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This study employs an interregional input-output model to assess the regional and sectoral socioeconomic impacts of a projected 39 % increase in biofuel demand in Brazil over the next decade. The analysis also examines how digital transformation in agriculture may condition these impacts through a sensitivity analysis that jointly evaluates operational improvements and value-chain efficiency gains. In 2022, Brazil’s biofuel manufacturing sector reached a Gross Value of Output of USD 15.3 billion, with São Paulo (SP) and Mato Grosso (MT) accounting for 46 % of the total. Approximately 70 % of production inputs were sourced within these states, underscoring the sector’s role in supporting local supply chains and regional employment. The projected expansion in biofuel demand indicates increases of USD 13.79 billion in national output, USD 4.32 billion in value added, USD 1.98 billion in wages, and 165 thousand jobs. SP exhibits stronger indirect effects due to dense intersectoral linkages, while MT shows weaker multiplier transmission despite rapid corn-ethanol expansion. Digital transformation has the potential to reshape multiplier effects, modify resource allocation, and stimulate broader economic benefits. Under an optimistic scenario, Brazil’s aggregate intermediate consumption increases by 3.38 % (equivalent to USD 50 billion), with the biofuel manufacturing sector expected to capture USD 438 million of this growth. This sector benefits from efficiency gains associated with digital transformation in agriculture, particularly when a coordinated value-chain approach is adopted.
Introduction
Brazil experienced the so-called “economic miracle” in the 1970s, with average gross domestic product (GDP) growth rates around 10 % per year. At that time, the country relied on imports for more than 80 % of its oil consumption (Baer, 2008; Cortez and Rosillo-Calle, 2023) and, therefore, was severely affected by the oil crises in 1973 and in 1979 that triggered chaos in energy markets. Following the first shock, oil prices quadrupled, but the Brazilian Government chose to sustain high economic growth rates, which eventually led to a severe decline in the country’s foreign exchange reserves and a substantial increase in the foreign debt (Baer, 2008). At the same time, this challenging context provided incentives for the development of energy diversification projects, such as the implementation of Proalcool (Brazil’s National Alcohol Program), a program designed to promote the production of ethanol through the fermentation of sugars and starches as a substitute for petroleum (Baer, 2008). This initial energy security focus of Brazil’s biofuel strategy centered on sugarcane-ethanol. Over the following decades, it expanded to include additional feedstocks and products, pursue social objectives, and align with major environmental goals (Cantarella et al., 2023; Cortez and Rosillo-Calle, 2023; IRENA, 2025). 
Brazil’s National Biofuels Policy (RenovaBio) was launched in 2017 with the objective of reducing greenhouse gas (GHG) emissions in the transportation sector and promoting the expansion of bioenergy within the national energy mix based on private incentives for expanding biofuels via a decarbonization credit market (EPE, 2025; IRENA, 2025). In October 2024, Brazil’s “Fuel of the Future” law, which regulates and establishes incentives for the production and use of sustainable fuels, was sanctioned (EPE, 2025; IRENA, 2025). In line with these policies, Brazil's National Council for Energy Policy (CNPE) approved in 2025 an increase in the mandatory ethanol blend in gasoline from 27 % to 30 % (E30), and in the biodiesel blend in diesel from 14 % to 15 % (B15). These policies and mandatory blends represent a projected 39 % increase in biofuel demand by 2035 (EPE, 2025), e.g. an extra demand of sugarcane ethanol of 5.5 106 m3; corn ethanol of 6.3 106 m3; biodiesel of 3.8 106 m3, and biodiesel for sustainable aviation fuel (SAF) of 2.8 106 m3. 
Besides clear policy frameworks, future positive outcomes are sensitive to the development and implementation of strategies that enhance sustainability and reduce investment risks (IRENA, 2025). Sustained investments in technology and innovation are key components for the continued success of biofuels (Cantarella et al., 2023). Considering that a major component of biofuel production costs is tied to the agricultural phase (Cortez and Rosillo-Calle, 2023), broad efficiency gains in agricultural value chains, such as those potentially delivered by digital transformation (Massruhá et al., 2023), therefore assume a strategic importance for the biofuel sector.
The present study evaluates the regional socioeconomic impacts of the projected expansion of biofuel demand in Brazil by 2035 (EPE, 2025) through an updated interregional input-output (I-O) model. This I-O approach is also suitable for assessing the potential impacts of digital transformation in agriculture by representing it as operational improvements and value-chain efficiency gains.
Methods
The input-output framework
The I-O model’s transparent structure and its lower data requirements allow the construction of a disaggregated, multisectoral and multiregional representation of a more recent year of the Brazilian economy (e.g., 2022) compared to information available in other studies (Brinkman et al., 2018). This is important for capturing an updated perspective of agricultural and biofuel value chains and projecting how changes in biofuel demand and digital transformation in agriculture will propagate throughout the economy. While the I-O approach abstracts from price adjustments and resource constraints (Miller and Blair, 2009), it nevertheless provides a robust, policy-relevant first-order approximation of economy-wide impacts, which is central to the scope of this analysis.
An essential dataset for the I-O model comprises the monetary values of transactions between pairs of sectors, designated as zij¸ i.e. the interindustry sales by sector i (intermediate sales) to all sectors j, including itself when j=i. Additionally, there are sales to other demand sources, such as households, government, and foreign trade. The demand of these external units is referred to as final demand, fi, which represents the total final demand for sector’s i products (Miller and Blair, 2009). In this study, we estimated the interregional I-O matrix for the Brazilian economy for the year 2022, the most recent year with available data. We considered 38 sectors, placing particular emphasis on the agricultural and biofuel manufacturing sectors. The biofuel sector was disaggregated in accordance with the National Classification of Economic Activities (CNAE), as provided by the Brazilian Institute of Geography and Statistics (IBGE): “19.3, Manufacture of biofuels”. Regionally, Brazil was disaggregated into 11 regions, prioritizing the individual disaggregation of states that account for approximately 85 % of the country’s gross value of output (GVO) of agricultural production. Official databases, mainly from the IBGE, were organized and processed following logically sequenced technical procedures to ensure consistency and consolidation of sectoral data with interregional representation (Miller and Blair, 2009; Guilhoto, 2011). The resulting intersectoral intermediate consumption data at the regional level followed the RAS approach (Miller and Blair, 2009). Briefly, the RAS method is a non-survey, bi-proportional adjustment technique used to estimate a contemporary technical coefficients matrix from a reference matrix. By iteratively applying row and column multipliers, it aligns intermediary consumption with updated marginal totals. This process captures structural shifts, ensuring consistency with national accounting identities and GDP aggregates. The resulting calculations of National Product (NP), Intermediate Consumption (IC), Value Added (VA), GDP, and Final Demand (FD) followed standard procedures in national accounts and I-O analysis (Miller and Blair, 2009; Guilhoto, 2011).
The calculation of socioeconomic multipliers
The analytical approach presented in this section is detailed in Miller and Blair (2009) and Guilhoto (2011). Briefly, the economic system is formalized as a set of linear equations, expressed in matrix form as:
	X
	=
	(I – A)-1 * Y
	(equation 1),


where is the Leontief inverse, which incorporates both the direct and indirect effects of final demand on production. Each element of this matrix represents the total production requirements of sector i needed to satisfy an additional unit of final demand in sector j, under the assumptions of fixed technology and constant returns to scale. The interregional extension of the I-O model maintains the same fundamental matrix structure and explicitly incorporates flows of goods and services across regions. This allows for the simultaneous capture of intersectoral and interregional interactions, enabling the estimation of regional impacts resulting from changes in final demand. Based on the Leontief inverse, economic multipliers for output, VA, wages (W; a proxy for income), and employment (L) are calculated. The output multiplier (OM) is defined as:
	OMj
	=
	∑nt=1* Bij
	(equation 2),


where j = 1,...,n, and  is the output multiplier for the jth sector, and  is any element of the Leontief inverse matrix. VA, W, and L multipliers are obtained by weighing the Leontief inverse, , by sector-specific direct coefficients of these variables relative to GVO, thereby allowing the assessment of the systemic impacts of exogenous shocks on the economy. 
Assessing regional socioeconomic impacts in response to expanded biofuel demand
Official Brazilian projections (EPE, 2025) indicate that by 2035 the demand for corn ethanol, sugarcane ethanol, and soybean (oil) biodiesel is expected to increase by 63 %, 20 %, and 38 %, respectively. SAF demand is projected to contribute another 28 % to biodiesel demand during this period. Therefore, the shock used in this study reflects a total weighed increase in biofuel demand value of 38.8 % by 2035. This shock was distributed among regions according to their respective 2022 value of production. The state of São Paulo is projected to absorb 37% of the national shock, while the Center-West states – Mato Grosso (MT), Mato Grosso do Sul (MS), and Goiás (GO) – account for another 33 %. The remaining 30 % of the biofuel demand expansion shock is allocated among the other seven regions of the model, according to their respective shares in the value of production. Each region’s share is then weighed by the biofuel multipliers calculated for each region.
These biofuel demand projections provide details regarding the impacts on the energy sector (EPE, 2025), but the associated insights are not so abundant regarding the potential spillovers to other sectors in the economy and their regional effects. Feedstocks are central to biofuel production, representing the largest share of total costs (Cortez and Rosillo-Calle, 2023). However, a knowledge gap remains in jointly assessing developments across the biofuel and agricultural sectors, despite the direct impact of efficiency gains in agricultural production on the competitiveness of biofuel manufacturing. Therefore, understanding biofuel scenarios would benefit from jointly considering the potential impacts of digital transformation in agriculture and the associated efficiency gains, captured not only within the agricultural sector but also along relevant value chains – such as biofuel manufacturing – and across other sectors of the economy. In this study, these impacts are assessed through combined shocks applied to both the columns – e.g. improvements in operational efficiency – and the rows – efficiency gains along value chains – of the I-O matrix. To provide a more comprehensive assessment of potential outcomes and uncertainties, a sensitivity analysis is conducted across a plausible range of operational efficiency gains in agriculture (0 % to 30% in column shocks) (Massruhá et al., 2023), combined with ad-hoc efficiency gains along the value chain (0 % to 10 %). 
Results and discussion
The Brazilian biofuel sector
Brazil produced a total of 30.6 106 m3 of ethanol in 2022, primarily from sugarcane; 13.4 % of this volume (4.1 106 m3) was derived from corn ethanol. In the same year, biodiesel production amounted to 6.3 106 m3, with soybean oil as the main feedstock, accounting for more than 70 % of total production. However, the biofuel production landscape in Brazil is evolving, with output increasing to 37.3 106 m3 of ethanol and 7.2 106 m3 of biodiesel between 2022 and 2024 (EPE, 2025).
In this study, the I-O framework is used to move beyond official statistics and examine how biofuel manufacturing stimulus propagates through intersectoral linkages, with particular attention to regional heterogeneity among major producing states. Brazil’s biofuel manufacturing sector reached a GVO of USD 15.3 billion in 2022. Approximately 26 %, 22 %, and 26 % of the input used in biofuel manufacturing originated from agriculture, manufacturing, and service sectors, respectively (Figure 1). On the demand side, the manufacturing and service sectors accounted for 37 % of total demand, while the household consumption was the main driver, representing 44 % of GVO (Figure 1). São Paulo (SP) and Mato Grosso (MT), the leading producers of sugarcane ethanol, and corn-ethanol and soybean biodiesel, respectively, accounted for 46 % of total GVO in the biofuel manufacturing sector (USD 5.45 billion in SP and USD 1.57 billion in MT). In SP, the input structure closely mirrors the national pattern, with agriculture, manufacturing, and services each contributing between 29 % and 36 %. In MT, in contrast, agriculture accounts for 49 % of inputs, 12 percentage points (p.p.) higher than in SP. Most inputs for biofuel manufacturing are sourced locally – 67 % in SP and 74 % in MT – underscoring the sector’s role in supporting local supply chains and regional employment. In 2022, the biofuel manufacturing sector employed 238.5 thousand people (formal and informal jobs), with SP and MT contributing with 64.3 thousand and 17.2 thousand, respectively.
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Figure 1: Brazilian biofuel sector in 2022 (values are in USD million) 
The multiplying effects of biofuel expansion in Brazilian economy
Table 1 presents the average multipliers for the biofuel manufacturing sector in Brazil, along with specific results for the states of SP and MT. The OM captures the projected direct and indirect effects on the economy resulting from an increase in final demand for a given sector. For example, a multiplier of 2.35 implies that a USD 1 billion increase in final demand generates a total output increase of USD 2.35 billion in the Brazilian economy. The same interpretation applies to the other multipliers. The VA-multiplier is particularly important, as it measures a sector's contribution to generating new wealth (i.e., GDP) without double counting, from both regional and national perspectives. The W-multiplier reflects income generation through labor compensation; however, total income – especially in capital-intensive sectors – also includes profits and rents. While higher W may stimulate additional household consumption, such potential induced effects are only fully captured when households are endogenized in the model (Miller and Blair, 2009). The L-multiplier measures job creation in response to demand shocks and can be interpreted as an indicator of potential social inclusion. This study focuses on formal employment, as informal labor introduces significant volatility across regions, particularly in the Northeast. 
Table 1: Output, value-added, wages, and employment multipliers for the biofuel sector
	Multiplier
	Avg. Brazil
	São Paulo (SP)
	Mato Grosso (MT)

	Output (OM)
	2.35
	2.38
	2.09

	Value-added (VA-M)
	0.72
	0.74
	0.62

	Wages (W-M)
	0.33
	0.34
	0.25

	Employment (L-M)
	6.23
	4.92
	3.78



Overall, SP exhibits higher output and value-added multipliers, indicating stronger indirect effects through dense intersectoral linkages, consistent with its vertically integrated sugarcane-ethanol complex. In contrast, its wage and employment multipliers remain moderate, reflecting the capital-intensive nature of biofuel manufacturing. MT displays lower multipliers overall, suggesting weaker transmission of demand shocks despite recent expansion in corn-ethanol production; as a result, biofuel expansion in MT tends to be more localized and less diffused across the economy. In addition, SP converts a larger share of output into GDP (net value added) than MT (0.74 vs 0.62) (Table 1), indicating a greater capacity to generate net economic welfare. W-multipliers are relatively low compared to VA-M, reinforcing the capital-intensive profile of the biofuel manufacturing sector. The lower W-multiplier in MT (0.25, compared to 0.34 in SP) is consistent with a stronger reliance on primary-sector linkages and lower labor income intensity. Similarly, the lower L-M in MT points to a more limited capacity for job creation relative to SP and the national average. 
Efficiency gains through digital transformation in agriculture
Improvements in technical coefficients, reflecting efficiency gains, alter the structure of intersectoral linkages and, consequently, the magnitude of multiplier effects and resource allocation patterns. These effects are particularly pronounced in agriculture, which absorbs the largest share of the shocks. In the biofuel manufacturing sector, OM, VA-M, and W-M decline, on average, by 2.3 %, 3.1 %, and 2.5 %, respectively. Efficiency gains in agriculture reduce the amount of intermediate inputs required per unit of output, weakening backward linkages and leading to a lower OM. At the same time, the reduced reliance on intermediate consumption relative to gross output modifies the distribution of VA across sectors. As a result, less VA is generated per unit of final demand in the biofuel sector, consistent with the larger decline in VA-M relative to OM. The reduction in the W-M is consistent with labor-saving technological change. In contrast, the L-M increases from an average of 5.7 to 9.9. This reflects a compositional adjustment in the production structure: as output and income effects weaken, the distribution of economic activity shifts toward relatively more labor-intensive sectors, increasing employment per unit of output. This pattern is consistent with a reconfiguration of intersectoral linkages within the I-O structure. These results point to structural reallocation mechanisms, whereby efficiency gains in one sector release resources that are subsequently absorbed in other parts of the economy, potentially supporting economic expansion under higher overall efficiency in intermediate input use.
Regarding the digital transformation shock in agriculture, the mid-point of the sensitivity analysis – a combined 15 % column shock and 5 % row shock (e.g. a 3:1 ratio) – leads to an increase in aggregate intermediate consumption of 1.43 % (approximately USD 21.3 billion) (Table 2). At the same shock range (0 to 10 %), efficiency gains along value chains (row shocks; 0.79 p.p.) are almost 20% higher than operational improvements (column shocks; 0.67 p.p.), indicating the importance of downstream and upstream linkages. Given that operational efficiency gains in agriculture may reach up to 30 % in practice, the upper-bound scenario – a 30 % column shock combined with a 10 % row shock – results in an increase of 3.4 % in aggregate intermediate consumption (approximately USD 50.5 billion) (Table 2). Most of these gains are concentrated in the agricultural sector, which absorbs around 80 % of the total impact. The biofuel manufacturing sector captures approximately USD 208 million, representing 1 % of total economy-wide impacts and 5.2 % of the total impact of manufacturing sectors. When efficiency gains are more balanced across production stages (i.e., a symmetric 1:1 ratio between column and row shocks), impacts become more evenly distributed across sectors. In this case, agriculture accounts for 57 % of total effects, manufacturing for 40 %, and services for 3 %. These results suggest that more balanced efficiency improvements enhance the diffusion of gains across the economy. They also indicate that the biofuel manufacturing sector benefits from digital transformation in agriculture, particularly when efficiency gains are coordinated along the value chain.
Table 2: Projected economic impacts of digital transformation in the Brazilian economy (USD million)
	
	
	Row shock, %: efficiency gains along the value chain

	
	
	0
	2.5
	5.0
	7.5
	10

	Column shock, %: efficiency gains in input use and operational efficiency 
	0
	0.00
	2.53
	5.19
	7.99
	10.95

	
	5
	4.75
	7.30
	9.99
	12.82
	15.80

	
	10
	10.03
	12.61
	15.32
	18.18
	21.20

	
	15
	15.93
	18.54
	21.28
	24.17
	27.22

	
	20
	22.57
	25.21
	27.99
	30.92
	34.01

	
	25
	30.10
	32.77
	35.59
	38.56
	41.69

	
	30
	38.70
	41.42
	44.28
	47.29
	50.47


Conclusions
Ethanol and biodiesel demand are projected to increase steadily in Brazil over the next decade, driven by mandatory biofuel blends and broader energy transition goals (EPE, 2025; IRENA, 2025). This study shows that biofuel manufacturing is strongly embedded in regional economies, with most inputs sourced within the same state, reinforcing its role in supporting regional supply chains and employment. Multiplier analysis reveals significant regional heterogeneity: São Paulo exhibits stronger output and value-added effects due to dense intersectoral linkages, while Mato Grosso shows weaker transmission of demand shocks, reflecting a less integrated production structure. Given that feedstocks account for a large share of production costs, the study highlights the importance of jointly considering developments in both biofuel manufacturing and agricultural sectors. In this context, the biofuel manufacturing sector benefits from efficiency gains associated with digital transformation in agriculture, particularly when these gains are coordinated along the value chain. 
Methodologically, the I-O framework proves well-suited for identifying and anticipating how projected changes in biofuel demand propagates across sectors and regions. However, this approach presents some analytical limitations, as it assumes unlimited idle capacity within the economy, fixed technical production coefficients, constant returns to scale, and constant prices (Miller and Blair, 2009; Guilhoto, 2011). While I-O tables provide the empirical foundation for computable general equilibrium (CGE) models, the latter extend the I-O framework by incorporating optimizing behavior, market clearing, and price-mediated adjustments (Burfisher, 2017). Future research could extend this analysis and explore responses through the lens of CGE models, which are more flexible to accommodate a greater range of technological and policy shocks, albeit at the cost of greater complexity, stronger parametric assumptions, and limitations in achieving detailed subnational regional and sectoral disaggregation.
From a policy perspective, biofuel expansion cannot be assessed in isolation, as it is closely linked to energy security and shaped by socioeconomic and environmental tradeoffs. Biofuels play a central role in energy transitions, offering cost-effective, renewable, and low-carbon alternatives to fossil fuels – particularly in transport and hard-to-electrify sectors, such as aviation and maritime transportation (Cantarella et al., 2023; Walter et al., 2026). However, concerns about biofuels persist on issues such as food-versus-fuel competition, direct and indirect land-use changes, and declining productivity in agriculture (Cortez and Rosillo-Calle, 2023; Searchinger et al., 2018; EPE, 2025). Addressing these challenges requires clear policy frameworks, along with the development and implementation of strategies that enhance sustainability and governance, reduce investment risks, foster innovation, and promote income and job creation (Cantarella et al., 2023; IRENA, 2025; Lopes and Martha, 2025). A critical challenge is reversing declining investments in agricultural research and development (R&D) to sustain long-term productivity growth (Fuglie, 2018; Martha and Lima, 2023). In this context, digital transformation in agriculture emerges as a key enabler to enhance resource-use efficiency and generate positive spillovers to other sectors of the economy (Massruhá et al., 2023; Lopes and Martha, 2025), including biofuels.
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