











Carpooling was improved at the
University Campus this April with

the implementation of Caronaé

UFRJ (https://caronae.uftj.br/). The
smartphone app (for Android and
iPhone) was designed to organize and
integrate rides all over the campus
and it is hosted on UFRJ servers.

The data collected from the database
dump of the campus carpooling app
- Caronaé - in its first three months

of use, from April to June 2016 were

used to estimate the amount of CO,
emissions avoided by carpooling in
round trips to Cidade Universitaria.
The data was subjected to an
exploratory analysis and the Tableau
software was used for viewing and
sorting the data as to generate a
comparison with the data obtained
from the assessments carried out

in 2014/2015. Table 3 summarizes
some interesting metrics obtained in
the round trip carpooling analysis to
UFRJ's Cidade Universitaria.

TABLE 3: Round trip carpooling metrics to UFRJ's Cidade Universitaria

CARONAE CARPOOLING USERS AT

METRICS

USERS CIDADE UNIVERSITARIA

Occupancy rate of private vehicles

Private vehicle trips per month - 268,015

Total CO, emissions for 2015 trips 2275

(CO, ton/month) '

Private vehicle trips avoided per month = 12,819
CO, emissions prevented due to

oo 09 40.3
carpooling in 2016 (CO, ton/month)

Total emission reduction (%) = 176
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. VEICULOS ELETRICOS

Tendo em vista a evolucao do cresci-
mento da frota de veiculos leves pa-
ra os proximos anos e a forte depen-
déncia da tecnologia veicular atual
em relacao aos combustiveis fosseis
e a consequente emissao de CO,, os
veiculos leves elétricos representam
uma importante alternativa. Sendo
assim, foram realizados testes de or-
dem comparativa entre o automovel
equipado com o sistema de propul-
sao elétrico e o automovel equipado
com o sistema de propulsao conven-
cional (motor de combustao interna
(MCI) + sistema de transmissao me-
canico (STM)) e de ordem comparati-
va entre as possiveis formas de con-
ducao do automovel equipado com
o sistema de propulsao elétrico (mo-
do D e modo Eco).

Os veiculos considerados no estu-
do foram:; (1) um automovel elétrico
da marca Nissan, modelo Leaf, ano
2011 e (2) um automovel convencio-
nal também da marca Nissan, mode-
lo Sentra, ano 2010.

Um percurso de 2,6 km interno na Ci-
dade Universitaria da UFRJ foi esta-
belecido e percorrido até que o vei-
culo Nissan Leaf indicasse nivel de
carga minimo em seu painel. Os tes-
tes foram realizados ao longo de 12
dias, alternando entre conducao em
modo Eco e modo D para o Nissan
Leaf, e com condicionadores de ar li-

gados ou desligados para ambos os
automoveis.

Para as comparacdes de consumo de
energia entre o Nissan Sentra e o Nis-
san Leaf, optou-se por converter todas
as medidas de energia para a Joule.

Foi possivel verificar maior eficiéncia
do Nissan Leaf frente ao Nissan Sen-
tra, uma vez que o consumo do pri-
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ELECTRIC VEHICLES .

Electric vehicles represent a key systems (internal combustion
alternative when we consider engine (ICE) + mechanical

the expected expansion of car transmission system (MTS)), and
fleets in the coming years and the an additional comparative test was
strong reliance of current vehicle performed on the driving methods
technology on fossil fuels and of the vehicles equipped with the
its resulting CO, emissions. Thus, electric propulsion system (D mode
comparative tests were carried and Eco mode).

out between a vehicle with an

electric drive system and a vehicle The vehicles used in the tests were:
equipped with conventional drive (1) a 2011 Nissan Leaf electric car,
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FIGURA 4: Comparacao do consumo de energia Nissan Leaf x Nissan Sentra,

com e sem condicionadores de ar ligado.

FIGURE 4: Nissan Leaf vs. Nissan Sentra energy consumption comparison,
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meiro corresponde a 25% do segun-
do (figura 4).

Por meio da figura 4, é possivel tam-
bém verificar uma pequena oscilacao
do consumo do Nissan Leaf, varian-
do de 0,90 a 1,22 MJ/km. No entan-
to fica evidente que o condicionador
de ar ligado e a direcao em modo D
proporcionam um consumo maior
de 35% em relacao a sua forma mais
econdmica (Leaf modo Eco com con-
dicionadores de ar desligados).

Outro ponto importante € que a utili-
zacao ou nao do condicionador de ar
tem seus efeitos no aumento de con-
sumo drasticamente minimizados
por meio da utilizacdo do modo Eco,
uma vez que amplia em apenas 3% o
consumo de energia frente a forma
mais econdémica de direcao.

Sentra

Sentra AR

Sentra AC

Ainda com base nos dados levanta-
dos por meio do teste de autonomia
do veiculo elétrico, também se veri-
ficou a autonomia estimada por in-
termédio do painel e comparou-se a
autonomia real do veiculo (figura 5).

E verificada uma grande discrepan-
cia, de 30% a 42% dos valores reais
em comparagao aos valores obtidos
no painel, o que inviabiliza a con-
ducao do veiculo com base na au-
tonomia apresentada no painel. As
versdes mais recentes do veiculo
Leaf prometem um melhor algorit-
mo de estimacao de autonomia. Ou-
tro ponto importante € a verificagcao
da autonomia do Leaf plenamente
carregado, que oscila entre 62 km
a 82 km, valor considerado modes-
to frente aos 150 km prometidos pe-
lo fabricante.
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and (2) a 2010 Nissan Sentra internal
combustion engine car.

Driving took place on a 2.6
kilometers route defined within
UFRJ's Cidade Universitaria and

it lasted until the Nissan Leaf
vehicle had minimum charge level
indication on its panel. The tests
were conducted over 12 days, with
the Nissan Leaf alternating between
Eco mode and D mode, and with air
conditioning on and off on both cars.

In order to compare energy
consumption data between the
Nissan Sentra and the Nissan Leaf
all energy measures were converted
to Joule.

A higher efficiency rate was verified
on the Nissan Leaf as its energy
consumption amounted to only 25%
of the Nissan Sentra (figure 4).

Figure 4 also indicates a slight
oscillation in the Nissan Leaf's energy
consumption rate between 0.90

and 1.22 MJ/km. However, driving
with the air conditioning turned on

on mode D resulted in consumption
35% higher than its most economic
setup (Leaf on Eco mode with air
conditioning turned off).

Another interesting point is that
the effects of air conditioning use
are significantly reduced when in
Eco mode, where we registered

only a 3% increase in energy
consumption compared to the
most economic setup.

Additionally, data surveyed from the
electric vehicle range test and from
the vehicle's panel were used to
create a comparison of the vehicles
actual range (figure 5).

A material difference amounting
from 30% to 42% of the actual
values was verified against the
values indicated on the panel, thus
preventing us from simply driving
the vehicle based on the range
displayed on the panel. The latest
Leaf versions promise an improved
range estimation algorithm. What
is also important to highlight is the
range obtained on a fully charged
Leaf: between 62 km and 82 km,
which is way below the 150 km range
promised by the manufacturer.

A Life Cycle Inventory (LCI) was also
carried out. This study identified

the CO, . emissions resulting from
the production and recycling of

the vehicle-type, the production

of gasoline and ethanol, and from
the use of gasohol (27% Anhydrous
Ethanol + 73% Gasoline) for the internal
combustion vehicle. CO,_ . emissions
identified for the electric vehicle
resulted from the production and
recycling of the vehicle-type, power
generation, and from the production
and recycling of the battery.
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FIGURA 5: Comparacao de consumo de energia entre Nissan Leaf Eco com aparelho de ar
condicionado ligado x Nissan Leaf Eco sem aparelho de ar condicionado ligado.

FIGURE 5: Energy consumption comparison between Nissan Leaf Eco w/ AC turned on vs. Nissan
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Adicionalmente, realizou-se um In-
ventario de Ciclo de Vida (ICV). Nes-
te estudo, identificou-se as emissdes
de CO,,. referentes a producao e re-
ciclagem do veiculo-tipo, da produ-
¢ao da gasolina A, do etanol e do uso
da gasolina C (27% Etanol Anidro +
73% Gasolina A), para o veiculo a ga-
solina. Para o veiculo elétrico, tem-
-se as emissdes de CO,_. referentes
a producao e reciclagem do veiculo-
-tipo, da producao de eletricidade e
da producao e reciclagem da bateria.

GasolinaC Etanol

Gasohol
73%Ga* E

Hydrous
Ethanol

Leaf Eco

Leaf DAR
Leaf D AC

Leaf D

[ Distancia Percorrida | Travelled range

Em relacao ao ICV do veiculo-tipo,
nao ha comparacdes a serem realiza-
das, tendo em vista que se adotou o
mesmo automovel tipo em funcao da
nao disponibilizacao dos dados dos
veiculos fabricados pela Nissan (Leaf
e Sentra). Sendo assim, a compara-
cao desses veiculos resume-se ao
acrescimo da bateria de ion de litio
ao veiculo elétrico e a fonte energe-
tica utilizada, gasolina e eletricidade.

No que diz respeito a energia consu-
mida pelas duas tecnologias avalia-
das, verificou-se que para o veiculo
leve convencional utiliza-se a gaso-
lina com adicao de 27% do etanol e
para o elétrico, utiliza-se a energia
elétrica. No entanto, o ICV da ener-
gia utilizada demostrou maior poten-
cial de sustentabilidade na fase de
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As for the LCI of the vehicle-

type, we were unable to perform
comparisons; we have adopted the
same vehicle-type due to the lack
of data available for Nissan vehicles
(Leaf and Sentra). As such, the
comparison between these vehicles
is limited in scope to the addition of
a lithium-ion battery to the electric
vehicle and to the energy source
used (gasoline or electricity).

Considering the type of energy
used by the two technologies
evaluated, conventional vehicles
use 27% ethanol gasoline and
electric vehicles use electricity.
However, the LCI of the energy used
indicated a greater sustainability
potential at the vehicle use phase,
as the Brazilian energy mix is mostly

comprised by renewable sources
(89%) (IES Brasil, 2015).

Therefore, considering the system'’s
input and output, CO, emissions
during the life of a conventional
vehicle are higher than on an
electric vehicle. Conventional
vehicle emissions amount to 0.229
kg CO, . /pass.km, while electric

vehicle emissions amount to 0.118 kg
CO,,/Pass.km (Souza, 2015).

Figure 6 shows the CO,_ .. emissions
resulting from the production and
recycling of the vehicle-type, the
production of gasoline and ethanol,
and from the use of gasohol (27%
Anhydrous Ethanol + 73% gasoline)
for the internal combustion vehicle.
CO,. emissions identified for the

Analysing Low Carbon Emission Mobility Alternatives

COPPE | UFRJ + SHELL | 32



0.25

0.20

015

0.10

Kg CO, eq. / pass.km

0.05

0.00

-0.05

Veiculo a gasolina
Gasoline vehicle

uso dos veiculos, tendo em vista que
a matriz energética brasileira € com-
posta por, aproximadamente, 89% de
fontes renovaveis (IES Brasil, 2015).

Sendo assim, por meio das entradas
e saidas do sistema, o ciclo de vida
do veiculo a gasolina possui maior
emissao de CO, do que o veiculo ele-
trico. A emissao do veiculo a gasolina
corresponde a 0,229 kg CO,_, /pass.
km e a emissao do veiculo elétrico
corresponde a 0,118 kg CO,_ /pass.
km (Souza, 2015).

A figura 6 apresenta as emissoes de
CO,,, referentes a producao e reci-
clagem do veiculo-tipo, da producao
da gasolina A, do etanol e do uso da
gasolina C (27% Etanol Anidro + 73%
Gasolina A), para o veiculo a gasoli-
na. Para o veiculo elétrico, tem-se as

FIGURA 6: Emissao de CO,,/pass.km do veiculo a gasolina e elétrico.
FIGURE 6: Conventional and electric vehicles CO,qq/pass.km emissions

Veiculo elétrico
Electric vehicle

emissées de CO,_, referentes a pro-
ducao e reciclagem do veiculo-ti-
po, da producao de eletricidade e da
producao e reciclagem da bateria.

A producao do automovel-tipo cor-
responde a cerca de 25% das emis-
sGes totais de CO,  /passkm no ci-
clo de vida do veiculo a gasolina e
cerca de 50% para o veiculo elétrico.
A reciclagem na producao do veicu-
lo-tipo representa cerca de - 4% pa-
ra o veiculo a gasolina e -7,.8% para o
veiculo elétrico.

A producao do combustivel para o
veiculo a gasolina representa 14% do
total das emissoes de CO,,, Essere-
sultado € menor que as médias mun-
diais, devido principalmente a adi-
¢ao de etanol ao combustivel, pois
durante a etapa agricola do etanol
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electric vehicle resulted from the
production and recycling of the
vehicle-type, power generation, and
from the production and recycling of
the battery.

The manufacturing process is
responsible for 25% of the total
CO,,,/Ppasskm emissions of a
conventional vehicle life, against
approximately 50% of an electric
vehicle life. Recycling in the
manufacturing process represents
-4% for conventional vehicles and

-7.8% for electric vehicles.

For this study we estimated the
production of fuel for combustion
engine vehicles at 14% of the total
CO,. emissions. This total is lower
than the world average mainly due
to the addition of ethanol to the

-0.0092

0.1368

0.0090

0.0242

0.0590

Veiculo elétrico | Electric Vehicle

-0.0041
-0.0041
0.0177

0.0413

0.0590

fuel; there is capture of CO, during
the agricultural step of ethanol
production. As for electric vehicles,
the production of electricity accounts
for 15% of the total CO,_ . emissions.
Moreover, battery production
accounts for 35% and recycling for
3.5% of total COZeq emissions.

Lastly, we carried out an assessment
for the implementation (introduction)
of electric vehicles in Brazil. Four
scenarios were devised to assess
the development of electric car
numbers in Brazil and the impact
that the use of these vehicles could
have on the Brazilian energy mix
against fossil fuel and electric power
consumption and CO, emissions.
These scenarios were devised
based on different national and
international references.

Fonte: Elaboracao propria com base nos dados de Souza (2015).

Source: Adapted from Souza (2015).
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ocorre a captura de CO,. Para o vei-
culo elétrico, a producao de eletrici-
dade corresponde a apenas 15% da
emissao total de CO, . Alem disso, a
producao da bateria representa 35%
e sua reciclagem - 3,5%.

Por fim, fez-se uma avaliacao para
introducao do uso dos veiculos le-
ves elétricos no Brasil. Para isso, fo-
ram estabelecidos quatro cenarios a
fim de avaliar a evolucao da frota de
automoveis elétricos no Brasil e o im-
pacto que o uso destes veiculos po-
deria acarretar na matriz energética
brasileira em relacao ao consumo de
energia fossil, energia elétrica e emis-
sao de CO,. Os cenarios foram esta-
belecidos com base em diferentes
referéncias nacionais e internacionais.

Para as projecdes agregadas, proje-
¢oes de consumo de energia e emis-
sao de CO,, utilizou-se o PIB Absolu-
to descontado, estimado a partir de
percentuais de variagao fornecidos
pelo Banco Central, o Banco ltau e
a nota Técnica EPES®, no ano de 2015,
que considera o periodo de 2016 a
2050 em composicao com a popu-
lagao, fornecido pelo IBGE (2013), na
forma do PIB per capita.

Cenario 1. Teve como base o estu-
do desenvolvido pelo Banco Nacio-
nal de Desenvolvimento Econdémico

e Social, (Vaz et al, 2015), que con-
sidera um crescimento tendencial,
com base no historico das vendas e
da frota de veiculos leves elétricos e
hibridos até o ano 2025, A partir dai,
até o ano de 2050, baseou-se no es-
tudo desenvolvido pelo The Interna-
tional Energy Agency (IEA, 2015). No
entanto, considerou-se que a frota
brasileira de veiculos hibridos e elé-
tricos crescera na mesma proporcao
estimada para o mundo, de 2015 a
2020, até o ano de 2035 e na mesma
proporcao estimada para o mundo,
de 2021 a 2025, até o ano de 2050. Tal
premissa foi adotada com base na
condicao de o Brasil ser um pais ain-
da em desenvolvimento.

Cenario 2: Teve como base o estudo
do The International Council on Clean
Transportation (Fagcanha, 2012), que
considerou uma participagao de 1-2%
de veiculos elétricos até 2030. A par-
tir dai, até 2050, baseou-se no estu-
do realizado pela Empresa de Pes-
quisa Energeética, por meio do Estudo
de Demanda de Energia 2050 (EPE,
2016), considerando todas as premis-
sas estabelecidas para os veiculos le-
ves (automoveis e comerciais leves).

Cenario 3: Teve como base estudos
da Frost & Sulivan, por meio dos
relatorios  Strategic  Analysis  of
Brazil Electric Vehicle Market - Era
of Electric Vehicles in Brazil, with

6. Fez-se uma avaliacdo entre as principais fontes de dados econémicos no Brasil,
a fim combinar projecdes pessimistas, moderadas e otimistas para a variacdo do
PIB brasileiro.

Market Growing to More than 80,000
Units by 2020 (Frost & Sulivan,
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For the aggregate projections,
energy consumption and CO,
emission projections we used the
deducted nominal GDP obtained
from variation indexes provided by
the Central Bank of Brazil, Banco
[tal and EPE® Technical note (2015),
considering the 2016-2050 period,
including population data (as GDP
per capita) provided by IBGE (2013).

Scenario 1: is based on the

study carried out by the National
Bank for Economic and Social
Development (BNDES), Vaz et al.,
(2015), and it sets out a growth
trend by 2025 based on electric

and hybrid vehicles sales and fleet
history. A study developed by The
International Energy Agency (IEA,
2015) was used for the years 2025 to
2050. However, the adoption rate of
hybrid and electric vehicles in Brazil
by 2035 was based on the world's
proportional rate for 2015-2020; and
the 2021-2025 world's proportional
rate was used for the adoption rate
by 2050 in Brazil. This premise was
set out based on Brazil's status as a
developing country.

Scenario 2: is based on the study
carried out by The International
Council on Clean Transportation
(Facanha, 2012), which forecasts
a 1-2% market share for electric
vehicles by 2030. The Energy

Research Company, providing on all
premises defined for light electric
vehicles (cars and light trucks) was
used for the years 2030 to 2050.

Scenario 3: is based on the studies
carried out by Frost & Sulivan from
the reports Strategic Analysis of
Brazil Electric Vehicle Market -

Era of Electric Vehicles in Brazil,
With Market Growing to More

than 80,000 Units by (Frost &
Sulivan, 2013a) 2020 and Brazilian
Electric Vehicle and Supporting
Infrastructure Market (Frost &
Sulivan, 2013b). However, due to
the economic crisis Brazil has been
facing in the past couple of years,

a more conservative forecast was
selected and the premises from the
study were only adopted for the
period after 2025. Additionally, this
Scenarios includes the inputs from
the Paris Declaration on Electro-
Mobility and Climate Change &

Call to Action Lima - Paris Action
Calendar (LPAA, 2015) indicating that
by the year 2030 at least 20% of all
road transport vehicles (passenger
and cargo) will be electric (global
average), with light electric vehicles
being the key factor in achieving
this goal. Scenario 3 was also based
on the program Mobilise Your City
Local Governments in Developing
Countries Take High Road to Low-

Demand Survey 2050 (EPE, 2016)
developed by the Federal Energy

6. The main sources of economic data in Brazil were reviewed in order to assess
pessimistic, moderate and optimistic forecasts for the variation of Brazil's GDP.
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2013a) e Brazilian Electric Vehicle
and Supporting Infrastructure Market
(Frost & Sulivan, 2013b), sO que
por conta da recessao econdmica
que o Brasil vem enfrentando nos
ultimos dois anos, considerou-se
uma visao conservadora, adotando
as premissas dos estudos apenas
para 0s anos apos 2025. Além disso,
considerou-se também a Paris
Declaration on Electro-Mobility and
Climate Change & Call to Action
Lima - Paris Action Agenda (LPAA,
2015), que admitiu que, para o
ano de 2030, pelo menos 20% de
todos os veiculos de transporte
rodoviario (passageiro e carga) serao
elétricos (média mundial) e que os
veiculos leves serao os que mais
vao contribuir para o alcance dessa
meta. Foi
referéncia no desenho deste cenario
o programa Mobilise your City Local
Governments in Developing Countries
Take High Road to Low-Carbon
desenvolvido pela United Nations
Framework Convention on Climate
Change (UNFCCC, 2015) que visa
apoiar paises em desenvolvimento
(Africa, Sul da Asia, América do Sul e
Oriente Médio), a partir de 2020 para
o desenvolvimento e a implantacao
de sustentabilidade urbana, tendo
em vista que parceiros doadores ja se
comprometeram a doar 5,5 milhdes
de euros, em 2016. Adicionalmente,
0 cenario 3 usou dados do estudo
desenvolvido pela Shell International
BV, por meio de seu relatorio “A better

usado também como

life with a healthy planet: pathways to
net-zero emissions” (Shell, 2016) que
considera uma participagao globalde
80% de veiculos elétricos em 2050.
Sendo assim, com base em todos
esses estudos citados, estabeleceu-
se a premissa de que, no Brasil, a
participacao dos veiculos elétricos,
em 2050, sera de aproximadamente
20%, ou seja, 25% da estimativa
global.

Cenario 4: Ao contrario dos demais,
este € um cenario revolucionario
(de ruptura), onde devido a enorme
globalizacdodaeconomia,considera-
se que o Brasil seguiria a tendéncia
mundial de eletromobilidade (LPAA,
2015, UNFCCC, 2015).
justificativas para a eletrificacao e
que o motor a combustao ja esta
no limite de eficiéncia de maquina
térmica, nao tendo mais sentido
investir em tal tecnologia. Para
elaboracao deste cenario, baseou-
se nos estudos CCC (2008), (Frost
& Sulivan, 2013a), (Frost & Sulivan,
2013b), LPAA (2015), UNFCCC (2015),
Shell (2016) e Morgan Stanley (2016).

Uma das

Para os quatro cenarios, estima-se
que a frota de automoveis chegue
a 70 milhdes de veiculos em 2050, o
que representara um crescimento de
aproximadamente 128% em relacao a
frota do ano de 2015 (figura 7).

No que diz respeito aos veiculos co-
merciais leves, estima-se que a frota
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FIGURA 7: Evolucao da frota total de automoveis - Cenarios 1,2, 3 e 4
FIGURE 7: Evolution of total car fleet - Scenarios
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FIGURA 8: Evolucao da frota total de comerciais leves - Cenarios 1, 2,3 e 4
FIGURE 8: Evolution of total light commercial vehicle fleet - Scenarios 1, 2, 3, and 4
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chegue a 11 milhdes de veiculos em  Os resultados das projecdes da evolugao
2050, 0 que representara um cres-  da frota de automoveis, da evolucao da
cimento de aproximadamente 123%  frota de comerciais leves e do consumo
em relacao a frota do ano de 2015 (fi-  de energia para os quatro cenarios sao
gura 8). apresentados a seguir (figuras 9 a 24).

38| COPPE | UFRJ + SHELL Analise de Alternativas de Mobilidade de Baixo Carbono



Carbon development by the United
Nations Framework Convention on
Climate Change (UNFCCC, 2015),
which aims to support developing
countries (Africa, South Asia, South
America, and Middle East) from 2020
to develop and implement urban
sustainability, whereas 5.5 million
euros have been pledged in 2016
by sponsors for this goal. The Shell
International BV report “A better life
with a healthy planet: Pathways to
net-zero emissions” (Shell, 2016)
estimating an 80% share of electric
vehicles by 2050 was also used.
Considering the abovementioned
studies and reports we have
estimated a 20% electric vehicle
share in Brazil by 2050, which is 25%
of the world's estimate.

Scenario 4: Unlike the other
scenarios this is a revolutionary
scenario (upheaval), where pursuant
to a massive economic globalization
Brazil would follow the world's
electromobility trend (LPAA, 2015;
UNFCCC, 2015). One of the reasons

behind the widespread use of
electricity is the fact that combustion
engine is already at the efficiency
limits of heat engines, thus being no
longer reasonable to keep investing
in such technology. This Scenario
was prepared based on the studies
from CCC (2008), (Frost & Sullivan,
2013a), (Frost & Sullivan, 2013b),
LPAA (2015), UNFCCC (2015), Shell
(2016) and Morgan Stanley (2016).

The four scenarios estimate a car
fleet of 70 million vehicles by 2050;
an increase of approximately 128%
compared to the 2015 fleet (figure 7).

As for light commercial vehicles

we estimate a car fleet of 11 million
vehicles by 2050; an increase of
approximately 123% compared to the
2015 fleet (figure 8).

The development projections for
car fleet, light commercial fleet
and energy consumption under the
four scenarios are presented below
(figures 9 to 24):
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FIGURA 9: Evolucao da frota de automoveis - Cenario 1
FIGURE 9: Evolution of car fleet - Scenario 1
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FIGURA 10: Evolucao da frota de comerciais leves — Cenario 1
FIGURE 10: Evolution of light commercial vehicle - Scenario 1

@5 10 — i i
é 2 Gasolina | gasoline
= = Etanol | ethanol
EE S

% g . Flex | flexible fuel
= QO

2k e Hibriclo | hybrid
08 4

[0} ,~—

§5

o3 2

m

o =
1980 1990 2000 2010 2020 2030 2040 2050

FIGURA 11: Projecao Consumo de Energia (gasolina e etanol) - Cenario 1

FIGURE 11: Energy Consumption Forecast (gasoline and ethanol) - Scenario 1
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FIGURA 12: Projecao Consumo de Energia - Cenario 1
FIGURE 12: Energy Consumption Forecast - Scenario 1
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FIGURA 13: Evolucao da Frota de automoveis - Cenario 2
FIGURE 13: Evolution of car fleet - Scenario 2
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FIGURA 14: Projecdo Consumo de Energia (gasolina e etanol) - Cenario 2 -
FIGURE 14: Energy Consumption Forecast (gasoline and ethanol) - Scenario 2
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FIGURA 15: Evolucao da frota de comercias leves - Cenario 2
FIGURE 15: Evolution of light commercial vehicle - Scenario 2
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FIGURA 16: Projecao consumo de energia (elétrica) - Cenario 2
FIGURE 16: Energy Consumption Forecast (electricity) - Scenario 2
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FIGURA 17: Evolucao da frota de automoveis - Cenario 3
FIGURE 17: Evolution of car fleet - Scenario 3
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FIGURA 18: Evolucao da frota de comercias leves - Cenario 3 -
FIGURE 18: Evolution of light commercial vehicle - Scenario 3
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FIGURA 19: Projecao Consumo de Energia (gasolina e etanol) - Cenario 3 -
FIGURE 19: Energy Consumption Forecast (gasoline and ethanol) - Scenario 3
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FIGURA 20: Projecao consumo de energia (elétrica) - Cenario 3
FIGURE 20: Energy Consumption Forecast (electricity) - Scenario 3
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FIGURA 21: Evolucao da frota de automoveis - Cenario 4

FIGURE 21: Evolution of car fleet - Scenario 4
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FIGURA 22: Evolucao da frota de comercias leves - Cenario 4
FIGURE 22: Evolution of light commercial vehicle - Scenario 4
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Analise comparativa dos cenarios: as
estimativas demonstram que os qua-
tro cenarios apresentam grande po-
tencial quanto a utilizacao de energia
renovavel, no entanto, serao depen-
dentes de fontes de energia diferen-
tes. No caso do cenério 1, estima-se
que este seja dependente do etanol,
fonte renovavel, porem empregando
tecnologia de combustao. Para os ce-
Narios 3 e 4, 0 uso da energia elétrica
se intensifica, 0 que, no caso especifi-

2030 2040 2050
== Gasolina | gasoline
= Etanol | ethanol
Flex | flexible fuel
Hibrido | hybrid
Elétrico | electric
2030 2040 2050

co do Brasil, trata-se de fonte majori-
tariamente renovavel e nao poluente.
E oportuno ressaltar que a oferta de
infraestrutura para carregamento das
baterias nas cidades e residéncias e
a comercializagao da energia elétrica
necessaria para abastecimento dos
veiculos podem representar uma bar-
reira para implantacao dessa tecnolo-
gia de forma imediata na Brasil. O ce-
nario 2 € o mais equilibrado no que diz
respeito as fontes de energia.
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FIGURA 23: Projecdo Consumo de Energia (gasolina e etanol) - Cenario 4 -
FIGURE 23: Energy Consumption Forecast (gasoline and ethanol) - Scenario 4
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FIGURA 24: Projecao consumo de energia (elétrica) - Cenario 4 -
FIGURE 24: Energy Consumption Forecast (electricity) - Scenario 4
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Scenario Comparative Analysis: which is overall a renewable and

the estimates provided above show
that the four scenarios have great
potential for the use of renewable
energy, however, they will be
reliant on different energy sources.
Scenario 1 estimates reliance on
ethanol, which is a renewable
source, and the use of combustion
engine technology. Scenarios 3
and 4 estimate a greater reliance
on and increased use of electricity,

non-polluting source of energy in
Brazil. However we must bring to
attention that the current availability
of battery charging infrastructure in
cities and homes and the supply of
electricity required for such vehicles
might be a deterrent for the prompt
implementation of this form of
technology in Brazil. Scenario 2 is
better balanced when it comes to
energy sources.
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Para que o cenario 4 seja de fato de baixo carbono, nao basta que se eletrifique o se-
tor de transporte, mas que a geracao de energia elétrica tenha bases renovaveis. Vale
ressaltar que o sucesso do uso em larga escala da energia renovavel esta intimamente

ligado ao desenvolvimento de solucdes para a armazenagem dessa energia.

Por meio das figuras 25 a 30 € possivel
comparar os resultados dos quatro cenarios.

FIGURA 25: Estimativa de participacao dos automaoveis por tipo de energia
FIGURE 25: Estimated car share per type of energy
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FIGURA 26: Estimativa de participacao dos comerciais leves por tipo de energia
FIGURE 26: Estimated light commercial vehicle share per type of energy
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In order for scenario 4 to be considered a low carbon scenario, not only does the
transport sector have to be electric, but power generation must be from renewable

sources. It is worth mentioning that the success of the large-scale use of renewable

energy is closely tied to the development of energy storage solutions.

Figures 25 to 30 allow us to compare the results of the four scenarios. ‘

FIGURA 27: Comparacao demanda de combustivel e energia elétrica
FIGURE 27: Fuel and electricity demand comparison
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FIGURA 28: Demanda de energia em Peta Joule. (Cenarios 1, 2, 3 € 4)
FIGURE 28: Energy demand in Peta Joule. (Scenarios 1, 2, 3, and 4)
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FIGURA 29: Emissao de CO,
FIGURE 29: CO, Emissions
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FIGURA 30: Participacao de energia renovavel.
FIGURE 30: Renewable energy share.
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De forma a avaliar o potencial de re-
ducao das emissoes de CO,, na Cida-
de Universitaria da UFRJ, por meio da
adocao de veiculos leves elétricos (au-
tomoveis e comerciais leves) em subs-
tituicdo aos convencionas, fez-se uma
estimativa para até o ano de 2050, se-
guindo as mesmas premissas adota-
das para identificagao do cenario 4, do
estudo que buscou a introducao do
uso dos veiculos elétricos no Brasil.

A figura 31 demonstra o potencial de
reducao de emissoes de CO, da Ci-

Kg de CO, (milhdes) | CO, Kg (million)
= = n n
(6] o (6} o] (6]

[e]

POTENCIAL DE REDUCAO DAS EMISSOES DA CIDADE UNIVERSITARIA
DA UFRJ PARA ALTERNATIVA DE VEICULOS LEVES ELETRICOS

dade Universitaria da UFRJ. Verifi-
cou-se que as emissoes de CO, po-
deriam ser reduzidas em até 75%,
em relacao a 2050, e 68% em rela-
¢ao ao baseline, ou seja, 0 que se
emitiu em 2015.

Quanto ao compartilhamento de vei-
culos, verificou-se que, consideran-
do um cenario futuro para 2050, um
ganho seria marginal em termos de
emissoes, ja que se esta consideran-
do uma grande introdu¢ao de veicu-
los elétricos no Brasil.

FIGURA 31: Emissao de CO, de veiculos leves na Cidade Universitaria da UFRJ
FIGURE 31: CO, emission from light vehicles at UFRJ's Cidade Universitaria

— BAU

— Cenario Alternativo
Alternative Scenario

Fonte: Elaboracao propria
Source: Own elaboration
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EMISSION REDUCTION POTENTIAL AT UFRJ'S CIDADE .
UNIVERSITARIA FOR THE LIGHT ELECTRIC VEHICLE ALTERNATIVE

An estimate by the year 2050 under 2050 and a 68% reduction over the

Scenario 4 conditions - set out in baseline, i.e., 2015 emissions.

the study used for the introduction

of electric cars in Brazil - was used Carsharing was found to generate

in the assessment of the potential negligible improvements in emissions

reduction of CO, emissions obtained under the 2050 forecast scenario,
with the adoption of electric vehicles  since electric vehicles are expected
as a substitute to conventional cars to be widely deployed in Brazil.

at UFRJ's Cidade Universitaria.

Figure 31 shows the CO, emissions
reduction potential at UFRJ's

Cidade Universitaria. We verified a
75% reduction in CO, emissions by
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. CONSIDERACOES FINAIS

O projeto enfocou duas alternativas
de reducao das emissoes de CO, que
possivelmente irao liderar as estraté-
gias de mobilidade urbana de bai-
X0 carbono nas proximas decadas.
A primeira com grande dependén-
cia de mudanca tecnologica dos vei-
culos, da producao e distribuicao de
energia, e a segunda com um forte
componente de mudanca de habitos
de consumo. No caso de mudanca
tecnologica foi analisado o aumen-
to do uso de veiculos leves elétri-
cos no Brasil. Inicialmente se compa-
rou o desempenho desses veiculos
por meio de testes de campo com
o similar usando tecnologia de com-
bustao interna e também através de
analise de ciclo de vida. Como a ve-
locidade de introducao desses vei-
culos ainda ¢ incerta, foram tracados
quatro cenarios prospectivos, sendo
um deles extremamente conserva-
dor e outro um cenario de ruptura e
dois intermediarios.

Os resultados nos mostram que, do
ponto de vista energético e ambien-
tal, o cenario de ruptura € o mais in-
teressante. No entanto, politica-
mente sera o mais desafiador, pois
ird requerer mudancas nao apenas
de infraestrutura de distribuicao de
energia, mas também a criacao de
um novo modelo de mercado ener-
geético. Outra barreira sera o desti-
no dos derivados de petroleo, como

a gasolina, e do alcool automotivo,
que seriam deslocados pela ener-
gia elétrica. Nessa possibilidade se-
ria 0 mercado de petroquimica e al-
coolquimica. Mas para viabilizar essa
solucao e fundamental que ja se de-
senhe uma estratégia, uma vez que
mudancas desse porte demandam
tempo e grandes investimentos. Po-
rém, deve-se ter em mente que a
evolucao dos veiculos elétricos, so-
bretudo em relacao as baterias, tem
sido cada vez mais rapida com to-
das as grandes montadoras investin-
do pesadamente nesta opgao. Com
as metas de reducao de emissao de
carbono acordadas na Convencao do
Clima, os paises tém também apos-
tado no aumento do uso de veiculos
elétricos através de incentivos mone-
tarios ou nao e aumento da infraes-
trutura. Outros paises investem pesa-
damente em tecnologia e inovagao,
buscando melhorar o desempenho
dos veiculos. Esse esforco mundial
aliado a globalizacao desta industria,
provavelmente nao dara muita opcao
a escolhas individuais de determina-
dos paises, fazendo com que o mun-
do todo passe a seguir na mesma di-
recao da eletrificacao.

A outra questao abordada neste tra-
balho diz respeito ao compartilha-
mento. Evidentemente que para a
economia compartilhada prospe-
rar € importante que se tenha avan-
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The project focused on two CO,
emissions reduction alternatives,
which might become the leading
urban mobility strategy regarding
low carbon emission in the near
future. The first alternative greatly
relies on technological changes

in vehicles, energy generation

and distribution, while the second
involves considerable changes

in consumer behavior. For
technological changes we have
analyzed the increase in the use
of electric vehicles in Brazil. An
initial assessment compared the
performance of electrical vehicles
against similar internal combustion
engine vehicles in field tests, in
addition to their respective life
cycles. As the implementation

rate of electrical vehicles is still
unknown, we have devised four
prospective scenarios: an extremely
conservative, two intermediate and
an upheaval scenario.

From an energy and environmental
point of view, the outcomes have
identified the upheaval scenario

as the most promising. However,
from a political point of view it
might be the most challenging of
the four, as it will not only require
changes in the energy distribution
infrastructure, but also the creation
of a new energy market model.
Another barrier is related to what

FINAL CONSIDERATIONS .

will happen to petroleum products
such as gasoline and alcohol fuel
that are no longer needed due to
the use of electricity. One possible
outcome is petrochemical and
alcohol markets. However, in order to
make the solution viable a strategy
ought to be created now, as changes
of such magnitude takes time and
requires significant investments.

A thing to keep in mind is the
development of electric vehicles,
particularly its batteries, which have
been improving quicker everyday as
major automakers are now heavily
investing in the electric alternative.
The latest Climate Convention saw
the undersigning of carbon emission
reduction goals by several countries,
which in addition to such goals are
now anticipating an increase in the
use of electrical vehicles through
financial incentives and infrastructure
development. Some other countries
are investing heavily in technology
and innovation in order to improve
vehicle performance. Such global
efforts aligned with the globalization
of the automotive industry will
probably not allow much freedom of
choice to particular countries, thus
making the whole world follow in the
same path towards electric energy.

This paper also addresses the
issues pertaining sharing. For a
shared economy to be successful
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¢os tecnologicos, sobretudo na area
de tecnologia da informagao, porém
0 que € determinante € a mudanca
comportamental. No entanto, vale
ressaltar que o sucesso de um siste-
ma de compartilhamento esta muito
ligado ao desenvolvimento da tec-
nologia da informagao, como ‘“inter-
net das coisas", e do nivel de conec-
tividade do ambiente, uma vez que
depende de sistemas de localizagao

geografica. Alem disso, como toda
mudanc¢a comportamental, é neces-
sario um grande trabalho de comuni-
cacao e convencimento.

O projeto de laboratoério urbano de
mobilidade teve como objetivo tes-
tar e avaliar os pontos fortes e fracos
das alternativas de baixo carbono de
forma a fornecer subsidios para deci-
soes de governo € de empresas.
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technological advances, particularly
in the information technology
industry are rather important,
however behavior change is
paramount. Additionally, the success
of a sharing system is closely related
to the development of information
technology, such as the “internet

of things", as well as the local level
of connectivity, since it relies on
geographic location systems.

What is more, as in all behavioral
change huge communication and
persuasion efforts are required.

The urban mobility laboratory
project undertakes to test and assess
the strengths and weaknesses of
low-carbon alternatives in order to
provide support for the decision
making process of governments

and companies.
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