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Abbreviations

ABNT Brazilian Association of Technical Standards

BEV Battery electric vehicles

BMWi Federal Ministry for Economic Affairs and Energy, Germany
BNEF Bloomberg New Energy Finance

BVG Berliner Verkehrsbetriebe

DPCT Dynamic Power Cutoff Technology

EV Electric vehicle

EVI Electric vehicle initiative

HEV Hybrid electric vehicles

IEA International Energy Agency

ICE Internal combustion engine

KWO Kraftwerke Oberhasti

LEVE Laboratory of Studies of Electric Vehicle

LDV Light duty vehicle

NPE German National Platform for Electric Mobility
OEM Original equipment manufacturer

PHEV Plug-in hybrid electric vehicles
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1 Introduction

The transportation sector accounts for 7.5 Gt CO- or about 14% of global GHG emission. To
be in line with the Paris Agreement temperature goals, the emissions from the sector
effectively have to be brought to zero by 2050 (Climate Action Tracker, 2016).

Many key players in the automotive industry now recognise that a global transition to the
broad-scale uptake of electric vehicles and electricity generation from renewable energy
sources, is inevitable and necessary, to achieve global commitments for preventing climate
change. At the same time, the technical innovation in the automotive industry has entered
into a new dynamic which had not been observed over the last decades. Particularly, the
development of battery systems and cells has emerged as a breakthrough technology,
allowing electric vehicles to become competitive and compete against cars using internal
combustion engines with regard to their driving range and total costs of ownership in the near
future. In addition, charging is getting increasingly faster and likely to be competitive with the
time required today for charging cars with fuel combustion engines.

The NDEs of Brazil and Germany have decided to jointly address the need for an accelerated
transition towards electrically powered vehicles in a matchmaking workshop taking place in
July 2017 in Brazil. This paper serves as a background study to address elements of the
global shift towards electric cars and the remaining barriers and ways to overcome them. To
identify the potential for cooperation between Brazil and Germany, the paper summarizes
the status quo of electric vehicle market development, country specific developments and
major government and private initiatives in each of the two countries. At last, options for
future cooperation between the two countries are outlined based on the analysis.

The NDE Germany would like to thank Prof. Flavia Consonti for her contribution and
compilation of Chapter 3 concerning e-Mobility in Brazil.
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2 E-Mobility — the global perspective

Lead authors: Frauke Roser, Frederic Hans, Keno Riechers

2.1 Need for transport sector decarbonisation in light of the Paris Agreement

At the Paris Conference in 2015, the UNFCCC Member States agreed on “holding the
increase in the global average temperature to well below 2°C above pre-industrial levels and
pursuing efforts to limit the temperature increase to 1.5°C above pre-industrial levels” (Paris
Agreement, 2015). In order to reach the most ambitious end of these Paris Agreement goals,
scientific results suggest that CO, emissions must peak around 2020 and reach negative
values by mid-century to compensate for residual GHG emissions and thereby reach zero
net GHG emissions (Schleussner et al.,, 2016). The Paris Agreement goals thus require
substantial effort to initiate and achieve the decarbonization throughout all economic sectors
on a global scale, including the transport sector.

Correspondingly, the amount of 7.5 Gt CO.eq emitted in the transport sector - around 14%
of total global GHG emissions - has to be brought to zero until 2050 to be in line with the
Paris Agreement goals (Climate Action Tracker, 2016). While fuel economy and emission
standards as well as the use of sustainably produced biofuels can play an important role to
reduce emissions from internal combustion engine (ICE) vehicles, recent studies show that
even emissions trajectories in line with a global warming of 2°C cannot be reached without
a significant uptake of electric vehicles to about 40 to 50% of the global car fleet by 2050
(IEA, 2016b; Sterl et al., 2016). To limit global warming to the more ambitious 1.5°C, it is
estimated that the last gasoline or diesel car needs to be sold before 2035 (Climate Action
Tracker, 2016). In view of a current share of globally only 0.6% of newly sold cars being
battery electric vehicles (BEV) or plug-in hybrid electric vehicles (PHEV), the need for rapid
electrification in the transport sector poses an immense challenge for policymakers and the
(automotive) industry worldwide, especially in context of the concurrent need for
decarbonization in the power sector.

Plenty of recent developments in both technology and policy are pointing towards an
impending global uptake of electric mobility and rising figures in new registrations of EVs
during the last years serve as a first indication that this uptake has commenced. Main drivers
of the rise in EV sales are the reduction in battery cost by a factor of four, the increasing
energy densities achievable in batteries allowing for travel distances up to 400 km, and
purchase incentives reducing the price gap for end-consumers between EVs and ICE
vehicles (IEA, 2016b; IRENA, 2017). Driving and parking privileges, improved charging
infrastructure and public research funding also contribute to the pace of the EV uptake.

To foster the evolution of the EV market, governments and multilateral initiatives worldwide
have started to set future target values for the sale of EVs. The Electric Vehicle
Initiative (EVI), for example, sets the target of 20 million electric passenger vehicles on the
road by 2020 and the Paris Declaration on Electro-Mobility and Climate Change & Call to
Action indicates a target deployment of 100 million EVs in 2030 (UNFCCC, 2015; Electric
Vehicles Initiative, 2016) and 400 million electric two- and three-wheelers. As of 2016,
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14 countries worldwide have set electric car stock targets to 2020 or beyond (IEA, 2016b).t
Their cumulative national targets result in an amount of 14 million EVs to be deployed by
2020. Despite these positive signs, more effort is needed from all stakeholders to accelerate
the uptake of EV markets to achieve the Paris Agreement goals.

Assuming light duty vehicle (LDV) sales entirely shifted towards zero pipe tail emissions, this
would still not yield an emission free transport sector for several reasons. First, the
deployment of electric cars only results in a net reduction of GHG emissions if the electricity
generation undergoes an appropriate transformation towards zero emissions at the same
time. The use of electric cars results in net CO, savings only if the electricity generated to
charge the battery has a carbon intensity below 700 gCO2/kWh (IEA, 2016b). In this context,
the uptake in EV sales and renewable energy deployment, however, can spur symbiotic
effects (IRENA, 2017). While electricity generated by renewables ensures that EVs run
(almost) emission free, a substantial EV stock can serve as energy storage capacity and
thereby helps to manage the fluctuating characteristics that present an obstacle to a high
penetration of renewables in power systems (Kempton and Tomi¢, 2005; Tomi¢ and
Kempton, 2007; Grahn, 2013). Secondly, not all emissions in the transport sector stem from
car traffic. A substantial share is caused by trucks, maritime transport, aviation and two
wheelers. Whereas for two wheelers similar progress as in the case of EVs has been seen
recently, the other three still present major challenges on the way towards a decarbonized
transport sector (Sterl et al., 2016).

Taking the need of urgent decarbonization in the transport sector into consideration, policy
and industry efforts, technological progress as well as consumer awareness can provide
significant momentum to move the agenda forward. The following sections provide an
overview of the status and forecasted future trends of electric mobility in general (Section
2.2). Certain key barrier areas such as electric vehicle costs, battery range, and charging
infrastructure will be discussed in more detail (Section 2.3). The last section provides an
overview of different types of policy measures to support the uptake of EV and their current
implementation in countries worldwide (Section 2.4).

2.2 Status and general trends in the electric mobility uptake

2.2.1 Passenger light-duty electric vehicles

The global electric vehicle stock has been continuously growing since 2010, passing the
threshold of one million electric vehicles on the road and closing at a total of 1.26 million at
the end of in 2015 (IEA, 2016b). Figure 1 displays the development between 2010 and 2015.
The electric vehicle stock comprises both battery electric vehicles (BEV) and plug-in hybrid
electric vehicles (PHEV).

! These countries are Austria, China, Denmark, France, Germany, India, Ireland, Japan, Netherlands, Portugal,
South Korea, Spain, United Kingdom, and the United States. Please see a full overview in Table 3 of IEA’s
Global EV Outlook 2016 (IEA, 2016b).



@ E-Mobility - Cooperation potential between Germany and Brazil @ N D E

GERMANY

1 400 Others
= Canada
l“'».:" H200 Garmany
% 1 000  United Kingdom
= 400 . France
E . Morway
S g00 I Metherlands
g | apan
S 200 . . l mmm United States

= = —
0 ——BEV + PHEWV

2010 2011 2012 2013 2014 2015

Figure 1: Evolution of the global electric car stock, 2010-2015 (taken from IEA, 2016)

80% of the electric cars on the road worldwide are registered in the United States, China,
Japan, the Netherlands and Norway. In 2015, China surpassed the US in new electric vehicle
registrations for the first time and is now the leading country in total sales numbers. Figure
2Figure 2 displays the new registrations of electric cars in absolute and relative numbers for
the most important countries in the market. Despite rising sales numbers, only seven
countries in the world have reached a market share of EVs of 1% or higher of newly
registered vehicles, with Norway leading the way at 23% in 2015 and even reaching almost
40% of all newly registered passenger cars in 2016 (The Guardian, 2017).
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Figure 2: EV sales and market share in a selection of countries and regions, 2015 (taken from IEA, 2016)

Most recent forecasts predict a strong increase in the share of electric vehicles in new light-
duty vehicle sales until 2040 (BNEF, 2016). Bloomberg’s BNEF forecasts a sale of around
41 million electric vehicles by 2040 representing a share of 35% of new light-duty vehicle
sales by that time.? As can be seen in Figure 3, rapid growth in the sale of electric vehicles
is expected throughout the 2020s as EVs become cost competitive compared to gasoline or
diesel cars in many countries. However, the electric vehicle market at present is heavily

2 Please see full report for a good overview of underlying modelling assumptions with regards to the
developments of oil prices, total electricity demand, and reductions of EV battery prices.
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dependent on “early adopters” which are keen to try out new technology or reduce their
emissions, and on government incentives offered in markets such as China or Norway.
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Figure 3: Forecast of annual number of EV sold globally and respective share of new car sales between 2015
and 2030 (taken from Schaeffler, 2017)

The forecasted uptake in EV sales is in line with the targets of the Paris Declaration on
Electro-Mobility and Climate Change and IEA’'s 2°C-Scenario (2DS) in the Energy
Technology Perspectives report of 2016 (IEA, 2016a), with the latter setting a higher
deployment target for electric cars than the former (see Figure 4). The IEA 2DS determines
a deployment target of around 140 million (~10% of the total stock of passenger light-duty
vehicles) by 2030 and nearly 900 million (~40%) by 2050. This translates into shares of EV
sales close to 20% by 2030 and 40% by 2040. As of 2016, 14 countries worldwide have put
electric car stock targets in place for 2020 or beyond (IEA, 2016b).3 If reached, the
cumulative country targets by 2020 of only these 14 countries would be almost in line with
the level of electric vehicles in the total vehicle stock indicated in the IEA 2DS.
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Figure 4: Deployment scenarios for the stock of electric cars to 2030 (taken from IEA, 2016)

3 These countries are Austria, China, Denmark, France, Germany, India, Ireland, Japan, Netherlands, Portugal,
South Korea, Spain, United Kingdom, and the United States. Please see a full overview in Table 3 of IEA’s
Global EV Outlook 2016 (IEA, 2016b).



@' E-Mobility - Cooperation potential between Germany and Brazil @ N D E

GERMANY

2.2.2 Commercial electric vehicles (with focus on electric trucks in urban areas)

Apart from passenger light-duty electric vehicles, the electrification of commercial (freight)
transportation offers great potential to reduce emissions in the transport sector. Most electric
commercial vehicles are demonstration or small-production vehicles and no clear data exists
on the sales or stocks of electric commercial vehicles such as trucks (IRENA, 2017). There
are certain niches where the use of electric trucks could rise rapidly such as smaller service
and delivery (e.g. mail service). Some countries have started to deploy electric trucks and
related infrastructure, while at the same time providing financial incentives for commercial
entities to purchase electric vehicles. In the United Kingdom, for instance, BEVs are
subsidised with a purchase incentive up to GBP 8,000 when used as light commercial
vehicles (IEA, 2016b). In addition, several countries have initiated demonstration projects for
inter-city electrified freight transport. In Sweden, the world’s first electric two-km road (e-way)
for electrically powered trucks has been constructed with similar projects currently being
implemented in Germany and California (FAZ, 2017; IRENA, 2017).

Especially in the context of reducing emissions from urban logistics, the use of electric and
hybrid trucks and the development of requisite infrastructure can have substantial upside
potential to shift to more efficient modes of urban transportation and to improve the efficiency
of vehicles and fuel technology (AustriaTech, 2014). In several countries, especially in the
European Union, several pilot and demonstration projects launched by public authorities
and/or private companies already use electric trucks for urban logistics ranging from mail
delivery to the distribution of beverages (Northern Sea Region Electric Mobility Network,
2013). In general, the share of electric trucks in urban logistics is expected to increase
significantly over the upcoming years. In a survey among 250 industry executives from the
US, Europe (Germany and UK), and Asia (China and Japan) in September 2016 around 66%
of all respondents expected that in 2025 at least 30 percent of newly released vans for
commercial purposes globally will be electric (McKinsey & Company, 2016).

2.2.3 Public transportation (with focus on hybrid and electric buses)

Beyond passenger light-duty electric vehicles and commercial vehicles, the global stock of
electric buses has grown substantially over the last years. It is estimated to be close to
173,000 vehicles in 2015 (IEA, 2016b), growing nearly six-fold between 2014 and 2015.
150,000 of these buses (~87%) are fully battery-operated and thus are running on
100% electricity. Supported by lower operation costs, tax subsidies, strict emission laws, and
cash incentives in many jurisdictions around the world, the electrification of transit bus
systems is anticipated to further gain momentum by 2020. Hybrid buses are expected to
attain a global penetration rate of 9.7% by 2020, while electric buses are likely to reach a
share of 5.7% (EOS Intelligence, 2016). In total, around 280,000 hybrid and electric buses
might be in operation by 2020 globally (see Figure 5).
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Figure 5: Forecast for global and regional uptakes of hybrid and electric busses (H&E) between 2012-2020
(taken from Frost & Sullivan, 2014)

The growth in the use of electric buses in urban transportation systems over the past years
can mainly be attributed to the support for rapid public transport electrification by the Chinese
government. Chinese public authorities currently plan to use over 200,000 electric buses by
2020 accompanied by a network of close to 4,000 charging stations dedicated to buses (IEA,
2016b). Apart from pursuing the effective decarbonization of public transport, policymakers
intend to tackle environmental issues such as air pollution in urban areas, particularly in
densely populated regions. In a few other countries, electric bus fleets exist at the level of
only a few buses (e.g. India, Netherlands, Sweden, United Kingdom and Japan) and are
deployed as pilots and demonstration projects in major cities. Figure 6 presents the results
of current policy objectives, policy measures, and financial incentives to promote the use of
hybrid and electric busses in China, India and the United Kingdom.*

4 Please access www.eos-intelligence.com/perspectives/?p=2420 for further analysis (accessed on 30 May
2017).

-10 -
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Figure 6: Penetration of e-mobility in public transportation across China, the United Kingdom, and India (taken
from EOS Intelligence, 2016)

2.3 Main barriers to the uptake of electric mobility on global level

Besides distinct advantages with regards to low emissions intensity, a reduction of local air
pollution, low(er) fuel costs, and substantial reduction in noise, EVs still suffer from several
financial and technical disadvantages, especially from a consumer’s perspective. Such
disadvantages clearly hamper the current market penetration of EVs and constitute obstacles
for the future EV uptake. In general, three main barriers for the uptake of electric mobility on
a global level remain. First, purchase costs of EVs are still significantly higher compared to
conventional ICE vehicles in basically all vehicle classes except of the very high price
segment (Fultonet al., 2016). This gap in costs decreases the attractiveness of EVs from a
financial perspective. Second, the vast majority of current EVs is limited to a driving range of
below 250 km per recharge due to battery constraints (IRENA, 2017). This limitation in range
from the current state of the artin EV battery systems directly links to the third major obstacle,
the nascent character of charging infrastructure and typical charging durations of up to eight
hours for a full recharge (IEA, 2016b). The latter two barriers lead to major inconveniences
for some uses, in particular regarding long-distance travel.

The ability to address and remove these barriers will determine the speed and scale of the
EV-market development. Since costs and driving ranges heavily depend on the battery
performance, the battery is considered the key technological component in this context
(Wolfram and Lutsey, 2016). The following section provides a brief overview of current
developments and outlooks regarding the battery costs, driving ranges, and the charging
infrastructure. Chapter 3 will specifically outline how Germany is addressing these
challenges.

-11 -
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2.3.1 Cost of electric vehicles and batteries

The purchase prices for electric vehicles are significantly higher than the purchase prices for
comparable conventional vehicles. The higher incremental costs for electric vehicles mainly
originate from high battery costs. Technology progress and economies of scale have allowed
for a substantial decline in the battery prices from 1000 USD/kWh in 2010 to 269 USD/kWh
in 2015 as displayed in Figure 7. Yet, the IEA estimates that a BEV with a 200 km range and
a 34 kWh battery is about 8,400 USD more expensive than the same car with an ICE (IEA,
2016b). As PHEV are equipped with smaller batteries, their incremental costs amount to
3,500 USD. However, reaching cost parity with ICE vehicles is considered to be crucial for
the uptake of EVs (IRENA, 2017). For example, the US Department of Energy has set the
target to reduce the battery costs to 125 USD/kWh in 2022.° This is even surpassed by the
cost reduction objectives by some automobile companies such as Tesla that announced
targeted battery costs of 100 USD/kWh for the year 2020 (IEA, 2016b). The latter would
minimize the incremental cost in the above example to 2,700 USD disregarding any other
cost improvements in EV technology.

Average battery pack price
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Figure 7: Historical development and forecasts of average energy pack prices (taken from McKinsey & Company,
2017)

Recent studies suggest that continuing reductions in battery prices will bring the total cost of
ownership (upfront cost plus fuel cost) of EVs below that for conventional-fuel vehicles by
2025, even at low oil prices (BNEF, 2016). In some countries with high gasoline and diesel
prices, price parity might even be reached before. Figure 8 shows how the total cost of
ownership of an EV may reach parity in the future depending on the yearly mileages. Due to
the impact of strongly fluctuating oil prices on the total cost of ownership of ICE vehicles,

5 Accessed on 6 June 2017 under www.energy.gov/eere/vehicles/vehicle-technologies-office-batteries.

-12 -
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there is a significant range of uncertainty with regards to the point in time when EVs can
compete with ICE vehicles.
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Figure 8: Exemplary total cost of ownership depending on the yearly mileage shown for a BEV, an efficient ICE
vehicle, and an average ICE vehicle. The left graph is based on current battery and fuel prices, whereas the right
graph assumes incremental upfront cost of 5,000 USD for the BEV and fuel costs of 1.25 USD/liter of gasoline
and 0.14 USD/kWh electricity (taken from IRENA, 2017).

2.3.2 Battery performance

An additional concern from the consumer perspective is the so-called “range anxiety” which
refers to the limited driving range of electric vehicles. In combination with long charging times
and a lack of charging infrastructure, the driving range sets constraints to the flexibility of the
vehicle user accompanied by the fear to run out of battery in the middle of the road (Mooney,
2016).

Recent technological progress has led to a significant increase in driving ranges during the
last decade mainly because of improved energy density in batteries (IEA, 2016b). As of
today, this has been mitigated to some extent by by available vehicles based on plug-in-
hybrid technology. PHEV are based on an electric powertrain but are equipped with an
additional combustion engine that can recharge the battery while driving through fuel
combustion. The electric driving range of PHEVs is usually smaller than that of BEVs, but
their overall driving range is comparable to that of conventional cars (IRENA, 2017).
Furthermore, PHEVs can use the conventional fuel infrastructure for recharging. Besides,
recent research suggests that, for instance in the US, BEVs batteries would already meet
the energy demand of 87% of all vehicle days by today (Needell et al., 2016). Figure 9 plots
the distribution of current vehicle-day driving distances in the US showing that the vast
majority of vehicle-day distances falls below the threshold that typically can be travelled with
a fully charged BEV. Such findings highlight that only a small fraction of potential vehicle
uses is affected by the limited driving range of electric vehicles. Such remaining obstacles
could be addressed by offering supplementary facilities as for example ICE car sharing
concepts.

-13 -
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Figure 9: Probability that energy needed for a certain vehicle-day driving range exceeds the energy capacity of
a current battery (blue line) of 19.2kWh and a future battery (red line) of 55kWh. The grey histogram displays the
distribution of vehicle-day driving ranges in the US (taken from Needell et al., 2016).

Figure 10 shows that numerous BEVs currently on the market have driving ranges beyond
100 km. Many BEV models to be introduced in 2017 and 2018 will exhibit ranges around
300 km (IRENA, 2017). Similar as the decrease in costs, given the technological

development the driving range of BEVs will continue to extent with a growing energy density
of the batteries and batteries having larger battery storage capacities.
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Figure 10: Driving range of current models (BEV and PHEV) in relation to their battery capacity. Newer models
with higher battery capacity exhibit high driving ranges, still there are few models with a range higher than
250km (taken from IRENA, 2017)

2.3.3 Density of recharging infrastructure

Over the last five years, private and publicly accessible recharging infrastructure for EVs has
experienced significant growth. In 2015, the total number of available recharging outlets
reached 1.45 million, up from 0.82 million in 2014 and only roughly 0.02 million in 2010 (see

Figure 11). Overall, growth of the publicly accessible charging infrastructure (~71%) was
comparable to the growth of the global EV stock (~78%) in 2015. The share of publicly
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available recharging outlets remained constant at around 13%, however, the total number
increased to 190,000 in 2015 from 110,000 in 2014 and only 50,000 in 2013. In addition,
countries like France, China and Norway show some promising developments in the roll-out
of ‘fast’ charging outlets (IEA, 2016b). As outlined in Chapter 3, similarly, Germany has set
up a significant programme to roll out the fast charging infrastructure. While ‘slow’ wired
charging can take up to eight hours to fully recharge a vehicle, ‘fast’ wired charging takes
less than one hour (McKinsey & Company, 2014).
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1200 ] ‘E Publicly available fast

[ chargers

: g

‘_; Hon . & B Publicly available slow

- ()

‘ chargers

= BDD - » L

E GO0 : Growth rate of publicly

5 7 . e avallable fast chargers
m

® Growth rate of publicly

accessible dow charpers
200

o .
2010 2011 2012 2013 2014 2015

& Growth rate of private
chargers

Mote: Private chargers are estimated assuming that each EV is coupled with a private charger.

Figure 11: Global EVSE outlets, 2010-2015 (taken from IEA, 2016)

While on the rise at a global level, the charging infrastructure density remains unevenly
distributed across and within countries. Current deployment of fast recharging infrastructure
mostly focuses on cities, not yet facilitating intercity travel. Even as the growth of publicly
accessible charging infrastructure and the global EV stock was broadly in line on a global
level, nascent nature of EV markets leads to variability in the ratio of electric cars to publicly
accessible (fast and slow) recharging outlets across countries (see Figure 12 for a country
comparison). Recent research suggests that the need for public fast charging stations may
be modest in some countries, given that daily driving is often within the range of most EV
models and all PHEV models since these models can run on liquid fuel as well (IRENA,
2017). The need for public fast charging stations in a country context highly depends on
country-specific characteristics such as the current and future share of PHEV, consumer
behaviour, and geographical dimensions. In a country such as the Netherlands, with a high
population density and generally short distances between cities, this will have different
implications than in Norway, with low population densities and large distances — for instance,
in Norway, many EVs are used as “second car” to be used for driving short distances (Nijland
et al., 2016; Volkskrant, 2016). Nevertheless, the absence or limited availability of charging
infrastructure is likely to limit EV uptake.
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Figure 12: Stock ratio of EVs and recharging outlets for slow and fast publicly available chargers and share of
BEVs in total electric car stock, 2015 (taken from IEA, 2016)

2.4  Policy measures to promote electric mobility uptake

An increasing number of national and regional governments worldwide are implementing
policy measures to incentivise the use of EVs (“market pull” policies), to foster the timely
diffusion of electric vehicle supply equipment (EVSE), and to promote technological
enhancements (“technology push” policies). These policy measures have gained crucial
significance in driving and shaping the EV market development (IRENA, 2017).

2.4.1 “Market pull” policies

Policy measures to incentivise the use of EVs, so-called “market pull” policies, generally can
be differentiated by regulatory measures, financial levers and other instruments providing
behavioural incentives (IEA, 2016b). Regulatory measures comprise legislation on vehicle
emission or efficiency levels (e.g. tailpipe emissions regulations and fuel economy
standards), quotas for annual sales of car producers, regulation on emission levels in certain
public areas (e.g. low-emissions zones in inner cities), or mechanisms that allow increased
weight of EVs when accounting for corporate average fuel economy standards. In addition,
such measures can include quotas for the share of electric vehicles in the purchase of public
fleets. Financial levers provide financial incentives for private and corporate clients, often
intended to (partially) close the end-consumer price gap between conventional and electric
vehicles. Such policies can include fiscal measures (e.g. differentiated vehicle taxation,
based on fuel economy or GHG emissions per kilometre and/or directly targeting electric
cars) or financial purchase incentives (e.g. purchase subsidies) (IEA, 2016b). Recent studies
suggest that financial incentives seem to be the most relevant (in terms of financial support
per vehicle) and most effective instruments promoting EV sales (Jin, Searle and Lutsey,
2014; Sierzchula et al., 2014). Other instruments providing behavioural incentives comprise
waivers on parking fees and tolls, waivers on access restrictions (e.g. access to bus lines),
or special parking space for EVs. Figure 13 provides an overview of the current “market pull”
policies in 16 selected countries worldwide showing that numerous “market pull” policies
have been implement around the world. In general, financial levers and regulatory measures
are typically introduced on a national scale and complemented by behavioural incentives of
regional or local scope under the remit of local authorities.
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Figure 13: Summary of policy support mechanisms for EV uptake in place in selected countries in 2015 (taken
from IEA, 2016)

2.4.2 Policy support for charging infrastructure

Nearly all countries with EV market shares of above 0.5% have policies in place to support
the timely deployment of charging infrastructure for electric vehicles. Compared to “market
pull” policies discussed above, such policy support is often implemented at the local
administrative level reflecting the need for local action in cases where the policy implications
have strong links with the road network. In general, policy support measures for charging
infrastructure can be differentiated between direct investments (e.g. financial subsidies or
co-funding) or fiscal measures (e.g., such as fiscal credits). Some public authorities also
finance the deployment of charging infrastructure themselves. In addition, some countries
have introduced building regulations such as building codes that require the mandatory
installation of electric vehicle charging infrastructure for parking spaces. For instance, the
California Building Code specifies some requirements for certain types of new and retrofitted
buildings to include electric-car charging stations since 2015 (Center for Sustainable Energy,
2016). Figure 14 overviews the policy support measures for charging infrastructure in
16 selected countries worldwide.
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Figure 14: Summary of policy support mechanisms for EVSE deployment (taken from IEA, 2016)

2.4.3 “Technology push” policies

“Technology push” policies comprise support policies for direct research, development and
demonstration (RD&D). For instance, several European countries provide upstream financial
incentives focusing on funding of research and innovative production activities in the field of
electric mobility (Steen, Schelven and Kotter, 2015). As of 2015, almost one third of all
existing policy instruments found in Sweden focus on stimulating research and development
with Germany and California also having implemented numerous “technology push” policies.®
Most of these policies to date have been financial in character and have led to substantial
improvements in technological development, such as battery costs and performance (IEA,
2016b).

6 For a more comprehensive overview of country case studies for Germany, Sweden, and California, please see
Table 10 in Steen, Schelven, & Kotter (2015).
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3 E-Mobility — the German perspective

Lead author: Dietram Oppelt

Acknowledging the future global importance for e-Mobility, Germany intends to become a
leader in the global market for e-Mobility and has established the German National Platform
for Electric Mobility (NPE) in 2010 to support this ambition.

The NPE combines key players from industry, science, politics and trade unions in a strategic
dialogue. The NPE’s activities include the following:

e promote a higher market penetration of electric vehicle

o promote the development of a charging infrastructure

e provide aroadmap on standards for emobility

e support and coordinate the efforts on piloting lighthouse projects to drive specific
aspects of electric vehicles

The take up of electric vehicles was initially slow in Germany given various barriers for e-
mobility such as the remaining price barrier, the driving range of the vehicles, and missing
charging infrastructure. Although these barriers are currently still remaining to exist, the
technology is nearing a breakthrough with lowering battery costs, longer driving ranges and
significantly reduced charging times through the uptaking deployment of fast charging
infrastructure as well as increased convenience, which will be fostered through a uniform
wireless payment infrastructure. In the meantime, most key industry players have made
electric vehicles as a key pillaer, if not even the key pillar, of their future development strategy
which is further outlined in Chapter 3.2.1.

The Germany federal government is strongly supporting the efforts with the establishment of
the NPE, its coordination of efforts, and the implementation of a significant market promotion
programme in 2016 with a total funding of about 1.5 billon EUR, including the following
components (BMWi, 2016):

e Development support of 0.3 billion EUR for the charging infrastructure (for a total of
about 15,000 charging stations, including EUR 200 million for fast charging stations
and EUR 100 million for normal charging stations)

o Market support programme to bridge the price difference between the currently still
higher prices for electric vehicles and conventional vehicles for up to EUR 600 million
until 2019.2 Additional extension of the tax exemption on BEV from 5-10 years.

¢ Financial support for 80 lighthouse projects

e Green public procurement programme with at least 20% sourcing of electric vehicles
by public organisations by 2019 with a central government support of EUR 100
million.

7 The website of the NPE can be found under http://nationale-plattform-elektromobilitaet.de
8 Buying premium for electric vehicles (Elektromobilitatsgesetz; EmoG: electric mobility law). Covering
purchasing subsidies of 4,000 EUR for BEV and 3,000 EUR for PHEV.
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Germany formulated targets in 2011° to achieve an electric vehicle market target of newly
sold vehicles of about 1 million vehicles by 2020 and 6 million vehicles by 2030. Initial market
figures were lagging behind the political target, but with the recent take up of the market and
encouraging technological developments, the automotive market seems to slowly catch up
with the initial political targets. In Western Europe, hybrid and electric cars of German vehicle
brands have a similar market share as conventional cars of Germany io with nearly 50%. In
the US, German electric vehicles even have a higher market share than German
conventional cars sales (Kagermann, 2016).

3.1 Market overiew

The number of newly sold electric vehicles in Germany is continuously increasing, with an
annual growth rate of over 30% as illustrated in Figure 15. However, the total number of sold
vehicles with 59,406 electric vehicles!® in 2016 is still relatively low compared to the overall
vehicle market size.

The number of publicly accessible charging stations increased with a slower pace to a total
of 5,571. As a consequence, the ratio of vehicles to charging stations has been rising to
clearly above 6 as of June 2015 (see Figure 15).

Number in umits
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M 1 ck L blicl Ll
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Source: German Federal Mator Transport Authonty (KB&) | VDA far registration data. BDEW far charging points

Figure 15 Share of electric vehicles and charging points in Germany

9 https://goo.ql/uHEDRp last accessed 28.06.2017

10 http://www.kba.de/DE/Statistik/Fahrzeuge/Neuzulassungen/Umwelt/2016 _n_umwelt dusl.html?nn=652326
including both battery electric vehicles and hybrid vehicles
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The total share of electric vehicle as a share of total registered vehicles of 61.5 million and
45 million passenger cars is still below 1% (Hoefler and Neumann, 2016). As illustrated in
Figure 16, the percentage of newly registered electric vehicles, covering both hybrid electric
vehicles (HEV) and battery electric vehicles (BEV), furthermore is still below 2%. Figure 16
shows that the sales of electric vehicles increased significantly with the start of the market
promotion programme in July 2016.

------- monthly share

= 12-month rolling mean
1.5%

1.0% HEVs

0.5%

Share of new car registrations in Germany

U.O‘:f":» ”
Month

Figure 16 Sales development of electric vehicles in Germany Source: Kraftfahrtbundesamt!*

3.1.1 Key actors

The NPE coordinates the dialogue between the public sector and private companies within
Germany on electric mobility. The following list shows the key actors in four technology
clusters. These companies and institutions are engaged to promote and develop the electric
vehicle market and infrastructure in Germany. All of them are also members of the NPE*?:

o Vehicle technology: Aerotech GmbH, Allgaier Werke GmbH, Aribus Group, BMW
AG, Fraunhofer IWU, Fraunhofer 1ISB, Daimler-Benz AG, German E-Cars GmbH,
Heraeus, Kapp GmbH , Infineon Technologies, Kirchhoff Automotive GmbH, Lenze,
MAN, Opel, Redivum, Robert Bosch GmbH, RWTH Aachen, Schaeffler Gruppe,
Siemens AG, SGL Carbon, Streetscooter, Thinkstep, Thyssen Krupp, TU
Braunschweig, TU Freiburg, Wittenstein, ZF Friedrichshafen

11 Adopted from http://www.theicct.org/blogs/staff/diesels-dip-electric-vehicles-rise-in-germany
12 http://nationale-plattform-elektromobilitaet.de/en/the-npe/functioning/
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o Battery technology: Accurec Recycling, Adam Opel, Bayer Material Science,
Continental, Evonic Litarion, Grillo-Werke, Hoppeke Batterien, Fraunhofer ICT,
Helmholtz/ KIT, Infineon Technologies, LiTech Battery, MAN, Polymaterials,
Rockwood Lithium, RWTH Aachen, Universty Muenster, Varta, Wacker Chemie

e Charging infrastructure: ABB, Allego, BEE, BMW, BDEW, Bosch,
Bundesnetzagentur, CEO Plugsurfing, Daimler, DB Energie, Deutscher Stadte und
Gemeindebund, ENBW, EWE AG, Fraunhofer IAO, DB Energie, Hager Electro,
Hubject, innogy, Mennekes, Smartlab, Total Deutschland, Ubitricity, Volkswagen,
Vattenfall Europe Innovation, ZVEH, VDA

e Standardisation and communication: ABB, Adam Opel, BEE, BMW, Bosch
Software, Daimler, Dekra Fraunhofer LBF, EON SE, Harting, Mennekes, RWE
Effizienz, Saertex, Smartlab, T-systems, TUEV Sued, VDE, Volkswagen, VKU, ZSW,
ZVEH

In addition to the above mentioned companies and organisations, activities are further
supported and promoted through the relevant German associations and agencies including
BDI (German industry association), VDA (association of German car manufacturers and
suppliers), VDI (association of German engineers), VDE (association of German electric
companies).

3.1.2 German key vehicle and component manufacturers

German car companies are considering the transition to electric vehicles as a key pillar of
their future strategy. As of today, sales of electric vehicles only represent a small proportion
of total sales. With further technological progress under way and the charging infrastructure
still being under development, most OEM and component manufacturers have chosen the
strategy to gradually transit form ICE to BEV through the development of HEV as a transitory
development step as illustrated in Figure 17.
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Figure 17 Development of power train structures from ICE to HEV and BEV adopted from (Schaeffler, 2017)
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In 2016, there were more than 40 vehicle models offered on the Germany market across the
different vehicle segments (NPE, 2016) as illustrated in Figure 18 Electric vehicles sold in
Germany in 2016.
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Figure 18 Electric vehicles sold in Germany in 2016, Source: (NPE, 2016)

The section below outlines elements of the e-mobility strategy of key German car
manufacturing companies.

BMW. At a recent analyst conference the CEO of BMW, Harald Krueger, outlined BMW'’s
electric vehicle strategy (Krueger, 2017):

e BEV and PHEYV to account for 15 to 25% of sales by 2025

¢ Next generation of BMW i3 with an 94 ampere hours battery

e Sale of an all electric motor bicycle

e Several new all electric models, including Mini (2019), X3 (2020)

Daimler Benz. During its latest shareholder meeting in March 2017, the CEO of Daimler,
Dieter Zetsche, gave the following news on its expansion plans for electric vehicles (Zetsche,
2017):

¢ More than EUR 10 billion investment in the expansion of its electric portfolio

e More than 10 new electric vehicles by 2022 (in addition to 8 PHEV already on the
market)

¢ Announcement of the launch for an urban e-truck and development of electric heavy
load trucks

Volkswagen. Volkswagen has announced ambitious targets for its transition towards e-
mobility (Witter, 2017):

e Over 30 completely electric vehicles on the market by 2020

e Annual sales of 2 to 3 million electric vehicles by 2025, equivalent to 20 to 25% of its
total sales

o Roadmap for extending the driving range of electric vehicles up to 420 km by 2020
and up to 700 km by 2025 through improved energy density in battery cells
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Figure 19 illustrates how Volkswagen plans to develop its battery cell technology. Compared
with todays driving ranges between 190 and 300 km for electric vehicles, it is planned to
reach driving ranges between 500 and 700 km by 2025 with an energy content of battery
cells increasing from currently 230 Wh/ | to over 800 Wh/I.

Roadmap battery cell chemistry and energy density?)

range* - Up to 700 km
i = '& ‘ ; 1000 Wh/l
A7 i 4 | all solid state
=0, 0
Up to 500 km
* basis: eGolf with comparable battery volume 200 Wh/l
improved anode
and cathode
Up to 420 km
Up to 380 km Lol
Up to 300 km 650 Wh/I
Up to 190 km 410 Wh/|
230 W/ New battery
Lithium ion technology #  technologies
2014 2017 2018 2020 2025

IEnergy density reflects volume in iters (Whl) a

Figure 19 Volkswagen roadmap on battery cell chemistry and extended driving range of electric vehicles (Witter,
2017).

At the same time as Volkswagen expects that the energy content of batteries increases, it
also predicts that the energy price of batteries will significantly declines, from currently over
300 EUR/kKWh to below 100 EUR/kWh by 2020 as illustrated in Figure 20.
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Figure 20 Volkswagen roadmap on lowering battery costs
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3.2 Charging infrastructure

3.2.1 Overview charging infrastructure

A sufficiently high number of publicly accessible charging stations remains the most
important infrastructure prerequisit to allow for the increase penetration of electric vehicles.

For this purpose, the German federal government introduced the programme to install over
10,000 charging stations by 2020 (illustrated in Figure 21), including the following:

e Additionally, over 5,600 installed charging points type 2 AC units to get to over 10,000

e 1,400 fast charging points planned by 2017 and an additional 5,700 to get to 7,100
by 2020

e Several hundred charging stations at motorways with > 150 kw DC

e With improved battery technology charging station moving to 400 kW capacity

o Regional centres in Berlin, Hamburg, Munich with high penetration of charging

stations.
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Figure 21 Development targets for the German charging infrastructure 2020 (NPE, 2016)

The charging infrastructure needs to be developed on common standards with regard ot
wireless and wired connectors and the related communication prototocols. The
communication protocols need to ensure that end users can use charging stations from
different operators with wireless payments. There are three type of charging options pursued
in Germany as illustrated in Figure 22:
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¢ Inductive magnetic charging (wireless)

e Conductive AC charging via the Combo 2 connector®® which is also ready for the
optional DC charging

e Conductive DC fast charging*

Magnetic induction AC charging DC charging

3,7 kw 3,7 kw
7.4 kW
11 kw 11 kW
22 kW 22 kw
44 kW
50 kw
150 kw
400 kw
primary and Type2 Combo 2 Combo 2
secondary coil
000
00

1
(©
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Figure 22 Charging options pursued in Germany (NPE, 2017)

In 2017, five major German/European automakers ®* announced a joint venture for
establishing a charging network based on the Combined Charging System (CCS) standard
with a charging capacity for up to 350 kW and 800 V (Electrek, 2017).

To support the ramp up of the charging infrastructure, Germany pursues a policy mix which
includes several measures including

e Mandatory build-up of charging points at public and private car parks (e.g. filling
stations, public parking lots and airports)

e Establishing the required connectivity standard for new buildings

e Charging at the work place as tax free benefit

13 Combing with the combined charging system (CCS) the IEC-Type-2 connector with two additional poles for
DC charging.

14 Charging with over 22 kW classified as fast charging

15 These fiye automotive companies are BMW, Mercedes, Ford, Audi and Porsche.
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3.2.2 Charging norms

The German NPE has set up a roadmap for the development of standards as illustrated in
Figure 23: Charging infrastructure and relevant norms. The objective of the roadmap is to
establish a joint basis on harmonized general standards for the development of electric
vehicles, the charging infrastructure and the interfaces between vehicles and the
infrastructure. These standards will ensure save recharging of electric vehicles with higher
voltages and amperes in the future as well as the establishment of appropriate
communication norms as further detailed in Chapter 3.4.

The roadmap includes the required aspects for the vehicle side charging interfaces, mainly
through the 1SO 17409 standard. The development of the norms needs to support lower
weight vehicle side connectors and to allow for the save handling of high voltage DC
charging. In addition, the roadmap includes the charging interface requirements for
conductive charging (IEC 61851-23, -1, IEC 62752) and wireless charging (IEC 61980 for
the infrastructure requirements and ISO 19363 for the vehicle side interface).

Conductive charging systems EMC requirements for Charging Charging cable Connection
- general requirements external charging systems connectors 1EC 62893 charging infrastructure

IEC 618511 IEC 61851-21-2 1EC 62196 IEC 60364-7-722
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Figure 23: Charging infrastructure and relevant norms (NPE, 2017)

3.2.3 Charging and communication infrastructure

An effective charging infrastructure includes the inter-operability between charging points.
For Germany, it had been decided, within the German regulation on charging stations?é, to

16 http://www.wikiwand.com/de/Lades&aulenverordnung last accessed 28.06.2017
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establish charging payment platform which will allow to charge electric vehicles across
different operators of charging points without the prior authorisation of the user. The payment
will be cash-less through a country-wide communication roaming platform®’. The European
Union requires that charging can be carried out across different operators of charging
stations without a prior contracting relationship between the vehicle owner and the platform
operator (BMWi, 2016).

Another important aspect of the charging infrastructure is its capacity to allow the charging
from the grid and recharging into the grid. The aggregated battery capacity across the future
fleet of electric vehicles will supposedly present an important source to increase the electric
storage capacity of the electric grid, which will be required for the targeted future full transition
to renewable electricity generation of the energy system.

The establishment of the communication infrastructure for the communication between the
vehicle and the infrastructure is reflected in the Standardisation Roadmap as shown in
Figure 25 (NPE, 2017) through the Norm ISO 15118-1,-2,-3, -8:

2014) (2017} (2020}
|

e ‘ =
N b P bioe ' = E
p Markt ramp-uj ,;_“ Recommendations

Feotncon 1SO 15118-2: Requirements for the
grid- and application protocols
1EC 63110: Charging =
Infrastucture management Create consistent
roaming platiorms
Sinon 150 15118-3: Requirements for
pmﬁfm"mmmrm Establish Internationally
networked mobility
150 15118-8: Requirements for services with open
physical layers and data link layers communication
for wireless communication interfaces
ot by 150 15118-1: General information
SR and use cases for wired and wireless Create aunilorm
data transmission ek trge
ID-allocation structure
150 15118-2: Requirements for throughout Europe

grid- and application protocols
Data security and data protection issues

Figure 24: Information and communication infrastructure and standards

3.3 Public transportation

Electric mobility in public transportation plays an important role to lower emissions in urban
areas. In Germany, several cities are engaging in the transition to electric buses with a
potential transition to completely shift to electric buses for public procurement of buses
possibly after 2020 (‘Mobility 2016 - Beilage zum 6. Tagesspiegel Kongress in Berlin zum

17 Roaming platform here means that all public charging stations are connected through a communication
platform which also links to the payment system for cash free payments.
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Thema Elektromobilitat’, 2016).

As part of relevant lighthouse projects, piloting projects with public buses were carried out
among other in the following cities*®:

¢ Primove Braunschweig — inductive charging with battery with a charging capacity of
200 kw

e Leipzig — fast charging of buses through overhead contact lines using the existing
tram infrastructure

¢ Hannover — testing of 51 hybrid PEV busses

e Berlin — testing of inductive charging with Berliner Verkehrbetriebe (BVG),
Bombardier Transportation for a 90 kwWh battery system, Solaris Bus & Coach SA and
Vossloh Kiepe GmbH for the inductive charging?®.

3.4 Commercial transportation

Electric mobility has been piloted in Germany for several commercial applications. Most
promising applications for commercial electric vehicles have been identified for urban
delivery services, inter-company transportation routes and waste handling vehicles.

Important criteria for the application of commercial vehicles are travel distances below 50
km, inner city usage, fixed or planned vehicle routing, and back-to-base drives from a fixed
charging location (Vogel, 2016).

Particularly for delivery services, the German Deutsche Post DHL Group successfully
commercialised electric vehicles with its subsidiary Streetcooter (www.streetscooter.eu).
Post DHL currently operates more than 2,500 electric delivery vehicles across Germany. The
vehicles have a storage capacityranging of 4t020 m? (DP, 2017).

18 See http://schaufenster-elektromobilitaet.org/de/content/suche/suchergebnis.html?g=busse, last accessed
18.06.2017.
19 See http://e-bus.berlin/technik-und-betrieb/, last accessed 18.06.2017.
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4 E-Mobility — the Brazilian perspective

Lead author: Flavia Consoni?°

4.1 Market conditions and forecasted development

Brazil is one of the largest producers of automobiles with internal combustion engines (ICE)
in the world, with a production of 2.16 million vehicles in 2016 (Anfavea, 2017). This number
has decreased since a peak in production of 3.71 million vehicles reached in 2013. The
Brazilian automotive industry is composed of 31 manufacturers with 67 industrial / production
units (vehicle and agricultural and highway construction machinery), from different regions
of the world including carmakers that have been established in Brazil for more than 40 years
such as General Motors, Ford, Volkswagen and Fiat, and new incomers that set up in Brazil
after 2000, such as PSA Peugeot-Citroén, Renault-Nissan, Toyota, Honda, Hyundai, Kia,
Chery, JAC and BMW. In the truck segment, companies such as MAN, Mercedes-Benz,
Iveco, Scania and Ford Trucks stand out as market leaders. In 2016 around 590 car
component manufacturers, and 5.592 dealers are active in Brazil (Anfavea, 2017; Barassa
and Consoni, 2016).

As for electric vehicles (EVs), the setting is completely different. Whilst the overall electric
vehicle sector is growing rapidly around the world, with global electric car stock having
surpassed 2 million vehicles in 2016 after crossing the 1 million threshold in 2015 (IEA, 2017),
Brazil finds itself in an early stage of these developments. As of today, no domestic production
of electric vehicles takes place in Brazil and sales are very low compared to the Brazilian
market size. According to Figure 25, in 2016 the stock of electric vehicle?! was around 3,200
units. However, the highest percentage of sales was made with hybrid vehicles, which combine
an internal combustion engine with a battery powertrain (ABVE, 2017). These numbers
indicate that Brazil is very distant from China, that commercialized 336.000 EVs in 2016 or the
USA, with 160.000 EVs in 2016 (IEA, 2017).

20 The discussion about Brazil is based on research project elaborated by LEVE: Laboratory of Studies of Electric
Vehicle based at DPCT — Department of Science and Technology Policy at Unicamp (University of Campinas),
coordinated by Profa. Flavia Consoni. Such research project was financed by CPFL Energia (Companhia
Paulista de Forga e Luz) as part of the R&D Program (Research and Development program) of ANEEL (Brazilian
Electricity Regulatory Agency) in Brazil. The Group would like to thank to CPFL and ANEEL for providing the
basic fundings to support and anable us to start that project and also thanks to colegues from CPpD for providing
us with ideas, insights and discussion.

21 The number includes automobiles, e-scooters and electric buses. The category of Low Speed Electric Vehicles
(e-bikes and small electric cars) was not accounted.
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Electric Vehicle Sales in Brazil (2010 - 2016)

3231

324
379
62 147 215 301
34 58 64 102
2010 2011 2012 2013 2014 2015 2016
—Battery and Hybrid Plug Electric Vehicle — Hybrid Electric Vehicle Total

Figure 25 Electric vehicle sales in Brazil 2010 to 2016 (Anfavea, 2017 and ABVE, 2017)

The case is that in Brazil the market for electric vehicles is in its early stages and there is not
a big enough stimulus through policy measures so far to boost the production and sales.

Contrary to other countries which highly depend on fossil fuels for their electricity and fuel
infrastructure and thus need to transit to low carbon technologies such as electric vehicles,
such urgency is less dominant in Brazil, given the following considerations:

(1) The share of renewables in Brazilian Energy Matrix in 2015 was 41.2%, against the world
average of 13.5%22 (EPE, 2016). The energy mix includes a strong presence of renewable
sources, particularly large hydropower. Such characteristics decisively contribute to
already low GHG emissions from the energy sector in conjunction with a lower pressure,
comparative to other countries, in further reducing the dependence of fossil fuels. In other
words, what could be a great advantage to establish a pathway for clean technologies,
including renewable energy and a zero-emission vehicle, does not end up being a guiding
force yet in the country. Still, it needs to be mentioned that electric vehicles also provide
a significant opportunity for Brazil to avoid noise levels and urban pollution that has been
a problem especially for big cities (Santos et al, 2016). With comparatively low carbon
content of electricity produced from the grid, Brazil also has the opportunity with the
switch to electric vehicles to further lower GHG emissions from transportation as well as
contributing to mitigate GHG emissions.

(2) Brazil developed and detains biofuels technologies, specially ethanol based on
sugarcane, a renewable biofuel with comparatively less emission of pollutants. Brazil is
the second largest producer of the biofuels in the world after the United States. The
ethanol is largely used in Brazilian transport system mixed with pure gasoline. Since 2015
the limit of ethanol mixed with gasoline is 27%. The development of flex fuel powertrain
is another way to introduce alcohol in Brazilian transport system. Since 2003, the
Brazilian flex car (with flex fuel powertrain) is capable of running on just ethanol, or
gasoline (including a blend of 27% ethanol) or any combination of both fuels.

Overall, there exists neither a national consensus nor a sufficent political or market pressure
to promote EVs’ that guide public policies with that purpose. Therefore, transitioning to electric

2 Dates from 2013 (EPE, 2016).
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vehicles in the Brazilian automotive market, especially light electric cars, will not be an easy
process. There is no consensus and certainty yet that determines the electric vehicle route
as the winning future option for the country.

There are two exceptions in the electric vehicle segment which might allow an earlier
breakthrough in Brazil despite the mentioned barriers: the Low Speed Electric Vehicle
(LSEV) and electric buses.

In relation to the first one, LSEV are vehicles with low speed and low autonomy, whose
design characteristics are different from conventional cars (electric or CVE vehicles). In
general, it is a small car appropriated for two-person including e-scooters and e-bikes. In
LSEV, "the electric motor is connected directly to the speed controller and most models do
not have a sophisticated battery management or motor control system. A typical LSEV has
a top speed of between 40 and 70 km/h, the dimensions of a compact car and weighs less
than 1,100 kg” (Wang and Kimble, 2012, p.210). The LSEV could be an opportunity for Brazil
according to two arguments: firstly the LSEV could fit the demands of the cities (low speed,
short distances). Secondly, LVSE are less technological complex and less expensive (low
cost if compare with an ICE car or a hybrid/ plugin/ battery electric car). In addition, LSEV
predominantly use lead acid batteries, a technology that Brazil has capability to produce.??
In this sense, Brazil accumulates competencies and players to starting such new activities
locally.

Electric buses, comprising pure battery and/or hybrid, represent another opportunity for
Brazil in the segment of electric vehicles. The use of electric buses seems to be the most
promising trajectory to Brazil that can bring results in the shortest time due to actions by
actors in the sector (bus makers) and initiatives of municipal and federal policies, driven by
the public health problems in cities. In addition, the unique line of credit in Brazil to stimulate
the production of electric vehicles (purchase of equipment and components of EVS) only
targets buses. This credit line is sponsored through the Programa Fundo Clima from BNDES
(Climate Fund Program from Brazilian Development Bank).

Besides it, there are three electric buses makers established in Brazil that produce and sell
electric buses: the Swedish Volvo in the state of Parana that produces hybrid buses; and two
other located in Sdo Paulo state, the chinese BYD (Build your Dreams), that produces battery
electric buses and the Brazilain company Eletra, that produces hybrid and pure electric
buses. The public purchases have been strong inductors of the electric bus sector in Brazil.

This scenario leads us to argue that the pathway to electrification in Brazil could be along
the following development path:

e The electrification of road vehicle in Brazil tends to occur, firstly, in the segment of
public transportation, particularly buses, moved on battery or hybrid versions;

e The LSEV tends to be an individual transport opportunity to be used in cities/ urban
spaces;

2 |t is not the case of lithium battery in that all the technology is developed abroad.
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e Considering the importance and the learning process behind the ethanol fuel since
1970’s in Brazil, and the volume of flex fuels vehicles, the hybrid vehicle version has
great chances to become the first step to electro mobility in Brazil.

Figure 26 points out the main characteristics of market condition, forecasting development
and market obstacles to promote electric vehicles in Brazil.

* Brazil is one of the largest producers and consumer of ICE vehicle
* Almost 98% of the automobile market are flex fuel vehicles
Market * Pure gasoline has a blend of 27% of ethanol by Law n°®13.033%*

Conditions * Small EV market size and low EV market growth rate: 3,231 light
and commercial electric vehicles sold in Brazil in 2016; only 379 are
battery vehicle; the rest (2,852 vehicle) are hybrid

* Slow expansion of car sharing experiences (Fortaleza/ CE and
Curitiba/ PR; Sao Paulo/ SP and Palmas/ TO are planning new
initiatives)

* Slow expansion of light electric vehicles

Forecasted * Slow expansion of charging infrastructure

Development | « Higher probability of market growth of hybrid vehicles, specially
using a combination of biofuels/ ethanol

* Higher probability of market growth of electric buses (battery and
hybrid maybe with biofuels)

* Higher probability of market growth of LSEV
* High prices for electric vehicles

Market * Absence of a national consensus or a problem-situation regarding the
Obstacles importance to promote EV

* Strong opposition from Brazilian ethanol lobby to electric mobility
(The Dialogue 2015)

Figure 26 Main characteristics to promote electric vehicles in Brazil (own elaboration based on LEVE, 2017)

4.2  Legislation and political incentives

Actions and public policies incentives to promote the electric vehicle, to be successful, must
be articulated around a strategic national plan with specific sales and/or production goals.
As discussed before, this is not the case in Brazil as there is no consensus about the need
to stimulate the production and sales of EVs. As a consequence, there is no common
understanding among the actors (companies, government agencies, civil society,
universities, and others) to guide the investments and define public actions with the
robustness needed to boost this sector.

24 See http://www.brasil.gov.br/economia-e-empreqo/2015/03/adicao-de-27-de-etanol-na-gasolina-e-
estabelecida-pelo-governo, accessed on 28™ of June 2017
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Brazil has implemented public policies to stimulate the electric vehicle sector since 2000s,
however, these measures suffered from weak coordination among institutions involved, weak
monetary incentives and no long-term continuity?®.

According to LEVE (2017), Brazilian public policies implemented to promote EVs can be
classified into two groups of institutional actions:

The first group refers to indirect incentives to EVs mixed with actions to promote "clean” or
"sustainable" technologies. As a result, there are a large number of potentially correlated
indirect actions. So far these actions, however, lack the robustness necessary to start the
uptake of electric mobility in Brazil. Such actions "should" consider electric vehicles as a
priority; but in fact these actions so far are weak and don’t create a national technological
capability, local production or consumption market. Examples of these public policies are
mentioned bellow and discussed in Figure 27:

e Program of Air Pollution Control by Automotive Vehicles (Programa Brasileiro de
Controle da Poluigdo do Ar em Veiculos Automotivos, 1986-)

e Vehicle Labelling Program (Programa Brasileiro de Etiquetagem Veicular, 2008-)

¢ National Policy on Climate Changes (Politica Nacional sobre Mudanca do Clima,
2008-)

e Inovar-auto Program (Programa Inovar Auto, 2013-2017)

¢ National Adaptation to Climate Change Plan (Plano Nacional de Adaptacdo a
Mudanca do Clima, 2016 -)

Brazil currently lacks a comprehensive or targeted framework promoting electric vehicles.
To the extent there are measure and incentives available, which promote electric vehicles,
these are targeted at related measures e.g. climate protection and not specifically electric
vehicles. This is evident in the analysis of the most important national plans and programs
implemented in Brazil that could promote electric vehicles, for instance, the Inovar-auto
Program, National Policy on Climate Change and National Adaptation to Climate Change
Plan. These policies do not even explicitly mention EVs as a direct object of actions, nor
consider EVs as part of the solution to the problems they seek to solve. In other words, these
public policies are focused on other issues, which may contemplate the EV segment,
although they are not directly aimed at this objective. The fact is that the Brazilian policies
don’t consider the potential of EVs: to reduce the GHG emissions, to improve the energy
efficiency of vehicles, as an alternative to climate changes mitigation, or as a strategy to
inaugurate a new technological trajectory in the Brazilian automotive sector.

Public Policy

Responsible

Description

Indirect Impacts for EVs

PROCONVE:
Program of Air
Pollution Control by

CONAMA:
National Council
of Environment;

Establishes deadlines,

maximum limits of
pollutants emissions
and technological

* Defined the first emission limits for

vehicles

25 Promising initiatives are discontinued. For instance, it was the case of Sibratec supported by FINEP, a network
of Innovation Centers that included the Electric Vehicle with investments around R$ 9.4 million during the period
2011-2015. The Sibratec was interrupted without a balance of the results or without pointing to new actions.
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Automotive
Vehicles

(1986 - )

MMA — Ministry
of Environment

standards for vehicle,
locally produced or
imported.

* Responsible for improving the air quality
in cities.

* Responsible for introducing new clean
technologies (carmakers and auto parts).

National Policy on
Climate Changes

(2008 - )

MMA — Ministry
of Environment

(refundable
credits from

Officialises the
Brazilian voluntary
commitment with the
United Nations
Framework Convention

* Establishes goals for reducing GHG
emissions (reduce GHG emissions by
37% below 2005 levels in 2025; and by
43% below 2005 levels in 2030).

BNDES - ¢ * Starting point to develop and implement
Climate Fund on Climate Change. other public policies focused on:
Program) technological development, energy
efficiency, environment protection, and
development of new economic sectors
based on low carbon economy.
Vehicle Labelling INMETRO: Provides technical * Enables product comparison (vehicles)
Program National information about according to emission;
(2008 -) Institute of energetic efficiency and | « grpadens consumer awareness:
Metrology, vehicles fuel * Stimulates the homogenization of
Quality and consumption . . 9 X .
Technology vehicles te_c_hnlcal standards in relatl_on to
energy efficiency and fuel consumption.
Inovar Auto MDIC: Ministry Provides incentives * Provided incentives to improve the
(2013-2017) of Industry, such as decreased vehicle efficiency;

Federal Law n°

12.715, 17/09/2012

Foreign Trade
and Services

Taxes on Industrialized
Products (IPI) for
companies with
investment in vehicle
efficiency, national
production, R&D
(Research and
Development), and
automotive technology.

* Promoted the emission reduction of new
vehicles;

* Increased investments in R&D and new
structures;

* Improved investments in expansion and
promoted the re-adaptation of production
capacity (new plants and / or assembly
lines).

Figure 27 Indirect Brazilian public policies related to electric vehicle 1986 to 2017, (LEVE, 2017)

The second group of actions is specific, made exclusively for the stimulus or regulation of
EVs. Examples of this second group, discussed in Figure 28, include:

e Financial support to events and publication about EVs given by BNDES (Brazilian
Development Bank);

o R&D (Research and Development) Projects supported by FINEP (Funding Authority
for Studies and Projects) and BNDES;

e Research projects financed by CNPg (National
Technological Development);

Council for Scientific and

¢ Finance lines from BNDES which seek to stimulate the market and/ or production.
For instance, BK Efficiency (Bens de Capital Eficiente) and Climate Fund Program
(Fundo Clima);

¢ Incentives to consumption though CAMEX (Foreign Trade Chamber) Resolutions.

e Electric Vehicle Homologation from ABNT (Brazilian Association of Technical
Standards)

On alocal level, there are initiatives from cities (municipalities) to promote EVs such as:
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e Car sharing initiatives;

¢ Introduction of electric buses in public transportation fleet;

e Establishment of city laws that may or may not be monetary (permission for traffic in
exclusive bus lane and reduction of municipal fees).

Public Policy Responsible Description Impacts for EV

BNDES - Climate
Fund Program)

MMA — Ministry of
Environment, with
is part of National
Policy on Climate
Changes

Climate Fund Program is
one of the instruments of
the National Policy on
Climate Change to
support the
implementation of
projects; the acquisition
of machinery, equipment,
and technological
development related to
the reduction of emission
of GHG; and adaptation
to climate change and its
effects (modality
refundable credits)

* Focus on electric buses: supports
projects that reduce GHG emission
and local pollutants in the urban
public transportation;

* Support for activities related to
mitigation of climate change and its
effects; EVs can apply for such
funding;

* Provides credit for national
production (equipment and
components purchase to EVs).

(2011 -)

Funding for academic | FINEP, CNPq and | Funding scientific and * Contributes to improve the

and expert events BNDES. technical events related knowledge about EVs sector:
to EVs characteristics, tendencies, and
activities.
* Promotes better interaction and
integration among actors of the
national innovation system.
FUNTEC: BNDES Defines EVs as one of * Supports R&D Projects related to
Technological Fund the main technological EVs (for instance, the case of
areas covered by the Electric Dreams Project and CPgD)
Fund; EVs can apply for
non-refundable
resources.
BNDES - Support for | BNDES - Provided credit for * During that period (2011-2015)

Investments Program economic activity. there was a Project from WEG

related to EVs technological

(2011-2015) development supported by BNDES.

Electric Sector Partnership Provides support in form | * Improves the coordination and

Technology among BNDES, of grants and soft loans. integration of credit instruments

Innovation Support FINEP and The goal is to boost among the institutions (BNDES,

Plan ANEEL (Brazilian | cooperation and FINEP and ANEEL);

(Inova Energia) Electricity knowledge sharing * Increases the resources availability

Regulatory between companies and | to R&D activities;

(2013 -) Agency) technology institutes in * Promotes formation of consortiums,
fields of smart grids, partnerships and cooperation among
renewable energy, hybrid | companies and also between
and energy efficient companies and research institutions.
vehicles. * Guides the technological

development since the contributions
are made from the thematic lines
specified by Inova Energy rules;

Research Projects CNPq (from Financial support to * Knowledge improvement about

from CNPq MCTIC — Ministry | research projects, with industry and technologies;

of Science, focus on universities and | * Contributes to workforce
(2003 -) Technology, research institutes. development and qualifications
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Innovation and
Communication)

Research Projects
from FINEP

(2010 - )

FINEP (MCTIC)

Financial support to
research projects, with
focus on universities and
research institutes.

* Promotes the development of EVs
technologies;

* Strengthens research capacity in
universities and research institutes;
* Finances the creation of research
networks (for instance, Sibratec).

CAMEX (Foreign

MRE: Ministry of

Defines taxes to

* Reduces the price of EVs

Trade Chamber) Foreign Affairs imported EVs: battery, * Defines specific fees to EVs

Resolutions battery plug in and

(2015 and 2016) hybrid

BK Efficiency Line BNDES Improves financing * Credit line to finance the acquisition

(2016 -) conditions to acquire of electric / hybrid buses and other
capital goods (focus on electric vehicles with special
energy efficiency conditions of fees and long term
equipment) from BNDES | payment.
FINAME credit line.

Carsharing Projects First cities Although there are * Includes the EVs in the cities

(2015 -) initiatives: different organizational environment;

Fortaleza (CE)

and Curitiba (PR);

SP and Palmas
have plans

forms for providing car
sharing services, in
Brazil there are public
calls (from
municipalities) to
regulate the EVs projects
and activities from
investors.

*Inaugurates a new business
activities segment;

* Potential to reduce the urban traffic
through urban space (enables the
use of a car without the need for the
consumer to have their own car).

Electric vehicle
homologation

ABNT: Brazilian
Association of
Technical
Standards

Defines terms related to
EVs, such as: electric
propulsion systems,
lithium-ion batteries,
plug-in connectors for
EVs.

* Standardization and harmonization
according to international standards;
* Predictability and stimulation of the
use of electric and hybrid vehicles.

Figure 28 Specific Brazilian public policies to promote EVs (LEVE, 2017)

Figure 4.5 describes and discusses public policies and laws that have been formulated to
promote electric vehicles in Brazil. Consider that well successful countries in the segment of
EVs in general have implemented instruments of public policies and several incentives

(Lutsey, 2015; Zhou et al, 2015; Mock and Yang, 2014; Zhang et al.,

2014). In the sense to

understanding the rationality and effectiveness of Brazilian actions, we applied a framework
developed by LEVE (2017) and published by OLIVEIRA et al (2017) that suggests a typology
for innovation policy instruments particularly by addressing the topic related to the EVs,
according to Figure 29 and described below.

The development and diffusion of EVs inevitably requires efforts by the public sphere,
through the implementation of policies aimed at promoting EVs, thus building an
institutional framework that allows/facilitates their implementation as a means of
transportation. These policies are constituted by a mix of instruments with different
rationalities and complementary purposes, embedded in the categories used for their
mapping: development of technology, creation of productive capacity, expansion of
consumption and integration from the EVs to the transport and energy systems. [in other
terms, the typology includes: S&T (science and technology) Production, Consumption
and Infrastructure] (Oliveira et al, 2017, pp 18)
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that
stimulate
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of local
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EV integration
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for local
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energy
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Instruments
that stimulate
S&T
development
and/or
technological
learning in
EVs

science &
Technology

Instruments
that stimulate
consumption
of EVs
(market
policies)

. onsumption
Figure 29 Typology to classify EVs public policies (based on Oliveira et al, 2017 and LEVE, 2017)

Following such discussion, Figure 30 combines the typology to classify EVs public policies
(Figure 29) with information from specific Brazilian public policies to promote EVs (Figure
28). The result points to a clear imbalance of efforts between dimensions of S&T (Science
and Technology), Production, Consumption and Charging infrastructure of electric vehicles.

Subtiele

SAT

2000

ConsumpRion

Irdrasbruciu

2005

Coninbulions [ aceatifc and ieohial svants

2010 2015

Climats Fund Program - BNDES
ANEEL RED Progras

Research Progect - CHEQ

Resparch Prijact - FINEP

il .n"l.:uiTFlﬂ Elctsic Depintia
FLANTEC L

! Inova Enavpin Pogras
PSIBNDES

T CAMEX Resolulions

" Efiant Cay i
BMOES

il Goodka

Evs bomplogation- AONT

AMEEL pubAt consuitation

Figure 30 Rationalities of Brazilian public policies to promote EVs (based on Oliveira et al, 2017 and LEVE,

2017)

Incentives to S&T/ learning processes were the most contemplated category of public
policies, with incentives to projects and research lines since the 2000°s. In turn, actions to
stimulate the Consumption and/ or Charging Infrastructure have been practically non-
existent. As a result, the Brazilian framework of EVs public policies is not integrated and has
not implemented instruments of public policies in all dimensions to promote EVs.

Such Brazilian design of public policies instruments is different from the most successful
cases, according to LEVE (2017). Pioneering countries in the promotion of electric vehicles,
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such as Japan?®, United States?’ and France have formulated public policies to EVs since
1970s. At first, the set of actions began with R&D programs (S&T/ learning incentives); since
the early 2000"s there were a diversification of actions including institutional instruments on
all categories (Production, S&T, Consumption and Infrastructure), with emphasis on
demonstrative projects and research projects.

It is noteworthy that countries that entered in the EV technological route in later moments,
after 2000s, such as Germany and China, also implemented a mix of public policies in all
dimensions of the typology. Such kind of rationality has been followed by countries that plan
to be protagonists of the EVs trajectory.

Other successful countries in the area of electric mobility without being protagonists in the
field of R&D and Production, have undertaken a more limited diversification of the public
policy instruments, focusing mainly on the dimensions of Consumption and Infrastructure.
The impacts of these actions have enabled these countries to reach the highest market share
rates of EVs in the world: Norway has 23.3%, and the Netherlands 9.7% (IEA, 2016).

According to what was discussed, Brazil has implemented a set of policy actions in various
dimensions that are designed to stimulate the development of S&T, production, consumption
and infrastructure. However, the intensity, selectivity and duration of policy actions determine
Brazil's secondary position in such EV segment. The short time of actions do not present
enough robustness to articulate and coordinate the actors; the amount of resources are
insufficient to induce the technology and production development; and the instruments to
stimulate the Consumption do not cover light vehicles, are restricted to few cities and do not
even promote the prices equality between the electric and ICE vehicles?®. In other words, the
current policies are strict, punctual and do not have the necessary force to enable the EV
insertion in Brazil. Certainly there is the need for more aggressive mechanisms of public
policies such as tax exemption and tax incentives for the promotion of the EV market in
Brazil.

Itis relevant to consider that the gap in public policies is one of the main obstacles to promote
electric vehicles not only in Brazil, but around world. The dismantling and non-continuity of
the public policies actions reflect the absence of objectives, targets and a national strategy
for the EVs sector. Without a clear vision on shaping the EV uptake in Brazil, what the
strategic plans are and what goals shall be pursued, it is difficult to compose a set of coherent
institutional actions. Depending on the objectives to be achieved, the rationality and the
directives covered by the public policies tend to be different.

4.3  Development of the charging infrastructure, norms and standards

Guiding regulation for EVs could provide direction to industry players and reduce investment
uncertainty and insecurity. The absent of such regulations is a great obstacle to advances of
the economic activities.

26 |t is the case of: Next-Generation Vehicle Strategy (2010).
27 |t is the case of: EV Everywhere (2013) and Multi-State ZEV Action Plan.
28 EVs, for instance, have to pay one of the highest Taxes on Industrialized Product (IPI).
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Brazil does not yet have a specific regulation regarding to charging infrastructure that defines
specifics criteria for energy commercialization. Uncertainty regarding the business
environment, without guarantee of the return on investments, is a barrier for new enterprises.
Moreover, the absence of regulation can delay the definition of charging standards and
charging public/ private facilities, as well as the implementation of residential points.

However, there is the perspective that the absence of a sufficiently clear guidance for the
industry will be terminated, with the development and announcement of regulative standards
for the industry in the future. In 2016, ANEEL?® - Brazilian Electricity Regulatory Agency that
is part of the Ministry of Mines and Energy (MME), started the regulation process with the
launch of the Public Consultation No. 002/2016. In the process, initially the funding was
established, in consultation with the main players and experts in the sectors, to define
standards of electric energy commercialization. After the collection of required funding,
ANEEL launched a public hearing to discuss the type of regulation that will prevail for
installation of charging facilities on May 2017. The process will most likely be concluded over
the course of 2017.

Even with this regulation process, there remain, many areas to be addressed to provide
sufficient guidance to the area. Areas for further development include:

e Standardisation of charging connectors
¢ Integration of EVs with local energy and tranport systems

So far public policies have addressed the the integration of EVs to the local energy and
transport systems only in a few cases and there are few lighthouse projects showcasing the
importance of functioning regulations and standards. The lack of of regulation and standards
also holds back the funding of demonstration projects. One of the main initiative in this
context was the Inova Energy Program (see Figure 28), launched in 2013. The Inova Energy
project addressed the "Development and implementation of pilot-projects of electric or
hydrogen charging for electric vehicles”. However, this project and also other similar project
have not received funding so far.

4.4  Overview of pilots and demonstrative projects

It is worth to mention other important initiative to promote electric vehicles around world and
specifically in Brazil: demonstrative projects, also named pilot-projects. Almost all Brazilian
demonstration projects have been developed by companies from the energy sector and most
are funded through the ANEEL R&D programme.

As being discussed in Barassa and Consoni (2016), companies from Brazilian energy sector,
that includes generation, transmission, distribution and sale of electric power to the general
public, have undertaken a distinguished effort in the advance of the Brazilian EV sector and
improvement of technological capabilities over the last years. “However, differently from the
automotive sector, the [electric power industry] has directed its efforts to the acquisition of
external R&D and the collaboration with other relevant knowledge-intensive actors of the

29 ANEEL, the Regulatory Agency, was created in 1997 as part of the Law n°® 9.427/1996 and Decree n°
2.335/1997. ANEEL has the responsibility to regulate the R&D and Energy Efficiency investments according to
Law 12.212, which obliges energy companies make such kind of investments in Brazil.
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national system of innovation, such as the universities and the research institutes” (Barassa
and Consoni, 2016)

In general, four main goals surround the projects that have been performed by electric power
industry in Brazil: (1) accumulate knowledge about electric vehicles specificities; (2)
understand the impact of EVs on the electric grid and identify potential problems to the
widespread adoption of EV (3) developing prototyping projects of EVs, and (4) develop local
suppliers to be included in the EVs sector.

Figure 31 identifies some firms from the electrical industry with projects related to different
aspects of the EVs in Brazil; all of these projects were funded through the ANEEL R&D

proramme.
Electric Power Value of the Project .
X Partners . Period
Companies R$ (original) Us
. . UERJ 731.296 221.605 2008 - 2013
Light Servicos de AXXIOM, CAS, CPgD and
Eletricidade S/A ' ' -
LACTEC 3.132.401 1.044.134 2011 — 2016
. Sygma, Manvel and Universidade
E|ek'Fro Eletricidade e de Taubaté 1.617.467 540.000 2011 -2013
Servicos S/A - -
Sigma, lluminatty, Manvel 1.547.400 515.800 2011 — 2014
gf}:de'ra”te Energia | A sinapsis, IEE 2.138.614 712.871 2011 — 2014
CEMIG Distribuigéo 2 partners (not cited) 617.343 205.780 2011 — 2016
SIA 4 partners (not cited) 4.452.443 | 1.484.148 2012 — 2015
CEB Distribuicdo S/A | UnB and FINATEC 1.247.554 415.851 (not cited)
Furnas Centrais UFRJ/COPPE Universidade
- Federal do Rio de Janeiro 11.511.238 3.837.079 2012 - 2018
Elétricas S/A . Y
and Tracel Veiculos Elétricos Ltda
CPFL - Companhia .
Piratininga de Forca | o L UNICAMP, CPgD, Daimon 24.800.000 | 8.267.000 2013 — 2018
e Luz and CEIA

Figure 31 ANEEL R&D Projects related to EV until 2016 (direct investment) — (Source: adapted from LEVE,
2017, and based on official sites of the companies. To have a better comparison the dollar value as of 22 June,
2017, was considered)

Considering the funding of EV projects through the ANEEL R&D programme, three aspects
must be considered. Firstly, most of the projects were only implemented recently. Although
the first financed project occurred in 2008, it is only from 2011 that the number of projects
increased. Secondly, the most projects so far have focused on the integration of the EVs to
the transport and energy networks including the electric grid. Such projects corresponded to
70% of the financing granted. Thirdly, translating monetary resources applied in research
projects according to Figure 31, from Brazilian real to dollar on June 2017, revels that the
amounts of investments are not significant. Most project only received funding below 1 million
USD and no project recieved funding of more than 10 million USD. In contrast, other

30 On June 22, 2017, one U.S. dollar's value corresponded to R$ 3.30 reais.
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countries, have spent far more signifcant amounts. For example, Japan granted the Project
to Promote the Development of Charging Infrastructure (2013), with around 870 million USD.

The project with the largest investment listed in Figure 31 has been developed by CPFL. The
Electric Mobility Program, “E-MOTIVE” analyses the impact of EVs on the power grid and
the society as a whole. In this project, CPFL works in partnership with public research
institutions like the Center of Research and Development (CPgD) and the University of
Campinas (UNICAMP) among others (Barassa and Consoni, 2016).

Another than the ANEEL R&D programme, there is one significant EV demonstration project,
the “Itaipu EV project”. Here, Itaipu, a bi-national Brazil and Paraguay energy company
promotes the demonstration of electric vehicle prototypes. This company uses its own
financial resources to demonstrate the technical feasibility of EVs. The project comprises the
R&D into the electricity-powered vehicles. The partners of Itaipu Binacional are Kraftwerke
Oberhasti (KWO), a Controller of Swiss hydroelectric power plants. The project started with
the signature of an international technical cooperation agreement between ltaipu and KWO,
in 2004.

4.5 Concluding remarks on Brazilian public policies promoting electric vehicles

The analysis here on the Brazilian electric vehicle market is a brief summary and a more
comprehensive analyis can be found in the LEVE reports on Brazilian public policies to
promote electric vehicle in the country3?.

Although Brazil hosts leading international automobile brands, all of which undertake the
development of electric vehicles internationally, no such development have been carried out
at scale in Brazil so far. One could argue, that these companies have the potential to develop
capacity, skills and businesses cases necessary for the market formation of electric vehicles
in Brazil.

However, prevailing barriers make the EVs production, distribution and consumption on a
larger scale so far unfeasible in Brazil, in partulcuar the following:

v' Brazil does not have a strong coordination among relevant stakeholder, including
carmakers; auto parts; energy, electric and electronic companies; as well as
institutions that concern the EVs sector;

v' Overall low EVs sales scale since the high costs of commercialization persist;

v' The gap in public policy is one of the main obstacles. The current policies are strict,
punctual and do not have the necessary force to enable the EV take up in Brazil.
There is the need for more aggressive demand policies such as tax exemption and
tax incentives for the promotion of EVs nascent market in Brazil.

v" Weak coordination among institutions (companies, government and research
institutions) around specific goals to promote the EVs sector;

31 Besides the analyses of public police implemented by Brazil and other countries that are protagonists in the
EVs market/ consumption (for instance, USA, Japan, China, Germany, France, Netherland, Sweden and Norway)
it is important emphasizing the reports elaborated by the research group (LEVE) also include analyses of 28
interview with main players of electro mobility market in Brazil, including carmakers, suppliers, energy sector,
start ups, class association and government during 2016-2017. The Group also developed analyses of patent
dates related to batteries and charging stations/ systems, in Brazil and in the world.
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v' Electrical insertion strategy in the country is mainly happening in the area of
electric buses and low speed electric vehicles;

v' Hybrid electric vehicles, that combine internal combustion engine moved on
biofuels/ ethanol and battery engine, consequently with low emission and higher
energetic consume, tend be a promising option for the Brazilian market.

Our results show that Brazilian automotive industry does not have a clear and defined
strategy for the development of electric mobility. However, there are ongoing specific actions
taken by some other actors. The main projects about EVs R&D and production are being
conducted by electric power sector companies (electric energy generator and distributor).

Finally, its worth emphasizes that there is not a comprehensive and well-defined strategy
directed to the development of electric vehicles in Brazil, since the mapped ongoing actions
do not have the strength or the coordination that is needed to promote the formation of an
electric mobility cluster and local market.

5 Opportunities for cooperation between Brazil and Germany

5.1 Cooperation potential 1: Charging infrastructure and standards

In 2016, ANNEL initiated a national programme to develop standards and regulations for
Brazil’s electric vehicle charging infastructure. For the development of such standards and
regulations further public hearings will take place in 2017.

Similar Germany has worked intensively on developing its national standards, regulations
and national framework for emobility. The standardisation efforts are comprehensively
combined in “The German Standardisation Roadmap Electric Mobility 2020”. The roadmap
provides the tools for an user oriented system of regulations and standards including
automotive engineering, the wired and wireless charging infrastructure, the electric vehicle
communication network, energy and environmental issues as well as urban planning.
Additional aspects are covered in the Electric Mobility Act and the Promotion programme on
electric vehicles initiated in 2016.

There could be joint benefits on exchanging information on the development of standards,
introducting regulations on charging infrastructures, communication networks etc and the
policy framework between Germany and Brazil. Similarly, Germany has also established
partnerships with other countries for the joint developmments of standards and establishing
the infrastructure for electric vehicles. Examples are cooperations with China, Japan and
European countries (BMWi, 2016).

5.2 Cooperation potential 2: Public and commercial transportation

Apart from light vehicle passenger vehicles, public and commercial electric vehicles have
significant uptake potential, mainly in urban infastructures. As outlined in Chapter 2.2.3,
public electric transportation can reach a market penetration of 10% or above in some
countries and urban areas. For example, the German Streetscooter project on delivery
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services for the German Post DHL Group has been a great success and is contionously
expanding.

As outlined in Chapter 3.5 and 3.7 on buses and commercial vehicles in Germany, several
lighthouse projects have been carried out in Germany on public and commercial electric
transportation. In many cases, these pilots have been very successful and several cities in
Germany including Berlin, Hamburg, Munich, Stuttgart and Leipzig are now looking into a
large scale role outs of electrically powered public buses. In other cases, such as for delivery
services, commerical electric vehicles are going from piloting into the commcialisation phase.

In Brazil, several cities, local utility companies and company initatives are piloting or starting
to commercialize public and commerial electric vehicle projects. The market ramp up of some
of these initiatives could be possibly accelerated and benefit from a cooperation between
these Brazilian local iniatives and matching German local initiatives.

5.3 Cooperation potential 3: Electric vehicle production

Chapter 4 has outlined that major global automotive companies, including leading German
brands, are present as manufacturers in the Brazilan market. As of today, the manufacturing
of passenger cars in Brazil had been exclusively focussing on flex fuels with ethanol.
Manufacturing of electric vehicles so far has not taken off in Brazil. This stands in contrast to
many other economies, including developing countries such as China and India, which boldly
engage and ecourage the development and production of electric vehicles in their countries.
As outlined in Chapter 3.2.1, many German car companies are taking a strategy to step-wise
develop electric vehices by transiting from internal combution engines to plug-in electric
vehicles and thereupon gradually moving to purely battery electric vehicles. A similar strategy
could be taken by some manufacturers in Brazil. In the Brazilian context, flex power ethanol
engines could be combined with plug-in electric vehicles as a first development step. Such
developments could build on the experience of many German manufacturing companies,
both OEM and component suppliers for plug-in hybrid electric vehicles.
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