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ABSTRACT

The early and widespread adaptation of Flex-Fuel vehicles (FFVs) in Brazil

has enabled the country to be a leader for ethanol production and use in the light vehi-

cle segment. However, given the country’s natural resources and today’s technological

progress when it comes to Electric vehicles (EVs), electricity is an energy source that

owes to be considered as an alternative to ethanol for light vehicles. To the best of our

knowledge, no study has been performed to compare the country’s price of electricity

and ethanol as energy sources for this vehicle segment. This is a first attempt to consider

both alternatives in the Brazilian market.

The goal of this market study is to provide the reader with an understanding

of both ethanol and electricity’s price attractivity as energy sources for light vehicles in

Brazil. The United States were used as a benchmark in order to evaluate both energy

source relative attractivity.

The results obtained demonstrated a clear competitive advantage of electricity

over ethanol and gasoline in the light vehicle segment in Brazil. When considering

median price of energy sources alone, electricity is 6.6 times cheaper than ethanol and

6.7 times cheaper than gasoline. What’s more, the price gap between energy sources

is much higher in Brazil compared to the US, making electricity comparatively more

attractive in Brazil. Thus, when considering prices alone, electricity is therefore an

desirable option to look into in Brazil for the light vehicle segment, both in terms of

absolute and relative numbers.

While this market study is a first attempt at comparing electricity and ethanol

as energy sources for light vehicles in Brazil, further research will be needed in order

to evaluate the total cost of ownership for FFVs and EVs as well as to understand the

challenges ahead in terms of infrastructure, electric grid capacity and EV subsidies, etc.

KEYWORDS: Light vehicles, energy source price, electric vehicles, flex-fuel

vehicles, renewable energy, energy sources competitivity



RESUMO

A adaptação inicial e generalizada de vehiculos Flex-Fuel (FFVs) no Brasil

permitiu ao páıs ser ĺıder na produção e uso de etanol no segmento de véıculos leves. No

entanto, dados os recursos naturais do páıs e o atual progresso tecnológico em relação aos

véıculos elétricos (VE), a eletricidade é uma fonte de energia que deve ser considerada

como uma alternativa ao etanol para véıculos leves. Até onde sabemos, nenhum estudo

foi realizado para comparar o preço no páıs da eletricidade e do etanol como fontes de

energia para esse segmento de véıculos. Esta é uma primeira tentativa de considerar as

duas alternativas no mercado brasileiro.

O objetivo deste estudo de mercado é de fornecer ao leitor uma compreensão do

mercado de véıculos leves comparando a atratividade do preço do etanol e da eletricidade

como fontes de energia para o referido segmento no Brasil. Os Estados Unidos foram

utilizados como referência para avaliar a atratividade relativa da fonte de energia.

Os resultados obtidos demonstraram uma clara vantagem competitiva da elet-

ricidade sobre o etanol e a gasolina no segmento de véıculos leves no Brasil. Quando se

considera o preço médio das fontes de energia sozinha, a eletricidade é 6,6 vezes mais

barata que o etanol e 6,7 vezes mais barata que a gasolina. Além do mais, a diferença

de preço entre essas fontes de energia é muito maior no Brasil em comparação com

a diferença observada nos Estados Unidos, tornando a eletricidade comparativamente

ainda mais atraente no Brasil. Assim, ao considerar apenas os preços, a eletricidade é

uma opção atrativa a ser considerada para o mercado brasileiro de véıculos leves, tanto

em números absolutos quanto relativos.

Enquanto este estudo de mercado é uma primeira tentativa de comparar a

eletricidade e o etanol como fontes de energia para véıculos leves no Brasil, mais pesquisas

serão necessárias para avaliar o custo total de propriedade para FFVs e EVs, bem

como para entender os desafios futuros em termos de infra-estrutura, capacidade de

rede elétrica e subśıdios de EV, etc.

PALAVRAS CHAVE: Véıculos leves, preço da fonte de energia, véıculos elétricos,

véıculos flex, energia renovável, competitividade das fontes de energia
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BRIC Brazil Russia India China

BTU British Thermal Unit

CCEE Camara de Comercialização de Energia Elétrica

CIDE Contribuição sobre Intervenção do Domı́nio Econônomico
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CHAPTER 1

INTRODUCTION: LIGHT VEHICLE TRANSPORTATION, A

SECTOR IN TRANSITION

According to the International Energy Agency (IEA), 20.5% of the world’s C02

emissions came from transport in 2014. The same year, Brazil was significantly above

this average, with 44% of CO2 emissions coming from transport, despite a 7 percentage

point reduction since 1975. Following this, Dilma Rousse↵ pledged, one year later, in

2015, to cut the country’s emissions by 37% by 2025, from 2005 levels. Among other

things, this would be achieved by increasing the share of renewable sources in the energy

mix.

Additionally to these environmental considerations, soaring oil prices are a

constant reminder of crude oil being a non renewable energy source which we need

to find alternatives to in the middle and long term. In 2006, the Cambridge Energy

Research Associates (CERA) estimated that 3.74 trillion barrels of oil remained on

Earth. Considering this number, the global oil production would hit a plateau around

the middle of the 21st century. As a consequence, finding alternative energy sources for

the transport sector is a key challenge for coming years.

The Collins English Dictionary (2018) defines a light vehicle as a vehicle de-

signed to carry loads or a small number of passengers up to an o�cially determined

weight. This includes cars, motorbikes, scooters and pick-up trucks and excludes heavy

trucks. The light vehicle industry has significantly expanded in recent years, with BRIC

(Brazil Russia India China) countries driving strong sales (PWC, 2013). The industry

is today facing unprecedented challenges, with transformed customer expectations, new

technologies and rising pressure to meet environmental guidelines. In Brazil, the ethanol

experiment had a large direct impact on light road transportation, making it a unique
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case study of alternative fuel usage at a large scale. According to the US Department of

Energy, alternative fuels are fuels that are substantially non-petroleum, yield important

energy security benefits, and o↵er significant environmental benefits. The Energy Policy

Act (EPAct) of 1992 defines the following as alternative fuels: pure methanol, ethanol,

and other alcohols; blends of 85% or more of alcohol with gasoline; natural gas and

liquid fuels domestically produced from natural gas; propane; coal-derived liquid fuels;

hydrogen; electricity; pure biodiesel (B100); fuels, other than alcohol, derived from bi-

ological materials; P-Series fuels. This market study will deep dive on light vehicles in

Brazil as a specific segment of the transportation industry. Within biofuels, the study

will center on ethanol, as Brazil provides a unique ethanol case study.

As environmental considerations increase and fossil fuel reserves decrease, us-

ing ethanol as an energy source of light vehicles may already be a viable and scalable

alternative, with the use of Flex-fuel vehicles (FFVs). With the term FFVs, this market

study will refer exclusively to vehicles which engine can run on a blend of ethanol and

gasoline. Ethanol has both a cleaner combustion and lower emissions of toxic substances

than petrol. This is due to its higher oxygen content, that counterbalances its 68% lower

energy content (Krylova et al., 2008). Moreover, ethanol CO2 emissions are up to 80%

lower than petrol (Lashinky, 2006).

Ethanol is particularly used in Brazil and the United States, which are the

world’s two largest ethanol producers, but a great number of countries are today favoring

ethanol as a possible alternative energy source. This provides ethanol producers a unique

economic opportunity and is particularly relevant for Brazil to consider, as the country

is one of the few capable of being large exporters of ethanol on the middle and long term

(Licht, 2011).

Despite it being a promising alternative, considerable uncertainty remains on

the extent to which ethanol will replace fossil fuels as an energy source for the transport

sector. Indeed, ethanol production, while scalable, competes with agriculture, among

others, for the use of arable land and water sources. This is a main limitation to its

expansion (Licht, 2011). Bearing this in mind, it is important to continuously explore

other energy sources for the transport sector. Electric vehicles (EVs) could be a valid

alternative, in the light vehicle segment. While the electric cars industry is still, if not

nascent, at a very early stage of development, it has a significant potential to grow
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(Baran and Al., 2013). According to the Collins English Dictionary (2018), an electric

vehicle is a vehicle that is driven by an electric motor which draws its current either

from storage batteries or from overhead cables.

It is important to note that while ethanol and electricity are both competing

alternatives as energy sources of light vehicles, there are other sectors within the trans-

portation industry is which electricity does not present the same utilization potential

as ethanol. Indeed, aviation, marine cargoes and long-haul road vehicles will not, in

the foreseeable future, be able to switch to electric with current technologies, given the

size and capacity of electric batteries (Hardman and al., 2013). In order to be inte-

grated in the low-carbon circular economy, a switch from fossil fuels to biofuels as well

as improvements of the e�ciency of combustion engines should therefore be prioritized

in these industries. Indeed, considering their consumption volumes, even a 5% ethanol

blend could have a considerable impact at a global level.

’While hybrid and electric cars can help reducing carbon footprint in light duty

transport, other, more immediate solutions must be concurrently put forward if climate

targets are to be achieved. Sustainable, non-fossil alternatives should also be developed

in such sectors as heavy duty vehicles, air transportation, plastics, and chemicals. A

large number of countries have developed or are developing a bioeconomy strategy that

includes expanding the production and use of biofuels, biopower, and biobased products.’.

This is how the challenge was summarized, in a joint statement, by the 20 countries that

launched the BioFutures Platform at the COP22 Marrakesh Climate Change Conference

in November 2016.

When focusing on the light vehicle industry, ethanol also appears as the easiest

solution to implement in the short term, given the more mature stage of FEVs devel-

opment compared to EVs as well as the infrastructure in place. In the middle to long

term, however, countries will need to consider more factors than the ease of implemen-

tation alone in order to design sustainable energy mix strategies. Main factors to take

into account when elaborating such strategies include the price, availability and environ-

mental impact of the energy sources to be prioritized (Egbue and Long, 2012). These

considerations might make EVs an attractive option. The International Energy Agency

(IEA) predicts that there could be 30 million EVs circulating by 2025 and 150 million by

2040 following current emission reduction programs. The IEA also predicts 715 million
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electric cars by 2040 if more ambitious targets were to be adopted (International Energy

Agency, 2016).

Our objective is to build a market study aiming to give the reader a better

understanding of the direction that the Brazilian energy mix strategy should take in

middle and long term. More specifically, focusing on the light transport segment, we

will aim to compare ethanol and electricity attractivity as energy sources in the country.

A secondary question that this market study will address is around how attractive

each ones of these energy sources is in Brazil compared to their attractivity in the US.

This comparison will provide us with additional insights on the Brazilian market as

both countries are currently leaders in ethanol production and have great potential for

electrical car development given their natural advantages when it comes to electricity

production.

We chose Brazil as a focus point for this market study as it is a particularly

interesting case study. On the one hand, Brazil is as a global leader of ethanol pro-

duction and usage in the light vehicle segment (Rosillo-Calle and Walter, 2006). On

the other hand, Brazil benefits from important natural advantages when it comes to

electricity production through important water resources. This could give the country

a potentiality for light vehicle electric car adoption (Mielnik and Al., 2017).

With the adoption of ’Proalcohol’, a government led ethanol fuel program in

1975, Brazil has early-on implemented policies focusing on ethanol as the obvious main

renewable alternative to fossil fuels in the light vehicle segment. Today, however, tech-

nical developments in the electric car industry make EVs a potential alternative that

needs to be considered. Brazil’s size and natural resources in terms of arable land and

water reservoirs mean that both ethanol and electricity could be attractive and abundant

renewable energy sources for light transport vehicles (Mielnik and Al., 2017). According

to the World Bank (2018) Brazil benefited from 1.5 million square kilometers of agri-

cultural land, representing 18% of the country’s total land. Additionally, Brazil owns

around 20% of the World’s water supply (World Bank, 2016)

There is today considerable research on Brazil’s capacity in terms of ethanol

production volumes as well as the industry’s environmental net impact (Goldemberg and

Al., 2004; Sperling and Gordon, 2009; Soccol and Al., 2010). Similarly, there are nu-

merous debates around sustainable electricity generation and the country’s potential to
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increase both electricity production and the share of renewable sources in the electricity

matrix (Baran and Al., 2012; Dias and Al., 2013; Ru↵ato-Ferreira and Al., 2017).

When developing long term transport strategies, the choice between EVs or

FFVs will greatly depends on which sustainable energy source, electricity or ethanol, has

the best competitive advantage domestically. In addition to this, other considerations

would include environmental impact, availability and ease of implementation. After

reviewing the current situation in Brazil in regards to both energy sources, we will

focus our research on comparing their price competitivity through quantitative analyses.

Indeed, we believe that a competitive analysis of ethanol and electricity’s price as energy

source at a country level, for the light vehicle segment, is necessary in order to understand

the long term implications of investing in either options.

This market study is novel in the sense that, to the best of our knowledge, we

could not find any study performing an energy price comparison for the light vehicle

segment in Brazil, that would include electricity as a potential energy source. We did

in-depth search using Google Scholar and Elsevier, with key words such ’electricity

ethanol Brazil’, ’energy source competitivity light vehicle Brazil’ and ’ethanol electricity

competitive advantage Brazil’. We did not find in any of the journal articles and papers

we reviewed a price comparison between ethanol and electricity as energy sources for

the light vehicle segment. We found in-depth studies on ethanol prices in Brazil over

specific periods of time (De Freitas and Kaneko, 2011) as well as papers about electric

car introduction and potentiality in Brazil (Baran et al., 2012). We identified, however, a

literature gap when it comes to comparing those two energy sources for the light vehicle

segment. The aim of this research is to bridge this gap by o↵ering a price comparison

of ethanol and electricity in the Brazilian market. Such comparison will be a first step

towards gaining a better understanding of the Brazilian light vehicle segment and its

potentiality for EV adoption.

This market study will start by looking into ethanol as an energy source, pro-

viding the reader with background and updates on the production and consumption of

ethanol. To do so, we will start by analyzing today’s trends in terms of ethanol demand.

We will then proceed to talk about the Brazilian ethanol experiment. After having gain-

ing an understanding of ethanol’s usage and potentialities in the light vehicle segment,

we will then study electric vehicles and the opportunity that this new energy source
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represents. In a third part, we will focus on the opportunities and costs of both ethanol

and electricity as an energy source for the light vehicle sector in Brazil. Lastly, we will

focus on the quantitative research section of this market study. By deep diving into the

competitiveness of ethanol and electricity as energy sources in Brazil, our aim is to add

a new perspective on market studies previously done about ethanol or electricity, by

comparing both energy sources.
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CHAPTER 2

ETHANOL: BACKGROUND AND NEW DEVELOPMENTS

2.1 Global ethanol demand

2.1.1 Long term demand projections

There has been a continuous interest, worldwide, for alternative transport fuels,

since the mid-1990s and ethanol appeared early on as one of the most promising options.

The US O�ce of Energy E�ciency & Renewable Energy defines ethanol a renewable

alcohol fuel made through the fermentation of plant-derived sugars such as corn, sugar

cane, or grasses.

The replacement of between 10 to 20% of world’s petrol consumption with

ethanol could be feasible by 2020 and is a much desired option (Rosillo, 2006). Apart

from two notable exceptions, Brazil and the US (as per Figure 2.1), production is in most

countries still at its initial stage. The international market for ethanol will considerably

grow in the coming years, requiring diversification of production, in terms of feedstock

and number of producing countries (Renewable Fuels Association, 2018). As ethanol

international trade increases, there will be an even more crucial need for sustainable

production, assured through rigorous certifications. It is a combination of environmental,

social and energy security factors that explain the growing interest for ethanol as an

alternative fuel source.
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Figure 2.1: World production of fuel ethanol from 1980 to 2004

Source: Lichts, 2005; EPI, 2005

Di↵erent scenarios have been run in the past to estimate how the world’s de-

mand for ethanol will grow in the coming decades. A reference in this area are the

projections run by Fulton in 2004. In Fulton’s scenario, sugarcane ethanol could, by

2050, cover about 20% of the world projected petrol demand, with a production of 633

Gigaliters(Gl)/year. These projections consider that 10% is the maximum cropland area

that could be allocated to sugarcane, except in Brazil which would cover about half of

the estimated total ethanol production through further increases in yields and dedicated

cropland. In this scenario, 3460 new industrial plans would need to be built worldwide

by 2050, with 1720 of them being in Brazil. The country has the world’s largest potential

for production expansion.

Fulton also considers that capacity will grow through the use of other feedstocks

such as grain, beet and ligno-cellulose. In his model, 35% of biofuel would come from

sugarcane by 2050. Ethanol and other feedstocks would cover 54% of the estimated total

petrol demand (Figure 2.1). Thus, in the long term, biofuel alternatives to ethanol will

increase their share in the transportation market (Gielen and Unander, 2005).
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Table 2.1: Ethanol potential production from di↵erent feedstocks (Gl)

Source: Fulton, 2004

2.1.2 Ethanol biggest producers and consumers

There are two main markets which demand for biofuels is predicted to partic-

ularly grow: the EU and China (Rosillo-Calle and Walter, 2006).

The EU’s commitment to promote an alternative energy mix for transportation

is translated by strong policies and regulations. Various directives have been enacted

in order to facilitate biofuels introduction. An example is the EU Directive on the

Promotion of the Use of Biofuels for Transport [Directive 2009/28/EC of the European

Parliament and of the Council of 23 April 2009 on the promotion of the use of energy

from renewable sources].

There is a vast agreement the EU’s need to import part of its fuel ethanol

needs. There are however ongoing debates over the extent to which the EU would be

able to be able to produce cellulose-based ethanol at a large scale in order to decrease

its imports dependencies (Costa and Al., 2008). What is clear is that in the short and

middle term the EU does not have the conditions to produce ethanol at a large scale,

due to cropland size limitations as well as prohibitive production costs.
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China is not currently a significant player in ethanol production. However,

when looking at the vehicle markets, it is clear that there is a significant untapped

market. Vehicles sales in China increased at an average of 12% per year between 2010

and 2015. Following sales trends, the demand for energy in the transport sector has

rapidly grown, and the government is actively looking for alternative energy sources, to

decrease oil dependence (Fulton, 2004).

As it is still an immature market, ethanol international trade is currently lim-

ited to a few major countries and is mostly based on bilateral agreements. As many

ethanol programs are currently being created, there are good indications that vast con-

sumption outside of the US and Brazil will soon emerge (IEA, 2016). We previously men-

tioned the EU and China as the main upcoming consumption poles. In the near future,

secondary consumption centers will also include in India, Japan, Thailand and Southern

Africa ( Rosillo-Calle and Walter, 2006). International trade is eased by ethanol being,

comparatively to other types of goods, easy and cheap to transport over long distances.

2.2 Ethanol: the Brazilian experiment

2.2.1 Historical overview

Brazil is the world’s second producer of ethanol and biodiesel after the US. The

sugarcane ethanol industry in Brazil is considered to be ’the most successful alternative

fuel to date’ (Sperling, 2009). According to the Renewable Fuels Association (RTA),

Brazil produced 7.1 billion gallons of ethanol in 2017, representing about 26% of world

production. The same year, the US led, by far, ethanol production with 15.8 billion

gallons produced equating to 58% of global output.

Brazil adopted ‘Proalcohol’, an ethanol fuel program in 1975, in midst of an

international oil crisis. Since the start of the program, considerable investments enabled

technological advances, development of new sugarcane varieties, genetic improvement

and the emergence of recognized best management practices. The average sugarcane

yield increased 68% between 1976 and 2010, making Brazil a global leader in terms of

know-how for the ethanol industry. In addition to this, Brazil has natural competitive

advantages such as its arable land size and adequate rainfall that enable the country
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to have much better yields than the US for example. According to the Brazil’s Insti-

tute, in 2006, Brazil feedstock yields were 31.5 tons/acre, compared to 3.4 in the USA.

This significantly higher yields enabled costs of production to be lower comparatively:

0.83US$/gallon in Brazil vs 1.14 in the US (Budny and Sotero, 2015).

The Brazilian government started making it mandatory to blend gasoline with

ethanol in 1976, one year after the start of the Proalcohol program. There is a notable

trend towards the increase of the mandatory fuel mix. In 1976, the government started

by imposing an E11 blend. It has been making the blend higher ever since, reaching

E25 in 2007 and E27 in 2015 (Puerto Rico, 2008). It is interesting to note how punctual

adjustments were made, overtime, to the mandatory blend level in order to match ethanol

conjectural decreases in supply. For example, in April 2011, the blend’s lower limit

was decreased to 18% in reaction to the particularly big supply shortage caused by

a combination of the dry climate and the time of the year (we were between harvest

seasons).

Since 2003, FFVs have been the main drive of ethanol domestic consumption

in Brazil (Henry Joseph Jr for The Brazilian Vehicle Manufacturers Association, 2013).

There are today more than 100 FFV models available and they add up to 90% of new

cars sold. Flexible-fuel vehicles (FFV) are vehicles designed to run on more than one

fuel, in most cases gasoline and ethanol. FFVs can be indistinctly fuelled with gasoline

(E22), ethanol (E100) or any mix of the two. FFV were introduced in Brazil in 2003 and

sales rapidly skyrocketed. According to the Brazilian Vehicle Manufacturers Association

(2013), around 85% of vehicles sold between 2007 and 2013 were FFVs (Joseph, 2013)

(Figure 2.2). A key benefit of FFVs is that consumers are free to choose the blend (E20,

E25 or hydrous ethanol E100) depending on price and availability.
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Figure 2.2: Car type evolution in Brazil since 2003

Source: Brazilian Vehicle Manufacturers Association (2013)

The success of FFVs in the 2000s lead to an important growth in ethanol pro-

duction until 2008. That year, the international financial crisis made it harder for ethanol

producers to contract short-term loans to finance their activities (Mielnik and Al., 2017).

Investments in supply chain and industrial plans were postponed, negatively impacting

sugarcane yields. Between 2009 and 2011, ethanol production continued increasing due

to adverse weather conditions coupled with high sugar prices in the international market,

motivating production of sugar over ethanol (Freitas and Kaneko, 2011).

According to the Brazil Institute of the Woodrow Wilson Center, ethanol prices

started becoming competitive without subsidies since 2005 (Budny and Sotero, 2015).

Even though subsidies to fossil fuel are an inherent part of Brazil’s energetic strategy,

ethanol, being nationally produced and supported, benefits from slightly more advanta-

geous taxation. What’s more, since 2008, gasoline consumer prices have been controlled

to avoid inflation, contributing to decrease the competitiveness of fuel and further in-

creasing the appeal of ethanol (Budny and Sotero, 2015).
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2.2.2 Brazilian demand for ethanol

2.2.2.1 Demand drivers

There has been, in the last two decades, exponential growth in the number

of Brazilian FFV cars (Henry Joseph Jr, 2013). Mechanically, this has been a major

driving factor for the long-run ethanol demand (see Figure 2.3 below).

Figure 2.3: Transportation fuel consumption in Brazil (1970–2009)

Source: EPE (2010)

Freitas and Kaneko (2011) conducted an in-depth study of energy sources prices

over the 2003 to 2010 period in Brazil (see Figure 2.4). Based on this, they conclude that

the Brazilian demand for ethanol is a result of a combination of 4 factors (Freitas and

Kaneko, 2011): 1.gasohol price cross e↵ects, 2.average income of consumers,

3.fleet growth and 4.ethanol price.

1. Gasohol price cross e↵ects: Gasoline prices are directly negatively correlated

to ethanol demand.

2. Average income of consumers: Between 2003 and 2010, there was an average

income growth of 0.15% monthly, increasing fuel consumption by 129% (Instituto

Brasileiro de Geografia e Estat́ıstica, 2010)

3. Fleet growth: Increase in consumer income and credit availability have direct

positive impacts on car ownership and thus ethanol demand (IPEA, 2010)
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4. Ethanol price: FFVs allow owners to make a trade o↵ when choosing between

ethanol and gasoline based on fuel price and combustion performance. Ethanol is

more advantageous whenever its price per liter is below 70% of the price of gasoline

(BNDES, 2008)

Figure 2.4: Real fuel prices in Brazil (January 2003-July 2010)

Source: De Freitas and Kaneko, 2011

2.2.2.2 Price elasticity

The introduction of FFVs in Brazil allowed customer trade o↵s between ethanol

and gasoline. This introduced important changes in the price elasticity of gasoline. De

Freitas and Kaneko (2011) provide an exhaustive list of all studies on long-run gasohol

and ethanol demand elasticities that have been conducted (Figure 2.2). An initial study

from Nappo (2007) estimated that the price elasticity increased from -0.197 to 0.334

following FFVs commercialization. Additionally, both Pontes (2009) and Iootty et al.

(2009) found strong evidence of high degree of substitution between ethanol and gasoline.

Table 2.2: Studies of long-run gasohol and ethanol demand elasticities

Source: De Freitas and Kaneko, 2011
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2.2.2.3 Energy source taxation

At the starts of the ethanol industry, government guidance and price fixing was

generalized at each level of the supply chain, meaning that production, distribution and

retail prices were fixed. The industry was progressively deregulated between 1995 and

1999 and prices have since been completely deregulated (Goldemberg and Al., 2004).

Despite the deregulation, the Federal Government still o↵ers specific credit

lines, with subsidized interest rates to the ethanol industry, which ultimately impacts

price by making investments more attractive. This is known as the ’warrantagem’ pro-

cess and is done through the National Bank for Social and Economic Development (BN-

DES). All producers, distiller mills, cooperatives and other structures selling ethanol

can apply for these credits (Freitas and Kaneko, 2011).

Despite economic liberalization, policymakers can also act on ethanol prices

and attractivity through tax incentives on ethanol versus gasoline. In Brazil, the Tax

for Circulation of Goods and Services (ICMS) varies from state to state and is set by

each regional state independently. As a result, in recent years, many states increased tax

on both gasoline and ethanol in order the compensate for the tax collection reduction

following the economic recession that started in 2014. Despite this tax variations, under-

lying tax di↵erences between ethanol and gasoline have remained the same: ethanol is

still favored over gasoline when it comes to tax rates. As of 2017, ICMS favored ethanol

over gasoline with an average tax of 12 to 30% on ethanol versus 17 to 34% on gasoline

(Barros, 2017).

Since 2013, the national State has been pushing for increase of taxes for gaso-

line, which mechanically has been more favorable to E100 compared to E27. Additionally

to this increase of gasoline tax, there has been ongoing third party pressure to reintro-

duce the CIDE tax, an additional fossil fuel tax that was applied between 2002 and 2012

(Otavio, 2017).

2.2.3 Process improvements

Despite having started 40 years ago, ethanol production is an ongoing experi-

ment in Brazil. To respond to constant demand increase, di↵erent strategies have been

implemented over the years.
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The most obvious way of increasing production is by building new processing

plants and increasing acreage of sugar cane cultivation. To respond to current demand

levels, however, Brazil needs to focus on improving processes in order to increase produc-

tion per hectare. This can be managed through both development of new technologies

and improvements in existing processes. Significant progress has been made in terms of

processing productivity by using the entire sugarcane plant as feedstock through chem-

ical hydrolysis of surpluses bagasse (Soccol et al. 2010).

In recent years, sugarcane yield has steadily increased thanks to better agro-

nomic practices and breeding programs. An important factor has been the transition

from manual harvesting with burning to unburnt mechanized harvesting (Soccol et al.

2010). What’s more, the straw left on the soil surface with mechanized harvesting

possesses significant bioenergy potential. E↵orts are ongoing in terms of diversifying

production through hydrolysis of sugarcane residues and chemicals.

Constant improvements and increase in size of the ethanol industry have led

to important reductions of production costs. Goldemberg et al. (2004), applying the

experience curve to the industry, estimated that production costs have been divided by

3 between 1975 and 2005.

What’s more, there is currently significant progress being made towards com-

mercially deploying second-generation ethanol. Second-generation ethanol refers to the

process of converting cane residues into ethanol, therefore transforming woody crops,

agricultural residues and waste into energy. In Brazil, the production process could

take place in first-generation ethanol production units already in place, representing a

significant opportunity in terms of economy of scale and costs. Indeed, costs would be

largely reduced since the infrastructure, energy supply and logistics are already in place

(Soccol et al., 2010).
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CHAPTER 3

ELECTRIC VEHICLES: A NEW OPPORTUNITY

3.1 Electric cars: a disruptive innovation?

Disruptive innovations alter the pre-existing system because of how radically

di↵erent they are from existing technologies. As Clayton Christensen (1995, Harvard

Business Review, page 43) defines it, disruptive innovations are “a process by which a

product or service takes root initially in simple applications at the bottom of a market

and then relentlessly moves up market, eventually displacing established competitors”.

According to Hardman, Steinberger-Wilckens and Horst (2013), there are four main

penetration stages that follow the market introduction of new and disruptive technologies

(Figure 3.1 below).

Figure 3.1: The route of market introduction for new and disruptive technologies

Source: Hardman, Steinberger-Wilckens and Horst, 2013



31

In the automobile sector, internal combustion engines (ICE) are the incumbent

technology. Electric vehicles are still in the niche market penetration phase, making them

a candidate disruptive technology (Pilkington and Dyerson, 2004).

According to Hardman, Steinberger-Wilckens and Horst (2013), EVs are dis-

ruptive in three ways: they are disruptive to market leaders, to end users and to

(existing) infrastructure.

• Disruptive to Market Leaders: ICE and EV components are produced by

a completely di↵erent set of suppliers. Drive train components no longer come

from engine suppliers as it was the case for ICE vehicles but from the electric

industry. New market entrants therefore reduce incumbent producers’ market

share. Additionally, EV models of existing market leaders (e.g. Nissan Leaf or

Peugeot iOn) are considered less disruptive than EV models conceived by new

market entrants (e.g. Tesla). Consequently, it is uncertain if vehicle manufacturers

of FEVs will remain the same than ICE, if FEVs where to become mainstream.

• Disruptive to End Users: Disruptive technologies require behavioral changes.

EVs change the way end users interact with vehicles and the larger system they

are embedded in. In this case, for example, the way infrastructure is utilized is

modified: users charge EV at home overnight instead of using fuelling stations.

Moreover, FEVs provide a greater than equivalent service compared to incumbent

ICE vehicles, which characterizes disruptive innovations. EVs perform the same

basic tasks than ICE vehicles but, in addition, they have various additional advan-

tages such as operating silently, not emitting CO2 emissions and benefiting from

reduced running costs.

• Disruptive to Infrastructure: The infrastructure required by FEVs is di↵erent

and will negatively a↵ect the existing one. If an EV recharging network were to be

implemented at scale, the petroleum industry and its infrastructure would su↵er

from a significant downgrade in size.
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3.2 Total cost of ownership, a major determinant

Electric vehicles have the clear advantage of lower Co2 emissions per km when

used in combination with renewable energies (Hawkins et al., 2013). This is not, how-

ever, a factor that consumers can quantify monetarily when making purchase decisions.

What’s more, EVs are actually perceived as far more expensive by the general public.

This is due to the initial cost of capital being much easier to evaluate than the vehi-

cles lifetime operating and fuel costs (Contestabile et al., 2011). This is known as the

’energy-e�ciency paradox’.

In order to be able to evaluate the accurate total cost of vehicles, the Total Cost

of Ownership (TCO) concept was introduced (Lin et al., 2013). TCO is a metric that

accounts for the purchase price, the cost of the fuel and other costs over the ownership

period. Researchers such as Propfe and Redelback (2012) demonstrated that EVs can

be advantageous from a TCO perspective when specific criteria are met.

According to Wu et al. (2015), comparative cost e�ciency of EVs is strongly

determined by the overall distance driven during the vehicle’s life as well as the vehicle

class. Conventional gasoline vehicles are more cost e�cient in short distances whereas

EVs become more cost e�cient when considering small vehicle class, in the case of

medium distances and in all vehicle classes in the long distance cases. It is however

important to consider that future comparative cost e�ciency are still uncertain and can

strongly be influenced by policy makers, which leads us to our next section.

3.3 Policymakers role in the model transition

The automotive industry is characterized by the stability of the established

regime. Vehicle manufacturers usually try to avoid costly and risky radical technological

innovation as much as possible. There is an important inclination to regime reproduction

of cars manufacturers, through incorporation of disruptive niches into the regime (Dijak

et al., 2016).

Thus, a major role of policymakers is facilitating industry changes towards EVs

through emission requirements, tax benefit regulations etc. Presently, EVs successes are

mostly local and connected to distinctive policy support. Policymakers will therefore
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have a key role in orienting the car industry both nationally and locally in the coming

years, either towards full-electric vehicles (FEV), plug-in vehicles (PIV) or hybrid electric

vehicles (HEC).

In the near-term, the easiest solution in order to reduce emissions is to pursue

the hybrid vehicles option. The technology for such vehicles is for the major part already

available and cost-e↵ective.

3.4 Electric cars: early commercialization and adoption

3.4.1 Electric cars: local and limited success

Many EVs are today developed for mass-market applications, including the

Nissan Leaf, Peugeot iOn and Mitsubishi i-MiEV. These vehicles are made for every day

urban use.

EVs have the clear advantage of not emitting any tailpipe emission. They

are also far superior to gasoline and ethanol-powered cars in terms of e�ciency. It is

estimated that 1L of gasoline is equivalent to 8.9 kWh (kilo watt hour) and 1L of ethanol

to 6.5kWh (Dias et al., 2013). They can also have, in most situations, lower per mile

costs than gasoline cars.

EVs success, however, has so far been limited and local. Refueling, first-cost

issues and range are the main factors that have limited electric vehicles deployment

(Romm, 2005).

• The refueling issue is also known as the chicken and egg problem. The infrastruc-

ture needs to be in place before vehicles can start to be sold and vehicles need to

start being sold before anyone might want to invest in the infrastructure. Thus

the major role of a long term policy initiative in order to solve this dilemma.

• First-cost issues have greatly limited EVs success and caused many EVs to be

withdrawn from the marketplace. They can be addressed by policymakers through

emission requirements and tax incentives.
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• While the range issue could be solved on the long term by technological break-

throughs, it is clear that hybrid vehicles are the best solution available in the near

and middle terms for long distance driving.

Other EVs limitations include battery technology limitations and high battery

cost (Axsen et al., 2010).

Concerning refueling issues, most EVs sold today can be charged at home,

through the domestic electric grid. This is the case of EVs with slow charging (1-AC)

batteries. Charging is done through standard plugs. In most countries the power reaches

3.8KWh, ie 230V and 16A (Garcia-Villalobos et al., 2014). There is no smart integra-

tion of EVs into electric grids, meaning that there is no specific integration strategy

performed to handle the addition electricity demand generated by EVs. Instead, pas-

sive strategies such as encouraging, through economic incentives, the charging of EVs

at night, instead of during daytime, are adopted. It is important to note that this will

change as EV market penetration increase. The implementation of an intelligent man-

agement system will need to take place in order to prevent negative e↵ects on electric

distribution networks (voltage deviations, lines saturation etc). Additionally, significant

investment will need to be directed towards building a recharging network for EVs, in

order to provide faster charging times.

According to Garcia-Villalobos et al. (2014), a workaround for slow charging

times are hybrid vehicles, that take the form of e-hybrids or plug-in vehicles (PIV).

E-hybrids are not limited in range by the battery charge since they can run purely

on gasoline when the initial battery is out. Thus, e-hybrids owners can still use their

vehicle even if they do not have the time to charge the batteries or if there are no

charging capabilities available.

Customer acceptance is also key for a potential customer success. There is

currently significant uncertainty associated with EVs both in terms of battery technology

and sustainability of fuel source. Working on customer perception of EVs in key: tax

incentives and subsidies may have little e↵ect if the confidence in the technology is low

(Egbue et al., 2012).
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3.4.2 Electric vehicles in Brazil

In 2016, 68% of Brazil’s electricity came from hydraulic sources (Brazilian

Energy Balance, 2017). In addition 12.4% of electricity was generated by other renewable

sources (biomass, wind etc). Overall, 81.7% of Brazilian electricity came from renewable

sources.

These numbers show the potential of EVs to increase the share of renewable

energy in the light vehicle sector energy mix. The use of electricity in this sector would

generate significant improvements in terms of energy e�ciency and greatly reduce fossil

fuels consumption. Additionally, the success of the government led ’Pro-Alcohol’ pro-

gram and the high adoption rates of flex-fuel vehicles in the last two decades illustrate

Brazil’s capacity for new technologies adoption.

There is currently no public policy aimed at encouraging the use of electricity

in the light vehicle sector. Unlike in other BRIC countries such as China and India,

very little attention has been paid in Brazil to plug-in hybrid electric vehicles (PHEV)

(Baran et al., 2012). The Brazilian fleet of light vehicles, however, is still at an early

stage of development when comparing it to developed countries. The growth of the fleet

is expected to accelerate in the next years (Dargay et al., 2011), meaning that there is

still significant room and opportunities for increased adoption of PHEVs.

The production of electric vehicles in Brazil is today limited to small-manufacturers

of two-wheelers. There are also a few companies specialized in converting conventional

vehicles into EVs, without, however, using scalable industrial techniques (Baran et al.,

2012). In terms of pilot projects, it is worth mentioning the assembly of 50 automobiles

of the Palio Weekend electric model, built by the Itaipu Binacional Corporation in a

consortium with Fiat and Kraftwerk Oberhasi.
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CHAPTER 4

RENEWABLE ENERGY SOURCES FOR THE LIGHT VEHICLE

SECTOR

4.1 Electricity and ethanol as an renewable energy source

The IEA has recently published di↵erent detailed studies on how the penetra-

tion of renewable source technologies are needed to achieve sustainable energy devel-

opment. In the transportation sector, the development of FEVs and FFVs represent

a unique greenhouse gases reduction opportunity at one condition: the energy sources

used needs to be generated through renewable sources. It is therefore important to study

Brazil’s power mix in order to understand if FEVs could be a sustainable option for the

country. Additionally, it is important to understand how renewable energy sources are

particularly vulnerable to climate change.

4.1.1 Brazil’s energy mix

According to the Brazilian Energy Balance (BEB) 2017, Brazil’s share of re-

newable energy in the energy mix was one of the highest in the world, reaching 43.5%

in 2016, compared to 13.5% world average (2014) and 9.4% OECD average (2014). Ad-

ditionally, Brazil had the world third largest renewable power capacity, after China and

the US as well as the world second largest hydro-power capacity after China (Pao et al.,

2010).

In 2016, Brazil distributed generation of energy was 104,1GWh, for an installed

capacity of 72,4MW. The public service plants were the main contributors of the energy
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produced, representing 83% of total generation. The main source of energy is hydro-

power, complemented mostly by biomass, wind and natural gas (Figure 4.1).

Figure 4.1: Brazilian Domestic Electricity Supply by Source

Source: Brazilian Energy Balance 2017, year 2016

Hydro-power is based on hydro-elecric dams and reservoirs with pluri-annual

regularization. According to the Operador Nacional do Sistema Electrico (ONS), in

2018, the country’s two main dams were Itaipu (production of 14.000MW) and Garabi

(production of 2.178MW). River basins and consumers are connected through long trans-

mission lines.

The National Interconnected System (Sistema Interligado Nacional - SIN), op-

erated by the ONS, is in charge of optimizing the use of all energy sources. Because the

system is based on hydro-power plants, this involves formulating strategies considering

combinations between reservoir levels and hydraulic trends, which are state variables

(Pereira et al., 2013). Hydraulic and operating constraints also need to be taken into

account for each stage. Electricity production costs are highly dependent on rainfall

levels. Not enough rain results in power shortages and increased costs. Too much rain,

however, can result in energy waste through having to outflow water storage.

The Brazilian consolidation of its internal energy market, particularly in the hy-

droelectric sector, has produced very positive results in terms of advantages of scale. This

enabled important reductions in costs and increases in both productivity and technolog-

ical developments. These positive results were achieved thanks to significant voluntary

targets for reduction of greenhouse gas emissions (Costa et al, 2008).
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Additionally, there is still potential to exploit other renewable energy sources

such as wind power, in particular in Northeastern regions, and solar power in the Ama-

zon. While these new technologies involve initial costly investments, Pereira et al. (2012)

highlight how such projects are likely to become competitive in the near future given

the increase in marginal costs of traditional energy sources.

Energy consumption per capita in Brazil is projected to progressively rise until

it reaches global average levels in 2050. This means that the country will need to roughly

double its energy supply by that date (Lucena et al., 2015). In order for renewable

sources to remain predominant in the energy mix, Brazil will need to develop strong

environmental directives and policies. If business-as-usual scenarios were to be followed,

the growth is supply would likely come from fossil fuel resources (Lima et al., 2015) such

as thermal power (mostly natural gas), pre-salt oil and unconventional natural gas (shale

and tight gas). Brazil has considered and invested in those options in recent years, with

an objective of increasing resilience and diversity of its energy mix (Goldemberg et al.,

2014).

4.1.2 Vulnerability of renewable energy to climate change

With the current water crisis in South and Southeastern regions (Agencia Na-

cional de Agua, 2015), discussions around the planning of the energy sector have never

been so important. While achieving a large share of renewable energies in the energy

mix is strongly beneficial in terms of sustainability, this also increased a country’s vul-

nerability to climate and climate change in particular.

In 2016, hydroelectric power accounted for 68.1% of Brazil’s electricity supply

and biomass for 8.2%, making them respectively the first and second sources of the coun-

try’s electric power. Climate conditions have a significant impact on both availability

and reliability of these energy sources. Global climate changes (GCC) are a real threat

to the stability and predictability of these energy sources. Although crucial to take into

account, GCCs impact on renewable energy sources has never been considered when

establishing Brazil’s long-term energy planning (Lucena et al., 2008).
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The impact of GCC on Brazil’s renewable energies is all the more hard to

predict when considering the great variation in scenarios from a climate change projec-

tion to another (INPE, 2007). There is a clear trend, however, towards an increased

vulnerability of Brazil’s energy production, caused by GCC. Studies highlight rise in

temperatures, causing severe rainfall and droughts (Marengo et al., 2009). Extreme

and unexpected weather conditions such as droughts and floods directly a↵ect hydraulic

power generation.

Hydroelectric plants with large reservoirs are the least vulnerable to water level

changes as they have enough storage capacity to keep generating power, even with lower

water levels. They are currently the most common hydroelectric plants in Brazil. With

the increase of environmental considerations, however, the new plants being installed

are mostly run-of-the-river hydro-power plants (Ru↵ato-Ferreira et al., 2017). These

are characterized by smaller reservoirs, which make them more vulnerable to climate

variations.

Lucena et al. (2008) found that vulnerability will particularly increase in

Brazil’s poorest regions, mainly in the Northeast. Both hydro-power and biodiesel will

su↵er from climate changes in the region. Consequently, a shift of biodiesel production

towards the south region is predicted. What’s more, in the case of biodiesel, competi-

tion between energy and non-energy crops will increase as the area suitable for growing

certain crops will be reduced. Similarly, in the case of hydro-power, there will be an

increased competition between water use for power generation and water use for agri-

culture irrigation, following the water scarcity of the Sao Francisco River basin.

4.2 Urban mobility and the need for infrastructure invest-

ments in renewable energy sources

Urban mobility is a considerable challenge in Brazil, with an urban population

of more than 160 million (Cesar Cunha Campos, 2015). Today’s urbanization rate

of 84.4% translates to massive unplanned urban expansion, with increasing commute

distances and extremely costly transportation networks. What’s more, few Brazilian

cities have put urban mobility plans in place. This contributes to the continuous growth

of the automobile industry and perpetuates the car/city combination. It is accentuated
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by the fact that e�cient, safe and quality public transportation is rarely available in

major metropolitan areas. Urban mobility plans need to become a main priority for

cities in order to capitalize on sustainable fuels such as ethanol and electric power that

are available to the country. Brazil pioneered the Bus Rapid Transport (BRT) system,

providing buses with exclusive corridors and boarding stations. With the necessary

investments, the BRT system could fully integrate renewable energy. E�cient publinc

transportation also needs to be combined by increased road infrastructure, in order to

follow changes in individuals’ commuting dynamics (Sohn, 2005).

Ethanol infrastructure investments have been made early on in Brazil in order

to push ethanol adoption to the general population. The infrastructure covers distil-

leries, pipelines for fuel transportation and vehicles able to handle increasingly high

blends of alcohol. The ethanol case demonstrates that a strong public lead in terms of

infrastructure can create a positive cycle at a national level, enabling the integration of

a new energy source in the overall system. If the correct incentives were put in place at

a country level, EVs have a strong potential of high adoption.

For EVs, home charging is today the most prominent charging model. Public

charging stations and battery-exchange stations are still widely debated. The economic

rationale of public fast chargers from an investor’s perspective is still being significantly

questioned (Schroeder and Traber, 2012). According to Schroeder and Traber (2012),

two main risk factors for investment in charging stations are the uncertainty evolving

around EV adoption rate and competition with alternative charging solutions. Public

investment towards charging stations needs to be made in order to drive EV adoption.

To succeed, these investments needs to be embedded into larger urban mobility plans,

investing in urban road infrastructure as well as vehicles utilizing renewable energy.
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CHAPTER 5

QUANTITATIVE RESEARCH: THE COMPETITIVENESS OF

DIFFERENT ENERGY SOURCES IN BRAZIL

5.1 Methodology

The quantitative research of this study will based on secondary data sources and

archived data exclusively. This method will bring novelty as this is a data comparison

that, as mentioned previously and to the best of our knowledge, had not been done

previously.

In order to understand how competitive ethanol is compared to other light

vehicle energy sources we started by comparing price trends over the last 15 years (2003-

2017). Having a throughout comparison of energy sources prices is primordial in order

to understand how attractive investments in each option are. We chose to compare

the main energy sources freely available to the general consumer at petrol stations, e.g

gasoline and ethanol, and at home, e.g electricity.

De Freitas and Kaneko (2011) performed a fuel price comparison that is similar

in nature, despite being over a more reduced period of time (2003-2010). A major and

notable di↵erence with their study, however, is that they didn’t consider electricity as one

of the energy source available in the light vehicle sector. We found no study performing

an energy source price comparison in Brazil that included electricity.

The method of the analysis we performed is based on the Clean Cities Alterna-

tive Fuel Price Report (US Department of Energy, 2018), completed by the methodology

followed by the Alternative Fuels Data Center of the US Department of Energy (2018).
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This is an innovative approach in the sense that the AFDC methodology had, so far,

only been applied to US data.

In order to be able to compare energy sources, electric prices are reduced by a

factor of 3.4 as electric motors are found to be 3.4 times more e�cient, on a BTU basis,

than internal combustion engines, as per the Greenhouse gases, Regulated Emissions,

and Energy use in Transportation Model (GREET). Unlike what the AFDC did when

studying the US case, we also made e�ciency adjustments for ethanol. Indeed, even

though the e�ciency adjustment needed is much smaller, we believe that it is important

to factor it in for the precision of the analysis. Given that our goal is to provide a com-

petitive analysis of energy sources for the light vehicle sector, taking the lower e�ciency

of ethanol against gasoline into account was necessary in order not to skew our results.

Ethanol prices are therefore increased by a factor of 1.27.

The prices being considered for electricity are residential prices because most

recharging events occur at home. Residential prices were converted to BRL/L at a

conversion of 8.9kwh per L. This is based on the method followed by the AFDC of

converting prices to $/GGEs (Gasoline Gallon Equivalent) at a conversion of 33.8kWh

per GGE.

We used the electricity Price for the Di↵erences (Preço de Liquidação das

Diferenças - PLD) data of the Câmara de Comercialização de Energia Elétrica (CCEE)

in order to evaluate Brazilian domestic electricity prices overtime. Calculated on a

weekly basis by the CCEE, the PLD is limited by a minimum price and a maximum

price established annually by the Agência Nacional de Energia Elétrica (Aneel). The

prices are provided in PLD/mwh (mega watt hour).

To evaluate gasoline and ethanol prices, we used data provided by the Brazilian

National Agency of Petrol, Natural Gas and Biofuel (Agência Nacional do Petróleo,

Gás Natural e Biocombust́ıveis - ANP). ANP prices come from data collected in 501

municipalities, with the 26 capitals and the Federal District surveyed weekly and 472

municipalities surveyed every other week.

Both CCEE and ANP provided prices broken down per Brazilian region (Cen-

ter East, Northeast, North, Southeast and South). In order to calculate a national

average, we used the weighted average method, weighting each region price based on its
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population. To do so, we used the 2015 Brazilian Institute of Geography and Statistics

population estimates. The results are in the Table 5.1 below.

Population (in Millions) % of total

Centro Oeste 15.44 8%

Norte 17.47 9%

Sul 29.23 14%

Nordeste 56.56 28%

Sudeste 85.74 42%

Total 204.45 100%

Table 5.1: Brazilian population per region

Source: Compiled by the author, based on the 2015 Brazilian Institute of Geography
and Statistics population figures

It is important to note that the prices in our analysis include ICMS, the brazil-

ian tax for Circulation of Goods and Services. According to the OECD, ICMS on ethanol

varied from 12 to 30% as of 2017. The same year, gasoline prices varied from 17 to 34%.

There are a couple of remarks about the way we performed an energy price

comparison between Brazil and the US:

(1) All prices provided by the AFDC are in USD. In order to convert them to

BRL, we used, for each year, the corresponding exchange rate USD to BRL (as of 01/01

of each corresponding year) provided by the Organization for Economic Co-operation

and Development (OECD).

(2) Most vehicles sold in the US are E85 and E100 is for the most part not

available in the US. For this reason, when comparing ethanol prices between Brazil and

the US, we actually compared American E85 prices with Brazil pure ethanol prices.

5.2 Findings

In Brazil, electric vehicles have a clear price advantage in terms of the cost/km,

when looking at fuel costs alone (e.g excluding maintenance and initial investment costs),
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as per Figure 5.1 below.

Figure 5.1: Electric, ethanol and gasoline adjusted prices in Brazil

Source: Drawn up by the author based on CCEE and ANP data

We used the coe�cient of variation (CV) to measure the relative variability of

the prices of electricity, ethanol and gasoline over the period. In order to calculate CVs,

we used the following formula:

CV = � ⇥ µ⇥ 100%

with � the standard deviation (SD) for the population

and with µ the mean for the population

The Table 5.2 below shows the SD, the CV and the comparative CVs of energy

sources over the period (taking electricity as the base):

Electricity Ethanol Gasoline

SD 0.49 0.68 0.5

CV 119% 25% 18%

Comparative CV - 4.7 6.6

Table 5.2: SD, the CV and the comparative CVs of energy sources (2003-2017)

Source: Based on the author’s calculations
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Based on this energy sources CV analysis, we see that electricity prices have

been in the period much more volatile than ethanol and petrol (by 4.7 times for ethanol

and 6.6 times for gasoline). Given this volatility, let’s consider electricity’s median and

not average price to exclude outliers and compare it with the other two energy sources

(Table 5.3). All prices are adjusted based on the energy source’s e�ciency as described

in the Methodology section.

Electricity Ethanol Gasoline

Average price (BRL/L) 0.41 2.71 2.78

Median price (BRL/L) 0.24 2.64 2.61

Comparative Median price - 6.6 6.7

Table 5.3: Average, median and comparative median prices of electricity, ethanol and
gasoline in Brasil (2003-2017)

Source: Based on the author’s calculations

Electricity is comparatively 6.6 times cheaper than ethanol and 6.7 times

cheaper than gasoline when considering median prices. As detailed in the methodol-

ogy section, these calculations are based on ethanol fuel being 1.27 times less e�cient

than gasoline and electricity 3.4 more e�cient (at a conversion rate of 33.8kWh per

GGE). This leads us to conclude that, when looking exclusively at energy sources costs,

electricity appears to be comparatively very attractive based on price.

Keeping this price di↵erential in mind, let us now compare Brazilian prices to

US prices (Table 5.4. This comparison is particularly relevant as the US is a country

comparable in size, population and, by far, the world leader in terms of ethanol produc-

tion. It is important to acknowledge however that despite sharing these characteristics,

Brazil and the US greatly di↵er in terms of GDP per capita. According to the World

Bank, Brazil’s GDP per capita was 8,649 USD in 2016, compared to 57,466 USD in the

US. We won’t take this income gap into consideration for the time being in order to

purely focus on absolute prices.

According to the American Renewable Fuels Association, Brazil and the US

accounted for 84% of the world’s ethanol production in 2017. It is thus of particular

relevance to understand how attractive electricity is, compared to other sources, in both
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countries. Is electricity’s comparative advantage in terms of price in the light vehicle

segment the same in the US?

Table 5.4: Electric, ethanol and gasoline adjusted prices in Brazil and the US

Source: Drawn up by the author based on CCEE and ANP and AFDC data

Table 5.5 gives us a first understanding of how the price di↵erential between

electricity and gasoline/ethanol is much higher in Brazil compared to the US. Let us

know quantify this di↵erential. The Table 5.5 below shows the SD, the CV and the

comparative CVs of energy sources over the period (taking electricity as the base), for

both Brazil and the US:
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Brazil US

Electricity Ethanol Gasoline Electricity Ethanol Gasoline

SD 0.49 0.68 0.5 0.23 0.44 0.36

CV 119% 25% 18% 32% 22% 21%

Comparative CV - 4.7 6.6 - 1.46 1.49

Table 5.5: US and Brazil SD, the CV and the comparative CVs of energy sources
taking electricity as the base(2003-2017)

Source: Based on the author’s calculations

The US CV for electricity is greater than for Ethanol and Gasoline (32% vs 22

and 21% respectively) but much smaller than in Brazil (32% for electricity in the US vs

119% in Brazil). It is also interesting to note that the di↵erence in volatility between

energy sources is much small in the US than in Brazil.

Let us now consider median and average price of the three energy sources both

in Brazil and the US (Table 5.6 below):

Brazil US

Electricity Ethanol Gasoline Electricity Ethanol Gasoline

Avg price (BRL/L) 0.41 2.71 2.78 0.72 2.05 2.34

Med price (BRL/L) 0.24 2.64 2.61 0.62 2.03 1.66

Comparative Med price - 6.6 6.7 - 2.8 2.4

Table 5.6: Median and average price of electricity, ethanol and gasoline in Brazil and
the US (2003-2017)

Source: Based on the author’s calculations

Whatever we are considering the average or the median price, it becomes ap-

parent that the price gap between electricity and ethanol and gasoline is much smaller

in the US than in Brazil. The US median price of ethanol is 2.8 times higher and

gasoline 2.4 times higher than electricity, where in Brazil those number are 6.6 and 6.7

respectively. Looking at the data, Brazil appears to benefit from comparatively cheaper

electricity prices, making the electric light vehicle sector an attractive space to invest in.
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5.3 Discussion of Results

5.3.1 Sustainability of Brazil’s electricity price competitive advantage

Our research shows how Brazil’s electricity cost per Km appear to be attractive

comparatively to ethanol and gasoline for light vehicles. As discussed in section 5.4,

electricity is comparatively 6.6 times cheaper than ethanol and 6.7 times cheaper than

gasoline when considering median prices. This is a positive first finding supporting the

case for the adoption of EVs in Brazil.

In the period covered in our research, electricity prices appeared to be 4.7

times more volatile than ethanol and 6.6 times more volatile than gasoline. What’s

more, electricity and ethanol are both more volatile than gasoline. As detailed in section

4.1.2 of our literature review, electricity and ethanol, as renewable energy sources, are

much more vulnerable to climate variations than fossil fuels, leading to higher price

fluctuations. This will be even more so in the coming years, with the increase of climate

change. The analysis run in the research section showed a strong rise in electricity prices

in Brazil in 2014-2015 and 2017. These price increases are a result of the severe drought

that has been a↵ecting the country’s Southeastern regions since 2014 (Correa da Silva

al, 2016). Similarly ethanol prices are highly climate dependent. Between 2009 and 2011

for example, high international sugar prices and adverse weather conditions motivated

sugar production over ethanol, resulting in a strong increase in ethanol prices (Budny

and Sotero, 2015).

What’s more, for Brazil to be able to utilize low electricity prices implies pro-

viding to EV adopters the necessary energy grid. As discussed in section 3.4.1 of our

literature review, there is currently no smart integration of EVs into the electric grid.

EV owners therefore need to adopt passive charging strategies, meaning that EV charg-

ing needs to take place at home, at night for example. This presents significant risks

of negative e↵ects on electric distribution networks (voltage deviations, lines saturation

etc). The cost of providing users with the adequate charging stations and domestic

electric grid needs to be investigated.

Further studies would be required in order to understand what the impact of

an increase in domestic electricity demand could have on electricity prices. Would an

increase in demand generate an increase in electricity’s prices due to the country not
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being able to meet the additional demand? How much investment would Brazil need to

make in order to su�ciently increase production and thus maintain its price competitive

advantage?

5.3.2 Renewable energy sources for electricity production

The electric car option is also particularly attractive in Brazil as the country

benefits from a significant competitive advantage when it come from its natural resources

and renewable energy production. Its size, geography and water reservoirs gives the

country a natural competitive advantage when it comes to electricity production. As

discussed in the literature review, the share of renewable energies in the Brazilian energy

mix is one of the highest in the world (43.5% in 2016) (Empresa de Pesquisa Energética

brasileira, 2017). As an element of comparison, this is more than twice as much as in

the US. Indeed, according to the US Energy Information Administration, only 17% of

the US electricity was generated from renewable energy sources in 2017. About 63% of

electricity generation was from fossil fuels (coal, natural gas, petroleum and other gases).

The 20% remaining came from nuclear energy. Looking at the country’s power sources

therefore makes electricity appear as an attractive option. It is important, however,

fully consider what this entails.

It is necessary to question Brazil’s capacity of further increasing its renewable

energy production of energy. While electricity seems like an attractive energy source for

light vehicles in terms of price, developing a network of electric cars supplied by renew-

able energy source will rely on Brazil’s ability to make the right investments. Indeed, it

implies that Brazil increases its electricity productions capacities while also increasing

the share of renewable energies in its energy mix. As discussed in our literature review

(section 4.1.1), if business-as-usual scenarios were to be followed in terms of Brazil’s en-

ergetic strategy, the growth is supply would likely come from fossil fuel resources (Lima

et al., 2015) such as thermal power (mostly natural gas), pre-salt oil and unconventional

natural gas (shale and tight gas). Investing in such sources is the direction Brazil has

taken in recent years in order to increasing resilience and diversity of its energy mix

(Goldemberg et al., 2014). Continuing such strategy will further decrease the share of

renewable sources in the energy mix.



50

5.3.3 Beyond energy sources’ price: total cost of ownership

The research performed in this market study exclusively considered energy

sources prices in order to rank gasoline, ethanol and electricity’s competitive advantage

in Brazil. Moving forward, it will be imperative for further research to be made on

the total cost of ownership of di↵erent vehicle types in order to understand how these

energy sources rank based on the Brazilian consumer usage habits and needs. This

implies getting a sense of light vehicle option usage in terms of distances driven as well

as type of use. While electric car can be easily used for urban commutes, long distances

is still a challenge due to capacity and time of battery charging.

5.3.4 Methodological limitations

It is important to keep in mind is that this discussion exclusively focused on

the light vehicle sector. The technology available to other sectors such as aerial trans-

portation in general and road freight transportation is significantly di↵erent. Further

research is needed in order to understand where Brazil stands regarding renewable energy

utilization in those areas.

Another limitation of our work is that we did not exclude the Tax for Circula-

tion of Goods and Services (ICMS) from the prices we based our research on. We chose

not to do so due to the di�culty for us to find reliable sources of information regarding

the level of tax evolution in each state for ethanol and gasoline during the period we

studied. We found, however, the taxation level for specific years. In 2017, for exam-

ple, ICMS favored ethanol over gasoline with an average tax of 12 to 30% on ethanol

versus 17 to 34% on gasoline (Barros, 2017). Given this di↵erence in level of taxation,

we believe that the overall conclusion we make on ethanol and electricity comparative

advantage in Brazil remain valid but further work would be necessary to understand to

what extend fully considering taxation in the analysis would change the results.

As mentioned in the methodology section this market study exclusively relied

on secondary data sources. We believe that a logical next step would be to get some

qualitative inputs from renewable energy sources researchers and professionals on this

work. This would allow us to understand the Brazilian situation from qualitative angle
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and would enable the reader to have a perspective going beyond what the numbers tell

us in terms of energy source competitivity.
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CHAPTER 6

CONCLUSION

The goal of the market study was to provide the reader with a in depth under-

standing of ethanol and electricity’s attractivity as energy sources in Brazil for the light

vehicle sector. Furthermore, our aim was to take the US as a point of comparison, to

understand how much of a competitive advantage Brazil has for both energies, compared

to the other world leader in ethanol production.

Brazil’s early adoption of ’Proalcohol’ and its natural resources has enabled the

country to become a leader for ethanol production and utilization in the light vehicle

segment. Electricity is, however, an energy source that needs to be considered as a

possible alternative in the light vehicle segment, along with electric vehicles (EVs).

Given its size and natural resources in terms of water reservoirs, electricity is today

an attractive option in Brazil. To the best of our knowledge, no market study had

previously been done to compare the price of electricity and ethanol as energy sources

for the light vehicle segment in the country. While papers on ethanol prices in Brazil over

specific periods of time (De Freitas and Kaneko, 2011) and on electric car introduction

and potentiality in Brazil (Baran et al., 2012) are available, there is a literature gap

when it comes to comparing electricity and ethanol as energy sources. This market

study’s objective is a first attempt at bridging this gap in the literature by providing

insights on price attractivity of both. The research performed shows a clear competitive

advantage of electricity over ethanol and gasoline in the light vehicle sector. We found

that electricity is comparatively 6.6 times cheaper than ethanol and 6.7 times cheaper

than gasoline when considering median prices. When comparing energy prices with

US prices, we found that the price gap between electricity, ethanol and gasoline is

much smaller than in Brazil. The US median price of ethanol is 2.8 times higher and
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gasoline 2.4 times higher than electricity, where in Brazil those number are 6.6 and

6.7 respectively, indicating that Brazil benefits from comparatively cheaper electricity

prices. When considering prices alone, electricity is therefore an attractive option to

look at in Brazil for the light vehicle segment, both in terms of absolute and relative

numbers.

Electricity is also a logical energy source to consider in the light vehicle segment

from an environment standpoint. The country’s size, geography and water reservoirs

gives Brazil a natural competitive advantage when it comes to electricity production.

What’s more, the share of renewable energies in the Brazilian energy mix is one of the

highest in the world.

This market study preliminary recommendation would therefore be to actively

consider electricity as an investment option in the light vehicle sector in Brazil. Nat-

urally, further quantitative and qualitative research needs to be made in order to un-

derstand the full implication of EV adoption in the country. The specificity of total

cost of ownership of EVs versus FFVs in Brazil need to be investigated. Understanding

the impact of the country’s Tax for Circulation of Goods and Services in electricity’s

competitive advantage would require further research as well. Additionally, it will be

necessary to better understand the disposition of the public sector to invest in charging

infrastructure, improve electric grid capacity and reliability as well as subsidize EVs.
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