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Beyond Petroleum: A look at
the impact of electric cars in the
three main cities of Ecuador

Mas alla del petréleo: Una mirada al impacto de los autos
eléctricos en las tres principales ciudades del Ecuador

Abstract

T he purpose of this paper is to study the impact of changing private

vehicles in Ecuador’s three main cities from combustion engines to

their electric counterparts, and to assess whether the newly created
electricity demand could be met by renewable energies located within the
city boundaries. The work studies Ecuador’s three main cities: Quito,
Guayaquil and Cuenca. It was found that in theory and in the extreme case, if
there were a sudden change where all the cars and SUVs of Quito were to be
replaced by electric vehicles, an electricity demand would be created that
could be satisfied through roof installed solar PV within the city boundaries.
It would not be feasible however, to do this through wind power. Overall, it
was recognised that in reality the changeover to electric vehicles is not likely
to be sudden, plus that a transition to electric cars and SUVs only works
towards partially solving the problem of fossil fuel demands from the
transport sector, but has little impact on the issue of congestion and space
requirements. As such, mass transit, multi-modal, electric transport systems
have an important role to play in this context for the next stage of research.
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(PUCE) El propdsito de este trabajo es estudiar el impacto del cambio de vehiculos
privados en las tres principales ciudades de Ecuador, y evaluar si la demanda
Ecuador de electricidad creada podria ser satisfecha por energias renovables ubicadas
dentro de los limites de la ciudad. El trabajo estudia las tres principales
Recibido: 26 Jun 2016 ciudades del Ecuador: Quito, Guayaquil y Cuenca. Se encontrd que en teoria
Aceptado: 23 Nov 2016 y en el caso extremo, si hubiese un cambio repentino donde todos los autos
y VUDs de Quito serian reemplazados por vehiculos eléctricos, se crearia una
demanda de electricidad que podria satisfacerse a través la energia solar
fotovoltaica dentro los limites de la ciudad. Esto estaria en linea con la teorfa
del metabolismo urbano. Sin embargo, no seria factible, hacer esto a través
de la energia edlica. En general, se reconocié que en la realidad habria una
transicion mas lenta hacia el uso de vehiculos eléctricos, que resolveria
parcialmente la demanda de combustibles fésiles del sector de transporte,
con poco impacto en la problematica de congestién y la demanda de espacio.
Como tal, los sistemas de transporte colectivo y de transporte multimodal
tienen un importante papel que desempefiar en este contexto para la
siguiente etapa de la investigacion.
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1. Introduccion

This paper sets out to answer the research
question: “What would be the impact in terms of
energy demands if all the cars in Ecuador’s three
main cities were to change to electric vehicles,
and could these demands be met from renewable
energies placed within the city boundaries?”

Ecuador, like many countries whose economies
rely on petroleum exports, currently faces
difficulties due to the sharp decrease in the price
of crude oil. Crude oil makes up 55% of Ecuador’s
exports (Simoes, Hidalgo & Landry, 2014).
However, it then needs to spend 3% of its GDP on
subsidising refined fossil fuels (World Bank, 2015
and Ministerio de Finanzas, 2015). Additionally,
transport is responsible for 49% of the demands
for such fossil fuels (MCSE, 2014). On the other
hand, Ecuador has invested 4.2 billion USD since
2007, with the aim of having 95.53% of its
electricity generated from hydroelectric plants by
the end of 2016 (MICSE, 2013). Once installed,
hydroelectricity is cheap to generate and does not
rely on fossil fuels. It could therefore be said of
interest for the country to make a transition from
fossil fuel energy demands to electric ones.

The next logical step would be to target the
transport sector, changing the demand from fossil
fuels to electricity. This was shown in government
plans in 2015 to import 15,000 electric cars
(Jaramillo, 2015), which would be free of any
import taxation (El Universo, 2015). However, if all
of the country’s vehicles were to change to their
electric counterparts, the increase in electric
energy demands would represent a 44.4%
increase of the hydropower capacity of 2013
(Davis, in press). This would make the national
goal of 95.53% of electricity from hydroelectric
plants by 2016 unfeasible (given the large
demands caused by a national transition to
electric vehicles). This study examines electric
transport at the scale of Ecuador’s three main
cities, where at solar and wind power are the
renewable energies considered to satisfy the
theoretical energy demands created.

It is argued here that for the transport sector to
undergo a transition from fossil fuels to electricity,
there are two areas that need to be tackled. The
first are private vehicles, which make up 7.84% of
the total demand, or 18.13% if light load vehicles
are included (MCSE, 2014). The second is the
freight transport sector, which makes up 19.11 %
of the demand (MCSE, 2015). In terms of the
former vehicles, the focus is on Ecuador’s three
main urban centres: Quito, Guayaquil and Cuenca,
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which between them have 48% of Ecuador’s total
795,711 automobiles in circulation (INEC, 2014).
Freight transport is beyond the scope of this
study. First, it would need to be investigated at a
national level, and so would be outside of an
assessment of the three cities. Second, this work
centres on a transition to electrified transport. At
present there are no electric heavy goods vehicles
that are commercially available, and so separate
research would be required into alternative
hydrocarbons, such as biofuels, to meet this
demand.

9. Methodology

This research is carried out using secondary resources
from other academic studies and ministry reports. First,
the theoretical electricity demands created from a mass
transition to private electric cars and SUVs in the cities of
Quito, Guayaquil and Cuenca are determined. Second,
the space requirements to meet these theoretical
demands through solar PV and wind power are
calculated. In the context of urban metabolism, a
consideration is given as to whether the renewable
energies could be located within the city boundaries.
Third, the ability for Urban Metabolism techniques to be
used for urban planning is briefly discussed, where the
location of the renewable energies could be harnessed
for the socio-economic development of marginal
communities. Fourth, given the unlikelihood of an abrupt
transition to electric private cars and SUVs, multimodal
transit systems briefly looked at.

3. Looking beyond
petroleum

3.1 The problem of cars

It is commonly agreed that cities are defined by their
transport systems:

“If you plan cities for cars and traffic, you get cars and
traffic. If you plan for people and places, you get people
and places.” (Kent, 2005, http://goo.gl/3wVzfb).

Urry (2007, cited in Brand and Davila, 2011) goes as far
as to argue that mobility infrastructure serves as a
paradigm for urban social organisation. Additionally, the
United Nations Issue Paper on Transport and Mobility for
Habitat 1Il (HIII, 2015b) highlighted the need for
“compact cities” (in the EU), or “smart growth” (in the
USA) that move away from being dependent on private
cars. Indeed, cars are often demonised in the world of
urban planning, being seen as carrying few people,
needing large spaces and being energy inefficient:
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“..the automobile: he’s invited for a party, he never
wants to leave....and he drinks a lot....and he asks always
for more infrastructure, freeways, he’s a very demanding
person.” (Lerner, 2007, https://goo.gl/40ZcKb, mins 2.40
-3.13).

However, the fact that a preference towards car
ownership exists cannot be denied. Whilst ownership of
light duty motor vehicles in the more developed
countries is said to have stabilised (HIlI, 2015b),
worldwide it is expected to grow from 1 billion in 2010 to
1.6 billion by 2035 (HlIlI, 2015b). This leads to two areas
in academic research and urban policy planning. First, it
is put forward that there must be a rapid transition to
electric private vehicles, with a national grid that is able
to support the new demands imposed in a low carbon
manner (Tran, Banister, Bishop and McCulloch, 2012).
Second, it is argued that car use needs to be reduced
dramatically, with a strong push towards multimodal
transport systems that mitigate the use of cars in urban
areas (HIll, 2015b, Rueda, 2011, Hermida Palacios, Calle,
and Cabrera, 2015).

3.2 A transition to electric vehicles in Ecuador’s

three main cities

The three main cities of Ecuador are: Quito and Cuenca
(located in the highlands), and Guayaquil (at the coast).

Quito is characterised as long and thin; 80km long and
S5km wide on average (Quito, 2013), enclosed within its
adjacent mountain ranges. It has three BRT lines that
span the North-South of the city (EPMTP, n.d.), and is in
the process of constructing an underground metro
(Metro, 2011). Additionally, there is a large influx of daily
commuters coming from the surrounding valleys into the
city, with daily public transport commutes predicted to
increase from 47,000 in 2008 to 76,000 by 2025
(Municipio del DMQ, 2009). Guayaquil also has a BRT
system called Metrovia, which has three lines: Troncal 1
(Guasmo — Rio Daule), Troncal 2 (25 de Julio — Rio Daule)
y Troncal 3 (Rio Daule — Centro) (Fundacion Metrovia,
2015). According to Fundacién Metrovia (n.d.) Troncal 1
carries 2924.53 passengers per day and Troncal 3
2312.86.

Cuenca is currently in the process of installing a tramline
service, making it a pioneer in the andean region.
According to the study of the National Institute of
Preinvestment (INP, cited in El Tiempo, 2012), the system
is set to have 14 units, each with a capacity of 300
passengers. It is added that the Project aims to carry
120,000 passengers daily.

The next step is to assess the potential energy demand
from a transition to electric cars in the three cities. In
2013 the overall energy consumption of the
transportation sector in Ecuador was 49 million BOE, 16%

1 The assumption is that the ratio between the number of cars
and SUVs is in direct correlation to the number of people in the
province of each respective city. This is likely to be an
underestimation, given that vehicle ownership per capita tends
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of which was due to cars and jeeps (MCSE, 2014). The
ratio between BOE and kWh is 1:1628.2, giving a total of
12,765,088,000 kWh for cars and jeeps (SUVs) in 2013.
This does not take into account the private use of pickup
trucks, which are put into the same category as freight
vehicles according to the data provided by the Ministry
of the Coordination of Strategic Sectors (MCSE, 2014).
According to data by the Ecuadorian National Institution
of Statistics and Census (INEC, 2014) it can be
determined that: a) of the 1,752,712 vehicles registered
in 2014, 784,398 are cars and SUVs. Of these 482,294 are
located in the provinces of Pichincha (Quito), Guayas
(Guayaquil) and Azuay (Cuenca). If a ratio between
population and car ownership is then assumed?, with
data from the last Census (INEC, 2010) an estimate can
be made for the number of cars and SUVs in Ecuador’s
three main cities. A ratio can then be calculated between
the total national number of vehicles and for each
particular city. The respective energy demands for cars
and SUVs in each city can then be determined, compared
to the overall energy consumption for cars and SUVs in
Ecuadorin 2013:

- Quito — 242,598 cars/SUVs and 3,947,973,550
kWh per year.

- Guayaquil - 91, 011 cars/SUVs and
1,481,097,031 kWh per year.

- Cuenca — 44,050 cars/SUVs and 716,865,840
kWh per year.

This gives a 6,145.94 GWh demand for the three cities,
making up 48% of the total for cars and jeeps in Ecuador.
If all of the vehicles were to radically change to their
electric counterparts, then gains in efficiency of
approximately 2.61 could be made (Davis, in press). This
would reduce the demands to:

- Quito—1,512,633,544 kWh per year (4,144,201
kWh per day).

- Guayaquil - 567470127 kWh per year (1,554,713
kWh per day).

- Cuenca — 274,661,241 kWh per year (752,497
kWh per day).

3.3 The space needed for renewable energies

within the city boundaries

The concept of Urban Metabolism is used as a point of
departure here, where a city’s resilience is increased
through having the resources it needs to operate being
supplied within the boundaries of the urban
environment itself. Urban Metabolism represents a
circular economy, where waste is consumed as a
resource in continuous cycles (Kennedy et al., 2007, cited
in Kennedy, C., et al. 2011). As such, the concept moves
away from the transformation of resource flows into
waste streams, and has no subsequent harmful impacts
on the environment and society that lead to a scarcity of

to be higher in cities than in rural areas. The exact number of
vehicles in each city therefore needs to be substantiated for
future research, by carrying out further studies of local statistics
from the three cities’ respective transit agencies.
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QUITO 324 km? GUAYAQUIL 345 km?
=3 -
812.6 ha 444 343,3 ha 444

Figure 1: Space requirements for solar PV
Source: Author

the very resources needed (Greyson, 2006).
Furthermore, the United Nations Issue Paper on Urban
Ecosystems and Resource Management for Habitat |lI
(HI, 2015a) argues that for a city to be resource efficient
it needs to be decoupled from the necessity to exploit
external resources. In this context and in terms of
renewable energies, an assessment can be carried out
about the space required for solar PV and wind power to
satisfy the theoretical demand from a massive change to
electric vehicles. Following this a consideration can be
made as to the possibility of locating the solar PV or wind
power within the city limits of Quito, Guayaquil and
Cuenca, and as such having them able to meet their own
electricity demands of private transport.

In terms of solar PV, according to the Solar Atlas of
Ecuador (CONELEC, 2008) the average daily global solar
irradiation that falls on the three cities is:

- Quito—5,100 Wh per m? per day.
- Guayaquil - 4,500 Wh per m? per day.
- Cuenca—4,275 Wh per m? per day.

If we then take 10% as a reasonable efficiency for a solar
PV system in converting solar irradiation to electricity
(MacKay, 2008), the following results can be deduced for
the areas required in each city to meet the theoretical
demands from a mass conversion to private electric cars
and SUVs (Table 1 and Figure 1).

Theoretical Electricity
. . . Space
daily electric potential required
City car/SUV generated a

for solar

demand from solar PV PV (ha)

(kWh/day)  (kWh/m?/day)

Quito 4,144,201 51 812,6

Guayaquil 1,554,713 4,5 343,3
Cuenca 752,497 4,275 176.02

Table 1: Space requirements for solar PV
Source: Author

Let Quito be a case study to assess the feasibility of
locating the solar PV needed within the city boundaries.
According to the latest Census held in Ecuador (INEC,

CUENCA 67,71 km?

2
176,02 ha 444

2010), Quito has a total of 763,719 households divided
into the following typologies:

- House: 57% (435,320).

- Apartment: 29% (221,478).

- Room: 8% (6,097).

- Temporary housing: 6% (45,824).

The Quito Municipality (DMQ, 2011) then classifies the
surface area the household occupies as:

- Small household < 65 m?.
- Large household = between 65 and 120 m?.
- Extra-large household > 120 m=.

Let it be assumed that the percentage of houses lie on
average on the verge between small and large
households, with a surface area of 65 m2. This would then
give the result of a surface area of:

- Housing: 28,295,800 m? surface area.

Overall, 28,7% of the household roofs would need to be
covered with solar PV (Figure 2) in order to satisfy the
potential demand from a mass conversion to electric
vehicles, and as such it seems ambitious, yet feasible to
locate the renewable energy within the city limits.

QUITO 324 km?

# 28295800 m"”

28,7% of

roofs of houses

Figure 2: Percentage of roofs of houses needed for solar
PV
Source: Author
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QUITO 324 km? CUENCA 67.71 km?

203 601 231 m? m

Figure 3: Space requirements for wind power
Source: Author

In terms of wind power, according to Ecuador’s National
Electricity Advisory Board (CONELEC, 2013) over the
short term Ecuador has the potential to produce the
following wind power in the provinces of Pichincha
(where Quito is located) and Azuay (where Cuenca is
located):

- Pichincha (Province where Quito is located) —
109.48 GWh/year in an area of 21.25 km?.

- Azuay (Province where Cuenca is located) —
110.13 GWh/year in an area of 21.38 km?.

The province of Guayas (where Guayaquil is located) was
not included as a potential area for the expansion of wind
power (CONELEC, 2013), and so is not taken into
consideration here. If a direct ratio is assumed between
space required and wind power generated, the following
results can be deduced for the areas required in Quito
and Cuenca to meet the theoretical demands from a
mass conversion to private electric cars and SUVs (Table
2 and Figure 3)..

Theoretical
dally' Wind power Space
. electric . required for
City potential .
car/SUvV (kWh/m?/day) wind power
demand ¥ (m?)
(kwh/day)
Quito 4,144,201 5,2 293,601,231
Cuenca 752,497 5,2 53,321,141

Table 2: Space requirements for wind power
Source: Author

Overall, it is clear to see that solar PV has the potential to
meet the theoretical electricity demand within the city
boundaries, whereas wind power does not.
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3.4 Urban Metabolism as a tool for urban
planning and socio-economic development

Urban metabolism is rarely used as a tool for urban
planning, save for but a few cases (Kennedy et al., 2007,
cited in Kennedy, C., et al. 2011). It is gaining popularity
in China however, due to it being seen as a manner
through which resource scarcity and economic growth
can be coupled (Yuan, Bi, and Moriguichi, 2008). Davis,
Jacome and Lamour (2016) take the concept of urban
metabolism a step further for its use in developing cities
in emerging economies. In the said research it was
argued that urban metabolism should be harnessed in
such a manner that urban energy demands are met via
micro renewable plants, which are located in poverty
vulnerable areas leading to their socio-economic
development. The said research first carried out a
population density and vulnerability index study. This
was then used in order to locate the optimal location for
a renewable energy plant, where the economic
resources that could be generated in the area were
evaluated. The same methodology could be used for the
solar PV needed to be installed to meet the theoretical
demand from a mass conversion to private electric cars
and SUVs in Quito, Guayaquil and Cuenca. In this case, a
future study should be carried out to assess the manner
in which the solar PV could be installed (for example on
the roofs of buildings) so as to not only meet
requirements for urban metabolism, but where the
potential for the socio-economic development of
vulnerable urban communities could be examined in
greater depth.

3.5 In the short term: the need for multimodal

transport systems in Latin America

It is unlikely that full Battery Electric Vehicles (BEVs) will
dominate the market over their internal combustion
engine counterpart in the medium-term (Tran, Banister,
Bishop and McCulloch, 2012). Additionally, as was
mentioned previously in section 3.1, cars are seen to
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carry few people, need large spaces and are energy
inefficient?. It is therefore ever more important to ensure
that multi-modal transport systems mitigate the need for
mass car use. A number of interesting case studies for
innovative multimodal transport systems can be found in
Latin America. For example, Curitiba in Brazil pioneered
the Bus Rapid Transit (BRT) system in 1974 (Lerner,
2007). This has been praised as a low-cost mass transit
technology, in addition to being implemented with a
land-use policy that encouraged increased density in
proximity to the BRT stations (HIll, 2015b). The
technology has since spread worldwide, seen by the
example of Guangzhou in China, which has a BRT system
used by 800,000 people daily with an integrated bicycle
infrastructure (HIll, 2015b). In Colombia meanwhile,
Medellin’s use of cable cars as part of its public mass
transport system is regarded as being successful. It was
able to connect hillside urban communities that were
isolated from the metro system, and as such was pivotal
in the urban development of these areas (Brand and
Davila, 2011). The three metrocable lines of Medellin
have a combined capacity of 7,200 passengers per hour
(Serna Gallego, 2011). This is less than the capacity of BRT
systems, but provides a solution where relatively isolated
hillside urban areas have access to the city for a
comparable cost-per-km as BRT (Brand and Davila,
2011).

4. Conclusions

Overall, it is put forward that Ecuador has a vested
interest in a transition to electric transport. The main
national energy consumption is refined gasoline, which
has to be imported and is then heavily subsidized.
Additionally, the country is investing heavily in
hydropower, which gives a cheap source of electricity
once installed. Should there be a sudden, massive change
to private electric cars and SUVs in the three main cities
of Ecuador (Quito, Guayaquil and Cuenca), solar PV could
potentially be a renewable energy source that would be
able to satisfy the extra electricity demands that would
be generated within the boundaries of the cities
themselves. This is important in terms of urban
metabolism, where cities strive to provide their own
resources in the future within their urban boundaries.
Wind power would not be able to do so within such a
paradigm of urban metabolism. In the short term
however, such a mass change is not likely, nor would
solve the space requirements for cars circulating in the

2|t isin order to note however, that even if cars were to become
more energy efficient by changing to electric vehicles, they
would still carry few people and need large spaces.

city. As such, multi-modal transport systems that have
had success in Latin America should be considered in
greater depth whilst there is a transitionary period to
electric vehicles.

5. Recommendations for

further research

There are a number of fields of study that could be
explored further that were highlighted in this research.
First, studies need to be carried out of local statistics
from the three cities’ respective transit agencies, in order
to better quantify the exact number of cars and SUVs in
circulation in Quito, Guayaquil and Cuenca. Second,
legislation and economic parameters need to be studied
further in order to assess the potential of the installation
of solar panels on urban rooftops, preferably in
vulnerable urban areas that could most benefit from
socio-economic development. Third, an in-depth study
should be carried out of the transition to electric
vehicles, and the role multi-modal transport systems
have. This is related to the fact that a transition to electric
vehicles only works towards partially solving the problem
of fossil fuel demands from the transport sector, but has
little impact on the issue of congestion and space
requirements. The latter issue could be effectively
addressed by having mass multi-modal transport
systems that run on electricity as the next step.
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