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1 Objectives  

In the farming systems of the rain-fed and irrigated agriculture in Ethiopia and Kenya, in addition to in-
sufficient production technology knowledge and a lack of capital, the availability of site-adapted agri-
cultural mechanization is a central restriction. Due to the insufficient capital resources, a clear trend 
towards inter-farm mechanization can be seen in the target countries. 

When it comes to purchasing agricultural machinery, not only farmers, but also agricultural institutions 
are faced with several challenges. Knowledge about modern agricultural machinery that allows pro-
duction according to agro-ecological principles is hardly available. The basic knowledge for developing 
future-oriented solutions to mechanization issues is missing. As a result, local production conditions 
are not sufficiently taken into account when using agricultural machinery. For example, oversized ma-
chines lead to increased soil compaction and increased fuel consumption. Insufficient machine utiliza-
tion causes higher fixed costs, leading to unprofitable investments. Implements that are not adapted to 
the location (for example for seedbed preparation) lead to unnecessary operations and thus to a loss 
of soil fertility, also promoting soil erosion. 

Agricultural institutions lack access to site-adapted mechanization solutions in order to be able to offer 
these to smallholder farms. The development of site-adapted mechanization concepts requires a holis-
tic understanding of the restrictions and development potential of farms and smallholders, including 
processes and decision-making structures. These processes can be supported with the help of a prac-
tice-oriented guideline and a computer-based information and planning system. 

Thus, the objective of the project can be formulated as follows: 

Agricultural institutions in Kenya and Ethiopia have improved their services to site-adapted mechani-
zation based on a computerized information and planning system (IPS). 
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2 Important aspects related to prevailing farming systems 

2.1 Farming systems in the target regions 

In discussions with the project's cooperation partners in Ethiopia and Kenya, it was decided to take the 
following farming systems into consideration in context with the development of the IPS: 

 Cash crop farms specialising in cereal production 

 Fodder production with cattle (dairy cows)  

The target regions concerning cash crop farms are Oromia in Ethiopia and Nakuru in Kenya. In Na-
kuru, typical farms for fodder production and livestock are also to be taken into consideration. In Ethio-
pia, the IPS will include cattle farmers with fodder production located within an area surrounding Addis 
Ababa by 75 km. 

 

 

2.2 Typical farms and production structure 

The production structure of typical farms in the target regions was discussed and described by the 
working group in Kenya and compared to agricultural statistics, which confirmed the assumptions. 

Figure 1 shows typical cash crop farms in Nakuru with respect to the farm size and the share of farm 
enterprises on the available arable land. Distinctions are made between three farm size classes 
(small, medium, large). Each farm size class represents 33% of the total farming sector in the target 
region. While small-scale cash crop farms cultivate an average only 0.75 ha, large scale farms culti-
vate 50 ha. The medium group has 5 ha available for agriculture purposes.  

Wheat, barley maize, potatoes and carrots are grown in the large farm size classes. This is the same 
in the middle class, however no Barley is cultivated. Small farms only producing maize and potatoes, 
mainly for home consumption. 

 

Figure 1: Production structure of typical cash crop farms in Nakuru region (Kenya) 

 Small-cale farm Medium-scale farm Large-scale farm 

Share of land in % in ha in % in ha in % in ha 

Wheat   15% 0.75 ha 10% 5.0 ha 

Barley     5% 2.5 ha 

Maize 75% 0.56 ha 40% 2.00 ha 55% 27.5 ha 

Potatoes 25% 0.19 ha 40% 2.00 ha 25% 12.5 ha 

Carrots   5% 0.25 ha 5% 2.5 ha 

Total  0.75 ha  5.0 ha  50 ha 

 

Figure 2 describes a typical dairy cow farm in the Nakuru area. The classification according to farm 
size refers to the number of dairy cows (small: 3 cows, middle: 15 cows, large: 100 cows). Depending 
on the number of cows, the table also provides information on the available arable land and its use 
(hay, maize-silage, wheat). 
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Figure 2: Production structure of typical cattle farms in Nakuru region (Kenya) 

 Small-cale farm 

(3 cows) 

Medium-scale farm 

(15 cows) 

Large-scale farm 

(100 cows) 

Share of land in % in ha in % in ha in % in ha 

Wheat   20% 1.0 ha 20% 7 ha 

Maize silage 25% 0,25 ha 40% 2.0 ha 40% 14 ha 

Hay Alfalfa 75% 0.75 ha 10% 0.5 ha 20% 7 ha 

 Grass   30% 1.5 ha 20% 7 ha 

Total  1.0 ha  5.0 ha  35 ha 

 

 

2.3 Farming systems and mechanization 

The following aspects are of particular importance concerning the mechanization of farming systems: 

 The necessary work processes related to the farm enterprises taken into consideration 

 The traction power of the available tractors (horse power) 

 The technology level of the available agricultural machinery 

 

a) Work processes 

In order to grow the various crops, the farmers have to carry out work processes (ploughing, sowing, 
etc.). Type and scope of the work processes are determined by the relevant farm enterprise (e.g. 
wheat production). All work processes relevant to cash crop farms and cattle farms with fodder pro-
duction are listed in the following table. 

 

Figure 3: Work processes of the targeted farm enterprises 

 
Wheat Barley Maize Pota-

toes 
Car-
rots 

Maize 
silage 

Alfalfa 
silage 

Alfalfa 
hay 

Ploughing X X X X X X X X 
Seedbed preparation X X X X X X X X 
Sowing / Planting*) X X X X X X X X 
Fertilizer application X X X X X  X X 
Spraying X X X X X X   
Ridging maize   X      
Inter-row cultivation   X X  X   
Combine harvesting X X X      
Potato/Carrot harvesting    X X    
Silage chopping      X X  
Mowing grass/alfalfa       X X 
Turning grass/hay       X X 
Raking grass/hay       X X 
Baling hay        X 
Loading hay bales        X 
Silage compacting in silo      X X  
Transport X X X X X X X X 

*) incl fertilization of maize and beans 
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b) Tractor performance 

In the target regions, tractors in the power category between 80 and 150 hp are used by most of farm-
ers. In the context of the IPS development, in this range three performance classes were defined 
(compare Figure 4), plus an additional category with a 35-hp-tractor for smallholder farmers. 

 Extra low performance class: 35 hp 

 Low performance class: 80 hp 

 Medium performance class: 110 hp 

 High performance class: 150 hp 

The type and working width of the implements (plough, drill, etc.) corresponds to the tractor perfor-
mance. 

 

c) Technology level 

In addition to tractor performance, the tractors are differentiated according to technology level.  
A distinction is made between three tractor groups: 

 Basic: Tractors with simple technical equipment and a relatively short life span.  
An example are tractors from China. 

 Intermediate: Tractors with technically improved assemblies (engine, gearbox, hydraulics, 
etc.). Examples are tractors from India and Eastern Europe. 

 Advanced: Tractors with modern technical equipment. Tractors of manufacturers from 
Western Europe and North America are examples of this. 

In the IPS, it is assumed that the technology level of the implements corresponds to the technology 
level of the tractors. This means that a "basic" tractor, for example, would only be combined with 
"basic" implements.  

 

2.4 Machinery packages 

Combining the three tractor performance levels with the three technology levels, up to nine possible 
machinery packages can be defined, as displayed in the following figure. 

Figure 4: Approach to identify machinery packages 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Machinery packages 
(farming system: cash crops) 

basic intermediate advanced Technology level 

Tractor perfor-
mance level medium high low medium high low medium high low 

 

 
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Although nine different machinery packages are theoretically possible, not all combinations of the 
three tractor performance levels with the three technology levels can be found in the target countries. 

While in the 80-hp-class all three technology levels are existing in the farming sector of the target re-
gions, for the 110-hp-class only the ‘intermediate’ and ‘advanced’ technology levels can be found and 
in the 150-hp-class even only machines of the advanced technology level are existing. 

In addition, for the fodder production enterprises of cattle farms even the 80-hp-class is found. 

 

Figure 5: Machinery packages included in the IPS 

 

   Cash crop farms  Cattle farms 

   Tractor performance (hp)  Tractor performance (hp) 

   30 80 110 150  30 80 110 150 

T
e

ch
n.

 

le
ve

l Basic  X X     X   

Intermediate   X X    X   

Advanced   X X X   X   

 

 

In order to compare the costs of the different machinery packages not only between each other, the 
IPS also contains a separate scenario, showing the costs of hired services providers for each of the 
work processes included in the IPS.  

 

2.5 Excursus: Gender aspects 

In the development of the IPS, gender aspects also need to be considered. In particular, the formula-
tion of site-adapted mechanization concepts should take into account issues in which work is per-
formed to a large extent by women. The following findings were obtained from a questionnaire-based 
survey during an internal project training course with women. 

Women are heavily involved in various crop cultivation work processes, especially on small-scale 
farms. Very often, women perform their tasks purely manually. Typical work processes carried out by 
women (manually) are: 

 Land levelling 

 Creation of seed ridges (maize) 

 Planting and harvesting of potatoes and vegetables 

 Application of organic and mineral fertilizers 

 Weeding with hand hoe 

 Threshing and winnowing of grain crops 

 Land clearing (removal of crop residues after harvest) 

In the IPS, mechanization packages for all of these work processes are included. 
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3 Conceptual basis of the IPS 

The computerized information and planning System (IPS) aims to identify location-adapted mechani-
zation concepts (i. E. number of specific machines required) for predefined farming systems based on 
a least-cost selection from different options. 

 

3.1 Required number of machines 

The demand of machines is determined by the size of the area to be cultivated on a particular farm or 
in a certain region and by the tasks (= work processes) to be performed on the area. The usage ca-
pacity of available machines is determined by many factors e.g. size and technical condition of the 
machines, suitable weather conditions for specific field work, availability of personnel, and others 
more. Since these factors change over the year, the capacity of each individual machine needs to be 
defined individually for different periods during the year. For this purpose, the calendar year is subdi-
vided into 24 individual periods (half months) in the IPS. 

The figure below shows the capacity and demand of a specific tractor ("Tractor 1") based on an exem-
plary size of area to be cultivated and usage capacity over the year, whereas only some periods are 
displayed for reasons of transparency. The tractor is used for various work processes for wheat and 
for maize in different periods of the year. 

 

Figure 6: Capacity and demand of machinery utilization on the example of 'Tractor 1' 

                              

  Area to be cultivated   Usage demand of 'Tractor 1' in various periods (in hours)    

  (on farm or in region)     Apr   Aug Sep Oct   

  Farm enterprise Size Unit. Costs 04a 04b ... 08a 08b 09a 09b 10a 10b   

  Wheat 300 ha 112.080     ... 90,0   60,0 165,0       

  Maize 200 ha 99.718 56,0 60,0 ...         40,0     

  ...     ...                     

  Total: 500 ha ... 56,0 60,0 ... 90,0   60,0 165,0 40,0     

                              

               

                              

  Machines       Capacity of the machines in various periods for ONE maschine   

          Apr ... Aug Sep Oct   

  Name Unit  Costs 04a 04b   08a 08b 09a 09b 10a 10b   

  Tractor 1 1 h 66,30 60 60 ... 120 120 150 150 120 120   

  Cultivator 1 ha 10,10     ... 192 192 192 120 120 120   

  Disc harrow 1 ha 8,90     ... 240 240 240 150 150 150   

   ...                           

                              
Coefficients in green coloured cells = data input 
Coefficients in white coloured cells = calculated results   

 

For determining the number of machines needed for a given area to be cultivated, those periods (half 
months) are relevant, where the scarcity of capacity is most severe. Although the total annual capacity 
of a machine might be sufficient for a larger area, a second machine can be necessary if the capacity 
in a certain period is deficient. This issue becomes more transparent when displaying the coefficients 
from Figure 6 in a diagram as shown in Figure 7. 
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Figure 7: Diagram with capacity and demand of machinery utilization (example of 'Tractor 1') 

 

 

The red line in the diagram represents the capacity of the tractor hours over the year, while the col-
umns illustrate the demand in the various periods. As long as the columns are below the red line, the 
capacity is sufficient. In the second half of September (period '09b') however, the column exceeds the 
capacity line. If some of the tractor hours scheduled for the "09b" period could be shifted to the period 
before or after, the situation could still be OK. If not, however, a second tractor will be needed, alt-
hough the tractor's total annual capacity may not even be fully utilized. 

In the same way as farm enterprises determine the demand of machinery, individual work processes 
for specific fieldwork tasks may lead to further need. This becomes relevant when farmers use their 
machines (in addition to their own field work) to offer mechanisation services to other farmers, or when 
machines are solely used for offering mechanisation services by commercial service providers or co-
ops. Thus, not only "farming" enterprises are relevant to planning, but also "custom-service" mechani-
sation activities. 

To balance the demand and capacity of machines, a number of intermediate planning steps are nec-
essary between the user-defined area to be cultivated (determining the demand) and the capacity of 
the individual machines available.  

Figure 8 illustrates the full data flow necessary to balance demand and capacity of machines. This 
data flow not only covers the physical units of machinery use (e.g. tractor hours) but also the mechani-
sation costs in order to be able to compare the costs of different technically suitable mechanisation 
concepts for a given area to be cultivated. 

The intermediate data processing is not necessarily visible to the user, but can be opened if a user 
wants to change or add data, which is standardized by default. In most cases, only the top level ("Area 
to be cultivated") is what the user will need for interacting with the system since the area to be culti-
vated is the only information that the user needs to provide. This level represents the front-end of the 
system and requires a graphic user-interface, consisting of dialog-masks for data entry and a combi-
nation of tabular and graphical output. 

The levels below the top level represent the back-end of the system and need to be pre-defined and 
constantly kept up-to-date by experts. Starting from the bottom level ("Machines"), experts have to 
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provide all relevant information about each single machine in a data base list, then combine various 
machines to work processes and finally define, which work processes are needed for certain farm en-
terprises. 

Figure 8: Data flow for balancing demand and capacity of machinery  
                  

  Area to be cultivated     Demand    The top level represents the front-end of the 
system, offering a user-interface for determin-
ing the demand of machinery use, based on the 
area to be cultivated with various crops. 
For reasons of space availability, only April is dis-
played. 

  (on a farm or in a region)   Apr    

  Farm enterprise Size unit Costs 04a 04b ...  

  Winter wheat 300 ha 112,080     ...  

  Maize 200 ha 99,718 56.0 60.0 ...  

  ,,,     ,,,        

  Total: 500 ha 211,798 56.0 60.0 ...  
                  
          
                  

  Farm enterprise: 1 ha Wheat        For each farm enterprise the required work pro-
cesses need to be defined and assigned to a 
certain period, 
Similar processes with different demand of trac-
tion power (e,g, deep and shallow soil cultiva-
tion) need to be defined as separate processes,  
The "size" of a process can be less than "1" if 
only a part of the area is concerned. 

  Mech,process Size unit Costs TrHrs Period    

  Discing 1 ha 29.42 0.3 08a    

  Cultiv,. medium 0.5 ha 19.15 0.2 09a    

  Cultiv,. deep 1 ha 50.03 0.55 09b    

  ,,, (rest)   ha 275.00        

  Total     373.6 1.05 -    
                 

  Farm enterprise: 1 ha Maize        

  Mech,process Size unit Costs TrHrs Period    

  Cultiv,. deep 0.5 ha 19.15 0.2 10a    

  Cultiv,. medium 0.5 ha 25.02 0.28 04a    

  Discing 1 ha 29.42 0.3 04b    

  ,,, (rest)   ha 425.00        

  Total     498.59 0.78 -    
                  
          
                 

  Work processes       Each work process consists of multiple ma-
chines, usually tractor + one or more attached 
implements.   
Each work process refers to a certain unit. 
mostly 1 ha, However. units can also be 1 hour, 
1 tonne, 1 m³, etc, 
The combination of machines in on work pro-
cess determines also the costs of the process, 

                

  Machine Use unit Costs       

  1 ha Discing       
 

  Tractor 1 0.3 h 20.52       

  Disc harrow 1 ha 8.90       

  1 ha Cultivating. medium      
 

  Tractor 1 0.4 h 28.20       

  Cultivator 1 ha 10.10       

  1 ha Cultivating. deep        
 

  Tractor 1 0.55 h 39.93       

  Cultivator 1 ha 10.10       
                 
          
                  

  Machines       Capacity  The basis of the data flow is the list of ma-
chines with all information about costs and per-
formance capacity for each individual machine. 

          Apr ,,,  

  Name Unit   Costs 04a 04b    

  Tractor 1 1 h 66.30 60 60 ...  

  Cultivator 1 ha 10.10        

  Disc harrow 1 ha 8.90     ...  
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3.2 Machinery cost calculation 

After determining the required number of machines as described above, the annual costs of the com-
plete machinery package (= tractors with all implements of a certain category) can be calculated. 

The coefficients, which are, for the costs calculation, required to be entered for each machine individu-
ally, are: 

 Acquisition costs (effective purchase price including all extra costs for acquiring a machine like 
transport fees, administrational fees for initial setting into operation, etc.) 

 Annual payments for insurance, technical supervision, and other use-independent (fixed) 
costs (e.g. taxes, fees, etc.) 

 Repair costs (can be estimated based on acquisition costs) 
 Consumption of diesel (or electricity) per working unit *) 
 Costs for other use-dependent (variable) inputs (e.g. binder twine, plastic coat for silo bales) 
 Standard lifespan in time (years) and in working units *) 
 In case of rented machines: rent paid per working unit *) 
 Use capacity during 24 half-month-periods in hours 

*) working units: e.g. hours, hectares, m³, etc. 
 
Parameters, which are entered as standard values to be used for all machines are: 

 Consumption of oil and, if applicable, AdBlue as a percentage of diesel consumption 
 Prices for diesel, oil, AdBlue per litre and for electricity per kWh 
 Interest rate for calculating financing costs (weighted average of costs rates for borrowed and 

owned capital) 
 Residual value (estimated as percentage of acquisition costs) 
 Costs for housing the machines (can be estimated based on space requirements of machines) 

Further optional data which can be entered for each machine individually (but which are not used for 

calculations) include Traction power of tractors and traction power requirements of implements, work-
ing width, maximum speed, weigh, load on coupling joint, cumulated energy demand. 

The mechanisation costs as calculated in the IPS include the direct machinery costs, labour costs and, 
for the special purpose of determining the minimum cost-covering price for offering mechanisation ser-
vices, also allowances for overheads and risk. 

Figure 9: Costs of machines and work processes as calculated in the IPS 
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The machinery costs include fixed and variable costs. Fixed costs are those, which are independent 
from the annual use of a machine, they even occur when not using a machine at all but keep it ready 
to be used. Variable costs increase with growing annual use and vice versa, in many cases even pro-
portionally. For this reason, fixed costs are in the first step calculated per year (because they are con-
stant per year) and then converted to costs per working unit (e.g. per tractor-hour), while variable costs 
are in the first step calculated per working unit (e.g. per tractor-hour, because they are constant per 
unit) and then converted to costs per year. 

In the IPS the calculation of the average annual costs of a single machine may look as shown in the 
following example for a tractor, assuming the following basic data: 

Acquisition costs (A) $ 100,000 
Residual value (R) $ 20,000 
Standard lifespan: Number of years (N) 10 years 
Standard lifespan: Number of hours of use (n) 10,000 hours 
Interest rate for financing (i) 5%  
Annual use 800 hours 

 

 $ per year  $ per hour 

Fixed costs (independent of annual use)    

Depreciation (A – R) / N 

Interest (A + R) / 2 × i 

Other (may incl. insurance, techn. supervision, etc) 

Total fixed costs 

8,000 

3,000 

0 

11,000 

 10.00 

3.75 

0.00 

13,75 

Variable costs (depending on the annual use)     

Repairs (estimated on basis of A) 

Fuel and lubricants (based on fuel consumption) 

Total variable costs 

10,400 

17,280 

27,680 

 13.00 

21.60 

34.60 

Total costs (fixed + variable) 38,680  48.35 

 

 

While it is easy for most cost items to assign them to one of the two categories, fixed and variable, 
such a categorization can become difficult for the depreciation. The depreciation describes the loss of 

the value of a machine over time, i.e. the difference of its value at the beginning of its lifespan (= ac-
quisition costs) and at the end of its lifespan (= residual value). The average annual loss of the value 
of a machine per year of its lifespan (= average annual depreciation) is calculated with the following 
formula: 
 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑎𝑛𝑛𝑢𝑎𝑙 𝑑𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛 =   
𝐴𝑞𝑢𝑖𝑠𝑖𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡𝑠 −   𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑣𝑎𝑙𝑢𝑒

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑦𝑒𝑎𝑟𝑠 𝑜𝑓 𝑙𝑖𝑣𝑒𝑠𝑝𝑎𝑛
  =   

𝐴 −   𝑅

𝑁
 

 
As long as the residual value and lifespan of a machine is considered to be independent from the an-
nual use of the machine, the calculated depreciation is a fixed cost. However, increasing annual use of 
machine can reduce the residual value and the lifespan of a machine, turning the depreciation into a 
variable cost. The following paragraphs explain how the lifespan and the residual value of a machine 

can be determined for cost calculations. 

/ 800 hrs/y 

× 800 hrs/y
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Determining the lifespan of a machine 

The lifespan of a machine is limited by two different parameters: the maximum time of use (in years) 
and the maximum lifetime working capacity (in working units, such as hours, hectares, m³, etc.).  

The time-based lifespan limit of a machine is justified with the ongoing technical progress that makes it 
necessary to replace a machine after a certain number of years (usually after 8 to 15 years) in order to 
take advantage of improved technological developments. 

While the time-based lifespan limit of a machine might be extended (foregoing the advantage of bene-
fiting from technical progress), the lifetime working capacity is an absolute limit that should not be ex-
ceeded, since otherwise the risk of high, uneconomic repair costs is increasing dramatically. 

For machinery calculations, both lifespan limits need to be observed: the limit, which is reached earlier 
determines the expected lifespan! The following example for a high-quality tractor may illustrate and 
explain the interrelations: 

Time-based lifespan limit: maximum 10 years (exemplary assumption) 
Capacity-based lifespan limit: maximum 10,000 hours (exemplary assumption) 

Therefore, the average annual use of the tractor at 100% utilization of it's capacity is:  

10,000 hours  /  10 years  =  1,000 hours/year 

 
If the actual average annual use of the tractor will be  

a) below 1,000 hours/year, the time-based limit of 10 years will be reached earlier than the ca-
pacity-based limit of 10,000 hours, or, in other words, the tractor 
will have worked less than 10,000 hours after 10 years of use. 

b) above 1,000 hours/year, the capacity-based limit of 10,000 hours will be reached earlier 
than the time-based limit of 10 years, or, in other words, the age of 
the tractor will still be below 10 years when it has worked 
10,000 hours. 

Example for case a: Actual average annual use of the tractor = 800 hours/year (exemplary assumption) 
  Total lifetime working load:  800 hours/year  ×  10 years  =  8,000 hours 
  Total lifetime working load  <  capacity limit of 10,000 hours 
  Lifespan of 10 years will be reached 
  Lifespan of 10 years will be used to calculate depreciation 

Example for case b: Actual average annual use of the tractor = 1.200 hours/year (exemplary assumption) 
  Total lifetime working load  =  capacity limit of 10,000 hours 
  Lifespan of 10 years will not be reached 
  Working capacity limit will be reached already after: 

     10,000 hours  /  1,200 hours/year  =  8.33 years 
  Lifespan of 8.33 years will be used to calculate depreciation 
 
Since the above calculated 1,000 hours/year average annual use of the tractor at 100% utilization of 
it's capacity marks the turning point when the fixed lifespan limit of 10 years becomes variable and 
falls below 10 years, it is also the turning point, at which depreciation changes from fixed to variable. 
Therefore, the value that results from dividing the capacity-based lifespan limit by the time-based 
lifespan limit (e.g. 10,000 hours  /  10 years) is generally referred to as "Depreciation Threshold". 
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Determining the residual value of a machine 

In order to avoid lengthy calculations and continuous manual adjustments of the absolute residual val-
ues of each and every machine individually, the IPS allows to determine the residual values of the ma-
chines as a percentage of their acquisition costs as illustrated in the following figure: 

 

 

Acquisition 
costs 

 
× X % 

 

   Residual 
value 

Example: 100,000 ×      20%       = 20,000 
 

In the IPS, the required percentage rate to be multiplied by the acquisition costs can be determined 
using one of the following two options:  

Option 1: percentage rate is determined as a user-defined fixed value (independent from the an-
nual machine use), using one fixed percentage rate for all machines. 

Option 2: percentage rate is a variable, which is calculated by the IPS individually for each machine 

depending on its annual use (within user-defined limits). 

In case of the second option, the percentage rate is calculated by the IPS based on the lifetime work-
load of the machine, assuming that the loss of value over time increases with increasing use of the 
machine. The calculation method applied in the IPS follows the following basic concept: 

If 100% of the lifetime capacity limit will be used  residual value = 0% of acquisition costs 
 90% of the lifetime capacity limit will be used  residual value = 10% of acquisition costs 
 80% of the lifetime capacity limit will be used  residual value = 20% of acquisition costs 
       ...       ... 
 20% of the lifetime capacity limit will be used  residual value = 80% of acquisition costs 
 10% of the lifetime capacity limit will be used  residual value = 90% of acquisition costs 

 

In real life, such a simplified calculation would not reflect the actual residual values of machines, but it 
is a first step in estimating. To be more realistic, the IPS user can adjust the calculated residual values 
by setting a lower and upper limit of the residual value percentage rate. In addition, the user can set a 
correction rate to increase or decrease the calculated residual values. 

Example: If the user sets 5% for the lower limit and 80% for the upper limit, and -10% value correction, 
the calculated residual value of a tractor with acquisition costs of 100,000 will: 

 not fall below 5,000 (because of 5% lower limit) 
 not exceed 80,000 (because of 80% upper limit) 
 be 10,000 less than the calculated value, for all cases in-between the allowed range (because 

of the -10% correction) 

In general, the residual value percentage rate is calculated by the IPS as shown in the following graph, 
assuming either no corrections (blue line) or the above mentioned corrections (red line). 
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Figure 10: Different options determining the residual value of a machine in the IPS 

 

 

In the IPS, the selection of the different options and, if applicable, the limits and corrections values, are 
set by the user by calling the Data Entry Assistant and clicking the button for the ‘basic settings’ on the 
dashboard dialog. 

 
  

Residual value percentage rate 
without correction 

Residual value percentage rate 
with -10% correction 

Lower limit 

Upper limit 



- 17 - 

Calculating the average annual depreciation 

When calculating the average annual depreciation, the IPS combines both fields described above: cal-
culating the effective lifespan and the residual value of a machine. 

For the above mentioned high-quality tractor (exemplary assumption) with acquisition costs of 
100,000, a time-based lifespan limit of maximum 10 years and a capacity-based lifespan limit of maxi-
mum 10,000 hours, the calculation of the annual depreciation would look as follows for different levels 
of annual use of the tractor, considering the different options that the IPS provides: 

Basic data Option 1: Fixed resid-
ual value rate of 20% 
(exemplary assumption) 

Option 2: Calculated residual value. 
Annual 
use in 

Lifespan 
in 

Lifetime 
workload 

Utilization 
of lifetime 

without corrections with corrections 

hours/year years (N) in hours capacity 
in % 

Residual 
value (R) 

Deprec. 
(A-R)/N 

Residual 
value (R) 

Deprec. 
(A-R)/N 

Residual 
value (R) 

Deprec. 
(A-R)/N 

50 10.00 500 5% 20,000 8,000 95,000 500 80,000 2,000 

100 10.00 1,000 10% 20,000 8,000 90,000 1,000 80,000 2,000 

200 10.00 2,000 20% 20,000 8,000 80,000 2,000 70,000 3,000 

300 10.00 3,000 30% 20,000 8,000 70,000 3,000 60,000 4,000 

400 10.00 4,000 40% 20,000 8,000 60,000 4,000 50,000 5,000 

500 10.00 5,000 50% 20,000 8,000 50,000 5,000 40,000 6,000 

600 10.00 6,000 60% 20,000 8,000 40,000 6,000 30,000 7,000 

700 10.00 7,000 70% 20,000 8,000 30,000 7,000 20,000 8,000 

800 10.00 8,000 80% 20,000 8,000 20,000 8,000 10,000 9,000 

900 10.00 9,000 90% 20,000 8,000 10,000 9,000 5,000 9.500 

1000 10.00 10,000 100% 20,000 8,000 0 10,000 5,000 9.500 

1100 9.09 10,000 100% 20,000 8,800 0 11,000 5,000 10.450 

1200 8.33 10,000 100% 20,000 9,600 0 12,000 5,000 11.400 

1300 7.69 10,000 100% 20,000 10,400 0 13,000 5,000 12.350 

1400 7.14 10,000 100% 20,000 11,200 0 14,000 5,000 13.300 

1500 6.67 10,000 100% 20,000 12,000 0 15,000 5,000 14.250 

*) The corrections used in the example for the residual value percentage rate are (again): 5% lower limit, 80% upper limit, -10% value correction 

The following graph illustrates the calculated average annual depreciation for different levels of annual 
use of the tractor, considering the different options that the IPS provides: 

Figure 11: Annual depreciation according to different options for determining the residual value of a 
machine in the IPS 
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Since both values, the effective lifespan (in years) and the residual value of a machine, are calculated 
by the IPS before applying the formula for the depreciation (A - R) / N, all parameters for the formula 
are given (= fixed) for the user-defined data entry of the area (in hectares) to be mechanized. In the 
IPS, depreciation is therefore always listed as a fixed cost, although it will be recalculated as soon as 
the user changes the area to be mechanized. 

 

Calculating the average annual interest costs 

Investing in goods ties up capital. Interest must be paid on external finance, and no interest can be 
earned on equity. The interest cost incorporates both the interest expenses to be paid on external fi-
nance (borrowed capital) and the opportunity costs for using own capital.  
Interest costs are generally part of the fixed costs as the annual use of a machine will never have an 
influence on the annual cost amount. 

The amount of the average annual interest cost depends on 
-  the average fixed asset value for which interest costs occur, and 
-  the interest rate (i) per annum.  

Interest costs  =  Average asset value over the entire duration of use  ×  Interest rate (i) 

Interest rate  =   weighted cost rate (% p.a.) from proportion of external finance and pro-
portion of equity 

Average asset value  = Average of the value at the beginning (= Acquisition costs) and of the 
value at the end of the useful life (= Residual value) 

 

Figure 12: Determining the average asset value of machines   

 Residual value = 0 Residual value > 0 

 

 

Calculation: 
 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑎𝑠𝑠𝑒𝑡 𝑣𝑎𝑙𝑢𝑒 =   
𝐴𝑞𝑢𝑖𝑠𝑖𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡𝑠 +   𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑣𝑎𝑙𝑢𝑒

2
  =   

𝐴 +   𝑅

2
 

 

If the residual value equals 0, the average fixed asset value over time is:    
஺ 

ଶ
 

The complete formula for determining the average annual interest costs is therefore: 

Average annual interest costs  =  ஺ ା  ோ

ଶ
 ×  Interest rate (i) 

Residual value 

Value over time 

Value over time

Ø = 50,000

Ø = 60,000

Time Time
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Determining the repair costs 

Repair costs are generally part of the variable costs as they raise with increasing annual use of a ma-
chine. In the IPS, the repair costs are estimated on the basis of machine-specific coefficients, which 
relate the repair costs to the acquisition costs of the machines. For the tractor-example shown above, 
the repair costs were determined as follows: 

Acquisition costs $ 100,000 

×  Machine-specific coefficient 1.3 

=  Total repair costs of the tractor in complete life-time $ 130,000 

/   Capacity-based lifespan (number of hours of use in life-time (n)) 10,000 hours 

=  Repair costs of the tractor per working unit ($ per hour) $ 13.00 per hour 

 

The machine-specific coefficients as used in the IPS are as follows: 

Self-propelled machines Coefficient  Implements Coefficient 
Tractors 1.3  Ploughs 1.5 
Trucks 0.59  Disc harrows 1.6 
Loaders 0.57  Seed drills 0.5 
Self-propelled field choppers 0.5  Single-seed planter 0.3 
   Potato planter 0.7 
   Fertilizer spreaders 0.1 
   Boom sprayers 0.1 
   Tyne ridgers 0.9 
   Inter-row cultivators 0.6 
   Combine harvesters 0.3 
   Potato harvesters 0.3 
   Mounted field choppers 1 
   Grass mowers 1.4 
   Hay turners 1.5 
   Swath rakes 2.1 
   Balers 0.17 
   Trailers 0.4 

 

 

Determining the costs for fuel and lubricants 

Costs for fuel and lubricants are generally part of the variable costs as they raise with increasing an-
nual use of a machine. The calculation is based on ‘quantity multiplied by price’. For the tractor-exam-
ple shown above, the costs were determined as follows: 

Diesel: 15 litres per hour × $ 1.40 per litre = $ 21.00 per hour 

Oil:  0.15 litres per hour × $ 4.00 per litre = $ 0.60 per hour 

Total: $ 21.60 per hour 

The average quantity of oil is generally estimated at 1% of the diesel consumption. 
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4 Structure and application of the IPS 

4.1 Structure of the IPS 

The Information and Planning System (IPS) for Location-Adapted Mechanization Concepts consists of 
two sections: 

a) Front desk: the part which is available to the end user for data entry (extent of farm enterprises 
and of offered mechanization services) and with all the result output tables, 

b) Back office: the part which is available only to trained experts maintaining the databases with ma-
chines, work processes and farm enterprises. 

 

 

Figure 13: Structure of the Information and Planning System 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The IPS is based on Microsoft Excel. Each of the tables / masks shown in the figure above is located 
on a separate Excel sheet. However, the common Excel user-interface (e.g. menu ribbon, row and 
column headers) is not available to the front desk user. All necessary commands to carry out any user 
interaction are available only through command buttons at the top of each sheet. All programming of 
additional specific functions is done with Visual Basic for Application (VBA), which is an Excel built-in 
programming language. 

Users of the back office have full access to all Excel menus and functions and have, in addition, also 
VBA programmed command buttons available with assisting functions for the specific tasks necessary 
to maintain the databases with machines, work processes and farm enterprises. 

 

  

Source table with basic data 

Result: Details for indiv. work proc. 

Result: Details for indiv. machines 

Result: Annual costs 

Result: Required investment 

Control Board 
Data entry: 
 
 
 
Summary of major results: 

Extent of farm enterprises 

Extent of offered services 

Data processing: Farm 
Data processing: Services 

List of farm enterprises 
List of work processes 

 List of machines 
  ______________________ 
  ______________________ 
  ______________________ 
  ______________________ 
  ______________________ 
  ______________________ 

Back office: 

Available only to trained experts 
for maintaining the data bases 

Front desk: 

Available to end user 
for data entry and viewing results 

Annual cost of mach. pack. 

For each machine: 
- annual costs 
- working time capacity over  
   the year 

Machines are combined  
to work processes: e.g. 
Tractor + plough = ploughing 

Work processes are as-
signed to farm enterprises in 
different time periods over 
the year. 
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4.2 Front desk 

4.2.1 General aspects 

All data entry required from the end user defining the mechanization requirements together with the 
most important coefficients of the results are located on one sheet, which is called the Control board.   

This user-given data defining the mechanization requirements comprises the extent of farm enter-
prises (hectares of cultivated crops) with all their work processes and/or the extent of single work pro-
cesses for which the necessary cost-minimized mechanization equipment is to be determined. The ex-
tent of farm enterprises and the extent of single work processes ca be combined without any re-
striction. 

The Control board also shows the major results in graphical and tabular form for all pre-defined alter-

native mechanization packages. Since the annual costs of all mechanization packages are simultane-
ously recalculated whenever the user is entering a value, the mechanization package with lowest an-
nual cost can be identified at any time. 

All other sheets of the Front desk offer detailed views of the results. In particular, there are result ta-

bles for: 

Required investment: a table with a list of all the machines of all the different machinery packages, dis-

playing the number of machines required together with the resulting investment costs (purchase 
price), the utilization of the machines in the peak periods, the expected annual use and the ex-
pected lifespan of the machines. 

Annual costs: a table that presents all the individual fixed and variable cost items for all pre-defined 

alternative mechanization packages, as well as the expected consumption of fuel and lubricants. 

Details for individual machines: a table where the user can select any of the machines from the data-

base to display the full machinery cost calculation, the use of the machine over the year (= working 
time requirement according to half months) and major technical coefficients of the machine. 

Details for individual work processes: a table where the user can select any of the pre-defined work 

processes from the database to display the full cost calculation, the use of the work process over 
the year (= working time requirement according to half months) and the annual costs of all ma-
chines belonging to the selected work process. 

 

All sheets are further described and explained in the following sub-chapters. 

All required data from the end user is entered using the ‘Data Entry Assistant’, which can be accesses 
from any sheet in the ‘Front desk’ section. The ‘Data Entry Assistant’ is leading the user through the 

different parts of required data allowing a step-by-step data entry process. 
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4.2.2 Data Entry Assistant 

When the IPS is started, the welcome screen is displayed. Here, the user is prompted to start the Data 
Entry Assistant. The Data Entry Assistant is leading the user through the different parts of required 

data, allowing a step-by-step data entry process. The assistant can also be called from any sheet in 
the Front Desk section. 

 

Figure 14: Screenshot of the welcome screen with the ‘Data Entry Assistant' 

 

 

The central element of the data input assistant is a kind of dashboard. It allows a guided step-by-step 
data entry process as well as quick jumping to any data entry section from any point during the analy-
sis process. Pressing the command buttons will open data input dialogs, where the user can enter and 
change data, which are required for the analysis process. The input sections for individual user-spe-
cific data that are absolutely required for the analysis process is located on the right-hand side of the 
dashboard, while the left-hand side of the dashboard contains buttons to call dialogs for entering basic 
settings and sections for data manipulation during the analysis process. 

 

Figure 15: Screenshot of the Data Entry Assistant's dashboard 

  

The single data input dialogs, which are accessible from the Data Entry Assistant’s dashboard are 

shown and explained in the following.  

The left-hand side of the 
dashboard contains in-
put sections with basic 
settings and sections 
for data manipulation 
during the analysis pro-
cess. Thus, the inputs 
may briefly be checked 
at the beginning and/or 
be adjusted during the 
analysis process. 

The right-hand side contains 
input sections for individual 
user-specific data that are ab-
solutely needed for the analy-
sis process! 
There are command buttons 
available for calling up the 
data input dialogs for deter-
mining the mechanization re-
quirements based in the en-
tered extent of farm enter-
prises and/or single work pro-
cesses to be mechanized.  
The data entry can be done in 
a consecutive order or by 
jumping directly to the re-
quired section.  
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Right-hand side of the Data Entry Assistant’s dash board: 

For entering the individual user-specific data determining the area to be mechanized (in hectares) on 
the right-hand side of the dashboard there are three possibilities (linked to three command buttons): 

Farm enterprises with full 
mechanization 
(in hectares) 

Single work processes for spe-
cific farm enterprises 

(in hectares) 

Single work processes  
during specific time periods 

(in hectares) 

   

For the  farm enterprises as 
shown in Figure 1 and Figure 2 
(like wheat, barley, etc.), the com-
plete mechanization of all work 
processes is already pre-defined 
in the IPS. This includes the in-
volved machines and the time re-
quirements during specific peri-
ods. 

For single work processes for 
specific farm enterprises as 
shown in Figure 3 the involved 
machines and the time require-
ments during specific periods are 
already pre-set. 

Any single work processes can be en-
tered freely during any time period over 
the year. For these work processes the 
involved machines and the time re-
quirements per hectare are already 
pre-set, but there is no pre-assignment 
to a specific half-month, as this can be 
entered freely by the user. This input 
section is most flexible as it allows to 
add work processes for farm enter-
prises that are not included in the IPS. 

Example: entering X ha of wheat 
adds in one step 8 work pro-
cesses to the analysis, each of 
them already assigned to the cor-
rect time period (half-month) 
when the activity is performed. 
Figure 3 shows which work pro-
cesses are assigned to which 
farm enterprises. 

Example: entering X ha of plough-
ing in wheat adds only this spe-
cific work processes to the analy-
sis, already assigned to the cor-
rect time period (half-month) 
when ploughing is performed in 
wheat production. 

Example: entering X ha of ploughing in 
sweet potatoes (this farm enterprise is 
not included in the IPS) in first half of 
May adds only this specific work pro-
cesses to the analysis and assigns it to 
the first half of May (independent of 
any farm enterprise). 

 

Excluding certain work processes: 

For each farm enterprise, a complete set of all necessary work pro-
cesses is pre-defined. However, a farmer or service provider might wish 
to exclude certain work processes, e.g. harvesting with combine har-
vester, because he does not want to invest in this certain machine. 
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Left-hand side of the Data Entry Assistant’s dash board: 

On the left-hand side of the Data Entry Assistant’s dash board there are command buttons to call dia-
logs for entering basic settings and option settings for data manipulation during the analysis process. 
Thus, the inputs may briefly be checked at the beginning and/or be adjusted during the analysis pro-
cess. 

 

a) Basic settings 

 

 
 
b) Number of drivers 

Optionally, the number of drivers available for tractors and other self-propelled machines (e.g. com-
bines, etc.) can be entered. Machine packages requiring more drivers than available will be marked in 
red in the 'Control panel' sheet. 
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c) Time capacity per period (changing machine capacity in specific time periods) 

Each machine has a use capacity in hours per half month. This hour-capacity can be changed for 
each machine individually and for each half-month individually. Setting up this table is especially nec-
essary, when setting up the IPS for a new region. 

 

 

d) Manage machine use flexibility:  

Working time requirement flexibility: 

Machine usage in a particular peak period (half month) can, to a cer-
tain extent, usually be shifted to the period (half month) before or af-
ter (allowed values range from 0 to 35% of the machine usage in the 
various half months). This leads to a more balanced machine use 
over the year and might lead to less investment requirement. 

 

Define capacity threshold: 

In addition, using a machine a little above its capacity in a certain 
period (half-month) will usually not immediately lead to investing in an 
additional machine. The user can set a value of how much the use of 
the last machine is allowed to exceed the capacity until an additional 
machine will be taken into the calculation (allowed values range from 
0 to 35% of the machine usage in the various half months). 
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4.2.3 Control board sheet 

The Control board sheet provides a systematic summary of the entered individual user-specific data 
for determining the mechanization requirements (based on entered extent of farm enterprises and/or 
single work processes to be mechanized) and shows the major results in graphical (chart) and tabular 
form. 

There are three data input sections for determining the mechanization requirements, which can be 
combined without any restriction: 

 Area (ha) of farm crop cultivation enterprises, which need to be fully mechanized comprising 
all work processes as listed in Figure 3. 

 Area (ha) of single work processes for specific crops (= pre-defined time period) 

 Area (ha) of single work processes independent from pre-defined crop cultivation enterprises 
in any period (half-month) of the year. 

In the upper part of the mask, the Control board shows the major results in graphical (chart) and tabu-
lar form: the total annual direct cost (= fixed and variable machinery costs plus labour costs) and the 
total investment cost (= total purchase price) for all pre-defined alternative mechanization packages. 
Since the annual costs of all mechanization packages are simultaneously recalculated whenever the 
user is entering a value, the mechanization package with lowest annual cost can be identified at any 
time. 

 
Figure 16: Screenshot of the 'Control board' 

  

Through the command buttons in the menu row, the user can control the following: 

 Assistant: call the Data Entry Assistant’s dashboard (see chapter 4.2.2). 

 PDF export of the present mask 

 Zoom-settings of the mask 

 NumPad: opens a numeric pad for user-friendly entry of numbers on tablets 

 Clear entries: clear selected user-specific data with mechanization requirements (hectares to 
be mechanized) 

 Save / Save as: saves the file  
  

Menu with command buttons 

Major results: Annual costs and 
investment costs of the various 
mechanization packages 

Data input sections 1 and 2: 
Area (ha) of farm crop cultivation and 
area (ha) of offered services based on 
pre-defined crop cultivation enterprises 

Data input section 3: 
Area (ha) of offered services independ-
ent from pre-defined crop cultivation en-
terprises in various periods (half-
months) of the year 
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4.2.4 Required investment (on sheet “Invest”) 

The sheet “Invest” of the front desk contains a table with a list of all the machines of all the different 
machinery packages, displaying the number of machines required together with the resulting invest-
ment costs (purchase price), the expected annual use and the expected lifespan of the machines. 

Figure 17: Screenshot of the mask for details about the required investment 

  

When the working time requirement of a machine exceeds its capacity during a certain period (half-
month), while the capacity is sufficient during the rest of the year, the investor would usually not imme-
diately buy another machine. Rather, some of the work in such a time scarce period will be shifted to 
the period before of the period after. This can be simulated in the IPS by using the “Working time re-
quirement flexibility” settings. 

The diagram to the right displays the working time capacity 
(line) and requirements (bars) for the Massey Ferguson 35 
hp shown in the list above. The red coloured bars repre-
sent the original time requirement without flexibility in each 
half-month period. With flexibility settings allowing to shift 
15% of the time requirements to the period before and 15% 
of the time requirements shifted to the period after, the dis-
tribution flattens, which is displayed by the blue coloured 
bars. However, in the second half of February (Feb2), the time requirement still exceeds the capacity 
of the machine by 6.4%. This percentage is called “Marginal utilization of the machine”, which always 
refers to the scarcest period and always to the last machine (if more than one machine is required). 
This “Marginal utilization”, is displayed for each machine in the list on the Invest sheet. 

To avoid that the IPS will now consider one more tractor just because of the little additional require-
ment in the Feb2 period, the user can cut down the number of machines by setting a “Capacity thresh-
old value”, which allows the IPS to exceed the capacity of the machine by this value. In the example 
shown above, the threshold value is set to 10%, so that the IPS considers only one tractor instead of 
two. Both values are displayed in the list on the Invest sheet:  

Number of required machines as calculated (without threshold): 2 
Number of required machines cut down (with threshold): 1 

  

Menu with command buttons 

Summary of results: 
Annual costs and investment 
costs of the various mechani-
zation packages 

Present settings for machine 
use flexibility in the IPS 

List of mechanization pack-
ages (continued downward for 
all other packages) 

Capacity line 

Requirement (bars) 
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4.2.5 Total annual costs in detail (on sheet "Total costs") 

The “Total costs” sheet of the front desk contains a table that presents all the individual fixed and vari-
able cost items for all pre-defined alternative mechanization packages, as well as the expected con-
sumption of fuel and lubricants. These values are further broken down according to the cause of the 
machine activity: farm crop cultivation, offered services based on pre-defined crop cultivation enter-
prises (= pre-defined time period), offered services independent from pre-defined crop cultivation en-
terprises in any period (half-month) of the year. 

 

Figure 18: Screenshot of the mask for details about annual costs 

  

 

 

 

The total costs include:  
Fixed costs of machines, variable costs of machines and labour costs 

The fixed costs include:  
Depreciation, interest, housing, insurance, technical supervision, other 

The variable costs include:  
Repair, diesel, oil, AdBlue, electricity, other 

 

The menu line contains the same command buttons as on the control board. 

 

  

Overall results 

Results for costs caused 
by farm crop cultivation 

Results for costs caused by 
offered services based on 
pre-defined crop cultivation 
enterprises 

Results for costs caused by 
offered services indepen-
dent from pre-defined crop 
cultivation enterprises 

Individual items 
of total costs 

Individual items 
and total 

of fixed costs 

Consumption 
of fuel, oil, 
electricity 

Individual items 
and total 

of variable costs 

Menu with  
command buttons 
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4.2.6 Details for individual machines (on sheet “Detail Ma”) 

The “Detail Ma” sheet of the front desk contains a table where the user can select any of the machines 
in the database to display the full machinery cost calculation, the use of the machine over the year 
(= working time requirement according to half months) and major technical coefficients of the machine. 

 

Figure 19: Screenshot of the mask for details for individual machines 

 

 

The machinery costs calculation for the selected machine displays the results for one machine as well 
as for the total number of machines required. 

The total costs of the machine include:  
Fixed costs of machines, variable costs of machines and labour costs 

The fixed costs the machine include:  
Depreciation, interest, housing, insurance, technical supervision, other 

The variable costs the machine include:  
Repair, diesel, oil, AdBlue, electricity, other 

 

The menu line contains the same command buttons as on the control board plus a button for selecting 
the machine for the mask (“Open list”). 

 

  

Menu with  
command buttons 

Working capacity and 
working requirement of 
machine type in hours 
per half month in graph-
ical form 

Working capacity and 
working requirement of 
machine type in hours 
per half month in tabular 
form 

Basic data for the ma-
chine (relevant for calcu-
lating the annual costs) 

Full machinery costs cal-
culations with all details 
of fixed and variable ma-
chinery costs 

Requirements of fuel, 
oil, electricity 

Present machine use 
flexibility settings 
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4.2.7 Details for individual work processes (on sheet "Detail WP") 

The "Detail WP" sheet of the front desk contains a table where the user can select any of the pre-de-
fined work processes in the database to display the full cost calculation of the work process, the use of 
the work process over the year (= working time requirement according to half months) and the annual 
costs of all machines belonging to the selected work process. 

The cost calculation of the work process includes the direct costs of the work process (= fixed and var-
iable costs of the machines involved plus the labour costs) as well as additions for overheads and a 
risk allowance. Both additions can be determined as a percentage of the direct costs. 

The fixed costs the work process include (for all machines involved in the process):  
Depreciation, interest, housing, insurance, technical supervision, other 

The variable costs the work process include (for all machines involved in the process): 
Repair, diesel, oil, AdBlue, electricity, other 

 

Figure 20: Screenshot of the mask for details for individual work processes 

 

 

 

The menu line contains the same command buttons as on the control board plus a button for selecting 
the work processes for the mask and another button for displaying pictures (photographs) for the ma-
chine the user taps on in the list. 

 

  

Menu with  
command buttons 

Working time of the work 
process in hours per half 
month in graphical form 

Full cost calculation of 
the work process 

Basic data and total costs of 
all individual machines in-
volved in the work process 

Fixed and variable cost de-
tails for all individual ma-
chines involved in the work 
process 
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4.2.8 Basic data for machines and work processes (on sheet "Source table") 

The "Source table" sheet contains a list of all pre-defined work processes in the IPS. In this list, the 
user can update/adjust basic data for machines and work processes. This is especially necessary, 
when setting up the IPS for a new region. 

a) Data for machines: 
Acquisition costs (purchase price); Duration of use (in years and in working units like hectares 
or hours); Repair cost factor (Aquis.costs x factor = repair costs in mach. lifetime). 

b) Data for work processes: 
Diesel demand (tractors: l/hour; process: factors); Working process time demand (hours per 
ha); Number of workers needed (incl. tractor driver); Prices for hired services per work pro-
cess. 

c) Time requirement calendar for each crop cultivation enterprise: 
For each crop cultivation enterprise the IPS requires to know which working process is carried 
out at what time period during the year for how many times. This information is entered in a 

calendar (based on half-month periods).  

Field operations can be entered alternatively  

- in one single half-month period using the value "1", meaning that the process is carried 
out once in the specified period;  

- spread over more than one half-month period, using values of less than "1" per period, but 
adding up to a value of "1", when summing up the values belonging to the one operation. 

In the example below (wheat production), all operations are spread over more than one pe-
riod. The values entered for ploughing can (for example) interpreted as follows: ploughing 
takes place from January second half until February second half. 50% of the ploughing is car-
ried out in February first half, while 25% is carried out in January second half and the same in 
February second half. 

 
Figure 21: Screenshot of the mask for entering the time requirement calendar for wheat 
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4.3 Back office  

4.3.1 General aspects 

In the back office, specially trained users can work on the data bases to add new machines and/or 
work processes. This is basically done in three tables subsequently building on each other: 

List of machines: a database with all the machines, containing all planning-relevant data for each ma-

chine, in order to calculate the fixed and variable costs and to determine the use capacity over the 
year (according to half months). 

List of work processes:  a database with pre-defined work processes. A "work process" represents a 

combination of all machines required for a certain field operation (e.g. ploughing, sowing, ...) and 
includes a pre-determined working time requirement to carry out the operation. 

List of farm enterprises:  a database with pre-defined farm enterprises like cultivation of wheat, barley, 

etc.. For each farm enterprise, all necessary field operations are pre-determined and linked to a 
work process from the "list of work processes". When a work process is assigned to a certain field 
operation of a farm enterprise, the exact time period (half month) for carrying out the field operation 
needs to be pre-determined. 

In all of the three mentioned database tables the elements (machines, work processes, farm enter-
prises) are grouped according to pre-defined machinery packages, representing different technology 
levels and different traction performance levels of the machines. 

The remaining two tables of the Back office do not require any maintenance since they are used for 
the processing of the data entered by the end user via the Front desk. 

All sheets are further described and explained in the following sub-chapters.  

Users of the back office have full access to all Excel menus and functions and have, in addition, also 
VBA programmed command buttons available with assisting functions for the specific tasks necessary 
to maintain the databases with machines, work processes and farm enterprises. 

Access to the back office is password protected. 

Since adding new machines and work processes is a complex process, video tutorials are available to 
demonstrate the procedure. 
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4.3.2 List of machines (on sheet "Ma") 

The list of machines contains all planning-relevant data for each machine, in order to calculate the 
fixed and variable costs and to determine the use capacity over the year (according to half months). 

Each machine is located in one individual row of the list and has a unique ID code. 

Figure 22: Screenshot of the mask for the list of machines 

 

 

4.3.3 Combination of machines to work processes (on sheet "WP") 

A "work process" represents a combination of all machines required for a certain field operation (e.g. 
ploughing, sowing, ...) and includes a pre-determined working time requirement to carry out the opera-
tion.  

The costs for each work process are summed up in one individual row in the table, representing the 
totals of the work process and getting a unique ID code. 

Figure 23: Screenshot of the mask for defining work processes 

 

 

Standard Excel 
Menu ribbon 

List of machines with a 
full cost calculation for 
each individual machine. 
Also, the use capacity in 
hours per half-month is 
stored in this list. 

Green cells are open for 
data entry 
 
Grey cells contain formu-
las for calculations 

Standard Excel 
Menu ribbon 

Set of machines com-
bined to various work 
processes 

Green cells are open for 
data entry: e.g. time re-
quirement of work pro-
cess, additional fuel re-
quirement 

The required machines 
can be selected from a 
list. 
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4.3.4 Combination of work processes to farm enterprises (on sheet "FE") 

For each farm enterprise, all necessary field operations are pre-determined and linked to a work pro-
cess from the "list of work processes". When a work process is assigned to a certain field operation of 
a farm enterprise, the exact time period (half month) for carrying out the field operation needs to be 
pre-determined. 

Figure 24: Screenshot of the mask for combining work processes to farm enterprises 

 

 

 

  

Standard Excel 
Menu ribbon 

Set of work processes 
combined to various 
farm enterprises 

Green cells are open for 
data entry: e.g. determi-
nation of required period 
(half-month) for each 
work process, number of 
applications 

The required work pro-
cesses can be selected 
from a list. 
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5 Direct and Indirect Agro-Ecological and Economic Effects 

An example for direct agro-ecological effects of alternative mechanization packages is their different 
diesel consumption. In the IPS, the diesel consumption is displayed comparatively for: 

- the different complete mechanization packages (on sheets "Control Board" and "Total costs),  

- the different single work processes (on sheet "Detail WP") 

- the different single tractors and self-propelled machines (on sheet "Detail Ma") 

 

An example for indirect economic effects is the impact of different mechanization packages on the 
yield of the crops grown or on other costs related to the various farm enterprises. The following exam-
ple may illustrate how to analyse such effects: 

Let’s assume: 

- a farmer grows 10 ha of wheat, 10 ha of barley and 10 ha of maize, 

- the costs for mechanization package “80 hp, technology level low" is $30,000 per annum 

- the costs for mechanization package “80 hp, technology level high" is $31,500 per annum 

 
Since the annual costs for the high technology level are $1,500 above the costs for the low level, 
the high level would only be economically viable if other monetary advantages (which are not ac-
counted for in the IPS => indirect effects) were to compensate for the higher mechanization costs. 

Such other monetary advantages may be generated by higher yield or by saving costs for other in-
puts needed for crop cultivation e.g. saved crop protection costs or fertilizer costs due to high qual-
ity mechanization. 

When related to the crop cultivation area, the cost difference between the two packages is 

$ 1,500 divided by 30 ha = $50 per ha 

Only if the higher yield and/or reduced cost for other inputs amount to at least $50 per hectare, the 
higher technology level of mechanization is economically viable. 

If only related to the yield and assuming an average price for grain of $0.25 per kg, the minimum 
additional yield to be generated by using the high technology for being economically viable had to 
be: 

$ 50 per hectare divided by $ 0.25 per kg  =  200 kg per hectare 
 

It is then up to the farmer (or his advisor) to judge whether it will be possible to reach this additional 
yield or not. 

 


