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Abstract

When carbon pricing faces implementation barriers, promoting low-carbon production of-
fers an alternative; it aims to reduce emissions by making cleaner substitutes more affordable.
This paper develops a dynamic framework to assess whether incentives for cleaner production
necessarily reduce emissions, considering both substitution toward cleaner goods and rebound
effects from increased total consumption. I apply it to Brazil, the world’s second-largest ethanol
market, where RenovaBio uses incentives funded by fossil fuel distributors to promote ethanol, a
cleaner substitute for gasoline. The estimated unified equilibrium model combines supply from
heterogeneous ethanol producers, differentiated fuel demand under oligopolistic pricing, and dy-
namic carbon-credit banking. The answer is no: RenovaBio increases ethanol production but
displaces very little gasoline, expanding total fuel consumption and raising emissions by 0.22%
relative to policy removal over 2020-2024. In contrast, replacing RenovaBio with an ethanol
blending mandate about one percentage point higher generates essentially the same ethanol

production, with 1.20% lower emissions than RenovaBio and smaller fuel-price distortions.

1 Introduction

Reducing emissions in carbon-intensive sectors is a central climate-policy challenge. A conventional
approach is to raise the cost of consuming polluting goods in proportion to the environmental
damage they cause (Goulder and Parry, 2008). Concerns about household costs and distributional
fairness can weaken public support for this approach (Douenne and Fabre, 2022; Dechezleprétre et
al., 2025). An alternative is to support the production of cleaner substitutes. The aim is to make
cleaner goods more abundant and affordable, allowing them to replace more polluting alternatives
(Fischer and Newell, 2008; Borenstein, 2012).

How do incentives for clean production affect aggregate emissions? To answer this question, I
use a dynamic equilibrium model that captures three responses: (1) how much producers expand
clean output in response to the incentive; (2) how strongly consumers substitute cleaner goods

for more polluting alternatives; and (3) how lower prices expand total consumption, potentially


https://smhssalehi.com

offsetting emissions savings through a rebound effect (Gillingham et al., 2016). The empirical
analysis uses this model to evaluate RenovaBio, a program designed to expand ethanol production
and reduce gasoline use, in Brazil’s ethanol production industry and retail fuel markets.

Ethanol offers a lower-carbon substitute for gasoline in a fuel system that remains heavily
dependent on liquid fuels (Lade and Smith, 2025).! Brazil provides an especially informative
setting, with one of the world’s largest and longest-established ethanol markets (Cortez, ed, 2016;
Sant’Anna, 2024). Ethanol is produced at large scale domestically (Ramirez Camargo et al., 2022)
and sold both blended into gasoline and separately at the pump, while most light vehicles can
run on either fuel (IRENA, 2025; EPE, 2024a).2 Access to both fuels makes Brazil well suited to
studying whether ethanol expansion reduces reliance on gasoline.

RenovaBio, implemented in Brazil in 2020, is the focus of the analysis. Under RenovaBio,
annual emissions-reduction targets translate into annual carbon credit (CBIO) retirement require-
ments (ANP, 2019). Biofuel producers earn carbon credits in proportion to their output, while
fossil fuel distributors must meet government-set targets by purchasing and retiring carbon cred-
its in proportion to their fossil fuel sales (ANP, 2018, 2019). Credits are traded on a centralized
exchange, and the resulting credit price links the downstream compliance burden to upstream
supply incentives and determines the magnitude of both (B3, 2022). Thus, RenovaBio creates a
self-financing decarbonization mechanism within the fuel supply chain.

The analysis links national upstream ethanol and carbon credit markets to state-level retail
fuel markets. Downstream, households choose between gasoline and ethanol at the pump, a choice
made especially relevant by the widespread adoption of flex-fuel vehicles (EPE, 2024a; Hoeckel and
Alvim, 2023). Distributors sell both fuels and set retail prices within state markets. The sector is
concentrated, with three firms accounting for just over half of national gasoline and ethanol sales
(ANP, 2025a; CADE, 2026). Upstream, ethanol producers choose output in response to the ethanol
price and carbon credit revenue, while the national carbon credit market clears credit supply from
ethanol producers against compliance demand from fossil fuel distributors (Sant’Anna, 2024; B3,
2022). Interactions across these markets shape fuel prices and consumption, ethanol production,
and the carbon credit price.

The data consist of monthly firm-level observations on retail fuel prices and quantities, state-
level biofuel production, and carbon credit trading. The downstream sample covers 2010-2024; the
production and carbon credit data cover 2018-2025. The main data sources are Brazil’s National
Agency of Petroleum, Natural Gas and Biofuels (ANP), including its ethanol and CBIO dashboards,
B3, Brazil’s stock exchange, and the National Supply Company (CONAB) (ANP, 2025a, 2026b;
B3, 2022; CONAB, 2026).

The model’s intuition rests on three elasticities. The ethanol supply elasticity determines how

!Ethanol’s carbon intensity varies across feedstocks and production methods, but life-cycle estimates for Brazilian
sugarcane ethanol are substantially lower than those for gasoline (Macedo et al., 2008; Seabra et al., 2011). Measure-
ment remains debated, particularly regarding emissions from land-use change (Sant’Anna, 2024). Resolving these
questions is beyond the scope of this study; Section 2 provides further background.

2Brazilian policies promoting ethanol use date to 1931, with large-scale expansion following the launch of Proalcool
in 1975. During the study period, regular gasoline contained 27% ethanol by volume (IRENA, 2025).



production responds to the credit incentive. On the demand side, substitution between ethanol
and gasoline determines gasoline displacement, while substitution between fuel and the outside
good, representing no fuel purchase, determines the change in total fuel consumption. Whether
additional ethanol replaces gasoline or expands total fuel use depends on the relative strength of
these responses. Importantly, these elasticities are not fixed primitives; they are equilibrium objects
shaped by market structure, policy rules, prices, and pass-through.

The model describes consumer choice among gasoline and ethanol products differentiated by
distributor brand and Bertrand price competition among distributors within each state and month.
An outside option for no fuel purchase separates ethanol-gasoline substitution from changes in total
fuel consumption. State-specific ethanol supply elasticities capture heterogeneity in production
technologies, including the expansion of corn ethanol in emerging producing regions. Finally, the
model incorporates dynamic carbon credit banking, allowing credits to be carried forward to meet
future government retirement targets. Banking links current credit prices to outstanding inventories
and expected future targets, affecting current production incentives and distributors’ compliance
costs.

I estimate these responses. On the supply side, I instrument effective producer revenue with
international oil price variation, which shifts gasoline prices and ethanol demand through fuel
substitution, and estimate a national ethanol supply elasticity of about 3.09. On the demand side,
I estimate a random coefficients nested logit model and instrument retail prices with international
oil prices as fuel-cost shifters and sugar prices as ethanol opportunity-cost shifters. The estimates
imply an aggregate fuel demand elasticity of about —0.68 for a uniform change in fuel prices, while
only 5.2 percent of the additional ethanol demand generated by a lower ethanol price comes from
displaced gasoline. Evidence from the credit market shows forward-looking behavior: holding 5
million additional carbon credits throughout a year lowers the current price relative to its discounted
one-year-ahead value by about 21% of the average carbon-credit price. Overall, the estimates imply
a strong upstream supply response, limited substitution between fuels, and a substantial total-
demand response. These estimates foreshadow the central counterfactual result: RenovaBio raises
ethanol output but displaces little gasoline, so most of the additional ethanol expands total fuel
consumption and emissions.

The counterfactual analysis first evaluates RenovaBio relative to policy removal and then com-
pares it with a higher mandate for blending ethanol into gasoline, a common policy in Brazil and
elsewhere. Removing RenovaBio reduces ethanol production by only 0.5-1.8 percent because the
resulting increase in the ethanol market price offsets 81-90 percent of the lost CBIO incentive.
Downstream adjustment is concentrated in ethanol consumption: directly sold ethanol falls by
1.73 billion liters (2.3%), while gasoline consumption changes by only 8 million liters (0.004%).
Total fuel consumption consequently falls by about 1.74 billion liters (0.7%) and COge emissions
decline by 1.01 million tons (0.22%), implying that RenovaBio increases emissions by expanding
fuel consumption with almost no gasoline displacement. I then replace RenovaBio with a higher

blending mandate, interpolating the mandate rate in each year to match ethanol production under



RenovaBio. The required increase averages roughly one percentage point but directs the additional
ethanol toward replacing about 1.86 billion liters (1.4%) of fossil gasoline. The mandate therefore
produces about 5.55 million fewer tons of COze (1.20%) than RenovaBio and generates substan-
tially smaller fuel-price distortions. Even before valuing emissions, welfare is about R$0.46 billion
higher under the mandate.

In sum, the estimates reveal a strong ethanol supply response but limited substitution away
from gasoline; how these responses interact with market structure and policy design governs what
additional clean production replaces. RenovaBio and the higher blending mandate generate similar
ethanol production, but RenovaBio induces a rebound in total fuel use that raises emissions, whereas
the mandate replaces fossil gasoline and lowers emissions.

Related Literature. This paper contributes first to the literature on the design of clean-fuel
regulation. Renewable fuel mandates, carbon-intensity standards, and ethanol subsidies create dif-
ferent incentives for biofuel production, with implications for land use and technological innovation
(Holland et al., 2015; Lade and Smith, 2025). Holland et al. (2009) simulate a national low-carbon
fuel standard and find that, although it is unlikely to increase emissions, it can generate substantial
surplus losses and high abatement costs. Chen et al. (2014) evaluate the Renewable Fuel Standard
against a low-carbon fuel standard and carbon pricing. Holding U.S. emissions reductions fixed,
they find that the Renewable Fuel Standard achieves less global abatement. Building on these pol-
icy comparisons, I study a novel design in a joint upstream—downstream equilibrium with imperfect
competition, heterogeneous production responses, and credit banking, where a government-set re-
quirement links biofuel incentives to fossil fuel distributors’ compliance obligations.

Second, the paper contributes to the literature on environmental regulation under imperfect
competition. Buchanan (1969) establishes that corrective environmental policy interacts with pre-
existing product-market distortions. Fowlie et al. (2016) quantifies how market power can change
the welfare effects and preferred design of emissions regulation. More recently, Dominguez-lino
(2025) shows that market power along a supply chain can weaken the transmission of environ-
mental incentives to upstream producers, and Lade and Bushnell (2019) documents substantial
heterogeneity in clean-fuel subsidy pass-through across retail market structures. In my setting,
the obligated firms are concentrated fuel distributors that set prices for both gasoline and ethanol.
Their pricing decisions therefore affect not only the incidence of the policy, but also whether the
induced increase in ethanol supply lowers gasoline consumption or expands total fuel demand.

Third, the paper contributes to the empirical literature on biofuel policy and the environmen-
tal consequences of ethanol expansion. Roberts and Schlenker (2013) estimate agricultural supply
and demand responses to quantify the effects of ethanol mandates on commodity markets, and
Sant’Anna (2024) studies how Brazilian sugarcane ethanol expansion affects land use and car-
bon emissions. Related work examines the land-use and environmental consequences of expanding
Brazilian corn ethanol production (Moreira et al., 2020; Gurgel et al., 2024). I study the complemen-
tary downstream margin by estimating ethanol supply and fuel demand, showing that additional

ethanol can expand total fuel consumption rather than displace gasoline even when production



responds strongly.
The remainder of the paper describes the institutional setting, presents the data, develops the
model, and estimates its key components before using the framework to conduct counterfactual

policy analysis.

2 Background

Road transport is a major source of carbon emissions. Cars and buses alone generate about 45
percent of global transport COs emissions, which corresponds to roughly 15 percent of worldwide
energy-related CO2 emissions (IEA, 2022). In Brazil, ethanol is the main low-carbon substitute for
gasoline (Sant’Anna, 2024; Ramirez Camargo et al., 2022). Although ethanol provides only about
65% of gasoline’s volumetric energy content (IEA AMF, n.d.), sugarcane ethanol has a substantially
lower life-cycle carbon footprint than gasoline (Goldemberg et al., 2008; Sant’Anna, 2024). This
makes substitution from gasoline to ethanol a central margin for transport decarbonization (Hoeckel
and Alvim, 2023).

Brazil has developed its ethanol market over several decades. The modern ethanol program
began with Proalcool in 1975, when the government responded to the oil shocks by promoting
domestic ethanol as an energy security strategy (Meyer et al., 2013; IRENA, 2025). The early
program relied on mandated ethanol blending in gasoline and later on ethanol only vehicles, which
were introduced in 1979 and became widespread in the 1980s (Cortez, ed, 2016). The major demand
side change came in 2003 with flex fuel vehicles, which allowed the same car to use gasoline, ethanol,
or any mixture of the two. By 2013, flex fuel engines accounted for about 94 percent of new
passenger vehicle sales, making ethanol a regular choice at the pump rather than a vehicle specific
commitment (ICCT, 2015).

The relevant market for this paper is therefore mainly Brazil’s domestic ethanol market: pro-
ducers supply ethanol, distributors purchase gasoline and ethanol for resale, and drivers choose
between fuel options at the pump. The RenovaBio policy, introduced below, targets this domestic

fuel chain.

2.1 Ethanol Supply

Ethanol is produced by fermenting agricultural feedstocks. Brazil is one of the world’s leading
ethanol producers, with production based mainly on sugarcane and, increasingly, corn (AFDC,
2026; USDA FAS, 2024; Ramirez Camargo et al., 2022). Sugarcane ethanol has a high fossil energy
return because mills use sugarcane residue as an energy input, yielding roughly 8 to 9 units of
renewable energy for each unit of fossil energy used (Macedo et al., 2008; Chum et al., 2014). Corn
ethanol has expanded more recently and is largely based on second crop maize grown after soybeans,
with renewable energy ratios of 7.1 to 9.4 (Gurgel et al., 2024; Moreira et al., 2020). Figure 1 shows
this shift: sugarcane remains the dominant feedstock, but corn ethanol has become an increasingly

visible part of Brazilian ethanol production. In the 2025/26 harvest season, Brazil produced 37.5



billion liters of ethanol, including 27.33 billion liters from sugarcane and 10.17 billion liters from
corn (CONAB, 2026).

Brazilian ethanol production by feedstock and type, 2014-2024
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Figure 1: Brazilian ethanol production by feedstock and type, 2014-2024. Notes: The figure reports
ethanol production from sugarcane and corn, separately for hydrous and anhydrous ethanol. Source:
author’s reproduction from EPE (EPE, 2025, Chart 10), based on MAPA and UNICA data.

Sugarcane mills allocate cane between sugar and ethanol, making ethanol supply sensitive to
relative returns in sugar and fuel markets (Sant’Anna, 2024; Hoeckel and Alvim, 2023). Recent re-
ports place the sugar—ethanol production mix close to one half for each product, with the allocation
shifting in response to relative prices (USDA FAS, 2025b). Corn ethanol remains small relative to
total corn production, using about 10 percent of Brazil’s 2023/24 corn crop, but large second-crop
harvests in the Center West have made ethanol a profitable outlet for local grain (USDA FAS, 2024,
USDA, 2020). The Brazilian corn ethanol system relies on maize grown as a second crop after soy-
beans; because second-crop corn accounts for about 79 percent of national corn production, this
system helps reduce the need for direct land expansion (USDA FAS, 2025a; Moreira et al., 2020).

Ethanol production is organized around mills located close to feedstock supplies.® Sugarcane
mills are concentrated in the Center-South, especially in Sao Paulo and nearby producing states,
because cane is bulky and costly to transport (Sant’Anna, 2024). Some mills in the Northeast are
closer to ports and therefore have greater export potential. Corn ethanol plants are more concen-
trated in the Central-West, especially in states with large second-crop corn output. In December
2024, Brazil had 366 ethanol production units, including 11 flex sugarcane-corn ethanol plants and

18 dedicated corn ethanol plants. Some groups are vertically connected to fuel distribution, but

3The overview of the spatial distribution, feedstock concentration, and market structure of Brazilian ethanol mills
presented in this section relies on data and reports from UNICA (2025b), ANP (2025b), EPE (2025), and ANP
(2025c¢).



the mill side is much less concentrated than downstream fuel distribution and remains closer to a
competitive upstream market.

Seasonality is central to ethanol supply (Sant’Anna, 2024; Ramirez Camargo et al., 2022).
Sugarcane ethanol is concentrated in the April-November crushing season, with lower production
in the December—March intercrop months. Corn ethanol can operate more evenly throughout the
year when corn stocks are available (USDA FAS, 2024; EPE, 2024b).

Understanding the operation of ethanol mills is important for the analysis of RenovaBio because
mills are the production-side entities targeted by the policy. Its effects therefore depend on feedstock

choice, seasonality, and the ability of mills to adjust output in response to incentives.

2.2 Ethanol Demand

Ethanol moves from producers to fuel distributors and then to retail stations. Most Brazilian
ethanol is used domestically, either blended into gasoline or sold directly to drivers with flexible
fuel vehicles (USDA FAS, 2024). In 2023, Brazil consumed 30.7 billion liters of ethanol domestically
and exported 2.6 billion liters, so exports were only about 8.5 percent of domestic consumption
(USDA FAS, 2024). Brazil has also maintained a high blending mandate for decades: the early
Proalcool program required gasoline to contain 15 to 20 percent ethanol, and the current mandatory
blend is 30 percent after the 2025 increase from 27 percent (UNICA, 2025a). Flex vehicles also
support demand, accounting for 77 percent of Brazil’s 39.7 million light vehicles in 2023, or about
30.6 million vehicles (EPE, 2024a).

Market structure differs sharply across stages of the fuel supply chain. Ethanol production
is dispersed across mills, while downstream fuel distribution is more concentrated. Distributors
purchase fuel from producers and importers, move it through the wholesale supply chain, and sell
to retail stations (CADE, 2026). Retail stations differ by brand relationship. Branded stations
display the commercial brand of a distributor, such as Vibra, Ipiranga, or Raizen, and are typically
linked to that distributor’s supply network. Unbranded stations do not display a distributor brand
and can purchase fuel from different distributors (MJSP, 2019).

A small number of national distributors account for a substantial share of fuel sales. In 2024,
Vibra, Ipiranga, and Raizen jointly accounted for 51.4 percent of combined national distributor
sales of gasoline and hydrous ethanol, as shown in Figure 2 (ANP, 2025a). Although these firms
operate nationally, distributor market shares vary across states, and smaller regional distributors
remain important in local markets (ANP, 2025a; CADE, 2026). Raizen is the only one of the three
integrated into ethanol production: in 2024/25, its own ethanol output covered about 84 percent of
its ethanol sales and about 8.3 percent of national ethanol production in 2024(Raizen, 2025; EPE,
2025).

Retail gasoline follows a separate refining chain in which distributors buy gasoline from re-
fineries, blend it with mandated ethanol, and sell it through stations (ANP, 2026a). Among the
main distributors, Vibra has the closest historical link to upstream gasoline supply because it was

formerly controlled by Petrobras, the refiner that still produces about 80 percent of domestic fuels;
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Figure 2: Combined national market shares of leading distributors in gasoline and hydrous ethanol
sales, 2024. Source: ANP Ethanol Dashboard.

Petrobras reduced control in 2019 and exited in 2021 (Magalhaes and Nogueira, 2024; Moody’s,
2023). In the analysis, I take upstream gasoline prices as exogenous and focus on downstream
gasoline pricing as the rival product margin to ethanol.

Figure 3 illustrates the relevant price margins by comparing the retail price of gasoline with
retail and upstream hydrous ethanol prices in Sao Paulo. Retail ethanol is persistently priced below
retail gasoline, which is consistent with ethanol’s lower energy content per liter.

Because fuel distributors are the regulated entities under RenovaBio, the structure of the distri-

bution sector is central to understanding how the policy is transmitted to fuel prices and quantities.

2.3 RenovaBio

RenovaBio is Brazil’s national policy to decarbonize transport fuels by incentivizing certified biofuel
production through a tradable credit market. Established in 2017 and operational since December
2019, it is built around the CBIO, a tradable credit representing one metric ton of avoided CO4
equivalent (EPE, 2025; B3, 2022; UNICA, 2025¢). On the supply side, CBIOs are issued to certified
biofuel producers. Registration and trading began on B3, Brazil’s stock exchange, in April 2020, and
the market-determined B3 price sets the incentive value (EPE, 2025; B3, 2022). The policy covers
certified ethanol, biodiesel, and biomethane. On the demand side, the government allocates the
annual national CBIO retirement target across distributors of common gasoline, premium gasoline,
diesel B, and diesel BX by emissions-based fossil fuel market shares (ANP, 2019). Obligated
distributors acquire and retire CBIOs, while non-obligated investors and other participants may
also hold and trade them. I focus on ethanol and gasoline because ethanol dominates certification

and gasoline is its light-vehicle competitor: as of May 2025, ethanol plants held 295 of 338 valid
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Figure 3: Retail gasoline prices, retail hydrous ethanol prices, and upstream hydrous ethanol prices
in Sao Paulo. The persistent discount of retail ethanol relative to retail gasoline reflects ethanol’s
lower energy content per liter and the resulting need for more frequent refueling to travel the same
distance.

producer certifications, or about 87 percent (author’s calculation from EPE, 2025).

On the supply side, certified producers generate CBIOs when they sell eligible biofuels domes-
tically (ANP, 2018, 2025c¢). Each producer has a certified credit yield, measured in CBIOs per liter
sold. This yield depends on certified carbon intensity, so cleaner plants earn more credits per liter.
CBIO revenue adds to the ethanol sale price: each liter of certified ethanol earns ordinary ethanol
revenue plus the market value of its associated CBIOs. RenovaBio therefore raises the effective
return to ethanol production, with the response depending on feedstock, seasonality, and capacity.
In practice, an average ethanol mill earns roughly one CBIO for every 750 liters of ethanol sold
(author’s calculation from ANP, 2025c¢).

On the demand side, the government sets an annual national CBIO retirement target, €1,
for year y, and allocates it across obligated fuel distributors (ANP, 2019). Individual obligations
are calculated from each distributor’s share of total obligated fossil fuel emissions, obtained by
converting covered gasoline and diesel sales into emissions using fuel specific emission factors.
Thus, a distributor responsible for 5 percent of obligated fossil fuel emissions in the previous year
must retire 5 percent of {),. Distributors comply annually by buying CBIOs during the year and
retiring them by the deadline, or face a large penalty. Retired credits leave the market permanently;
unretired CBIOs do not expire and can be banked for future compliance or traded later (B3, 2022).
Figure 4 summarizes these targets, retirements, and remaining banked credits by holder type.

These rules create two connected price channels in a revenue-neutral policy: because the gasoline
market is larger, at the average 2024 CBIO price a small gasoline burden, about 2 percent of

distributor revenue, financed a larger ethanol incentive, about 10 percent of producers’ effective
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Figure 4: Bars report the national annual CBIO target, cumulative retirements by the applicable
compliance deadline, and CBIO holdings at the compliance deadline, disaggregated into issuer,
obligated distributor, and non-obligated agent holdings. Compliance deadlines were December
2020, December 2021, September 2023 (2022 target), March 2024 (2023 target), December 2024,
and December 2025. Holdings represent remaining banked credits after compliance and illustrate
the evolution of inventories across market participants (ANP, 2026b).

revenue (author’s calculation from Minaspetro, 2025; ANP, 2025a, 2026b).

2.4 FEconomic Mechanism

RenovaBio can be interpreted as a quantity-based alternative to a fixed ethanol subsidy. Under a
fixed subsidy, the government sets the per-liter incentive and ethanol production adjusts to demand
and cost conditions. RenovaBio instead fixes the annual credit requirement, €2,, and firm credit
yields, while letting the CBIO price adjust as the endogenous incentive needed to support the
credited quantity of certified biofuel production. Figure 5 shows that the observed CBIO price
fluctuates substantially over time.

Appendix A formalizes this logic in a stylized static model with an ethanol market and a
separate CBIO market. When the credit target {1, binds, inelastic CBIO demand pins down the
required credit quantity, and the CBIO price adjusts until producers supply it. Figure 11 shows the
corresponding supply-and-demand interpretation: the CBIO price acts like an endogenous per-liter
subsidy, creating a wedge between the ethanol market price and producers’ effective price. Relative
to the no-policy equilibrium, this raises ethanol production and producers’ effective return while
lowering the ethanol market price.

Appendix A discusses how shocks affect prices under the binding target. An increase in 2,
requires higher ethanol production. The ethanol market absorbs this additional quantity through a

lower ethanol price, while the CBIO price increases enough to raise producers’ total effective revenue
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Figure 5: Observed CBIO price over time.

and make the higher production level profitable. Ethanol marginal cost shocks are absorbed mainly
through the CBIO price, while ethanol demand shocks are split between the ethanol price and the
CBIO price. These incidence differences make welfare analysis central: the question is whether
the value of stabilizing credited emissions reductions under RenovaBio outweighs the lost quantity
flexibility of a fixed subsidy (Weitzman, 1974).

With downstream market power, the transmission of RenovaBio depends on distributors’ pricing
and quantity responses. Distributors set final gasoline and ethanol prices, so the upstream ethanol
response induced by the CBIO price does not mechanically translate into gasoline displacement.
Some additional ethanol may replace gasoline, while some may increase total fuel consumption. This
distinction depends on fuel substitution, income effects, and strategic pricing in the downstream
market. The policy’s welfare effect therefore depends on the interaction between private surplus

and emissions damages, making downstream market power central to the evaluation.

3 Data

I construct monthly panel datasets covering Brazilian fuel distribution, ethanol production, and
CBIO credit-market outcomes. The downstream dataset contains fuel sales and prices at the state-
month-brand-fuel level for 2010-2024. The upstream dataset contains ethanol production and
CBIO-market outcomes at the state-month level for 2018-2025.

3.1 Downstream Market and Credit Demand

The monthly downstream demand data cover 2010-2024. Fuel quantities are measured using sales
data reported by distributors to Brazil’s fuel regulator, the National Agency of Petroleum, Natural
Gas and Biofuels (ANP). The data report monthly fuel volumes by distributor and product; volumes
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sold to white-flag stations and final customers are grouped as non-branded fuel products. Each
observation is a brand—fuel product, such as Raizen gasoline C, Ipiranga hydrated ethanol, or white-
flag gasoline C, in a state-month market. After sample restrictions and missing-value cleaning, the
estimation sample contains 62,901 product-market observations across 4,778 state-month markets.
The same fuel-sales data are used to construct monthly implied CBIO obligations from gasoline
and diesel volumes, after adjusting for mandated biofuel blend shares.

Retail fuel prices are measured using station-level price survey data. Station price observations
are averaged by retail brand, fuel, state, and month when there are multiple observations in a month.
White-flag station sales are aggregated into a single white-flag product within each state-month-fuel
market. Nominal retail and distributor prices are converted to real terms using a monthly Brazilian

(%]

consumer price index constructed from INPC inflation rates.

3.2 Upstream Supply and Credit Issuance

Ethanol production comes from the ANP ethanol dashboard. Hydrated and anhydrous ethanol
production are aggregated to total ethanol output by state and month. The final upstream supply
panel contains 1,399 state-month observations for 20 ethanol-producing states from January 2018
through December 2024. The upstream price panel uses the Sao Paulo hub price as the domestic
ethanol price, averaged to monthly frequency.

CBIO market data come from the ANP CBIO dashboard. The monthly data contain CBIO
prices, issued credits, retired credits, and inventories. These data provide both, aggregate market
outcomes and the composition of issuance and holdings. Issuance is reported separately for ethanol,
biodiesel, and biomethane, while inventories are reported separately for obligated distributors, non-

obligated agents, and issuers. The final CBIO estimation panel contains 73 monthly observations.

3.3 Controls and Shifters

Demand controls are measured at the state-month level and enter the downstream demand esti-
mation. Population comes from the Brazilian Institute of Geography and Statistics (IBGE) and
is interpolated to monthly frequency before being used to construct per-capita controls and mar-
ket size. Retail sales come from the Institute for Applied Economic Research (IPEA), electricity
consumption from the Energy Research Office (EPE), and vehicle fleets from the National Traffic
Department (DENATRAN) through Base dos Dados; each is converted to per-capita terms using
the monthly population series. Aggregate economic activity is measured using the Central Bank of
Brazil’s IBC-Br index.

Cost shifters are used in both demand and supply estimation. International oil and sugar prices
from the World Bank commodity price data, together with the Brazilian real/U.S. dollar exchange
rate from Federal Reserve Economic Data (FRED), are used as instruments for retail fuel prices in
the downstream demand estimation. Domestic corn and sugarcane prices from the National Supply

Company (CONAB) are used as input-price controls in the upstream ethanol supply estimation.
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4 Model

I model RenovaBio as a quantity-based carbon incentive that shifts ethanol production across
Brazilian states over time. It connects a static fuel-market block to a dynamic monthly CBIO-
market block.

The main object of the model is to measure how a fixed national credit target changes ethanol
production, gasoline consumption, and total fuel use. The policy raises ethanol producers’ effective
revenue through the value of CBIO issuance and increases distributors’ effective marginal cost of
gasoline through their compliance obligations. Within the fuel market, these effects operate through
two channels. First, cheaper ethanol relative to gasoline induces consumers to substitute ethanol for
gasoline, reducing the carbon intensity of a given quantity of fuel. Second, a lower effective ethanol
price may reduce the overall cost of fuel use and increase total fuel consumption. Downstream
market power determines how strongly these policy-induced cost changes pass through to retail
prices.

The policy is anchored by the annual aggregate CBIO retirement target €2,, which the govern-
ment sets and all agents take as exogenous. Targets are announced several years in advance, and I

represent the path used in the model by
Q, = {QT}TZZJ'

Beyond the announced horizon, I assume the target path is extended to a stabilization year ¥ and
remains constant thereafter,

Q,=Q for all y > Y.

The announced target path also creates an intertemporal channel. Because CBIOs can be
banked, expectations of future targets affect current CBIO values. A higher anticipated future
target can therefore change ethanol-production incentives before compliance occurs and shift pro-
duction over time.

The model has state-level ethanol producers, fuel distributors, households, and a representative
CBIO portfolio holder. Ethanol producers are price takers in the national upstream ethanol market,
while distributors buy ethanol and gasoline and compete in prices in state-level retail fuel markets.
Households choose among retail products differentiated by fuel type and distributor. The upstream
ethanol market clears nationally. Downstream fuel markets clear within state-months, and upstream
gasoline is supplied perfectly elastically at an exogenous price. In the national CBIO market,
the representative portfolio holder aggregates credit demand across obligated distributors, non-
obligated investors, and other holders of unretired CBIOs. The CBIO price adjusts so that aggregate
desired holdings equal the stock of credits available after issuance and retirement.

Conditional on the CBIO price and the marginal compliance value, the static fuel market de-
termines ethanol production and hence ethanol-generated CBIO issuance. Conditional on total
issuance and the target path, the dynamic CBIO market determines the CBIO price and the

marginal compliance value that feed back into producers’ and distributors’ decisions. Joint equilib-
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rium is the fixed point between these two blocks. Figure 6 summarizes the structure and the links

between the two markets.

Government
announced target path

Fuel distributors

Representative credits Ethanol producers Households
PR L

CBIO holder

ethanol fuels
set downstream

fuel prices

produce ethanol and
generate CBIOs

choose gasoline

holds and retires CBIOs and ethanol

Figure 6: Model structure and links between the static fuel market and the dynamic CBIO market.

The model combines annual compliance with monthly market decisions. Years are indexed by
y, months by ¢ € 7, states by s, distributors by 4, and households by h. A downstream product is
j = (i, f), where f € {G, E} denotes gasoline or ethanol. In the fuel market, superscripts U and
D denote upstream and downstream variables, and H denotes household demand. Superscript C
denotes CBIO-market variables.

4.1 Fuel Market

Given the CBIO price and marginal compliance value determined by the dynamic model in the
next subsection, the endogenous variables in the fuel market are the monthly national upstream
ethanol price PtE’U and state-level ethanol and gasoline quantities and retail prices. The upstream
ethanol price clears the national ethanol market, while the CBIO price enters ethanol producers’
returns and the marginal compliance value enters fuel distributors’ gasoline costs. Equilibrium
ethanol production determines monthly ethanol-generated CBIO issuance, Itc ’E, in the dynamic
CBIO market.

Agents.

1. Ethanol producer. The representative ethanol producer in each state s produces ethanol and
receives income from both the national upstream ethanol price and the value of the CBIOs

generated by production.* The producer is a price taker in both markets and chooses monthly

4At the mill level, producers may allocate sugarcane between sugar and ethanol production. To avoid introducing
this additional production decision, the model captures the opportunity cost of sugar production and other mill-level
conditions through the reduced-form ethanol cost function and its state-month shifters.
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upstream ethanol production to maximize

EU EU c EU EU ( EU.EU _EU
T = | B+ Vs by Ast — Cs,t (qs,t ’Xs,t €5t ) ) (1)
N——

)

policy incentive

where ~y; is the government-certified number of CBIOs generated per unit of ethanol produced
in state s. As a modeling assumption, the opportunity value of each newly issued CBIO in

the producer’s production decision is equal to the current market price PtC.

For computational convenience, I assume an isoelastic cost function:

exp [—( EU/(S—H;‘ )/77 ]
CEU ( BU XE U _BU st| ¢ g\ it/nse
st qst ) ’ st - 1+1/775t st .

The vector Xft’U contains state-month cost shifters, including input and opportunity-cost
variables, harvesting-season indicators, state and time effects, and differences in states’ pre-
policy exposure to corn ethanol production. The term sggU is an unobserved state-month

productivity shock. The supply elasticity is allowed to vary across states:

Ns = N + NeornPreCorng.

Here, n is the baseline supply elasticity, while 7o captures variation with PreCorng, a

state’s initial exposure to corn-based ethanol production.

The profit-maximizing condition and the resulting state-level supply function are

oC; ’U E.U EU YEU EU Mst
aqEU =B +'YsPtCa st —exp< /(5+€ )<Pt +’YsPtC> .

Aggregate upstream ethanol production and monthly CBIO issuance generated by ethanol
are

EU EU OB _ EU
q = st » t = Vsldst -

S S

Ethanol-generated CBIO issuance Itc £ enters the dynamic CBIO market in the next subsec-

tion, while total ethanol production clears the upstream ethanol market.

. Fuel distributors Fuel distributors compete in prices in each state-level downstream fuel
market. Let p o D and qf ., denote the retail price and quantity of fuel f € {G, E} sold by

distributor ¢ in state s and month ¢. Quantities satisfy

D D D _D
qZSt = D'Lfst (pistv p—i,st) ) f € {Ga E},
where p?L < denotes rival prices and non-price demand determinants are held fixed.
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Let e = 0.27 denote the mandated ethanol share in retail gasoline. Distributor ¢’s following-

year RenovaBio obligation is described by the policy rule
G7D-
Oﬁy—l—l =o" (Qyﬂa Qi y ’Fy) .

Here, Fy is the total annual national emissions-weighted fossil-fuel sales across all fossil fuels

and markets.

Let Y denote the common marginal value of one additional future CBIO compliance require-
ment, determined by the representative portfolio-holder problem in the next subsection. I
assume that the national CBIO market is competitive, and obligated distributors are price
takers in that market. Under these assumptions, trading equalizes marginal compliance values

across distributors, and each distributor takes A{ as given when setting retail prices.

Distributor ¢’s pricing-relevant objective in month ¢, aggregated across the states in which it

operates, is

G.D GU EU\| G.D
sz'?t:Z{ Pist _((1_6)Pt +ebh; > 4;st

S

blend cost

E.D  pEU\ ED ~D (.GD E,D CAR
+ (pist - B ) Gst — Cist (qist s Gist ) - A Oiys1
——

policy compliance cost

distribution cost

Downstream markets are separate across states, so a distributor’s price in one state does not
affect fuel quantities in another state. For f € {G, E}, the firm-level Bertrand first-order

condition is

R G,D
D G.D G.U EU ock c90; 41| Oq;,;
0= qz'];t + | Pist — ((1 —e)P;"" +eP, ) - stz) -\ ZGyp Z;fD
aqist aqist apist (2)
E,D
4+ |pBP - pEU aCk; | 94;;
ist t E,D D
8qist 8pzfst

Appendix B derives the marginal CBIO compliance cost associated with gasoline sales that

enters this first-order condition.

At the equilibrium downstream price vectors {pg’*}s, total upstream ethanol demand by

ED E.D (_D, G,D (D,
Q= E , [ Qist (pst*) te E :qist (Pst*>] .
- i

S (2

distributors is

. Household demand for fuels. Consumers choose among gasoline and ethanol products differ-

entiated by fuel type and distributor brand in state s and month ¢, together with an outside
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option. A product is j = (4, f), where i denotes the distributor brand and f(j) € {G, E}

denotes the fuel nest. Household h’s indirect utility from product j is
Uhjst = (Oé + O-pyh)ijst + Xglﬁf(j) =+ Ajst + gjst + pChj(j),st + (1 - p)ehjst'

Here, pﬁt is the retail price, a is the mean price coefficient, o}, measures heterogeneity in price
sensitivity, and vy, is household h’s price-sensitivity draw. The vector X% contains vehicles
per capita, electricity consumption per capita, the national economic activity index, and real
sales per capita, with fuel-specific coefficients 37(;). The term Ajg collects distributor-brand,
state, fuel-specific calendar-month, and four-year-block fixed effects. The term &; captures
unobserved product quality, (j f(;),s 18 a household-specific shock shared by products in the
same fuel nest, and €, is an idiosyncratic product-level extreme-value shock. The common

nesting parameter is p € [0, 1).

The outside option, whose utility is normalized to zero, represents not purchasing one of
the observed fuel products, such as postponing refueling or relying on public transit or other
transportation modes. Fuel-specific coefficients 7, together with prices, market shares, choice
sets, and household heterogeneity, allow gasoline and ethanol elasticities to differ and to vary

across products, states, and months.

Let s;st denote the aggregate market share of product j implied by the random-coefficients

nested logit (RCNL) demand model, derived in Appendix C. Final product demand is
q]bsrt = Mst3j5t7
where My, is the size of the state-month fuel market.

4.2 CBIO Market

Let x: collect the static fuel-market conditions that shift ethanol supply and downstream demand,
including observed supply and demand shifters, seasonality, and unobserved market shocks. Given
the current upstream ethanol price PtE’U, the market state y;, and the government-determined
path of annual retirement requirements {€,},>1, the CBIO market determines the CBIO price
Ptc, ethanol-generated issuance Itc ’E, and aggregate desired holdings Bt(ﬁ.

On the issuance side, as specified in equation (1), ethanol-generated issuance responds to the
CBIO price, while issuance from other eligible biofuels enters total CBIO supply exogenously. On
the demand side, the representative CBIO holder aggregates portfolio demand from non-obligated

investors and issuers with the holding and retirement demand of obligated distributors.

Representative CBIO holder. The representative CBIO holder aggregates the portfolio demand
of obligated and non-obligated market participants. It takes PtC as given and chooses monthly

net CBIO acquisitions ¢ to minimize current and expected future portfolio and compliance
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costs. Let R; denote required CBIO retirement in month ¢, equal to the applicable annual target
1, in the compliance month and zero otherwise. Credits that are not retired may be banked
for future periods.

Its Bellman equation is

VC(BtCaQaXt) = HC11>IB {PtCCItC + (I)t (Btc-;-lﬂxt) + ﬁEt [VC (Btc-;-lv Q?Xt+1)] }7
qy =

subject to
B, =B +q¢ — R,  BZ,>0.

The function ®; captures non-price costs associated with carrying CBIO inventories, includ-

ing risk and balance-sheet costs. I assume

O (Bfiy, xe) = — (¢0 + X{'éx) By — ¢7B (Btc+1)2‘

The linear bank component captures the state-dependent benefit of carrying credits for future
compliance. Under ¢p < 0, the quadratic bank component generates a convex portfolio- holding
cost, so the marginal value of additional banking declines with the size of the bank. This captures
risk aversion, balance-sheet exposure, and the risk of future CBIO price declines.

Within each compliance year, the problem is a finite sequence of monthly portfolio decisions.
The bank evolves recursively across months, with retirement occurring in the compliance month.
At the compliance boundary, the remaining bank becomes the initial bank of the next compliance

year, and the continuation value is

BE: [Vc (Blc,y+1,Q,Xt+1)] .

Here, ny 41 is the banked amount at the start of year y + 1.

For interior acquisitions and a nonbinding banking constraint, the Euler condition is
Pf + 0% (Bfi1,xt) = BE [PS4] . 3)
Using the specification for ®;, this becomes
Pf = BE [Pf4] = éo + ¢5Bi, + X ox. (4)

This condition equates the marginal value of acquiring a CBIO today with its discounted
expected value next month, accounting for the marginal value of carrying CBIO inventories.
The market state x; summarizes current fuel-market conditions that are informative about
future ethanol production and CBIO issuance. Because future realizations of these conditions
are uncertain, they make the future CBIO price stochastic, which gives rise to the expectation

in the Euler condition.
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For a candidate CBIO price path, the upstream ethanol price path, and the exogenous target
path, the Bellman problem defines aggregate desired CBIO holdings:

Bgﬂcll = Dtc ({PTC}TEM {PTE?U}th? Q, {XT}TZt ’ Btc) .

The stabilized annual-cycle fixed point determines the terminal continuation value. The
problem is solved backward from this terminal value through the transition period, and the

resulting policy functions generate the forward path of desired CBIO holdings.

For an interior acquisition decision, an additional CBIO can be purchased at the current market
price. The marginal value of an additional CBIO in the holder’s compliance position therefore

satisfies

Thus, the CBIO market price is both the marginal compliance value entering distributors’ down-
stream pricing decisions and the additional CBIO revenue received by upstream ethanol producers.
Banking affects this value through the intertemporal evolution of CBIO prices characterized by

equation (3).

4.3 Equilibrium

Static fuel-market equilibrium. The static fuel-market outcome consists of the national upstream
ethanol price, state-level ethanol production, downstream fuel prices and quantities, net ethanol

storage demand, and ethanol-generated CBIO issuance:
(PtE’U,quU,pi;?,qf;tD,Ditor,If’E> , for all 5,4, and f € {G, E}.

Household quantities qﬂt coincide with distributor sales through downstream market clearing.

Given {Ptc, )\tC }, ethanol producers maximize profits, fuel distributors choose retail prices to
maximize profits, and households choose fuel products to maximize utility. All static fuel markets
clear monthly.

For each downstream product j = (i, f), distributor sales equal household demand,

.D
qust = qﬁt = MstSjst, fe{G,E}.

Because ethanol production is highly seasonal, I introduce a competitive monthly storage sector
to preserve consistency between monthly production and downstream use and to allow the national

ethanol market to clear each month. Accordingly,

E,U _ E,D G,D stor
Ui = E Qist +€§ :qist + D™
' i

S S 1

For the annual counterfactual, I impose zero net storage demand within each year, so storage
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drops out after annual aggregation. The annual clearing condition determines the counterfactual
upstream ethanol price. I then recover implied monthly ethanol production by evaluating the
estimated state-month supply functions at this price, with monthly quantities varying through the
estimated fixed effects and state- and season-specific supply elasticities. The implementation is
described in detail in the counterfactual section.’

Upstream gasoline supply is assumed to be perfectly elastic at the exogenous price PtG’U and
meets the gasoline requirement implied by downstream sales. Equilibrium ethanol production de-
termines Itc ' which together with other biofuel issuance ItC O determines total monthly CBIO

issuance IC.

Dynamic CBIO-market equilibrium. The dynamic CBIO-market outcome is
(PtCathvBtC7)‘tC) .

Given the market state x; and the exogenous target path €2, the representative CBIO holder
chooses its desired net acquisition ¢©. Ethanol-generated issuance ItC ’E, together with exogenous®

issuance from other eligible biofuels Itc ’O, determines total CBIO issuance,
1€ = 10" + 100,

The CBIO price PC clears the market each month by equating aggregate net credit demand with
total newly issued CBIOs:

qf =1If.

The aggregate CBIO bank then evolves according to
Bf.,=BS + I - Ry.

Thus, newly issued credits are either added to the aggregate bank or retired for compliance, while
transactions among existing holders only reallocate credits across portfolios.

At the stabilized annual-cycle fixed point, the equilibrium price, bank, marginal-value, and
issuance paths repeat across years. With the target fixed at Q and the aggregate bank stationary,

Bg 1= Bg , the annual stock identity becomes

Y If=q

teTy

°I use April as the baseline month for annual market clearing because it marks the beginning of the Center-South
crop year, when ethanol inventories are seasonally low. In recent crop years, opening inventories have been roughly
equivalent to one month of consumption. This minimizes the role of intertemporal inventory adjustment in the
annual equilibrium. The storage demand function is therefore not estimated separately, since only its zero-net annual
condition is required for the counterfactual analysis.

6Section 2.3 documents ethanol’s dominant role in RenovaBio certification. I therefore assume that the CBIO-price
response of other eligible biofuel production is too small to materially affect the results.
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Thus, annual CBIO issuance equals annual retirement at the stabilized fixed point, while the

monthly equilibrium may continue to vary within the annual cycle.

Joint equilibrium. A joint equilibrium is a fixed point in which the static fuel-market equilibrium
generates the endogenous ethanol component of the issuance path used in the dynamic CBIO
market, while the CBIO price and marginal compliance value generated by the dynamic market

are the same values entering producers’ and distributors’ static decisions. Thus,

{PF AN} — static fuel-market equilibrium —s Itc B

— dynamic CBIO-market equilibrium — {PZ, A}

5 Empirical Strategy and Results

I estimate the three components of the model separately and combine them in the counterfactual
equilibrium in Section 6. First, the household fuel-demand estimates identify substitution across
fuels, recover downstream markups and marginal costs under Bertrand competition among distrib-
utors, and determine distributors’ aggregate demand for upstream ethanol. Second, the upstream
ethanol-supply estimates identify the elasticity of ethanol production with respect to effective pro-
ducer revenue from ethanol sales and CBIOs, allowing the response to vary across months and with
exposure to corn and sugarcane production. Third, the CBIO Euler equation identifies how credit
demand responds to portfolio costs and proximity to the compliance deadline, conditional on the

government-set retirement targets.

5.1 Household Fuel Demand and Markup Recovery

I estimate the RCNL demand system in Section 4.1 using state-month markets. For product j =
(i, f), let i € Z denote the observed distributor brand and f € {G, E'} the fuel type. The estimation
sample contains 87 distributor brands, so the potential product set contains 174 distributor-brand-
fuel pairs. Product availability varies across state-month markets because not all distributors
operate in every state or throughout the entire sample period. The products are organized into
two fuel nests, one for gasoline and one for ethanol. Using downstream market clearing, observed

product and outside-option shares are calculated as

g
obs __ djst obs __ obs
Sjst - M.’ S0st = 1- E Sjst'
st .
JEjst

Market size evolves according to

Pop, 3
Mg = Qs <Popp t ) (1 + gag)(t10)/12,
s,to

Here, Qs, is the observed state-level fuel quantity in the first sample month ¢y, Pop,,; is state
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population, s is a scale parameter, and gp; is the annual growth rate. The rule assumes that
market size grows proportionally with population and at a constant rate.
For each candidate value of (o, p), I invert the RCNL shares to recover mean utility Ujs;:

obs

_ D.
Sst = St (Ust7p5t7 Upv p) .

The implied unobserved demand shock is

Eist = Ujst — [apjst + X2 "By + Njst] -

Retail prices are endogenous. A positive local demand shock can raise both willingness to pay
and the price chosen by distributors. Thus, pﬁ,t may be correlated with §;4. I use international oil
prices to shift gasoline acquisition costs and international sugar prices to shift the opportunity cost
of ethanol production, since sugar is an alternative use of sugarcane. For the instruments, I group
distributor brands into g(i) € G = {Vibra, Ipiranga, Raizen, White, Other}. Vibra, Ipiranga, and
Raizen are the three major national brands, and this grouping allows the first-stage effects of oil
and sugar prices to vary across distributor groups and fuels. For product j = (i, f), the excluded

instruments are

D,excl __ ozl sugar ) ) _ SNy N
stt - { djgfs b dJ,gf}geg re(GEY djgr =Hg(i(y)) =g, f(j) =T}

With five distributor groups and two fuel types, this construction gives 20 excluded instru-
ments. In the corresponding first-stage regression for retail prices, the excluded oil- and sugar-price
instruments are strongly jointly relevant: clustering by calendar month gives a joint Wald statistic
equivalent to an F-statistic of 86.5.

The exclusion restriction is that, conditional on X £ and Ajg, international oil and sugar prices
affect household fuel choices through retail prices rather than through unobserved product demand
§jst- Let X Dt collect the included exogenous demand shifters with their fuel-specific interactions.

The full instrument vector and corresponding moment condition are

7 jstr “jst

D,exclr’
2= (X2LZ0") . E[2R&s] =0,

with the fixed effects in A4 absorbed in estimation.
I estimate the model by two-step IV-GMM. The estimator is

'9D = arg Ho}%)n mD(eD)/WDmD (GD)v mp Z:t jst SJSt (5)
7,8

where P collects the nonlinear demand parameters (op, p), the mean price coefficient o, and
the coefficients on observed demand shifters. Np is the number of product-market observations,
and Wp is the GMM weighting matrix.
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I estimate the model by two-step IV-GMM using a heteroskedasticity-robust second-step weight-

ing matrix and corresponding robust standard errors. Household price heterogeneity follows vy ~

N(0,1) and is integrated using 25 quadrature nodes. The estimation sample contains 62,901

product-market observations across 4,778 state-month markets.

Table 1 reports the main demand parameters. The downstream demand system implies an

average own-price elasticity of about —1.43 for hydrous ethanol. By contrast, total upstream

ethanol absorption, including hydrous and mandated anhydrous ethanol, has an annual elasticity

of only about —0.10 because the blending requirement makes anhydrous demand less responsive to

ethanol prices.

Table 1: Household Fuel Demand Parameters

RCNL demand parameters

Parameter Estimate Robust s.e.
Mean price effect, a —0.3195

Price heterogeneity, o, 0.2523

Within-fuel correlation, p 0.7690

Demand controls Yes

Fixed effects Yes
Product-market observations 62,901
State-month markets 4,778

Excluded instruments 20

Note: Estimates are from two-step IV-GMM. Products are distributor-brand—fuel pairs,
with gasoline and ethanol as separate nests. Retail prices are instrumented with interna-
tional oil and sugar prices interacted with five distributor groups and fuel type. Demand
controls are allowed to have fuel-specific coefficients. The specification includes distributor-
group, state, fuel-specific calendar-month, and four-year-block fixed effects. Standard errors

are heteroskedasticity robust.

Fuel distributor markup recovery. Using the estimated RCNL demand system, I recover the

own- and cross-price derivatives entering distributors’ Bertrand pricing conditions.

ownership-adjusted derivative matrix as

H
aqkst

Ab = —1{i(j) = i(k :
hst {i(j) = i(k)} o0, |,

The implied product-level markups and recovered marginal costs are

-1
~D _ (RD H —D D ~D
Hst = (Ast) st mcgy = Pg — K-

Define the

(6)

The recovered marginal costs include upstream fuel costs, marginal distribution costs, and, for

gasoline, the marginal compliance burden. Table 2 reports median markup rates across state-month

observations in 2024 of about 7.2-7.6 percent for ethanol and 6.5-6.6 percent for gasoline among

the three largest branded distributors.
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Table 2: Recovered Retail Fuel Markup Rates, 2024

Median markup rate (%)

Distributor Ethanol Gasoline
Vibra 7.62 6.60
Ipiranga 7.20 6.46
Raizen 7.31 6.58

Note: Entries report the median recovered product markup divided by its retail price
for each distributor—fuel pair in 2024. Markups are recovered from the estimated
RCNL demand derivatives under Bertrand pricing.

In the counterfactuals, I hold marginal distribution costs fixed and re-solve distributors’ pricing

conditions under alternative upstream fuel costs, with CBIO obligations removed.

5.2 Upstream Ethanol Supply Estimation

I estimate the state-month ethanol supply equation implied by the producer problem in equation (1):

log(1 + quU) = nlog Pft’eﬁ + Neorn (log PSE,lgeff X PreC’orns) + Xft’U/(s + €SE7;U. (7)

Here, Pﬂ’eﬁ = PtE’U + fysPtC is effective producer revenue per liter.

PreCorng is the share of corn in state s’s ethanol feedstock use during 2018-2019, before Ren-
ovaBio. The vector ngU contains log sugar and corn prices controlling for input and opportunity
costs, a linear trend interacted with PreCorng, and state, calendar-month, and year fixed effects
absorbing persistent state differences, seasonality, and common annual shocks. T use log(1 + quU)
to retain state-months with zero ethanol production.

Effective producer revenue is endogenous. Unobserved shocks to ethanol productivity or marginal
production costs shift production and, through market clearing, the upstream ethanol price. They
can also change ethanol-generated CBIO issuance and hence the equilibrium CBIO price. Thus,
both components of Pﬁ’eﬁ = PtE’U + 7, P¢ may be correlated with the supply shock asE:;U.

I therefore instrument effective producer revenue using demand-side variation. The excluded
shifters are the international oil-price level and its twelve-month change, which shift gasoline prices

and, through fuel substitution, ethanol demand:

Aglog PP = log PP — log PPV,

I interact these shocks with the same source of heterogeneity as effective price:

zBU — {log Pfil, log Pt"il x PreCorng, A1zlog Pt"il, A1z log Pfil X PreCorns} :

s,t

The exclusion restriction is that, conditional on feedstock prices and fixed effects, the oil-price

level and twelve-month oil-price change affect state ethanol production through demand-induced
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changes in effective producer revenue, rather than directly through state-specific marginal costs or

productivity. Formally,

B|z5V | =0,

I estimate equation (7) by linear IV /2SLS. With four excluded instruments and two endogenous
regressors, the specification is overidentified. Second-stage standard errors are clustered by state to
allow for within-state correlation in ethanol supply shocks. Because the excluded oil-price shocks
vary at the month-year level, first-stage inference is clustered accordingly. Instrument relevance in
the presence of two related endogenous effective-price terms is assessed using Sanderson—Windmeijer
conditional F-statistics. Table 3 reports values of 17.09 and 30.30 for the effective-price and pre-corn
terms, respectively, supporting conditional instrument relevance. Conventional first-stage statistics

under month-year and two-way state-by-month-year clustering are reported in Appendix D.

Table 3: Identification of Upstream Ethanol Supply

Conditional first-stage

Endogenous effective-price term SW F
Effective producer revenue, log PtE’eﬁr 17.09
Pre-policy corn exposure, log PtE’eH x PreCorng 30.30
Observations 1,114

Note: The excluded instruments are the log international oil-price level and its twelve-month
change, together with their interactions with PreCorns. Reported statistics are Sanderson—
Windmeijer conditional first-stage F-statistics using month-year clustered inference.

Table 4 presents the supply estimates. The positive effective-price response implies that ethanol
production increases with effective producer revenue. The positive ncorn implies greater responsive-
ness in states with more corn capacity. Table 5 reports the resulting average elasticities nationally
and for states with and without meaningful corn exposure.

In the counterfactuals, these elasticities determine how ethanol production and CBIO issuance

respond to changes in effective producer revenue.

5.3 CBIO Demand Estimation

The estimating equation is

Ptc — Bptqu = o + <PBBtC + XtC/SDX + <"3t0+1> (8)

where § = (1.10)*1/ 12~ 0.9921 is the monthly discount factor implied by a 10 percent annual
rate. where 8 = (1.10)"1/12 ~ 0.9921 is the monthly discount factor implied by a 10 percent annual
rate. The vector X contains sine and cosine calendar-month terms that control for seasonality,
lagged early CBIO retirement, and the beginning-of-month share of the total CBIO bank held by
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Table 4: Upstream Ethanol Supply Estimates

Estimate State p-value Two-way p-value
Effective-price response
Effective producer revenue, n 2.8779 0.0478 < 0.001
Pre-policy corn exposure, 7corn 11.5192 0.0045 0.0554
Sugar-price control Yes
Corn-price control Yes
Pre-policy corn exposure x linear trend Yes
State fixed effects Yes
Month fixed effects Yes
Year fixed effects Yes
Observations 1,114
Adjusted R? 0.6845

Note: The dependent variable is log(1 + qf;U). Estimates are from linear 1V/2SLS. The
two endogenous effective-price terms are instrumented with the log international oil-price
level and its twelve-month change, together with their interactions with PreCorns. The
state p-values cluster inference by state; the two-way p-values cluster inference by state and

month-year.

Table 5: Implied Upstream Supply Elasticities

Group

Implied supply elasticity

National production-weighted average

States with meaningful corn exposure: MT and GO

No corn exposure

3.0861
3.5843
2.8779

Note: Elasticities are computed as 7 + 7corn PreCorns. Averages are weighted by ethanol
production in the estimation sample. States with meaningful corn exposure are defined as

those with PreCorns > 0.01.
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non-obligated agents.” Early retirement excludes mandatory retirement in the applicable compli-
ance month. The error EtCH captures unobserved shocks to next-month CBIO market conditions.
The CBIO bank is potentially endogenous. The bank BtC reflects past issuance, purchase, and
retirement decisions and may therefore be correlated with persistent unobserved portfolio costs,
such as liquidity risk or financial constraints, that also enter the current Euler-equation error.
Thus, OLS need not recover ¢p.
I therefore instrument the CBIO bank using upstream ethanol-supply variation. The excluded

shifter is

ZtC — {10g Ptsugar} )

Sugar prices shift the opportunity cost of allocating sugarcane toward ethanol and therefore shift
ethanol production, CBIO issuance, and the accumulation of CBIO inventories. Conditional on
calendar seasonality, recent early retirement, and the composition of CBIO holdings, this variation
identifies the effect of the aggregate CBIO bank on intertemporal CBIO prices. The resulting
estimation sample contains 48 monthly observations.

The exclusion restriction is that, conditional on these controls, the sugar-price instrument affects
the Euler condition only through ethanol production and CBIO availability and is uncorrelated with

the unobserved shock £%, ;. The corresponding moment condition is

E[Zf<f ] =0.

I estimate equation (8) by linear IV/2SLS and compute Newey—West standard errors with three
monthly lags to allow for serial correlation in the monthly Euler-equation residuals. Table 6 reports

the excluded-instrument first-stage F-statistic.

Table 6: First-Stage Diagnostics for the Dynamic CBIO Equation

Endogenous variable First-stage F
CBIO bank, B¢ 22.85
Observations 48

Note: This table reports the excluded-instrument first-stage F-statistic for the represen-
tative CBIO holder’s bank in equation (8). The excluded instrument is the log sugar
price. Controls include calendar-month seasonality, lagged early CBIO retirement, and the
beginning-of-month non-obligated share of the total CBIO bank.

With one excluded instrument and one endogenous regressor, the specification is exactly iden-

tified. Table 7 presents the second-stage estimate. The negative bank coefficient is consistent with

"The latter two controls separate the effect of the aggregate CBIO bank from variation in compliance pressure
and in the composition of credit holdings. Recent early retirement captures changes in compliance demand that can
reduce available inventories independently of the total bank, while the non-obligated share allows a given aggregate
bank to have different implications for market availability depending on who holds the credits. Both variables are
predetermined relative to the current Euler-equation innovation: early retirement enters with one lag, and the holder
share is measured at the beginning of the month.
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a declining marginal value of additional banking as CBIO inventories increase. Holding recent
retirement behavior, holder composition, and seasonality fixed, an additional one million banked
CBIOs lowers PE — 8PS by about R$0.314 per CBIO.

Table 7: Second-Stage Estimates for the Dynamic CBIO Equation

FEuler-equation parameters

Parameter Estimate NW(3) t-statistic
CBIO bank, ¢p —0.314 —1.73
Seasonal controls Yes
Early-retirement control Yes
Holder-composition control Yes

Observations 48

Note: This table reports the second-stage linear IV /2SLS estimate of equation (8). Reported
t-statistics use Newey—West standard errors with three monthly lags.

The estimated Euler equation characterizes how CBIO inventories affect the intertemporal evo-
lution of CBIO prices and disciplines the price path in counterfactual exercises in which RenovaBio

and CBIO trading remain in place.

6 Counterfactual and Policy Evaluation

I use the estimated model to evaluate RenovaBio under alternative policy environments. I com-
pare the observed policy with a policy-removal counterfactual and with a higher ethanol blending
mandate. I quantify effects on ethanol production, fuel prices and consumption, emissions, the
distribution of surplus across market participants, and welfare.

I evaluate the counterfactuals from 2020 to 2024 using the estimated demand and supply param-
eters. In each year, I solve for the upstream ethanol price that clears the annual ethanol market and
re-solve distributors’ Bertrand pricing conditions using the estimated RCNL demand system. I hold
observed residual ethanol absorption fixed.® I also hold diesel and biodiesel quantities fixed, given
their limited response to the CBIO wedge.” The upstream gasoline price and recovered non-policy
distribution costs are also held fixed.

I measure welfare as the sum of household consumer surplus, total downstream profits, and
ethanol producer surplus, net of climate damages. I value CO2 emissions at USD 100 per ton in
the baseline. I report sensitivity at USD 50, USD 200, and USD 1,000 per ton.

8The main components are net exports and annual inventory adjustments, which generally range from approxi-
mately —6 to 6 percent of annual production. Author’s calculations using USDA FAS (2024).

9Biodiesel is not sold separately; it is blended into diesel at a statutory rate, so its use follows diesel demand and
the mandated share. The RenovaBio compliance cost for Diesel B was only R$0.01-0.04 per liter over 2020-2024,
implying a negligible quantity response (Ministério de Minas e Energia, 2025).
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6.1 Policy Removal

I first consider a counterfactual in which RenovaBio is not implemented. Ethanol producers no
longer receive CBIO revenue, and distributors no longer face the marginal compliance cost associ-
ated with the CBIO purchases required by gasoline sales.

Ethanol production falls by only 0.5-1.8% across years. A higher upstream ethanol price offsets
81-90% of the lost CBIO incentive, or about 88% on average, so effective producer revenue falls by
only 0.1-0.6%. This incidence reflects the relative elasticities: annual ethanol absorption is much
less responsive to the upstream price, with an elasticity of about —0.10,'° than ethanol supply,
with an elasticity of about 3.09. Consequently, removing CBIO revenue is largely offset by a
higher ethanol market price, leaving only a small decline in effective producer revenue and ethanol
production.

Downstream, policy removal mainly reduces hydrous ethanol consumption, which falls by 1.73
billion liters (2.3%), while gasoline consumption changes negligibly, falling by only 8 million liters
(0.004%). Gasoline marginal cost also falls slightly, by about R$0.0070 per liter (0.1% of the average
retail gasoline price), because eliminating the CBIO compliance cost more than offsets the higher
cost of the ethanol blend component. Despite this small decline in marginal cost, the retail gasoline
price rises by about R$0.0100 per liter (0.2%), and modeled downstream profits increase by R$3.13
billion (0.4%). This counterintuitive pricing response reflects cross-fuel competition. The higher
hydrous ethanol price under policy removal shifts some demand toward gasoline but also weakens
ethanol’s competitive pressure, allowing distributors to raise gasoline markups and retail prices.
Together, these offsetting cost, substitution, and markup effects leave gasoline consumption nearly
unchanged and increase downstream profits.

Emissions fall by about 1.01 million tons of COge (0.22%) under policy removal, while total fuel
volume declines by about 1.74 billion liters (0.7%). Because gasoline consumption remains nearly
unchanged, the decline in ethanol consumption reflects primarily lower hydrous ethanol use rather
than substitution toward gasoline. This is a central result: RenovaBio expands biofuel consumption
without materially displacing gasoline and therefore increases emissions relative to policy removal.

In welfare terms, relative to policy removal, RenovaBio raises consumer surplus by R$12.02
billion. Consumers are the largest private beneficiaries because most of the CBIO incentive is capi-
talized into a lower ethanol market price, which lowers retail hydrous ethanol prices and strengthens
competitive pressure on gasoline, slightly lowering retail gasoline prices as well. Total downstream
profits fall by R$12.28 billion (1.5%), of which R$3.13 billion reflects lower modeled fuel-market
profits and R$9.15 billion reflects CBIO payments associated with other obligated fuels. Ethanol
producer surplus increases by only R$1.65 billion (1.5%), despite R$14.50 billion in gross CBIO
revenue, consistent with most of the subsidy being passed through through lower ethanol prices.
Because emissions increase by 1.01 million tons of COge (0.22%), climate damages rise by R$0.50

billion at a social cost of carbon of USD 100 per ton. Combining these effects, RenovaBio raises

10 A5 discussed in Section 5.1, aggregate downstream ethanol absorption is relatively inelastic because a substantial
share consists of anhydrous ethanol required by the gasoline blending mandate.
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welfare by R$0.89 billion relative to policy removal. Welfare remains above policy removal for social

costs of carbon below approximately USD 276 per ton.

6.2 Production-Equivalent Ethanol Mandate

I next compare RenovaBio with a higher blending mandate. Both are quantity-based instruments
for expanding biofuel use, but blending mandates are the conventional approach, whereas Ren-
ovaBio is a newer policy that rewards upstream production. RenovaBio supports both hydrous
ethanol, sold directly as a fuel, and anhydrous ethanol, blended into gasoline, while the mandate
directly increases the required anhydrous share. To make the policies comparable, I remove Ren-
ovaBio and choose each year’s anhydrous ethanol share to match total ethanol production under
RenovaBio. This design reveals how welfare, emissions, and gasoline consumption differ between
the two policies for a given level of ethanol production.

Matching RenovaBio’s production requires blend shares of 27.46-28.65%, or 0.46-1.65 percent-
age points above the 27% baseline, depending on the year. The additional mandated demand raises
the upstream ethanol price by only 0.16-0.56% relative to policy removal. Figure 7 illustrates the
different upstream mechanisms: RenovaBio shifts ethanol supply through CBIO revenue and low-
ers the market-clearing price, whereas the mandate shifts ethanol demand outward and raises the
market price.

Downstream fuel-price effects under the production-equivalent mandate are limited in magni-
tude. Relative to policy removal, the mandate raises the upstream ethanol price by 0.16-0.56%,
whereas RenovaBio lowers it by about 1.1-4.9%. This produces a modest increase in the retail
hydrous ethanol price under the mandate, while the retail gasoline price changes negligibly, falling
by about R$0.002 per liter (roughly 0.04%) on average. A key counterfactual finding is therefore
that, for the same ethanol production, the mandate generates substantially smaller retail fuel-price
distortions than RenovaBio. Figure 8 displays these price differences.

Turning to fuel-consumption composition, the mandate shifts ethanol use toward the anhydrous
blend; all percentage changes below are relative to policy removal. Anhydrous ethanol use rises
by 1.94 billion liters (4.0%), while hydrous ethanol consumption falls slightly by 0.20 billion liters
(0.3%), as the higher ethanol price reduces direct hydrous demand. Total ethanol absorption
therefore rises by 1.74 billion liters (1.41%). Gasoline consumption changes negligibly, increasing by
only 0.08 billion liters (0.05%). In contrast, RenovaBio generates the same increase in total ethanol
use primarily through higher hydrous ethanol consumption. Figure 9 highlights this difference in
how the two policies absorb additional ethanol.

Under the mandate, total energy use falls by about 0.34% relative to policy removal. Emis-
sions decline by 4.54 million tons of COge (0.98% of policy-removal emissions), whereas RenovaBio
increases emissions by 1.01 million tons (0.22%). This contrast arises because gasoline consump-
tion changes little under either policy, but the higher blending requirement directly replaces about
1.86 billion liters (1.4%) of fossil gasoline with anhydrous ethanol. Thus, despite generating essen-

tially the same ethanol production, the mandate produces about 5.55 million tons less COse than
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Figure 7: Upstream ethanol prices and production across policy environments. Panel (a) reports
the upstream ethanol market price under policy removal, RenovaBio, and the production-equivalent
higher ethanol mandate, together with effective producer revenue under RenovaBio (the ethanol
market price plus per-unit CBIO revenue). The lower ethanol market price under RenovaBio
is largely offset by CBIO revenue, leaving effective producer revenue close to the policy-removal
level. Panel (b) reports annual ethanol production; by construction, the higher mandate matches

RenovaBio production in each year.
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Figure 8: Downstream fuel prices under RenovaBio and the production-equivalent ethanol mandate.
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Figure 9: Fuel-market quantities across policy environments. Bars report cumulative 2020-2024
changes under RenovaBio and the higher ethanol mandate relative to policy removal.
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RenovaBio by directing more ethanol toward direct fossil-gasoline displacement.

In welfare terms, relative to policy removal, the production-equivalent mandate reduces con-
sumer surplus only slightly, by R$0.91 billion (0.005%). Downstream profits increase by R$1.11
billion (0.14%). Ethanol producer surplus rises by R$1.65 billion (1.46%), reflecting the counterfac-
tual’s construction to match ethanol production under RenovaBio. Even before valuing emissions,
the mandate generates about R$0.46 billion more welfare than RenovaBio, as its downstream-profit
advantage more than offsets the small consumer-surplus loss while producer gains are nearly iden-
tical. At a social cost of carbon of USD 100 per ton, the mandate’s 4.54 million ton reduction
in COze (0.98%) adds R$2.27 billion in climate benefits, raising its total welfare gain to R$4.12
billion, compared with R$0.89 billion under RenovaBio.
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Figure 10: Welfare effects across policy environments. Bars report cumulative 2020-2024 welfare
changes under RenovaBio and the higher ethanol mandate relative to policy removal. Climate
benefits are valued using a social cost of carbon of USD 100 per ton of COxe.

7 Conclusion

This paper asks whether expanding low-carbon fuel production is sufficient to reduce emissions. I
study Brazil’s RenovaBio program, a quantity-based carbon credit policy in which the government
fixes an aggregate credit requirement and the CBIO price adjusts to provide the incentive for
certified biofuel production. I develop and estimate a model linking ethanol supply, differentiated

downstream fuel demand and pricing, and the dynamic CBIO market. The model traces how
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the policy’s production incentive passes through upstream and downstream prices and ultimately
determines how much additional ethanol displaces gasoline.

The main result is that RenovaBio expands ethanol production, but does little to substitute
ethanol for fossil fuel or reduce emissions. This follows the familiar subsidy-incidence logic with
relatively inelastic demand. CBIO revenue encourages producers to supply more ethanol, but con-
sumers increase total ethanol use only slightly. The ethanol market price therefore falls to absorb
the additional supply. In the estimates, this price decline offsets roughly 88% of the RenovaBio
incentive, so producers retain only a small increase in effective revenue and much of the benefit
reaches consumers through cheaper fuel. The lower ethanol price makes ethanol more attractive
relative to gasoline and also puts downward pressure on gasoline markups charged by fuel distribu-
tors. Gasoline consumption changes very little, while most of the additional ethanol expands total
fuel consumption rather than replacing gasoline. As a result, RenovaBio increases emissions by
about 1.01 million tons of COsxe.

The comparison with a conventional ethanol mandate also shows that RenovaBio creates much
larger fuel-price distortions. Increasing the mandated ethanol share by only about one percentage
point on average generates essentially the same ethanol production with much smaller price changes.
This difference also matters for welfare: even before valuing emissions, the mandate generates about
R$0.46 billion more surplus than RenovaBio.

More generally, a policy that targets low-carbon production does not necessarily target emissions
reductions. Its effectiveness depends on what the additional clean output replaces: if it displaces
the high-carbon alternative, production incentives translate into abatement; if instead lower prices
expand total consumption, the same policy can increase clean production without reducing emis-
sions. The broader lesson is that climate policy should be evaluated by the substitution it induces,

not by the amount of low-carbon output it creates.
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B Marginal Obligation from Gasoline Sales

Distributor 4’s following-year RenovaBio obligation under the policy rule is

Ay >y

ley s
Fy

R R G.D. —
Oiy+1 =0 (Qy+1v Diy aFy> =y

The numerator aggregates distributor i’s gasoline sales across all states and months of year y and
converts them into emissions-weighted fossil-fuel exposure. Thus, the fraction measures distributor
1’s share of total national annual emissions-weighted fossil-fuel sales, which determines its share of
the national target €2, 1.

When distributors choose monthly prices, F}, has not yet been realized. I therefore assume that
firms use a common forecast ﬁy, predicted from previous-year trends, and take it as predetermined

in their pricing problems. Hence,
R
aOi,erl _ QyHaG

8qG’D F,

15t

C RCNL Market Shares

The shocks pCp 155t + (1 — p)epjst are assumed to follow the nested extreme-value structure that
generates the choice probabilities below. For household h, define utility excluding the nested-logit
shocks as

Vijst = (o0 + opun)phy + X5/ Brii) + Njst + &t

For each fuel nest f € {G, E'}, let

Viks
Apgst = Z exp( hk:t))

1—
k€T fst P

where Jrg is the set of products in fuel nest f available in state s and month ¢. Household A’s

probability of choosing product j is

Vh jst -
€xp (1 _J p) Ahv?(j)vst

Shjst = 1—
1+ Z Arh
Je{G,E}

The term 1 in the denominator corresponds to the outside option. Aggregate product share and

demand are
H
Sjst = /Shjst dF(Vh); qJ‘St = Mstsjst-
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D Additional Upstream Supply First-Stage Diagnostics

Table 8 reports conventional first-stage Wald F-statistics with inference clustered by month-year,

reflecting the level of variation in the national oil-price shocks.

Table 8: Alternative First-Stage Diagnostics

Endogenous effective-price term Month-year Wald F'
Effective producer revenue, log Pl,/E’Eff 11.415
Pre-policy corn exposure, log PtE’eflr X PreCorng 22.883
Observations 1,114

Note: Entries are conventional first-stage Wald F'-statistics with inference clustered by month-
year. The excluded instruments are the log international oil-price level and its twelve-month
change, together with their interactions with PreCorns.
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