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ABSTRACT 

Agricultural machinery management techniques in a sugar factory are essential for 

optimizing productivity, minimizing costs, ensuring product quality, and maintaining a safe 

working environment. However, mishandling farm machinery and implements led to 

needlessly high production costs, which had a detrimental effect on the factory's financial 

situation. The objective of the study was to evaluate the current state of the agricultural 

machinery management system and optimize the operation costs of machinery at the Arjo 

Dedessa Sugar Factory. To achieve this objective of the study, data was collected through 

semi-structured questionnaires, interviews, and observation surveys during the growth 

seasons of 2016–17 up to 2021–22. Tractors, both wheel and crawlers and implements were 

among the farm machinery available in the study area. For cost analysis purposes, current 

functional or active tractors and implements were considered. In this study, the relationship 

between variables and parameters was analyzed using simple Microsoft Excel. The linear 

programming model was analyzed using linear interactive and discrete optimizer (LINDO) 

software to optimize farm machinery operational costs. Approximately 49.09% of the 

remaining non-operating machinery needs minor to major maintenance. About 13.97% of 

the machinery must be disposed of. The calculated rate of work was found to be 35.33% 

higher than the actual ones, with uprooting showing the least variation (5.73%) and inter-

row cultivation activities showing the most variation (67.21%). According to this finding, 

New H.TM 7020, and YTO 130 tractors have lower depreciation costs than YTO180 tractors, 

which have the highest. This study showed that all of the study area's machinery had low 

initial repair and maintenance costs, which increased as the machinery grew older. The 

optimization model's impact on the components of reducing agricultural machinery 

operating costs indicated that the greatest cost savings (10.60%) were achieved in 2018–19, 

the lowest cost savings (0.66%) in 2016–17, and 0.85% in 2020–21. Model verification was 

made by comparing the total operation costs of Arjo Didessa Sugar Factory for seasons 

2016–17–2021/22 with those estimated by the model. The model succeeded in reducing the 

operation's total costs by 10.60%. Effective estimation of machinery work rates and 

performance analysis are essential for optimizing operational efficiency and maximizing 

productivity. An effective recording system for specific machinery data and efficient cost 

analysis methods are required. 

Keywords: Agricultural machinery, Linear programming, Machinery management, 

Optimization cost, Tillage operations
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CHAPTER ONE 

1. INTRODUCTION 

1.1. Background and Justification  

The Ethiopian sugar industry was founded in the early 1950s by a Dutch corporation that 

built three factories in Metahara, Wonji, and Shoa. Sugar production started in 1954 at Wonji 

and in 1970 at Metehera. The sugar factory sector in Ethiopia is an important component of 

the country's farm and industrial development. These facilities were nationalized following 

the early 1970s Ethiopian Revolution and subsequently amalgamated into the Ethiopian 

Sugar Factory, which is reliant on irrigation to produce sugarcane( Baker et al., 2019). 

Pakistani investors founded the Arjo Didessa Sugar Development Project, formerly known 

as Al-Habesh Factory Private Limited, in 2009. Before its handover to Sugar Corporation at 

the owner's request, the facility had been owned and had acquired 28,000 hectares of land in 

a lease arrangement signed with Oromia Regional State in 2009. The factory can crush 8,000 

tons of sugarcane per day and employs 800 permanent and 1,000 temporary workers 

(Wakuma et al., 2017). 

Sugarcane is one of Ethiopia's most important commercial and economic crops. To meet the 

enormous local demand for white sugar, sugarcane production in Ethiopia employs 

mechanized agriculture, which increases cropping intensity, timeliness, greater work rates, 

and lower personnel requirements. Heavy machinery, such as tractors, is commonly used in 

mechanized sugarcane cultivation for operations such as land preparation, planting, 

cultivation, fertilizer application, and weed control (Wakgari, 2021). Sugarcane is grown on 

a range of soils around the world, ranging from loamy sand to clay. For optimal growth, it 

requires a temperature range of 24°C to 30°C and 2000 mm of equally distributed rainfall or 

irrigation. As a result, sugarcane farming is best suited to tropical regions. However, 

sugarcane can be grown successfully in subtropical areas as well (Sanghera et al., 2018). 

Sugar cane plantations are a significant agricultural sector in our country. Nowadays, the 

demand for sugar is rapidly increasing. To meet this demand, the government is investing in 

new industries and expanding current sugarcane crops. Sugar producers employ a variety of 

agricultural machinery to cultivate the land, apply fertilizer, use chemical applicators, 

harvest cane, and transport it from the field to the factories. According to Pachayappan et al. 

(2020), farm machinery is essential in a sugar factory as it enables efficient and timely 

harvesting, transportation, field preparation, planting, irrigation, pest and weed control, and 

maintenance of sugarcane fields. 
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The most significant development in modern agriculture is considered to be the application 

of on-farm mechanization. The current sugarcane production system can be made more 

efficient and problem-solved with the use of agricultural machinery (Usaborisut, 2018). 

Agricultural mechanization refers to the use of machines and equipment for crop 

development, production, harvesting, storage, and on-farm processing. Agricultural 

machinery must perform with acceptable reliability in different fields with changing 

conditions. It should be designed for different types of plants and soils. The manufacture, 

sale, repair, maintenance, management, and use of agricultural implements and machines 

fall into this sector. Ethiopia is provided with suitable lowlands, rivers, and large areas of 

cultivated land. The country's climate and soil type have both been proven to be highly 

suitable for sugar cane growth and productivity (Naseri et al., 2020).  

The use of farm machinery plays an important role in agricultural production. It contributes 

a major capital cost to most agricultural businesses since it is a major component of any 

agricultural purchase and development strategy in many countries. It requires the efficient 

selection, operation, repair, maintenance, and replacement of farm machinery. A key 

component of machinery management decisions that could result in profit or loss for the 

entire farm enterprise is the choice of power units and the machinery complement they work 

with for farming activities. On-farm machinery, the most basic work is to plow and prepare 

the soil. In addition, high-power tractors drive plows for plowing, which is inconsistent with 

the implementation of conservation tillage technology in sugar states (Huang et al., 2020). 

Ethiopia produces sugarcane using agricultural machinery to satisfy the high demand for 

white sugar in the region. In mechanized sugarcane farming, large agricultural machinery 

like tractors is commonly utilized to carry out duties including cultivation, planting, fertilizer 

application, weed control, and cane extraction. Larger tractors are used in this type of 

farming, along with more soil cultivation, fewer plant residue returns to the soil, and 

increased use of fertilizer and insecticides (Tolesa et al., 2022). 

According to Koliada & Nazarok (2019), agricultural machinery management is the branch 

of farm management concerned with the optimization of agricultural production equipment 

phases. Topics covered include effective machinery selection, cost analysis, power 

requirements, operation, dependability, and machine replacement. The selection of 

agricultural machinery and power sources for farming operations determines whether the 

entire or a portion of the farm enterprise is profitable. Therefore, it is important to properly 
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handle and assess agricultural machinery. The success of management in combining land 

and capital and returning a sufficient profit has raised the importance of machinery 

management in today's farming operations. The importance of machinery in total farming 

operations is indicated by the machinery costs. Agricultural machinery in a sugar factory 

significantly enhances productivity, reduces labor requirements, improves operational 

efficiency, and ensures the smooth functioning of various agricultural activities related to 

sugarcane cultivation and harvesting (Solomon et al., 2021).  

A key component of machinery management decisions that could result in profit or loss for 

the entire or a portion of the farm enterprise is the selection of machinery for power units 

and their machinery for agricultural operations. Dahab et al. (2018) higher costs and a loss 

of fuel efficiency are brought on by using an excessive fleet of tractors and machines. The 

length of time scheduled for the various agricultural processes that can affect crop yields can 

be increased by improperly set up machines. 

According to Igamberdiev et al.(2022), the ability to improve field efficiency is important 

in developing machinery management skills. Low field efficiency can result from lost time 

in a variety of ways, including using partial capacity, filling and unloading procedures, field 

conditions, unclogging machines, adjusting, repairing, and servicing machines, pausing to 

rest, switching operators, monitoring machine performance, and having unmatched 

machines. To maximize field efficiency, the time for such operations should be reduced. 

According to Hasbi et al. (2022), the majority of farm machinery management decisions 

require correct cost information. The cost of field machinery operating is determined by so 

many elements that each farm's machinery system must be treated individually. Significant 

disparities in machine usage, price levels, energy requirements, fuel prices, and labor 

expenses indicate that each individual will need to design his own standard costs and apply 

the average costs found. 

One of the most notable advancements in agriculture has been the use of machines, hence 

the study of the selection, operation, and replacement of machinery is known as machinery 

management. This requires selecting the appropriate and necessary machines to be used, as 

well as making the right choice on the level of mechanization to be adopted (Hasbi et al., 

2022). The relative cost of machinery to total costs reveals the significance of machinery in 

overall farming operations (Mohamed et al., 2017).  
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Using farm activities, a linear program was built that reflects selection possibilities that are 

achievable given a set of fixed farm restrictions and maximizes income while accomplishing 

an additional goal. Their results from linear programming are compared to traditional 

methods. Their results from the linear programming model suggest that they are superior. 

Demonstrated that the product-mix problem can be used efficiently not only to discover 

optimal operational points but also to provide information on how those ideal points might 

be expanded by adjusting the restrictions of the optimization problem (Oladejo et al., 2020). 

1.2. Statement of the Problems 

Agricultural machinery plays a great role in solving problems and improving the efficiency 

of the current sugarcane production system to increase the primary productivity of land, 

reduce production costs, and improve the timeliness and quality of farm work. However, 

poor farm machinery management in an agricultural enterprise has caused reduced 

operational efficiency, increased maintenance and repair costs, higher fuel consumption, and 

reduced equipment lifespan (Dahab et al., 2018). Proper agricultural machinery management 

and cost optimization are critical in mechanized agriculture due to the high cost of 

purchasing and operating farm machinery. However, this sugar factory is facing challenges 

in effectively managing its agricultural machinery and optimizing the costs associated with 

its operation. Because of this, equipment failures and breakdowns happen more frequently, 

resulting in expensive repairs and lost production time. Many types of farm machinery were 

abandoned, and many of them were scrapped. This situation raises the need for a 

comprehensive investigation to identify the underlying issues and propose solutions to 

improve machinery management and cost efficiency. 

Arjo Didessa Sugar Factory lacks a reliable agricultural machinery management system to 

measure the productivity and effectiveness of the agricultural machinery in terms of its rate 

of work. There is no clear emphasis on the application of cost optimization techniques to 

reduce operational expenses associated with agricultural machinery. This resulted in 

unnecessarily high production costs that negatively affected the economic state of the 

factory. This investigation aims to improve agricultural machinery management, enhance 

cost minimization, and conduct skill assessments to determine the training needs of operators 

by determining the strategies and management techniques of farm machinery in the study 

area. It is also to optimize farm machinery operational costs for the sugar factory using linear 

programming techniques. 
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1.3. Objective of the Study 

1.3.1. General objective 

The general objective of this study was to investigate agricultural machinery management 

and cost optimization in the Arjo Didessa Sugar Factory. 

1.3.2. Specific objectives 

 To evaluate the present status of agricultural machinery management systems in the 

Arjo Didessa Sugar Factory 

 To estimate the machinery rate of work and compare with actual performance 

 To optimize the operational costs of farm machinery using linear programming 

techniques 

1.4. Significance of the Study 

The main importance of the study is to improve the effective management techniques of 

agricultural machinery in sugar factories and provide better machinery cost analysis 

functionality. It is used to reduce the unnecessary cost of agricultural tractors and other 

machinery used in agricultural operations. This study shows the possible use system of 

agricultural machinery in agricultural enterprises like sugar mills, where many types of 

agricultural machinery are used. First, the findings of the study help the Arjo Dedessa sugar 

factory to identify the main obstacles and challenges in terms of agricultural machinery 

management strategies and hence to devise strategies to improve them. Second, the study 

was investigated for concerned government bodies in the study area so that policymakers 

can use the findings to plan future similar projects about farm machinery use systems and 

for future researchers and academicians who want to do more research use as a springboard. 

1.5. Scope of the Study 

The scope of this study is limited to analyzing and evaluating the effectiveness of agricultural 

machinery management systems in improving agricultural machinery management practices 

and improving operating costs in a sugar factory. It evaluated training programs among 

machinery operators and maintenance staff, evaluated their effectiveness, and analyzed six 

years of operating costs associated with the management of sugar factory machinery. The 

evaluation has considered parameters on factors for agricultural machinery management 

systems and cost analysis through structured questionnaires, interviews, and secondary data. 

The boundary of problems investigated determined the status of the machinery's 

management and analyzed the operation cost of the machinery. 
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CHAPTER TWO 

2. LITERATURE REVIEW 

2.1. Farm Machinery 

According to Mohamed et al. (2018), farm machinery is a crucial part of many countries’ 

agricultural planning and development strategies; it contributes a major capital input cost to 

most agricultural businesses. Agricultural machinery is a significant component of 

agricultural businesses and agricultural development initiatives. It improves the farming 

system in several ways, including by reducing risk, saving time, and enhancing labor and 

land production. Farm machinery includes tractors, plows, planters, harrowers, and 

combines, as well as any other tools that farmers use to cultivate plant, and harvest crops. 

 The type and size of machines, the quantity and type of tillage, and field operation 

techniques that support greater field efficiency and time efficiency are all managed by 

machine operations management (Fatah et al., 2022). The efficient use of resources and field 

operation techniques can be increased by agricultural machinery, which can also speed up 

operations systems, save labor, improve quality, and minimize operating expenses. 

According to Mebratu (2023), farm machinery ensures high-quality seed production and 

supplies while helping to multiply technologies. For various farming operations, agricultural 

machinery like tractors, plow discs, harrows, threshing machines, and winnowers is 

essential. Machinery used mostly on farms for field operations, such as weeding and 

spraying equipment for pest and weed control, tillage or seedbed preparation equipment, 

harvesting equipment, and transport equipment, is referred to as agricultural machinery. 

These tractor-powered gadgets are used for agricultural field operations on farms. Most of 

these machines are either fully mounted or hitched, semi-mounted, self-propelled, and 

(Oduma et al., 2019). These farm equipment and tools must be used in a variety of farm 

operations, from field clearing to harvesting, to be effective in modern agriculture. 

2.2. Farm Machinery Management 

 Mohamed et al. (2018) stated that agricultural machinery management is the section of farm 

machinery management that focuses on the optimization of the equipment stages of 

agricultural production. It is concerned with the efficient repair and maintenance, operation, 

selection, and replacement of machinery. A key component of machinery management 

decisions is the selection of power units and their machinery complements for farming 

operations. These choices can make or break the farm enterprise. As a result, selecting the 

appropriate equipment and using it rationally are crucial components of farm management. 
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Baker et al. (2019) defined farm machinery management as the selection, operation, and 

replacement of machinery, and implements. Koliada & Nazarok (2019) stated that managing 

agricultural equipment is a crucial component of farm management. It also suggested that 

farmers have to decide how to handle their machinery for the long run as well as the short 

term. As a result, a key component of cost in any farm management program is efficient 

machinery management. All available choices should be taken into account, such as buying 

new equipment, improving current equipment, leasing in exchange for labor, and bespoke 

work. The farm's resource requirements will guide every farm machinery choice. 

Dahab et al. (2018) find that when the economic performance of the entire machine system 

has been maximized, optimal farm machinery management has taken place. Proper 

maintenance practices play a crucial role in managing operational costs. When machinery is 

used as a tool of production and is run professionally to produce crops, successful business 

farming can be achieved. Operator performance together makes up the economic 

performance of a machinery system as assessed in terms of money per unit of output. 

2.3. Importance of Agricultural Machinery Management  

Agricultural machinery management is vital for maximizing productivity, reducing costs, 

ensuring sustainability, and making informed decisions in today's modern farming practices. 

It enables farmers to optimize their resources, improve operational efficiency, and achieve 

better outcomes in terms of yield, quality, and profitability (Dahab et al., 2018). According 

to Ashuo et al. (2022), the criteria for effective management of labor and agricultural 

machinery include the following: choice of equipment; capital expenditure on equipment; 

standards for evaluating mechanization efficiency; and labor requirements for tractors.  

According to Mohamed et al. (2013), the effectiveness of management in combining land, 

labor, and capital to yield a fair profit has led to an increase in the importance of machinery 

management in today's farming operations. To reduce operational costs and maximize 

performance in specific tasks, appropriate agricultural mechanization should be based on the 

rational acquisition, use, and maintenance of machinery units and systems. Managing 

agricultural machinery contributes to the long-term sustainability of farming operations. By 

optimizing machinery utilization, reducing waste, and enhancing productivity, farmers can 

achieve better financial stability, which is crucial for farm succession planning.  
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Whether a corporate, non-profit, or government body, management is the administration of 

the organization. Management includes formulating an organization's plan and guiding staff 

members' efforts to accomplish objectives by utilizing all available resources, including 

material, financial, technological, and human resources. Management is related to the need 

to address the issues of economic practice, constraints, risk, and uncertainty (Bowers, 2001).  

2.4. Machine Field Performance 

According to Yezekyan et al. (2018), capacity performance is a factor that determines how 

a machine completes a job within allowable constraints of time. Quantity per time is used to 

report a machine's performance rate. Area per hour(ha/hr) is the unit of measurement used 

to report most agricultural field machine performance. The performance of processing 

equipment is commonly measured in tons per hour. Machine field performance refers to the 

total effectiveness, efficiency, and reliability of machines or systems in a specific field. 

Mysara et al. (2017) stated that the capacities that were just computed are theoretical, and 

not effective. Machines' effective or actual capacities will typically be significantly lower 

than their theoretical or potential capacities since they are typically not able to be operated 

continuously or at their rated width of action. It is important to know machine capacities for 

the selection of power units and equipment that can complete important field operations on 

time. It is also critical to avoid the additional costs of larger than necessary machines. 

2.4.1. Agricultural machinery rate of work 

According to Mavridou et al. (2019), the rate of work of agricultural machinery refers to the 

speed or efficiency at which a particular machine completes a specific activity or operation 

in the field. It is a measure of how much work can be completed in a given amount of time. 

Yezekyan et al. (2018) stated that the total cost decreased as the number of annual houses in 

use increased. High annual hours of use led to lower fixed costs.  Okoko et al. (2018), report 

that the main tractor fleet in the area is used for 800–1200 hours annually on average.  

The number of days worked annually, the quantity and size of machines, the kind of work 

done, and the maintenance given to the tractor are all included in his list of the factory's 

running expenses. Molenhuis (2020) stated that old tractors are more expensive and are used 

less frequently per year than new ones. Reduced hourly operation expenses were the outcome 

of increased annual machine utilization. Bekele et al. (2020) stated that the working rate is 

the area that could be covered if the machinery could go forward continuously without 

stopping or turning, multiplied by field efficacy.  
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2.4.2. Theoretical field capacity 

 Baker et al. (2019) stated that if a machine is operating at its full width, its theoretical field 

capacity is the highest capacity that can be achieved at a specific speed. The highest positive 

capacity achieved at a specific speed, if the machine is operating at its full width, is known 

as theoretical field capacity. It can be expressed by the following equation. 

TFC = 
𝑉×𝑊

10
 ------------------------------------------------------------------------------------------(2.1) 

Where: TFC = theoretical field capacity, ha/hr 

               V = speed, km/hr 

               W = rate width of the implement, m 

2.4.3. Effective field capacity  

According to Hasan et al. (2019), the effective field capacity of a machine is the actual output 

that it produces. It is dependent upon the travel speed, the proportion of the machine's width 

that is being utilized, and the duration of time spent in the field. Time is lost when obstacles 

are put in place, when working in specific areas, like headlands, repeatedly, when 

adjustments are made, when inspections are conducted, and when small repairs are 

completed. This does not include the time required to switch points, which is a daily 

servicing requirement. The effective field capacity is calculated using the machine's actual 

effective operating width and rate of operation. 

𝐸𝐹𝐶 =
𝑉×𝑊×𝐸𝑓

10
 ------------------------------------------------------------------------------------(2.2) 

Where: EFC =   Effective field capacity, ha/h.  

            V =  field speed, km/h.  

            W = implement working width,  

            Ef = field efficiency, % 

2.4.4. Farm machinery field efficiency 

Field efficiency is defined by Mohammed (2018) as the ratio of a machine's actual 

productivity to its theoretical maximum productivity. Field efficiency considers operating 

policies, field conditions, and time lost as a result of operator capabilities and habits. It also 

considers the case where the machine's theoretical operational width is not used. Crop yield, 

moisture content, crop conditions, field size and shape, and field operating pattern all affect 

field efficiency, which is not a fixed value for a certain machine. The field efficiency 

machine formula is computed using this formula. 

   𝐸𝑓 = 𝐸𝐹𝐶
𝑇𝐹𝐶⁄   ---------------------------------------------------------------------------------(2.3) 
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Where: Ef = Field efficiency, % 

             EFC = Effective field capacity, (ha/hr) 

             TFC = Theoretical field capacity, (ha/hr). 

 Nkakini et al. (2019) stated that a machine might have been incorporated into the process 

for several significant reasons. Good planning and management play a major role in reducing 

lost time. Other common factors that contribute to lost time are unmatched machine capacity, 

filling procedures, turning and field conditions, unclogging machines, making adjustments, 

lowering breakdowns, servicing machines, rest stops, and monitoring machine performance. 

Additionally, they recommended the range field efficiency table that is shown below. 

 Table 2.1. Range of field efficiencies different farm implements  

Source: Standard recommended value from ASAE D497.4, (2003) 

2.5. Drawbar Power  

Farm power is essential to agriculture for both stationary jobs and timely field operations 

carried out by operating various dynamic farm equipment types. According to Naim (2016) 

drawbar power, which moves an implement through or over the crop or soil, is energy 

produced by the driving wheels or tracks and delivered through the hitch or drawbar. The 

draft force required to pull various seeding implements and small tillage tools used at shallow 

depths is mostly determined by the breadth of the implement and the speed at which it is 

dragged. The fuel's energy is converted through the combustion process to produce the power 

rating source. Tahir et al. (2021) write that drawbar power, which depends on drawbar force 

and travel speed S (km/h), is the output pulling power of the tractor engine given through 

the drawbar of the tractor using traction or drive wheels. Draw-bar power is a function of 

pull and speed and is computed by the following formula:- 

Operation Implements  Field Efficiencies 

  Range  Typical  

Bush Cleaning Shanks 70-90% 85% 

Ripping Shanks  70-85% 85% 

Uprooting  Romey disc plow 70-90% 80% 

Plowing  Disc plough 70-90% 85% 

Harrowing  Disc harrower 70-90% 80% 

Furrowing  Furrower  70-90% 85% 

Inter-row Cultivation Disc ridger  70-90% 80% 
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DBP =
D×S

3.6
      -------------------------------------------------------------------------------------(2.4) 

Where: DBP = Draw-bar pull, KN 

              D = Pull draft, kN  

               S = Speed, km/hr. 

Draft (D) is the total force required to pull the implement parallel to the direction of 

movement. Included are both the functional drafts required to overcome the tool's rolling 

resistance as well as soil and crop resistance. The width of the implement and the rate at 

which it is dragged are the primary factors of the amount of draft force necessary to pull 

various seeding implements and minor tillage instruments used at shallow depths. The 

geometry of the tool, soil texture, and depth all influence the draft for tillage implements 

used at increasing depths. ASAE standard D497.5 FEB2006 can be used to calculate 

standard draft specifications(ASAE standard D497.5 FEB2006) as: D =  𝐹𝑖[𝐴 + 𝐵 × 𝑆 +

𝐶 × 𝑆2]𝑊𝑇-----------------------------------------------------------------------------------------------------------(2.5) 

Where: D = implement draft (N)  

            F = dimension less soil texture adjustment parameter  

            A, B & C = machine specific parameters 

            S = field speed (km/hr) 

            W = machine working width, (m),  

             T= tillage depth (cm). 

             i = 1 for fine, 2 for medium and 3 for coarse texture soils; 

Ranjbarian et al. (2017) determined the draft requirements for the implements ranged from 

8.2 kN for the disk plow at a velocity of 1.5 km/h to 13 kN for the chisel plow at a velocity 

of 4 km/h. found that chisel plows recorded the highest values of the drawbar in different 

soil conditions compared to moldboard and disk plows. Depending on the machine and 

operation's specifics, power requirements can be quoted in a variety of ways. It is frequently 

accepted that changes in forwarding speed can be eliminated by applying force rather than 

power. The draft force of farm machinery refers to the pulling or pushing force required to 

efficiently operate the equipment. It is a measure of the resistance that machinery encounters 

while executing operations like plowing, tilling, or pulling heavy loads. 

2.6. Estimation of Agricultural Machinery Cost 

According to Cunha & Gonçalves (2019), estimating the cost of agricultural machinery 

involves considering various factors, including the initial purchase price, operating costs, 
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maintenance expenses, depreciation, and financing. Each farm's machinery system must be 

considered as a particular case because the cost of operating field machinery depends on 

many different variables. A person will need to build his or her standard costs and should 

only utilize the average costs produced by others for comparison purposes due to the 

significant differences in the use of machinery, the amount of energy used, fuel expenses, 

and labor costs. Calculating the cost of machinery can be difficult, especially for small 

enterprises or industries. Makkar et al. (2020) stated that the cost of farm machinery can be 

divided into two groups: annual ownership costs, which happen regardless of how much the 

unit is used, and operating costs, which change directly with how much the machine is used. 

2.6. 1. Farm machinery ownership cost estimations 

The relationship between fixed cost components and the new value of a machine can be used 

to compute the annual fixed costs, which are independent of how often a machine is used. 

Depreciation costs, management fees for agricultural equipment and tools, and fixed capital 

occupancy interest make up the fixed cost of agricultural machinery and tools (Eng & Zhang, 

2020). The fixed costs of farm machinery refer to the costs associated with owning and 

maintaining agricultural machinery. Depreciation, interest costs, insurance, taxes, and 

housing were among the cost elements that they mentioned. 

2.6.1.1.Depreciation  

According to Kinga & Chetem (2020), depreciation is a cost associated with a machine's 

wear, or obsolescence. When a machine is traded or sold, its value could be slightly above 

or below the average for similar machines, depending on the extent of mechanical wear. An 

older machine's residual value may drastically fall as a result of the advent of new technology 

or a significant design modification that renders it abruptly outdated. But when estimating a 

machine's residual worth, age and total usage hours are typically the most crucial variables. 

Depreciation is an accounting concept that allows businesses to allocate the cost of 

machinery over its useful life. Businesses may properly represent the reduction in the value 

of their machinery over time and balance expenses with the income produced by that 

machinery by recognizing depreciation expenses. It is a measurement of the rate at which 

the value of a machine depreciates over time.   
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Straight-line method 

It is the simplest and most common method, an equal reduction of value is used for each year 

the machine is owned. According to Kinga & Chetem (2020), they computed the annual 

depreciation as follows: 

𝐷 =
(𝑃−𝑆)

𝐿
  ----------------------------------------------------------------------------------------(2.6) 

Where:  D = Annual depreciation 

               P = Purchase  

               S = Salvage or selling price 

                L = Time between buying and purchase. 

a) Sum–of–year digits 

𝐷 =
𝐿 −𝑛

𝑌𝐷
(𝑃 − 𝑆)    -------------------------------------------------------------------------------- (2.7) 

Where:  YD- the sum of years digit method (1+2+3+     

n- The edge of the machine at the beginning of the year in question.  

D- Depreciation 

L- Economic life 

p- Purchase price  

S-salvage value 

Declining – balance method  

The declining-balance depreciation method reflects the actual value of a machine at any age 

rather than the value found from the straight-line method or the sum of the digits method. 

With the declining balance method, a machine depreciates a different amount each year, but 

the annual percentage of depreciation is the same. Depreciation can be calculated by using 

the following expression: 

𝐷 = 𝑉𝑛 − 𝑉𝑛 + 1---------------------------------------------------------------------------------(2.8) 

𝑉𝑛 = 𝑃(1 − 𝑋 𝐿)⁄ 𝑛
--------------------------------------------------------------------------------(2.9) 

𝑉𝑛 + 1 = 𝑃(1 − 𝑋 𝐿)⁄ 𝑛+1
----------------------------------------------------------------------(2.10) 

 Where: D = Amount of depreciation 

               n = Number representing the age of the machine at the beginning the  of year 

   V = Remaining rate at any time 

                  X = Ratio of depreciation rate, x = 1.5 for used and 2 for new machinery. 
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2.6.1.2. Interest  

Interest is the charge for the use of the money invested in the machine, regardless of whether 

the money was borrowed or not. The interest rate is set at 14%, representing the current 

average rate for capital interest calculations (Mottalib et al., 2019). Annual interest is 

calculated on an average investment by using the prevailing interest rate and the following 

formula: 𝐼 =
𝑃+𝑆+𝐷

2
 × 𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒---------------------------------------------------------(2.11) 

Where: I = annual interest charge (birr) 

             P = purchase price (birr) 

             S = salvage value (birr) 

             Interest rate (%) 

According to Brier and Lia Jayanti (2020), interest is a significant cost associated with 

farming equipment. Although it varies, the interest rate is often between 8 and 10%. 

2.6.1.3. Tax  

According to Dahab et al. (2018), taxes vary from country to country. In some countries, 

tractors and self-propelled vehicles may be required to pay an annual registration fee. 

Makkar et al. (2020) describe the tax as a payment on farm machinery for a place that does 

have property, as for other properties. The estimated cost is 2.5% of the machine’s initial 

purchase price at the beginning of the year. The following equation can be used to calculate 

tax: 

T = 
𝑃

2
×0.55× 𝑇𝑅----------------------------------------------------------------------------------(2.12) 

Where: T & TR- tax (Birr) and tax rate, respectively 

             P – purchased price (Birr) 

2.6.1.4. Insurance  

Insurance coverage typically covers expensive machinery, but smaller, less expensive 

machinery typically carries the risk. According to Makkar et al. (2020), the annual fee for 

insurance or risk is estimated to be between 0.25 and 0.5 percent of the remaining value. 

When operating on public roads, tractors and self-propelled vehicles must be insured against 

third-party responsibility. This is typically one percent of the purchase price. A fire and 

accident policy, which costs roughly 0.25 percent of the purchase price, is necessary for 

other machinery. In the absence of insurance, the machinery owner bears the entire risk of 

an accident, which usually works out to be rather close to the premium. The insurance can 

be calculated using the following formula (Stiles & Stark, 2021): 
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𝐼𝑛 =  
𝑃×𝑆×𝐷

2
 × 𝐼𝑅--------------------------------------------------------------------------------(2.13) 

Where: In & IR—Insurance (Birr) and Insurance Rate, respectively 

            P – purchase value (Birr) 

            S – salvage value (Birr) 

           D – depreciation (Birr) 

2.6.1.5. shelter/housing cost  

Providing shelter, tools, and maintenance items for machinery will result in minimal repair 

machines in the field and reduced damage to mechanical parts and appearance due to 

weathering. An estimated cost of one percent (1%) of the purchase price is suggested for 

housing costs (Makkar et al., 2020). However, providing shelter is frequently associated with 

better machine care and maintenance, which can lead to a machine’s longer lifespan, 

improved appearance, and higher resale value. If shelter is provided, the price of that shelter 

can be determined. If no shelter is provided, there is likely an economic penalty associated 

with reduced machine life and resale value. Housing costs are assumed to be 0.75 percent of 

the purchase price if the exact facts are unknown (Diwan et al., 2020). 

2.6.2. Estimating farm machinery variable costs   

Muttalib et al. (2019) stated variable costs as expenses incurred as a result of machine 

operation (power costs, labor costs, and other inputs). Variable costs are determined by 

hourly labor costs, fuel and oil costs, repair and maintenance costs, and the number of 

working hours required for each field operation. Makkar et al. (2020) defined variable costs 

of farm machinery as costs that change directly with the amount of machine utilized, such 

as repair and maintenance, fuel and lubricant prices, and labor costs.  Variable costs of farm 

machinery refer to the expenses associated with using and maintaining farm machinery that 

can vary based on the level of usage or production.  

The farm machinery variable costs are expenses that change in direct proportion to the 

amount of machinery used. These costs include labor, fuel and lubricant prices, and repair 

and maintenance costs. Operating costs associated with the use of a machine change with 

machine utilization. These costs include labor, fuel and oil, repair, and maintenance. The 

fuel cost has been calculated by multiplying the consumed amount (L/ha) by the price per 

liter, whereas the oil and grease cost has been taken as 10% of the fuel cost (Aware, 2019). 
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2.6.2.1. Repair and maintenance costs 

 To determine each machine's repair and maintenance cost, the accumulated lifetime of use 

was considered based on the annual hour of use. Repair costs will increase with age but tend 

to level off as the machine gets older (Amorim, 2018). Repair costs are calculated as a 

percentage of the purchase price of the machinery, divided by the annual use. The attention 

given by the machine's manager has a significant impact on the cost of repairs and 

maintenance. It will always cost money to replace damaged or worn-out components and/or 

to fix accident-related damage. Dahab et al. (2016) stated that repair and maintenance costs 

tend to increase with the size and complexity of the machine, and thus with the purchase 

price. These costs are highly variable from one country to another due to differences in soils, 

weather, and production systems. According to ASABE Standards EP496.3 

(2006),  accumulated repair and maintenance costs at a typical field speed were determined 

with the following equation: 

 ARM = RF1P[
h

1000
]RF2-------------------------------------------------------------------------(2.14) 

Where: ARM = accumulated repair and maintenance cost, ETB; 

             RF1 and RF2 are repair and maintenance factors (Appendix C, Table C14); 

              P = machine list price in current, ETB; 

             h = accumulated use of machine, hr; 

             1000 = conversion factor 

2.6.2.2. Fuel and oil costs 

Fuel and lubricant costs vary with the use of the machine, these costs cannot be satisfactorily 

estimated when accurate records are lacking. Mohammed (2018) the fuel and oil costs of 

agricultural machinery can vary depending on several factors including the type of 

machinery, its efficiency, the specific jobs being performed, and the operating conditions. 

Larger and more powerful machinery generally consumes more fuel and oil.  Dahab et al. 

(2018) stated that fuel consumption is a contentious issue and can vary greatly from area to 

area, machine to machine, and even operator to operator. The current fuel price is calculated 

at a rate equivalent to the current price (ETB/L). The following formulas are used to 

determine the fuel cost per hour: 

      Annual fuel cost = fuel consumed × current fuel price 

         Fuel cost per hour = 
𝐴𝑛𝑛𝑢𝑎𝑙 𝑓𝑢𝑒𝑙 𝑐𝑜𝑠𝑡

𝐴𝑛𝑛𝑢𝑎𝑙 ℎ𝑜𝑢𝑟 𝑢𝑠𝑒
  ----------------------------------------------(2.16) 
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According to Samsudin and Pebrian's (2018) surveys, total lubrication expenditures on most 

farms account for approximately 15% of fuel costs. Therefore, once the fuel cost per hour 

has been calculated, you can multiply it by 0.15 to get the overall lubricant cost. 

Lubricants cost  

Lubricant expenses are variable expenses that should be included in the total machinery 

operating costs to appropriately analyze the profitability and efficiency of your farm 

operation. Regular monitoring and analysis of lubricant costs can assist in finding cost-

cutting alternatives, such as examining bulk purchase options, comparing different lubricant 

types, or implementing preventative maintenance methods. According to (Seyyed Hasani, 

2017), the average total cost of lubrication on most farm machinery is about 15 percent of 

the cost of fuel. Therefore, to calculate the total cost of lubrication, simply multiply the 

estimated fuel cost per hour by 0.25. 

2.6.2.3. Labor cost 

The total of hired labor's pay and perks as well as the imputed wage bill for unpaid family 

and owner labor make up labor costs. The imputed compensation for unpaid labor is obtained 

by accessing comparable compensation rates for paid labor with the same demographic 

characteristics. Labor quality differs across countries, types of activities, regions, and many 

other dimensions. Because different sizes of machines necessitate varied amounts of work 

to complete activities like land preparation or planting, labor costs must be considered in 

machinery analysis (Puška et al., 2022) 

2.6.2.4.Total variable costs per hour 

The total variable cost is the total of repairs and maintenance, fuel, oil, and labor costs per 

hour used and the number of working hours required for each field operation. The total 

variable costs per hour were calculated using the following equation. 

Total Variable Costs/ hour =
𝑅𝑒𝑝𝑎𝑖𝑟 𝑐𝑜𝑠𝑡+𝑓𝑢𝑒𝑙 𝑐𝑜𝑠𝑡+𝑜𝑖𝑙 𝑐𝑜𝑠𝑡+𝑙𝑎𝑏𝑜𝑟 𝑐𝑜𝑠𝑡

ℎ𝑜𝑢𝑟𝑠 𝑜𝑓 𝑢𝑠𝑒
 ----------------(2.17) 

2.7. Linear programming  

Computer programs for equipment management are most useful when the computer and the 

program user communicate information while the program is in operation. They play an 

increasingly essential role in making machinery management decisions and are employed in 

some major farming operations (Yugueros et al., 2010). The use of computer technologies 
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makes it easy for farmers to do things like machinery management, weather prediction, and 

crop cultivation (Jain & Rajput, 2017).  

Linear programming is a method of determining a profit-maximizing combination of farm 

enterprises that is feasible within a fixed farm constraint. Early applications of linear 

programming in farm planning assumed profit maximization and cost minimization behavior 

(Osman et al., 2017). It is a method of applying a mathematical model with linear 

relationships to get the optimal result, such as the most profit or the lowest cost.  Linear 

programming is one of the simplest methods to perform optimization. It helps you solve 

some very complex linear programming problems and linear optimization problems by 

making a few simplifying assumptions. 

2.7.1. Assumption of linear programming 

A linear programming model is based on assumptions of proportionality, additivity, 

continuity, and divisibility (Tewari & Agrawal, 2022). Proportionality is the rate of change 

of the objective function, and the constraint concerning the particular decision variable is 

constant. Additivity is a term in the objective function, and constraint equations must be 

additive. Continuity is the fact that decision variables can take on any fractional value and 

are therefore continuous as opposed to integers in nature. The value of all model parameters 

is assumed to be known with certainty. The possibility is that the decision variables are 

allowed to take on any real numerical value within some range specified by the constraints 

(Sarbjit, 2018). 

2.7.2. Optimization techniques 

The optimization technique is a powerful tool for obtaining the desired operating 

circumstances and desirable operating parameters. This would serve as a guide for the 

experimental work and minimize the risk and operating costs (Tewari & Agrawal, 2022). 

The linear programming technique was used, and the application of the optimization model 

resulted in maximizing production and reducing the operational cost of farm machinery and 

others.  According to Sarbjit (2018), the linear programming problem can be put in the 

following form, which is also known as the standard form of linear programming problem.  

2.7.3. Mathematical formulation 

The formulation enables the identification of the optimal solution that maximizes or 

minimizes the objective function while satisfying the given constraints. There are various 

interior point approaches available, and while they provide a good approximation of the 
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optimum, their system still needs to be solved.  The mathematical formulation of linear 

programming problems for farm machinery aids in resource allocation, quantitative analysis, 

communication, and the automation of the solution process and achieves desired outcomes 

in the context of farm machinery management (Shakirullah et al., 2020). Linear 

programming optimizes (minimizes) a dependent variable subject to a set of independent 

variables in a linear relationship, given several linear constraints on choice variables. 

According to Ahmed (2021), the following is a general form of a linear programming 

problem with n decision variables and m constants: 

Optimize (Min)  Z = 𝐶1𝑋1 + 𝐶2𝑋2 + ⋯ + 𝐶𝑛𝑋𝑛 ---------------------------------------------(2.18) 

Subject to the restructures: 

a11x1 + a12x2 + ….. + a1nxn ( ≥ ) b1---------------------------------------------------------------( 2.19) 

a21x1 +a22x2 + . . . + a2nxn  ( ≥) b2 -----------------------------------------------------------------(2.20) 

          .                                              . 

          .                                              . 

am1x1 + am2x2 . . . + amnxn  ( ≥)  𝑏𝑚   -------------------------------------------------------------(2.21) 

 

The above model can also be expressed in canonical forms as follows: 

Optimize (Min) Z= ∑ 𝐶𝑗𝑋𝑗𝑛
𝑗=1  … … … (Objective function) ------------------------------(2.22) 

Subject to the linear constraints 

∑ 𝑎𝑖𝑗𝑥𝑗(≥)𝑏𝑖𝑛
𝑗=1 , i= 1,2… … …,m and xj ≥ 0, j= 1,2, … … … n …………….………..(2.23) 

Where: Z = measure of performance which can be either profit or cost. 

            C1, C2, …, Cn = represent the per unit profit (or costs) of decision variables            

            X1, X2,……, Xn = the value of the objective function 

            aij = amount of resource consumed per decision variable  

            bi = represents the total availability of the ith resource. 

            C ij ≡ Cost of operation j with crop i ($/ha).  

            X ij ≡ number of power units and machinery for operation j with crop i. 

The standard form of the problem must be obtained before using the simplex method to solve 

a linear programming problem. The linear programming model can be expressed in its 

standard form as follows for "n" decision variables and "m" constraints: 

Optimize ( min)  Z = 𝐶1𝑋1 + 𝐶2𝑋2 + ⋯ + 𝐶𝑛𝑋𝑛 + 0S1 + ─ ─ ─ + 0Sm ---------------------(2.24) 

Subject to the restructures:  

a11x1 + a12x2 + . . . +  a1nxn + S1+= b1 -----------------------------------------------------------(2.25) 
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a21x1 +a22x2 + . . . + a2nxn + 𝑆2=b2 --------------------------------------------------------------(2.26) 

          .                                              . 

          .                                              . 

          .                                              . 

am1x1 + am2x2 . . . + amnxn +𝑆𝑚 = bm ------------------------------------------------------------(2.27)   

x1, x2,…….., xn, S1, S2, …….., Sm ≥ 0 

This can be stated in more canonical forms as: 

Optimize (Min) Z = ∑ 𝐶𝑗𝑋𝑗 + ∑ 𝑆𝑖
𝑛
𝑖=1

𝑛
𝑗=1  ----------------------------------------------------(2.28) 

Subject to the linear constraints 

∑ 𝑎𝑖𝑗𝑥𝑗 = 𝑏𝑖𝑛
𝑗=1 , i= 1,2… … …,m and xj, 𝑆𝑖 ≥ ( for all i and j ) ----------------------------(2.29) 

2.8. Research Gaps Identified from Literature Reviewed 

Previous studies on machinery management, machinery management framework concepts, 

and objectives of machinery explained by Mohamed et al. (2018), Koliada & Nazarok 

(2019), and other researchers have also been reviewed. However, it lacks a reliable 

agricultural machinery management system to facilitate decision-making concerning cost 

determination. While existing literature has extensively explored various aspects of 

agricultural machinery management systems and cost optimization in different contexts, 

there remains a notable gap in the literature concerning the specific challenges and 

opportunities faced by the Arjo Didessa sugar factory. This research aims to address this gap 

by conducting a comprehensive investigation into the effectiveness of agricultural machinery 

management systems and cost optimization strategies employed by Arjo Didessa Sugar 

Factory. 

Dahab et al. (2016) and Aware (2019) have defined and reviewed the operational costs of 

agricultural machinery. These costs encompass various technical, administrative, and 

managerial activities involved in assessing machinery expenses to ensure its functionality 

meets specific needs. The article briefly mentions the relevance of operator skill in 

machinery operation but does not go into detail about how operator training or skill level 

influences machinery performance and efficiency. The article also does not deeply study the 

specific maintenance procedures used and their impact on operational costs. Investigating 

the effect of operator training and skill development programs and optimizing operating 

costs on machinery production could be a worthwhile research topic. 
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CHAPTER THREE 

3. MATERIALS AND METHODS 

3.1. Description of Study Area  

Arjo Diddessa Sugar Factory, where the investigation was carried out, is located in the 

Diddessa Valley in Western Oromiya, between East Wellega, Buno Beddelle, and Jimma 

zones. It was established in 2009, and it is located 395 kilometers from Addis Ababa. Arjo 

Dedessa Sugar Factory is located between 1300 and 1600 meters above sea level and is 

located at 9o0̍ 0" N to 10o 0̍ 0"  latitude and 36o 0̍ 0" E to 37o 0̍ 0" E longitude. From June to 

September, the region got heavy rainfall, with an average of 1477 mm annually. The mean 

average temperature of the study area is 22 °C, and the soil types of the experimental site are 

dominated by vertisols and a few red latosols (Tariku, 2018).  

 

Figure 3.1. Study Areas Descriptions Map 
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3.2. Materials 

Different types of machinery, both functional and non-functional, were recorded during the 

study. There were many types of agricultural tractors and implements in the factory that were 

used for different activities. All active and failed farm machinery and implements, such as 

different tractors and subsoilers, a furrower, a fertilizer applicator, a chemical applicator, a 

bulldozer, a harrower, and cane trailer implements in the factory, were used for the study of 

farm machinery management and optimization of the operation costs of farm machinery. 

The factory was found to be using well-known tractor brands with surplus spare parts, such 

as Massey Ferguson, Case Maxxum Versatile, and New Holland, while newly introduced 

ones included YTO (of Chinese origin). There were different types of machines in the study 

area that were used for different operations. The number of machines in the factory, along 

with their ages and functions, is given in Table 3.1. 

 Table 3.1. Types of farm machines and their function in the factory  

Source: Arjo-Didessa Sugar Factory annual report, (2022). 

There are different types of implements in the investigation area that were used for different 

activities. The number of implements in the Factory along with their ages and functions is 

given in Table 3.2. 
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            function 

Versatile2375-4WD  3 12 375 Plowing, harrowing, uprooting  and sub-soiling  

YTO180 hp 4 10 180 Furrowing, inter-cultivating, and cane transport 

Power plus 8 14 220 dozing 

Bulldozer  2 12 420 Land cleaning and subsoiling  

Derssta dozer375  2 8 275 Land cleaning and subsoiling 

URSUS 20014 A 10 1 250 Planning and cane transport 

URSUS 25014 A 7 9 200 Planning and cane transport 

Massey ferguson470 4 7 92 Material and labor transports  

New H. TM7020  2 14 162 Subsoiling, uprooting, Plowing, and planning 

New Holland TM150 4 5 180 Subsoiling, uprooting, Plowing, and planning 

Power plus excavator 2 10 221 Excavating and silt cleaning  

YTO 130 HP 4WD 2 9 130 Moulding, Uprooting, and Fertilizer application 
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Table 3.2. Types of farm implements and their function in the Factory  

Source: Arjo-Didessa Sugar Factory annual report, (2022). 

Table 3.3. Implements specifications of Arjo Didessa Sugar Factory 

operations implements  implements 

width(m) 

Speed 

(km/hr) 

depth 

(cm) 

Actual 

work rate 

(ha/hr) 

Bush cleaning shanks 2.1 4 20 0.57 

Ripping shanks 2.1 3 60 0.45 

Uprooting Romey Disc  4 6 25 1.6 

Plowing Disc Plow 1.8 5 30 1.8 

Harrowing  Disc Harrower  6 7 15 2.3 

Furrowing  Furrower  1.45 8 25 1.43 

Inter-row 

cultivation 

Disc Ridger 1.45 7 20 0.8 

Source: Arjo-Didessa Sugar Factory, (2020). 

 

 

 

 

 

  

Types of 

implements  

Quantity  Age 

(years) 

purpose 

Subsoilers  1 10 Subsoiling  

Scraper  2 18 Cutting or filling and leveling  

Offset harrowing  4 12 Uprooting, Plowing, and harrowing  

Rome disc plow 3 12 Plowing and harrowing  

Moulder  2 7 Molding  

Furrower  1 8 Furrowing  

Planner  2 12 Planning  

Chemical sprayer 3 14 Chemical application  

Fertilizer applicator 4 23 Fertilizer application  

Cane trailers 87 17 Hauling cane 

Total  109   
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Table 3.4. Types of farm tractors  and their description 

Source: Arjo Didessa Sugar Factory, (2021) 

3.3. Method of Data Collection 

The study employed both primary and secondary sources of data. The relevant primary data 

were collected from different members of the maintenance and user teams through an 

organized questionnaire. A questionnaire about machinery management systems was 

designed and distributed to operators and maintenance staff. It covered issues including the 

availability of spare parts, the suitability and facilities of the workshop, the maintenance 

policies, the training programs offered to staff members who perform maintenance, and the 

educational level and work experience of respondents. Secondary data were collected from 

various relevant documents, such as published and unpublished documents, bulletins, 

operation manuals and specifications sheets of machinery and tractors, agricultural 

operations scheduling programs, and internal periodical routine reports, as well as from the 

most relevant published national and international data. In addition, quantitative and 

qualitative data were collected for this study. Quantitative data is data that can be quantified 

and represents any quantity, number, or percentage. Qualitative data is data that expresses 

any quality, including goodness, fairness, badness, sufficiently and others. Appendix C 

contains the questionnaire distributed to the departments responsible for maintaining farm 

machinery. 

3.4. Sampling Techniques 

There are different sampling techniques for calculating sample size based on the study 

objectives and design. A popular formula for computing sample size in survey research from 

a finite population (a countable population) is provided below (Etikan  and Babatope, 2019).    

 𝑋 = (𝑍2 × 𝑃 × (1 − 𝑃))/𝐸2 ------------------------------------------------------------------- (3.1)                                                       

where: X = sample size 

Group/Description Serial No Chassis no Engine No Date of  

Acquisition 

in E.C 

Cost in  ETB 

URSUS 25014 A 31324001   200406E 

 

11836502 
 

21/12/20013  1,000,236.28  
 

YTO 130 P 4WD 31324045   13061474 21/12/20013 1,013,123.87  

YTO180 hp 31390470   D9137019430 9/4/2015  2,176,284.00  

New Holland TM 7020  13443B 

 

11102000 1612C030120 30/10/2015    2,130,509  

Beiben Tractor    CA010600 1612D061454 30/10/015    2,996,336.22  
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           p = proportion of sample 50% (0.5) 

          Z = the Z-score corresponding to the desired confidence level 1.96 which corresponds      

          with 95% confidence interval.     

          E = Margin of error (0.05) 

It's important to note that this formula assumes that you have prior knowledge or an estimate 

of the proportion (p) within the population. The formula for the finite population correction 

is: 𝑛 =
𝑁 × 𝑋

𝑋 +𝑁 −1
 ------------------------------------------------------------------------------------- (3.2) 

where: n = the adjusted sample size 

            N = the total population size 

To determine the sample size for a population of 47 using the finite population correction, 

you can follow the above formula. So, to calculate sample size;  

                 X = (1.962 × 0.5 × (1 − 0.5))/0.052  = 384  

       Then;  𝑛 =
47 × 384

384 +47 −1
 = 42 

The respondents were randomly selected from the land preparation, cultivation, and 

maintenance departments of Arjo Didessa Sugar Factory to give their responses on the status 

of the machinery management system of the factory using structured questionnaire sheets. 

Therefore, the recommended sample size, considering the finite population correction, is 42. 

Out of the 42 participants, 26 (62%) completed the questionnaire and sent it back to advance 

the data analysis. That means 10 from the land preparation and cultivation departments and 

16 from the maintenance department. 

3.5. Estimation of Farm Machinery Costs  

Agricultural machinery cost analysis involves evaluating the costs associated with owning 

and operating farm machinery. This study tried to investigate both the ownership and 

variable costs of Arjo Didessa Sugar Factory farm machinery. Depreciation costs, repair and 

maintenance costs, and fuel costs were determined by using equations 2.8–2.10, 2.14, and 

2.16, respectively. Labor costs associated with farm machinery can vary depending on 

several factors, including the type of machinery, the size of the farm, the complexity of the 

operations, and the availability of skilled labor. Labor costs were estimated by multiplying 

the labor wage rate by 1.1 or 1.2 (Dahab et al., 2018). In the Arjo Didessa Sugar Factory, 

labor costs were paid to the workers as a salary as per the type of machines they were 

operating and their working experience. According to Seyyed Hasani (2017), total 
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lubrication costs on most farms average roughly 15% of fuel prices. Therefore, to calculate 

the total cost of lubrication, simply multiply the estimated fuel cost per hour by 0.25. 

3.6. Method of Data Analysis  

The method employed for analyzing a given study can be selected depending on the objective 

and nature of the available data (Belotto, 2018). Therefore, in this study, the data were 

analyzed using an analysis tool on a computer (simple Microsoft Excel). The linear 

programming model was analyzed using linear interactive and discrete optimizer (LINDO) 

software to optimize farm machinery operational costs. It provides a fully integrated package 

with a powerful language for describing optimization models and several quick built-in 

solvers that can successfully solve the majority of classes of optimization models. It is 

simplicity of implementation and transferability between users and the system. One of the 

main advantages of linear LINDO 6.1 is the ease with which technical updates and 

simplifying the process of formulating and solving optimization problems can be performed 

due to the constant inclusion of new algorithms (Bhanage et al., 2019).  

Analysis of variance (ANOVA) uses measures that show simple relationships and compare 

different variables. The collected data was interpreted and analyzed in the form of tables, pie 

charts, bar graphs, and regression graphs. Based on the findings of the study and research 

question, the collected data were interpreted using the descriptive method, such as 

percentages and average values, and the statistical method. 

3.7. Agricultural Machinery Cost Analysis using Linear Programming 

3.7.1. Operational costs analysis 

The general linear programming model with six years 92016/17 -2012/22) fiscal working 

decision variable and operational costs expenses are shown in Appendix B; Table B7 

constraints can be stated. According to Oladejo et al. (2019), the linear programming 

problem is defined as the optimization of a linear objective function of the following form: 

Optimize ( Minimize Costs)  a1TRMT + a2TOpT + a3TFuT + a4TLuT + a5TSpT (Objective) 

Subject to the linear constraints (s.t) 

a11RM1 + a12Op1 + a13Fu1 + a14Lu1 + a15Sp1 ≥ X1 

a21RM2+ a22Op2 + a23Fu2 + a24Lu2 + a25Sp2 ≥ X2 

a31RM3 + a32Op3 + a33Fu3 + a34Lu3 + a35Sp3 ≥ X3 

a41RM4 + a42Op4 + a43Fu4 + a44Lu4 + a45Sp4 ≥ X4 
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a51RM5 + a52Op5 + a53Fu5 + a54Lu5 + a55Sp5 ≥ X5 

a61RM6 + a62Op6 + a63Fu6 + a64Lu6 + a65Sp6  ≥ X6 

Where  

a1T = Total repair and maintenance cost per six years 

a2T =  Total operator costs per six years 

a3T = Total fuel costs per six years 

a4T =  Total lubricant costs per six years 

a5T = Total spare part costs per six years  

a11 = Average of repair and maintenance costs of 2016/17 annual years  

a21 = Average of repair and maintenance costs of 2017/18 annual years  

a31 = Average of repair and maintenance costs of 2018/19 annual years  

a41 = Average of repair and maintenance costs of 2019/20 annual years  

a51 = Average of repair and maintenance costs of 2020/21 annual years  

a61 = Average of repair and maintenance costs of 2021/22 annual years  

a12 = Average of operation costs of 2016/17 annual years  

a22 = Average of operation costs of 2017/18 annual years  

a32 = Average of operation costs of 2018/19 annual years  

a42 = Average of operation costs of 2019/20 annual years  

a52 = Average of operation costs of 2020/21 annual years  

a62 = Average of operation costs of 2021/22 annual years  

a13 = Average of fuel costs of 2016/17 annual years 

a23 = Average of fuel costs of 2017/18 annual years 

a33 = Average of fuel costs of 2018/19 annual years 

a43 = Average of fuel costs of 2019/20 annual years 

a53 = Average of fuel costs of 2020/21 annual years 
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a63 = Average of fuel costs of 2021/22  annual years 

a14 = Average of lubrication costs of 2016/17 annual years 

a24 = Average of lubrication costs of 2017/18 annual years 

a34 = Average of lubrication costs of 2018/19 annual years 

a44 = Average of lubrication costs of 2019/20 annual years 

a54 = Average of lubrication costs of 2020/21 annual years 

a64 = Average of lubrication costs of 2021/22 annual years 

a15 = Average of spare part costs of 2016/17 annual years  

a25 = Average of spare part costs of 2017/18 annual years  

a35 = Average of spare part costs of 2018/19 annual years  

a35 = Average of spare part costs of 2019/20 annual years  

a55 = Average of spare part costs of 2020/21 annual years  

a65 = Average of spare part costs of 2021/22 annual years  

RM1, RM2, --- --- RMT; Op1, Op2, --- --- OpT; Fu1, Fu2,--- --- ---, FuT; Lu1, Lu2, --- --- -- LuT; 

Spp1, Spp2, ……SppT = Vectors variable (to determine) the value of the objective function. 

X1, X2, ……, X6 = Total operational costs of each year (from 2016/17- 2021/22) 

Z = measure of performance which can be either profit or costs. 

The simplex method to solve a linear programming problem requires that the problem be 

converted into its standard form. 

Z = a1TRMT + a2TOpT + a3TFuT + a4TLuT + a5TSpT +0S1 +0S2 + --- + 0S6 (Objective function) 

Subject to the linear constraints (s.t) 

a11RM1 + a12Op1 + a13Fu1 + a14Lu1 + a15Spp1 ─ S1 = X1 

a21RM1 + a22Op1 + a23Fu1 + a24Lu1 + a25Spp2 ─ S2 = X2 

a31RM1 + a32Op1 + a33Fu1 + a34Lu1 + a35Spp3 ─ S3 = X3 

a41RM1 + a42Op1 + a43Fu1 + a44Lu1 + a45Spp4 ─ S4 = X4 

a51RM1 + a52Op1 + a53Fu1 + a54Lu1 + a55Spp5 ─ S5 = X5 

a61RM1 + a62Op1 + a63Fu1 + a64Lu1 + a65Spp6 ─ S6 = X6 
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RM1, RM2, ---- --- RMT; Op1, Op2, --- --- OpT; Fu1, Fu2,--- ---, FuT; Lu1, Lu2, --- --- LuT; Sp1, 

Spp2, --- --- --- SpT; S1, S2, --- ---, S6 ≥ 0 

This can be stated in a more canonical form as  

Optimize (Min) Z = ∑ 𝐹𝐶𝑗𝑋𝑗6
𝑗=1   +  ∑ 𝑆𝑖6

𝑖=1  

Subject to the linear constraints 

  ∑ 𝑎𝑖𝑗 𝑥𝑗𝑛
𝑗=1  = bi, i = 1, 2, --- --- --- ---  m and Xj, Si ≥ 0 (for all i and j) 

Whereas; S1, S2 --- --- --- --- S6 = Slack or surplus variables 
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CHAPTER FOUR  

4. RESULTS AND DISCUSSION  

4.1. Agricultural Machinery Status in Arjo Didessa Sugar Factory  

The status assessment of farm machinery at Arjo Didessa Sugar Factory is important for 

improving farm machinery performance, sustainable farming practices, preventing costly 

breakdowns, minimizing downtime, and providing maintenance and servicing of farm 

machinery. The traditional farm reporting system used by the Arjo Didessa sugar factory 

made it challenging to conduct a detailed investigation of the machinery status. There are no 

documents that properly describe the farm machinery costs in the finance department of the 

factory. The performance of all agricultural machinery must be known through evaluating 

and testing the historical data of machinery that is missing. According to the interview held 

in the field and equipment service department with the heavy equipment and tractors section 

head, the status of the machinery is provided in Appendix A and Table A2. Figure 4.1 

indicates that 49% of machinery was non-functional and 51% was functional. Good 

machinery was defined as having a reasonably low operating cost, being recently 

manufactured, well-maintained, and capable of providing service. Machinery that is 

operational but frequently breaks down and requires expensive repairs and maintenance 

costs was classified properly. These machines may be repaired and maintained at an 

expensive cost with low technical complexity while in use; some are unrepairable. 

 

Figure 4.1. Percentage of the gross fleet status of Arjo Didessa Sugar Factory 

Engine components, blades and cutting tools, belts and chains, bearings, electrical 

components, pumps and valves, and fuel systems were part of the agricultural machinery and 

are often the cause of failures and breakdowns in this sugar factory. According to the survey, 

the major causes of farm machinery failure and breakdown were inadequate storage and 

protection, hazardous operating conditions, operator error, improper maintenance, poor 

quality control, and limited training and skill development. Sugar factories can minimize 

49%51%

Non-functional Functional
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failures, extend equipment lifespans, and ensure reliable and efficient operations of farm 

machinery by implementing comprehensive training programs for operators and 

maintenance staff, preventive maintenance programs, and comprehensive machinery 

management practices. Proper management and maintenance should be carried out at the 

appropriate intervals so the factory can avoid paying for replacement machines and repairs 

and minimize the incidence of unexpected breakdowns and downtimes. 

 

Figure 4.2. Non-functional machinery at the Arjo Didessa Sugar Factory 

As seen in Figure 4.2 above, around 49.26 percent of the remaining non-operational 

machinery requires minor repairs, while 36.76 percent needs major repairs. It is necessary to 

dispose of around 13.98 percent of the machinery. Field equipment service departments 

should properly identify machinery states regularly because correct categorization of 

machinery at various statuses helps effect proper maintenance work. By doing this, Arjo 

Didessa Sugar Factory gives the ability to develop and carry out a machinery replacement 

policy system. Every piece of machinery has its own economic life other than physical life. 

The operation repair and maintenance costs depend on the age of the machinery. This 

includes the idea of Alemayehu (2019) that as machinery gets older, it needs to be replaced 

with a new one. 

4.2. Existing Maintenance Performance Measurement Assessment Results   

4.2.1. Educational level of respondent 

A strong educational level is necessary to properly incorporate new technologies into farm 

machinery management, understand their implications, and effectively integrate them. In the 

agricultural sector, this flexibility is essential for maintaining competitiveness, making the 

most use of resources, and adopting new trends. It is very important to plan to periodically 

update the maintenance staff and LPCD knowledge and skills to properly use and handle 

49.2636.76

13.98

Minor repair Major repair Needs disposal
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machinery, to understand the function and mechanism of the machinery, to have the ability 

to find out the reason for system problems and to be able to identify and improve the sources 

of minor and major defects in the machinery. Understanding the knowledge base of 

maintenance professionals would ensure proper and efficient maintenance, leading to 

improved performance from both operators and maintenance staff. The current education 

level of maintenance teams and LPCD of farm machinery is shown in Table 4.1. 

 Table 4.1. The educational level of the respondent 

 

Table 4.1 indicates that the majority of maintenance department respondents (56.3%) were 

1st-degree holders, while the majority of land preparation and cultivation department 

respondents (70%) were diploma or technical level holders. Operators and maintenance 

personnel must be educated to read the service manual and understand how to use the 

machinery in order to operate and maintain it efficiently. Since the majority of these 

operators lack formal education, it follows that they are less successful at following 

recommended operating and maintenance procedures. This is dangerous for both machinery 

and operators. The right man should be positioned in the right place at the right time, doing 

the right job, to achieve the maintenance aim and the desired maintenance quality. Having 

these many unqualified people is challenging to be effective in maintenance. These people 

were unable to maintain and repair machinery according to scientific principles. It is 

challenging to understand the machinery system. The combination of education and practical 

knowledge can result in well-rounded farm machinery managers who are capable of 

effectively managing and optimizing the performance of farm equipment and reducing farm 

operational costs. 

4.2.2. Work experience of respondents  

Work experience helps to develop specific practical knowledge and skills related to the 

management of agricultural machinery. Managers of farm machinery are exposed to a range 

of difficulties and operational problems that may occur in the field. Experienced managers 

can provide valuable advice to ensure safe machinery operation and reduce the possibility of 

Education Level Maintenance Department  LPCD 

 
Frequency percentage Frequency Percentage 

1st Degree 9 56.3 3 30 

Diploma/Technical Level 5 31.2 7 70 

Masters 2 12.5 ----- ----- 
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accidents on farm machinery. The current work experience of maintenance staff land 

preparation and cultivation department of farm machinery is shown in Table 4.2. 

Table 4.2. Work experience of respondents 

 

The evaluation of maintenance employees also considered their experience in addition to 

their educational background. The result is shown in Table 4.2 above, which indicates that 

12% of maintenance departments had experience of more than twelve years, while 10% of 

land preparation and cultivation department had experience of twelve years. It also indicates 

that the majority of maintenance and land preparation and cultivation departments 

respondents had four to eight years of experience. The experience was crucial since it helped 

repair teams become excellent; however, the Arjo Didessa Sugar Factory machinery 

maintenance system is poor due to a lack of an approved knowledge base among 

maintenance teams. The majority of technicians are challenged to follow repair and service 

manuals. Quality maintenance is done through actions that aim to set equipment settings that 

avoid quality defects, based on the fundamental premise of keeping perfect machinery. As a 

result, Arjo Didessa Sugar Factory should be required to use repair and maintenance teams 

and operators with relevant experience and training to develop technician knowledge and 

skills. 

4.2.3. Response to maintenance policy issues 

The answers to the four questions about Arjo Didessa Sugar Factory's maintenance policy 

are summarized in Appendix A, Table A3. Developing a well-defined and understood field 

equipment maintenance policy is essential for ensuring the reliability, safety, and efficiency 

of equipment across an organization. Respondents disagreed when asked specific questions 

on the presence and relevance of maintenance rules and guiding principles. According to 

Figure 4.3, 38% of respondents in the Arjo Didessa Sugar Factory disagreed with the well-

defined and understood field equipment maintenance policy. Therefore, providing a 

maintenance policy should be the basic and primary aim of farm enterprises to achieve the 

quality and quantity of agricultural operations. 

Number of years  Maintenance Department LPCD 
 

Frequency percentage Frequency Percentage 

4 up to 8 years 8 50 6 60 

9 up to 12 years 6 38 3 30 

above 12 years 2 12 1 10 
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Figure 4.3. Response assessment on equipment maintenance policy. 

4.2.4. Maintenance inputs preparation 

The answers to five questions about the maintenance input preparation condition were 

condensed and shown in Appendix A, Table A4. Effective and efficient spare parts and 

maintenance material preparation is crucial for ensuring smooth operations and minimizing 

downtime in various agricultural enterprises. In the study with selected major variables, 

effective and efficient spare parts and maintenance material preparation received a 

disagreeable response in the Arjo Didessa Sugar Factory, as indicated in Figure 4.4. And this 

indicates the existence of less availability of spare parts and maintenance material 

preparation. 

 

 

 

Figure 4.4. Effective and efficient spare part and maintenance  materials preparation 
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There were inefficient spare parts planning and control systems in the Arjo Didessa Sugar 

Factory. The availability of spare parts during the season significantly impacts machinery 

performance. However, machine or equipment stoppages for many days during the season 

were common, owing to the unavailability of a certain spare part. The results from 

respondents regarding the preparation of maintenance inputs show the existence of a gap in 

spare parts and maintenance material preparation. Additionally, there was disagreement 

among survey respondents regarding the existence of craftsmen or skilled men. Otherwise, 

the respondents believe that all areas need adequate equipment, sufficient manpower, and 

well-defined maintenance facilities. Most of the time, spare parts for new machinery are 

unavailable in stores. The enterprise should ensure the availability of spare parts for the new 

machine in the local market. As a result, machinery is forced to stop for extended periods of 

time while waiting for spare parts. As a result, Arjo Didessa Sugar Factory should make 

better plans for replacement components. In doing so, Arjo Didessa Sugar Factory optimizes 

machinery utilization and the availability of machinery for the work to be assigned. 

4.2.5. Maintenance output and its management  

Maintenance output represents the effectiveness and efficiency of the maintenance function 

in ensuring equipment reliability, minimizing downtime, and optimizing machinery 

performance. Maintenance output management involves strategies and practices aimed at 

maximizing the value and impact of maintenance efforts. Similarly, the respondent's attitude 

summarized for the question of maintenance output and its management of the responses 

was provided to both the maintenance team and land preparation and cultivationdepartment, 

as shown in Appendix A of Table A5. Accordingly, the response of the maintenance team 

and LPCD, 50% and 40%, respectively, strongly agreed that handling and operating quality 

of agricultural machinery were the causes of the breakdown and failure of machinery. There 

is a delay in agricultural machinery maintenance, partial maintenance of machinery 

problems, and deployment on the field. One of the challenges facing the maintenance 

department was unskilled labor. No matter how many trained technicians are present, 

frequent breakdown repairs cannot be avoided without the right tools and equipment. Proper 

maintenance of machinery and implements is synchronized, and agricultural machinery 

handling and quality of operation help minimize machinery breakdown. 
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Figure 4.5. shows the response to the cause of the breakdown of farm machinery. 

According to the survey, a majority of respondents strongly believe that breakdowns of farm 

machinery are sometimes delayed and only partially maintained. Additionally, the LPCD 

respondents disagreed maintenance outputs synchronized with the availability of prime 

movers with implements.  

4.3. Maintenance Workshop Facility of Arjo Didessa Sugar Factory  

 The study finds that the location of the maintenance workshop and the quality and quantity 

of tools and equipment used for maintenance affected the maintenance service department. 

According to unstructured interviews with the head of the department and maintenance and 

repair staff, the workshop is dirty and disorderly. Strong winds in the study area cause dust 

to blow into the work area, disturbing the maintenance workers. During the winter and dry 

season, particularly when fast-moving engine parts, such as bearings, bushings, and seals, 

are being maintained, dust particles hold on these parts and lower the quality of maintenance. 

To assess the degree of workshop tools and equipment existence is indicated by the letters 

X, Y, and Z, with X denoting that the equipment is highly available and sufficient, Y 

denoting that the equipment is insufficient or too old to be used, and Z denoting that the 

equipment is not present in the workshop, as shown in Appendix B and Table B10. 

0%

10%

20%

30%

40%

50%
50%

38%

0%
6% 6%

40%

30%

20%

10%

0%

p
er

ce
n
t 

o
f 

re
sp

o
n
se

Response of Manitenance & Land preparation and 

cultivation team

Manitenance staff

Land preparation and cultivation team



37 
 

 

Figure 4.6. Analysis of workshop equipment in the FEMD 

Only 40.54% of the complete equipment is accessible in the workshop, based on the data in 

Appendix B, Table B10, and Figure 4.6. 13.51% of the equipment was either very old or 

inadequate for use, and 45.95% was nonexistent. Some components of the engine that needed 

to be resurfaced, and rebuilt were sent to other factories such as Finchaa Sugar Factory. 

Downtime is extended because it takes at least two weeks to bring components of the engine 

back to Arjo Didessa Sugar Factory. Due to the lack of a workshop, pieces of equipment 

were illegally placed on the floor during the assembly and disassembly of the engine systems. 

There were no other tools available for inspecting the internal components of a machine. As 

a result, a visual examination was performed, which required some trial and error. There was 

no technology for diagnosing engines or testing their performance to identify the state of a 

machine. In this situation, machines are not receiving enough inspections, resulting in 

frequent malfunctions. This has an impact on quality and maintenance effectiveness. Then, 

the factory needs to establish a workshop facility. 

A well-equipped workshop with the necessary tools and equipment allows for efficient and 

successful troubleshooting and repair operations. However, poorly maintained workshop 

facilities have an impact on both the efficacy of technical staff and the quality of repair. 

Inadequate farm machinery workshop facilities can lead to greater downtime, inefficient 

repairs, insufficient storage and protection, restricted diagnostic capabilities, higher repair 

costs, and limited customization choices. According to the response, strong wind movement 

during the dry season produces dust, and the dust blows into the shop. Therefore, the 

following recommendations and remarks were offered.  Allocate resources, both financial 

and physical, to develop a dedicated maintenance workshop. Budgeting for infrastructure 

improvements, purchasing or upgrading tools and equipment, and recruiting or training 
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maintenance professionals with the requisite skills and knowledge may all be part of this 

process. Prioritize these investments to ensure that the workshop fits the needs of the 

organization. In general, a farm machinery maintenance workshop provides a dedicated 

place for repairs, preventative maintenance, equipment storage, and calibration, as well as 

increases safety and efficiency in maintenance activities. It is a vital asset for properly 

repairing and operating farm machines. Thus, priority should be given to the fiscal year 

procurement of modern, precise machinery and hand tools. Power is required in the main 

workshop for better tool and equipment management, making machine maintenance quicker, 

more efficient, and more cost-effective. This finding is consistent with Osuch et al. (2020) 

findings 

4.4. Comparing the Calculated and Actual Rates of Work for Different Implements 

Comparing the actual and calculated effective field capacity of farm machinery is essential 

for performance evaluation, efficiency optimization, cost analysis, planning, decision-

making, and performance benchmarking. It enables farmers to identify operational issues, 

optimize machinery performance, and make informed management choices to maximize the 

productivity and profitability of their agricultural operations. The estimated and actual rates 

of work for the various field forward speeds and operations performed at the factory were 

assessed, as shown in Table 4.3. The actual recorded width of operation was used in the 

computed rate of work for different implements. 

Table 4.3. Calculated and actual rate of work for different implements 

* = Field efficiency taken from ASAE D497.4, (2003) 
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Cleaning  shanks 2.1 1,393.16 4 0.57 0.84 85 0.71 19.72 

Ripping shanks 2.1 141.44 3 0.45 0.63 85 0.54 16.67 

Uprooting 

Romey 

Disc plow 4 262.4 6 1.6 2.4 80 1.92 16.67 

Deep plowing  Disc Plow 4.5 1,019.60 5 1.8 2.3 85 1.91 5.73 

Harrowing 

Disc 

Harrower  6 202.78 7 2.3 4.2 80 3.36 36.11 

Furrowing Furrower  4.35 862.92 8 1.43 1.16 85 2.96 51.67 

Interrowing 

Cultivation 

Disc 

Ridger 4.35 888.54 7 0.8 1.02 80 2.44 67.21 

     8.95   13.84  
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AEFC = Actual effective field capacity, ha/hr 

TFC = Theoretical field capacity, ha/hr 

CEFC = Calculated effective field capacity, ha/hr 

FE = Field efficiency, % 

Table 4.3 displays the calculated and actual rates of work for the various implements that 

differed. As indicated by Figure 4.7, the highest rate of work (ha/hr) was for the harrowing 

(2.3, 3.36), followed by furrowing (1.43, 2.96), inter-rowing cultivation (0.8, 2.44), 

uprooting (1.6, 1.92), deep plowing (1.8, 1.91), bush cleaning (0.57, 0.71), and the lowest 

rate of work was for the ripping (0.45, 0.54). Work rate is a determining factor; thus, any 

operation requires the use of appropriate power and implements, taking soil conditions into 

account. Thus, the rate of work for any operation is mostly determined by the speed and 

operating width of the implement. So, either the operation permits usage of high speed and 

width, resulting in a high rate of work, such as harrowing, or permits usage of low speed and 

width, resulting in a low rate of work, such as ripping (Fig. 4.7). In general, the calculated 

rates of work were 35.33% higher than the actual ones, while the lowest variation was 

observed on deep plowing (5.73%) and the highest variation was observed on inter-row 

cultivation operation (67.21%). These results are similar to those reported by (Bekele et al., 

2020). 

 

 

 

 

 

 

 

Figure 4.7. Calculated and actual rate of work for different implements 

Understanding the variance between the actual and calculated effective field capacities 

enables owners to optimize the operational efficiency of their machinery. The difference 

between the calculated and actual effective field capacity was caused by the fact that the 
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machine and average travel speed in the field so it is higher than the actual effective field 

capacity. However, some of the implements were not in use for the majority of the seasons; 

as a result, their average effective field capacity (ha/hr) was less than that calculated. For 

instance, the interrow cultivator was not in use in the factory which makes high differences 

between the calculated and actual average effective field capacity. By analyzing the factors 

contributing to the differences, such as operator skill, adjustment settings, or field conditions, 

farmers can make informed decisions to improve efficiency. Significant investment and 

comparing the actual and calculated effective field capacities are crucial for cost analysis 

and yield optimization of farm machinery. If the actual capacity continually falls below the 

calculated capacity, it may indicate underutilization of the machinery or inefficiencies in 

operations. By identifying these differences, owners can assess the cost-effectiveness of their 

machinery, evaluate the return on investment, and make informed decisions regarding 

equipment utilization, replacement, or upgrades. 

4.5. Agricultural Machinery Cost Management  

Agricultural machinery cost management is a crucial aspect of farm operations. Effective 

management of machinery costs helps optimize profitability, improve efficiency, and make 

informed decisions regarding machinery investments. It also requires a comprehensive 

approach that considers various factors such as equipment selection, maintenance, operator 

training, technology adoption, and financial planning. By implementing these strategies and 

continuously evaluating the factory machinery management practices, you can optimize 

costs and drive overall operational efficiency in the Arjo Didessa sugar factory. 

4.5.1. Depreciation  

Machinery depreciation costs represent the reduction of the machine’s commercial value 

during its economic life, and they are often the largest cost in terms of agricultural machinery 

(Cunha & Gonçalves, 2019). Depreciation is the rate at which obsolescence or wear and tear 

causes the value of the current capital machinery to decrease. It is frequently the largest cost 

associated with farm machinery; it quantifies the rate at which a machine's value depreciates 

over time, regardless of whether it is operated or not. Calculating farm machinery 

depreciation costs provides valuable information for financial planning, profitability 

analysis, equipment replacement decisions, resale estimation, internal cost analysis, and risk 

management. Farm machinery depreciation varies according to the type of equipment, how 

well it is maintained and stored, and the amount of work that it performs.  Agricultural 

machinery's useful life and purchase price are necessary to estimate the depreciation cost of 
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the machines. In the Arjo Didessa sugar factory, the cost of depreciation has been calculated 

using a straight-line method, in which the purchase price minus salvage value is divided by 

the economic life of the machinery. However, specifically for this study's purpose, the 

researchers used the declining balance method to compare the actual value of a factory with 

up to fourteen years of machinery. Because the declining balance method reflects the actual 

value of a machine at any age rather than the value found from the straight-line method. In 

addition, the declining balance method is a better option for some machinery that loses value 

faster in the first few years after purchase and provides a more accurate accounting of 

machinery value. In the Arjo Didessa sugar factory, there are many types of tractors and 

heavy equipment involved in land preparation and harvesting activities. Out of them, for this 

study's purpose, the researchers took and calculated the depreciation cost and remaining 

values of YTO 180, New H.TM 7020 and YTO 130. Even though the cost of depreciation 

for each tractor varied depending on the purchase price, the observed depreciation cost is 

constant throughout economic life.  

 

Figure 4.8. Calculated declining balance method depreciation cost (Birr) of tractors 
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The association between the depreciation cost and machine service life was found using a 

second-order polynomial function and least square regression. Second order polynomial 

fuction was used to determine the relationship. Regression curve for depreciation cost of, 

YTO 180, New H.TM 7020, and YTO 130 tractors were found as y = 1844.5x2 - 43424x + 

316385, y = 650.65x2 - 21494x + 222042 and y = 1185.5x2 - 25087x + 163558 respectively. 

Figure 4.8, indicated that tractor values were gradually depreciated in the form of a curve 

line. From this result, YTO180 tractors have high depreciation costs and are followed by 

New H.TM 7020, and YTO 130 respectively. The declining balance method has large 

machinery depreciation costs that have accumulated similarly. Under accelerated 

depreciation, the value of a YTO180 tractor is greater than the straight-line method by three 

years. This is a good solution to replace machines at their predicted optimal performance, 

which lowers costs associated with fuel and lubrication, maintenance and repair, and spare 

parts. By using the declining balance method, a machine depreciates differently each year, 

but the annual rate of depreciation is the same. In general, the declining balance method 

should be implemented even though Arjo Didessa Sugar Factory uses a straight-line method 

of depreciation to estimate the actual value of the machinery at any age. 

 

Figure 4.9. The actual remaining value of the tractor 
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Figure 4.9 shows that the remaining values of YTO 180 were larger than those of other 

tractors (New Holland TM 7020 and YTO 130) by three years and less than New Holland 

TM 7020 after three years. The actual remaining value of each machine decreases over time, 

while the actual value of depreciation remains constant. Estimating the actual remaining 

value of farm machinery is a valuable practice for financial planning, equipment evaluation, 

tax management, risk mitigation, insurance coverage, and decision-making related to 

maintenance, upgrades, and capital allocation.  

  

Figure 4.10. Calculated remaining value (Birr) of tractors 

The regression curve for the calculated remaining value of YTO 180, New H.TM 7020, and 

YTO 130 tractors was found as y = 11449x2 - 258625x + 2E+06, y = 5799.6x2 - 185822x + 

2E+06, and y = 6551.9x2 – 132417x + 1E+06, respectively. Figure 4.10 indicated the 

remaining value of the New Holland TM7020 was larger than that of other tractors (YTO180 

4WD and YTO130 4WD). The value will be higher at an early age and decrease at an older 

age. This result is in agreement with the results of the study conducted on tractors by Mottalib 

et al. (2019) 
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4.5.2. Agricultural machinery housing costs 

Shelter is one of the most crucial factors to take into account when purchasing agricultural 

machinery. The many machines that were found in the Arjo Didessa Sugar Factory were 

exposed to severe weather conditions like sun, rain, and dust. The factory does not have a 

budget for shelter facilities. If no shelter is provided, there is likely an economic penalty 

associated with reduced machine life and resale value. However, providing shelter is 

frequently associated with better machine care and maintenance, which can lead to a 

machine’s longer lifespan, improved appearance, and higher resale value. As a result, it is 

advised that Arjo Didessa Sugar Factory have shelter to handle and care for the farm 

machinery properly. 

4.5.3. Repair and maintenance costs 

Repair and maintenance costs are considered a necessary and crucial part of machinery 

ownership. To keep a machine in good working condition and guarantee a high level of 

reliability, routine maintenance, and occasional repairs are necessary (Makkar et al., 2020). 

Repair and maintenance costs play a major role in total operating costs. Newly acquired 

agricultural machinery begins to deteriorate from the use of machines. Especially in the study 

area, the environment was extremely harsh. Since the tillage activities begin in the dry 

season, there is a lot of dust that wears out the engine and its connected parts.  

Machine systems and implement mechanisms had frequently failed in the farm area. Daily 

maintenance and a little lubrication were necessary. Failures of machine mechanisms during 

the peak season of the year raise the cost of downtime. Effective repair and maintenance 

activities are essential to reducing the cost of downtime during the peak times of the year. In 

general, due to the variability of working conditions, actual repair and maintenance (ARM) 

costs can vary significantly depending on the specific tractor make and model, the local 

market conditions, the tractor's maintenance history, and the operator's practices. To supply 

cane to factories that work continuously the whole day without interruption, most of the 

machinery used in sugar production operated during peak operation for about 24 hours. 

4.5.4. Fuel and oil cost 

Estimates of fuel use are based on the average annual fuel consumption of different 

operations. According to surveys, lubrication costs average about 15% of fuel costs (ASAE 

standard D497.5 FEB2006). Oil and lubricant have the purpose of lubricating (reducing 

friction between moving parts), reducing heat created between moving parts as a result of 

noise and friction, and cleaning dirt and impurities, either metallic or others. The majority of 
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the tractors and heavy equipment at Arjo Didessa Sugar Factory consumed diesel fuel. Due 

to fluctuations in the amount of time that machinery is operated, the price of fuel and oil 

changes over time, and the same is true for the hour of usage. In general, as the age of 

machines increased, fuel and oil consumption also increased. The summary of (2016/17-

2021/22) actual farm machinery operational cost/hour is shown in Appendix; B Table B7 

and Figure 4.12 below. 

 
Figure 4.11. Summary of annual (2016/17-2012/22) farm machinery operation costs 

Figure 4.11, indicates that repair and maintenance costs vary from year to year. They reach 

their highest point in 2020/21 and then decrease slightly in 2021/22. This shows that there 

may have been increased maintenance needs or unexpected repairs in 2020/21. Operator 

costs decreased from 2016/17 to 2019/20 and increased in 2020/21. However, in 2021/22, 

0

20

40

60

80

100

120

o
p

er
at

io
n

 o
n

st
s 

p
er

 s
ix

 y
ea

rs
 (

m
il

li
o
n

 E
T

B
) 

Years (2016/17-2021/22)

Annual years RMC Annual years Operator cost

Annual years Fuel costs Annual years LOC

Annual years Spar part costs



46 
 

there is a decrease compared to the previous year. This pattern could indicate changes in 

workforce size, labor efficiency improvements, or adjustments in wage rates during the 

analyzed period. Fuel costs display variations over the years. It was increased from 2019/20 

to 2020/21 and further increased in 2021/22. This upward trend in fuel costs suggests rising 

fuel prices or increased fuel consumption during these years. Lubricant costs remain 

relatively stable, with minor fluctuations. The highest value is observed in 2021/22, 

indicating a potential increase in lubricant usage or higher lubricant prices. Spare part costs 

fluctuate across the years. The lowest cost is recorded in 2021/22, while the highest is in 

2016/17. This variation may be attributed to factors such as changes in equipment 

maintenance needs, replacement costs for specific parts, or variations in the frequency of 

repairs. The total operational costs per year show some fluctuations. The highest cost is 

observed in 2021/22, while the lowest is in 2019/20. This variation in total operational costs 

can be attributed to the combined effect of changes in repair and maintenance costs, operator 

costs, fuel costs, lubricant costs, and spare part costs. 

4.6. Model Result and Discussion  

The goal of computer program verification is to determine whether a program accurately 

represents reality (Osman et al., 2017). Its purpose is to determine whether the model or 

software satisfies a set of design criteria. It aims to ensure that the model is produced in 

accordance with the needs and design specifications. It also seeks to gather information on 

the system under review in order to comprehend its structure and operation. As previously 

said, the goal of developing equipment management programs is to reduce overall operating 

expenses and save money. The output of the LP model will display specific and total variable 

costs for alternative farm management in the study area. 

The data that is gathered from the two departments (maintenance and user or operator teams) 

separately is evaluated and compared by LINDO 6.1 software. The model output also 

attempts to contrast the LINDO produced by the simultaneous coexistence of two 

departments in the best possible combination with the total of the variable costs gained 

separately. The result can also be utilized to compare the depreciation between their current 

method and the outcome of the best model. 

4.6.1. Specific operational costs model results  

Operational costs include those for operators, fuels, lubrication and oil, spare parts, and 

repairs and maintenance. The effect of the optimization model on minimizing specific 

operational costs is shown in Table 4.4, and Figure 4.13 below. 
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Table 4.4. Specific  operational costs 2016/17–2012/22 before and after optimization 

 

In general, the optimization model minimized specific operation costs (ETB-hundred 

million) by optimizing repair and maintenance costs from 1.89E+08 to 2.49E+07, operator 

costs from 4.21E+08 to 4.02E+08, fuel costs from 5.80E+08 to 5.75E+08, and lubricant and 

oil costs from 8.68E+07 to 5.56E+07, respectively. However, spare parts costs can change 

up to 4.84E+08, or spare parts costs are ≤ less than or equal to 4.84E+08, and the solution 

basis remains optimal. 

 

Figure 4.12. Before optimization and after optimization of specific operational costs 
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RM 1.81E+08 7.75E+06 1.56E+08 1.89E+08 2.49E+07 1.64E+08 86.8 
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What we can conclude from the above Figure 4.12 is that the price of fuel has been 

minimized by a very small percentage. The reason is the periodic increase in fuel prices and 

the poor management techniques, improper use, and overutilization of farm machinery in the 

factory. 

4.6.2. Optimization model sensitivity analysis of specific variable costs 

The sensitivity analysis shows that the coefficient of repair and maintenance costs decreases 

significantly from 1.89E+08 to 2.49E+07 after optimization. This implies that reducing the 

quantity of repair and maintenance costs in the objective function or constraints leads to a 

substantial improvement of 86.8%. It indicates that the optimization algorithm has found a 

solution that is less dependent on repair and maintenance costs. The sensitivity analysis states 

that the operator's costs have an infinite allowable increase, meaning their coefficient can 

increase without limit while maintaining the current optimal solution. This indicates that 

increasing the importance of operator costs may not affect the current optimal solution. The 

value of operator costs remains the same before and after optimization. The sensitivity 

analysis indicates that fuel costs have an infinite allowable increase. After optimization, the 

value of fuel costs improves slightly by 0.89%. This shows that increasing the quantity of 

fuel costs has a limited impact on the current optimal solution. 

The sensitivity analysis shows that the coefficient of lubricant costs decreases significantly 

from 8.68E+07 to 5.56E+07 after optimization. This implies that reducing the quantity of 

lubricant costs in the objective function or constraints leads to a substantial improvement of 

35.93%. It indicates that the optimization algorithm has found a solution that is less 

dependent on lubricant costs. The sensitivity analysis states that spare parts costs have an 

infinite allowable decrease, meaning their coefficient can decrease without limit while 

maintaining the current optimal solution 

4.6.3. Total operational costs model results  

Using the model in agricultural organizations can be chosen or combined in the best way 

possible to maximize profits or minimize costs while remaining within the constraints of 

available resources (Osman et al., 2017). The effect of the optimization model on minimizing 

total operational costs is shown in Table 4.5, and Figure 4.14 below. In general, the 

optimization model minimized operational costs (ETB-hundred million) from 3.02E+08 to 

3.00E+08, 2.50E+08 to 2.44E+08, 2.22E+08 to 2.10E+08, 1.36E+08 to 1.37E+08, 3.05E+08 

to 2.93E+08, and 3.10E+088 to 2.17E+08, respectively. 
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Table 4.5. Total operational costs 2016/17–2012/22 before and after optimization 

 

Table 4.5, it is clear that the highest cost saving was achieved at 10.60% in 2018/19, and the 

minimum cost saving was attained at 0.66% in 2016/17 and 0.85% in 2020/21. Model 

verification was made by comparing the total operation costs of Arjo Didessa Sugar Factory 

for seasons 2016–17–2021/22 with those estimated by the model. The model succeeded in 

reducing the operation's total costs by 10.60%. The optimization model produced the results 

due to a decrease in the total number of farm machines. The results are in agreement with 

Mohamed et al. (2013) 10.5%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.13. Before optimization and after optimization operational costs  
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The statistical analysis of the data using paired t-tests indicated the optimization of farm 

machinery minimized the operational cost of Arjo Didessa Sugar Factory significantly 

(p<0.05) (Appendix C, Table C14). Tests of the model verification and analysis on a 

statistical basis in the case of Arjo Didessa Sugar Factory reveal the opportunity to improve 

the control expenses, operational costs of farm machinery, and machinery distribution 

efficiency in the sugar factory. In general, optimizing the costs of farm machinery is essential 

for the financial sustainability and operational efficiency of any farm organization. 

4.6.4. Optimization model sensitivity analysis of total variable costs 

The sensitivity analysis shows that the total operation costs for the constraint in the 2016/17 

year remained very small before and after optimization. The improvement achieved is 

minimal, at 0.66%. This indicates that the solution does not significantly depend on the 

constraints this year. The sensitivity analysis indicates that the total operation costs for the 

constraint in the 2017–18 year can be increased by up to 5.16E+06 while maintaining the 

current optimal solution. However, after optimization, the total operation cost decreases, 

resulting in a 2.17% improvement. This indicates that the optimization algorithm found that 

a lower total operation cost for this year is more beneficial to the overall objective. 

 The total operating costs for the constraint in the 2018–19 fiscal year have a permitted 

increase of 5.18 E+06 and a permitted decrease of 6.13 E+06. These costs are reduced 

significantly after optimization, resulting in a 5.28% reduction. This implies that the solution 

identified a way to achieve the objective by easing the constraint in this particular year. 

According to the sensitivity analysis, the total operating expenses for the constraint in 

2019/20 can be increased by up to 3.03E+04 and decreased by up to 1.15E+06. The entire 

operation's expenses are reduced after optimization, resulting in a 0.85% improvement. This 

indicates that the optimization algorithm found that a lower total operating cost for this year 

is desirable for the ultimate objective. 

The sensitivity analysis shows that the total operation costs for the constraint in the 2020/21 

year have an allowable increase of 2.80E+06 and an allowable decrease of 9.19E+06. After 

optimization, the total operating costs decrease, leading to an improvement of 3.93%. The 

overall operation expenses for the constraint in the 2021/22 year have an allowable increase 

of 3.66E+06 and an allowable decrease of 2.72E+07. After optimization, the total operation 

cost value decreases significantly, resulting in a considerable improvement of 10.60%.  
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5. CONCLUSIONS AND RECOMMENDATIONS 

5.1. Conclusions 

The evaluation of farm machinery status at Arjo Didessa Sugar Factory underscores the 

importance of implementing efficient maintenance and management practices to improve 

performance and prevent costly breakdowns. The educational level and work experience of 

maintenance personnel play a crucial role in ensuring effective machinery management. The 

findings suggest a need for ongoing training programs to enhance the knowledge and skills 

of maintenance staff, particularly in understanding modern technologies and following 

recommended operating and maintenance procedures. The analysis of maintenance 

workshop facilities expose significant gaps in equipment availability and workshop 

infrastructure. Improving workshop facilities, including investing in modern tools and 

equipment, enhancing storage and protection measures, and ensuring a clean and organized 

work environment, is essential for enhancing maintenance efficiency and reducing 

downtime.Effective estimation of machinery work rates and performance analysis are 

essential for optimizing operational efficiency and maximizing productivity.  

Addressing the identified challenges and implementing targeted interventions in farm 

machinery management, training, maintenance policies, workshop facilities, and 

performance optimization can significantly enhance the overall efficiency, reliability, and 

sustainability of agricultural operations at Arjo Didessa Sugar Factory. Calculating 

machinery depreciation costs using methods like the declining balance method offers 

valuable insights for financial planning, equipment replacement decisions, and risk 

management. The study's findings highlight the importance of accurately estimating 

depreciation costs to optimize machinery investments and overall operational efficiency.  

The optimization model demonstrates its efficacy in reducing total operational costs over the 

analyzed period. Statistical analysis confirms the significant cost-saving potential of 

optimizing farm machinery management. Implementing effective strategies for managing 

agricultural machinery costs is pivotal for optimizing profitability and operational efficiency 

in the Arjo Didessa sugar factory. This includes considerations such as equipment selection, 

maintenance, operator training, and technology adoption, all of which contribute to informed 

decision-making and improved financial planning. A sensitivity study was performed to 

determine the impact of changes in single and compound inputs (cost of operation) on model 

output (total operating expenses). 
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5.2. Recommendations   

Based on the study, the following recommendations are given to solve the problem of 

machinery management in the Arjo Didessa Sugar Factory: It is crucial to keep an accurate 

record of all raw materials, parts that have been purchased, maintenance, repair, and 

operation costs, as well as information about each piece of machinery, such as how many 

hours it is used each day, how much fuel it uses, how many areas it covers per hour, and how 

often it is used. The following elements are necessary for Arjo Didessa Sugar Factory to 

build effective machinery management systems: 

 An effective recording system for specific machinery data and efficient cost analysis 

methods are required. 

 Intensive training should be provided for maintenance staff and operators to acquire: 

the ability to understand machinery function and systems; the ability to detect causes 

of abnormality when they occur; the ability to detect machinery problems and make 

corrections, repairs, and maintenance; and the ability to handle and manage 

machinery. 

 Old tractors and implements caused a high frequency of breakdowns, downtime, 

spare part costs, fuel costs, and oil expenses. Therefore, Arjo Didessa Sugar Factory 

should have a machinery disposal and replacement policy to satisfy anticipated 

demand. 

 Routine maintenance programs should be established for all farm machinery, 

including tractors, harvesters, and irrigation equipment. This allows equipment to be 

maintained in optimal condition, reducing downtime and maintenance costs and 

increasing operational efficiency during critical farming seasons. 

 They should conduct regular performance reviews to compare machinery rate 

estimates with actual performance. Analyzing variances helps reduce factors that 

contribute to variances, such as equipment malfunction, operator inefficiency, or 

process downtime. 
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 APPENDIXES 

Appendix A: Arjo Didessa sugar factory machinery status 

 Table A1. Status Arjo Didessa Sugar Factory farm machinery 2021/2022  

 

Table A2. Arjo Didessa sugar factory machinery status report in 2022 

Machine type  

m
o

d
el

 

activity 

G
ro

ss
 

fl
ee
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Non-

operati

on 

fleet 

   

O
p

er
at

io
n

 

fl
ee

t 
 

M
ac

h
in

e 

av
ai

l 
(%
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Description Plate No make 
Capacity(H

p) 
Model  Engine No Chassiss No 

Tractor  NH-01 New holland   TM7020 6036462  ZACC65161 

Tractor NH-03 New holland  TM150 
 

   

Tractor 1 YTO 
180HP XYO-X1304 

YM1306106

7  *31324001*  

Tractor MF-037 

Massey 

ferguson 
85Hp MF385 

LM9B572  G84209/01/11  

Wheel loader 
 

Excavator 250Hp WA400 58692  005-200 

Wheel loader 
 

CAT 162KW 9665III C306001705  966-118101 

Excavator  
 

Yanmar 24Hp STM842RBA 
 

   

Excavator 
 

KUBOTA 2403HP KH026 41314  1BNP000855 

Dozer 
 

Excavator 
40HP D20PLL 

4D955-W1-

26972   

Dozer 
 

CAT 305HP D8R 
 

 1GH02575  

Disc plough  Rome  16 disck Trcw-16  8TRCW-270 

Harrow  Nardi  52 disck 52HF230   

Off set  Disc plugh  ILGI 16 disck AGB16ICD  1203505 

Furrower 3 bottom  AGRIWAY 1260kg SD450-3  117-2013 

Furrower 4 bottom  AGRIWAY 1550kg SD450-4  130-2013 

Heavy Duty Sub-

Soiler  Nardi 
 

KING-SD/A-

USR  571221 
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Beiben 

truck(Bishoftu) 

 

 Hrvs 4 1 2 1 3 0 0.0 

Beiben 

trailer(Bishoftu) 

 

 Hrvs  4  1  1 3 75 

Ursus tractor(Poland) 

 

URSUS 20014A 

 

Hrvs  15  5  5 10 66.67 

Ursus tractor(Poland) 

 

URSUS 25014A 

 

Hrvs 9  2  2 7 77.78 

Ursus tractor(Poland) 

 

URSUS 14014A 

 

Hrvs 2 1   1 1 50 

Ursus trailer(Poland) 

 

 Hrvs  36 1   1 35 97.22 

YTO tractor (China) 

 

YTO 1804 

 

Hrvs  10 2 4  6 4 40 

YTO tractor (China) 

 

YTO 1304 

 

Hrvs  2 1 1  2 0 0.0 

Hydraulic trolley 

20.16 m3 

 

 Hrvs 20 4   4 16 80 

Grab loader(U.S.A) 

 

2254 

 

Hrvs  7 1  1 2 5 71.47 

MF Tractor 

 

MF85 

 

Hrvs  36 7 22 2 31 5 13.89 

Fuel truck (Beshoftu) 

 

 Lpct 1 1   1 0 0.0 

New Holland Tractor 

(Brazil) 

 

TM7020 

 

Lpct 2  1  1 1 50 

New Holland 

Tractor(Brazil) 

 

TM150 

 

Lpct 4 3 1  4 0 0.0 

Implement(Fertilizer 

App, Furrower, 

Harrower 

 

 Lpc  17 10   10 7 41.17 

Hydraulic trolley 

4.16m3 

 

 Lpc  6 2   2 4 66.67 

Dressta 

Dozer(Poland) 

 

TD-25M 

EXTRA 

 

Lpc  3 1   1 2 66.67 

Dozer TY320(China) 

 

XCMGTY320 

 

Lpc  2  1  1 1 50 

Dozer D85(China) 

 

D85EX-15 

 

Lpc  4 1 1 1 3 1 25 

Dozer D65(China) 

 

D65EX-15 

 

Lpc  5 1 2  3 2 40 

Versatile 

Tractor(U.S.A) 

 

2375 

 

Lpc  3  1  1 2 66.67 

Duetz Tractor(Italy) 

 

AGROTRON 

265 

Lpct  2 0 1  1 1 50 
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Rome disc 

plough(U.S.A) 

 

TRCW-16 

 

lpc 2    0 2 100 

ILG Harrower 48 disc 

 

AGD4871CD 

 

lpc 1    0 1 100 

Nardi Harrower 52 

disc 

 

52HF230 

 

lpc 1    0 1 100 

ILG Offset Harrower 

 

 lpc 1    0 1 100 

Furrower 3 or 4 

bottom 

 

SD450-3 

 

lpc 4    0 4 100 

          Cultivator 

 

 culti 2    0 2 100 

 

Faw Dump Truck 

(Bishoftu) 

 

WP10340E32 

 

Civil  3 3   3 0 0.0 

Shower 

Truck(Bishoftu) 

 

 Civil  1     0 1 100 

Excavator 

Hyundai(Korea) 

 

R320LC-7 

 

civil 1   1 1 0 0.0 

Excavator Power 

Plus(China) 

 

PP350E-X 

 

Civil  4  1 1 2 2 50 

Wheel 

Excavator(China) 

 

JYL619 

 

Civil  1 1   1 0 0.0 

Back loader(China) 

 

315SJ 

 

Civil  1 1   1 0 0.0 

Loader 

XCMG(China) 

 

ZL50G 

 

Civil  1 1   1 0 0.0 

Loader PP968(China0 

 

PP968T-III 

 

Civil  1 1   1 0 0.0 

Loader PP948(China) 

 

PP948T-III 

 

Civil  1 1   1 0 0.0 

Grader PP14G(China) 

 

PP14G-VI 

 

Civil  1 1   1 0 0.0 

Mista Grader(Poland) 

 

RD165H 

 

Civil  1 0   0 1 100 

Truck 

Crane(China/Zoomlion/) 

 

ZLJ5239JQZ16H 

 

Factory  1 0  1 1 0 0.0 

Oral Crane 

 

 Factory  1 1   1 0 0.0 

Total     67 50  19 141  

Percentage(%) of 

Minor, Major, 

Accidents with a 

subtotal of non-

functional 

   49.26 36.76  13.97   
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Percentage(%) of 

non-functional Vs 

functional with 

gross fleet 

   100  49.09  51.26  

 

 Table A3. Summary of maintenance policy issues 

 

 
Respondent 

S/N Questions  measurements  Maintenance Team 

1.1 Arjo Didessa Sugar Factory has a well-defined and 

understood field equipment maintenance policy. 

 
Ferq. Per. 

(%) 

Strongly agree 6 38% 

Agree 8 50% 

Neutral 1 6% 

Disagree 1 6% 

Strongly agree 0 0% 

Total 16 
 

1.2 The necessary maintenance sections and units are all 

established and in operation at Arjo Didessa Sugar 

Factory. 

Strongly agree 5 31% 

Agree 10 63% 

Neutral 1 6% 

Disagree 0 0% 

Strongly agree 0 0% 

Total 16 
 

1.3  The maintenance procedures and steps are available 

under all sections and implemented appropriately. 

Strongly agree 3 19% 

Agree 9 56% 

Neutral 1 6% 

Disagree 2 13% 

Strongly agree 1 6% 

Total 16 
 

1.4 User departments know and act according to the rule 

and regulation of the maintenance policy of Arjo 

Didessa Sugar Factory. 

Strongly agree 4 25% 

Agree 6 38% 

Neutral 1 6% 

Disagree 4 25% 

Strongly agree 1 6% 

Total 16 
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 Table A4. Maintenance inputs preparation 

 

Table A5. Summary of maintenance output and it management 

 
Respondent 

S/N Questions  measurements  Maintenance 

Team 

LPCD 

1.1 There is a delay of 

agricultural machinery 

 
Ferq. % Ferq. % 

Strongly agree 1 6% 2 20% 

Agree 7 44% 6 60% 

 
Respondent 

S/N Questions  measurements  Maintenance Team 

1.1 Spare part and maintenance  materials 

preparation is effective and efficient at Arjo 

Didessa Sugar Factory. 

 
Ferq. % 

Strongly agree 1 6% 

Agree 6 37% 

Neutral 2 13% 

Disagree 5 31% 

Strongly agree 2 13% 

Total 16 
 

1.2 Repair and maintenance equipment type and 

number is sufficient to carry out intended 

maintenance at Arjo Didessa Sugar Factory. 

Strongly agree 2 13% 

Agree 10 62% 

Neutral 0 0% 

Disagree 3 19% 

Strongly agree 1 6% 

Total 16 
 

1.3  Repair and maintenance facilities are 

sufficient to carry out agricultural machinery 

and vehicle maintenance. 

Strongly agree 0 0% 

Agree 9 56% 

Neutral 3 19% 

Disagree 4 25% 

Strongly agree 0 0% 

Total 16 
 

1.4 The  maintenance staff and craft man are in 

place to the required qualification, 

experience and number. 

Strongly agree 1 6% 

Agree 11 69% 

Neutral 1 6% 

Disagree 3 19% 

Strongly agree 0 0% 

Total 16 
 

1.5 The maintenance team members’ training is 

well organized and given periodically. 

Strongly agree 2 13% 

Agree 5 31% 

Neutral 2 12% 

Disagree 6 38% 

Strongly agree 1 6% 

Total 16 
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maintenance when compared 

to users demanding time. 

Neutral 3 19% 0 0% 

Disagree 5 31% 1 10% 

Strongly agree 0 0% 1 10% 

Total 16 
 

10 
 

1.2 There is partial maintenance 

of machinery problems and 

deployment on field works. 

Strongly agree 3 19% 6 60% 

Agree 11 69% 3 30% 

Neutral 1 6% 1 10% 

Disagree 1 6% 0 0% 

Strongly agree 0 0% 0 0% 

Total 16 
 

10 
 

1.3 Machinery and implements 

maintenance are synchronized 

and made ready together. 

Strongly agree 1 6% 2 20% 

Agree 10 62% 7 70% 

Neutral 1 6% 1 10% 

Disagree 3 19% 0 0% 

Strongly agree 1 6% 0 0% 

Total 16 
 

10 
 

1.4 Agricultural machinery and 

vehicle handling and 

operating quality are the 

cause of the breakdown of 

machinery and vehicles. 

Strongly agree 8 50% 4 40% 

Agree 6 38% 3 30% 

Neutral 0 0% 2 20% 

Disagree 1 6% 1 10% 

Strongly agree 1 6% 0 0% 

Total 16 
 

10 
 

 

Appendix B: Arjo Didessa Sugar Factory machinery costs (in ETB)  

 

Table B1. Arjo Didessa sugar factory 2016/17 annual machinery operation costs/hr 

Machine type Hours RMC Operators Fuel 

costs 

LOC Spare part Costs/hr 

New Holland 

TM7020 

1,245.62 2.7 51.27 124.38 18.66 120 317.01 

New 

HollandTM150 

1,648.65 43.29 62.13 85.39 12.81 104 307.62 

Hydraulic trolley 

4.16m3 

235.23 51.57 58.06 501.68 75.25 60 746.56 

Dozer TY320 1,209.88 9.41 69.56 166.18 24.93 6 276.08 

Dressta dozer 

TD-25M 

39.08 29.85 176.64 423.42 63.51 140 833.42 

Dozer D85 2,569.00 40.71 163.64 89.28 13.39 26 333.02 

Dozer D65 1,133.00 16.38 196.32 164.71 24.71 35 437.12 

Versatile tractor 

2375 

8,160.53 88.83 191.54 22.35 3.35 100 406.07 

Deutz 

AGROTRON265 

361.4 46.12 193.41 92.32 13.85 40 385.7 
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 LOC = lubrication and oil costs (ETB) 

 RMC = Repair and maintenance costs (ETB) 

 

 Table B2. Arjo Didessa sugar factory 2017/18 annual machinery operation costs/hr 

Machine type Hours RMC Operators Fuel 

costs 

LOC Spare 

part 

costs/hr 

case excavator 

1288 

1,234.42 16.3 44.27 186.67 27.99 48.58 323.81 

beiben trailer 1,125.35 33.97 42.13 177.05 26.56 265.13 544.84 

Hydraulic troller 

4.16m3 

235.23 34.38 48.06 338.43 50.76 252.31 723.94 

Dozer TY320 1,109.88 36.13 169.56 229.34 34.4 13.66 483.09 

Dressta dozer TD-

25M 

770.84 40 176.64 126.03 18.9 19.73 381.3 

Dozer D85 1,269.00 40.71 183.64 173.78 26.07 26.58 450.78 

Dozer D65 375.61 44.25 196.32 281.95 42.29 9.03 573.84 

Versatile tractor 

2375 

1,531.78 59.22 291.54 166.17 24.92 25.28 567.13 

Deutz 

AGROTRON265 

361.4 317.41 193.41 78.2 11.73 20.53 621.28 

ILG Harrower 

52disc 

369.40 42.56 88 148.85 22.32 11.97 313.7 

Furrower 5D450-3 1367.03 15.43 104.72 280.93 42.14 32.89 476.11 

ILG Harrower 

52disc 

1,369.40 12.56 144 34.52 5.18 100 296.26 

Furrower 5D450-

3 

222.32 15.43 54.72 188.89 28.33 100 387.37 

URSUS 20014A 2,374.60 36.4 70.86 49.7 7.46 140 304.42 

URSUS 14014A 1,383.05 27.26 183.02 68.23 10.23 160 448.74 

YTO 1804 1,332.23 82.36 132.82 63.4 9.51 140 428.09 

YTO 1304 948 80.66 164.69 23.35 3.5 150 422.2 

MF 85 2,284.50 42.89 141.16 78.15 11.72 30 303.92 

Grab loader2254 325.52 44.82 152.13 259.48 38.92 100 595.35 

JYL619 393.75 37.73 270 60.49 9.07 220 597.29 

Loader XCMG 594.5 61.75 115.37 172.35 25.85 210 585.32 

TRCW-16 576.56 39.92 164.69 146.5 21.98 240 613.09 

52HF230 467.13 71.03 173.53 150.5 22.58 60 477.64 

Excavator 

R320LC-7 

393.81 138.75 284.2 106.61 15.99 255 800.55 

Excavator 

PP350E-X 

476.64 102.6 341.14 117.8 17.67 220 799.21 

Total 29,744.40 1,123.02 2,954.90 3,189.68 478.45 2,756 11102.05 
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URSUS20014A 1,374.60 36.4 70.86 285.59 42.84 41.09 476.78 

URSUS 14014A 1,383.05 27.26 183.02 213.43 32.01 144.84 600.56 

YTO 1804 1,235.61 54.9 132.82 144.13 21.62 18.74 372.21 

YTO 1304 948 53.77 164.69 23.35 3.5 177.97 423.28 

MF 85 1,325.16 42.89 141.16 78.15 11.72 144.94 418.86 

MF398 325.52 44.82 52.13 259.48 38.92 173.93 569.28 

MF470 393.75 37.73 70 60.49 9.07 -------- 177.29 

Loader XCMG 594.5 61.75 115.37 172.35 25.85 576.35 951.67 

loader pp968 576.56 39.92 164.69 146.5 21.98 234.34 607.43 

52HF230 467.13 77.03 73.53 150.5 22.58 118.92 442.56 

New 

HollandTM150 

1363.04 148.75 284.2 106.61 15.99 213.89 769.44 

New holland 

TM7020 

702.63 105.6 241.14 117.8 17.67 221.54 703.75 

Total 20,439.49 1,411.18 3,231.90 3,945.78 591.83 2,792 11,972.93 

 

 RMC = Repair and maintenance costs (ETB) 

 LOC = lubrication and oil costs (ETB) 
 

 Table B3. Arjo Didessa sugar factory 2018/19 annual machinery operation costs/hr 

Machine type Hours RMC Operators Fuel 

costs 

LOC Spare 

part 

costs/hr 

case excavator 1288 1,643.90 24.45 66.41 292.56 43.88 38.79 466.09 

beiben trailer 1,135.35 50.95 63.19 185.06 27.76 -------- 326.96 

Hydraulic troller 

4.16m3 

187.35 51.57 72.09 273.43 41.01 115.72 553.82 

Dozer TY320 1,109.88 54.195 169.56 433.32 64.99 44.65 766.715 

Dressta dozer TD-

25M 

770.84 60 176.64 163.46 24.52 108.63 733.25 

Dozer D85 1,249.00 40.71 183.64 385.06 57.78 18.01 685.2 

Dozer D65 375.61 44.25 196.32 335.45 50.32 70.46 696.8 

Versatile tractor 

2375 

261.27 59.22 191.54 241.13 36.17 -------- 528.06 

Deutz 

AGROTRON265 

361.4 211.62 193.41 78.2 11.73 --------- 494.96 

ILG Harrower 

52disc 

369.40 42.56 88 78.67 11.81 611.04 832.08 

Furrower 5D450-3 873.05 30.86 104.72 192.32 28.85 77.01 433.76 

URSUS20014A 1,374.60 54.6 170.86 154.54 23.18 ------- 403.18 

URSUS14014A 1,383.05 40.89 183.02 347.74 52.16 88.35 712.16 
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YTO 1804 873.05 54.9 132.82 240.66 36.09 ------ 464.47 

YTO 1304 948 53.77 164.69 221.64 33.24 177.01 650.35 

MF 85 218.58 42.89 241.16 190.61 28.59 91.12 594.37 

MF398 325.52 67.23 252.13 259.48 38.92 68.9 686.66 

MF470 393.75 56.6 170 60.49 9.07 43.97 340.13 

Loader XCMG 594.5 92.63 115.37 172.35 25.85 55.01 461.21 

loader pp968 576.56 59.88 164.69 146.5 21.98 26.82 419.87 

52HF230 467.13 77.03 173.53 150.5 22.58 82.62 506.26 

New 

HollandTM150 

939.27 185.94 284.2 134.15 20.12 98.22 722.63 

New Holland 

TM7020 

853.16 158.4 241.14 196.81 29.52 85.45 711.32 

Total 18,284.22 1,615.15 3,299.13 

 

4,334.13 740.12 1,811 11,890.305 

 

 RMC = Repair and maintenance costs (ETB) 

 LOC = lubrication and oil costs (ET 

 

 Table B4. Arjo Didessa sugar factory 2019/20 annual machinery operation costs/hr 

 RMC = Repair and maintenance costs (ETB) 

 LOC = lubrication and oil costs (ETB) 

Machine type Hours RMC Operators Fuel 

costs 

LOC Spare 

part 

costs/hr 

Dozer D65EX-15 534.74 159.28 176.46 331.16 49.67 0 716.57 

Dressta dozer TD-

25M 

974.58 142.45 135.36 146.52 21.98 127.72 574.03 

New holland 

TM7020 

1,135.35 51.57 162.95 324.33 48.65 99.3 686.8 

Dozer TY320 1,109.88 54.195 169.56 305.7 45.86 74.3 649.615 

Versatile tractor 

2375 

1,151.16 106.34 176.64 248.94 37.34 159.24 728.5 

Dozer D85 349.00 40.71 183.64 385.06 57.78 0 667.19 

Dozer D65 375.61 44.25 196.32 335.45 50.32 74.09 700.43 

Excavatorpp350E- 661.27 59.22 191.54 241.13 36.17 55.34 583.4 

URSUS20014A 1,873.05 85.94 115.37 388.63 58.29 25.85 674.08 

URSUS 14014A 1,374.60 58.4 164.69 200.91 30.14 70.3 524.44 

YTO 1804 1,383.05 30.86 104.72 192.32 28.85 0 356.75 

YTO 1304 873.05 54.6 170.86 154.54 23.18 68.42 471.6 

MF 85 1,948.00 40.89 183.02 347.74 52.16 36.77 660.58 

MF398 1,218.58 54.9 132.82 240.66 36.09 96.12 560.59 

MF470 825.52 53.77 164.69 221.64 33.24 86.26 559.6 

Loader XCMG 393.75 42.89 141.16 190.61 28.59 0 403.25 

Total  16,181.19 1,580.27 3,569.80 4,255.34 638.31 973.71 9517.425 
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 Table B5. Arjo Didessa sugar factory 2020/21 annual machinery operation costs/hr 

 

 RMC = Repair and maintenance costs (ETB) 

 LOC = lubrication and oil costs (ETB) 

 

Table B6. Arjo Didessa sugar factory 2021/22 annual machinery operation costs/hr 

Machine type Hours  RMC  Operators 

cost  

Fuel costs  LOC Spare part  costs/hr 

New holland TM7020  4,384.72 5.4 51.27 264.37 39.56 31.01 391.61 

New hollandTM150  1,848.65 86.58 62.13 414.39 62.16 35.03 660.29 

Hydraulic 

troller4.16m3 

215.23 103.14 108.06 375.65 56.35 39 682.2 

Machine type Hours RMC Operators Fuel 

costs 

LOC Spare 

part 

costs/hr 

New holland 

TM7020 

1,083.94 24.45 54.27 362.17 45.32 151.22 637.43 

New 

hollandTM150 

896.05 50.96 52.13 292.08 43.81 110. 98 438.98 

Hydraulic 

troller4.16m3 

235.23 51.57 128.06 282.97 42.44 64.13 569.17 

Dozer TY320 1,209.88 54.19 169.56 266.47 39.97 66.58 596.77 

Dressta dozer TD-

25M 

70.84 59.85 176.64 208.43 31.26 59.7 535.88 

Dozer D85 1,569.00 40.71 183.64 205.48 30.82 63.91 524.56 

Dozer D65 1,133.00 66.38 148.16 284.55 42.68 412.63 954.4 

Versatile tractor 

2375 

6,160.53 88.83 291.54 45.33 6.8 85.91 518.41 

Duetz 

AGROTRON265 

361.40 476.12 146.41 78.2 11.73 66.49 778.95 

ILG Harrower 

52disc 

369.40 42.56 144 148.85 22.32 20.35 378.08 

Furrower 5D450-3 1,367.03 15.43 104.72 280.93 42.14 38.9 482.12 

URSUS20014A 1,374.60 36.4 170.86 285.59 42.84 59.36 595.05 

URSUS14014A 1,383.05 27.26 183.02 213.43 32.01 51.41 507.13 

YTO 1804 1,332.23 82.36 132.82 144.13 21.62 237.49 618.42 

YTO 1304 948 80.66 264.69 23.35 3.5 94.3 466.5 

MF 85 1,284.50 42.89 141.16 78.15 11.72 ----- 273.92 

Grab loader2254 325.52 44.82 252.13 259.48 38.92 26.31 621.66 

JYL619 393.75 37.73 270 60.49 9.07 30.63 407.92 

Loader XCMG 594.5 61.75 115.37 172.35 25.85 88.91 464.23 

TRCW-16 576.56 39.92 264.69 146.5 21.98 65.11 538.2 

52HF230 467.13 77.03 273.53 150.5 22.58 63.25 586.89 

Excavator 

R320LC-7 

393.81 148.75 284.2 106.61 15.99 276.68 832.23 

Excavator PP350E-

X 

476.64 105.6 241.14 117.8 17.67 181.23 663.44 

Total 24,006.59 1,756.22 4,137.74 4,213.84 623.04 2,291 12990.34 
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Dozer TY320  1,309.88 18.81 169.56 619 92.85 5.34 905.56 

Dressta dozer TD-25M 

EXTRA 

78.16 59.7 176.64 535.45 80.32 ----- 852.11 

Duetz AGROTRON265 561.40 91.12 193.41 615.87 92.38 52.14 1044.92 

ILG Harrower 52disc 2,738.80 18 288 408.24 61.24 11.04 786.52 

Furrower 5D450-3 222.32 17.42 54.72 352.03 52.8 83.24 560.21 

URSUS20014A 4,749.20 75.4 270.86 333.69 50.05 55.37 785.37 

URSUS14014A 2766.1 55.26 283.02 324 48.6 85.1 795.98 

YTO 1804 2,664.45 179.22 332.82 583.57 87.54 39.69 1222.84 

YTO 1304 1,896.00 159.66 264.69 657.75 98.66 93.04 1273.8 

MF 85 4569 81.44 341.16 714.93 107.24 50.05 1294.82 

Grab loader2254 651.04 177.64 152.13 704.06 105.61 52.1 1191.54 

JYL619 787.5 75.4 270 780.16 117.02 36.91 1279.49 

Loader XCMG 1189 123.49 315.37 616.32 92.45 98.97 1246.6 

TRCW-16 576.56 79.83 264.69 448.56 67.28 60.36 920.72 

52HF230 934.26 142.05 273.53 535.47 80.32 62.65 1094.02 

Excavator R320LC-7 787.62 273.53 284.20 915.07 137.26 150 1760.42 

Excavator PP350E- 876.64 205.18 341.14 822.15 123.32 120.42 1612.21 

Total  46,829.58 2,318.83 5,249.91 12,472.33 1,870.75 1,278.73 23189.34 

 

 RMC = Repair and maintenance costs (ETB) 

 LOC = lubrication and oil costs (ETB) 

 Table B7. Summary of (2016/17-2021/22) annual machinery operation costs  

 

 

 

 

  

Year  RMC Operator cost Fuel costs LOC Spar part costs Total Opc per 

years 

2016/17 33,403,556.09 87,891,727.56 94,875,117.79 14,231,208.18 81,975,566.40 312,377,176.04 

2017/18 28,843,799.50 66,058,387.73 80,649,730.85 12,096,703.37 57,071,961.56 244,720,582.90 

2018/19 27,916,521.51 55,860,870.62 85,282,588.43 12,792,396.91 34,752,689.79 216,605,067.20 

2019/20 17,669,587.31 39,914,612.06 47,579,765.05 7,137,065.39 26,581,713.86 138,882,743.60 

2020/21 42,160,853.49 99,333,027.71 101,159,929.20 14,857,065.83 55,010,620.85 312,521,497.00 

2021/22 31,778,135.23 71,946,761.61 170,925,549.80 25,637,469 17,524,201.84 317,812,117.37 

Total cs 181,772,453.13 421,005,387.29 580,472,681.12 86,751,908.68 272,916,754.30 1,542,919,184.52 
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 Table B8. Summary of annual (2016/17-2021/22) ownership cost(ETB) 

 

Table B9. Summary of annual (2016/17-2021/22) total machinery costs (ETB) 

 

  

Annual 

years 

Depreciation  Interest costs  TIS costs Ownership cost 

2016/17 2,130,509.50 170,440.75 42,610.19 2,343,560.44 

2017/18 2,641,600.00 451,028.00 112,832 3,205,460.00 

2018/19 1,553,002.05 124,240.17 31,060.04 1,708,302.26 

2019/20 2,267,800.17 181,424.01 181,424.01 2,494,580.21 

2020/21 2,024,200.81 161,936.06 40,484.02 2,226,620.89 

2021/22 2,614,102.35 209,128.19 52,282.05 2,875,512.59 

Total 

cost/yrs 

13,231,214.88 1,298,197.18 324,624.33 14,854,036.39 

years Ownership costs Operation costs Total costs 

2016/17 2,343,560.44 346,583,236.04 348,926,796.48 

2017/18 3,205,460.00 244,720,582.90 247,926,042.90 

2018/19 1,708,302.26 216,605,067.20 218,313,369.46 

2019/20 2,494,580.21 138,882,743.60 141,377,323.81 

2020/21 2,226,620.89 312,521,497.42 314,748,118.31 

2021/22 2,875,512.59 317,812,117.37 320,687,629.96 

Tolal     
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Table B10. Arjo Didessa workshop check list 

 

  

Se. 
No 

W/shop equipment Types of tools and equipment X Y Z 

1 Shop machine  Hand drill     

2 ,, Hand grinder      

3 ,, Milling machine      

4 ,, Crankshaft grinder      

5 ,, Gas welding machine      

6 ,, Power hacksaw     

7 ,, Oxyacetylene and torch set     

8 ,, Electrical arc welding machine     

9 ,, Cylinder boring and honing machine      

10  Lathe machine      

11 ,, Milling machine      

12 ,, Pillar machine      

13 ,, Valve seat and boring machine      

14 Measurement tool  Plastic gage      

15 ,, Valier caliper      

16 ,, Inner and outer micrometers     

17 ,, Bore gage      

18 ,, Dial gage (dial indicator)     

19 General tool Hydraulic system repair facilities      

20 ,, Wheel alignment gauge      

23 ,, compressor     

24 ,, Lubrication unit     

25 ,, Piston ring compressor     

28 Electronic shop tool Universal electric test bench     

29 ,, Muli- meter      

30 ,, Armature tester     

31 ,, Battery charger     

32 ,, Batter water distillation unit     

33 Diagnosis tool Diesel engine compression tester     

34 ,, Dynamic ignition timing adjuster      

35 ,, Ignition system testing set     

36 ,, Exhaust gas analyzer     

37 ,, Injection pressure test     

   15 5 17 
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 Table  B11. Actual and calculated depreciation cost of tractors  
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0 0 0 0 0 0 0 

1 136,961.29 203358.88 195,865.56 277476.25 101,312.39 140936.67 

2 136,961.29 181790.03 195,865.56 235854.81 101,312.39 117400.25 

3 136,961.29 162338.5 195,865.56 200476.58 101,312.39 97794.41 

4 136,961.29 144968.28 195,865.56 170405.06 101,312.39 81462.74 

5 136,961.29 129456.68 195,865.56 144844.34 101,312.39 67858.46 

6 136,961.29 115604.82 195,865.56 123117.68 101,312.39 56526.11 

7 136,961.29 103235.09 195,865.56 104650.01 101,312.39 47086.24 

8 136,961.29 92188.94 195,865.56 88952.53 101,312.39 39222.84 

9 136,961.29 82324.72 195,865.56 75609.65 101,312.39 32672.62 

10 136,961.29 73515.98 195,865.56 64268.2 
  

11 136,961.29 65649.77 
    

12 136,961.29 58625.24 
    

13 136,961.29 52352.36 
    

14 136,961.29 46750.64 
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Table  B12. Actual and calculated remaining cost of tractors  
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0 2130509 2130509 2176284 2176284.3 1013124 1013124 

1 1993548 1927150 2256698 1898808 911812 872187.2 

2 1856586 1745360 1960833 1662953.2 810499 754787 

3 1719625 1583022 1764967 1462476.6 709187 656992.5 

4 1582664 1438053 1569102 1292071.6 607874 575529.8 

5 1445703 1308597 1373236 1147227.2 506562 507671.3 

6 1308741 1192992 1177371 1024109.6 405250 451145.2 

7 1171780 1089757 981505 919459.55 303937 404059 

8 1034819 997567.8 785640 830507.02 202625 364836.1 

9 897857.4 915234.1 589774 754897.37 101312 332163.5 

10 760896.1 841727.1 393909 690629.17   
11 623934.8 776077.3     
12 486973.5 717452.1     
13 350012.2 665099.7     
14 213050.9 618349.1     
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 Table B13. Field efficiency, field speed, and repair and maintenance cost parameters 

*SP indicated self- propelled 

*RMC indicated Repair and Maintenance costs 

(Taken from ASABE Standards EP496.2, 2006) 

Machine  

Effic. 

Rang 

e % 

Type 

Effic 

. % 

Speed 

Range 

Km/h 

Typ. 

Speed 

Km/h 

Est. 

Life 

hr 

RMC 

%of list 

price 

RF1  RF2 

Tillage and 

Planting 
        

Moldboard plow  70-90  85  5-10  7.0  2000  100  0.29  1.8 

Heavy-duty disk  70-90  85  5.5-10  7.0  2000  60  0.18  1,7 

Tandem disk har  70-90  85  6.5-11  10.0  2000  60  0.18  1.7 

Chisel plow  70-90  85  6.5-10.5  8.0  2000  75  0.28  1.4 

Field cultivator  70-90  85  8.0-13.0  11.0  2000  70  0.27  1.4 

Spring T/harrow  70-90  85  8.0-13.0  11.0  2000  70  0.27  1.4 

Roller packer  70-90  85  7.0-12.0  10.0  2000  40  0.16  1.3 

Mulcher packer  70-90  80  6.5-11.0  8.0  2000  40  0.16  1.3 

Rotary hoe  70-85  80  13-22.5  19.0  2000  60  0.23  1.4 

Row crop cultiv  70-90  80  5.0-11.0  8.0  2000  80  0.17  2.2 

Harvesting 

Corn picker shel  60-75  65  3.0-6.5  4.0  2000  70  0.14  2.3 

Combine  60-75  65  3.0-6.5  5.0  2000  60  0.12  2.3 

Combine (SP)  65-80  70  3.0-6.5  8.0  3000  40  0.14  2.1 

Mower  75-85  80  5.0-10.0  8.0  2000  150  0.46  1.7 

Mower conditio  75-90  80  5.0-10.0  8.0  2500  80  0.18  1.6 

Mower (rotary  75-90  80  8.0-19  11.0  2500  100  0.16  2.0 

Windrower (SP)  70-85  80  5.0-13  8.0  3000  55  0.06  2.0 

Side delivery ra  70-90  80  6.5-13  10.0  2500  60  0.17  1.4 

Rectagular baler  60-85  75  4.0-10  6.5  2000  80  0.23  1.8 

Large rectang. b  70-90  80  6.5-13  8.0  3000  75  0.10  1.8 

Large round bal  55-75  65  5.0-13  8.0  1500  90  0.43  1.8 

Forage harvester  60-85  70  2.5-8.0  5.0  2500  65  0.15  1.6 

Forage harveste  60-85  70  2.5-10  5.5  4000  50  0.03  2.0 

Sugar beet harve  50-70  60  6.0-10  8.0  1500  100  0.59  1.3 

Potato harvester  55-70  60  2.5-6.5  4.0  2500  70  0.19  1.4 

Cotton picker  60-75  70  3.0-6.0  4.5  3000  80  0.11  1.8 

Miscellaneous         

Fertilizer spread  60-80  70  8.0-16  11.0  1200  80  0.63  1.3 

Boom-type spre  50-80  65  5.0-11.5  10.5  1500  70  0.41  1.3 

Air-carrier spray  55-70  60  3.0-8.0  5.0  2000  60  0.20  1.6 

Beam puller-win  70-90  80  6.5-11.5  8.0  2000  60  0.20  1.6 

Beet stalk chopp  70-90  80  6.5-11.5  8.0  1200  35  0.28  1.4 
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Table B14. t-test analysis for all total operational before and after optimization 

 

C. Questionnaire 

Part I.  

General Information. 

i. Name of respondent………………………..  

ii. Name of company…………………. 

iii.  Name of working department ………………  

iv. Working section/unit…………………... 

           Part II.  General Characteristics of Respondent   

1. Characteristics of respondents by department:  

a. Maintenance Team b.  User Department  

2. Education level of respondents: a. 1st Degree b.  Diploma/Technical Level  c.  Master 

3. Work experience of Respondents: a. 4 up to 8 years   b. 9 up to 12 years c. Above 12 

years 

 

     Part III. Maintenance characteristics 

                A. maintenance policy  

1. Arjo Didessa Sugar Factory has a well-defined and understood field equipment 

maintenance policy. 

a. Strongly Agree b.  Agree c. Disagree d.  Strongly Disagree 

2. The necessary maintenance sections and units are all established and in operation at 

Arjo Didessa Sugar Factory . 

a. Strongly Agree b.  Agree c. Disagree d.  Strongly Disagree 

3. The maintenance procedures and steps are available under all sections and 

implemented appropriately. 

a. Strongly Agree b.  Agree c.  Disagree d.  Strongly Disagree 

 Paired Difference  

 

 
                                                          95% Confidence 

Interval  

                                                      of the Difference                

             

Source 

Mean           Std. D            Std. 

EM   

lower upper  t Df Sig.(p-

value) 

paire 

before- 

after 

2.55E+08 6.70E+07 2.72E+07 -

1.45E+06 

2.32E+07 

 

2.2673 5 0.0727 
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4. User departments know and act according to the rule and regulation of the 

maintenance policy of Arjo Didessa Sugar Factory. 

a.  Strongly Agree b.  Agree c.  Disagree d.  Strongly Disagree 

           

  B. Maintenance inputs Preparation  

1. Spare part and maintenance  materials preparation is effective and efficient at Arjo 

Didessa Sugar Factory. 

                   a.  Strongly Agree b.  Agree c.  Disagree d.  Strongly Disagree 

2. Repair and maintenance equipment type and number is sufficient to carry out 

intended maintenance at Arjo Didessa Sugar Factory. 

                         a.  Strongly Agree b.  Agree c.  Disagree d.  Strongly Disagree 

  

3. Repair and maintenance facilities are sufficient to carryout agricultural machinery 

and vehicle maintenance.  

                    a.  Strongly Agree b.  Agree c.  Disagree d.  Strongly Disagree 

4. The  maintenance staff and craft man are in place to the required qulalification, 

experience and number. 

                      a.  Strongly Agree b.  Agree c.  Disagree d.  Strongly Disagree 

5. The  maintenance team members' training is well organized and given periodically. 

                       a.  Strongly Agree b.  Agree c.  Disagree d.  Strongly Disagree 

                           C. Maintenance output and Its managements  

1. There is a delay of agricultural machinery maintenance when compared to users 

demanding time. 

                          a.  Strongly Agree b.  Agree c.  Disagree d.  Strongly Disagree 

2. There is partial maintenance of machinery problems and deployment on field works. 

                       a.  Strongly Agree b.  Agree c.  Disagree d.  Strongly Disagree 

3. Machinery and implements maintenance is synchronized and made ready all 

together. 

                        a.  Strongly Agree b.  Agree c.  Disagree d.  Strongly Disagree 

4. Agricultural machinery and vehicles handling and operating quality is the cause for 

breakdown of machinery and vehicles. 

                      a.  Strongly Agree b.  Agree c.  Disagree d.  Strongly Disagree 
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Appendix D: Model Results 

Objective function  

Min  181000000.00RM + 421000000.00OP + 580000000.00FU + 86000000.00LU + 272000000.00SP 

Subject to constraints  

33400000.00RM + 87800000.00OP + 84800000.00FU + 14200000.00LU + 81900000.00SP >= 302100000 

28800000.00RM + 66000000.00OP + 80600000.00FU + 12000000.00LU + 57000000.00SP >= 244400000 

27900000.00RM + 55800000.00OP + 85200000.00FU + 12700000.00LU + 34700000.00SP >= 216300000 

17600000.00RM + 39900000.00OP + 47500000.00FU + 7100000.00LU + 26500000.00SP >= 138600000 

42100000.00RM + 89300000.00OP + 101000000.00FU + 14800000.00LU + 55000000.00SP >= 302200000 

31700000.00RM + 61900000.00OP + 170000000.00FU + 25600000.00LU + 17500000.00SP >= 306700000 

END   

!MM/DD/YYYY= 10/25/2023 

 !HH:MM: SS= 20:54:21 

CUMULATIVE HR:MIN: SEC =   0: 9:24.58 

NAME (MIN) 

CANDIDATE OBJECTIVE ROW(S) IS(ARE): 

 1 

LP OPTIMUM FOUND AT STEP      3 

OBJECTIVE FUNCTION VALUE 

        1)     0.1516125E+10 

  VARIABLE        VALUE          REDUCED COST 

        RM         3.390462                0.000000 

        OP         0.000000                18679656.000000 

        FU         0.000000                5194994.000000 

        LU         7.034475                0.000000 

        SP         1.093701               0.000000 

ROW     SLACK OR SURPLUS      DUAL PRICES 

 2)         605136.812500                   0.000000 

3)          0.000000                            -2.070900 

4)         5583176.000000                   0.000000 

5)        0.000000                               -5.181326 

6)        4802279.000000                    0.000000 

 7)       0.000000                                 -0.951632 
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NO. ITERATIONS=  3 

RANGES IN WHICH THE BASIS IS UNCHANGED: 

OBJ COEFFICIENT RANGES 

VARIABLE      CURRENT              ALLOWABLE             ALLOWABLE 

                         COEF                        INCREASE                   DECREASE 

RM                   181000000.000000       7748495.000000          256126384.000000 

OP                     421000000.000000        INFINITY                  18679658.000000 

FU                    580000000.000000         INFINITY                   5194994.500000 

LU                     86000000.000000         781316.312500              30397062.000000 

SP                      272000000.000000       212082800.000000        INFINITY 

                           RIGHTHAND SIDE RANGES 

      ROW     CURRENT          ALLOWABLE      ALLOWABLE 

                    RHS                      INCREASE          DECREASE 

    2)  302100000.000000      205136.812500     1796358.000000 

    3)  244400000.000000      5155495.500000    263988.562500 

    4)  216300000.000000      5583176.000000    6126384.000000 

    5)  138600000.000000      30256.687500       1150725.125000 

     6)  302200000.000000      2802279.000000    9194994.500000 

     7)  306700000.000000      3660312.000000   29229740.000000 
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Appendix E: Figure of machinery out of work in ADSF 

 
 

 
 

Figure 1. Farm machinery out of service (out of work) in ADSF 

 

 


