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1) Answer ANY ONE question.  
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Question 1 

a) Briefly explain how an energy hybrid system can be used to solve  

power shortages for a group of dairy farmers who frequently have  

electricity power cuts from the national grid in a remote farming  

area.               [10 marks] 

 

b) Mrs Njoroge intends to start a tillage business. She has acquired a  

75 Hp MF375 Tractor together with a 2 disc plough. Custom charges  

for tillage are pegged at $80 USD per hectare dry rate. On average  

her tractor consumes 30 litres of diesel to plough one hectare. She  

would like to know if it is profitable to run the tillage business at  

the current rate. 

 

The following information is provided in Table 1 for the machinery  

and implement, additional information is in Appendices 1 & 2. 

Table 1 

Information  Tractor  Disc plough  

Current list price  $20 000.00 $2 000.00 

Purchase price of 
current used machine  

15 000.00 $ 1800.00 

Accumulated hours to 
date  

0 hours 800 hours 

Economic life  10 years 5 years 

Interest rate   5 % 5 % 

Annual usage   600 hrs  400 hrs 

Engine power  75 Hp (55 Hp required) 

Fuel price $1.20  

Labour rate  $0.60  

 

Required  

Ownership costs for the tractor  

a) Calculate the  

i. Salvage value ,        [3 marks] 

ii. Total depreciation,                 [3 marks] 
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iii. Capital recovery  ,                 [3 marks] 

iv. Taxes, insurance, and housing,      [3 marks] 

v. Total ownership costs per year       [3 marks] 

vi. Total ownership costs per hour       [3 marks] 

Estimate the operation costs of the tractor  

b)  

i. Total accumulated hours at disposal      [3 marks] 

ii. Total accumulated repair cost       [3 marks] 

iii. Average repair costs       [3 marks] 

iv. Calculate the fuel costs/hr        [3 marks] 

v. Lubrication costs/hr       [3 marks] 

vi. Labour costs         [3 marks] 

vii. Total operating costs        [3 marks] 

viii. Total costs of running the tractor per hour.    [3 marks] 

 

Ownership costs for the disc plough  

c) Calculate the  

i. Salvage value ,        [3 marks] 

ii. Total depreciation,        [3 marks] 

iii. Capital recovery  ,        [3 marks] 

iv. Taxes, insurance, and housing,      [3 marks] 

v. Total ownership costs per year        [3 marks] 

Estimate the operation costs of the disc plough  

d)  

i. Total accumulated hours at disposal,       [3 marks] 

ii. Total accumulated repair cost,        [3 marks] 

iii. Average repair costs/hr,        [3 marks] 

iv. Calculate the fuel costs/hr,         [3 marks] 

v. Lubrication costs/hr,       [3 marks]  

vi. Labour costs/hr,          [3 marks] 

vii. Total operating costs ,        [3 marks] 

viii. Total costs of running the disc plough.       [3 marks] 

e) Calculate the total costs of running the tillage business    [4 marks] 

f) Comment on the profitability of the tillage business at the  

current prescribed  rate         [5 marks] 
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Question 2 

a) Mr Mwamba recently acquired a Massey Ferguson tractor with the following 

specifications in Appendix 3. He is planning to use the tractor on his farm and he 

wants to buy a disc plough to match the tractor power available. Most of the 

soils at his 200 ha farm are loam soils and the employees usually work for 8 hours 

per day for 5 days in a week. Ploughing is considered critical operations and is 

usually done within the first 10 working days at the onset of the rain season. 

Table 1 

Implement   unit Speed 
km/hr 

Draft force for soil type  (N/unit/cm 
depth)  

Clay  Loamy  Sandy  

Major tillage tools  

Moldboard 
plough 

 Meter  7 1.281 896 580 

Disc 
plough  

 Meter  8 890 645 510 

Disc 
harrow 
tandem  

 Meter  9 672 592 529 

 

Required  

i. Calculate the work rate in ha/hr.          [5 marks] 

ii. Estimate the width of the plough assuming 20 % field efficiency 

 losses.              [5 marks] 

iii. Determine the soil resistance assuming a ploughing depth of  

10 cm.             [10 marks] 

iv. Calculate the drawbar power required by the disc plough.       [10 marks] 

v. Using the 86 % rule estimate the PTO required.       [10 marks] 

vi. Estimate the engine power from the PTO power. Does  

the power required match the tractor specifications of  

the MF375 in Appendix 3?           [10 marks]  

b) Derive the equation for estimating the theoretical power/indicated 

power of a 4 cylinder combustion engine. Explain how the equation  

is different in a four stroke and two stroke engines.         [20 marks] 
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c) Using the equation derived in (b) above calculate the  

maximum pressure generated inside the combustion chamber.       [10 marks] 

d) Show that the engine capacity of the tractor in Appendix 3 is 4.07 

litres.               [10 marks] 

e) Calculate the clearance volume of the engine.        [10 marks]   
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Question 3 

a) Discuss the challenges faced by small scale farmers in using 

harvesting machines like the combine harvester.        [30 marks] 

b) Discuss the emerging innovative technology that has  

potential in the advancement of farm machinery.        [30 marks] 

 

c) A sugar bean farmer intends to apply Dual Magnum a pre-emergence herbicide 

to his sugar bean crop. The label of on the herbicide states that Dual Magnum 

has to be applied at a rate of 1.1 litres per ha. The farmer carried out a test on 

his boom sprayer and got an average nozzle discharge rate of 2 litres per minute. 

The recommended operating speed for the boom is 8 km/hr. The tank capacity 

is 400 litres 

i. Calculate the boom application rate in litres per ha.       [10 marks] 

ii. Calculate the amount of pesticide required per tank.      [10 marks] 

iii. If the spraying is to be done on a 50 ha field how many  

tanks of water needs to be field.         [5 marks] 

iv. Calculate the quantity of Dual Magnum required to finish  

the 50 ha.            [5 marks] 

v. Calculate the theoretical field capacity of carrying out  

this operation if the boom has 12 nozzles spaced at 0.5 m.    [10 marks] 
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Appendix 1 

Capital recovery factors  
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Appendix 2: Accumulated repair costs as a percentage of new list price.  
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Appendix 3 

 


