
ECONOMICAL COMPARATIVE STUUY B U N E Z N  ' W ' M I H ,  

DIWEL, ELETHIC MOTON AN13 AhIMAL US A PHIU , 

MOVER PQH N I L E  IHHIGATION. 

The economical s tud ies  of i r r i g a t i o n  methods muet be 

considered f o r  researchars i n  the  f i e l d  of ag r i cu l tu re  
d e v e l o p n t .  Numerical study have been taken f o r  convent- 

ional  i r r i g a t i o n  method8, euch a s ,  water wheel (anha1  o r  
e l e c t r i c  m t o r  a s  a prime mover), d i f f e r e n t  types  of i r r i g -  
a t ion  pump with many aourcea of power. 

In  general ,  coet  is usually c l a s s i f i e d  i n t o  two categ- 
o r i e s  v iz ,  f ixed and variable c o s t s  each of which include8 
eome ieeme according t o  circumrrtances. However, the  fixed 
c o s t  may be considered as including the annual charge 
(deprecia t ion) ,  insurance, +urea, housing and labour cos t s ,  
The var iable  coa t  include., r e p a i r  and maintenance, f u e l  
md o i l  cbsts .  

For comparison 'the t o t a l  coe t  per feddan f o r  each irr- 
iga t ion  method h& been worked out  i n  t h b  work ani indicated 
below. 

1 - E l e c t r i c a l l y  Driven Pumpt 

3 Assuming a pump w i t h  discharge a t  300 m /hr. ( 8 . / 8 * )  

&a an average si re .  

Average annual water rurquir6ment/fed, 3 
r 6600 m. 

Max. water reguirenrent/day/fed. 3 
a 76 

Asasuming 16 working houre/day, 
The pump w i l l  be s u f f i c i e n t  t o  i r r i g a t e  300 7 6  16- 63.fed. 
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If w e  Uaka a factor af s a f e t y  to cover stoppages and failure * 
of elec$ric current 1 , we can aasume this pump wiLl be a u f f -  

i c i e n t  t o  irr igate  5 0  fed. 

Price of thicr pumping unit including pump, motor, C/B, cables, 
and suction and delivery pipes , - 1100 L.P. 

Cost of pump/f ed . = 22 L.S. 

1.1- Calculation of Annual Coat of  Irrigation/fed.: 

1.1 -1- Electric Energy: 

Average annual water requitement/fed. = 6800 
3 m, 

AVerGkge manometric l i f t  1 3 . 5  m. 

Manometric eff iaiency of pump 3 70  Ck 

Motor ef t ic iency - 85 % 

One K.W.H. 3600 x 302 
1UOo 

The 4otal  energy requirement/fed./year 

adding lo)L for lighting and other acoasoortar; 
the t o t a l  annual energy raquirsment/fedrr 120 #.WcEI* 
Tarife of one K.W.H. for small gowcrt csnrmror 1 5  rdll. 
!Phe totaP annuah cos t  of e l e c t r i c  onsrgy/fed.*A2OXQ.O;15 

1 1.8 Lrqr . 

1.1.2- operation and Maintenancet 

Operation and maintenance of electric network irs included 
in the price of K.W.H. 

Operation and maintenance e l e c t r i c  pump/yens?r 8% of i t 8  
price. 

Total annual coat of operation and rnaintenmoe/fed. 
a 1.76 L.P. 

1.1.3- Labour Cost: 
One attendant/wit at; a yearly salory o f  480 L ~ E I  

480 
Annual coat: of labour/fed. -3 ' m  9.60 L.6. 



1.1.5- Total annual cost of irrigation/fed. 

= 1.8 + 1.6 + 9.60 + 2.6 = 15.8 L.E. 

2 - Oiesel Driven Pump: 
3 Assuming the same average size of pump ( 3 0 0  m /hr.&"/B") 

Assuming 12 working hours/day, the pump will be suff- 

icient to irrigate 300 l2 =i 47 fed. 7 6 
If we take a factor of safty to cover stoppages, we can 

assume that this unit is sufficient to irrigate 30 fed. 

Price of this unit including diesel engin&, pump, suct- 
ion and delivery pipes = 2400 L.B. 

(1800 L.B. for diesel engine and 600 L.E. for the pump 

and accesories). 
1800 Cost of diesel engine/fed. = - = 60 30 L.E. 

Cost of pump/fed. a - 600 = 2 0  3 0 L.E. 

2.1- Calculation of annual cost of irrigation/fed,: 

2.1.1- Fuel: 
Average manometric lift 3.5 

Manometric efficiency of pump 7@h 
Diesel engine efficiency = 85% 

One H.Y.Hr. = 75 x 3600 
loo0 1 720 

'~6tal energy required/fed/year = 126 

Internation price'bf diesel price = 120 

Specific fuel consumption/H.P.~r. = 250 

Total ahnual cost of fuel/fed. 
P 

120 x 250 , 12u 
1 3.78 

lo6 

2.1.2- Lubricating Oil: 

Specific lubricating oil consumption/H.P.Hr. 

= 5 

and to be doubled to cover oil changing. 

Price/Kg. of lubricating oil * 1.0 

Annual cost of lubricating oil/fed. 
126 x 10- , 
1000 1.26 

g-• 

L.E. 

L.E. 

L.P. 
2.1.3- Operation and Maintenance: 

Annual coat of operation and maintenance of diesel engine 

= lo$'$% of ice price 

Annual cost of operation ac.3 maintenance of pump - 5% of PW price 
Tab&& m u a l  aeeg i3e opP@&ian c rnaen%rnsnaol/'frd, 

(0.10 x 60 + 0 . 0 5  x 2 0 )  a 7 . 0  L.6. 



2.1.4- Labour: 

One a t tendant  f o r  operation and minor maintenance a t  

yearly 700 ~ . E . / u n i t .  
700 -23.33 Annual cos t  of labour/fed. = - 30 L.E, 

2.1.5- I n t e r e s t  and depreciation: 
Assuming sinking fund depreciat ion 2* by 2 5  year f o r  

pump and 1 2  years f o r  d i e s e l  engine a t  12% i n t e r e s t  

r a t e ,  the  annual cos t  of i n t e r e s t  and depreciation/fed. 

= 60 x 0.127 + 20 x 0.161 = 10.85 L.E. 

2.1.6- Total  annual c o s t  of i r r i g a t i o d f e d .  
3.76 + 1.26 + 7.0 + 23.33 + 10.65 = 46.22 L.E. 

3 - Pump Driven with Tractor: 

The following infarmation can be considered i n  the ana- 

l y a i s  of the  t r a c t o r  costs:  
The i n i t i a l  p r i c e  = 800u 

The expected l i f e  - 15 years. 
Salvage p r i c e  8013 L.E. 

Tractor horsepower = 65 H.P. 
3 Average annual water required per fed. = 6800 m. 
3 Max. required water per day per fed. * 76 m. 

The t r a c t o r  operaf&s 2400 per year i n  the  normal condit- 
ions a s  8 hours per day f o r  300 days. 

3.1- Tractor  f ixed  costs:  

3 , l . l -  The annual charge and depreciation: 
The sinking-fund method o r  t h e  annuity method 2* can be 

used f o r  ca lcu la t ing  the  annual charge and deprecia t ion ,  

The annuity method is more accurate,  Therefore it: w i l l  be 
used. 
Then ; 

The annual cQarge = (I - S)  R + S i  

Where : 
R - the  annuity f a c t o r  = A/ 

1 - (1 + i ) O n  
i 

A - t h e  amount t o  be recovered = un i ty  

i - t he  i n t e r e e t  rate 12% 



Then, 

The annual charge = (&W - 800) x 0.161+ 600~0.12 

1258.34 L.6. 

3.1.2- Insurance and Housing: 

For tractors, insurance and housing can be neglected 

because it is not universal practice to insure farm 

machinary. 

3.1.3- Labour cost: 

The average annual labour cost about 750 L.6. 
7SU 30 

Annual cost of labour/fed. = - 2 5 L.E. 

3.1.4- Taxes: 

Taxelj can be taken aa 12 percent annually from the 
ca~ital cost. i.e. 

43 2 Annual cost of taxes = - 2 5 =I 17.28 L.E. 

3.2- Tractor Variable Costa 

3.2.1- Operation and maintenance 

Operation and maintenance can be taken 15% of the 

tractor price. 
' b  

Annual cost of operation and maintenance 
= 0.15 x 1258.34 = 188.75 L.E. 

Annual cost of operation and maintenance/fed/year 
3 108.75 

2 5 = 7.55 L.E. 

3.2.2- Fuel consumption cost 

By assuming that the tractor works at one half load 
driving the pump, the tractor will be considered aa 

working at power of about 30 brake horsepower to drive 

the pump and make up for the power losses. Fuel consum- 
ption (f.c.) equals the brake horsepower (B.HP) multip- 

lied by the brake specific fuel' consumption (b. 8 .  f . c. ) . 
2*. 

Then, 
f . c .  = b.HP. x b.a.f.c. 

= 30 x 0.234 = 7 lit/hr. 



Where, 
The s p e c i f i c  fue l  conrsumption a t  30 HP and 2000 R.P.M.  

equals t o  0.234 lit/n,H.P.hr. 2 * .  

Then, 

The f u e l  consumption c o s t  equals the  r a t e  of f u e l  

consumption l i t i h r .  mul t ip l ied  by the c o s t  per  l i 4 .  

(0.025 L.E. ) thus,  

The f u e l  consumption cost  (f.c.c.) w i l l  be$ 

f,c.c. = 7 x 0.035 = 0.245 L.E. 

f.c.c./fed/year 
0w245 x 20 = 1.568 

°i 25 
L.E. 

3.2.3- Oil.Cost: 

Can be estimated as 20-25 percent of f u e l  c o s t  2" .  

T h e n ,  

The o i l  cost/fed/year = 0.063 L.E. 

Total cost  of irrigation/fed/year fram the  t radtor  only 
m 3 0  + 27.28 + 7955 + 1.568 + 0.063 a 56.46 Log. 

3.3- Annual I r r i g a t i o n  Cost pel: Feddan from the  Purapi 
3 - Aaauming a pump with discharge of 300 rn /hr. 

. - Suction and de l ive ry  pipe diameter8 818" - Average W ~ a l  pquired water/fed. 3 
rr 6800 ra - Max. required water/day/feddan ro 76 m 

3 

- The' t r a c t o r  works 8 hours pe r  day, a t  which We pwp ' 

8xx 300 31.5 F e d .  will be s u f f i c i e n t  t o  i r r i g a t e  about 76 
Xf we considered a factor of s a f t y  to cover stappagee 

of the  pump or t r a c t o r ,  we  can assume tha t ,  this p\uap 

w i l l  be s u f f i c i e n t  t o  i r r i g a t e  about 25 feddan per day. 
Price of t h i e  pumping unit including suct ion  and del -  

ivery  pipes about 500 LiE. 
- The expected l i f e  f o r  the  pump = 15  years. 

3.3.1- The pump fixes cos ts ;  - The annual charge and deprecia t ion  



3.3.2- Xnterest and Depreciation: 

r The annual cost  of In te res t  and depreciation/ted. 

per year 80.5 x 0.161 = 12.96 L. E .  - Insurance, Taxes, Housing, Labour costa: 

These items can be neglected. 
80.5 

-The f i x e d c o e t o f  the pump =-  =3.22 L.E. 2 5 

3.4- Pump Variable C o s t s  

3.4.1- Repair and maintenance: 

Can be taken 5% from intiondl price. 

Repair and maintenance costs  .r 0.05 x 80.5* 4.03 L.E. 

annual cost  of i r r iga t ion  of repair  and maintenance/fed/ 

year 4.03 
I - 

2 5 0.161 L.E. 

3.4.2- Fuel and O i l  

This items can be neglected 

3.4.3- Then, the t o t a l  cost  of irxigation/fed/year 

from the pump = 12.96 + 3.22 + 0.161 a 16.34 L.E. 

3.4.4- Total cost  of irrigation/fed/year fo r  the t r ac to t  

driven pump = 56.46 + 16.34 = 72.8 L.E. 

4 - Animal DrivenrcWater Wheel: 

A water wheel is euf f ic ien t  t o  i r r i g a t e  on average . 
area bf 15 fed. i n  seven days by using three cows, i.e., 

one water wheel/l5 fed. and one cow/5 fed. l*.  

4.1- Calculation of annual cost  of irrigation/fed.t 

4.1.1- Food: 

Average extra  dai ly  f o d h e a d .  = 1.0 LsEs 

loox = 2 0 L . E .  Annual cost  of extra food/fed. 

4.1.2- Losses Milk Production: 

Loss of milk/working hour amounts t o  one Kg. 

Loas of milk/day (6 hours ) 6 ftg. 

Lotla of miwyear (100 days') = 600 Kga. 

Price of one Kg. of milk a t  farm gate = 0.25 L.B. 

Total annual cost  due t o  losses i n  milk production/fed. 
a 0.25 x 600 

5 a 30 L.E. 



4.1.3- Labour: 

One attendantlwater  wheel during 100 daye = 200 L.&. 
aoo Annual c o s t  of labour/fed. = 13-33 L.E. 

4.1.4- Operation and Maintenance of water wheel: 

Price of water wheel 700 L.6. 

Annual c o s t  of operat ion and maintenance of water 

wheel = 12% of i ts  pr ice .  
Annual c o s t  of operation and maintenance/fed. 

I 
700 x 0.12 

1 5  
= 5.60 L.S. 

4.1.5- I n t e r e s t  and Depreciation: 

A - Animal: 

Pr ice  of one cow = 500 Leg. to be sold  a f t e r  5 working 

years a t  300 L.E. due t o  change i n  quan t i ty  of meat and 

m i l k .  

In teres t / fed .  during 100 days 200 x 0.1774a1.97 L . E ,  
5 3̂ 60 

Annual cost of i n t e r e s t  and depreciation/fed. 

= 1.67 + 1.97 = 3.64 L.E. 

B - The water wheel: 

Sinking fund depreciat ion by 15 years a t  12% i n t e r e s t  

ra te .  

Annual c o s t  a f * i n t e r e s t  and depreciation/fed. 

= -  700 x 0.161 = 7.51 L.E. 
15 

4.1.6- Total  annual cost of i r r iga t io rd fed .  by using 

~ n i m a l '  dr iven water wheel: 

2 0  + 30 + 13.33 + 5 .6  C 3.64 + 7.51 P 80.08 L. E. 

Then, the following t a b l e  represents  the  t o t a l  Cost of 

i r r i g a t i o n  one feddan by using d i f f e r e n t  types of prime-movers 

per year,  i f  t he  means of i r r i g a t i o n  owned or h i r e d  and ehe 

comparison between t h e  various type8 shown i n  Fig. (1). 



I Type of Prime- 
movers 

Tractor  hi red E 
D i e s e l  

Electric 

It is arecommended t o  use both d i e s e l  (Portable o r  f ixed)  
o r  electric pump f o r  N i l e  i r r i g a t i o n ,  because of the  in- 

v i roaenta l  and economicd s i t u a t i o n  i n  Egypt. By the use 

at  d i e s e l  pmp w i l l  save 32% of cos ta  due t o  animal water 

whee2 and 29% of o o e b  due ta t he  use of t r a c t o r .  

By the e l e c t r i f i c a t i o n  of b i l e  i r r i g a t i o n  of 0.5 mi l l ion  
,&xWuae w i l i  y i e ld  t h e  following ben i f t s ;  

i - hcr rewing  +hg, oost: o i  i r r i g a t i o n  25 mi l l ion  
L.E./year. 

2 - Increase of a g r i c u l t u r a l  in t ens i t iveness  due t o  i r r i g -  
a t ion  f a c i l i t i e s .  

3 - Obtaining the optimum use of r u r a l  e l e c t r i f i c a t i o n  

p ro jec t  by using e l e c t r i c i t y  during day t i m e  i n  prod- 
uc t ive  p ro jec t s  i n  ag r i cu l tu re  and i n  i r r i g a t i b n .  

4 - Creation of new mechanical and e l e c t r i c a l  i n d u s t r i a l  

required f o r  electric pumps (motors, pumps, pipes... 
etc.) a s  w e l l  as agr icu l tu re  and animal indus t r i ed  
f o r  food. 

5 - A new manner of s inking must be pushed t o  the f i e l d  
use. Concerning with t h e  u n i t  operat ion f o r  small 
fanner6 mechanical-opkimally using the  Power Unit 
(Diesel engine) owned o r  hired.  E l e c t r i f i c a t i o n  of 
N i l e  i r r i g a t i o n  w i t h  a new n e t  work w i l l  give us chance 

for eAeekrifing the threashing,  winnowing corn mi l l ing  

a d  oenw a@eaw rn -I BPwa sf ifidulat~cila~lau05;1. 



6 - Controlling irrigation water to prevent seapage and 

evaporation caused by slow irrigation by water wheels. 

New lands can be reclaimed and irrigated by spared 

water. 

7 - Getting rid of one of the main causes for escaping boys 

from compulsory Education whiqh increase illiterateness 
that hinders National Production. 
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