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Abstract: The agricultural sector’s progress towards climate neutrality is of great importance not 

only in the climate but also in the economic and social context. The agricultural sector is the 3rd 

largest emission-generating sector both in Latvia and Europe, and it directly and/or indirectly affects 

all other sectors. Climate-neutral agriculture is highly dependent on innovations that ensure 

maximum efficient farming, which not only reduces emissions but also ensures competitiveness in 

the market, but all of this is fundamentally influenced by well considered policies. Although the 

goals of the Green Deal are united, each country’s situation must be thoughtfully considered 

individually to evaluate the best action plan for integrating the EU’s common agricultural policy 

without reducing harvest. In addition, due to the complicated structure of the sector, it tends to be 

very difficult or even impossible to determine the real obstacles and mistakes that delay the progress 

of sustainable farming. Therefore, this research aims to create a system dynamics model using 

Latvia as a case study, which would not only provide an insight into the system’s structure but also 
identify the system’s weak links and allow for the development of recommendations. The results 

could help policymakers in any country to make rational, non-controversial decisions 

simultaneously in the context of economic and Green Deal objectives. The results of the study 

demonstrate that to increase economic competitiveness and reduce emissions in agriculture, the 

most important aspect is the ability to invest in innovations and new technologies that would 

achieve not only the lowest emissions, but also the highest productivity and competitiveness in the 

market. It was found that by investing in the level of manure management it is possible to reduce 

GHG emissions in dairy farming by 8%, while by improving feed quality, manure management and 

thermoregulation all together, resulted in 60% GHG emission reduction. In addition, in a 

comprehensive improvement of the new innovations, the case study company managed to increase 

milk yield by 69%. 

Keywords: agriculture; climate neutrality; system dynamics; innovations; sustainability; GHG 

emissions; policy 

 

1. Introduction 

The agriculture sector keeps an essential role both in global and in Latvia’s economy and is 
crucial to economic growth. However, rural areas are those that often have enormous, but rarely fully 

realized economic potential. Energy efficiency trends in the agricultural sector also point to necessary 

improvements in the whole EU [1]. To increase energy efficiency, it is necessary to introduce energy 

management, which is a reasonable and efficient use of energy to maximize profits by reducing costs. 

In addition, energy management is related not only to the economic aspect, but also the 

environmental aspect, in order to eliminate inefficient use of resources, which in turn causes global 

warming [2]. However, the main problem is the large proportion of hard-to-reduce GHG emission 

sources, which is the main characteristic of this sector [3]. Both in Europe and Latvia, the agricultural 

sector is one of the largest sectors producing GHG emissions with high potential for productivity and 
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efficiency improvements [4,5]. Although agriculture captures carbon dioxide in the process of plant 

growth, emissions are also generated in many processes, for instance, intestinal fermentation 

processes of farm animals, manure management, agricultural soil treatment, liming and urea use, 

fuel use for field cultivation, energy use in various processes, etc. [6]. 

Agriculture is in the most direct contact with natural resources - water, land, plants, animals, 

natural minerals, energy - and is directly and indirectly linked to all other sectors [7]. Not only its 

connection with other sectors, all kinds of resources, but also the diversity of its activity makes it a 

very complex, difficult sector to organize, but it is a very important investment both in terms of 

environmental and also in economic development [8,9]. Inclusive, sustainable, growth-promoting 

and equitable development of all sub-sectors of agriculture could not only have a large impact on an 

agricultural sector itself, but also other sectors in which it is necessary to reduce GHG emissions 

[10,11]. As many of the resources used in agriculture are depletable, it is crucial to find methods to 

ensure their efficient management and their sustainability and availability in the future [12]. It is 

crucial to implement energy efficiency and resource efficiency measures without simultaneously 

reducing productivity [13]. However, these energy efficiency measures in the agricultural sector often 

require large investments in new technologies, and saving on such factors as lighting intensity, heat 

energy consumption and the economy of various resources is not possible, as it could potentially 

threaten the existence of the companies due to reduced or possibly even non-existent harvests. 

Agriculture is a sector subject to technological processes whose application has a direct impact on the 

production of competitive products with higher added value [14].  

Undeniably the adopted policy has a great influence on the direction of agriculture. Although 

the goal and meaning of the green course are unified [15], the common agricultural policy is 

developed individually by the member states [16]. The new common agricultural policy envisages 

making EU agriculture fairer, greener, more results-oriented, as well as guaranteeing stable farmers’ 
incomes and protection against bad harvest years and market price fluctuations [17]. The direction of 

the transformation is influenced by different strategies.  

Climate Neutrality Strategy 2050 aims to achieve climate neutrality by 2050 through 

improvements in key GHG-emitting sectors [18]. Action measures to achieve the goal planned in the 

strategy are to achieve resource-efficient agriculture that produces products with high added value 

and high productivity and increase agricultural investment in bioenergy. “Farm to Fork” strategy 

aims to make food systems equitable, healthy and environmentally friendly [19]. It sets specific 

targets, such as halving the use of pesticides, reducing fertilizers by at least 20%, increasing the area 

of organic farming by 25% and reducing antimicrobials used on farm animals by 50%. Another one 

is the new Biodiversity Strategy for 2030, which is a comprehensive, systemic and ambitious long-

term plan to protect nature, stop ecosystem degradation and restore degraded ecosystems [20]. In the 

light of the Green Deal and its ‘Farm to Fork’ and ‘Biodiversity’ strategies, the EU aims to find new 
ways to decrease GHG emissions through a new approach for Europe - the EU Carbon Farming 

initiative-, stating that farming practices that remove CO2 from the atmosphere should be rewarded 

in line with the development of new EU business models [21]. Also the National Energy and Climate 

Plan (NECP) for 2030, within the framework of which there is a desire to achieve sustainable land 

management, farming of agricultural crops and farm animals, respecting the climate, nature 

protection, economic and social aspects, to make a significant contribution to bioenergy in the field, 

without endangering food security and CO2 sequestration and following the cascade principle; to 

achieve high productivity through efficient use of bio-resources (including land resources) [22]. 

NECP’s planned measures related to animal husbandry are: improvement of the manure 
management system for more efficient use of fertilizers, which is essential both from the plant yield 

and the environmental aspect; To implement manure fermentation biogas reactors, which have the 

potential to reduce GHG emissions to a minimum in large farms, ensuring efficient manure 

management and production of renewable energy and valuable fertilizer for crops; To improve 

animal feeding – various methods are known and used in the world for determining the digestibility 

of fodder, as well as for determining and analyzing the amount of gases released by animals -, 

balanced and appropriate feed affects the rate of N release from manure, which has a positive effect 
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on the reduction of N2O emissions, meanwhile improving feed quality increases feed digestibility 

and reduces CH4 emissions. By achieving the desired, the population of rural areas and the well-

being of residents would be improved, without reducing the fertility of the land, the yield of crops 

would be increased, the demand for energy from external resources would decrease. It would not 

only reduce the impact on the environment, but also promote the competitiveness of local companies 

in the market by reducing expenses, producing products with higher added value, making full use 

of all available resources. However, wrongly adopted policies that focus only on specific agricultural 

sub-sectors or groups of companies, in general may not only not promote these goals, but may even 

delay them. It should be taken into account that agriculture is a very complex system in which simple 

saving measures and knowledge are not enough, because various innovations and technologies are 

needed in order to achieve these savings and productivity [23].  

Although the planned measures are theoretically very promising, there is a huge resistance of 

farmers, where the prevailing opinion is about the inequality and destruction of business in the 

agricultural sector, the inability to compete. Due to the complicated structure of the sector, it tends to 

be very difficult or even impossible to determine the real obstacles and mistakes that delay the 

progress of sustainable farming. Therefore, this research aims to create a system dynamics model 

using Latvian dairy farming as a case study, which was chosen due to the existing dairy crisis in 

Latvia, which is also evidenced by the low profitability indicators of animal husbandry [1]. It would 

not only provide an insight into the system’s structure but also identify the system’s weak links and 

allow for the development of recommendations. 

1.1. Specifics of Dairy Farming 

In animal husbandry thermoregulation, i.e. heating, conditioning, lighting and ventilation, is 

particularly important for animals kept indoors [24]. The quality of air, food and water has the 

greatest impact directly on the health of animals, and therefore also on productivity, which is the 

most important indicator in animal husbandry [25].  

Today, ranchers are increasingly using robots and algorithms in production to optimize their 

farm management decisions [26]. The development of technology creates a new automation system 

that provides smarter and more flexible work opportunities in animal husbandry [29]. These 

technologies provide livestock farmers with data-based insight into economic activity, which allows 

them to provide the necessary animal care, increase productivity and provides an opportunity to 

manage the farm more easily.  

One of the biggest consumers of electricity, next to lighting, is ventilation, which often accounts 

for at least a fifth of the barn’s maintenance costs [27], so that harmful gases such as ammonia and 

carbon dioxide do not exceed their critical permissible concentrations [28]. One of the solutions to 

increase efficiency, is modern building construction or innovations such as green roofs and walls to 

reduce indoor temperatures [29,30]. The main goal is to successfully combine mechanical ventilation 

and thermal insulation with natural, and such engineering solutions help to reduce energy by up to 

50% [27], simultaneously increasing milk productivity by at least 10 – 15% [31]. The most important 

aspect is to pay attention to thermoregulation, because it will result in higher animal productivity, 

because if dairy cows suffer from overheating during summer for about 6 – 15 hours a day, it can 

result in a loss of 3.5 liters of milk per day due to heat stress. Often, if all resource saving and energy 

efficiency measures have been taken, it is important to start thinking directly about the possibilities 

of installing renewable energy sources on the farm.  

Development has also taken place in feeding animals. Computer programs have been developed 

that cover each stage of feeding – feed preparation, mixing and dosing and feed distribution. They 

make it easier to plan the rations needed by the animal and give the ability to supplement the feed 

with fatty substances. Efficient use of feed can reduce methane gas emissions as well as give the 

ability to get the biggest yield. Also, a sensor has been created that reads the movement of the 

animal’s jaw to determine whether it digests the food completely.  

One of the biggest threats in animal farming is disease, as it can spread very quickly between 

animals. Sickness of an animal has an economic impact on the farm, so it is important to detect the 
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disease in its first days, because it reduces the cost of treatment, reduces the mortality rate, and 

improves production efficiency. It is possible to determine the state of health of animals by its 

behavior and body condition, food intake, therefore companies have created programs based on the 

acquisition and analysis of data parameters. To obtain data from the animal, sensors are installed on 

it, the task of which is to collect data about the animal’s condition and pass it on to analysis points 
[34].  

1.2. Case Study of a Dairy Farm in Latvia 

In Latvia a significant part of the population lives in rural areas, which account for 

approximately 84% of the total area of Latvia [32]. Although field crops are responsible for more than 

half of agricultural emissions in Latvia, other agricultural sectors, such as vegetable growing and 

animal husbandry, which have the lowest profitability, should not be forgotten, especially because 

animal husbandry is responsible for the remaining agricultural emissions, which amount to about 

45% [1]. 

Although the farming practices of Latvian farmers can be assessed as positive not only because 

of the high quality products, but also because of productivity, the energy efficiency trends of the 

agricultural sector point to necessary improvements [33], because energy efficiency does not reach 

the EU average over the last 8 years [34]. Also Latvia’s indicators show much larger fluctuation both 

in the turnover of the produced products and in the energy efficiency of the agricultural sector [34].  

Such sub-sectors as cereal and berry farming has been expanding in Latvia, while other sub-

sectors are experiencing rather slow development or stagnating [35]. The total number of dairy farms 

in 2021 has decreased by 10% compared to 2020 and the total number of dairy cows has decreased by 

3%, bringing the number of registered dairy cows to 131 207 [35,36], and the density of farm animals 

in Latvia is one of the lowest in Europe [37]. The production of milk has almost reached the EU 

average milk yield, which is an important indicator of livestock welfare [38]. Also the value of 

primary production per hectare of agricultural land in Latvia is one of the lowest in the EU, despite 

good climatic conditions and available water resources [39].  

The system dynamics model is created based on the operating principles and data of one of the 

largest and most modern agricultural enterprises. Its main product is milk. There are about 470 dairy 

cows, and the average milk yield is 10,184 kg per cow per year, while the total milk production is 

4,736 tons per year. In total, there are 3 barns in the dairy complex, where all the necessary animal 

welfare regulations and environmental requirements are observed. To execute the construction of 

cowsheds, the owner has implemented several projects of the European Agricultural Fund for Rural 

Development, which has enabled the introduction of innovations in the farm, which thus increases 

the efficiency of farming, as well as provides the most suitable conditions for all ages of the livestock. 

Several projects were implemented, but the most important of them were: 

• construction of the new barn, in 2012, which cost EUR 2,641,915 with the payback time of 10 

years, 

• construction of liquid manure storage in 2015, which cost 135,435 EUR with payback time of 8 

years, 

• construction of a new livestock shed in 2020, which cost EUR 1,864,564 with payback time of 9 

years, 

• Purchase of a Siloking feed mixer/distributor in 2020, which cost 190,000 EUR with payback time 

of 5 years. 

Based on the operating principles of the farm, it can be safely stated that this company can serve 

as a positive benchmark for the Green Deal goals of the future.  

2. Methodology 

To obtain all the necessary information, a literature analysis was carried out, in which scientific 

articles, statistics and policy documents, strategies were analyzed. Then one of the biggest and 

modern dairy farms in Latvia was surveyed, which has already implemented several innovations for 
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precise management and livestock welfare, modern technologies, energy efficiency measures, while 

achieving a yield that significantly exceeds the average annual milking yield of a cow in Latvia and 

Europe. Data were obtained from this farm and processed; calculations were made. Then a system 

dynamics model using Latvia as a case study was made, which would not only provide an insight 

into the system’s structure but also identify the system’s weak links and allow for the development 

of recommendations (see Figure 1).  

 

Figure 1. Flow chart of the research development. 

Stella Architect modeling tool was used to create a simulation model to present in a simplified 

mathematical way an agricultural sub sector – dairy farming. It was chosen because it not only shows 

the structure visually, but also includes numbers, equations, and mutual interactions of various 

influences. It includes both economic and environmental, therefore technological aspects too. To 

create a transparent insight into the structure of the dairy farm linked to the research objectives and 

focus, a simplified scheme was created (see Figure 2) 

 

Research conduction

Calculations
Development of a system dynamics 

model
Conclusions and recommendations

Modern dairy farm surveying

Interview conduction Data acquisition
Development of a simplified business 

scheme

Literature analysis

Scientific articles Policy documents and strategies Statistics
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Figure 2. Simplified operation scheme of the dairy farm. 

Model data input comes from two sources – literature analysis and data obtained from the 

specific company’s survey. Data such as the number of cows, electricity and heat consumption, 
investments in various technologies and modernization, milk yield were used for the case study.  

The purpose of the model is to create the operation model of the dairy farm, which reflects the 

importance of investment implementation both in the economic and environmental context, where it 

is possible to observe the amount of emission reduction. It is possible to predict the importance of the 

implementation of investments and changes in emissions, considering several interrelated 

influencing factors in the dairy farm model.  

3. Results 

To identify the main drivers and weak links, it was necessary to model the importance of 

investment implementation and the change in emissions. In general, the model was divided into four 

sectors: 

- Dairy cows; 

- Investment in dairy farming; 

- Economic factors; 

- Emissions. 

For the construction of the base model to be as close as possible to the real-life situation, it is 

necessary to look at several sectors in more detail, so that the model is not based on assumptions, but 

on real data. One of the sectors that needs to be further divided into sub-sectors is investments in the 

improvements of dairy farming, where it is also necessary to consider separately the investments in 

the improvements of feed quality, thermoregulation, and manure management. Another sector is the 

economic factors, where it is necessary to study in more detail both how the savings are generated, 

which is a key factor needed to make the investment, and the cost of capital, which determines the 

total one-time costs needed to cover, e.g., construction of a new barn.  

Each sector was modelled so it could be used for each emission scenario. Once the boundaries 

of the model study were defined, it was determined that the emissions generated would be viewed 

in two ways: 

- generated emissions, which will be measured in kt CO2eq. year, 

- generated emissions per product, which will be measured in kt CO2eq. to the annual production 

volume. 

It was further determined that the change in emissions in the model would be determined in 3 

scenarios: 

1. The dairy farmer does not invest in any of the dairy farm performance improvement measures; 

2. The dairy farmer invests only in improving manure management; 

3. The dairy farmer invests in all farm improvement measures. 

The scenarios were created since dairy farmers have more pressure from the state to invest in 

manure management than in feed quality and thermoregulation. From the first two scenarios, 

changes in emissions were observed, while in the third one, changes in emissions to produced 

production will be observed. It should be mentioned that although the model structure is created for 

the third scenario, it has the possibility to disable some parameter behaviour, thus creating some 

other scenario. 

So that the data obtained by the model could be compared with the real-life situation and 

conclusions could be drawn, it was chosen to simulate the model in the period from 2012 to 2022. All 

data used in the model are obtained from dairy data, adopted considering the opinion of sector 

experts and literature analysis. 
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3.1. Dairy Cows 

Dairy cows are the most important element in a dairy farm, as the obtained raw milk is the main 

product that brings profit to the company. Dairy cows mostly are at least two years old and have 

reached the 1st lactation. The cow sector in the model consists of two main stocks: dairy cows and 

sick cows (see Figure 3).  

Dairy cow stock has both outgoing and incoming flow. To increase the number of cows, the 

owner buys new dairy cows or grows heifers. If a cow’s milk production drops, it is sold. Sick cows 
are treated, but when the treatment is unsuccessful and requires a lot of resources that would affect 

not only the costs, but also the yield, they are mostly sent to the slaughterhouse or die naturally. 

Livestock health is particularly affected by the availability of high-quality feed and living conditions, 

thermoregulation.  

The incoming flow of the stock of dairy cows was determined considering the maximum number 

of beds for cows in the barn. But the outflow of the stock “sales” is determined by multiplying the 

sales ratio by the number of milking cows. 

A similar principle applies to the cure and mortality flows of the sick cow stock, but the inflow 

of sick cows is affected by the level of feed quality. The effect of feed quality on morbidity is derived 

from a non-linear relationship in which the feed quality rating is used as an argument. The effect on 

morbidity ranges from 0 to 1. 

Cows also produce manure because of their digestive system. Manure can be divided into liquid 

and litter (solid). Litter manure is cow excrement with/without litter and fodder remain, and liquid 

manure - with urine and/or water admixture. The total amount of manure produced was calculated 

as t/year. 

 

Figure 3. Structure of the cow model. 

The quantity of milk produced and sold [t] depends on the number of cows and the average 

yield of one cow. 
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In general, milk yield per cow is influenced by several parameters, including the effect of 

thermoregulation level and feed quality on milk yield. Both the effect of feed quality and the effect of 

thermoregulation on hunger are characterized by a non-linear relationship that varies in the range 

from approximately 0 to 1, in which the rating of feed quality or thermoregulation level is used as an 

argument. In the model, the average milk yield at the beginning of 2012 is used from the data of the 

reviewed dairy farm, to then be able to compare how investing in thermoregulation and feed quality 

improvement technologies increases milk yield.  

The necessary data were obtained from the dairy farm and available statistical data, scientific 

literature analysis. 

Table 1. System dynamics model parameters for the cow sector. 

Parameter Unit of Measure 

Mortality rate Dimensionless 

Increase in the number of cows ratio Dimensionless 

Cow sales ratio Dimensionless 

Cow cure ratio Dimensionless 

The amount of liquid manure produced per cow t/year 

The amount of litter manure produced per cow t/year 

Number of milking cows Number of cows 

Maximum number of cow places in the barn Number of cows 

Maximum milk yield per cow t/cow/year 

3.2. Emissions 

The emission sector in the model represents emissions from the company, as well as emissions 

per unit of production. It is necessary to calculate the emissions to be able to evaluate the progress 

towards climate neutrality. In dairy farming, the main GHG emissions come from intestinal 

fermentation and manure management. Although in the documentation the calculation of emissions 

from fuel consumption, electricity and heat production is below energy and transport sector, it is 

important to include it. In the model, emission sector has two main stocks and two main flows (see 

Figure 4).  

 

Figure 4. Structure of the emission model. 
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Methane emissions from intestinal fermentation processes, GHG emissions generated to 

produce the consumed electricity and heat energy, as well as GHG emissions generated due to fuel 

consumption were calculated. Manure emissions were also calculated; however, several parameters 

must be considered when calculating manure. Organic matter and water make up most of the 

composition of manure. Manure emits both methane and nitrogen oxide emissions. How much 

methane is released from manure depends on its oxygenation, water content, pH level and feed 

digestibility [40]. How much nitrous oxide will be produced depends on climate, pH and manure 

management. To be able to perform a unified accounting of emissions, it is necessary to switch to 

CO2eq. In general, both dairy farm data and predetermined constants were taken for the calculation 

(see Table 2).  

Table 2. Input data for the emission sector in the model. 

Parameter Unit of Measure 

Heat energy consumption MWh/year 

Fuel consumption l/year 

Diesel fuel combustion MWh/t 

Electricity consumption kWh/year 

Global warming potential of CH4  Dimensionless 

Global warming potential of CO2 Dimensionless 

Electricity and heat consumption are currently represented as constant values in the model. It is 

also necessary to calculate the emitted emissions per production quantity, which can be calculated 

by dividing the generated emissions by the produced production quantity. 

3.3. Economic Factors 

It is important to look into the economic sector as it is one of the determinants of investment and 

savings provides a safety net and a sense of security for a farmer that the company will have a better 

chance of getting out of financial difficulties after taking risks of new investments etc. [41]. In dairy 

farming the biggest expenses come from electricity consumption charges, dairy cow treatment costs 

and capital costs, while income comes from milk production and sales, where they are affected by 

the amount of milk sold, which depends on the yield obtained from the cow. Cow and milk prices 

determined by the cooperative, additional income also comes from the sale of culled cows, where the 

price per cow depends on the market. Income is exactly the factor that contributes to the accumulation 

of profit, because even if the expenses are very high, if there is a large income, the accumulated profit 

will also be within the norm. A feedback loop is also created from the amount of accumulated profit 

because the investment decision is made from the amount of accumulated profit and own available 

financing. If a decision is made to make investments, then the reduction in retained earnings is 

determined by the channeling of funding to investments and the self-financed part (see Figure 5).  
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Figure 5. Structure of the economic model. 

The capital cost sector consists of one main stock – capital cost, the increase of which is 

determined by making capital investments, which is affected by the discount rate, bank loan and the 

loan repayment period, while the reduction of the stock is affected by the repayment period, the 

capital investor and the capital costs themselves. A dairy company needs to take a loan from a bank 

to cover the costs needed to make improvements to the farm that are not compensated by the support 

offered by the state.  

For the sector to work in the model, it is necessary to enter data, therefore the input data used in 

the savings and capital expenditure sector are summarized in Table 3.  

Table 3. Manure management method, level and factor [42]. 

Parameter Unit of Measure 

Heat energy costs EUR/MWh 

Fuel costs EUR/l 

Cow cure costs EUR/year 

Cow costs EUR/cow 

Voluntary related support for milking cows EUR/cow 

Share of own financing Dimensionless 

Intensity of support measures Dimensionless 

3.4. Investment in Dairy Farming 

To manage dairy cow manure, it is possible to use different management methods. Each type of 

manure management in the model is evaluated in points, where they determine the level of 

management on the farm, as well as each type of management has its own determined emission factor 

(see Table 4). 

Table 4. Manure management method, level and factor [42]. 

Management Method Management Level, Points Emission Factor 

Deep bedding 

+mixing 
1 0,07 

Solid storage 2 0,02 

Liquid systems 3 0,0005 

Anaerobic lagoon 4 0,001 
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Biogas production 5 0,0006 

Biomethane 

production 
6 0 

The model considers the time required to implement improvements at the management level 

(see Figure 6). The improvement of the level is also influenced by the ratio between the funding 

diverted for improvement and the investment required to improve manure management by one 

point. The necessary investment for improvement per cow is determined by the necessary investment 

for raising the quality indicator by one point, the difference between the maximum and management 

level in the farm, as well as the available support measures. To determine whether it is worth 

investing in the improvement of manure management, the time implementation of improvement 

measures is determined by whether the improvement of manure management contributes to an 

increase in income. If the manure is used to produce biogas, it is possible for the dairy farmer to 

receive payment for the manure sold to the biogas plant, unless the farmer himself has invested in 

the biogas plant.  

 

Figure 6. Structure of the investment in manure management model. 

Feed quality is included, because it affects milk yield, health of cows and generated emissions, 

farm’s profit (see Figure 7). The most important indicator by which feed quality is determined is feed 

digestibility (%). In the model, feed quality is measured on a scale of 1 to 10, where 1 is the worst feed 

quality indicator and 10 is the best. But to achieve high feed quality, it is necessary to invest in 

technologies to achieve the set goal. The effect of feed quality on milk yield varies between 

approximately 0.1 and 1 and is derived from a non-linear relationship using the feed quality score as 

the argument. The model also examines how income could increase as feed quality increases to 

determine the payback period. The increase in feed quality is affected by the time it takes to introduce 

a new technology, as well as the ratio between the funding diverted to improve quality and the 

investment needed to improve quality by one point. The necessary investment for improvement per 

cow is determined by the necessary investment for raising the quality indicator by one point, the 
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difference between the maximum and the existing level of feed quality in the farm, as well as the 

available support measures.  

 

Figure 7. Structure of the investment in feeding quality model. 

It is crucial to make improvements in thermoregulation to improve well-being of livestock, 

which would also affect the milk yield significantly and reduce diseases. In the model, the level of 

thermoregulation is evaluated on a scale from 1 to 10, where 1 is the worst thermoregulation and 10 

is the best. The effect of thermoregulatory level on yield varies between 0.1 and 1 and is derived from 

a non-linear relationship using the thermoregulatory level score as an argument. The model also 

explores how earnings could increase if the level of thermoregulation is increased to determine the 

payback period (see Figure 8).  

 

Figure 8. Structure of the investment in thermoregulation model. 

The increase in the quality of thermoregulation is also affected by the time it takes to implement 

a new technology, as well as the ratio between the funding diverted to improve thermoregulation 

and the investment to improve by one point. The necessary investment for improvement per cow is 

determined by the necessary investment for improving thermoregulation by one point, the difference 

between the maximum and existing levels in the farm, as well as the available support measures. For 

the model to function, the data reflected in Table 5 were entered.  
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Table 5. Input data for the technology development. 

Parameter Unit of Measure 

Time to implement years 

Manure price EUR/t 

Max level Points 

Initial level Points 

Investments for technology improvement for one point Points 

3.5. Results from the Case Study and the System Dynamics Model 

By the calculations based on the data of the dairy company, it was found that it is possible to 

achieve several improvements by investing: 

1. By building a new barn, the company: 

- reduced electricity consumption by 7,000 kWh/year, which is a 46% reduction, 

- increased milk yield from one cow by 2,129 kg/cow/year, which is 25% improvement comparing 

to the year of making the investment; 

- increased milk yield from one cow by 3,987 kg/cow/year, which is 42% improvement, comparing 

to the 10-year average milk yield before the investments. 

By investing in feed feeding technologies, the company increased milk yield by 174 kg/cow/year, 

which is 2% improvement comparing to the year of making the investment. 

From the system dynamics model it was obtained that the generation of emissions in both the 

first and second scenario is characterized by a linear curve (see Figure 6.a). The number of generated 

emissions increases every year, as the number of cows increases, which thus increases the number of 

emissions generated from intestinal fermentation processes, but as a result of the introduction of 

innovations, it is possible to observe a reduction in emissions, as a higher level of manure 

management reduces emissions from manure. 

When comparing the emissions created in these scenarios, 2017 and 2022 were taken as reference 

points and it was obtained that with the help of the 2nd scenario, compared to the first scenario, 

emissions are reduced by 0.1% in 2017 and by 10% in 2022.  

Then the generated emissions per produced quantity, which is the most essential and objective 

indicator in agriculture, was examined. Figure 6. b. shows the emissions per produced amount of 

production, which is measured in kt CO2eq/kt of milk produced. In general, it can be observed that 

the 1st scenario also produces the highest emissions for the production, while the 2nd scenario 

produces less emissions than the 1st scenario only from 2015, but in the 3rd scenario, significant 

changes can be observed compared to the other two scenarios. already since 2013. 

 

Figure 9. a) The total amount of emissions produced in several scenarios; b) The total amount of 

emissions generated per the amount of output produced in several scenarios. 

When comparing the generated emissions between the scenarios, 2022 was taken as a reference 

point. It was found that by implementing the second scenario (when investments only in manure 

management technology development are made), comparing to the first scenario (when no 
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improvements are made), it is possible to achieve a reduction in emissions by 8% (2.32 ktCO2eq/kt of 

milk) in 2022. 

When comparing the generated emissions between the second scenario (where improvements 

only in manure management are made) and third scenario (where improvements in manure 

management, thermoregulation and feed improvement are made), it was found that by 

implementing the third scenario, it is possible to achieve a reduction in emissions by 57% (15.28 

CO2eq/kt of milk) in 2022. 

When comparing the generated emissions between the first scenario (where no improvements 

are made) and third scenario (where improvements in manure management, thermoregulation and 

feed improvement are made), it was found that by implementing the third scenario, it is possible to 

achieve a reduction in emissions by 60% (17.59 CO2eq/kt of milk) in 2022. 

The increase in the number of cows occurs up to and including 2016 but remains constant 

thereafter. Comparing the year 2013 with the year 2022, it can be determined that the number of cows 

has increased by 23%.  

The initial milk yield per cow was 6.377 t/cow, which remains unchanged in the first and second 

scenario, but in the third scenario it is possible to observe an increase in milk yield to the maximum 

average milk yield per cow, which is 15.870 t/cow per year. Comparing the first year of the third 

scenario with the last one, it is possible to observe an increase of 69% (5,261.45 t more), but comparing 

the third and first scenarios of 2022, it can be concluded that by investing in the improvement of the 

farm, it is possible to achieve a 60% higher amount of production, which is 4,550.99 t more (see Figure 

10). 

 

Figure 10. Milk production in first, second and third scenario. 

4. Conclusions 

After research, the strategic documents emphasize manure management and improvement of 

feed quality, but an important missing element is visible – a section on improving thermoregulation 

of animals. All these elements are an integral part that must work in one system, because their 

improvement significantly improves productivity, while reducing energy consumption, improving 

resource efficiency, and reducing not only direct but also indirect emissions not only in agriculture, 

but also in the energy and transport sectors.  

It should be noted that the larger the volume of production, the lower the number of emissions 

produced per unit of production. However, in agriculture it is possible to achieve this mainly through 

investments in new, modern technologies, because an ill-considered economy of energy or resources 

can result in yield losses, which would not be a sustainable solution, neither at the company, nor at 

the state level. Agriculture (in this case dairy farming) cannot focus only on energy efficiency and 

GHG emission reduction without consideration of other aspects. It is important to look at ways to 

increase productivity while introducing energy-efficient and resource-efficient methods, a thoughtful 
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management model because only that way it would be possible to achieve sustainability not only 

from an environmental point, but also from an economic point.  

However, such technologies require investments, which are directly affected by the company’s 
income and savings, which in turn are affected by the volume sold and the price of the product in the 

market, support mechanisms, existing technological level and efficiency. To ensure the sale of the 

product on the market at a sufficiently high price for the company to develop innovation, it is 

important to develop a national policy that guarantees sales of the local producer’s products. This is 
very important, because if there is more support and protection for agricultural enterprises in 

competing countries, not only the price competitiveness, but also the safety of selling the products 

on the market, automatically falls. Such an ill-considered policy development promotes the 

opportunities of competing countries’ companies to develop innovations, which are especially critical 
now, when adapting to climate change and trying to fulfill the Green Deal goals and destroys the 

local market’s ability to existing.  

The created system dynamics model allows not only to understand, but also to model possible 

scenarios, to calculate not only the impact of a given company or sector on the environment, by 

calculating the generated emissions per unit of production, but also to calculate the investments 

required to reduce 1 kt of CO2eq generated in the company. Such a model makes it possible to make 

sustainable decisions not only at the level of the company, but also at the level of state policy, to 

simultaneously promote not only environmental goals, but also economic growth and the 

development of the national economy.  
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