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Abstract 
The impacts caused by the use of traditional fossil fuels on climate change have created a need to 

substitute these with sustainable forms of energy. In the transport industry, specifically, the use of 

biofuels has been employed in recent decades to reduce the reliance on fossil fuels. Blending 

mandates are a viable policy tool which can be used to reduce GHG emissions of the transport sector 

by mixing fossil fuels with a set percentage of biofuels. However, the use of food crops to generate 

biofuels can create competition over resources and requires a detailed assessment to safeguard food 

security. FAO have developed the BEFS analysis tool to assess the bioenergy potential of a country’s 

biomass whilst ensuring that food security is not compromised. Using Argentina as a case study, this 

thesis applies the BEFS RA tool to analyse Argentina’s existing biomass potential with an increase in 

blending mandate as the main consideration. The energy crops selected for analysis are sugarcane 

and maize for ethanol, and soybean for biodiesel. The agro-economic data for each crop were 

collected from a range of sources including governmental databases and agricultural reports. 

Assessment of potential biomass feedstock available, profit margin analysis of crop production, and 

financial assessment of the feasibility of construction of biofuel plants was carried out. The results 

provide an initial assessment of the viability of increasing the blending mandate. Although an increase 

in the blending mandate from energy crops is supported by this research, the economic instability of 

Argentina is an obstacle for the industry and governmental support for the policy must exist to ensure 

its viability.  
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Chapter 1: Introduction 

1.1 Background 

The improvement of energy systems is an on-going process in human development. In recent history, 

the aim of the energy sector is to develop renewable forms of energy which help to mitigate climate 

change (Moomaw et al., 2011). Examples of these include solar, wind and bioenergy, amongst others 

(Boyle, 2004). Biofuels have long been viewed as a sustainable substitute to traditional fossil fuels, 

especially in the transport sector (IEA, 2018). However, bioenergy is one of the most controversial 

forms of renewable energy and has divided opinion of researchers (Singh et al., 2016). This is due to 

first-generation biofuels being produced from food crops and therefore potentially affecting food 

security (Fischer, 2009). The competing nature of first-generation biofuels and food prices is not 

unique. Similar competitive relationships exist with both water and land use and therefore these 

should be mitigated to ensure that the developed supply chains are sustainable (Rulli et al., 2016). 

Adequate assessment of the potential networks and minimising the change in land use are two of the 

main mitigating factors which can be undertaken (Lago et al., 2019). Furthermore, ensuring the 

feedstock production can be maintained year on year is also key to ensuring long-term sustainability 

(Bauen et al., 2009).  

Argentina is an interesting case study due to the important role the bioenergy industry plays within 

the country, compounded by the economic volatility the country is experiencing (World Bank, 2020; 

Mathews et al., 2008). Recent inflation has caused manifold problems for the industry due to price 

freezes which have made production insolvent (Biodiesel Argentina, 2020). The current instability 

offers opportunities to strengthen the industry and to enact changes which will support further 

growth. However, any changes in the industry should be accompanied by a detailed assessment of the 

potential impacts on food prices, employment opportunities and the cost of fuel (Wesseler & Drabik, 

2016). Given that the majority of biofuel in Argentina is produced from food crops, ensuring that 

sustainable practices are followed is paramount to guaranteeing that these new developments offer 

improvements to sustainability and lead to a reduction in GHG emissions.  

1.2 Problem Statement  

The importance in safeguarding food security when developing first-generation bioenergy networks 

is paramount (Mohr & Raman, 2013). The use of food crops to produce energy can give rise to 

competing interests relating to food prices, land and, water use and therefore needs to be properly 

considered to ensure environmental and social benefits from these developments (Janssen, 2011). 
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Crop management practices and complete assessments of the potential networks should be 

performed to guarantee that these are net positive (Lago et al., 2019).  

The agriculture sector plays a key role in the Argentinian economy and the feedstock potential of the 

country has led Argentina to become a leader in biofuel production (Timilsina et al., 2013). A blending 

mandate was subsequently introduced as a policy tool to provide a national market for biofuels. This 

refers to the blending of biofuels with traditional fossil fuels at ratios mandated by the government. 

However, the current economic recession experienced in Argentina since 2018 has had detrimental 

impacts on the bioenergy industry. Costs have continued to increase, driven by over 50% inflation on 

the previous year, and the December 2019 price freeze on biofuels has led to production costs that 

are higher than the market price of biofuels (Joseph , 2020; World Bank, 2019). The reduced feedstock 

prices due to the coronavirus pandemic have alleviated the costs slightly, however, biofuel plants have 

been operating at a loss and the stability of the industry is at risk (Agrovoz, 2020; Biodiesel Argentina, 

2019/2020). Furthermore, the law supporting the biofuel mandate is set to expire in 2021 and offers 

opportunities to support the struggling industry and increase the market for biofuels. 

The economic uncertainty and political pressures experienced by Argentina created statistical 

uncertainty in the country as data were not effectively collected which can hinder the assessment and 

implementation of effective policy (Antón et al., 2019). However, to ensure that sustainable bioenergy 

networks are developed, a detailed assessment of the techno-, socio- and economic impacts of these 

new developments must be performed. This will help to guarantee sustainability and safeguard 

volatile food prices. Furthermore, this supports the objectives of the Argentinian government to 

strengthen the agricultural industry and improve the development of bioenergy (Gobierno de 

Argentina, 2016). 

1.3 Research Objectives 

The objective of this research is to assess the potential impacts that increasing the blending mandates 

for biofuels in Argentina can have on the economic, environmental, and social contexts, by using the 

BEFS tool to analyse the potential feedstock available and the end uses. 

1.4 Research Questions  

Main Research Question: 

- Can an increase in the blending mandate of Argentina be supported by the available biomass 

feedstock whilst safeguarding food security? 
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Research Sub-Questions: 

1. What are the main bioenergy and food security considerations in the country context?  

2. Does effective crop management provide the necessary feedstock for increased biofuel 

capacity?  

3. What is the current state regarding the production of biofuels in Argentina? Is increasing the 

production of biofuels for the transport sector a viable option? What impact has the current 

price freeze had on the profitability of biofuel production?  

1.5 Thesis Outline 

This thesis is comprised of three sections. The introduction and the literature review are presented in 

Chapters 1 and 2 and the research design in Chapter 3. The results obtained from the BEFS tool are 

presented in Chapters 4, 5 and 6 and correspond to the modules that make up the framework. Finally, 

the main discussion and the conclusion sections are presented in Chapters 7 and 8. The full results for 

the three modules are presented in the Appendices. 
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Chapter 2: Background Research 

This aim of this chapter is to identify and review the main concepts relating to bioenergy and food 

security to provide the background context for the tool selection.  

2.1 Bioenergy Overview 

Bioenergy refers to the renewable energy which can be extracted from biomass sources. Biomass 

sources include oil crops and starch crops, lignocellulosic materials (residues) and wet biomass such 

as organic waste and manure, amongst others (FAO, 2014). This energy is derived from the 

sequestration of carbon in organic matter through photosynthesis. Therefore, this energy type is 

considered renewable as crops can be regrown to offset the carbon emitted through combustion 

(Dahiya, 2014). Bioenergy exists in various forms depending on the feedstock material supplied and 

the conversion technique used. Conversion techniques include combusting solid biomass to produce 

heat and/or power, generating electricity from biomass to supply rural communities with electricity, 

combined heat and power (CHP) and industrial biogas processes to generate power for large-scale 

activities, or producing liquid biofuels for the transportation sector (FAO, 2014). 

2.2 Food Security Overview 

The concept of food security has had a variety of definitions throughout the last 50 years. The 

commonly accepted definition used today was agreed at the 1996 FAO Food Summit (Upton et al., 

2016). Food security exists when “all people at all times have physical, social, and economic access to 

sufficient, safe and nutritious food that meets their dietary needs and food preferences for an active 

and healthy life” (FAO, 2003: 313).  

Upton et al., (2016: 137) designed a set of axioms through which this definition can be visualised 

hierarchically using four parameters: availability, access, utilisation, and stability. The link between 

these four parameters and the FAO definition are detailed below:  

1. Scale Axiom – The scale required encompasses “all people”.  

2. Time Axiom – The time concept relates to stability as variation exists over time and should be 

understood “at all times”. 

3. Access Axiom – This axiom relates to both availability as well as accessibility and depends on 

“physical, social and economic access”. 

4. Outcomes Axiom – This axiom refers to the concept of utilisation and is related to ensuring 

the available food resources for an “active lifestyle”.  
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2.3 Bioenergy and Food Security 

The production of first-generation biomass and food crops are closely related due to both industries 

utilising the same resources. The competing nature of these two industries creates an important nexus 

between energy and food which must be adequately considered to ensure novel bioenergy networks 

do not affect the local food supply.  

2.3.1 Impacts of Bioenergy Development 

The development of new bioenergy sources offers exciting possibilities for both social development 

as well as environmental improvements (Wu et al., 2018). The replacement of fossil fuels and the 

increased energy security offered by these networks are counterbalanced by issues relating to water 

scarcity, soil degradation and impacts on food security (Benites-Lazaro et al., 2020). The role of 

bioenergy can be categorised into Northern and Southern requirements. Northern economies view 

bioenergy as a means of reducing carbon emission, to meet decarbonisation targets, and to improve 

energy security and mitigate higher global oil prices. Southern economies focus on the use of 

bioenergy to improve rural poverty and electrification (Clancy, 2013). Although there is some overlap 

in uses, the contrast in the application of bioenergy between developed and developing countries 

demonstrates the adaptability of bioenergy networks depending on the requirements and available 

resources (Clancy, 2013).  

Synergies of Bioenergy Production 

Examples of synergies developed through bioenergy supply chains include combining the production 

of bioenergy with waste management techniques to improve process sustainability and to help 

introduce concepts of circularity (de Boer & van Ittersum, 2018). Assessing agricultural crop residues 

can provide the basis for the creation of new bioenergy networks (Scarlat, 2010) which can have a 

positive role in reducing waste and carbon emissions (Rajmohan et al., 2019). Furthermore, these new 

networks can produce energy sources for off-grid communities and can help to modernise energy 

sources in rural areas. This can greatly impact the quality of life of the local population as it offers 

improvements to energy consumption, food production, living conditions and job prospects (Pollock 

et al., 2019). 

Drawbacks of Bioenergy Production 

The production of bioenergy can create important drawbacks within the water-land-food nexus. To 

ensure sustainable development of bioenergy networks, it is of paramount importance that a detailed 

analysis of potential conflicts regarding resource allocation is performed to ensure the creation of 

sustainable energy networks (Rulli et al, 2016). Developments in bioenergy can lead to loss of 
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biodiversity and can greatly impact the local environment by polluting the water supply and degrading 

the topsoil (Wu et al., 2018). Furthermore, the increased use of food as bioenergy feedstock may 

impact food prices which creates important social problems. Finally, public opinion surrounding 

bioenergy is far from positive due to the negative media portrayal which can hinder the creation of 

bioenergy sources (Kline et al., 2017).  

2.3.2 Sustainable Bioenergy Development 

The production of bioenergy is not intrinsically positive, nor negative. The effect that developing 

bioenergy networks have are dependent on their implementation (Roos et al., 1999). If correctly 

implemented, bioenergy sources can provide positive impacts to both social and economic 

development and environmental improvements. However, if implemented incorrectly, these can 

cause permanent damage to local & global ecosystems (Wu et al., 2018). Therefore, an approach 

which considers the sustainability of bioenergy should be adopted to ensure first-generation biofuels 

are a net positive to potential bioenergy developments.  

FAO (2014) has developed a systematic approach for the creation of sustainable bioenergy networks. 

This approach is visualised in figure 1 below and consists of various analysis tools: 

- Context Analysis, Objectives and Mobilisation: this section focusses on analysing the specific 

country and provides a comprehensive framework to assess bioenergy development. The 

BEFS RA tool helps to provide a base knowledge which can be expanded upon. 

- Guidelines, integrated national assessment and strategy development: this section provides 

further detailed analysis into risk prevention and environmental safeguarding. It can also help 

identify knowledge gaps which hinder the development of sustainable bioenergy. 

- Assessment, evaluation, and response: this section evaluates the sustainability of the 

bioenergy networks and helps to finalise the creation and implementation of sustainable 

networks. 
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Figure 1: FAO Support Package to Decision-Making for Sustainable Bioenergy (FAO, 2014).  

2.4 Bioenergy and Blending Mandates 

2.4.1 Overview 

Biofuels have been added to fuels to combat climate change since the early 2000s and were thought 

to initially provide energy security and a reduction in pollution. This was achieved through introducing 

blending mandates, tax breaks and investment support (FAO, 2016). Biofuel blending mandates are 

the major policy incentives which governments use to encourage the mix of biofuels into traditional 

fossil fuels for use in the transport sector (de Gorter and Just, 2009). Blending mandates are used to 

reduce the consumption of fossil fuels and therefore increase the sustainability of the transport sector 

(Bonaldo, 2020). Furthermore, the set blending mandates have provided a relatively constant demand 

in a constantly evolving industry (Rouhany and Montgomery, 2018). This has helped to drive 

investment into biofuel plants which in turn has made the production of biofuels more competitive 

when compared to their fossil fuel equivalent (Bonaldo, 2020). The concurrent use of both blending 

mandates and tax credits as bioenergy policies create limitations and reverses the potential impacts 

of the tax credit. This is because subsidising biofuels through tax credits ends up subsidising the 

consumption of fossil fuels, especially at lower blends. Blending mandates offer various advantages 

over tax credits and should be used as an independent policy to achieve the best results (de Gorter 

and Just, 2009). Interestingly, most of the biofuel production is used in the domestic market and the 

international trade market has remained relatively stagnant over the past decade (FAO, 2016; 

Rouhany and Montgomery, 2018).  The reliance on food crops to supply the biofuel demand required 

has led countries to scrutinise the use of first-generation biofuels and has driven the creation of 
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second- and third-generation options. This is especially true in Europe where the use of food crops to 

generate biofuels has been limited to encourage new generation methods and to reduce the reliance 

on imported biofuels (Drabik and Venus, 2019). However, first-generation biofuels are still used 

worldwide, and can have positive impacts if food security and food prices are safeguarded. 

2.5 Biofuel Impacts on GHG 

Although first-generation biofuels are considered a sustainable energy source, there is an ongoing 

debate to assess the impact on climate change. This is due to the competing nature of biofuels with 

food security, water use and changes in land use (Barnabè et al., 2012). The use of biofuels is still 

considered a sustainable alternative to fossil fuels, particularly in the transport sector, and the 

potential negative impacts on the environment should be mitigated to ensure that the maximum 

sustainability potential is met (Barnabè et al., 2012). The main consideration regarding the impact of 

biofuels on sustainability relates to changes in land use and the related GHG emissions. The production 

of energy crops to be used as feedstock is dependent on the land used and therefore increases in 

biofuels can pose serious risks to the environment (Rouhany and Montgomery, 2018). The use of 

existing farmland and idle cropland in the production of biomass should be selected and deforestation 

should be avoided due to the unsustainable nature of production. Furthermore, indirect changes in 

land use should also be avoided. When complete LCAs are performed on biofuels networks, the real 

impact of these can be properly assessed (Barnabè et al., 2012). Taking into consideration the current 

blending mandates of over 40 countries, Timilsina and Mevel (2013) found that the land used to 

produce biomass is critical to the sustainable impact of biofuels. Their study found that if the current 

bioenergy targets are met through first-generation biofuels, the use of forests is the critical factor in 

determining the sustainability of global biofuel use. If the targets are implemented by 2020, the use 

of forests would create a net increase in GHG until 2043. However, if only farm and croplands are used 

to produce the required biomass, the net increase in GHG would exist only until 2021, after which a 

decrease in GHG occurs (Timilsina and Mevel, 2013). Although the use of first-generation biofuels has 

come under scrutiny recently, the mitigation of GHG emissions in the transport sector is still a viable 

option to reduce emissions due to biofuels producing less pollutants than traditional fossil fuels 

(Rouhany and Montgomery, 2018). 
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Chapter 3 – Research Design & Methods 

This chapter presents the overarching research design used within this report to provide answers to 

the formulated questions. The main objective of this section is to provide a clear outline of the data 

required in the research and to provide an operational framework which provides clear structure. The 

systematic formulation of the analytical framework provides a detailed structure to guide the 

progression of this project whilst adhering to the needs of the objective (Verschuren & Doorewaard, 

2010). Furthermore, the analysis tool used to achieve the research objectives is presented in this 

section. 

3.1 Research Framework 

As described by Verschuren & Doorewaard (2010, p.65), “A research framework is a schematic 

representation of the research objective” which contains the required “steps that need to be taken in 

order to achieve [the research objective]”. This ensures that the required knowledge to perform a 

successful project is systematically presented and available to the researcher. Figure 5 provides the 

initial research framework used in this project. 

 

 

 

 

 

 

 

 

 

 

3.2 Research Strategy  

The research strategy of a project aims to provide an overall plan to follow in order to achieve the 

research objectives. The research strategy is combined with a research method which directs the 

collection and analysis of data (Johannesson & Perjons, 2014).  A series of conditions exists to select 

the appropriate research strategy. These are: how the research question is framed, the level of control 

Figure 2: Research Framework. 
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the investigator has over the events, and whether the focus is contemporary or historic (Yin, 2014). In 

relation to case studies, explanatory questions should be asked and the focus should be on 

contemporary events where the investigator has no control over the events (Yin, 2014).  As defined 

by Yin (2015: 194), a case study is “an empirical inquiry that closely examines a contemporary 

phenomenon within its real-world context”. 

This project is focussed on a contemporary phenomenon (blending mandate policy) considered within 

the real-world context of Argentina, with an emphasis on food security. The research method 

employed is the BEFS tool created by the FAO. This tool is a valid method to achieve the research 

objectives as it clearly directs the collection and analysis of data with the objective of ensuring that 

food security is guaranteed. Due to the nature of the research objective and the question formulated, 

and considering the research method selected for the analysis, the use of a case study has been 

selected as the most appropriate research strategy.  The selection of a single-case study as opposed 

to a multiple-case study is dictated by the research method and the scope of the research.  

3.2.1 Case study credibility 
The credibility of a case study can be strengthened by addressing validity and reliability. Validity refers 

to “identifying correct operational measure for the concepts being studied and defining the domain 

to which the study’s findings can be generalised” (Yin, 2014: 40). In this case, as the aim of the study 

is framed towards ensuring food security, the selection of the analysis tool helps to support the 

research validity.  Furthermore, the BEFS tool helps to build a chain of evidence by directing the data 

collection.  

Reliability is defined as “demonstrating that the operations of the study can be repeated with the 

same results” (Yin, 2014: 40). As the BEFS tool clearly and systematically guides the user in the data 

collection, it can be expected, that the same results will be achieved if followed correctly. 

Furthermore, the previous application of the analysis tool in past research also helps to support the 

reliability of the tool selection and therefore the research project. Finally, the use of trusted data 

sources and cross-referencing data wherever possible ensure that the data collected is both valid and 

reliable. 

Due to the specific context of this case study, the findings have limited scope to be generalized. As 

discussed, Argentina's complex and unique economic and geo-social situation renders it an outlier and 

therefore worthy of study. Valid outlying case studies may stress economic models, and so provide a 

beneficial feedback loop to improve their resilience. Hence, the findings from this study may, in part, 

be generalised by the improvement of the models used. 
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3.3 Methods 

3.3.1 BEFS Overview 

The importance of adequately assessing the relationship between bioenergy networks and the impact 

on food security can be explained by the competing nature of these two factors. The FAO’s mandate 

includes eliminating world hunger and achieving food security in developing countries (FAO, 2020). As 

discussed in section 2.1, bioenergy networks can have a positive impact on rural poverty and 

electrification, and therefore should be considered in supporting the transition to ending poverty in 

developing countries. To support the use of bioenergy networks and ensure that they are sustainable 

and coordinated with food security, FAO has developed the BEFS Approach. This approach aims to 

provide reliable bioenergy network assessments which consider social, environmental, and economic 

parameters and is especially focussed on improving rural conditions and utilising agricultural residues 

(FAO, 2014).   

3.3.2 BEFS Analytical Framework 

The overall BEFS approach consists of providing a framework which can be used by countries to 

analyse the development of sustainable bioenergy and can assist with rural development and policy 

formulation. Food security in developing countries is paramount to the development of new bioenergy 

networks as they may compete for the same resources. BEFS offers the user a flexible framework 

which can be adapted to suit the requirements or resources of the target crop or industry to be 

analysed. Depending on how developed bioenergy networks are or on the desired end use of the 

products, the framework can be tailored to individual users and provide very specific results. The 

analytical framework developed for this assessment tool is presented in figure 2 below. 

 

Figure 3: BEFS Analytical Framework (FAO, 2014)  
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The framework provided considers the unique characteristics of the country analysed and assesses 

the potential biomass available from the various biomass options. These are considered alongside the 

main food crops to ensure food security is integrated within the framework. Furthermore, 

environmental, economic, and social sustainability are also integrated within the framework and help 

ensure that a complete analysis is conducted. The analytical framework for this approach can be 

applied using a more simplified tool (BEFS Rapid Appraisal) or a more in-depth tool (BEFS Detailed 

Analysis). The BEFS Rapid Appraisal tool used in this research project will be detailed below (FAO, 

2014). 

3.3.3 Rapid Appraisal Analysis Tool 

The Rapid Appraisal (RA) tool is the simplified version included in the BEFS AF which is used to provide 

an initial understanding of the potential bioenergy networks available within a country, region, or 

industry. Although the RA tool provides a preliminary assessment, it still supplies a complete analysis 

of bioenergy networks from production to use. The analysis can be performed quickly and with 

minimum data, is applicable to any country or region and provides an overview of the potential 

markets available. The tool is comprised of three modules, namely Country Status, Natural Resources, 

Energy End-Use, which combine to distinguish the selected bioenergy route and provide the results 

for it.  Figure 3 below presents the BEFS AF for the RA method and the three modules relevant to this 

framework are described below. 

 

Figure 4: Analytical Framework for BEFS RA Tool (FAO, 2014). 
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 Country Status Module 

This module provides the key information concerning the food, agricultural and energy sectors and is 

the basis of the subsequent modules. The key information required includes the country context, key 

food commodities, the trade position regarding the key food crops and the overall energy 

consumption by sectors, in households as well as fuel consumption in the transport sector. 

The required data ensures that food security is the major consideration to the results of the analysis. 

The energy data in this module ensures that the use of bioenergy within the country is understood 

and helps to identify areas which hold potential for bioenergy use. 

Natural Resources Module 

The second module allows the available feedstock to be quantified. This module is comprised of three 

components which analyse the three biomass feedstocks available. These are: Crops, Agricultural 

Residues and Wood Residues. This module allows the user to analyse all three components or to select 

the most appropriate depending on country needs. 

The Crops component consists of the following tools: 

• The Crop Production tool which analyses the potential production of biofuels from the various 

biomass feedstocks selected in the country status module. 

• The Crop Budget tool which provides preliminary techno-economic information including 

profitability and production costs and revenues. 

The Agricultural Residues component consists of the following tools: 

• The Crop Residues tool which analyses the potential feedstock available from crop waste to 

produce solid biomass. 

• The Livestock Residues tool which analyses the potential feedstock available from animal 

manure to produce biogas. 

The Woodfuel and Wood Residues component consists of the following tools: 

• The Forest Harvesting tool analyses the bioenergy potential of forest harvesting and forest 

residues.  

• The Wood Processing Residues tool analyses the potential wood processing residues 

available.  

• The Forest Plantations tool analyses the potential biomass resources available from bioenergy 

plantations and provides a cost-benefit analysis of these. 
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Energy End-Use Module 

The final module assesses the potential bioenergy uses. The various applications are considered within 

the five submodules and are dependent on the previous tools. These submodules are: Intermediate 

or Final Products, Heating and Cooking, Rural Electrification, Heat and Power and Transport. As with 

the natural resources module, the submodules, can be analysed as a whole or the most relevant 

pathway can be selected and analysed individually.  

The Intermediate or Final Products submodule analyses the potential production of solid biomass, 

namely, Briquettes/Pellets and Charcoal which can be used for heating or cooking. 

The Heating and Cooking submodule analyses the potential biogas available at a community level. The 

component analyses the instalment and production of biogas using various technologies and provides 

techno-economic and socio-economic analysis of this installation. 

The Rural Electrification submodule analyses the potential supply of electricity to off-grid rural areas. 

This consists of three separate components which are Gasification, SVO and Combustion.  

The Heat and Power submodule analyses the potential production of heat and electricity from local 

biomass resources. The two components relevant to the submodule are CHP (cogeneration) and 

Biogas Industrial. 

The Transport submodule analyses the potential for liquid biofuel production from the feedstock 

availability estimated in the Natural Resources module at a small, medium, or large-scale of 

production.  

The Pre-Treatment submodule analyses the cost of preparing the biomass feedstock for the final 

production stage and provides added detail to the overall bioenergy network. It can be performed 

before the Energy End-Use submodule is selected. Both the Biogas Community and Transport 

components contain a pre-treatment analysis in their specific tool. 
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Interlinkage between Modules 

The relationships and links between the three modules are displayed in figure 4 below. As stated 

previously, the Country Status module helps to build the required data for the subsequent modules. 

Furthermore, the Natural Resources module collects important feedstock data which is utilised in the 

Energy End-Use module. These data are also linked to the food security analysis performed in the 

Country Status module and therefore ensure that the final energy module is dependent on the food 

security analysis performed initially. 

 

Table 1 below helps to summarise the various modules, submodules, components, and tools which 

form the overall framework of the BEFS RA tool. 

Figure 5: Interlinkage between the Rapid Appraisal modules (FAO, 2014). 
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 Table 1: BEFS RA module structure (FAO, 2014). 

 

3.4 Data Collection 

The data required to answer the research questions and the source of data and accessing methods 

are presented in the table 2 below. 

Module Submodule Component Tool 

Country Status   Country Status Country Status 

Natural 

Resources 
  

Crops 
Crop Production 

Crop Budget 

Agricultural Residues 
Crop Residues 

Livestock Residues 

Woodfuel and Wood 

Residues 

Forest Harvesting 

Wood Processing 

Residues 

Woodfuel Plantations 

Energy End-Use 

Pre-Treatment Pre-Treatment Pre-Treatment 

Intermediate or 

Final Products 

Briquettes Briquettes 

Pellets Pellets 

Charcoal Charcoal 

Heating & 

Cooking 
Biogas Community Biogas Community 

Rural 

Electrification 

Gasification Gasification 

SVO SVO 

Combustion Combustion 

Heat & Power 
CHP (Cogeneration) CHP (Cogeneration) 

Biogas Industrial Biogas Industrial 

Transport Transport Transport 
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Table 2: Data Collection for each research question. 

 

3.5 Data Analysis 

This research project utilises quantitative methods for the data analysis.  

3.5.2 Validation of Data Analysis 

A variety of techniques exist to perform data validation on a research project. This project utilises 

existing data to perform an analysis of the bioenergy potential in Argentina. The Four Design tests can 

be used to validate the data; the test which is most relevant to the project is construct validity. This 

consists of using multiple sources and establishing a chain of evidence at the data collection phase of 

the project (Kidder & Judd, 1986). The selection of reliable sources of data, such as the UN or 

governmental datasets, is key to ensuring that the data selected are adequate for the research project. 

3.5.3 Analytical Framework 

The analytical framework developed in this chapter is presented in figure 6 below. 

Research Question Data Required Sources 

 
What are the main bioenergy and food 
security considerations in the country 

context? (SRQ1) 
 

Country Overview: Agricultural 
& Energy 

FAO STATS, The World Bank, 
Argentine Census 

Agricultural Trade 
FAO STATS 

Energy Demand and Supply 
IEA, Governmental Datasets 

 
Does effective crop management 

provide the necessary feedstock for 
increased biofuel capacity? (SRQ2) 

Crop Production: Yields and 
Land Use 

 
FAO STATS, Governmental 

Datasets, USDA Data, OECD-
FAO dataset, GAEZ, Scientific 

Literature Crop Budget: Prices and Costs 

 
 What is the current state regarding the 

production of biofuels in Argentina? 
Is increasing the production of biofuels 
for the transport sector a viable option? 

What impact has the current price 
freeze had on the profitability of biofuel 

production? (SRQ3) 

Industrial Production Costs and 
Financial Information 

 
 
 
 

Governmental Datasets, 
BEFS RA Tool, Quiminet 

 
Can effective energy crop management 
simultaneously support an increase to 
blending mandates and safeguard food 

security in Argentina? (MRQ) 
 

 
 

Results obtained from the 
analysis tool 

 
 

 
 

BEFS RA Modules: Country 
Status, Natural Resources, 

Energy End-Use 
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Figure 6: Analytical Research Framework. 

This framework consists of four phases which are described below: 

(A) Relevant literature review to provide background to the research. 

(B) Collection of data required for BEFS analysis tool. 

(C) Assessing results from the tool. 

(D) Providing recommendations based on the result section. 

 

3.6 Research Limitations 
One of the key limitations on the study was the time available to perform the analysis. A more in-

depth analysis could have been undertaken with more time to assess other aspects of the bioenergy 

industry such as forest and crop residues or the use of sugar molasses as the feedstock for biofuels as 

well as other potential end use options. 

Another important limitation was the data availability. Due to the country's economic volatility and 

high rates of inflation, there were several datasets that either were not available or were not 

complete. Hence, some datasets needed to be extrapolated from previous years. Although the 

costings of sugarcane production were adjusted for inflation, the accuracy of extrapolating the 

costings using only inflation raised some precision issues. Furthermore, the crop budget section of the 

tool created some significant limitations in the results of the research due to the required data 

parameters. The level of detail required was too precise when considering the scope of the project 
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and therefore a different method had to be employed. I discuss the new method in section 5.5 of the 

report.  

Finally, the exact blending mandates which should be adopted and the implementation of such cannot 

be answered by this analysis. A further survey analysis of various stakeholders, including biomass and 

biofuel producers, could be performed to gain further insight into the needs of the industry and the 

best available improvements. 
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Chapter 4: Country Status 

The full results for this module and all the data discussed within it are presented in Appendix 1 and 

are summarised in this chapter. 

4.1 Introduction 

Bioenergy supply chains involve a variety of different sectors and requires an understanding of each 

one at the country level to perform a detailed analysis. The main sectors relevant to bioenergy 

networks are food and agriculture, energy and trade and economic indicators. The country status 

module helps to develop the key understandings in each area and creates a framework which ensures 

the focus of the analysis is based around food security. The structure of this module is depicted in 

figure 7, below, and shows the breakdown of the various sections. 

 

Figure 7: Structure of Country Status Module (FAO, 2014). 

4.2 Scope and Objectives 

The objective of this module is to provide an overview of the key sectors related to bioenergy by 

selecting key indicators relating to food security, agricultural trade, energy use, demand and supply 

and more general information regarding the country analysed.  

4.3 Country Overview 

4.3.1 Population 

Argentina has a total population of 43,417,000 with an urban population of 92% and a rural population 

of 8%. The rural-urban divide in all countries is an important indicator of a country’ development and 

industrialisation. This divide can affect the access to basic amenities such as electricity and running 

water and impact access to health and education (PRB, 2015). Argentina historically has had major 
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displacement from rural to urban zones which has led to increased centralisation around the capital, 

Buenos Aires, and a disparity in public funding along this divide. This has led to lower levels of access 

to health and education (Zapata et al., 2019) and much lower GDP in rural areas and worse 

infrastructure in rural areas (Verner, 2006). 

4.3.2 Economic, Agricultural & Energy Indicators 

The data relating to the main economic indicators are collected in this section. The main parameter 

which is worth considering is the inflation of consumer prices which for 2019 stood at 54% with respect 

to 2018. This level of rapid inflation creates major economic uncertainty and can have a significant 

effect on agriculture as future markets cannot be guaranteed. This creates issues for producers 

regarding access to capital and sale price of products which can cause a complete loss of profits (Lema 

et al., 2018). Furthermore, inflation can greatly affect food prices which has a critical impact on food 

security and affects the poorest people in the country (Antón et al., 2019). Agriculture accounts for 

around 7% of GDP and 54% of total land area and agricultural exports account for up to 54% of total 

exports. This exemplifies the important role that agriculture plays in Argentina, most significantly in 

rural areas which also account for the poorer regions. Other relevant indicators in this section include 

access to electricity as a percentage of population which is just under 100% and poverty headcount as 

percentage of population which is around 32%. The poverty rate indicates that the average person 

will be vulnerable to food price volatility. 

4.3.3 Food Supply & Agricultural Trade and Production 

As explained previously, this module ensures that food security is the key consideration in assessing 

the development of new bioenergy networks. The data collected in this section allow for a good 

understanding regarding the key foodstuff and the main exported agricultural goods. Table 3, below, 

shows the most important agricultural commodities regarding food supply to the local population. 

The data collated in this section ensure adequate selection of food crops to develop bioenergy 

networks. The most important crops relating to food supply should be avoided from selection to 

protect the food source of the local population and ensure food security. Regarding exports of trade 

commodities, soybeans, in cake, oil and raw forms, as well as maize, account for 58.2% of agricultural 

trade in Argentina. 
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4.4 Net Trade Position of Key Food   

The five key foodstuffs presented in table 3 are analysed further with respect to their net trading 

position in this section. Assessing the export value of these crops is an important indicator to select 

food crops for bioenergy. This is because it provides an understanding of the excess production which 

is not utilised in the country as a food source. This helps to ensure that there is no overlap between 

food crops and energy crops and safeguards food security.   

 

 

Table 3: Food Supply and Key Foodstuff in Argentina ranked by kcal/capital/day. 

Figure 8: Net trading position of key food crops over a ten-year period. 
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As can be observed in figure 8 and has been previously detailed, Argentina is overall a net exporter of 

agricultural goods, including the main food crops produced in the country. The only instance of 

importing a key crop occurred in 2009 when 66.6% of sunflower seed oil had to be imported. The 

strength of the export percentage for these key crops suggests there is a surplus of agricultural goods 

and therefore there is adequate potential for bioenergy production from energy crops. 

4.5 Energy Balance 
This section provides an overview of the energy considerations in Argentina regarding production, 

consumption, and trade position for the main types. Argentina has reserves of both crude oil and 

natural gas and therefore produces most of its own supply with close to 100% and 80%, respectively. 

Overall, the main energy import for the country is natural gas which accounts for 52.9% of imports 

followed by oil products (petrol and diesel) which account for 29.4%. Overall final consumption is 

dominated by oil products and natural gas with 42.6% and 33.9% respectively. Biofuels and waste 

account for 4.9% of the final energy consumption in Argentina. Figure 9, below, demonstrates the 

dominance of natural gas in the industrial and residential sectors, whereas oil products are dominant 

in both the transport and agricultural sectors. Biofuels are mainly utilised in the transport and industry 

sectors although to a much lesser extent than traditional fossil fuels. 

 

4.6 Energy Demand 

This section collects the data relevant to the fuel consumption in the transport sector. The production 

of both traditional fossil fuels and of liquid biofuels are assessed and compared to evaluate the overall 

position regarding consumption. Regarding fossil fuels used in transportation, Argentina produces 

8,171 ML/year of diesel and 5,104 ML/year of petrol and imports 1,784 ML/year and 406 ML/year, 

respectively. Regarding liquid biofuels, Argentina produces all the biofuel it requires with 1,890 

ML/year of biodiesel and 870 ML/year of ethanol. It is also one of the major exporters of biodiesel, 

exporting 893 ML/year. The blending mandate for both biodiesel and ethanol is also included and 

Figure 9: Final Energy Consumption by Sector in 2017. 
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stands at 10% and 12% respectively. This blending data allows an analysis of the target production of 

biofuels which is depicted in figure 10. As can be observed, the current targets of production to ensure 

blending mandates are met is currently being supplied by the biofuel production. 

 

 

 

 

 

 

 

 

4.7 Argentina Blending Mandate Policy 

Historically Argentina has an important agro-industrial sector and has been a major producer of crops. 

The uncertainty in the aftermath of the 2001 financial crisis in Argentina and the imposition of VAT 

withholding on the agricultural sector created a resilient industry which combined historical expertise 

and the incorporation of new technologies to remain competitive in international markets (Buraschi, 

2014). The adaptation to the limitation experienced by the sector form the basis for the large 

bioenergy potential which exists in Argentina due to significant increases in yields (Buraschi, 2014).  

Although the domestic market for bioenergy began in the 1970s and 1980s with the development of 

anhydrous ethyl alcohol, real interest in the industry began in the late 1990s with various countrywide 

projects. The 2001 financial crash and the subsequent rise in the price of vegetable oils (the basis of 

biodiesel production) led to much higher production costs and the industry became economically 

unsustainable (di Paola, 2013).   

The SAyDS was created through the resolution 1076/2001 to orientate the production of biofuels with 

respect to climate change and the Kyoto Protocol. Subsequently, the resolution 1156/2004 created a 

new biofuel program within the Department of Agriculture which aimed to “promote the sustainable 

elaboration and use of biofuels” (di Paola, 2013, p. 8).  In 2006, the National Law 26.093 concerning 

the Regulatory Regime and Promotion for the Production and Sustainable Use of Biofuels was 

sanctioned and was passed with the Decree 109/2007 and replaced SAyDS. This law mandated a 5% 

blend of both ethanol and biodiesel by 2010 (Rozemberg et al., 2009) and later, further decrees 

increased the blending mandate to 10% and 12% for biodiesel and ethanol, respectively. The law 

Figure 10: Biodiesel and Ethanol consumption relative to blending mandates in 2019. 
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26.093 was ratified for 15 years and ends in 2021 (Rozemberg et al., 2009). In 2018, Argentina entered 

a new economic recession and inflation more than doubled in a year leading to huge economic 

uncertainty. The government has tried to slow the rate of inflation via various economic policies. 

Regarding the biofuel industry, the government has imposed a price freeze on the consumer price of 

biofuels which has stood in place since December 2019 (Ámbito, 2019). This artificial manipulation of 

the market has led to a lack of investor confidence and has ensured that biofuel producers operate at 

a loss due to the rise in inflation (Campos do Prado et al., 2019). 

 

4.8 Discussion Country Status Module 

The Country Status module provides a country-wide understanding of the main industries related to 

bioenergy development and the key indicators relating to each one. The main findings from the 

module are summarised in this section and correspond to the answer to RSQ1. 

What are the main bioenergy and food security considerations in the country context? 

The agricultural sector plays an important role in the economy of Argentina. The industry represents 

54% of the total land area of Argentina and accounts for 7% of GDP. Argentina is a major global 

agricultural producer and has enough produce to be a net exporter on all its key food crops. 

Agricultural products account for over 50% of total exports which indicates there is potential feedstock 

available for bioenergy processing. Although Argentina is a major food producer and food security is 

a secondary issue, it should still be highly regarded as 5% of the population suffer from 

undernourishment and changes in food crop use could lead to worsened rates. Economic uncertainty, 

exemplified by 54% inflation rates on consumer prices, and high levels of poverty (32% of population), 

are the main factors currently threatening food security in Argentina. Thus, bioenergy developments 

should assess the impact on food security, especially considering the high volatility of consumer prices.  

Furthermore, the high reliance on exports in the agricultural industry is subject to impact from export 

tariffs and anti-dumping regulations and changes in global food prices can also impact the agricultural 

industry. Although Argentina is a relatively industrialised country, a large percentage of its agricultural 

exports are simple raw materials and not processed products. Raw materials as an export commodity 

receive a lower rate of return than refined products. Furthermore, small-farm holders tend to have 

limited industrialisation and improvements in equipment and agricultural products such as fertiliser 

could improve country-wide yields in agriculture and help protect food security. 

The energy sector offers areas which can support increased bioenergy development. Although 

Argentina is a producer of fossil fuels, a high percentage of both oil and natural gas are currently 

imported. The reliance on imported fuels offers an opportunity for the substitution of traditional fossil 
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fuels with first- and second-generation biofuels. Furthermore, due to the increased cost of imports 

caused by inflation, substituting imported fossil fuels with local alternatives could safeguard energy 

costs and improve industrialisation. A breakdown by sector demonstrates that the transport and 

agricultural sectors have the highest reliance on oil whereas the industrial and residential sectors are 

highly reliant on natural gas. Currently, biofuels and waste account for 4.9% of the final energy 

consumption and the importance of biofuels in the energy mix offers room for improvements. A 

blending mandate for both biodiesel (10%) and ethanol (12%) exists and the production levels of 

biofuels meet the current requirements. This indicates that bioenergy developments in the transport 

sector are only viable if blending targets are increased or if biofuel exports are increased. Argentina is 

already a leading exporter of biodiesel globally and thus expansion of existing industry is viable as the 

knowledge and expertise required already exists. A focus on rural electrification is unnecessary as 

access to electricity is reported at 100%.  
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 Chapter 5: Natural Resources Module 

The full results for this module and all the data discussed within it are presented in Appendix 2 and 

are summarised in this chapter. 

5.1 Introduction 

As explained in Chapter 2, first-generation biofuels can be produced from multiple feedstock options 

including energy crops, agricultural residues and Woodfuel or residues amongst others. This module 

allows an overall assessment of the natural resources available for bioenergy production within the 

country and builds on the knowledge gained in the Country Status chapter. The three components of 

this module are Crops, Agricultural Residues and Woodfuel & Wood Residues and the overall structure 

of the module is presented in figure 5.1. 

 

The Crops component was selected for this analysis as it focusses on energy crop production and on 

liquid biofuel production. This component includes two tools:  

• The Crop Production tool, which can be used to assess the current energy crop production 

and the potential for added production.  

• The Crop Budget tool, which helps to assess the gross margin, production costs and 

profitability of crop production. 

5.2 Scope and Objectives 

The objective of this module is to provide an overview of the potential for energy crop feedstock 

production. Sustainability and food security are the main parameters considered when analysing the 

Figure 11: Structure of Natural Resources module. 
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potential production. The potential for additional production is assessed using intensification, 

extensification1 and substitution of crop options.  

5.3 Selection of Crops 

The selection of bioenergy crops to be used as potential feedstock must be undertaken. This ensures 

that the tools in this module prioritise food security and should be considered alongside the results of 

the Country Status module. Key food crops considered in sub-chapter 4.3.3 should be omitted from 

comparison to guarantee that the potential bioenergy feedstocks are not competing with the main 

food resources.  Furthermore, the net trade position of potential feedstocks analysed in sub-chapter 

4.4 should be considered. Agricultural foods which are imported should be avoided to minimise the 

amount of excess imports as this ensures increased self-sufficiency. The crops selected for analysis are 

the following: 

1. Sugarcane – this crop was selected as it is a key crop to generate first generation biofuels. 

Although the crop is the second key food supply of the country (table 3), it has also been a net 

export crop with approximately 20% of production being exported over a 10-year average 

(figure 8). Furthermore, sugar and sugar molasses are already used to produce ethanol and 

overall consumption of sugar in Argentina is decreasing. 

2. Sunflower – sunflower seed oil represents the fourth key food supply (table 3) with an 8.3% 

share, however, it is also a major exported crop with over 50% of production exported over a 

10-year average (figure 8). The excess inputs could be used to produce SVO and biodiesel.  

3. Maize – maize is the second most exported agricultural commodity representing 11.6% of 

agricultural trade and only accounts for 2.9% of the share of total food supply. It is currently 

being used to produce ethanol and therefore offers existing potential as an energy crop. 

4. Soybeans – soybean and related products account for 46.6% of the total share of agricultural 

exports in Argentina and its use as an energy crop does not compete with food resources. It 

is currently used to produce biodiesel and therefore is a suitable crop to analyse.  

Further criteria for assessment include overall energy balance and industrial capabilities. As discussed 

in sub-chapter 4.5, Argentina is a significant producer of energy and mainly imports natural gas and 

the main priorities for energy production surround the increased development of existing 

technologies. Regarding industry, the crops selected are currently used to produce biofuels and 

therefore an expansion in this production would not create major logistical and technological issues 

for the country. 

 
1 Extensification refers to increasing production by improving yield whilst keeping the agricultural area 
unchanged. 
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5.4 Crop Production Tool 

5.4.1 Net Trade Position of Selected Crops 

The four selected crops to be analysed for potential feedstock production are examined in this section 

with respect to production, domestic consumption, and trade position over a 10-year period. This 

analysis allows for a detailed understanding of each crop with respect to current excess feedstock and 

should be understood to be used later in the analysis. The graphical results of the trade position for 

the four crops can be visualised in figures 12 and 13 below.  

 

 

 

Figure 12: Trade position for Sugarcane and Sunflower over the 10-year period. 

Figure 13: Net trade position for Maize and Soybeans over the 10-year period. 
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• Sugarcane2 – Over the 10-year period examined, Argentina has always been a net exporter of 

sugar. The exporting rate has ranged from 6.1% to 38.0% where the highest exporting rates are 

due to a positive stock variation from the previous year. Furthermore, the domestic consumption 

of sugar has increased at a relatively steady percentage from 1.5 to 1.7 MMT over the 10-year 

period analysed and roughly corresponds with the population growth experience over that 

period. 

• Sunflower – This crop is the only one where there is no significant net trading and most of the 

production is consumed domestically which indicates they are self-sufficient in sunflower 

production. The exporting rate ranges from 0.4% to 2.6% with 2010 being the only year where 

Argentina was a net importer with 3.7% (figure 12).  

•  Maize – Maize shows the highest export rate over the 10-year period examined. This ranges from 

a minimum of 63.0% to a maximum of 78.7%. The production amount has more than doubled 

over the 10-year period showing a major drive towards maize production and domestic 

consumption has almost doubled from 4.39 to 7.88 MMT over the same period. 

• Soybean – The net trading position over the years analysed is relatively high ranging from 11.2% 

to 24.1% of the total production. The total production of soybeans has the largest variation year-

on-year which may respond to international demand and prices or to crop rotations. It is also the 

most produced crop with maximum production of 52.67 MMT in 2010. 

5.4.2 Intensification Option 

The intensification option identifies potential increased production by increasing the overall yield of 

the crops. This can be achieved through the improvement of farming techniques and/or through the 

increased use of agricultural supplies including fertiliser or farming equipment. There are three levels 

of input which can be used to assess the overall yield of the selected crops. Low input level refers to 

rainfed production with minimum use of agricultural supplies and manual labour force. Intermediate 

level input refers to either rainfed production with increased use of supplies and/or mechanical labour 

or irrigated production with a low level of agricultural supply use. High level input refers to the 

irrigated production with high levels of agricultural supplies and machinery used.   

The data collected on the selected crops are presented in table 4 and are used as the basis for the 

intensification analysis performed. The current yield and annual production are used to calculate the 

current production area in hectares and this figure is then used as the land area for the intensification. 

Appropriate potential yields should be selected considering the different inputs and land suitability. 

 
2 The trade position of raw sugar is used instead of sugarcane. This is because sugarcane is processed 
immediately after harvesting and raw sugar is traded as an international commodity.   
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Potential yields based on GAEZ data are referenced at the various input levels to guide the selection 

of intensified yield. The results are presented in table 4, below, and summarised for each crop. As 

Argentina is a semi-developed country with a strong agricultural sector and therefore a mechanised 

high-level input was selected for intensification of each crop. The potential production for bioenergy 

is presented in table 5.  

 

  

Sugarcane – the yield for sugarcane was found to be 60.00 t/ha in 2019 by using an OECD-FAO dataset 

and USDA statistics. The total production for that year was 22,500,000 tonnes. This is much lower than 

the FAOSTAT 10-year average and suggests a bad crop year. As previously stated, the input level 

selected was high and the intensified yield chosen is 77 t/ha. Although a considerable improvement 

on current yields, it is still well below the potential yields suggested by GAEZ for a high input level. 

Based on this assumed yield, the potential production was estimated at 28,875,000 tonnes using the 

same area of production. This allows for the potential production of 875,000 t/year to be used as 

bioenergy feedstock.  

Table 4: Potential feedstock production for bioenergy 

Table 5: Current production for each selected crop. 
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Sunflower – the yield for sunflower was found to be 2.00 t/ha in 2018 by using USDA and national 

statistics and the total production for that year was 3,300,000 tonnes. This yield is comparable to the 

FAOSTAT 10-year average which stood at 1.73 t/ha for the period 2005-2014. As previously stated, 

the input level selected was high and the intensified yield chosen is 2.10 t/ha. Although a small 

improvement on current yields, it is in the range of moderately suitable potential yield suggested by 

GAEZ for a high input level. Based on this assumed yield, the potential production was estimated at 

3,465,000 tonnes using the same area of production. This allows for the potential production of 65,000 

t/year to be used as bioenergy feedstock.  

Maize – the yield for maize was found to be 6.30 t/ha in 2018 by using national statistics and the total 

production for that year was 32,000,000 tonnes. This yield is comparable to the FAOSTAT 10-year 

average which stood at 6.61 t/ha for the period 2005-2014. As previously stated, the input level 

selected was high and the intensified yield chosen is 8.5 t/ha. This is a considerable improvement on 

current yields; however, it is within the range of moderately suitable potential yield suggested by GAEZ 

for a high input level. Based on this assumed yield, the potential production was estimated at 

43,174,603 tonnes using the same area of production. This allows for the potential production of 

1,974,603 t/year to be used as bioenergy feedstock.  

Soybeans – the yield for soybeans was found to be 3.2 t/ha in 2019 by using USDA statistics and an 

OECD-FAO dataset and the total production for that year was 51,000,000 tonnes. This yield is higher 

than the FAOSTAT 10-year average but comparable to actual yields. As previously stated, the input 

level selected was high and the intensified yield chosen is 4.00 t/ha. Although a considerable 

improvement on current yields, it is much lower than the 4.90 country average yield suggested by 

GAEZ for a high input level. Based on this assumed yield, the potential production was estimated at 

63,750,000 tonnes using the same area of production. This allows for the potential production of 

3,550,000 t/year to be used as bioenergy feedstock.  

5.4.3 Change of Crops 

The following option to increase the amount of biomass feedstock consists of a change of crops 

assessment. This allows for the reallocation of existing cropland to be used to grow other bioenergy 

crops. The complete analysis required to accurately assess the impact of switching crops is very 

extensive and therefore this tool is used to provide an indication of the potential offered by the 

change. As this research project aims to maximise the production of sugarcane, the crops which will 

be compared are sugarcane as the bioenergy crop and maize as the current crop. Maize has been 

selected due to its high export rates which allows for a reduction in production without affecting the 

local production of ethanol or the food security of Argentina. 
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As can be observed in table 6, below, the current production of maize has been reduced from 32 MMT 

to 31 MMT. Considering the average export rates of over 70%, reducing production by 1MMT is a 

reasonable amount which will have a minimal impact on exports. This change in crops could produce 

158,730.16 ha which if used for sugarcane could support additional production of up to 9.52 MMT. 

Although maize and sugarcane are mostly grown in different regions, there is some overlap in the 

provinces of Santa Fe, Tucuman, and Salta. By increasing the production in these northern regions, 

the aim is to drive investment in these poorer rural areas which have suffered from centralisation and 

investment focussed on Buenos Aires and the surrounding provinces. This could potentially help 

increase local GDP levels to similar levels seen in southern provinces.  

 

 

5.4.4 Extensification Option 
The extensification option relies on increasing the overall production area of crops to increase the 

production of bioenergy crops. This is achieved by assessing trends in land use over time and ensures 

that extensification is a sustainable option considering the country-specific requirements. The 

historical trends in land use are presented below from the period 2004-2016 (figure 14 and table 7). 

Table 6: Hypothetical change of crops from maize to sugarcane. 

 

Figure 14: Trends in Land-Use by type in Argentina between 2004-2016. 
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Table 7: Trends in Land Use Changes in Argentina over the period 2004-2016. 

Forest Area 

In the period 2004-2016, a decrease of forest area was recorded. This could 

be an indication of deforestation at country level. Total forest area decreased 

by 3,408,800 ha, i.e. by 11.17%. 

Agricultural Land 
In the same period, the total agricultural area increased by 14,355,000 ha, i.e. 

by 10.69%. 

Arable Land 
The arable land (area under annual crops) increased by 8,425,000 ha, i.e. 

27.38% 

Grassland 
Grassland area (permanent meadows and pastures) increased by 5,930,000 

ha, i.e. by 5.78% 

Conclusion and 

Recommendations 

Data on land use change during the period 2000-2010 indicate that the 

expansion of the agricultural area may be one of the key drivers for 

deforestation. Therefore, policy measures and actions aiming at the increase 

of agricultural yields without further expansion of agricultural area is strongly 

recommended. 

 

Table 7 is generated by the BEFS tool in the Natural Resources module and helps to understand the 

changes in land use over time and the impact these have on the potential expansion of production 

area. The main consideration for this section is the impact that agriculture and farming expansion can 

have on available forest area. The data in Argentina show that there has been a decrease in forest 

area of 11.17% between 2004-2016 and indicate that one of the key drivers for deforestation is 

expansion of agriculture land. Therefore, the tool recommends that increases in agricultural yields be 

achieved through either intensification or through change of crops and not through the expansion of 

agricultural land. Furthermore, the displacement of crop land by beef production should be minimised 

as this increases the use of forest areas for beef production.  

As the extensification option has been ruled out as a viable option for Argentina, the following section 

of the analysis is not required. 
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5.4.5 Crop Production Results 
The results from the additional potential production of bioenergy crops are presented below (figure 

15). They include the intensification and extensification options as well as the change of crops option. 

As discussed in section 5.4.4, the current land use in Argentina does not support the increase of crops 

through extensification of production and therefore the focus is limited to intensification and change 

of crops. 

As can be observed in the results in Appendix 2, the crop with the most potential for intensification is 

soybean. This is due to the low yields which are currently achieved from the crop relative to the 

potential yield, and the high proportion of cropland already allocated to soybean production. The land 

area used for maize production is also high and therefore intensification of yields provides a high 

energy crop potential. The potential crop availability of sugarcane is directly dependent on an increase 

in production area by changing crop production. Currently sugarcane plantations account for a small 

agricultural area and substituting 3.1% of maize land area with sugarcane could provide a significant 

increase in sugarcane feedstock available for liquid biofuel production. Overall, figure 15 shows the 

combined results of both the intensification and the change of crops options and it can be clearly seen 

that sugarcane, maize and soybean offer the most potential. However, it is worth noting that the 

export amounts of all crops are excluded from this analysis and therefore both maize and soybean 

have a much higher potential if exports are diverted to bioenergy production.  

 

Figure 15: Potential Increase of Selected Bioenergy Crops in t/year. 
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5.5 Crop Budget Tool 

Results are presented in Appendix 3. 

5.5.1 Crop Budget Introduction 
Due to issues existing in the crop budget section of the tool relating to the data provided, the tool 

could not be used for the agro-economic analysis of the production options. To obtain the data 

required for the Energy End-Use module, a new simplified crop budget tool was created. The new tool 

provides an economic assessment by comparing the gross profit margin of the selected crops and 

extracts the required hours and costs of production for the subsequent tool. The costs are split into 

fixed and variable costs and are assess against the profits achieved from the crop yield to provide an 

indication of the production costs.  

Several assumptions have been used within this tool to provide the required data for the subsequent 

module. These are: 

- The fixed costs were assumed constant between crops when data not available. 

- Linear extrapolation was assumed when gross margin yield differed from the required yield. 

- UTA conversion was assumed comparable to Australian hours. 

- Establishment of sugarcane plantation costs are spread equally over the lifetime of the 

plantation which is assumed to be 4 years. 

- Intensified yields taken from available data and not as suggested by crop production tool. 

- Intensified yield for soy assumed as rainfed. 

5.5.2 Crop Budget Results 

To make this simplified crop budget relatively comparable to the BEFS crop budget tool, an assessment 

of profitability on the selected crops has been performed. Although the analysis is more limited than 

the BEFS tool, these numbers provide an indication of the profitability of crops. It should be noted that 

the profitability of crops is dependent on a myriad of factors which can greatly vary between years 

and crop production is subsidies by government which is not included in this analysis. Furthermore, 

the data presented in figure 16 represents the results for the intensified yields. 3 

As can be seen in figure 16, maize is the most profitable crop per hectare followed by sugarcane and 

soybean. The fixed costs of sugarcane are much higher compared to the annual crops due to the costs 

of establishing a plantation. Soybean has the lowest profitability due to the much lower yields 

achieved per hectare compared to maize and sugarcane. Both sugarcane and maize use irrigation 

which accounts for a large proportion of the variable costs and environmental impacts. 

 
3 The units for figures 16 are USD/ha. 
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5.6 Discussion Natural Resources Module 

The Natural Resources module provides an analysis of the most important energy crops and their 

potential as feedstock for bioenergy developments. The information obtained in the module is 

summarised in this section and provides an answer to RSQ2. 

To what extent can food crops supply the feedstock required for bioenergy developments? And which 

option is most suitable for increased production? 

The viability of expanding production of energy crops to be used as feedstock has been analysed in 

this section by considering three separate scenarios. The first scenario focuses on yield intensification 

of existing crops to increase the total feedstock available whilst keeping the agricultural area constant. 

The current crop yields for the selected crops are lower than the potential yields for the area and 

therefore intensification offers potential for increased production. The potential feedstocks available 

through intensification for the selected crops are presented in table 4.4 The potential feedstock is 

directly dependent on the current production area and therefore improvements in soybean 

production yields will have the largest impact due to the size of the current production area compared 

to the others. The potential increase in soybean yields and production demonstrate the availability of 

biomass as feedstock for biodiesel production. With respect to ethanol production, both maize and 

sugarcane crops can supply additional feedstock for bioenergy production. Although maize offers 

slightly higher potential, the land area required to supply this is much larger than sugarcane due to 

 
4 The planned production in table 4 should be exclusively for non-bioenergy purposes, however, to focus on the 
future potential production, the total current production for each crop has been used. This allows for the 
assessment of the feedstock available to increase biofuel production without affecting the current production 
used for food, bioenergy, and exports. 
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Figure 16: Net margin before tax for intensified yields. 
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the much lower yield. Therefore, sugarcane crops offer increased feedstock potential when compared 

to maize.  

The second option available is a change of crops scenario whereby an existing crop is replaced with 

an energy crop to increase the feedstock of the replacement crop. In this section, the crops selected 

are maize and sugarcane as they are both feedstock for ethanol production. The use of food crops in 

bioenergy developments in Argentina is not a major problem as they are net exporters of their key 

food crops and therefore a surplus already exists. Sugarcane has been chosen as the replacement crop 

due to the higher potential exhibited in the intensification option. Furthermore, as over 50% of maize 

produced is exported, a decrease in maize production will not affect food security and makes it a viable 

option. Additionally, when considering the techno-economic analysis, sugarcane shows to be more 

profitable than maize and therefore is a suitable replacement crop.  

The final option available, extensification, assesses the viability of increasing the overall agricultural 

area whilst the yield remains the same. The data computed in this section are supported by data 

collected in the Country Status module which show that 54% of the land mass of Argentina is currently 

used as agricultural area and therefore the extensification option is not recommended. Further 

increases in agricultural land could have a detrimental effect on both biodiversity and deforestation 

and is therefore the least attractive option.  

When considering the results of the crop budget tool, maize is the most profitable crop when 

comparing the intensified options. The agro-economic analysis is somewhat limited due to the nature 

of the simplified crop budget. This is caused by a lack of recent data and the volatile nature of the 

Argentine economy which complicates the comparison between maize and soybeans against 

sugarcane. The assumptions made are required to achieve the results necessary, however, the lack of 

available data is a limitation to this crop budget and current datasets would be much more useful to 

assess the crops analysed.  

The most suitable option depends on the biofuel to be produced. Biodiesel production would benefit 

from intensification of soybean yields and would provide sufficient levels of feedstock considering the 

current land area used for production. Considering the increase in production of biomass feedstock 

suitable for ethanol production, the change of crops option is more suitable as sugarcane has much 

greater yields and would provide increased feedstock potential when compared to intensification. 

However, this change is limited to northern regions and therefore southern regions should consider 

increasing irrigation to facilitate intensification of maize to increase biomass availability.  
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Chapter 6: Energy End Use Module 
The full results for this module and all the data discussed within it are presented in Appendix 4 and 

are summarised in this chapter. 

6.1 Introduction 

The Energy End-Use module is the final level of analysis and consists of a techno-economic and a socio-

economic evaluation of the potential bioenergy routes available. The module consists of the following 

five submodules: Intermediate or Final Products, Heating and Cooking, Rural Electrification, and Heat 

and Power and Transport. Each submodule uses specific types of biomass feedstock and focusses on 

a final energy form. The overall breakdown of the module is shown in figure 18 below.  

Furthermore, since the Natural Resources module results were obtained using the Crops submodule, 

the submodule options for the Energy End Use are limited to either Heat and Power or Transport. 

Considering the country context and the current bioenergy networks available, the Transport 

submodule is the most relevant for Argentina. Especially when considering that maize and soy produce 

diesel substitutes which are primarily used as transport fuels.   

The Transport submodule evaluates the potential production of biofuels from the available feedstock 

calculated in the Crop Production section. The production of ethanol and biodiesel are assessed using 

various scenarios relating to feedstock production (Own Production, Mixed and Outgrowers) and 

biofuel plant sizes and provide an overview to the profitability of the pathway. Furthermore, the 

transport submodule provides information on the most suitable plant size, feedstock type and 

assesses the quantity of biofuels available and the potential for job creation. 

6.2 Scope and Objectives 

The objective of this module is to provide a preliminary assessment of potential bioenergy pathways 

and the economic analysis of such a pathway. The scope of this analysis is focussed on liquid biofuels 

Figure 17: Energy End Use Module Breakdown. 
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and is linked to the results obtained in the Natural Resources module. A comparison between the 

selected energy crops is also performed and helps to select the most suitable feedstock.  

6.3 Biofuel Demand 

As discussed in the previous module, Argentina already produces the biofuels required to meet the 

current blending mandates and is one of the world’s leading exporters of biodiesel. However, the 

potential to expand the biofuel market exists, and the various pathways should be analysed to identify 

the most promising route. Furthermore, by changing the blending target in the tool, an analysis can 

be performed on the viability of supplying the increased mandate from the current feedstock 

available. These results are presented in figure 19. 

Figure 18: Fuel Consumption and Blending Mandates used to calculate required national biofuel volume. 

Assuming blending mandates are increased to 20% for both biodiesel and ethanol, the required 

production would be 1,985 and 1,102 ML, respectively. Increasing the blending mandate to 20% would 

almost double the biofuel market and would provide additional uses for feedstocks (figure 20).  

6.4 Data Entry for Liquid Biofuels 

This section of the tool collects the required data to perform the techno-economic and socio-economic 

analyses. Feedstock, labour, and land data are obtained from the Crop Budget tool and are combined 

with country specific data relating to costs. These include cost of utilities and chemicals, cost of 

transportation and storage, labour costs, and pricing for the co-products manufactured.  

Figure 19: Target production at enhanced blending mandates of 20%. 
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Due to the extreme economic situation currently experienced by Argentina, some assumptions have 

been made in the selection of financial parameters. These assumptions are:  

- The loan interest rate and the discount rate have been assumed to minimise the 

impact that the exorbitant values would have on the analysis.  

- The discount rate is set to 10% instead of 42% as it is a more representative for a 

developing country like Argentina. 

- The loan interest rate is assumed to be 0%. This mitigates the current interest rate of 

38%, which have been set to control inflation, and which greatly impact the 

profitability of financed projects. Therefore, the required capital is assumed available 

without the need of loans. 

- The loan ratios and loan terms are also set to 0 as no loan is required.  

6.5 Processing Costs 

The processing costs for each energy crop analysed are calculated using the data entered in the data 

entry section of the spreadsheet. As discussed in the introduction, three feedstock production 

scenarios are considered to provide flexibility to the results; these are: Own Production, Mixed and 

Outgrowers. These scenarios are each assessed with respect to four differently sized process plants 

operating at 5, 25, 50 and 100 ML/year. Table 8, below, provides an example of the processing cost 

table created by the tool.   



42 
 

Table 8: Processing Costs for Production of Ethanol from Sugarcane Feedstock. 

 

Considering the trends in the three scenarios, the feedstock price is the main factor affecting the cost 

of production. The most profitable scenario is Own Production due to obtaining the feedstock at 

production cost compared to market price. On the contrary, the Outgrowers scenario is the costliest 

as the feedstock must be purchased at market value and transported to the processing plant. As 

expected, savings related to increases in plant capacity occur, and the cost per litre becomes 

significantly cheaper at 100 ML plants versus 5 ML plants. The operational costs have the smallest 

variation at higher capacities due to the feedstock price remaining equal throughout whereas the fixed 

costs greatly decrease at higher capacities. The data for both maize and soybeans are presented in 

Appendix 4.  

6.6 Results Transport Submodule 

6.6.1 Summary of Results by Feedstock  

This section of the results provides an individual summary for each feedstock option analysed. There 

are three areas of analysis where results are provided. These are:  

Production Cost and Investment: The production cost of biofuel is compared against the market rate 

price of both traditional fossil fuels and biofuels. Furthermore, the required investment for the plant 

and the share of production costs are also presented in this section.  
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Operating Results: The available feedstock is assessed in practical terms to identify the most suitable 

plant size and the potential each crop has, to both provide employment opportunities, and meet the 

blending target.  

Financial Analysis: The economic feasibility of the various scenarios is compared in this section and 

provides a basis for identifying economically viable options. Both NPV and IRR results are presented 

in this section.  

The results for Maize will be presented in this section of the report whilst the results for other crops 

will be included in appendix 4. 

6.6.1.2 Maize Result Summary 

Production Cost and Investment 

Figure 20 shows the results relating to production cost and investment. Comparing the cost to produce 

ethanol to the equivalent price of gasoline, it can be observed that the production costs are higher at 

lower capacities and when feedstock is outgrown. With respect to the current market rate of ethanol, 

the cost of production is higher for all scenarios and capacities when compared to the current market 

rate of ethanol, this indicates that they will not provide a return on investment.  

The total investment required for differing capacities is not linear and larger capacities plants are 

cheaper to build. This is due to the minimum costs of establishing a plant being very large compared 

to increasing the plant capacity. Therefore, the minimum number of viable plants should be aimed for 

and plant capacity should be maximised wherever possible.  

The share of production costs for the three  scenarios are presented below. A number of trends can 

be observed from the split in costs. As plant capacity increases, the cost of feedstock as a percentage 

also increases due to the increase in fixed costs versus operational costs. The same is true for the 

chemical inputs required as raw materials in the process. The share of operational costs remains 

relatively stable for both labour and energy costs. The greatest change in the share of prices is in the 

depreciation and maintenace costs as these aren’t linear and therefore become cheaper at increased 

capacities. The trends observed are true for all three scenarios at differing capacities. As expected, the 

feedstock costs for the Outgrowers scenario is much higher than that of the Own Production and 

therefore the overall cost of production for the third scenario is always the most costly. 
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Figure 21 compares the available feedstock with the required feedstock for the various capacities. It 

can be observed that there is sufficient maize biomass to supply a total of eight 100 ML capacity plants. 

Maximising the plant number and capacity could provide up to 800 jobs in the sector. 

As shown in the biofuel demand section, the current blending demand for ethanol is met. To assess 

the potential of maize, the overall production of ethanol was set at zero and the blending mandate 

was increased to E15 (15% ethanol blend). The current available maize feedstock would be able to 

supply 98% of the new demand. This demonstrates the very significant biofuel potential which maize 

provides as sufficient feedstock potential exists to double the blending mandate. Results presented in 

figure 22. 

Figure 20: Production Cost and Investment results for maize. 
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The financial results (figure 23) for maize demonstrate the current difficulty in achieving a profit due 

to the current prize freeze on biofuels. Under the current pricing, only a marginal profit can be 

achieved at 100 ML capacities in the Own Production scenarios. As the share of costs indicates, the 

elevated cost of feedstock is one of the main limitations to achieving profits. These results include the 

sale of co-products (raw glycerol and soybean meal) which provide additional funds of 0.412 $/L.  

  

Figure 22: Percentage of ethanol mandate met by 
available maize biomass 

Figure 21: Operating results for ethanol production from maize feedstock. 

Figure 23: Financial analysis results for maize. 
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6.6.2 Summary of Comparative Results 

The individual results presented in the previous sections are used in this section to perform a 

comparative analysis of the various options. By comparing these directly, a better understanding can 

be achieved with respect to the most suitable or promising feedstock options and the ability to meet 

current and future blending mandates.  

Biofuel Production and Plants 

For sugarcane, by considering the E12 (12% ethanol blend) blending mandate, the available feedstock 

could supply up to 127% of the total. Furthermore, if the blending mandate were raised to E15, the 

available sugarcane feedstock would be able to supply 102% of the required ethanol. Considering 

maize at the current blending mandate, it would be able to supply 122% of the total amount required. 

At an E15 blending mandate, it would be able to supply 98% of the required ethanol. The available 

soybeans feedstock can provide up to 65% of the current B10 blending mandate. 

It should be noted that the available feedstock does not include the current feedstock used for biofuel 

production. Therefore, the available feedstock is being assessed at a higher capacity than required 

which helps to guarantee food security is safeguarded. 

 

 

 

 

 

 

Figure 24: Comparative results for providing blending mandate and plants available. 
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Comparison of Economic Results 

The economic results of the three feedstocks analysed are presented in figure 25 below. Only the 

results for the own production scenario are presented as the only feasible scenario is within these 

results. As was discussed in the results for maize in the previous section, the current price freeze 

relating to biofuels has had a large effect on the market and has limited the ability to generate a profit. 

Under the current pricing mechanism, only maize under the Own Production scenario at the highest 

capacity can generate a profit. The lack of feasible production has been warned by the major biofuels 

producers as the increased costs of feedstock oils and chemical inputs due to the high rates of inflation 

has not been addressed by the price freeze of biofuels. Therefore, although the current situation is 

unattainable, a detailed study of the current situation relating to costs and effective actions would 

change the current scenario. 

6.6.3 Labour Analysis Results 

This section of the results presents the data relevant to the socio-economic impact of the potential 

biofuel pathways studied. This includes the potential for job creation, the land use required, and the 

labour required to operate the plants.  

The results presented below are for plant capacities of 100 ML and the other results are presented in 

Appendix 4. 

Labour Results for 100 ML plants 

When considering the labour requirements by plant, it can be observed that the Own Production 

scenario requires much lower labour intensity than the other two scenarios. Although this ensures 

that the price is cheapest and can be produced competitively, depending on the needs and regional 

situation it may be more appropriate to select scenario 2 or 3.  This would help to generate additional 

employment which might be more significant than a cheaper production cost of biofuels. 

Furthermore, when comparing all the feedstocks, the production of soybean has the highest labour 

intensity.  

Figure 25: Comparison of economic results for the feedstocks assessed. 
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As with the labour requirements, the land requirements are also much more significant in the 

production of soybean. This is reflected in the total country area that is planted with each crop as 

soybean occupies a much larger amount of agricultural land than sugarcane or maize. When 

comparing the ethanol-producing energy crops, it can be observed that sugarcane requires a lower 

land area than maize. This is due to the much higher yields that sugarcane offer, even considering that 

less maize feedstock is required in ethanol production.  

Finally, the share of jobs in both the production and processing sections of the pathway are compared. 

The jobs related to processing the feedstock into biofuel remain constant at all scenarios and 

feedstock types. Hereby, 126 jobs are required to process the feedstock into biofuels. The main 

difference between the job creation is related to the feedstock-production, with the Own Production 

scenario requiring the least number of workers and the Outgrowers scenario requiring the highest 

number of workers. Furthermore, the jobs relating to feedstock-production are less technical than 

those of feedstock-processing. This means that independently of the scenario selected for production, 

the amount of technical and specialised jobs would not change significantly as most jobs are created 

in the feedstock production phase. It is worth noting that biofuel production is not a major job 

generator due to the high levels of mechanised harvesting.  

 

 

  

Figure 26: Comparative labour results for all feedstock options at plant capacities of 100 ML. 
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6.7 Discussion Energy End Use Module  
The Energy End Use module provides both a techno-economic and a socio-economic analysis of the 

potential uses for the feedstock assessed in the Natural Resources module. The main findings from 

the module are summarised in this section and addresses RSQ3. 

What is the current state regarding the production of biofuels in Argentina? Is increasing the 

production of biofuels for the transport sector a viable option? What impact has the current price 

freeze had on the profitability of biofuel production?  

Considering the country needs, the most suitable Energy End Use option is the transport submodule, 

and therefore this is the pathway analysed. Furthermore, the crops data obtained in the Natural 

Resources module form the basis for the data required in this submodule. As was stated in the Country 

Status module, Argentina currently supplies 100% of the required biofuels to meet the blending 

mandate set by the government. Additionally, Argentina is one of the leading global exporters of 

biodiesel and exports just under 50% of biodiesel produced. With respect to the internal biofuel 

market, as discussed in Chapter 2, there has been a price freeze in place since December 2019 

(recently updated in October 2020). This freeze is due to the high inflation the country is experiencing 

and was meant to help stabilise the economy. However, as can be confirmed in the results obtained 

in this section, the price freeze, coupled with rising inflation, has created an economically 

unsustainable situation for the producers of biofuel. As seen in the financial analysis section for each 

feedstock type, the current market price is not sufficient to provide a profitable scenario to produce 

biofuels, even considering the recent price increase. With respect to maize, a minimal profit can be 

obtained under the first scenario at capacities of 100 ML. The impact which the price freeze has had 

on the market is significant and therefore should be a main point of consideration to improve the 

internal biofuel market. Furthermore, Argentina has also experienced a considerable reduction in the 

consumption of fossil fuels due to the current global pandemic. This leads to a direct reduction in the 

amount of biofuel required to meet the blending mandates, which has also impacted the profitability 

of the industry. 

The results presented in this section consider the impact that raising the blending mandates would 

have on feedstock availability. As can be observed in the operation results section for each feedstock, 

the maximum attainable biofuel production is assessed against a hypothetical blending mandate. For 

ethanol production, due to the availability of two feedstock options, the current production total is 

assumed to be zero. This helps to understand the full potential of both sugarcane and maize feedstock 

to produce ethanol. For sugarcane alone, a total of 102% of the E15 mandate could be achieved. For 

maize, a total of 98% of the E15 mandate could be supplied. The ability of both crops to supply around 

100% of the total amount of ethanol required in a hypothetical E15 mandate demonstrates the 
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viability of supplying an increased ethanol mandate. The maximum attainable production of biodiesel 

was assessed at a hypothetical blending mandate of B20, assuming the current production of biodiesel 

remains constant. Under this scenario, the available soybean feedstock would be able to produce up 

to 680% of the required blending increase (10%). Furthermore, considering that Argentina is a net 

importer of fossil fuels, increasing the required biofuel mandate would reduce the need to import 

fossil fuels and would improve the sustainability of the internal energy sector. Therefore, it can be 

assumed that increasing the production of biofuels in the transport sector is a viable option when 

considering feedstock availability and safeguarding food security. However, the increase in production 

would have to be accompanied by either a rise in the blending mandates (preferable) or an increase 

in biofuel exports (added uncertainty). 
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Chapter 7: Conclusion 

7.1 Main Research Question 

The three research sub-questions provide information relating to the results presented in Chapters 4, 

5 and 6, and are included at the end of those sections. This final discussion section will aim to provide 

an answer for the main research question and will use the information obtained in the previous result 

chapters. The research objective should be met by providing an answer to the main research question. 

Can an increase in the blending mandate of Argentina be supported by the available biomass 

feedstock whilst safeguarding food security? 

The current instability in the economy, and the expiry in May 2021 of the National Law 26.093 which 

has regulated the bioenergy industry since 2006, offer the distinct possibility to make significant 

changes to the industry. One of the main policy considerations consists in the increase to the blending 

mandates to resemble the Brazilian model more closely. An increase in blending mandates could both 

improve the demand in the industry and reduce the GHG emissions from the transport sector. 

Furthermore, the current reliance on imported fossil fuels would be greatly minimised with a blending 

increase. However, a significant rise in the blending mandate could have serious impacts on food 

security and could have a minimum impact on GHG emissions.  

In Chapter 6, the hypothetical increases in the blending mandates which might be experienced in the 

coming years was assessed against the existing processing technologies. The blending mandates were 

set at 15% and 20% for ethanol and biodiesel, respectively. The potential feedstock available in 

Argentina was estimated in Chapters 4 and 5 and is used as the basis for the results in Chapter 6. Using 

the results from the previous modules helps to ensure that the hypothetical feedstock available is 

safeguarded with respect to food security. This is because the net trading position and the main food 

crops are considered and, wherever possible, main food crops are not included in production. With 

respect to ethanol, there are two main crops used in Argentina in the production, sugarcane, and 

maize.  

Considering an E15 blending mandate, both these crops can potentially supply the necessary 

feedstock, with maize providing 98% and sugarcane providing 102% of the total amount. As both crops 

are used in the production of ethanol, the impact of an increase in this blending mandate would be 

minimal on both food crops. Therefore, the increase of the blending mandate of ethanol could be 

achieved with minimal repercussions on food security. Furthermore, considering the export quantities 

for maize presented in Chapter 4, these alone offer sufficient feedstock to supply the increase in 

blending mandates. Whilst inflation makes exports more competitive, imports become more 

expensive. Considering that Argentina imports a significant amount of oil, substituting this with 
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domestic biofuels would offer improvements in climate change mitigation and could also help to 

stabilise the cost of energy during this period of high inflation.  

The production of biodiesel in Argentina is based on soybean oil as feedstock. The blending mandate 

considered for biodiesel is double the current mandate (B20). Although in practical terms blending 

mandates are expected to receive incremental increases, analysing the potential to deliver the B20 

blend allows for a larger margin of error and is an added layer of safety against detrimental effects on 

food security. The current feedstock availability of soybean can supply 234% of the biomass to 

increase the blending mandate from 10% to 20%. Furthermore, considering the export results 

presented in Chapter 4, soybean is one of the major agricultural exports accounting for 46.6% of the 

total when all forms of soybean are considered (raw, cake and oil). The export of soybean oil 

demonstrates the excess feedstock available as this forms the basis to produce biodiesel. 

Concurrently, Argentina is a major exporter of refined biodiesel, however the recent ban in the US on 

Argentinian products and the limitations placed on first-generation biofuels in the European Union 

have caused uncertainty within key markets and may reduce available exports. Therefore, an 

increased blending mandate could also be supplied by existing production if international markets 

cannot maintain current exports. 

Although second- and third-generation biomass options are preferable to the increased sustainability 

of the industry, the existing expertise and technologies should be considered when rapid change is 

desirable. The expiry of the existing law and the current issues faced by the industry offer an 

opportunity to increase the market share of biofuels and support the industry through increase 

blending mandates. An increase in blending capacity should be accompanied by a guarantee that food 

security will not be negatively affected. As has been demonstrated through this analysis, the effective 

management of food crops can guarantee both increases in biofuel blending and ensure that food 

prices remain relatively stable, excluding inflation. Furthermore, improvements to energy security are 

also possible due to the substitution of imported fuels for domestically produced biofuels.  

7.2 Research Limitations 

One of the key limitations on the study was the time available to perform the analysis. A more in-

depth analysis could have been undertaken with more time to assess other aspects of the bioenergy 

industry such as forest and crop residues or the use of sugar molasses as the feedstock for biofuels as 

well as other potential end use options. 

Another important limitation was the data availability. Due to the country's economic volatility and 

high rates of inflation, there were several datasets that either were not available or were not 

complete. Hence, some datasets needed to be extrapolated from previous years. Although the 
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costings of sugarcane production were adjusted for inflation, the accuracy of extrapolating the 

costings using only inflation raised some precision issues.  

Furthermore, the exact blending mandates which should be adopted and the implementation of such 

cannot be answered by this analysis. A further survey analysis of various stakeholders, including 

biomass and biofuel producers, could be performed to gain further insight into the needs of the 

industry and the best available improvements.  

7.3 Future Research Direction 

The direction which future research could take is manifold. The BEFS detailed analysis tool would help 

to provide added depth to the research and would provide a more complete understanding of the 

most effective bioenergy pathways available. As Argentinian agriculture differs greatly between 

regions, ensuring a more detailed regional analysis could provide specific policy to help develop 

marginalised regions. This is especially important in northern rural areas where average GDP is much 

lower when compared to the regions closer to the capital.  

An environmental assessment of the impact that a blending increase will have on GHG emission should 

be performed to fully comprehend the environmental benefits associated with increased capacities. 

This would help to ensure climate change targets are met and could help to persuade the relevant 

parties of the environmental impact of this policy. 

Although the current bioenergy market is dominated by first-generation biofuels, the research and 

development of more modern options should be performed. Furthermore, incorporating new 

bioenergy sources into existing infrastructure would help the transition from first-generation to future 

biofuels. This would enable flexibility in the market and would allow for the future substitution of 

energy crops with more sustainable feedstocks such as residues or algae-based biofuels.  
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Appendix 1 
The Country Status module results are presented in full in this section and form the basis of Chapter 

4. 
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Appendix 2 
The Natural Resources module results are presented in full in this section and form the basis of 

Chapter 5. 
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Appendix 4 
The Energy End Use module results are presented in full in this section and form the basis of Chapter 

6. 
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