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-, ,' ,,., " : 1'r'f.RLIFT BY SAK& IlE IREMENTAL 

* ~'COST 	 OF COW POWE~R Vf 

Buffalo and baladi' cows are a strategic part of the suryival and self 
sufficiency of the Egyptian small farmer. Cows provide power for the farmer 
to extend his farming operations. Cows furnish meat, mill-, some transporta­
tioiv and on some occasions h e heat for the family. Cows are a source:of
 

cap tal when sold or traded.' And to some extent the family cows are aniiego
 
. support of th6 farmer. (3) For what the cow gives to farming she requires
 
",j care and feeding. Care provided'by family members and feed that is, for the
 

most part, roughages and c'op residuals not immediately useful as human food. 
'o the Egyptian smal I farmer cows are a major,capital resources that is as 

& important as water and land. . 

The cow makes some input to nearly every crop enterprise by providing 
power for plowing, planting, and cultivation, pulling the sakia to lift . 
water for irrigation, and providing transportation for the harvested crop. ,: 

In short the cow is an extension of the farmer providing power to the ... pAfarming operation as well as products of meat and milk for the family and
 

the market. From the farmers' point of view, cows are of such obvious value
 
I that .they are more 'important, and useful than money, Cows can be sold
 

readily for money or- "in kind' payment and are therfore similar to a store
 
of capital. As a store of capital, cows are more desirable than bank
 
deposits that lose value with inflation or changes in ruling governments.
 
As a capital resource cows-play a strategic rolein survivalof the sub­
sistence farme . During the bantiful years they consumeresidual
 
roughage and grain crops and during more niggardly years they can be sold,
 
traded or slaughtered. Cows are the "shockabsorbers" of the variances of
 
the environment. (1) -With the physical and financial characteristic- just
 
described the cow is to some extent a symbol to the farmer, as an extension
 
of himself and an Ldependence achieved through self-sufficiency.
 

INTRODUCTION AND SUMARY REMARKS
 

The buffalo and ba.hdi cow provide a number of different products and .
 

evaluating the cos't of those products requires that some rational way,of

accuring costs to thos_,' separate products from the general costs of feeding
 
and care,be developed.. In this analysis incremental or "add on" costing ­was 	used aIs .amethod for estimating the costs of using cow power to lift ' .... 

water with the sakia. Using this metlod incremental costs are calculated 
as the added costs that are necessary for the farmer to incurr if he is ' 
going to use his cows for the "added"I job of powering the sakia. 'The in€re--)'l 
mental costs were broken roughly into three categories (1) Cost of reducedU 	 • -. :milk. production, (2) Cost of additional feed and (3) cost of decreased 
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reproductive abilities. 

E Itimating energy (cow power) costs on an incremental basis resuLted 
in energy costs per feddan and horsepower hour that, are significantly lower 
than earlier estimates 'usingrental rates, as "opportunity" costs and using 
"average" cost"estimates. The lower cost estimates would appear to 
reinforce the idea that diesel and electric powered pumps can not
 
competeeffectively with a sakia that is running efficiently. However,
 
diesel and electric ptunps probably have an advantage when canal levels
 
are low and the sakia runs at 50% or 60% of practical capacity. It
 
should also be noted that a farmer, who has or is nearing the point
 
were the sakia is worn out, will more likely consider the purchase of a
 

diesel or electric pump because he will not lose the value of the sakia
 
investment. (9) In short programsthat make mechanical pumps available to far ­
mers:.in areas of low canal water levels and selected farmeiswho must
 
replace worn out sakias, may find acceptance by the small farni'r.
 
More comprehensive prografs that replace the sakia would force the
 
issue with small farmers who have no 'financial (cost) reason for owning
 

/V
fuel powered pumps. Over time fuel powered pumps may become a symbol 

to the samll farmer and if he gains affluence the small farmer may
 
purchase fuel powered pumps as a convinience.
 

A comparison of the component parts of the incremental costs shows .....
 
the majority- of the cow power costs are associated with the reduction in
 
milk productipn., Further the cost of reduced milk production is much
 
greater for buffalo cows than it is for baladi cows. . The unusual 
difference betiqeen buffalo and baladi cows is due to a larger reduction
 
in higher valued buffalo,cow milk. Apparently, buffalo cow milk
 
production is affected more by work than baladi cow milk production
 
because buffalo cow milk has roughly double the butterfat '.content. From
 
a farm management point of view lactating baladi cows are a cheaper source .. j
S of powex than buffalow cows. On the other hand, the difference, between
 
non-lactating (dry) buffalo and baladi cow power costs, does not appear to 
be significant. ~ 

RATIONAL FOR INCREMENTAL COSTING -


The idea of incremental or "add on" costs involves only those added
 
costs that are necessary to perform the task, In practice the added or
 
incremental costs can be calculated ina partidl budget farmwork where
 
costs are calculated for each of the added itehs necessary to perform
 
the task and "opportunity costs" of revenues or products given up in
 
order to perform the task. The concept of incrmental costing comes
 
from the Marshallian marginal cost concept which are the costs on the
 
margin the costs of producing the last marginal increment of a 'product,
 

.ncremental costing is often used when an evaluat 
 g add
 

of a new or additional task or production to see if the revenues
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from the added task or function will pay for the costof doing the tdskor
 

making production. In this case the major reason for keepingthe cow 

is for meat and milk\ production and possible for field power. sin a.c 
number of other means for lifting water (both mechanical and hand pumps) 
ex ist the task of lifting water is an "added!' task given to the cow. As 
either the buffalo or baladi cow performs the task of pulling the sakia (1)
milk production declines, (2) addition feed is required and (3) the calving. 
rate declines. 1.. 

The decline in milk production and calving rates represents lost produc­
tion -- a lost opportunity (opportunity cost) to produce.(5) As a result 
one of the costs of operating the sakia is the, cost (opprtunity cost) or
 
value of the lost production of milk and calves. The,other costis a,,,
direct add on cost of the additional feed-required to supply the added f . 
energy needed for working the sakia, There is a complication with; added 
feed requirements and the decline in milk produc'ion'and calving rates. 
Milk production and calving rates for both buffalo and baladi cows on small 
farms in Egypt are abnormally low as a result of the off season feed deficit 
anid expending,energy in working the sakia further aggravates the problem,(1)(4)
Consequently, most of the cost calculations are based on measuring the extent 
and the proportion that working the sakias adds to or aggravates the problem
associated with the feed deficit.(7)(12). . 

In a broader perspective, the aggravation of the feed deficit problem
represents a social cost to Egypt of reduced,meat and milk supplies to the 
food system. 'Alternatively it should be noted that both diesel fuel and 
electricity ar6,subsidized by the Egyptian government and extensive use 
of both energy sources represent a social cost to Egypt. No attempt was 
made in this report to meask4re the broader social costsand no conclusions 
are made as to their importance. 

Other means of calculating cow power costs for the sakia include 
estimating the average costs for all the tasks performed by the cow' and 
estimating the rental value of cows.(5) If average costs .re used 
some costs are included that are\\also incurred for meat and milk production. 
If the rental rate is used it can be overestimated because farm producers 
may consider renting as yet another task for their cows that will 
cause .
 
an undue burden and unusal loses of milk dnd meat production. 

COST COMPARISONS USING THE EM'P F'ARMWORK (10)I 

*. TM~ buffalo a~nd baladi' cow power costs as calculated using incremental 
.	 costing are used in thO EWUP farmwork for the purpose of comparing irriga-" 
tion costs per feddan and per> horsepower hour. (1) .As shown in table 1 
and 2 the cost of water liting withbaladi cows is froni33%-50% of that 
for diesel pumps. E-ven the higher cu ,t buffalo drawn sakia runs less than 
60% of that for diesel. ' ' 
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.- ";ii.. .Table : W t i Cost Compais on E- -U (10) " W A,;!s:d:u' t ' For 

Table 1 Wate aLfizeg EnergCo stsh on J (t0e thSAdjk tens o 

KNumber of 
~feddans 

3-meter sakia 
using Baladi 

cows 

3-meter sakia 
using buffalo 

COWS 

9 horsepower 
diesel 
pumps 

7.5 horsepower 
electric 
Pumps 

------------------------- (..fda)----------------------------ftiL 

1 
2 

4 
5 
6 
7 

9 
10 
15 
20 
30 

321.45 

.812.76 

49.29 
28~.41 

17.98 
15.88 
14.50 
13-50 

12.18 
11.70 
10.32 
9. (O 

-

56.47 
35.62 
28.67 
25.19 
23.10 
21,72 
20.77 
19.98 
19.40 
18.87 
17.154 
16.78 
---

96.99 
61.36 
49.49 
43.55 
39.90 
37.61 
35.92 
34.64 
33.65 
32.86 
30.49 
29.28. 
28.11 

~,37.18 

199.93 
112.74 
83.68 
67.15 
60.43 
54.62 
50.46 
47.35 
44.93 
42.78 

34.27 
3 1'37 

' - 4 ¢ ' -, ; Ai , .k L ." _. .. -' _ 4 

;; TablIc 2:, -* ,-

:°,; P ,"-', ..-

' Water Lif ting, Cost, Comparison, EWUP (10) With Adjustments for 
InCremlentalized Energy Costs on the 3-meter Sakia 
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Number of 
feddaris 

3-iitrSakia 
'using baladi 

cows 

3-meter sakia 
using buffalo 

cows 

9 horsepower 
diesel 
Fu1mps 

7.5 horsepower
electric 

pumps4 

---------------------------------­ (L.E./hursepowev hour) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
15 
20 
30 

1.96 
1.13 

.85 

.71 

.63 

.58 

.54 

.51 

.48 

.47 

.41 

.38 
* 

'77 

2.24 
1.41 
1.14 
1.00 
.92 
.86 
.83 
.70 

.75 

.70 
67 

--. 

3.85 
2.44 
1.96 
1.73 

*1.59 
1.49 
1.43 
1.38 
1.34 
1.30 
1l.'21 
1.16 
1.12 

7.94, 
4.48 
3.32 
2.75 
2.40 
2,17 
2.00 
1.88 
1.78 
1.71 
1.48 
1.36 
1.25 

1 



Ihe efficiency (water pumped per hour of work or horse-.power hour) 
of he sakia would have to decline importantly (401-60%) before fuel 
powered pumps are comparable on a cost basis. Efficiency does drop to 
such lower levels in areas where the water level in::the canal drops reduc, 
ing the amount of water availl.ble to the sakia. In those areas fuel 
power pumps, may be a cost effective,improvement. Also, fuel power 
pumps may become a status symbol in some areas and ;-armersmay buy 
them to demonstrate their new found affluence -- a form of conspicuous 
Consumption. Also, if the us'e of tractors or'threshers becomes more 
widespread, pumps may be operated from the "power take off" inechanism(9). 
in this case tractor operated punips may be cheaper on an incrementalized 
cost basis and a better replacement for the sakia. Again from a broader 
perspective as pumps become more common place the saRia manufacturing 
industry will decline., The Infra-struCture that distributes and sells 
sakias and sakia repairs (parts) might be used to distribute and sell 
other types of pumps and pump repairs. 

ELEMENTS OF THE TOTAL ANNUAL COSTS OF SAKIA OPERATION 

A furtherbreakdown of the annual costs for the .sakia as shown in the 
EIUP stud)' wfth adjustments for incrementalized costing of bala4i and 
buffalo cow power (energy) is shown in tables 3 and 4. 

As shown in tables 3 and 4 incrementalized cow power or energy costs 
are an important part of the total annual costs of the sakia and become 
more important as the sakia is operated at higher levels. For example 
for baladi c6iqs when the sakia is used'for only one feddan energy costs are 
about 10% of'€the total annual cost and when the sakia is-used for 20 
feddans energy costs are 27% of total annual costs. 'For buffalo the 
percentages are even higher at one feddan energy costs make up 21% of 

___ total annual costs and at ,20 feddans energy costs are almost 60% of total 
annual costs. In short total annual costs are a linear function of
 
feddans irrigated and as feIddans irrigated increase energy costs
 
increase more than proportional to total annual costs. In other
 
words the cost comparisons would be quite different on large tracts.
 

ELEM ENTS OF THE INCREMENTAL COSTS OF COW POWER OR ENERGY 

.Asshown by tables 5 and 6, the incremental costs of cow powerorI
 
energy aie based on the added cost of feed and the costs of reduced milk 

production and reproductive ability. Lower milk production costs are 
by far the most important added costs. 

' 
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Table 4: 	 Water Lifting Costs for 3-Meter Sakia, Data from EWUP (10), Energy Costs
 
Based on Incremental Costing Using Buffalo Cows
 

Nuher of Annual fixed Depreciation Rcoairs Energy Grease Operation Total Annual cost
 
feddans cost co st co st annua p
cot/ per per


feddan 
 horsetower
 

.................................... (L.E. Per Annum .)...................................................
 
1
 

39.50 1.S13 .435 11.95 .054 2.720 56 7. 5472 .-­39.50) 3.627 .870 21.70 102 5.4-10 1.2_-0 35.120 1.414 

39 SO 5.440 1.306 31.4-1 .: S.160 .0o 2S7 1.i3:4
 
39 SO 7.253 1.741 41.1 21S 	 772 9.S) . 00 


6 	 39.50 9.067 2.156 50.S2 72 13.600 1 ,15 21 .91 
7 39.50 10.80 2.611 0.,6 70 16.32, 13. 29O 21.7i6 .862 
8 39.S0 12.693 3.046 C.4 15-2 2074 .2 

39.50 14.507 3.482 14 .435 21.7t0 159.82 i997 7939
 
.5039 16.320 3.917 S9.87 .490 24.4S0 174.577 19 397 .770
 

15 	 :9.50 18.133 4.352 9. 97 :z4 27.200 1S.699 18 .870 .750
 
29050 ,27.200 6.523 148.31 .816 40.800 263.154 17.544 .700
6 .2 67 195.53 	 1,.777
63950 8.704 1.038 54.400 335.539 	 .666
 

1/ Total 	annual cost can also be estimated as TC = 41.S + 14.7 (numbei of feddans) 

2/ Annual cost per feddan has the following functional form: 

Tc/Fd = 14.7 41.
L No. of f*d-a;.s 

3/ Annual cost per Horsepo, !r the followIng functional form:
ioul," mis 

TC/Hir 554 + .Ob()
 
No. of feddans
 



Table '5: Animal :Power Costs for ., " .. "... : '" : "Lifting ;Water :by
. y ,.aakia Using Three Baladi Cows ts 
T of the Incremen tas for Lion CostS). 

Baladi Cow Costs (EneIgy) For Water
" " .. ' .Uftin by S .a' " >1 Number Hours' To'tal hiours [eductininb" .ak-a 
Nr Reduction i Increased Decreased Total 

of fuldans worked work-Id by milk prod.l/ feed costS2- reproduc-,
p6r cow all cows tive abi­

lity'3/
 

S----- (hours)------------------------------- (L.E./year)----------------­

1 18.1 54.4 2.12 .39 2.26 ' 4.77 ' '{! 
> 

la.a 2 36.3 108.8 4.24 .78 2.26 7.28
 
3 54.4 163.2 6.36 1.17 2.26 9.79 

."4 72.5 217.6 8.19 1,56 ' 2.26 12.31 
5 90.7 272.0 10.61 2.26
1.95 14.82
 
6 108.6' 326.4 12.73 2.34' 2.26 
 17.33
 
7 126.9 380.8 14.85 2.73 2.26 
 19.84:,

8 145.1 435.2 16.99 
 3.12 2.26 22.37 Ia' 

a 9 163.2 19.09 2.26'
489.6 3.52 
 24.87
 
10 .180.1 540.4 21.08 a' 3.88 2.26 27.22' 
s15 272.0 816.0 31.82 5.85 2.26 39.93 

20 360.0 1080.0 42.12 7,75 2.26 52.13 

N1 where M=I/ Based." on: t; 13 1AC)1P1 , Value of Reduction-in Milk Production,AC C C .. . ' ;, . -
HAC = Hours worked by all cows, and IMC = Price per 

kilograw of cow milk or case..30 L.E. in this ­
2/" 'Based on: F_ ('O I.).lic A':.:. .
 
2o2.408Hp) Hcc Ac NC, where lip = horsepower expended by ' 

the cow per hour --.51 'was used in the case, H = Hours worked 
per cow, AC = Total annual feed costs for the Eow -1 133.30 L.E. 
i as used in the case, and N = number of cows working -- 3 in 
this case. w
 

3/ Based on: ___________/Dw nc)_ Vc N, when Rc = proportional cost of 

L 6,1.6(.49). 
-

the cost. of reproductive ability by working cows, Hp = horse-, 

power expended by the cow - .51 was .used in the case, Hc 
hours worked per cow, Dw = days worked per cow, H /Dw was 
held at 3 in this case, Pn, proportion of cows not'calver
 
.3 in this case, Vc value of a calf -- 25 L.E.in this
 

.". case, and N number of cows used.',a
 

a-a' :4:, '" : '<ii i : .V
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Table 6: 	 Mial Power Costs for Lif ting- ater by , 
gakia Using Three Buffalo Cows (Elements 
of the Incremental or Add on Costs)'
 

Buffalo Cow Costg (Energy) For 11ater 

Lifting by Sakia 
Number Hours Total hours ReduCtion in Increased Decreased Totl 

of flddans worked worked,.by milk prod.l/ feed costs-reproduc­
per cow all cows . tive ab­

* 	 Jity / 

------ (hours) .--------------------------- (L.E./year) -----------------­

.-,. 1 18.1.. 54.4 9.52 ",.21 	 2.22 11.95 
2 36.3 108.8 	 19.04 .44 2.22 21.70
 
3 54.4 163.2 	 28.56 .66 2.22 31.44 
4 72.5 217.6 38.08 .88 2.22 41.18 
S 90.7 272.0 ,47.60 1.10 2.22- 50.92 
6 108.6 326.4 57.12 1-32 2.22 60.66
 
7 126.9 380.8 
 66.64 1.54 ' 2.22 70.40 
8 145.1 435.2 76.16 1.76, 2.22 80.14 
9. 163.2 489.6 85.68 1.'97 2,22 - 89.87 

10 180.1 540.4 94.57 2.18 2.22 98.97 
15 272.0 '816.0 " 142.8 3.29 2.22 14831
 

0 20 360.0 1080.0 189.0 4.36 2.22 I95.58
 

1/ Based on: Mb (,S lAB) 1)Mb' where Mb = Value of Reduction in Milk Production, 

-1AB = Hours worked by all (3) buffalo cows, and = Price per 

kilogram of buffalo milk or .35 L.E. in this case. 

2/ Based on: F r2.08 lHp)I!x A N1wheeF nras ed ot detb -h b b' 0 ~b =Ices edcssdet 
L30719.5
 

energy expended while working, lip = horsep,-iwer expended by the. 
buffalo cow per hour, l1b = hours worked per cow, A = total annual 
feed costs for the cow -- 116.86 L.E. was used in his case, and 
Nb = number of buffalo cows working -3 in this case. 

!i :i:;'i:.b 1',( v N, whenl R proportional; cot o' 	 ~)nb)
/,,~~~b=20 i 	 ~ bse::: ::::[ .. ::

3/ Based on: Rb (2. 08 Hlp) (hb/Dw) (P ' iw~nR iprioa oto11(105'.5) .49 A 

the loss of reproductive ability by buffalo cows, Hp =' horsepower 
expended by the buffalo cow --. 51 was used in this case, 11 = hours 
worked per cow, Dw = days worked per cow, fib/Dw was held a three 
in this case, P roportion of buffalo cows not calvery 3-.3 
thiswas-sein:case, thaicase,number*b= value useda 3 calfthis 40 L.E.of of buffalo--	 case. in:nd N 	 cows in --

'hi:: ,;, <) -"-; 2 ,'.. 

:"j[n 
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As shown by the tables reduced milk pIouction, when 10 feddans are, 
irrigated, miakes up 77% of the baladi cow power or energy costs and 96% of the 
buffalo cow power or energy costs. Only at the loier levels of irrigation 
of one or two feddans does reduced,reproductive abilities (reduced calving 
rates) make a very large proportional contribution to power or energy costs. 
Reduction in reproductive abilities remains almost constant because once 
the estus cycle is interrupted it is not very likely that the cow will . 
calve that year. Also, if pumping contributes further to under nutrition, 
the estrus cycle will likely be interrupted.. 

. 

* For both reduced milk production and reduced reproductive 
ability costs were calculated on a proportional basis to the contribution 
that energy-expended in working the sakia contributed to the nutritional 
deficit'. .In other words, the milk and reproduction reduction was considered 
to be caused by under nutrition (2)(4)(11) and the porPortion that added 
work contributed to under nutrition was considered as the proportion of all 
costs of under nutrition to be contributed to working the sakia. Feed costs 
were calculated sirriply as the amount or cost of feed necessary to meet the 
added energy requriements from working the sakia. In some sense there 
'issome double counting of costs because if the added feed requirements 
were met, under nutrition would not occur and milk and reproduction would 
not be greatly reduced. 

Relationships were developed for each of the incremental costs of 
reduced milk production, added feed costs and decreased reproductive 
ability. Each of the relationships are shown at the bottom of tables 
5 and 6. The basis for each relationship is shown in spearate tables in 
the appendix. v. 

*SOMEENDING OB~SERVATIONS AND OPINIONS_ 

To an important extent the buffalo and baladi coq appears to be a major 
element in the small farm economy. So important that the small farm economy 
would collapse without the cow. Therefore, the activity of powering sakias 
is only an "add on" activity -- one of many activities that the cow performs. 
Further cost of the sakia powering activity is very low on small farms and 
fuel powered pumps must be justified on some other basis than cost. For 
example if the -­small farmer becomes more affluent he may buy a fuel powered 

*i..pump simply for't~ie sake of convience. " 

K 

The overwhelming cause for low milk production and low calving rates appears ' 

* . to be under nutrition during the "off-bersheem" 
the low milk produoe"ion or calving rates appear, 
with working the sakia or even in the fields. 

'eason 
in my 

(7) (8) (12). Very little of 
opinion to be associated 

" 

Programns to force fueled pumping v sus sakia pumping, would in my 
opinion, alenate the small farm producer and probably destroy the sakia 
manufacturing industry; Further, very little labor would be saved by 
replacing the sakia with fueled pumps and no improvement would be made in 
the farm labqr shortage. Fueled pumps replace animals not pedle. A 

-

F 

.4pu'ps 

Vll' 
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far better part cf valor would be to make fueled Pmips available for small 
farmers to purchase as Lhey see thir convi nce. It is less alienating
and more feasible to adopt fueled pumps to farmers than to adopt farmers
 
to fLQJlj pumips 

/ls 
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AppendiX 

The following tables show the basic relationships 
used to derive the
 

..
 
incremental energy (cow power) costs associated with wIater lifting using 


on survey data 	or well
 
the sakia. Most of the/.,relationships are based 


cases the relationships

k~own physical relatic)i~hipS. However in some 


at best crude estimates. Thc reasoning followed that crude estimates
 are 
maybe soinewhat informative. 

at least indicate a magnitude which 

Table A-1
 

Apparent Milk Reduction Associated with 
Water Pumping
 
./
By Buffalo and Baladi Cows 


Buffalo
laadi Cows
-0' 

130 kilograms40 kilograms
per yearMilk Reduction 

V.alue of Milk-Reduction 15 6 L.E.
4.8 L.E. 

at .12/kg fqr cows milk and 


.1S/kg for buffalo milk
 

8.0 L.E. 32.5 L.E.
y* .. at 	.20/kg for cows milk 

.25/kg-for buffalo milk 

45.5 L.E.
12.0 L.E.
30/kg for cows 	milk
at .­
- . 7 .e 

.35/kg for buffalo milk	 
'C 

'C 

[...
 
1/ Winrock International, Improved Utilization of Feed Resources 

for the 


, !ivestock Sector, 1980, p. 76.
 



table A-2 

£4.590 

Increased Energy 
Lifting 

:Energy Requency 

Item 

Requirements of Bufflo and Baladi 

Baladi Cows 400 kilogrdms, 
36 kilograms. of milk at 

CoWS When Used for Water 

Buffalo 550 kilogramsi 
4.8 kilograms of milk, 
at 8% 

(HIE/day) . (days). (IE/days) (N.E/days5' (days) (ME/days) 

Maintenance 
Lactation, 

44.7 
19.9 

365 
170 

16315.5 
3383.0 

58.3 
47.2 

365 
200 

21279.5 
9440.0 

64.6 19698.5 105,5 30719.5 
'2/ 

PuipZg at 
160 m3/hr. 

%increase over energy required 
without work 

8.32 

12,8% 

62 , 515.8 

2.6%06 

8.32 

,. 

7.8% . 

52 . 432.6 

.1.4% 

P 

125 1 /hr 
6'horsepowe.
5 hrs. 

for. 
6.24 62 286.9 6.24 52 324.5 ,..* 

' -
%increase over 
energywithoutrequiredwork 9.7% '2.0 5.9 '. 1.1% 

57 m hr 4.16 62 - 257.9 4.16 52 216'.3 

%increase over,energy 
required without vork 6.4% .1. 

. 

3 .7% 

1/ Energy required for maintenance, lactation and work are estimated Based on 
the following relationships "' 
Maintenance: ME/day .09 W + 8.3 
Lactation: HE/day = .23 B)' 
Work: .ME/day (2.08 Hp) hrs, 
where ME/day =,,Nega colories per day 

jI.= Weight (kilogram) of the animal -

. .,. 

B= i~Buteratcotet filM = Milk (kilograms)'rodtced/day 
Hp =Horsepower requ.ired 

,, ' Hr= No. of hours workdd/day.
 

T1,:: 
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The 7elationship for maintenance and lactation is reported Ji.A . . 
Mrgar Res, T.E. Williams, A.J. Smith and B.S. Capper, A Report of an 
ODM Mission 20 Egypt 20 Undertake a Pre'Feasibility Study of Forage .ro­
duction and Animal Feeds,Tropical Products Institute, Ministry of Overseas
 
Development, London 1977, p. 142. 


The 	relationship for work is reported in Winrock International, Improved

Utilization of Feed Resources for the Livestock Sector, p. 10-14.
 

2/ 	A more detailed calculation of power required to run sakias can be made
 
based on measurements of tractive force of the animal., mean rotation of
 
the animal and diameter of the animal track. -The relationship for the
 
calculationof horsepower is shown in Engineering Research Bulletin,

1978, Vol.,1 part i,."Field and laboratory Investigations for Various
 
Types of Electrification Methods of Nile Irrigation in Menoufia
 
Governorate by Dr. Abdel-Hady A. Nasser, p. 76.
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