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Abstract. Energy consumption is correlated with the Human Develop-
ment Index (HDI) and it tends to be higher in developing countries.
However, 84.3% of the energy comes from non-renewable sources re-
garding the average global energy matrix in 2019. Therefore, the chal-
lenge is to sustainably improve energy supply. To do so, countries may
rely on public policies as a tool to ensure adequate predictability and
competitiveness of renewable energy sources. Renovabio is a Brazil-
ian national biofuel policy that aims to reduce the national greenhouse
gases (GHG) emissions and to expand the use of biofuels. A constraint
of this policy is that only biofuel producers and importers can benefit
from it. Other energy sources, such as bioelectricity, are not directly
approached. So, to show the opportunity if this policy included elec-
tricity, we analyzed its production for 10 years, in Brazil, to evaluate
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the growth rate of the share of non-renewables in its matrix. Then,
Renovabio was explored to support the proposal of a systemic frame-
work to support public policies aimed at a low-carbon economy. Fi-
nally, scenarios of bioelectricity production from Brazilian sugarcane
mills were considered to estimate the contribution of this framework to
the increase in renewability of the Brazilian electricity matrix and the
consequent equivalence of carbon mitigated. The scenario with 50%
of the sugarcane factories without cogeneration starting to cogenerate,
with an additional 60% of sugarcane factories without biogas, starting
to produce, presented the best results, with an additional electricity of
10.95 TWh supplied to the grid, increasing 1.7% the renewability level
of the electricity matrix for 2021, 1.38% for 2035, and approximately
4,848 tons of mitigated CO2-eq per year.

Keywords: Energy policy; RENOVABIO; CBio; Biogas; Carbon
credit.

1. Introduction

Countries have to develop themselves using energy as acknowledged by United Na-
tions Sustainable Energy 4 All initiative [1] and supported by the Sustainable Devel-
opment Goal 7 [2]. Besides, the consumption of energy is correlated with the Human
Development Index (HDI) and it tends to be higher in developing countries. How-
ever, 84.3% of the energy comes from non-renewable sources regarding the average
global energy matrix, in 2019 [3]. Therefore, human development has to respect en-
vironmental boundaries, and the challenge is to provide energy sustainably [4]. To do
so, countries may rely on public policies as a tool to ensure adequate predictability
and competitiveness of renewable energy [5].

Renovabio is a Brazilian national biofuel policy to reduce the national greenhouse
gas emissions (GHG) and expand the use of biofuels. It, aims at providing contribu-
tions to the fulfillment of the commitments determined by Brazil under the Paris
Agreement, promoting biofuel expansion in the energy matrix, with emphasis on the
regularity of fuel supply, and ensuring predictability for the fuel market. The estab-
lishment of annual national decarbonization targets for the fuel sector is a way to en-
courage increased production and participation of biofuels in the country’s transport
energy matrix, a constraint of this public policy is that only biofuel producers and
importers can benefit from it. Other energy sources, such as bioelectricity, are not
directly contemplated by the policy, the origin of electricity generation, being renew-
able, could stimulate the energy matrix in a complete way.
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The fact that the Renovabio program does not include the surplus electricity gener-
ated by biofuel producers in its energy-efficiency scores makes it difficult to expand
beyond the transport matrix, which could even contribute to a program in the elec-
tricity sector, which could acquire proven renewable energy to also decarbonize the
electricity matrix.

In this study, to show the opportunity if this policy included electricity, we analyzed
10 years of electricity production in Brazil to evaluate the growth rate of the share of
non-renewables in its electricity mix. Then, Renovabio was explored to support the
proposal of a systemic framework to support public policies aimed at a low-carbon
economy, not just considering those already contemplated, as is the case of biofuels,
but also adding up possibilities for bioelectricity, such as from increased cogenera-
tion and additional from bioelectricity from biogas. To do so, we explored scenarios
of bioelectricity production from Brazilian sugarcane mills to estimate the contribu-
tion of this framework to the increase in renewability of the Brazilian electricity
matrix and the consequent CO, mitigated.

2. The context of the Brazilian electricity matrix and sugar-energy sector

Brazil has the cleanest electricity mix worldwide (84.8% renewable) [6] in compari-
son to 15.7% from the global average [3]. So, although this level has been already
reached, the concern about it is a correlation between HDI and energy use, which
is even more evident when developing countries are analyzed [7]. Brazil reached
17.135 GW of installed power, in 2011, a 5-GW increase compared to 2010. Out
of this number, it is distributed in 37.1% corresponded to the increase in hydraulic
plants, 52.4% in thermal plants, and 10.5% in wind engines [6]. It is worth mention-
ing that hydraulic power reached its peak in the same year (Figure 1).
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Figure 1. Composition of electricity matrix in Brazil, from 2011 to 2020 [6].
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Brazil is the largest producer of sugar and the second-largest producer of ethanol
in the world, which are the main products of the sugar-energy sector. The energetic
products of the sugarcane industry accounted for 19.1% of the country’s energy ma-
trix in 2020, showing its importance to Brazilian energy production. However, there
is room for improvement. In 2020, 58.5% of the sugarcane mills did not export bio-
electricity to the grid and just 2 mills generated bioelectricity from biogas. Table 1
shows the main characteristics of this sector in 2020.

Table 1. Main characteristics of the sugarcane industry in 2020 [8]

Parameter Unit Value
Sugarcane harvested Gg 654,527.80
Harvested area ha 8,616,100
Sugarcane factories # 422
Factories that produce biogas to generate bioelectricity # 2

Factories that commercialize bioelectricity # 247
Ethanol production m? 29,746,430
Sugar production Gg 29,605.946
Power installed GW 11.60
Bioelectricity commercialized GWh 22,513.61
Bioelectricity commercialized from biogas GWh 23.61

Figure 2 shows the processed sugarcane, ethanol, and bioelectricity production from
season 1980/81 to 2020/21 [8]. Sugarcane processing evolved from 123.7 (1980/81)

to 657.4 million tons (2020/21).
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Figure 2. Sugarcane, ethanol, and bioelectricity productions from 1980 to 2020 [§].
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Ethanol production from 3.7 to 32.5 billion liters in the same period. More recently,
cogenerated electricity (2012/13) started to be accounted increasing sharply from
0.37 to 22.5 TWh (2020/21). The initial data was omitted to avoid miscomprehen-
sion on 100-basis, since it was a 61-fold increase. It can be observed that ethanol
production reached a plateau from 2010 to 2016, with an 18% production increase
approximately. So, to incentivize the expansion of biofuel to overcome this plateau,
the Brazilian government created Renovabio, a program to both promote investments
focused on the biofuel sector and assist the country to meet its decarbonization goals
committed in the Paris Agreement in 2015 (COP 21) [9]. Regarding bioelectricity, in
the sugar-energy sector, additional energy production gained relevance at the end of
the first decade of the 21% century, surpassing the generation of 20,000 terawatts hour
(TWh) and stabilizing, returning to show growth in 2019.

3. The systemic approach of carbon emission avoided beyond ethanol

Brazil created its national biofuel policy in 2017 called RenovaBio, which has focused
on reducing GHG emissions in the transport sector. Brazilian decarbonization has oc-
curred in this sector since 84.8% of its electric matrix already comes from renewable
sources [6]. Brazil has defined its decarbonization targets and has shared them with the
fossil-fuel distributors since 2020. So, each one of the fuel distributors has had its an-
nual targets based on its market share regarding its fossil fuel sales [10], accounted as
mass of equivalent carbon dioxide. The accumulated goals in millions of CBios came
out of 14.5 in 2020, and it may reach 90.5 million of CBios in 2030 [11].

To reach these targets, fuel distributors are obligated to buy an amount of CBio equiv-
alent to their goals, which is the decarbonization instrument of Renovabio. Each
CBio represents one ton of equivalent CO2 mitigated, it is similar to a carbon credit,
and it is a financial title, i.e., it can be negotiated on the B3 (Brazil Stock Exchange
and Over-the-Counter Market) [12]. The emission of CBio comes from biofuel sales
associated with the Energy-Environmental Efficiency Score (EEES), which is the
difference between the biofuel’s carbon intensity (CI) and its equivalent fossil fuel,
in gCO2-eq MJ-1 [9]. For example, biomethane has a score of 76.59, biodiesel 69.12
and anhydrous ethanol 59.95 gC0O2-eq MJ-1[13]

For instance, when we divide 1 ton of CO2eq by the EEES median of hydrated etha-
nol (59.39 gCO2-eq MJ-1), we will have 16,837.85 MJ, which is the total energy
from hydrated ethanol necessary to generate a CBio regarding a median value of
EEES. Considering that a liter of hydrated ethanol has 21.34 MJ [14], it would be
required to produce and sell almost 800 liters of ethanol to emit a CBio. Moreover,
producers might invest in reducing production costs and developing new technolo-
gies to reduce the carbon footprint of their processes since the higher the EEES, the
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higher the CBio emissions [15]. It is worth mentioning that only biofuel producers or
importers can emit CBios, which is baked by the biofuel sales invoice and valid when
it is carried by a bank or a brokerage [16].

Taking into account the influence of bioelectricity in the EEES in the sugar-energy
sector, Renovacalc indirectly includes it by allocating the carbon footprint of the
agricultural, industrial, and transport processes between the coproducts. The problem
is that bioelectricity is not considered in this case. One possible systemic approach
is to consider bioelectricity directly. On one hand, energy producers from renewable
sources might also emit and sell financial titles such as CBio. On the other hand, elec-
tricity distributors, as well as fuel distributors, would have to share the responsibility
of national goals and buy these titles.

In this case, bioelectricity would have its EEES, which would be the difference be-
tween the carbon intensity of electricity from fossil-fueled thermal power plants and
the bioelectricity plant. With that, bioelectricity plants could emit the decarbonization
instrument and have financial benefits from it. The trade-off of this decision is that by
allocating the biogas for burning in an Otto-cycle generator to produce electricity, in-
stead of allocating it to the production of biomethane as fuel, at that moment the price
perspectives will be considered. This approach might enable more investments in the
renewable energy sector, increasing the bioelectricity offered to the grid, the CBio
emission, and the renewability of the national electricity matrix. To begin illustrating
that, one should consider the CG50 scenario where 50% of Brazilian sugarcane mills
that did not produce bioelectricity, 88 sugarcane mills, started generating it, taking into
account that they had the same production pattern as the average producers in 2020.

Besides, other energy routes could increase the bioelectricity supply by the sugarcane
industry, such as the use of biogas from vinasse for electricity generation. Given that,
other three scenarios are presented: CG50B20, CG50B40, and CG50B60, besides as-
sumptions of CG50 they consider, respectively 20%, 40%, and 60% of mills starting
producing bioelectricity from biogas out of 420 mills that do not produce biogas, in
2020. Table 2 presents these scenarios and the electricity surpluses.

Table 2. Electricity surplus scenarios.

Scenario Definition Electricity surplus
(TWh/year)
CG50 50% of non-bioelectricity producers in 2020 started export- 7.98
ing bioelectricity to the grid.
CG50B20 | CG50 + 20% of mills generating bioelectricity from biogas. 8.97
CG50B40 | CG50 +40% of mills generating bioelectricity from biogas. 9.96
CG50B60 | CG50 + 60% of mills generating bioelectricity from biogas. 10.95
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To estimate the CBio emission from bioelectricity, we considered the values from
the sugarcane industry in 2020 (section 3) to determine the EEES from bioelectricity
through Renovacalc [17] in comparison to the carbon intensity of Brazilian natural
gas thermal power plants (148.38 gCO, MJ") [18]. When compared to the carbon
intensity from biogas electricity generation, which has 25.0 gCO,eq MJ' [19] gen-
erating an EEES of 123.4 gCO,eq MJ' by renewable bioelectricity. Based on this
avoided emission, for each megawatt hour (MWh) generated by biogas, there would
be a reduction in the carbon footprint of 444.2 kilograms, with the possibility of
obtaining the carbon credit for every 2.3 MWh or 2.3x10°° TWh. After that, to dem-
onstrate the feasibility we multiplied the EEES by electricity surpluses from the sug-
gested scenarios (Table 2). Table 3 demonstrates the results.

Table 3. EEES, tons of mitigated CO,-eq, and CBio emissions, per year for each scenario

Scenario | EEES (gCO,-eq MJ") | Mitigated CO,-eq and CBios emissions per year (Mg)
CG50 124.98 3,521.49
CG50B20 122.97 3,969.66
CG50B40 122.97 4,408.64
CG50B60 122.97 4,847.62

We analyzed the tendency of the Brazilian supply and consumption of electricity
and the renewability of the electricity matrix regarding this tendency. To do so, we
calculated the average annual growth of electricity supply and consumption between
2011 and 2020.

Then three schemas were built to estimate what would be the electricity trend from
2021 to 2030: the base scenario with the average annual growth for both supply
(1.46%) and consumption (1.34%), the UP scenario 1.5-time higher than the aver-
age annual growth rate for both supply (2.19%) and consumption (2.01%), and the
DOWN scenario 1.5-time lower for both supply (0.73%) and consumption (0.67%).
The same logic was used to estimate what would be the renewability of the Brazilian
electricity matrix from 2021 to 2030. So, we calculated the average annual rate of
renewability from 2011 to 2020, taking into account the sum of the share of hydric,
biomass, wind, nuclear, and solar sources. Then, three scenario variations were as-
sumed: the “Base” scenario with the average annual rate of renewability (-0.48%),
the “High” scenario 1.5-time higher than the average annual rate (-0.32%), and the
“Low” scenario 1.5-time lower (-0.72%). Figure 3 shows the electricity supply, con-
sumption, and renewability trends.
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Figure 3. Brazilian electricity supply, consumption, and renewability estimated trends.

With the electricity supply and renewability trends, we could estimate the potential of
the CG50, CG50B20, CG50B40, and CG50B60 scenarios for increasing the renew-
ability of the Brazilian electrical matrix. To explain that, we evaluated the electricity
supply coming from fossil sources through the base scenario (Figure 3). After, we
replaced part of this electricity with the generated from those scenarios described
above. Finally, a new share estimation of non-renewable sources was determined,
from 2021 to 2030 (Figure 4).

In short, the CG50B60 scenario presented the best results, with a 10.95 TWh in-
creasing in electricity offered to the grid, 1.7% increasing in the renewability of the
electricity matrix for 2021, 1.38% for 2035, approximately 4,848 emitted CBios that
represents 4,848 tons of mitigated CO,-eq per year.
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Figure 4. Estimated percentage of participation of non-renewable sources from 2021 to 2030.
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4. Conclusions

Energy consumption is highly correlated with human development, especially in de-
veloping countries. But the challenge is to access energy sustainably. Therefore, the
Renovabio program might be a suitable structure for building a systemic framework
to support public policies aimed at a low-carbon economy, especially to increase
the use of renewable energy vectors. Moreover, CG50, CG50B20, CG50B40, and
CG50B60 scenarios in the Renovabio context demonstrated that this approach might
increase the electricity offered to the grid, CBio emissions, CO, mitigation, and the
renewability of the electricity matrix, helping the country meets its NDC targets.
These scenarios would mitigate yearly from 3.5 to 4.8 thousand tons of CO,-eq, be-
sides increasing renewability of electricity matrix around 2%.

The study demonstrates the real demand for reviewing the decarbonization plan of
the national energy matrix, recognizing the practices that generate additionality to
processes of generating electricity from biomass. This bioelectricity must be recog-
nized as a source of carbon credits, which can encourage its production and which
has, as a consequence, an incentive to prevent it from becoming dirtier. This study
provides insights about how a framework may help public policies to consider a sys-
temic approach energy-wise. Further studies could investigate the economic effects
of this systemic framework on the CBio emission surplus and the increase of man-
datory participation, such as the inclusion of electricity distributors. Additionally,
further studies could estimate the increase in electricity generation by other energy
routes, such as changing low-pressure boilers to high-pressure boilers and using sug-
arcane straw as fuel for energy production.
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