2007) and summer (October 2007 to March: .

2008) using data lo;,gcrs Within each . - i
house, indoor BGTs were measured using -

precision . temperature  sensors  (model
PT907, Pace Scientific 'Inc. Mooresville:-

.~ NC. USA) connected to data loggers (model i
XR5-SE, Pace Scientific, Inc. .Mooresville, -~

NC. USA). A single similar BGT sensor was -

placed outside to record the ambient air .7

temperature. The black globes were made of -
150mm" diameter copper sphere with the

- outer surface painted black, The temperatire

sensor was then inscrted and secured
midway .into each black. globe. The BGT -
was' used  instead . of the regular air
temperature  because it integrates . air
temperature, * solar _radintion and . air
movement to give a tempcmlurc that
indicates what an . animal” would actually -
“feel”.. The ambient air. velocity was -
measured using HOBO SWCA smart_sensor
(model 7911, Onset Instruments, MA. USA)
connected to a HOBO weather station dam

logger-(model H21-001, Onset instruments, - .
MA.- USA). The data” were' pcnodlcally -
_downloudcd mto the compulcr for nnalysns

. Dctermmntion ol‘ conductlvc henl ﬂux

cxchnnge . -

' The standard - steady. state “heat’ tmnsfcrf' o
anulysns through a composite material was ~ -
- used in the caleulation of heat Lxchnngcs ‘
~through the roof. The nnalysns rcsultcd inan -

cquullon of' tlu. form:.
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. Q= conducmc hcal ﬂu). exchnngc lhrough i

.77 the ! roof}: W/m?; Ty and Tz arc outdoor and -

> - indoar BGTs, °C; Ry ‘through R5=hent flow . .

.7 resistance values (R-values) through the roof o
" struclure as defined in Table 1. For the CT, -

Ry and Ry were sct to zero. Thus, a positive

“while a negative valuc mdlcmcd hent ]oss
from the house. L S

- Table l The thermnl resnstnncc valucs (R-

" values) for air and roof components

:'a:o'i"s'. I ‘A;;;ric._ Appi.'séi.ﬁ_\(pil 7;;11_6"; 1 20 1'1,:_-_ 2

R value of Q mdxcnted heat gain into the house .

- Camponent . t R-value (mKNW)

) 'f(l, the outside mir film Dependent  on . air.

+ over the roof sheets " velocity and it ranged
oo v from 0.04 to 011 for 3
m/s .10 Cstill i,
Lo _respectively. -
'Ry, the corrugated iron ~ 0.11 -
©. - roofsheet.. )
I, 'R,, the air in the attic '1.09 _
space - . : - :
’R4, the  insulation 0.8,-0.99 and 0.77 for
Y mnzmnl EN, AL and TH,
s : i - respectively.
: - 'R,, lhc air inside the .0.11
house- ~ -

-~ Walues obtained from- Bengtsson and Whitaker
(1988); 2R-value for EN and AL were obtained from

_ the manufacturer specification while that for TH was
obuuncd from Bengtsson and Whlmker( 1988).

Dnln lmndlmg
. “Twa hottest months.in summer and two
“coldest months in winter were selected and
" their data used in the analysis in order to
_ represent the worst case scenarios in each
season. The data were averaged on hourly
basis ‘and presented as a single 24-hour
*. (diurnal) record for cach scason. These data
... were thén used to calculate the diumal heat
-, flux exchanges using equation [1].

v‘,Dntn analysis - :
- The raw data summaries and calculations
; .of heut ﬂuxcs were pcrformcd using

'- Mlcrosoﬁ Exccl 2007 sprcadshcct The dma

“was analysed using the ANOVA "procedure -
of Statistical Analysis System (SAS) (SAS,
A -2008) nnd -the . .treatment . means. in each.
 season’.- were comparcd .using Turkcy s
o muluplc compunsons proccdurc

' RESULTS AND mscussmws

Summcr :
“The' hottcst months dunng thc‘;

measurement: pcnod were - December  and

f', ‘January.. The  outdoor tempermure (BGT;)
- averaged 33.4£2.4°C and 19.2£0.7°C during

the. daytime and’ night time, respectively,

“The -air velocity averaged 1.920.2m/s and

0.9+0.1m/s during the: day nnd mght,
respectively. -
Table - 2 shows th(. nvcmgc mdoor‘

- temperatures, * heat flux - exchanges . and
- percent heat exchange reduction across.the
_four treatments during the summer scason.

The datd were partitioned into daylxme (5:00

. AM to 7:00 PM inclusive) and night time

(8:00 PM t0'4:00 AM inclusive) values.

.. There: was no significant - difference
(P>0.05) in the BGT; among all the.
treatments during the day or at night. This
was possibly caused by the small air volume
in the experimental houses.- It is expected

- that" when - real houses .are momtprcd

temperature differences may be observed
due to larger air volume and larger mass of
the structural .components involved in heat
transfer. There was significant differcnce
(P<0.05) in the heat exchange rate between
the insulated houses when compared to the
CT. This showed that the use of insulation
was important in reducing the heat transfer.
With reference to the CT, the insulation
materials reduced the heat exchange rate by

-623 to 737% (or 6.2 to 7.4 times lower than

CT value) and 756 to 879% (or 7.6 to 8.8

times lower than CT value) during the day
“and night, respectively. However, no

significant dlﬁ'ucnce (P>0.05) was obscrvcd
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among the heat exchange rates of . the
insulated houses indicating that  these
materials.cffectively reduced heat exchange
to similar extent, Both the EN and AL are
commonly used in industrial roof insulation
while TH grass is commonly used in roofing
‘huts in rurnl arcas in Botswana, The choicc

- usage is limited by it being a fire hnzard zmd .

of using' EN or AL would- largely be "
determined by cost, availability, and case of
installation. TH - grass  is often - readily -
available and affordable but its commcn:ml

hnvmg lower dumbxllty

'Tuble 2: The average mdoor tcmpcraturcs heat flux exchanges and percent hcat exchzmgc ~,;
reduction dunng the summer season in southcastcm Botswnna R o

Treatments < '
Varjable Thatch Envirotuflf Alucushion Control .
Day time (5:00 AM to 7:00 PM) - _
BGT; (°C) - 28.6+12°" 28.9£1.2° 28.9£1.2"% ©28941.3% -
HFE (W/m?) - 223210 2,0£2.,0° 1.9£2.1* T 15.9:2.10 '
% HFE red. - 623 - 695 737 ) - .
. N Night time (8:00 PM to 4:00 AM) . . ’
BGT; (°C) 22.6£1.6" -22.6£1.6° 22.6+1.6° ] 22.7x1.6*
HFE'(\V/m) Co-LGETY -1.6£2.7° -l4z27t -13. 7*"7"
%% HFE red. 156 756 879 )
BGT; = internal black globe temperature, HFE = heat flux exchange, HFE red. = heat flux c‘chnngc rcducuun with.-

reference to the Control. Means with the same letter along a row are not significantly different (P>0.05)."
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s Flgun: In shows thc nvcmgc dynnmlc -'
& tcmpcmlurc and heat flux uchnngc profiles - -
S _-."»'dunng he’ ‘summer-"period. - The : heat - ~
." ' exchange rates during the day were’ hlghcr_‘ o
“ ! thdn those at night duc to larger temperature - -
, - differcnces between. the inside and outside

" “conditions during the day when compared to

thos¢ during the night.The thermoneutrdl-

temperature (TN) for broilers ‘range from_ . . ! TN zo0 d
- this occurred .at night as the outside air

" cooled down.. In summer, cooling would
.+ thus .be the main -operation to undertake
" during the day  in order to” attain ‘TN-
" "conditions and would be: rcqmrcd for- 12

. hours per day. Such information is needed in

- the estimation of cooling costs as well-as in

- ‘the - selection of . the suxtnblc coohng

cqmpmcnt S :

.~ 24°C (at 8 days of age) to 18°C at slaughter
" “age (Okelo et al.; 2003), This meant that

- when BGT; was below 18°C, heating would - -
_be required and-when it was above:24°C, -
‘ coolmg would be required. From. figiire 1,

" the BGT; among the treatments ranged from
24.9 . 10 °35.1°C . averaging . 31.0:05°C_ . -

bclwccn 9.00- AM and 9:00 PM. Coolmg
~ would thus be requm:d for-12 hours per day
or for 50% of the time each day in order to
* lower the temperature to within TN where

the birds would be comfortable. If coolmg is:

not effected, the birds may become heat

~ .. stressed, which 'may cause the birds to

. reduce feed intake (Tao and Xin, 2003) and
-~ conscquently have reduced feed efficiency
- " (Okelo et al., 2003) and lower body weight

" gain (Yalcin ef al. 1997). Mortality rates and

- time to -reach market weight may also be

.. increased. (Muiruri and Harrison, 1991). -
.. Since, cooling systems arc not usuully
- installed in small scale broiler houses in

- Botswana, therc is complete reliance on
. cooling by natural ventilation. But; with
" daytime wind speed averaging 1.9+0.2 m/s,

. vll may not be adequate to effectively assist -
.. ;in: cooling: During calm days, the indoor
- conditions could be more stressful to the.

,l-:.houscd birds due to excessive indoor heat

N . buildup. The building type, structure, heat
" capacitance effect and other heating loads

”' _such. as equipment and animals, dircctly
afféct the magnitudes of heating and coolm;=
loads’ (Lhnnx, el al., 2000).

' 'pé&.’i.‘Aga{a;\p,;x.‘sc;;_v‘o;.-ju‘o.-,ngzjqx!’f- S

, Bmh hcnt gams and hcat losscs were
i '-'cxpcncnccd and’ were significantly :higher
“(P<0.05) in the CT when'compared'to the -
“other - treatments..with : roof: - insulation,
~ Banhazi et al. (2008) reported that building
“type, and wall insulation type accounted for -
* 11%. of variation in- internal temperaturé of

pig houscs in Australia. For 12 hours of cach .
day, the BGT; was within the TN zone'and -

: Wmtcr

" The coldest months during the momlonn;,
period werc June -and July. The outdoor
BGT averaged 25.7+#2.8°C and 6.5%1.0°C

during -the ' daytime ‘and " night. time,

respectively. - The  air - velocity . averaged

- 1.6£0.3m/s and 0.4£0.1m/s during the day
‘and night, respectively.

Table 3 shows the averagé BGT;, hcnt ﬂux
exchanges and percent ~heat exchange

" reduction across the four treatments during

the winter season, The data were partitioned
into- daytime (7:00 AM to. 5:00° PM
inclusive) and night time (6:00' PM to 6:00

. AM inclusive) values. : Similar to the
‘summer season, - the ' BGT; were not

significantly different (P>0.05) among the

treatments during the day or at night.
Compared to the CT treatment, the

insulated houses reduced heat exchange by

© /651 tb 718% (or 6.5 to 7.2 times lower than
. CT value) and 538 to 705% (or 5.4 to 7.1
- times lower than CT value) during the day

and night, respectively. This showed that the
use of msuluhon was 1mportunt in reducing
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the conductive. heat- transfer, Heat is lost through the ventilation systcm (Flood et al'
from a broiler house primarily by 1998)
conduction and convection through the c R
" ceiling and walls or with warm air cxhausted e . et

Tublc 3: The average indoor temperatures, heat flux exchanges and pcrccnt hcat exchnngc_-"' '
reduction during the winter season in southeastern Botswana

. 7 - . Treatments : Y
. Yariable : Thatch Envirotuff Alucushion : Control .
Day time (7:00 AM to 5:00 PM) : -

IT(°C) 17.651.4° 17.8£1.4° 17.61.4% 17.8:1.4%
HFE(W/m') . - 4924* 48224 7 4540 36.8:2.4%

9% HFE red. 651 667 718 ' :

: : Night time (6:00 PM to 6:00 AM) s . -

IT(°C) S 165137 . CIL0EL3Y T 10.8£13% 103£1.3%

HFE (W/m?) S 248224 204220 - -1.9#22% -153+22°

% HFE red. 3 538 s 629 705 ]

IT = internal temperature, HFE = heat flux exchange, HFE red. = heat flux exchange reduction with rcﬁ:n:nce m lhe L
Control. Mcans with the same lcllcr ulung a row are not signifi cuntly different (P>0.05). :
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Flgurc 2 Avcmg,t. diurnal heat flux cxchnng,es and the con‘cspondmg black g Llobu tcmpcmturcs in wmtcr o
‘j" m Soulhcﬂstcm Bolswunn TN = thcrmoneulrnl tcmpcmturc, HR hmlms \\ould bc rcqulrcd i .

Flgurc 2 shows the avem;,e dynnmlc BGT| , wmtc'r, pcnod. The: dnynmc JBGTI ii}. lh'i:' :‘, -
. nml heat flux exchangé profiles during the treatments averaged about 8.0°C below the -




" the
Consequently, :the growth rate- would be
" reduced and the time to reach market weight -

Bols'." .'Agnc Appl Scx Vol 7 No l”Oll ;‘

"BGT, mu1l|ng in the. houscs gnmm;, hcal._ :
. :At night, the BGT; averaged about:4.5° C‘.:—;-
" ahove BGT, resulting in heat.loss. from the -

. houses, Banhazi-et al. (2008) reported ‘that =,

. the external’ (cmpcrmure accounts for.67%

’I'ln. BGT; was wnhm TN zone 29% of’ lhc o

B time - or..for -7 hours " per- day. in - all the’
" treatments between 11:00 AM and 5:00 PM.
"' This was a result of solar heat gain nnd heat

K bulldup in the houses as the day. pmgrcsscd :

i of the variation in internal lcmpcmlurc while .

33% is controlled . by -manipulating - the . -
cngmcmng features of nntumlly venulntcd .

buildings in Australia..

. From 6:00 PM to 10:00 AM, the BGT; in .. -

"all -the ‘treatments “were - below TN “and
ranged from 64 0 .

during this period, which amounts to71% of

- the time daily. If heating is not cffected, the
- birds may become cold stressed which may -

cause the birds to incrense feed intake in

17.5°C averaging
-11.0£0.4°C. Thus héating'\vould be required

In -winter; heating would be - the main

. :.operation to undertake especml]y at -night
- and would be required for about-17: hours ~ =
_per. dny Estimation’ of the hcaung cos(s -

requires - such ~information as' well
. selection' of - the most - cconomlc hcatmg:
© system. _

CONCLUSIONS -

All roof insulations had snmllnr cffcct on -
conduétive heat flux exchangc (HFE) and

- promoted lower HFE when comparedto

. order to produce, more heat to keep warm at -

_expense of . meat - production.

. and expenditure: on feed -would increase.
" Under controlled environment, heating costs
- could contribute to more than 70% of the
- total cnergy bill during the heating seasons
" (Zhang. et al., 2000). Both heat gains and
_'losses were experienced from 6:00 PM and

10:00. AM and -were stgnif’canlly higher -

"(P<0.05) in* the CT than in the olher
. treatments.
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