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Abstract

:

As an integral part of the EU’s Green Deal, the purpose of the bioeconomy is to ensure an effective transition to meet people’s needs based on renewable resources while maintaining economic growth. This study undertakes the modeling of bioresource value scenarios in the agricultural sector and proposes a methodology to evaluate the possibilities of reaching a higher added value of bioresource products. The main objective of the study is the adaptation of the market allocation–energy flow optimization model system (TIMES) for analysis of high-value-added product production capacities in the livestock sector to reach an increase in added value for 2030 with the introduction of new technologies. The developed model is tested in a case study of the animal husbandry sector in Latvia. The results show which pathways are economically feasible to achieve value-added targets set for 2030. Although not all of the available resources are used due to local market limitations, there is significant potential for the use of animal husbandry resource waste, and it is possible to achieve about 62% higher cumulative added value from 2023 to 2030 with the production of new products (protein powder, wool pellets, and gelatin) in comparison with the base scenario.
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1. Introduction


Rapid population and economic growth increases the consumption of a large array of natural resources while simultaneously placing pressure on climate, ecosystems, and biodiversity [1,2]. In terms of this pressure, the bioeconomy is an essential part of sustainable development in line with the ecological needs and limits of the planet—not only can a bioeconomy approach reduce organic waste and emissions, but it can also increase food safety, reduce concerns of biomass scarcity, etc. [3]. The development of the bioeconomy also contributes to the implementation of the targets set in the European Green Deal, which foresees the use of renewable resources from agriculture and the utilization of residue and waste to produce food, feed, materials, and energy [4]. The bioeconomy strategy currently consists of two relevant stages: a medium-term scenario target until 2030 and a long-term target until 2050 [5]. It is predicted that a sustainable bioeconomy will thrive via developing a circular economy by not only introducing sustainable production but also using biowaste as a raw material for new products with the highest possible added value in production, implementing a systemic approach that reduces food waste and provides safe and nutritious food, changing the consumer’s mindset towards more sustainable consumption patterns, creating new innovative uses of biological resources, and implementing a bioeconomy with a sound industrial base that reduces dependence on fossil resources [6].



Agriculture is one of the sectors that yields a great volume of biomass and biological waste for higher-added-value production, which could limit climate change, strengthen European competitiveness, reduce both energy and non-renewable resource dependence, and ensure food safety [7,8]. However, more determined legislation incentives, operational rules, involvement of stakeholders, and research and innovations at the EU (European Union) and national level are required [9]. The agricultural sector in Latvia is the third most significant sector contributing to GHG emissions, right after the energy and transport sectors, and in 2018, it contributed to 22.3% of the total national emissions [10]. Agriculture is in the most direct contact with natural resources, and this sector is directly and/or indirectly related to all sectors [11]. Since many resources used in agriculture are exhaustible, it is essential to find methods that ensure their efficient management, sustainability, and availability in the future [12]. Agriculture is an industry subject to technological processes, the application of which directly affects the production of a competitive product [13,14]. In addition, the sustainable development of agriculture can also impact other sectors where it is necessary to reduce GHG emissions [15,16].



For further development of the bioeconomy, it is relevant to expand biorefineries, as this is the multifunctional system that turns biomass into beneficial products [17]. Biorefineries depend on the amount of feedstock produced that can be used to produce higher-added-value by-products [18]. The research on scenarios for the development of biorefining and valorization of bioresources is helpful in bioeconomy policy planning. It is essential to evaluate the divergent aspects linked to the implementation of biorefineries prior to setting national bioeconomy goals for specific added value thresholds. Thus, the main aim of the research is to evaluate the contribution of animal husbandry bioresources to the development of bioeconomy on the national scale. Although agriculture plays a huge role in any economy, especially because it produces essential goods and demand is constantly growing, the growth of the agricultural sector lags slightly behind the growth of other sectors, as its potential is underutilized—currently, it is very important to increase not only productivity but also the added value of agricultural products. Moreover, this is very characteristic of agriculture not only in Latvia but throughout Europe [19]. Currently, it is also important to pay attention to the livestock sector of agriculture in Latvia because of its lower profitability compared to plant cultivation. Thus, the aim of this study is to discover the least costly solution to achieve 30% added value in the animal husbandry sector of Latvia in 2030 with the help of new products with higher added value, which are produced from current product residuals. The added value goal of 30% by 2030 (compared to the value in 2015) was selected as a very high and challenging target within the research project “Bioresource Value Model” funded by Latvia’s state budget Fundamental and Applied Research Project. Such a high target would reveal the pathways for a rapid increase in the value of the bioeconomy and bioresources. The novelty of the developed model for the purpose of the study lies within the fact that, to date, there is no empirical evaluation tool that allows researchers to study the impact of new technologies on the national bioeconomy. Moreover, there is no clear economically viable pathway set for the valorization of specific agriculture residual products.



Empirical tools for the multiplex analysis of systems and the analysis of different development scenarios are applicable to shaping policy strategies. A tool that would make it possible to consider various aspects in the assessment regarding the rivalry for biomass to simultaneously meet the requirement for products in various sectors, for instance, energy, food, and medicine [20], is a significant advantage in the planning of any national policy. There is a variety of choices among existing tools for the survey of the bioeconomy, such as the energy–environment–economy global macro-economic (E3ME) model [21,22] and computable general equilibrium (CGE) models [23], but the market allocation–energy flow optimization model system (TIMES), which is often used for national-scale energy system modeling [24,25,26,27,28], appears to be a suitable tool to incorporate additional factors that can provide greater insight about the modeled system and provide support in the decision-making process. For example, the results from studies on homeowners’ preferences of heating technologies [29], travel behavior, and travel time [30] were incorporated into TIMES energy system models. Due to this specific flexibility and broad-ranging scope that such a tool can capture, the TIMES modeling approach is used for this study.



The structure of the article is designed to systematically present research findings and their implications, including Section 2, Section 3 and Section 4. Section 2 showcases the empirical outcomes of the research, often presented through figures, tables, and textual descriptions. Here, the findings are objectively presented and interpreted. Section 3 outlines the experimental design, data collection procedures, and methodologies employed in the study to obtain the previously mentioned results. This provides readers with a comprehensive understanding of how the research was conducted and enables reproducibility. Following this, finally, Section 4 encapsulates the essence of the study, summarizing the key insights and implications drawn from the results. It also serves to contextualize the study’s contribution within the broader scientific landscape.




2. Results and Discussion


The baseline scenario’s outcome is represented by the flows taken from statistic databases and used as input data for the model with a correct mass balance. The bioresource flows for the base year 2015 are revealed in the Sankey diagram (see Figure 1). The amounts of material input criteria are fixed to show a historical perspective of the livestock sector. This shows that the biggest part of the obtained animal products in mass units consists of locally produced and imported milk, locally produced meat, and eggs. Wool and honey obtained in the examined mass units make up a small part of the total volume of animal products. The largest part of the milk and food produced from milk is exported, and a noticeably big part of the products produced is used for local consumption with some losses (mostly from milk production).



Even after introducing new technologies, the desired result of the complete use of by-products has not been achieved yet in any scenario because of local market limitations. However, it can be observed that trends calculated by the model show an increase in local and imported commodity volumes in 2023 and 2030 compared to the base year 2015 while having a decrease in total material losses. Although only part of the by-products was used in the production of the new products, their economic contribution over the 7-year period is noticeable. When introducing new technologies, the cumulative added value is calculated to exceed the set goal of a 30% added value increase in bioresources in 2030 by more than two times (62%) in years 2023–2030 in the case where these technologies are introduced starting in 2023 (see Figure 2).



Similarly, a Sankey diagram for 2030 with the results of the simulation, including data added on new products (gelatine, wool pellets, milk whey protein powder, and eggshell powder), is shown in Figure 3. The graph shows that flows for both domestic milk production and imported milk will increase, which are the largest flows, still followed by imports of imported dairy food and meat production. The by-products generated in the milk processing process are almost constant, which is the main source of by-products, but due to the new products, the total resource loss decreases by 33.9 kt. The final food flows show that the volume of exported milk has increased by 1.6 times compared to 2015, while food produced from milk has increased by almost 1.9 times. Other flows have also grown significantly, for example, exported meat by 2.7 times, exported wool and its products by 3.1 times, and exported eggs and their products by 1.7 times, but these flows are smaller against the overall background in mass units.



Among the new products, the model results show produced milk protein powder, gelatin, and wool pellets (see Figure 4) but no eggshell powder. The production of the new products is influenced by the efficiency and cost of the production processes and the added value per unit because the eggshell powder has a relatively low production efficiency due to the mass ratio and relatively high losses when the powder is produced from a whole egg.



The model reaches the limits (e.g., the capacity of resource application, economic viability, and demand limit) of available resources for milk protein powder and gelatin; thus, the same amount is produced every year. Protein powder and gelatin reach the available resource limits immediately in 2023, and, therefore, their production is constant. As for the wool pellets, all of the wool resources available are used to produce wool pellets. The forecasted demand for pellets, on the other hand, is 58.37 thousand tons. The pellets produced are only about 0.1% of this demand value. If forecasted demand values were removed, then all added value would be covered by milk protein powder.



Value added from new products as a share of total value added in different years ranges from 7.6% to 8.2%. On average, the added value is 7.9% per year. This percentage changes as the amount of other products produced changes from year to year, but the amount of new products produced remains the same each year (see Figure 5).



Figure 6 shows the added value for newly produced added-value products. In this case, milk protein powder takes up most of the value added, which is probably due to the fact that milk products constitute the largest share of food products and the added value per unit of milk protein powder is larger than that of other products.




3. Materials and Methods


3.1. Modeling Approach


The selected modeling approach through TIMES allows for linking energy sector consumption and conversion technologies with other sectors [31]. The TIMES model parameters consider resource limits and costs, operating and maintenance costs of product production technologies, and the demand for specific products and also allow the definition of new parameters in the model, such as the added value of the product. Simulations of the model allow us to capture both mid- and long-term results. Besides biomass flows, the model allows us to include by-product and waste flow definitions for processes in biorefineries, and, finally, the model is an optimization model that helps to find and select the best scenario for bioeconomy development considering the least expensive solutions for various technologies. The chosen modeling approach applies optimization to discover the most economically feasible solution to reach the determined goal—to achieve a 30% added value in 2030 with the production of new products with a higher added value by introducing new technologies and using residual products as raw materials. For scenario investigation in this research, backcasting is used—it starts with the definition of the preferable future and further works backward to spot the necessary measures to reach the targets.



The TIMES bioeconomy value model (TIMES-BVM) is designed to model bioresource flows and technologies for the development of the animal husbandry sector; however, it can be modeled to research other sub-sectors in agriculture, such as cereal farming, field plant production, greenhouse horticulture, and others. The aim of the model is to help understand how the agricultural sub-sector can contribute to meeting the higher value-added goal for bioresource growth for 2030. The model addresses the development of biorefineries from the perspective of natural limits (the capacity of resource application), economic viability (technology, maintenance, and operation), and socio-economic aspects (increased salaries, etc.).



The model created in the research is used to find the most economically viable scenario for increasing the value of bioresources. It is achieved through an optimization-type simulation, which uses historical data from 2015 to 2019 and a forecast of future industry development trends as well as opportunities to use new bioresource technologies for the production of higher-added-value products starting in 2023.




3.2. Data Analysis and Inventory


The model structure is created based on the general TIMES-BVM structure, including resources (in this case, primary livestock resources such as eggs, meat, milk, wool, and honey), technologies (pre-processing and preparation of raw products; production of food, feed, and other products; and also processing of by-products), product flow (import, export, and domestic production) and demand. Processes used in the structure are divided into primary production, import and export processes, transformation activities like those in biorefineries, and product demand (see Figure 7). These elements are defined based on data from statistical databases, such as the Central Statistics Bureau (CSB) of Latvia, Eurostat and Faostat databases, those from the literature, interviews of companies, and approximations.



The model includes four bioresource stages: primary and processed resources, final product, and demand. Various technological processes are integrated for primary resource supply in terms of local and imported resources, costs, efficiency, capacity, availability, and limitations of processing technologies for primary and secondary resources. Each conversion path in the simulation of the model is calculated through an optimization approach, and the results show the best solution to satisfy the demand at the lowest cost. The results include the technical and economic characteristics of the pathways based on the model inventory. The model output is produced as a quantitative result for biomass flows and new capacity additions for technologies used in the production of products to meet the demand, the overall costs, and the overall added value of the products supplied, shown in Table 1.



The structure of TIMES-BVM requires the definition of product demand for the selected target year of simulation, and it is carried out by applying a forecast based on regression analysis according to methods introduced in the literature [32]. Input data for the request of finished products are fixed on prediction based on regression analysis for the years up to 2030. Regression analysis is performed prior to running the model. The demand for the finished product is a dependent variable in regression analysis.



The data input for resource import, export, and domestic production values is based on the extrapolation of statistical trends from 2015 to 2019 with the help of regression analysis. These values have upper and lower boundaries entered into the model in the range of ±10%, except for meat, which has a range of ±25%. These ranges allow tradeoffs among other processes in order to fulfill the demand within the given set of limited capacities of technologies and resources. The selected boundaries allow production to match the demand and the avoidance of model instabilities due to poor statistical data availability and quality. This assumption allows the avoidance of shortages or surpluses that are neither consumed nor exported.



3.2.1. Honey


In the case of honey production in Latvia, the statistics of the honey industry are wildly inaccurate because some honey is legally sold without official accounting and without paying taxes. The approximate amount of honey produced in a certain year is determined by multiplying the average amount of honey produced in one farm by the total number of farms in operation in the given year.



According to CSB statistical data, the amount of honey produced in 2018 was 2000 tons, while according to calculations made in accordance with the method described above, it was 3809 tons, which is almost 2 times higher. For the purposes of the study, the latter amount of 3809 tons was used in the model. Since there is no record of honey consumption in Latvia’s statistical database, it was assumed to be 100%—everything produced is also consumed. It should be considered that honey is not just one final product, and it differs depending on the flower nectar from which it is obtained. Thus, there are differences in both price and demand depending on the type of honey. Regardless of this factor, the price of honey is very stable, and there are no fluctuations in price observed. To increase the value added in the honey production industry, products such as honey, beeswax gums, face creams and soaps, royal jelly (nutritional supplement), propolis, and pollen (natural antibiotics) can be produced but have not been studied in this research further because of insufficient data.




3.2.2. Milk


Dairy farming in Latvia is a traditional and highly developed industry. It is one of the most important sub-sectors of the agricultural sector in Latvia. According to the CS data, the number of dairy cow herds is decreasing annually. In contrast, the milk yield from one cow shows a positive trend. In 2002, the average milk yield from one cow in Latvia was 3.96 tons [33], but now, it is already remarkably close to the average European cow productivity, which was 7.5 tons in 2020 [34]. Despite considerable progress, the Central Union of Dairy Farmers of Latvia (LPCS) claims that it is no longer profitable to produce dairy products in Latvia [29].



According to the survey of local dairy farmers, it can be concluded that for several years in Latvia, there has been a tendency to import the milk needed for dairy processing at lower prices instead of using local milk. The analyzed statistical data and forecasts based on extrapolations used as the data inputs for the model (see Figure 8) show a steady trend in domestic milk production. At the same time, an upward trend in import and export, while a downward trend is visible in domestic milk food (processed dairy products) production, which provides products with higher added value, and an upward trend is observed in exported and imported milk food products.



Potential products could be protein powder, agricultural fertilizer, polymers, alcohol, lactic acid concentrate, animal feed, etc. In order for each farm to find the most efficient and best solution, it is necessary to understand not only the seriousness of the situation in the development of future scenarios but also clarify the expertise required, how to assess it, and information on available public support.




3.2.3. Eggs


In the egg market in Latvia, the number of eggs laid is constantly increasing, and more is produced than is needed for the local market, so a large part is exported. The extrapolated statistical data presented in Figure 9 are used as input for the model. In Figure 9b, the forecast shows that a significant drop in domestically produced egg produce (processed products) can be expected, while the import of egg products remains constant.



As egg whites, yolks, and eggshells contain many valuable substances, these could be used to produce health-promoting products. Chicken eggshells consist of 95% calcium carbonate, an excellent filler in composites, which is easy to use in production due to its low specific density [35]. Since calcium builds and ensures healthy bones, egg powder, which contains substances such as magnesium, fluoride, and other minerals, can also serve as an effective calcium supplement [36]. Therefore, it is essential to explore the possibilities of producing eggs for primary consumption, export, and products with higher added value, which could benefit the development of local egg production.




3.2.4. Meat


Poultry plays an important role in the meat industry, with chicken meat accounting for the largest share. The extrapolated statistical data shown in Figure 10 are used as input for the meat section in the model. The statistical data and forecasts made show that the total demand for meat food (processed meat) in Latvia will decrease in the future (see Figure 10b). There is a significant decline in local meat (raw) production from 2019 to 2023. Although the upward trend in meat production resumes in 2024, it is slow and stagnant compared to the huge jump in imported meat volumes that can be observed already from 2020. The production of meat products (see Figure 10b) for the local market will remain almost unchanged in 2030, while the export, import, and production of meat products for processing into products with a higher added value will consequently decrease.



Potential products with higher added value considered in the model are biogas (for example, turkey tails, etc., where the fat content is particularly high), animal feed (bones, dog treats, etc.), gelatin, lime, broth, bone paste and powder, various extracts, protein of animal origin, and collagen.




3.2.5. Wool


The input data for wool (raw) used for the model are shown in Figure 11. According to the statistical data analysis and trend extrapolation, exported wool is rising rapidly, while the amount of exported wool products with higher added value is falling rapidly. Although wool imports are growing rapidly, the demand for wool product imports is forecasted to decline. Domestic wool production, on the other hand, is slowly growing, while production volumes of domestic wool products remain constant.



According to the current situation, wool export will continue to decrease, and even in local wool processing, no improvements are expected. Wool production is related to the production of sheep meat and the number of sheep. According to the statistics, there is a decreasing trend in the number of sheep in Latvia since 2017. The trend of local wool production is directly dependent on other influencing factors, such as the development of the meat market.




3.2.6. New Technologies for Higher-Added-Value Products


The new technologies to produce higher-added-value products included in the model structure are:




	(1)

	
Dietary supplement production from processed eggshells;




	(2)

	
Gelatin production from meat-processing by-products;




	(3)

	
Protein powder production from milk-processing by-products;




	(4)

	
Production of wool pellets from wool-processing by-products;




	(5)

	
Production of honey-derived products from honey by-products.









The limit for the availability of new technologies in the model is set to 2023, signifying the current possible implementation of these technologies. The production amounts are limited by the available by-products and waste products from existing processes. Therefore, the production of new products with higher added value depends on the demand and thus also the local production of the conventional products. The demand was defined based on the historical average market data for these segments [37]:




	
Calcium carbonate;



	
Gelatin and its derivatives (excluding casein glues, bone glues, and isinglass);



	
Protein concentrates and flavored or colored sugar syrups;



	
Pellets and briquettes of pressed and agglomerated wood and of vegetable waste and scraps.








The added value of the item is recognized as factor costs and is established as the gross earnings of biorefineries (salaries included) for operating activities. It is estimated based on the official CSB available data on the market-added value and produced volume of goods [38].




3.2.7. Other Assumptions and Limitations


Other factors limiting the use of by-products within the model were assumptions about technologies—process efficiencies; resource and product prices and costs; and upper and lower limits on the import, export, and local production of raw resources and final products—as they influence the commodity balance and thus indirectly influence the need for resource processing, resulting in different amounts of by-products and, consequently, different amounts of new products.



While the energy efficiency of the European Union’s agriculture has remained relatively constant over the years, the energy efficiency indicators of Latvia’s agricultural sector show a downward trend from 2010 to 2017. The total consumption of energy resources of the agricultural sector has increased year by year since 2010, while the turnover of manufactured products has not been able to generate a sufficiently competitive economic contribution to compensate for the increase in energy consumption. To increase energy efficiency, it is necessary to implement energy management, which is the intelligent and efficient use of energy to maximize profits while reducing costs [39]. Moreover, energy management is related to the economic and environmental aspects to eliminate the inefficient and reckless use of resources, which in turn causes global warming [40]. The data used in the model and the model itself do not consider any potential benefits that could result from the application of energy efficiency measures in the agricultural sector and that could derive from the implementation of energy policy goals. Also, the impact of breeding and genetics, as well as welfare and feeding, on the productivity of production is not considered in this study.





3.3. Validation of the Results


Mass balance validation is used as a crucial element in the TIMES model to guarantee the robustness of the findings. Potential discrepancies in the representation of commodity and resource flows can be found and corrected using mass balancing. Mass balance calculation for the obtained results ensures uniformity and precision of the results obtained. The mass balance calculation is adopted from the EN 16785-2 standard “Bio-based products—Bio-based content—Part 2: Determination of the biobased content using the material balance method” [40] as shown in Equation (1):


   ∑    M   i n ,   i     =  ∑    M   l o ,   j   +   M   t ,     o u t      



(1)




where:




	
Min,i is the mass, expressed in kilograms of the input commodity i entering the production process under consideration;



	
Mlo,j is the mass, expressed in kilograms of the loss i in the production process under consideration;



	
Mt,out is the total mass of the product, expressed in kilograms, leaving the production process under consideration.








When discrepancies in mass balance are found, additional research is conducted to determine the precise causes and probable sources of errors in the model assumptions. These could be typographical errors in data entry, insufficiency of data sources, or unrealistic modeling assumptions. Once the differences are identified, the necessary corrections can be made to guarantee a more accurate depiction of the model simulation outputs.





4. Conclusions


The study presents a novel model that helps to investigate the application of new technologies in the agriculture sector and evaluate their contribution to the agriculture sector in terms of the production of new competitive products and the development of biorefineries that have a significant impact on both agriculture and other sectors overall resource efficiency. The model shows that the production of local resources with a higher added value would bring a more outstanding contribution to the local economy. In terms of mass, however, the desired result of the maximum use of by-products was not achieved in any scenario. When introducing the new technologies starting in 2023, the local bioeconomy benefits strongly by producing higher-added-value products.



In this study, the evaluation of aspects related to biorefinery implementation is performed with the developed model in relation to the national bioeconomy goal set for a 30% increase in the added value of bioresources by 2030. The new technologies introduced in the model that create higher added value from bioresources obtained in animal husbandry are the production of protein powder, gelatin, and wool pellets. The new technologies in the model are available starting in 2023 and are used in the production of added-value products. The cumulative added value produced from 2023 to 2030 is about 62% above the added value produced by currently used technologies. However, the maximum use of bioresources has not been achieved due to assumptions limiting the production of new products in line with the market size for these products. The production of milk protein powder and gelatin reached the set market size limit. The production of wool pellets reached the maximum of what was possible given the amount of wool processing by-products. The remaining eggshell powder amount could potentially be decreased with higher eggshell powder production efficiency or higher added value for eggshell powder.



The model makes it possible to evaluate aspects related to an increase in added value empirically with a time reference in order to find an optimal scenario for the development of the agricultural sector. This can be useful for making agricultural stakeholders aware of the development of biorefineries and their positive impact on the local economy. The obtained optimal scenario can be used in national policy planning, as it clarifies which technologies are worth investing in and what agriculture residuals have the most potential to be used to produce higher-added-value products. Further research with statistical data from other sources and the introduction of more new technologies can be applied in the TIMES bioeconomy value model (TIMES-BVM) for defining more possible scenarios for the development of biorefining and development of suggestions for bioeconomy policy planning.
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Figure 1. Sankey diagram for the base year results (2015) in thousand tons (kt). 
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Figure 2. Sankey diagram for the results of year 2023 in thousand tons (kt). 
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Figure 3. Sankey diagram for the results in target year (2030) in thousand tons (kt). 
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Figure 4. Amount of new products produced, kt. 
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Figure 5. Total existing and new product added value, EUR million. 
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Figure 6. Added Value Structure for newly produced added-value products. 
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Figure 7. BVM TIMES Livestock model structure. 
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Figure 8. (a) Milk import, export, and local production; (b) Milk food import, export, and local production. 
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Figure 9. (a) Egg import, export, and local production; (b) Egg Food import, export, and local production. 
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Figure 10. (a) Meat Import, Export, and Local Production; (b) Meat Food import, export, and local production. 
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Figure 11. (a) Wool import, export, and local production; (b) Wool Product import, export, and local production. 
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Table 1. TIMES-BVM model input data.
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Constituent

	
Variable

	
Measure of Unit






	
Primary resource supply

	
Type

	
Domestic harvest/import




	
Stock Cumulative Value

	
Thousand tons, kt




	
Cost

	
EUR/kt




	
Yearly production

	
Thousand tons, kTt




	
Limitations

	
Upper/lower




	
Flow

	
Input/output items




	
Conversion

(existing and new technologies)

	
Flow

	
Input/output items




	
Efficiency

	
%




	
Existing Installed Capacity

	
Thousand tons yearly, kta




	
Utilization

	
%




	
Investments

	
EUR/kta




	
Lifespan

	
Years




	
Fixed costs (maintenance and operating)

	
EUR/kt




	
Added value

	
EUR/kt




	
Limitations

	
Upper/lower




	
Demand

	
Demand value

	
Tkt
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