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The aim of the paper is to identify the optimal investment strategy of acquiring the means of mechanization of an agricultural enterprise. 

A suitable mean to meet the goal is the application of a multiperiodic optimization model, which is designed in the spreadsheet program 

Excel (including Solver). Objective function is represented by property maximization at the end of considered period via Net present 

value. The set of restrictive conditions is represented by the balance of production and financial factors, the balance of cost and production 

indicators, production and credit restrictions, as well as the conditions of securing the company's liquidity in each time period through 

positive cumulative cash flow and sufficient financial resources to cover capital investment and working capital. The comparison of NPV 

values of individual variants of optimization models documents the logical consequences of the gradual optimization of plant and animal 

production, the time of acquisition of mechanization means without and with the limitation of credit resources and the time of loan 

repayment. The most suitable solution, with additional restrictive conditions for limited credit resources of up to € 50,000 per year, an 

interest rate of 6% and a repayment period of up to 7 years, is to procure a Vogel-nootHektor plow in the first year, Horch Pronto seed 

drills in the second, fertilizer spreaders Rauch in the third, a Fendt combine with a rape cutter and a pea straw crusher in the fourth year 

and a corn header in the fifth year. The resulting value of NPV represents the amount of € 343,922, while the required amount of credit 

resources in the first year is € 42,595 with a repayment period of 4 years, in the second year € 31,079 with a repayment of 3 years and in 

the fourth year € 48,284 with a repayment period of 7 years. 
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INTRODUCTION 

 

From the point of view of the success of an economic entity, investment decisions in the area of substantive decision-

making have a decisive mission. Modelling technology can significantly help to improve this activity, especially in the creation 

and evaluation of investment plans. One of the key issues for any business entity is identification of an appropriate procurement 

strategy, whether in terms of different types of technology or acquisition time, which is constrained by financial resources.  

From this point of view, the aim of the paper is to identify the optimal investment strategy of acquiring the means of 

mechanization of an agricultural enterprise using a multiperiodic optimization model. Objective function is represented by 

Net present value. Authors like Kasaš et al. (2011) show that for process flow sheet optimization only net present value is a 

correct criterion as the objective function, while selecting among mutually exclusive alternatives. With sufficient levels of 

accuracy, those process models are suitable for generating proper optimal designs. 

Linear programming with NPV as objective function, used in this work, have been used for several studies f. e. in 

identification optimal forest age structure and rotation age strategy (Baskent at al., 2011) and in finding a solution that takes 

into account soil conservation, water production and timber production in forest management planning (Karahalil et al., 

2011). The application of linear programming and fuzzy optimization in the field of tangible assets acquisition within the 

company can be found in the article from Bolos et al. (2020). Authors Khan, Asad (2020) propose a new mixed integer 

linear programming based model that maximises NPV subject to the mining, processing, refining capacity constraints and 

develops an optimal cut-off grade policy for an open pit mining operation with multiple processing streams.  

Applications of model techniques in investment decision-making also with risk taken into consideration via a 

simulation model can be found in the articles in different fields: like in agriculture: Repiský (2006), Repiský (2019), or in co 

- generation plants: Colantoni at al. (2021), as well as in gold mining: Franco -  Sepulveda at al. (2017), or in privately 

financed road projects: Bagui, Ghosh (2012).  

 

RESEARCH METHODS 

 

The construction of an investment plan model consists of certain steps that are necessary regardless of the type of 

investment, scope, or material aspect. It is necessary to define the system on the investigated economic reality, define the 
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elements of the system and their links, perform the construction of the model and its quantification, select a suitable method 

of solution, interpret and analyse the obtained solutions and then use them in the implementation phase. 

The most important parts of the construction and quantification of the model are the definition of variables (decision-

making, exogenous, strategic, limiting, etc.) and the estimation of production and project costs. The model itself consists of 

the following parts: cost estimation: capital, variable, fixed, working capital, estimation of production, depreciation, 

financing of the investment, loan, repayment calendar, projected profit and loss statement, cash flow statement and balance 

sheet statement.  

The presented multi-period optimization model simulating a ten-year period of an agricultural business entity is 

created in an Excel spreadsheet. It enables the optimization of the production structure, the optimization of the time of 

acquisition of mechanization means, as well as the optimal financing of the investment. The strategic goal is represented by 

the objective function of maximizing the assets of the business entity in the form of the indicator net present value (NPV) 

for the life of the investment. 

                      ( 1 )  

where: NPV – Net Present Value,  

CFt – Cash Flow from investment in each year of its lifespan t, 

I – discount rate (in % / 100), 

N – lifetime of the investment, 

I0 – initial capital expenditure. 

 

This method is described in detail e.g. by Northcott (1992), Lumby (1996), Xu (2015), Hopkinson (2016). Authors 

like Žižlavský (2014) investigate pros and cons of net present value and discusses methods able to deal with NPV 

weaknesses. The suitability of the NPV method in investment decisions is also documented in Marchioni (2018). The 

analysis based on the sensitivity analysis, confirms that the reliability of metrics, that is a function of the vector of value 

factors, depends on its compatibility with the NPV. Similarly, Nuryanah (2017) documents that it is appropriate to use a 

discounted cash flow valuation model using an optimization approach as a business model for measuring the value of 

companies to achieve Good Corporate Governance. 

Investment projects with a positive net present value are acceptable to the company, because the amount of cash 

expenditures over the life of the established investment must ensure payment of funds spent, ensure the required rate of 

return, expressed at a discount rate, and should increase cash flow and thus contribute to market growth of the company 

values. NPV is the only technique by which we obtain a decision leading to the maximization of the owner's assets. 
 

RESEARCH RESULTS 
 

The model solution of the investment plan for the acquisition of mechanization means enables changes in decisions 

in the areas of: 

 structure and scope of production, 
 obtaining of investment funds (time and material aspect), 
 financing of investment, 
 loan policy,  
 depreciation policy. 

Decision variables of the model are: 

h
t, xk

t  t = 1, 2,…,n  

n             investment lifetime  

hN1 a set of plant production branches sowing crops harvested on owned land 

kN2 a set of plant production branches sowing crops harvested on rented land 

vt   required number of pig litters over time t 

ms
t  sN3 a set of purchased mechanical tools  

or,s
t  rN4 a set of depreciation ways of purchased mechanical tools  

fp,s
t  pN5 a set of ways of financing investment  

uq
t  qN6 a set of ways of loan repayment  

Due to placement reasons, the mathematical formulation of the model will not be published in the paper, more 

emphasis will be placed on the factual side of the problem. The mathematical formulation of a similar model focused on 

vineyard planting is given in the article of Repiský (2019) The model solution is based on the construction of a multi-period 

balance model consisting of consecutive tables through which it is closer to the understanding of managers with economic 

education. 
 Basic characteristics of company – planting and animal production. It provides basic information on the 

production activities of the company, which manages an area of 1,500 ha with the possibility of renting additional 

arable land. Crop production is focused on the cultivation of winter wheat, corn for grain, oilseed rape and peas. 

Animal production is focused on pig breeding. The user has the option of choosing the structure and scope of crop 

production, the amount of leased arable land, the amount of rent as well as the extent of pig breeding and some 
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data on herd turnover (number of piglets born per litter, mortality rate, culling rate, number of sows purchased, 

etc.), on the basis of which the herd turnover is calculated. 
 Sales of plant and animal production. Potential production sales are calculated using estimated yields per 

hectare, the number of weaners sold and fattening pigs and the input prices of individual commodities entered. 

The contracting authority decides how much production will take place in the given year and how much will be 

left in the form of stocks for the next period. 
 Main characteristics of company - mechanization. It provides information on the state of mechanization means 

in the company. Based on its production and financial strategy, the user can choose which mechanization means 

to procure in a certain period of time, or which work to perform in the form of services and to what extent. The 

possibilities of different strategies for soil preparation and harvesting work, as well as different combination 

options of investment decisions in terms of price and performance of individual machines are listed in Table 1. 
 

Table 1. Mechanization tools 

Obtaining of mechanization tools  Years 

A) Mechanization tools for soil preparation and sowing 1. 2. 3. 4. 

Soil preparation and sowing with plowing Price in € 
Yields  

in ha.h-1 

Own  

machine 

Own  

machine 

Own  

machine 

Own  

machine 

Plow Vogel-nootHektor 1000 6 blade 39 000,00 1,20 y n n n 

Seeder HORSCH Pronto 6 DC 83 000,00 6,50 y n n n 

Soil preparation and sowing without plowing --------- -------- -------- ------- 

Cultivator HORSCH – Tiger 3 MT  44 000,00 2,80 n n n n 

Seeder HORSCH Pronto 6 DC 83 000,00 7,50 n n n n 

Preparation at the same time as sowing --------- -------- -------- ------- 

Seeder HORSCH – Focus 6 TD 95 000,00 5,20 n n n n 

Fertilizer spreader Rauch 17 000,00 10,00 n y n n 

B) Mechanization means for harvesting  -------- --------  -------- ------- 

Combine Fendt 152 000,00 25,00 n n n y 

6 line adaptor for maize 46 000,00 25,00 n n n y 

Adaptor for rape harvesting 7 000,00 25,00 n n n y 

Pea straw crusher 8 000,00 25,00 n n n y 

 

 Overview of the costs of company. It contains an overview of capital and total operating costs of the company 

(variable and fixed). 
 Depreciation. It informs about the annual amount of depreciation of individual types of assets, while it is possible 

to individually determine the method of depreciation (even or accelerated) and the depreciation period, in 

accordance with the law. 
 Loan, loan repayment. The table calculates the total cost of the investment plan over time. The user decides on 

the financial coverage through a loan, or newly invested equity or retained earnings from the previous period. The 

user has the option to choose the amount of the interest rate, the length of the loan deferral period and the form of 

loan repayment with the same amount of loan repayment or the same amount of total payment. 
 Projected statement of profits and losses. This statement is used to calculate the economic result, which is 

decisive for tax purposes. 
 Projected cash flow statement. Information on the net cash flow in individual periods serves as a basis for 

deciding on the financial coverage of the project in individual time periods and, using the NPV indicator, quantifies 

the return on equity of the business entity. 
 Projected balance sheet.  

 

Optimization of the structure of plant and animal production 
The basic balance variant is based on the assumption of growing winter wheat on 500 ha, maize on grain 300 ha, 

oilseed rape 400 ha and peas sown on 300 ha on own land and on leased land of 30 ha of each already mentioned 

commodity. This variant also includes animal production focused on pig breeding, while the number of litters made is the 

same in all years, amounting to 60 litters. The investment project itself envisages the procurement of all mechanization 

means needed for soil preparation, except for the purchase of no-till technology. This particular company does not 

consider the use of no-till technology in the given conditions. 
The scenario of the investment project - in the first year to buy a six-blade plow Vogel - not Hektor 1000 and a 

seed drill Horsch - Pronto 6 DC, in the second a Rauch industrial fertilizer spreader, in the fourth a Fendt combine with 

all adapters, can be assessed as attractive based on NPV 185 760 €. The conditions for financial coverage of the investment 

and the positive value of the cumulative cash flow in each time period are also met. The amount of credit resources in the 

first year is € 125,595 and in the fourth year € 135,329 to provide mechanization for the initial variant. The terms of the 

loan are repayments with the same annuity, the interest rate is 6% and the repayment period is 4 years.  
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When adjusting to the optimization model, which aims to optimize the structure of crop production, in addition to 

the balance sheet conditions, the conditions for securing sources of investment coverage as well as working capital in 

individual years and conditions for the positive value of cumulative cash flow in each time period were added. In terms 

of gross profit per hectare, it is most worthwhile to grow oilseed rape and winter wheat. The conditions of the sowing 

process, the demand for specific production, as well as the reduction of risk through the diversification of crop production 

are respected across the minimum and maximum limits of representation of individual commodities. 
The resulting solution, obtained by optimization (winter wheat on 750 ha, corn 250 ha, oilseed rape 400 ha and 

peas on 150 ha on own land) requires the same loan in the first year as in the basic balance sheet model, but the loan from 

the fourth year was reduced to € 74,879. The NPV criterion value is € 324,546, which represents an increase of € 138,786 

over the original model. If a restrictive condition for livestock production in pigs is included in a maximum of 80 litters 

and a minimum of 20 litters, the resulting solution results in a minimum of 20 litters with a corresponding turnover of 14 

sows, 147 weaners and 91 fattening pigs. The NPV rose to € 365,444 and the need for credit resources fell to € 55,111 in 

the fourth year. 
 

Optimal time of acquisition of mechanization tools and optimal loan repayment period 
Mechanization security is one of the key prerequisites for the smooth operation of a business entity in agriculture. 

The aim of optimization is to identify the way of securing mechanization work - own machines or services, as well as the 

time of procurement of own machines.   
The result of the optimization for the given input parameters is a clear preference for securing mechanization work 

with our own technology from the first year by purchasing a Vogel plow, a Horsch seed drill, a Rauch industrial fertilizer 

spreader, as well as a Fendt combine with all adapters. While maintaining the optimal structure of plant and animal 

production, the NPV will increase to € 399,795 with the amount of credit resources in the first year € 355,595. If the input 

values change, this can affect the optimal solutions. E.g. if the harvest of maize performed in the form of services would 

cost less than 70 €. ha-1, then it is not worth buying an adapter for maize harvesting and the optimal solution in terms of 

NPV value is to realize the harvesting of maize through services, while increasing the NPV value. 
In the case of other additional restrictive conditions relating to limited credit resources of a maximum of € 50,000 

each year, the resulting value of the NPV is € 340,879, t. j. a decrease compared to the previous solution by € 58,916. The 

optimal time of purchase of mechanization means as well as the amount of the loan in the respective year is shown in 

Table 2. The purchase of machines in the third and fifth year is completely covered from the newly created net income 

from previous years. 
 

Table 2. Acquisition of mechanization and loan    

Year Mechanization  Loan 

1 6 blade plow Vogel-nootHektor 1000  42 595 € 

2 seeder Horch Pronto 6 DC 31 079 € 

3 Fertilizer spreader Rauch 0 € 

4 
combine Fendt adaptor for rape harvesting  

pea straw crusher  
42 969 € 

5 adaptor for maize harvesting  0 € 

 

The implementation of the optimal loan repayment period is based on the results of the Optimization of mechanized 

security option with a limited loan amount, while the loan conditions are the same as in previous variants, namely 

repayments with the same annuity, interest rate 6% and repayment period 4 years. Only the condition of the repayment 

period of a maximum of 7 years will change. The result of the optimization is that the loan amount in the first two years 

is the same as in the previous variant, but in the fourth it will increase to € 48,284. The loan from the first year is to be 

repaid over 4 years, from the second 3 years and from the fourth 7 years. While maintaining the level of interest rates, the 

value of NPV will increase to € 343,922. 
 

CONCLUSION AND DISCUSION 
 

The results obtained using the optimization model document the suitability of its use in investment decisions. The 

purpose function is represented by maximizing assets at the end of the considered period and is in line with the goal of 

the company's investment policy by creating and implementing investment projects that contribute to growth of the 

company's market value in the form of net present value. The set of restrictive conditions is represented by the balance of 

production and financial factors, the balance of cost and production indicators, production and credit restrictions, as well 

as the conditions of securing the company's liquidity in each time period through positive cumulative cash flow and 

sufficient financial resources to cover capital investment and working capital. The restrictive conditions respect the 

economic rules of management of the business entity. The comparison of NPV values documents the logical consequences 

of individual variants of optimization models and enables the decision-maker to make a decision in accordance with its 

economic possibilities. 
Optimization can be applied in an analogous way in other cases, such as. when identifying the methods of loan 

repayment (with the same loan repayment or with the same annuity), forms of depreciation (even or accelerated), etc. The 

created multi-period optimization model represents a suitable support tool for technical, economic, institutional, social 
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and environmental analysis of the investment plan, as well as for monitoring in the phase of practical implementation of 

the investment project and subsequent post audit. 
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