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Abstract

:

As the automotive industry steers towards electromobility and electric vehicle adoption surges, Brazil and other Latin-American countries remain laggards. The Brazilian scenario exhibits unique features, such as a powerful automotive sector with large investments in internal combustion engine technology and a well-established biofuels market based on flex-fuel technology. Although energy security, urban air pollution, greenhouse gas emissions mitigation, and technological advantage have been common drivers for the adoption of electric vehicles worldwide, the Brazilian immediate motivations are different, and the biofuels business ecosystem is likely to transform the path for electromobility. High tag price and public charging infrastructure absence have deeply discouraged electric vehicles adoption. A lack of regulation and a national consensus about the role of electric vehicles have been notorious. In fact, only in 2018 did the electricity regulatory agency (ANEEL) issue a resolution permitting the sale of electricity for recharging. The objective of this review was to create an outlook of the Brazilian transportation landscape. We identified relevant players, public charging infrastructure initiatives, market and other barriers, and regulation actions by consulting academic literature, media sources, and reports. We do not claim to predict the evolution of electrification. Instead, we aim to consolidate the information which can be used for decision support or strategy definition among entrepreneurs or policymakers. The main findings here are the necessity of a model for electrification able to create a synergy with biofuels and the urgency of having well-defined policies on what Brazil wants from electromobility.
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1. Introduction


The last years have witnessed a rapid increase in the sales of battery electric vehicles (BEVs) worldwide. During 2017, global BEV sales surpassed one million units for the first time [1]. This takes place as the urgency of addressing poor air quality and the emission of greenhouse gases (GHG) has invigorated electromobility as an alternative for mitigation of fossil fuels use impacts [2].



In contrast, analysts report that the production peak of internal combustion engine vehicles (ICEV) is likely to be reached in the next years [3]. In Latin America, electromobility is still in the early stages. Several barriers, such as high tag price and non-availability of charging infrastructure, account for the adoption lag. In the region, Chile [4], México, and Colombia [5], have already initiated projects on public electromobility. Recently, São Paulo city (SP) announced an electric bus deployment pilot project [6].



Aiming to promote BEV and hybrid electric vehicles (HEV) adoption in Brazil, some tax breaks have been granted. The states of Ceará, Maranhão, Pernambuco, Sergipe, Piauí and Rio Grande do Sul granted an ownership tax exemption on both BEVs and HEVs [7]. Furthermore, resolution 97-2015 issued by the Foreign Chamber of Commerce (Camex), granted an HEV importation tax abatement from 35% to a maximum rate of 7% [8,9]. Although financial incentives have proven effective to promote electromobility [10,11,12], the allocation of scarce public resources, especially in developing countries, is difficult, given that diverse political priorities compete for limited taxpayer funds [13,14].



Besides financial incentives, the city of SP offered exemptions to road access restrictions [15]. Nevertheless, those actions have been insufficient to compensate for the high costs of purchasing BEVs and charging stations, also known as electric vehicle supply equipment (EVSE). Currently, BEVs represent less than 0.1% of Brazilian fleet [16]. The high tag price of imported cars and EVSE [17] imply that the BEVs in Brazil are niche products [18].



Given the low battery range of many models and the lack of public EVSE, users are concerned of running out of charge far away from any charging point. This is known as range anxiety and acts as a deterrent for adoption. Range anxiety is not usually a concern for vehicle fleets, due to the predictability of vehicle charging and routes [19]. Indeed, most of the currently deployed BEVs in Brazil are employed for government, corporate service, or public transportation. Only a few hundred BEVs are for private use [20].



Any attempt to change the transportation paradigms in Brazil will face a mature market with unique features. Firstly, a powerful automotive sector with numerous investments in ICEV technology. During 2019, Brazil produced 2,803,841 passenger cars, including light commercial vehicles [21]. Reportedly, the country ranked as the world’s eighth vehicle producer in 2017 [22] and seventh in 2018 [23], whereas the automotive sector represented about 22% of the industrial gross domestic product [24]. Likewise, in 2017, Brazil was the second largest producer of sugarcane bioethanol and soybean biodiesel worldwide [25], hence, the energy crops sector is a powerful player. Electromobility arrives slowly; only in June 2018, the National Agency of Electric Energy (ANEEL) issued the resolution Nº 819 providing a legal framework for the commercial recharging of BEVs [26]. This marked a milestone for this new market since commercial recharging was not allowed in Brazil beforehand.



Furthermore, the Brazilian government has traditionally implemented importation barriers in order to encourage automotive local production and investment [27]. In fact, the implementation of Inovar-Auto program, valid from 2012 to 2017, imposed vehicle importation quotas for car manufacturers, also known as original equipment manufacturers (OEM). In the case of any OEM exceeding the determined importation quota, each imported vehicle had to face extra tariffs. Once those restrictions were gone, the importation of vehicles soared [28]. Concerns are that, in a fewer trade restrictions scenario, some companies would prefer to face importation tariffs and produce the vehicles outside Brazil instead of locally, implying job losses. Actually, the trade restrictions are likely to change. On June 2019, the Mercosur states and the European Union reached an agreement on trade conditions, able to change the importation rules for cars and parts [29]. Adding more complexity to the landscape, the Brazilian automotive fleet displays a large share of flex-fuel vehicles, whose engines can run on both gasoline and ethanol or a mixture of both. The share of flex-fuel vehicles in the national automotive fleet reached about 67% in 2018 [30], whereas flex-fuel share for new vehicles in 2019 was around 87.4% [21]. Figure 1 displays the sales evolution of gasoline C—composed of 73% gasoline and 27% anhydrous ethanol—and hydrated ethanol and the share of vehicles using flex-fuel and only gasoline engines.



Although energy security, urban air pollution, GHG emissions mitigation, and technological advantage justify the international adoption of BEVs, the Brazilian motivations may be different. Energy security is not deemed as an immediate concern considering the discovery of pre-salt oil fields [31] and the biofuels production. This occurred in spite of a truck driver strike which roughly exposed supply chain vulnerabilities [16].



Despite the significant contribution of renewables in the local electricity mix [32], which amplifies GHG emissions mitigation potential of BEVs, [33,34,35,36,37,38] sugarcane ethanol may be an alternative for CO2 emissions mitigation [37,38]. Air quality and technological advantage have proven, so far, insufficient to boost BEV adoption.



It remains unclear how transport electrification will take place in Brazil given its very specific features. Cano et al. [39] emphasized that the particularities of emerging markets can create new technologic routes or applications. Thus, a li-ion battery-based market should not be taken for granted in the future. Options include nickel-metal hydride, lithium sulfur, lithium air, and zinc air storage devices. Cano et al. [39] also highlighted that, at the sight of a price increase, the Brazilian public is very likely to see a reduced probability of purchasing a BEV.



The objective of this systematic review was to create an outlook of the Brazilian BEV landscape and its particularities. For the construction of BEV market outlook in Brazil we discarded any information older than 2013 for considering it far outdated. For technical aspects, any information previous to 2009 was disregarded. The search was performed in both English and Portuguese, always prioritizing peer-reviewed studies and using ScienceDirect, Scopus, and Google Scholar databases. Non-peer reviewed references were selected for contextualization, aiming to address milestones in BEV adoption, vehicle or EVSE releases, relevant players statements, and other market updates that are not essential for discussion. Figure 2 displays the bibliometric study flowchart. Aiming to keep this review at a reasonable length, some studies which we considered as relevant but not indispensable were discussed only in the SM.



In order to offer a broader insight, the Supplementary Material (SM) includes a brief outlook addressing the expected changes in business models (BM) for BEVs when compared to ICEV BMs and also discusses charging infrastructure deployment. For Brazil, we identified players, regulation actions, and initiatives by consulting academic literature and media sources. We do not claim to predict the evolution of electrification. Instead, we aim to consolidate information which can be used for decision support or strategy definition by policymakers and entrepreneurs.



The paper has been divided into an introduction and two sections, having three sub-sections each. This first section introduced the topic by means of a brief background. Section 2 provides brief overviews on the initiatives, the relevant players, and the regulation in Brazil. Additionally, it presents an introduction on how charging infrastructure would boost a competitive BEV market, and finally presents the barriers that electromobility will face in the country. Section 3 displays the discussions about local features, biofuels synergy, or lack thereof, and the electromobility market.




2. A Brazilian Tale


Electromobility entrepreneurships are no novelty in Brazil. During the 1980s, Gurgel S.A. and Furnas Centrais Elétricas S.A jointly developed two electric models without commercial success [40]. The low specific energy of lead-acid and nickel batteries kept BEVs unfeasible until the irruption of Li-ion batteries. Brazilian concerns surrounding energy security promoted biofuels as a solution. The 1970s energy crisis, driven by oil scarcity and soaring prices, led to the creation of the Proalcool program [41] which steered the national energy security policy towards biofuels. Indeed, sugarcane ethanol represents 18% of total primary energy production and 34% of energy consumption for light vehicles [42].



Brazil is a follower in terms of BEV technology. Currently, there is no large-scale manufacturing of BEVs. However, there have been initiatives aiming to develop related technology. Initial efforts from small entrepreneurships and research entities on manufacturing were based on ICEVs retrofitting. Moreover, in the lightweight segment, there is evidence of at least three entrepreneurships assembling vehicles locally, namely Gaia, eiON, and Mobilis [43]. Furthermore, Itaipu Binacional carried out a large project based on adaptation of ICEVs [8,44] while private owners created a retrofitting-based association [45]. A comprehensive index of BEV related initiatives and projects, was constructed by Consoni et al. [7] and Fontes [46]. A summary of BEV releases in Brazil is included in the SM.



Retrofitting is useful for entrepreneurs in order to obtain the know-how on chassis and body characteristics. However, evidence indicates that a car architecture based on a BEV design, without ICEV design legacy, results in an increased synergy of powertrain parts, hence requiring fewer modules and reducing weight [47]. In fact, BEV native design allows the OEM to better distribute the battery weight and could augment BEV range while maintaining a price stable.



A native-electric design could allow OEMs to evolve towards a mass market production scheme just as Tesla did with the Model 3 [48]. Mass production enables OEMs to access mass segments while keeping a sufficient battery capacity to deal with range anxiety. New infrastructures, required for adapting manufacturing plants to BEV native architecture, signify high investments and risks, which not every OEM is willing to face. Some automakers are expected to continue adapting ICEVs into BEVs intended blueprints [49].



Consequently, there is no dominant pathway on BEV design, nevertheless, native design, reportedly, fits well on a design-to-cost approach, satisfying the urgency for a profit in the long term. Whether or not large OEMs decide to invest in BEV production in Brazil could depend on political and macroeconomic factors, given the extent of the investments. For instance, the Mercosur-EU agreement signed at the end of June 2019 eliminates customs duties for cars and parts being imported from EU countries [29], and has been applauded by European OEMs [50].



2.1. Initiatives, Relevant Players and Regulation


Electromobility players are all those organizations interested in transport electrification. New regulatory frames and new BMs would have to include stakeholders which were never part of the value chain in the ICEV business, this includes OEMs and EVSE providers, R&D institutions, financial entities, private associations, and lawmakers.



Fontes [46] constructed a comprehensive index of BEV initiatives in Brazil. Likewise, Barassa [51] and later Consoni et al. [7] built a map of policies, initiatives and players and concluded that, although efforts were made on research, financial and institutional spheres, they were no part of a coordinated structure. Indeed, the Sibratec network (2011–2015) [52] aimed to integrate the efforts of diverse research institutions; nevertheless, it ended without significant impacts.



So far, the initiatives displayed exploratory intentions, aiming to better understand the end-user of electromobility and to track the development of a certain technology. Interestingly, many of the initiatives were not designed for pure BEVs but for HEVs. Table 1 displays a sample of the most divulged electromobility projects in Brazil. EMOTIVE and VAMO projects have been a source of data for diverse studies [53,54,55,56,57,58]. In fact, recent research emphasized that phasing out ICEVs jointly with VAMO project deployment results in an overall reduction of GHG emissions and a net increase in BEV adoption [58]. These studies are described more in detail in the SM.



Concerns about energy security and technological development have steered Brazilian regulation in the past. Furthermore, several regulatory actions addressing environmental and economic concerns have been issued; however, electromobility was barely mentioned despite being wide scope actions. Three programs deserve special attention: Proconve, Rota 2030, and Renovabio. Proconve focused on air pollutants emission and noise control, while Renovabio endeavors to promote the proper expansion of biofuels in the energy matrix, and Rota 2030 looks forward to expanding the global insertion of the Brazilian automotive industry into the global market. More details on policies and federal funding institutions is found in the SM.



Rota 2030 offers tax slashes to OEMs investing in R&D of auto parts not being manufactured in Brazil [59] and is expected to guide OEM efforts to approach the local market in the next years [60]. Criticism arose due to incentives not being as robust as expected, as they hinge exclusively on energy efficiency and vehicle weight [61,62]. Furthermore, Rota 2030 does not include a specific policy for BEVs, but only for ethanol fueled HEVs. This is in concordance with the National Center of Research on Energy and Materials (CNPEM) predictions of fossil fuels in Brazil being replaced by a combination of ethanol and electromobility. CNPEM even perceives a potentiality to export this model, emboldened by the fact that India, China, the US, and other countries in Latin America have incorporated ethanol to gasoline [31].



Clear policies regulating the electricity sector and its relationship with electromobility are fundamental. ANEEL resolution Nº 819-2008 was intended to create a safe framework for entrepreneurs investing in public EVSEs [13]. An additional motivation was the issuing of bills PL 4751/2012, PLS 780/2015 [63], and PLS 454/2017 [64], submitted to congress, which could render the installation of public EVSE compulsory and even ban the sale of ICEVs in 2060 analogously to other countries [65]. Furthermore, in November 2018 ANEEL announced a call for proposals for the strategic project 22/2018, “Development of Solutions in Efficient Electrical Mobility”. The goal is to encourage the deployment of technologies for electromobility which include new BMs, devices, services and infrastructures, [66]. More information about ANEEL role and motivations is found in the SM.



Despite the absence of an electromobility policy in Rota 2030, local authorities have begun to recognize the necessity of including biofuels and electromobility in the 2050 national energy plan (PNE2050) [67]. Additionally, it is preparing to issue a national plan for electromobility [68]. The Energy Research Enterprise (EPE), a public research company, recommended the establishment of a realistic roadmap for electrification and measurements to avoid technological lock-in [69].




2.2. Charging Infrastructure Development


Investors in charging infrastructure have a keen interest in determining the adequate number of stations and the most suitable locations for them, given a certain fleet size. Always aiming to minimize initial investments [70], an effective placing must maximize occupation time and guarantee ease of accessibility.



The NREL EVI-Pro model was crafted to determine the best areas for EVSE installation intending to support BEV adoption based on travel and traffic patterns [71]. Although fast charging demand is anticipated to stay low for some time, a minimum number of units is necessary for users to cope with range anxiety. Early EVSE installation should prioritize densely visited areas, e.g., malls, hospitals and supermarket parking areas. EVSE installation for BEV-based fleets would be simpler as their routes are defined in advanced. In contrast, private users are more difficult to predict [19].



Similar research can be found in Brazil. EVSE installation in the Federal University of Rio de Janeiro campus was proposed by Calçado [72]. Likewise, Peres [73] proposed it for the city southern districts, concluding that the best areas are those presenting the largest chances of high occupation time and accessibility. Another study, oriented to determine the better locations for EVSE placement [74], resulted in a map showing that areas for slow charging are those exhibiting higher incomes and high population density. Better areas for semi-fast charging are the districts presenting important concentration of commercial establishments, e.g., shopping malls and public transport stations. The proximity to highways and access roads are the most important attributes for the installation of fast chargers. A similar methodology, this time for Belo Horizonte (BH), obtained similar results [75]. Recently, a more complex model was tailored for São Paulo city. It includes the number of daily trips made by transportation mode and some points of interest, e.g., gas stations, private and public parking spaces, universities and colleges, and markets and malls. A higher complexity model is able to deal with a larger amount of georeferenced information and may produce more precise outputs for charging demand and location. The model, however, was not able to capture crime-related concerns.



The higher income districts of BH and RJ gathered most of the suggestions for EVSE installation. In the case of private electromobility being promoted by public funding, this might imply that much needed public resources required to enhance public transportation are used for private benefit. Although not developed for Brazil, research has found that early BEV adopters are usually male, present high incomes, and own more than one car, as expected from a niche product [76]. Both studies [74,75] emphasized that security issues could hamper the installation of public EVSE in Brazil. The authors emphasize the need for synergy between authorities and investors in order to promote a BM capable of attracting investments for EVSE installation.



During July 2018, the first fast charging station placed on a highway was inaugurated in São Paulo-Rio de Janeiro road [77] by concessionaire Energias de Portugal (EDP). Simultaneously, EDP announced investments in electromobility startups in partnership with BMW [78]. The charging service remains free until a BM is structured. Later, on December 2018, the Energy Company of Paraná (Copel) inaugurated the largest set of EVSE on a road in Brazil, covering a route of 700+ km, linking the Port of Paranaguá to the Iguaçu Falls. All of the 11 charging stations are already in operation [79]. Charging is free also, however, registration is required [80]. Although both initiatives are important, from an overall perspective, public EVSE in Brazil remains scarce, and only about 100 charging stations had been installed up to 2018, which renders long trips impossible on most of the national roads [8].



The EVSEs in both highways include all the commercially available plugs in the market, granting accessibility. In the future, the absence of a unified standard would hinder the installation of public and residential EVSEs [7]. So far, standards for physical plugs have mostly been accepted. Nevertheless, the communications and payment standards have been less standardized. At some point, it would become necessary for Brazil to regulate public charging standards as has happened abroad. For instance, aiming to ensure that BEV users can charge anywhere, the Netherlands regulates every EVSE in the country, demanding all operators to adopt common standards [81].



The National Bank for Economic and Social Development (BNDES) granted R$ 6.7 million in funds for a EVSE development project which will be implemented by the Brazilian Company of Research and Industrial Innovation (Embrapii) and the Research and Development Center in Telecommunications (CPqD) [82,83]. The objective is to develop the first Brazilian EVSE. Resources will originate from Funtec, a fund focused on applied research and innovation projects. Up to now, only ABB [84], BYD [85], and Volvo [86] offer EVSE in Brazil.



Sooner or later, free charging will cease. BMs will vary depending on whether the EVSE is private or public. The simplest scheme for BEV charging is at private residences. Here, only the car and the EVSE are required. However, if users want to benefit from a more flexible charging process, e.g., different hour rates, more elements will be necessary. For further EVSE functionalities, the so-called charging point operator (CPO) appears. The CPO is responsible for remotely operating the EVSE. Communication between the CPO and the EVSE have already been standardized by the open charge point protocol (OCPP) [87,88,89].



Public charging requires a complex structure. Each owner requires an ID for identification and billing purposes. The entity providing communications for this ID is known as the E-mobility service provider (EMSP). During public charging, the CPOs must communicate with the EMSP for data transmission. This scheme is analogous to mobile phone roaming, where a user can communicate through different transmission towers. Aiming to avoid too many communication channels between different parties, a central hub for data verification, known as the clearing house, plays its role [90]. The clearing house can be substituted by a peer-to-peer verification scheme. Several different communication protocols for roaming have been developed in Europe, namely OCPI, OCHP, OICP, and eMIP [87]. None of them is dominant but at least one of them is likely to be adopted in Brazil.



The public charging process can be summarized as follows: the BEV user validates their ID at a public EVSE. The CPO, which remotely controls the EVSE, requests the EMSP for authorization. Once the EMSP has approved the request, the charging process begins. Throughout the charge, the EVSE measures the energy sold and even the parking time if required. Finishing the process, these data are sent back to the EMSP again, including the CPO’s fee for using the EVSE. Figure 3 illustrates a simplified version of the BEV charging landscape, including private and public charging, and a potential smart charging scenario. We also identified the most common protocols for communication between the parts. This study deemed smart grid and vehicle to grid technologies as unfeasible in Brazil for at least the next decade. Thus, it will not be further elaborated here, but a brief review is found in the SM.



This complexity could affect data transmission; standardization is crucial for this emerging infrastructure. The participation of the Brazilian Technical Standards Association (ABNT), in charge of issuing the Brazilian technical standards (NBRs), will be decisive. Brazil, acting as a follower on terms of BEV technology, usually adapts either ISO or IEC international standards for local needs. Through its Brazilian Committees, ABNT has already ratified a number of standards, related mostly to battery recharge, sockets, conductive recharge and other hardware systems. A comprehensive list of adapted international standards is available at Consoni et al. [7].



This review assumed battery swapping technology as not being feasible in Brazil in the short term, due to lack of standardization and current inaccuracies in battery state of health (SOH) and state of charge (SOC) estimation. Additionally, among BEV owners battery swapping is not the preferred option. According to Li [14], Tesla’s trials revealed that battery swapping stations are not popular among their customers who prefer supercharging stations. Likewise, this review does not consider the deployment of wireless charging in Brazil in the next decade, despite technical advances, including the release of SAE J2954 standard, which addresses safety concerns, interoperability, and performance.




2.3. The Barriers of a Challenging Market


In an effort to identify the main barriers electromobility would face in the BRICS (Brazil, Russia, India, China and South Africa) and the strategies used by OEMs to face them, Pratiwi [91] interviewed Renault Brazil executives to gather perspectives from inside the firm.



Renault started a pilot project in BEV deployment, based on lending BEVs to selected customers, expecting them to gain experience and provide feedback. Renault cooperated with fleet owners, aiming to develop working standards for charging connectivity, EVSE installation, and financing. Due to BEV high initial investment, their long-term benefits are often disregarded by potential customers. Thus, Renault’s strategy included corporate education.



The executives were requested to enumerate the five most important barriers for BEV adoption in Brazil and the strategies Renault is working on to counteract them. Results are displayed in Table 2.



Other factors hamper BEV adoption. Besides range anxiety, owning a BEV could create resale anxiety, which reflects how afraid potential BEV owners are of facing low resale prices in the secondhand market [93]. Moreover, for public electromobility, Bermudez [94] concluded that (i) the high initial cost of electric busses compared to conventional ones, (ii) lack of financial incentives for low-emission fleets, iii) resistance of fleet operators and diesel bus companies to new technology, (iv) technological uncertainties related to the autonomy of the battery and the charging network, and (v) the absence of a special electricity tariff for public transport are the main barriers in Brazil.



Finally, BEV manufacturing by Renault—and by other OEMs too—is still low. This leads to over-demand for some models, resulting in long delivery times. In the future, the different plugs for EVSE available in the market may also become a barrier as several options will be available [7,95], analogous to VHS and Betamax competition in the 1990s.





3. Discussion and Final Remarks


3.1. Prices, Biofuels Competition and Lack of Consensus, Overwhelming Challenges


High tag prices, accessible only for a few, worsened by poor macroeconomic indicators, denoting a population with stagnated or decreased revenues, were identified as preponderant hurdles for BEV adoption [91]. As part of the EMOTIVE project, the total cost of ownership (TCO) of BEVs and ICEVs employed by three local companies in their fleets was documented, all of it based on real usage data [96,97]. The main findings indicate that, for 2015 conditions, Renault Zoe and Renault Kangoo models are economically at a disadvantage compared to Honda Fit and Kangoo Express-flex. This is a consequence of a heavier purchasing tax burden outweighing any advantage provided by BEVs lower usage and maintenance costs, even in a five-year timespan. Furthermore, a prospective scenario was created, seeking to picture a future situation, in which purchase taxes were abated by 50%, annual taxes were reduced from 3% to 1% of the total of the car, costs of battery storage reached 150 USD kWh−1 and manufacturing process costs decreased by 50%. To the present day, annual tax was already reduced in that proportion [98]. Battery storage cost, on average, reached 176 USD in 2018, which strongly suggest that the forecasting could be reached even before 2020. In fact, Tesla claims to have already reached the 150 USD kWh−1 threshold [99]. Additionally, the importation tax was reduced from 35% to 7 % [8,9], however, it still does not imply a 50% purchase tax reduction. Finally, considering Lutsey & Nicholas [100] forecasts, we believe that, despite being on a steady fall, the decrease in manufacturing costs is not likely to have reached 50% from the 2015 baseline. Thus, the prospective scenario is a fair approximation for the actual TCO of BEVs in the years to come. There were no variations for ICEVs in the prospect scenario. A comparison of both scenarios is given in Figure 4.



Besides tag price and EVSE availability, other factors could influence BEVs adoption. Research analyzing adoption in the U.S. concluded that electricity prices and financial incentives are relevant factors for users to choose BEVs over ICEVs [101]. We assumed those findings can also be relevant in Brazil since both factors affect the vehicle TCO.



Firstly, electricity prices in Brazil vary depending on generation conditions [102]. Drought is injurious for hydroelectricity [103] and it implies larger dispatches of gas-fueled power plants. Analogously, gasoline rates can vary depending on international oil prices, while taxes add up for the overall price [104]. Secondly, implementation of incentives is unlikely; Brazil just overcame a recession [92], resulting in a government prone to cut public spending. Thus, incentives would hardly be implemented at the federal level [13,14]. However, financial support for BEV promotion and public EVSE installation may appear at the state level.



Moreover, it is uncertain whether the potential benefits of electrification for GHG emissions mitigation will be a priority for an administration which has displayed contradictory signals. For instance, it adopted a stance of skepticism on the anthropogenic causes of global warming [105] whilst, on the other hand, it decided to maintain Renovabio program, which strives to promote efficient biofuel production, aiming in part to mitigate lifecycle GHG emissions [106]. In fact, Renovabio came into force in December 2019 and its platform has been working since January 2020 [107]. Furthermore, despite the nationally determined contribution from Brazil, the heart of the COP21 agreement, is still valid by law [108], the entity in charge of implementing the law has been dismantled [109,110].



Besides the lack of incentives and the market barriers, the competition with biofuels may be an obstacle for BEV adoption [20,111]. Voices within the sugarcane sector oppose tax reductions for BEVs arguing it contradicts the objectives of Renovabio policy [106]. In contrast, other voices in the sector acknowledge the inevitability of electromobility and call for this technology to be seen not as a substitute, but rather a complement for biofuels [6,8,31,112]. Baran & Legey [111] projected that, given a PHEV adoption of nearly 40% of the total fleet, the demand for liquid fuels would remain almost stable from 2020 onwards. Even for such an optimistic scenario for electrification, biofuels consumption would not decrease.



CNPEM argues that if electromobility relies on imported technology it may jeopardize priority aspects, such as job creation and bioenergy technology leadership, not to mention the balance of payments. Therefore, transport electrification must recognize the Brazilian singularities and adapt to them. Thus, electromobility should not hamper job creation or biofuels leadership. Moreover, it must contribute to prevent dependence on foreign inputs or technologies. The coexistence of electrification and biofuels ought to grant transport reliability and energy security [13,31] and is likely to boost HEVs adoption [8,16,31]. Nevertheless, technology forecasting is plagued with uncertainties. In the U.S.A., the sales of HEVs, including PHEVs (plug-in hybrid electric vehicles), have been steadily falling as battery capacity enhanced the BEV range [113]. In fact, General Motors discontinued the manufacture of the famous Chevrolet Volt [114].



In spite of the quick pace of Li-ion battery improvement, the potential of ICEV technology to remain competitive must not be underestimated [115], especially in emerging markets where transport electrification could take decades to arrive and technological routes, other than BEVs, may thrive [39]. For instance, Mazda Skyactiv-X engine technology, whose core is the Spark Controlled Compression Ignition engine. Skyactiv-X merges the best of Diesel (fuel economy, good response at low rpm) and Otto (low emissions, power generation) cycles and is able to be embedded within a “mild” hybrid powertrain [116], and also could be adapted to work on an ethanol-based cycle. Other technological routes are being explored. On April 2019, the State University of Campinas (Unicamp) and Japanese OEM Nissan signed an agreement to study bioethanol as an option to provide energy for a solid oxide fuel cell (SOFC) [117]. Nissan is the first OEM to develop a prototype vehicle exploring this route. Another Asian automaker, BYD, announced the opening of the first Li-ion batteries manufacturing plant in Brazil [118]. In the future the company intends to expand its operations to also manufacture batteries for electric busses.



Understanding Brazilian particularities is crucial for implementing mobility policies. Electrification will likely arrive in the heavy-duty segment first. One example is the implementation of Law 16802 in SP city. Its ambitious goals, for a 20 years period, require drastic reductions of particulates, NOx and fossil CO2 emissions when compared to a baseline scenario, which displays a bus fleet based on Proconve 5 and 7 emission standards, equivalent to Euro III and Euro V respectively. Dallmann [119] analyzed the economic and tailpipe emission consequences of the substitution of that diesel-based fleet for BEBs, hybrid busses, Euro VI diesel busses with different blendings of soybean biodiesel and, Euro VI compressed natural gas and biomethane fueled busses. Slowik et al. [81] further refined this analysis by including fuel cell busses. The results for a 10-year timespan—or 70,930 km—show that, despite the higher tag price, the BEBs are the best option from a TCO perspective with all other options staying within a 10% range of the Proconve 5 baseline bus, except for the fuel cell bus, see Figure 5. These results are in consonance with O’Donovan et al. [120] who state that 350 kWh BEB TCO is lower than Diesel busses for distances over 80,000 km per year.



From a CO2 emissions viewpoint, special attention should be paid to Euro VI soybean-based biodiesel option, where indirect land use change considerations might render total life cycle emissions even greater than those in a Proconve 5 Diesel (B15) Bus. Those concerns are found in other studies also. Glensor & Muñoz [121] found that direct land use change (LUC) is a major contributor to the overall CO2 emissions for car and bus fleets with predominant use of biofuels. Nevertheless, depending on the growing characteristics, biofuels production could result in net carbon sequestration. Moreover, the land carbon content for different Brazilian biomes make the results very sensitive to whether LUC emissions are included or how they are calculated. Dallmann [119] concluded that, whether the high tag price of BEBs does not allow the purchase of BEBs due to funding scarcity, a gradual substitution for Euro VI diesel busses could also be an option to fulfill Law 16802 requirements regarding particulates and NOx emissions.



Moreover, Consoni et al. [7] identified the absence of a national consensus on electrification as another cause for the low Brazilian BEV adoption. Multiple initiatives for promotion have been created in regulation, industry and research spheres; however, there is no articulation between them. The Brazilian association of BEVs (ABVE) chairperson stresses the absence of public policy as one of the main hurdles for broader adoption [8]. A solid policy could indeed be the basis for BEV adoption. In the past, the implementation of Proalcool program demonstrated the potential of public policies to transform the energy model in the country. Interestingly, to a large extent, the efforts allocated to the electromobility sector are justified by the R&D investment requirements of law 9991/2000 [7].




3.2. Electromobility Market and Charging Infrastructure Development


The creation of a BM for public EVSE is a sine qua non condition for transport electrification [122]. A question remains for the appropriateness of EVSE promotion based on public funding given the tiny current BEV fleet. Estimations from CPFL predict EVSE requirements for up to 80,000 units in 2030 [123], resulting in the typical chicken and egg dilemma [124] for Brazil. ABVE endorsed a self-guided market, implying gradual EVSE installation [8]. Thus, the role of the public sector is fundamental for structuring the first steps on EVSE networks and initiating a virtuous cycle of investments in the area [122].



Gradually, electromobility BMs are expected to incorporate more revenues from data management. Posteriorly, BEVs are expected to resemble computers on wheels, creating other ways of added value to the customer. Revenue schemes focused on EVSE, vehicle data management and location are expected to generate new business opportunities. Additionally, as electromobility is integrated into other transportation modes, an intermodal mobility provider would need to incorporate data from other providers into a single platform for the billing work, so it could be classified as an EMSP [19]. Another sector bound to rapid transformations is the after-sales. This segment is exposed to revenue decrease as a consequence of BEVs having fewer moving parts and, therefore, less complex services and longer maintenance intervals [125].



Despite the challenges, the short term is not entirely discouraging for electrification. Although representing completely different markets, in the U.S.A, cost parity for BEVs and ICEVs is expected in 2025 [49]. In Brazil, Consoni et al. [7] perceived success potential for two main entrepreneurship groups: fleets operation and management of EVSE network. In fact, BEVs are already a competitive choice for fleet operators and cab drivers in the country [13]. Moreover, there is growth potential in the ultralight segment, e.g., scooters, rickshaws, etc.



Competitiveness of OEMs, regarding on-board data management systems, represents a hurdle for the deployment of architectures connecting BEVs, EVSEs, and DSOs. OEMs deem their data as a competitive advantage. Each player prioritizes their own interests, resulting in relationships that have remained notoriously uncooperative. Weiller and Neely [126] conclude that BEV communication systems, traditionally owned by OEMs, should be open for DSOs and CPOs if competition is going to be boosted. Convincing OEMs of the advantages of having a standardized system and open systems is tough. Nevertheless, Tesla already set a precedent in making information open for the sake of competition [127].



Although scarce, Brazil has developed BEV technology. CPqD experience includes characterization of batteries, development of packaging and cooling systems, and development of battery management systems (BMS) [128]. The BMS is the device in charge of controlling different battery parameters: (i) current, (ii) voltage, (iii) SOC, (iv) SOH, and (v) temperature. CPqD research even includes algorithms for the assessment of SoC [129] and SoH [130].



Denying investments to local BEV technology development would denote relinquishing the chances of developing an industry in the future, restricting the country to peripheral developments [7,131] and squandering the potential for insertion in the global battery supply chain. Although requiring large investments and regional cooperation, Jussani et al. [132] highlighted the Brazilian potential for insertion in the global battery supply chain recognizing the large lithium reserves in neighboring countries and the Brazilian expertise in mining. As long as BEV tag prices are significantly higher than ICEV ones, massive adoption will remain unfeasible. Prices depend strongly on battery costs and how successful are OEMs to implement mass production-oriented design. Prices could plunge once the BEVs are manufactured locally but it remains unlikely in the short and medium term considering the high investments required.



Regarding public EVSEs, the prioritization of actions should include the search for consensus on standardization of AC and DC recharging plugs; combo CCS type 1 and 2 would be interesting options since both support AC and DC charging. Equally important, is standardization in EVSE communication protocols. OCPP would be a good candidate, considering it is the de-facto network protocol throughout Europe and is used in nearly 80 countries [89].



In the long run, as a consequence of BEV adoption, the amount of used batteries will soar, meaning that either a second-life or a recycling scheme will be necessary. Up to now, the industrial recycling of Li-ion batteries is able to recover only the most profitable Co, Ni, Fe, Cu, and Ni in a cost-effective scheme. Currently, lithium from batteries is only recoverable via hydrometallurgic process, but it is not financially feasible. Some hassles are the low price of primary lithium and its low concentration in the battery. A decisive hint to promote battery recycling would be to make compulsory the reuse of materials established by policy [133]. Nevertheless, such policy could crash against the swinging prices of raw metals. For instance, in 2019, prices of lithium and cobalt, two key commodities for battery manufacturing, plummeted due to low demand in China and overproduction [134,135,136,137]. Low extraction prices render recycling unfeasible.




3.3. Final Remarks


Despite ANEEL’s verdict, Brazilian policy seems likely to stay on bioenergy track in the years to come. Renovabio policy is expected to modify the energy outlook in Brazil as Prooalcool did decades ago. By acknowledging the potential of biofuels to reduce GHG emissions, the initiative generates market instruments to compensate producers for increasing efficiency and avoiding emissions [138], thus, awarding good industrial and agricultural practices and providing supply predictability due to the gradual increase of biofuels share in the energy matrix [139].



Electrification does not appear to have the same impetus as in other countries since Brazil does not face the severe challenges in energy security or extreme air pollution as other countries do. BEVs offer significant GHG emissions mitigation, compared to gasoline-driven cars, as a consequence of a predominantly renewable generation mix. However, sugarcane ethanol is competitive in this regard also. Studies comparing BEVs and ICEVS, with a similar power-to-weight ratio, and including the entire vehicles life cycle, determined that the global warming burden of driving one km in a sugarcane ethanol-fueled car is lower than that of driving one km in a BEV, assuming the crop land is not a product of deforestation [37,38]. In contrast, urban pollution mitigation is an undisputed trump card for electrification. In fact, new regulations will tighten up emission limits for ethanol [140].



Public policy is fundamental to articulate efforts and establish clear rules. Without a clear statement of what Brazil wants from BEVs it will not be possible to compose a set of coherent institutional actions. The particularities of Brazil seem to suggest that a realistic electromobility roadmap should prioritize synergistic solutions, starting with public transportation and including intermodal integration, private fleets and the ultralight segment. Moreover, promoting R&D for technologies focused on local particularities might boost own technologies, e.g., ethanol-hybridization and ethanol-based fuel cells. Additionally, it is fundamental to balance the pace of entry of new technologies, avoiding the destruction of taxation and understanding the large economic and political risks of negatively impacting biofuels sector.



A successful public charging model will require synergy between two large industries, mobility and energy. Open standards are ideal for promoting a competitive business ecosystem. Firstly, since nobody owns them, anybody with fresh ideas can join in stimulating entrepreneurs. Secondly, open standards avoid technological lock-in by making equipment, such as EVSE, interchangeable, in contrast to market leaders who usually try to use their position to impulse their own products. Open standards are not supposed to define any BM. Instead, standards should enable fluid communication between all parties involved.



Environmental highlights in a nutshell: BEVs deployment in Brazil can be an effective way to drastically improve urban air quality while reducing dependence on fossil fuels [37,38,119,121,141]. Likewise, electrification is an option to mitigate GHG emissions. However, biofuels are also an option for GHG mitigation, although the use of energy crops implies local impacts derived from cultivation. On the other hand, if local manufacturing of BEVs ever takes place in Brazil, it will be fundamental to control the potential ozone depletion effects linked to aluminum recycling [37].



BEVs disruption reflects a change in technology and paradigms beyond mere transportation. A myriad of new businesses is expected to sprout from the interactions between the vehicles, the electric grid, the EVSE and the users. In order to harness the potential of this new market, highly skilled workers and investments in research and development are necessary. Therefore, if Brazil relinquishes the possibility of investing in R&D, it would squander the opportunity to develop and produce BEV technology. Any negative socioeconomic effects, such as job losses and resigning the leadership in the biofuels field, must be overcome by finding technological routes to integrate electrification and biofuels.



A few steps towards such integration have already been taken. The flex-fuel hybrid vehicle [142] (plug-in or not) is an option which could be explored in the short term, at much more reasonable costs than BEVs, especially in developing countries with the potential for biofuels. However, this technology may unfortunately face difficulties in meeting tailpipe emission restrictions issued by Proconve. Moreover, depending on the guidelines of Rota 2030 program, flex-fuel hybrids could be of limited appeal for automakers. In the long run, the aforementioned SOFC Nissan prototype signals a new technological route to be explored [117]. Also, assuming fuel-cell technologies based on off-board reforming are going to be economically feasible, hydrogen production via a steam reform process from any bio-based feedstock (e.g., bioethanol, biomethane, or even glycerol) could be considered as an option. In addition, if transport electrification via BEVs represents larger fleets in the future, biofuels consumption would be reduced, but biomass could be at least partially shifted to electricity production [143].
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Figure 1. Evolution of sales of hydrated ethanol and gasoline C in Million barrels of oil equivalent (MBOE) in Brazil. Right axis refers to the evolution of the vehicle share per type of powertrain in the Brazilian light vehicle fleet. Gasoline C refers to the mandatory anhydrous ethanol blending in the gasoline, 27% in 2019. 
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Figure 2. Bibliometric study flowchart. 






Figure 2. Bibliometric study flowchart.



[image: Wevj 11 00060 g002]







[image: Wevj 11 00060 g003 550] 





Figure 3. Diagram of relevant players and communication protocols for transport electrification and commercial charging in Brazil. From left to right: Vehicle only, home charging, public charging and a scenario for smart charging. 
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Figure 4. Total cost of ownership for two models of BEVs and ICEVs in Brazilian fleets for 2015 and prospected scenarios based on Marques et al. [96,97]. 
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Figure 5. TCO estimates over 10 years for various technologies. Adapted from Dallmann [119] and Slowik [81]. 
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Table 1. Sample of the most divulged electromobility projects in Brazil.
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	Manager
	Location
	Period
	Features





	CPFL
	Campinas (SP)
	2013–2018
	Electromobility large-scale laboratory in Campinas metropolitan area. BEV leasing to local companies to be used in their fleets. Included EVSE installation. CPFL is a local DSO



	Light
	Rio de Janeiro (RJ)
	2013–2015
	Deployed BEVs within Rio de Janeiro Federal University campus, in order to study distributed generation, smart measurement of energy, BEV use, and power storage.



	CELPE
	Fernando de Noronha (PE)
	2016–
	Basic smart grid deployment based on photovoltaic generation.



	VAMO
	Fortaleza (CE)
	2016–
	Applet- based BEV carsharing. First of its kind in Latin-America.



	Carroleve
	Recife (PE)
	2015–2018
	Applet- based BEV carsharing.
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Table 2. Top ranked barriers to adoption and strategies to overcome them in Brazil, according to Renault executives.
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	Rank
	Barrier
	Description



	1
	Financial
	BEV high tag prices.



	2
	Macro-economic
	Brazil has faced GDP decrease, rise in unemployment rate and low growth rate in the last years. [92]



	3
	Infrastructure
	Lack of public EVSE.



	4
	Institutional
	Any support from the government is missing. Absence of EVSE and BEV adoption in urban areas.



	5
	Demand
	Practically inexistent market. Customers do not have sufficient knowledge about electric vehicles.



	Rank
	Strategy
	Description



	1
	Demo and develop niche
	BEV loans and development of effective strategies.



	2
	Pilot project
	BEV lending to selected customers for they to gain experience



	3
	Lobbying
	Lobbying is intended to face institutional, infrastructure and financial barriers. Cooperation with suppliers and federal and state organs to promote discussion on public EVSE.



	4
	Financial aid
	Renault offers cooperation with customers who can opt for leverage options, including leasing.



	5
	Knowledge development
	Besides R&D, awareness events are carried out for educational purposes.
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