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RESUMEN

El Ecuador en los ultimos afios ha tenido un impacto positivo en las emisiones de efecto
invernadero con la incorporacion de vehiculos eléctricos en comparacion con los vehiculos de
combustion interna. Sin embargo, hay que tomar en cuenta algunos aspectos que permiten tener
una mejor certeza de lo que ocurre. La produccion de baterias para los autos eléctricos genera la
utilizacion de grandes cantidades de recursos naturales y por consecuencia gran cantidad de
energia utilizada para esta construccion, ocasionando de esta forma un impacto ambiental
significativo, una forma de contrarrestar es la implementacion de politicas de construccion y
reciclado o reutilizacién de estas baterias que pueden bajar significativamente el impacto

negativo.

El incremento de parque automotor en el Ecuador puede generar un incremento
significativo de la demanda de luz eléctrica, lo que puede ocasionar un incremento de la
generacion eléctrica de fuentes renovables por lo que habria que implementar fuentes que
produzcan energia limpia como solar o e6lica. Desde otra mirada de la problematica del aire de
las ciudades, al utilizar autos eléctricos que no generan gases contaminantes como los autos de
combustion interna se puede mejor el aire de las ciudades en forma significativa, al eliminar los
gases de efecto invernadero los vehiculos eléctricos pueden contribuir a reducir el cambio

climatico, aprovechando la biodiversidad tan rica del Ecuador.

En términos generales el impacto generado por la Electro movilidad el en Ecuador es
positiva por la reduccion elementos contaminantes a la atmosfera y la mejora del aire, sin dejar
de lado las consecuencias que genera este cambio energético que sin politicas de control podrian

ser muy nocivas para €l desarrollo. La huella carbén generado por los autos eléctricos en gran



parte depende de las fuentes que producen esta energia, es decir en paises que la energia eléctrica
es generada por fuentes renovables como el caso de hidroeléctricas, fuentes solares o edlicas el
residuo de carbon es mucho menor que las generadas por los autos a gasolina, sin embargo la
fuente de generacién de electricidad en un porcentaje pequefio ain es por fuentes a partir de
combustibles fésiles o a partir de carbon, si la fuente de generacion de energia es por
combustibles fosiles esta huella de carbon de los autos eléctricos puede ser igual 0 mayor a los
autos convencionales actuales, en cuanto a las baterias se necesita de materiales como el litio,
cobalto y niquel que su extraccion es a cielo abierto en la mayoria de las minas, produciendo un
impacto negativo en el medio ambiente, es por ello la importancia de trabajar en fuente de

alimentacion de energia eléctrica renovales limpias con el medio ambiente.

El presente estudio presenta una metodologia de investigacion cientifica con un enfoque
cuantitativo — comparativo en donde mediante modelos matematicos como formulas y
proyecciones estadisticas se piensa llegar a una conclusién de la huella de carbon, los resultados
determinan que el uso de vehiculos eléctricos es importante para bajar los gases de efecto
invernadero mitigando la huella de carbon en el ambiente, al ser la electricidad del Ecuador en su
gran mayoria por fuentes renovables, “es importante indicar que en la actualidad el 92% de la
generacion de energia en el pais proviene de centrales hidraulicas, el 7% de térmicas y el 1% de
fuentes no convencionales (fotovoltaica, edlica, biomasa, biogas, geotermia, entre otras).
(Ministerio de energia y minas, 2023). Como conclusion del estudio se determina que existe una
reduccion importante de la huella de carb6n segun los calculos obtenidos durante el proceso de
analisis del presente trabajo, permitiendo dejar la puerta abierta para poder cuantificar cual es
impacto ambiental al no utilizar combustibles fosiles al ambiente y las implicaciones a su
entorno natural, si bien es cierto que la gran produccion de energia es por fuentes renovables es
necesario generar regulacion fuertes y politicas internas de gobierno para la normalizacién de
usos de energias para vehiculos eléctricos, por citar un ejemplo una marca conocida en el
Ecuador genera la competicion nono marca de autos eléctricos en circuitos, el transporte de estos
se lo hace en vehiculos propulsado por combustibles fésiles y la generacion de electricidad para
propulsar a éstos autos de competicion se lo hace por medio de un grupos electrégenos
propulsados por combustibles fosiles dejando la esencia de ser menos contaminante por el simple
hecho de generar lucro.

Palabras claves: Electro movilidad, emisiones contaminantes, energia, Ecuador



ABSTRACT

Ecuador in recent years has had a positive impact on greenhouse gas emissions with the
incorporation of electric vehicles compared to internal combustion vehicles. However, it is
necessary to take into account some aspects that allow us to have a better certainty of what is
happening. The production of batteries for electric cars generates the use of large amounts of
natural resources and consequently a large amount of energy used for this construction, thus
causing a significant environmental impact, a way to counteract is the implementation of policies
for the construction and recycling or reuse of these batteries that can significantly reduce the

negative impact.

The increase in the number of vehicles in Ecuador can generate a significant increase in
the demand for electricity, which can cause an increase in the generation of electricity from
renewable sources, so it would be necessary to implement sources that produce clean energy
such as solar or wind power. From another perspective of the air problem in cities, by using
electric cars that do not generate polluting gases like internal combustion cars, the air in cities
can be significantly improved, by eliminating greenhouse gases, electric vehicles can contribute
to reduce climate change, taking advantage of the rich biodiversity of Ecuador.

In general terms, the impact generated by electric mobility in Ecuador is positive due to
the reduction of pollutants in the atmosphere and the improvement of the air, without leaving
aside the consequences generated by this energy change that without control policies could be
very harmful to development. The carbon footprint generated by electric cars largely depends on
the sources that produce this energy, i.e. in countries where electricity is generated by renewable
sources such as hydroelectric, solar or wind sources the carbon residue is much lower than those
generated by gasoline cars, however the source of electricity generation in a small percentage is
still by sources from fossil fuels or from coal, If the source of energy generation is from fossil
fuels, the carbon footprint of electric cars can be equal or greater than the current conventional
cars. As for the batteries, materials such as lithium, cobalt and nickel are needed, which are
extracted in the open air in most of the mines, producing a negative impact on the environment,
which is why it is important to work on renewable electric energy sources that are

environmentally friendly.



The present study presents a scientific research methodology with a quantitative-
comparative approach where through mathematical models such as formulas and statistical
projections is thought to reach a conclusion of the carbon footprint, the results determine that the
use of electric vehicles is important to lower greenhouse gases mitigating the carbon footprint in
the environment, Since most of Ecuador's electricity comes from renewable sources, "it is
important to indicate that at present 92% of the country's energy generation comes from
hydroelectric plants, 7% from thermal plants and 1% from non-conventional sources
(photovoltaic, wind, biomass, biogas, geothermal, among others). (Ministry of Energy and
Mines, 2023). As a conclusion of the study it is determined that there is a significant reduction of
the carbon footprint according to the calculations obtained during the analysis process of this
work, leaving the door open to quantify the environmental impact of not using fossil fuels to the
environment and the implications to its natural environment, although it is true that the great
production of energy is by renewable sources, it is necessary to generate strong regulation and
internal government policies for the standardization of energy uses for electric vehicles, For
example, a well-known brand in Ecuador generates the competition of electric cars in circuits,
the transportation of these is done in vehicles powered by fossil fuels and the generation of
electricity to propel these competition cars is done by means of a generator powered by fossil

fuels leaving the essence of being less polluting for the simple fact of generating profit.
Keywords: Electromobility, polluting emissions
INTRODUCCION

Las condiciones mundiales hoy en dia son alarmantes por el alto impacto a las
condiciones climaticas por el efecto invernadero a causa de liberacion de gases contaminantes
producto de la quema de combustibles fosiles en una gran mayoria. “La introduccion en el
mercado de los vehiculos impulsados por SPE ha sido acelerada en los ultimos afios debido a la
alerta sobre el eminente agotamiento de los recursos hidrocarburiferos después del 2040 y el
imparable calentamiento global, segun lo reportan” (Kuo, 2019; Leach et al., 2020). Siendo
evidente el agotamiento de este recurso energético, la causa de limitar o bajar este consumo es
por los niveles altos de contaminantes que produce al medio ambiente, “A nivel mundial, las
emisiones de didxido de carbono CO2 son una de las principales causas del aumento de los GEI

(Gases Efecto Invernadero), calentamiento global y baja calidad de aire” (Pérez-Martinez,



Miranda, Andrade, & Kumar, 2020). “Este problema se agrava debido al elevado nlimero de
VMCI que funcionan a base de combustibles fosiles emitiendo GEI”” (Leach, Kalghatgi, Stone, &
Miles, 2020). Es casi insostenible seguir emitiendo las mismas cantidades de GEI (gases de
Efecto Invernadero) a la atmosfera, es necesario cambiar la mirada a otras fuentes de energia

limpias que permitan minimizar este efecto o eliminarlo de ser el caso.

El cambio de matriz energética para la movilidad ha permitido que las industrias
automotrices de principio se planteen como alternativa los autos hibridos, siendo el fabricante
Toyota uno de los pioneros que lanz6 por primera vez el PRIUS en 1997 generando un cambio
de esquemas, este auto es la combinacidn de un motor de combustion interna tradicional con un
eléctrico movido por baterias que a su vez es re-cargado por el motor de combustion y en parte
por regeneracion. Hoy en dia la alternativa que prevalece son los autos 100% eléctricos que
permite la alternativa de la movilidad humana con sistemas més limpios que protegen el medio
ambiente, el presente estudio determina la huella de carbon del parque automotriz eléctrico en el
Ecuador en los Gltimos afos, La huella de carbon es la cantidad de GEI liberados en el proceso
de vida util de auto, esto significa desde la fabricacion, incluido la obtencion de materias primas,

el uso cotidiano y su eventual disposicion.

La fabricacidn de estos autos incluye la extraccion y procesamiento de materias primas,
las mis pueden ser minerales para la fabricacion de baterias, metales u otros componentes para la
fabricacién de componentes eléctricos, esto implica la utilizacion de mucha energia y en varios
de los casos sigue siendo una energia que proviene de fuentes fosiles, es por ello que la huella de

carbdn puede ser mayor de un auto eléctrico si no se controlan los procesos.

El Ecuador es un pais que sus habitantes estan acostumbrados por politicas de estado a
tener subsidios en todos y el combustible no es la excepcidn, al ser el precio del petréleo una
variante mundial que depende de la oferta y demanda afecta de forma significativa a las arcas del
ecuatorianas cuando el precio sube, pese a ser un pais petrolero que comercializa el crudo y una
parte lo transforma en combustibles, pero de todos modos la demanda supera lo producido lo que
obliga a importar combustibles para satisfacer las necesidades, la mejora de combustible
ecuatoriano se lo hace al mezclarlo con otros combustibles importados para mejorarlo. “En 2022
Ecuador importd el 70% de combustibles que consume su mercado interno, lo que represento un

costo de USD 7.646 millones. Se trata de una cifra nunca antes vista. La importacion de diésel,



gasolina y gas licuado de petroleo representa, ademas, un aumento del 69% frente a 2021 cuando
ese gasto sumé USD 4.523 millones, segun Petroecuador.”

https://www.primicias.ec/noticias/economia/ecuador-importacion-historica-cifra- combustibles/.

Permitiendo en los ultimos gobiernos empezar a quitar los subsidios en los combustibles
que se lo hace de forma sistematica y progresiva, el subsidio de la gasolina Super ya no existe y
se han incrementado los otros combustibles. Lo que de una manera facilita la comercializacion
de autos eléctricos en el pais, sin ser la una de las causas principales ya que se la electro
movilidad se enfoca en el cambio energético y las condiciones climéticas que cada vez son mas

inclementes con la naturaleza y el hombre.

Segun datos obtenidos de la Asociacion de empresas automotrices de Ecuador AEADE
en el afio 2020 se vendieron un total de 88 Evs (Vehiculos Eléctricos), en comparacion con el
afo 2021 donde sus ventas incrementaron en 268 unidades vendidas y en el actual afio solo hasta

el mes de febrero se han vendido un total de 103 unidades.

Se manifiesta una tendencia de crecimiento del parque automotor eléctrico en el territorio
nacional, lo que genera la discusion de un estudio que nos permita estimar el crecimiento de este
parque automotor en 5 afios y cudl seria el impacto ambiental que estos tendrian en cuanto a
demanda energética y gestion de residuos como baterias y componentes electronicos y eléctricos
que Poseen este tipo de vehiculos, lo que permitira un crecimiento de la demanda energética del

pais por el uso de electricidad en lugar de combustibles fésiles.
Figura #1
Demanda de combustibles en el Ecuador en millones de délares

B Millones de USD [l Meta

Millones de USD
2016: 2.332



https://www.primicias.ec/noticias/economia/ecuador-importacion-historica-cifra-%20combustibles/

Fuente: BCE y Petroecuador * Grdfico: Monica Orozco — PRIMICIAS EIl dato de 2023 es la
proyeccion del BCE

MARCO TEORICO

Los automdviles para realizar su trabajo utilizan energia que proviene de los
combustibles fosiles, los mas utilizados el diésel para la transportacion, carga y parte de los
vehiculos domésticos, la gasolina para las unidades pequefias o de uso doméstico taxis, entre
otros, estos combustibles fésiles se queman para produccion trabajo térmico utilizado para la
movilizacidn, esta quema es un proceso de combustidn interna que generan gases nocivos para el
ambiente, asi como para los seres vivos. La liberacion de gases de escape por los vehiculos
depende de muchos factores dentro de los cuales podemos citar condiciones del automavil, la
norma que los rija las caracteristicas de uso, la tecnologia entre otros factores como los
geograficos. Esos tipos de vehiculos gueman combustible para producir la energia que alimentan

el motor.

El combustible extraido del tanque y llevado a los cilindros del motor donde cada uno de
ellos aspira gasolina/diésel en secuencias junto con la cantidad necesaria de aire para el proceso
de oxidacion. La chispa eléctrica en motores gasolina o presion — temperatura en el caso de
motores diésel, encienden la mezcla aire-combustible dando como resultado la expansion
repentina de volumen dentro de los pistones del motor que genera movimiento alternativo
rotatorio necesario es para la produccion de trabajo. Este movimiento de los pistones hace que el
eje de transmisidn gire multiplica la fuerza del motor en la caja de cambios, siendo la
responsable de transmitir el movimiento a los ejes de propulsion y de esta manera girar los

neumaticos que producen la propulsion del auto con el firme.

La llegada de los automotores eléctricos minimiza la utilizacion de combustibles fésiles
para generar energia, estos utilizan energia eléctrica que se almacenan en baterias posterior a una
carga de las mismas, este almacenamiento se va entregando de acuerdo a la utilizacion del
vehiculo, la autonomia es un limitante no por la distancia recorrida sin por la falta de lugares de
recarga y lo més importante por el tiempo que toma la recarga de energia, aun no hay lugares
donde se puedan cargar con normalidad y lugares de repostaje eléctrico con mayor frecuencia,
pero que son una alternativa positiva para la mejora del cambiante clima (cambio climatico). NO

es menos cierto que un motor eléctrico no genera GEI (gases de efecto invernadero) y la cantidad



de CO: generada es por la forma de generar la electricidad, en lagares del mundo la generacion
es por medio de termo eléctricas que sumado a las baterias y deméas componentes hacen que los

autos eléctricos pueden producir mas cantidad de GEI.

El motor eléctrico es responsable de propulsar las ruedas motrices del vehiculo. Algunos
modelos tienen dos motores colocados en cada eje del coche, esto depende de las caracteristicas
constructivas de cada fabricante o en su defecto solo colocan uno. Al ser eléctricos no producen
emision de efecto invernadero. Es bien sabido que, a finales del siglo XIX, los coches eléctricos
eran muy comunes debido a la simplicidad de la tecnologia. Se ha observado que, en 1899, EI 90
por ciento de los taxis de Nueva York eran eléctricos. Los vehiculos eléctricos (EVS) se

considera que ayuda a reducir los niveles de emisiones de gases de efecto invernadero.

No es menos cierto que los combustibles fosiles son una fuente de energia no renovable y
gue su precio depende de algunas variantes que hacen que sea inestable pensar en el cambio
energético mundial, esto no solo afecta el cambio climatico sino también las economias de
muchos paises incluido el Ecuador. Siendo la electricidad una energia renovable y que en el
Ecuador la gran mayoria depende de fuentes limpias como las hidroeléctricas el desarrollo de los

autos eléctricos en el pais se ven muy bien sustentado.

Aunque los vehiculos eléctricos se los denomina como ecologicos, existen algunos
desafios de andlisis para poder concluir con la definicion propuesta. Uno de ellos es la baja
capacidad de la bateria, asi como su elevado costo. El pequefio nimero de estaciones de carga
también plantea un desafio en este momento. Si mas personas comienzan a usar coches
eléctricos, la demanda de electricidad de las centrales hidroeléctricas aumentara y habra que

determinar si esta demanda se la pueda cubrir.

El estudio pretende determinar las causales de la huella de carbdn que se generara en los
préximos cinco afios y si ese efecto es beneficioso para el pais y o mas importante mirar como
esto contribuye de forma positiva 0 negativa al impacto a la casa grande, la casas de todos el

Planeta Tierra.
2.1 Electricidad y Emisiones de Carbono en Ecuador

“Considerando el aporte del parque generador nacional y las importaciones por los
enlaces internacionales, la energia bruta producida en el 2022 alcanz6 los 28.870 GWh; valor
que presenta un incremento del 3,02% respecto al afio anterior, cuyo incremento se produjo en la
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generacion termoeléctrica e interconexiones. La generacién hidroeléctrica ocupa el mayor
porcentaje de produccion con un 84,91% que corresponde a 24.512,86 GWh del total de energia
bruta del afio 2022” Cenace informe anual 2022. La energia producida en el Ecuador viene de
diferentes fuentes de generacion, la principal son la hidroeléctricas que gracias a la hidrografia
del pais permite no solo tener una sino varias fuentes de este tipo que van a una red nacional de
interconexidn para el suministro nacional, la que le sigue en segundo lugar con mucho menor
porcentaje es por fuente térmicas, es decir de motores de combustion interna movidos por
distintos combustibles fésiles, como por ejemplo el diésel, el bunker, entre otros, permitiendo
hacer un andlisis positivo al mirar la reduccién en los Gltimos afios el consumo de energias
provenientes de las termoeléctricas, en porcentajes mucho mas bajos las energias alternativas
donde se puede encontrar las fuentes edlicas, fuentes solares, entre otras que de alguna manera se
estan introduciendo en el sector productivo energético pudiendo ser una de las alternativas de
incremento a futuro por tratarse de fuentes limpias. EIl incremento de los vehiculos eléctricos
genera una mayor demanda energética, donde la mirada productiva energética para cubrir las
nuevas demandas genera un reto que se debe enfocar en cubrir la necesidad con la utilizacién de
energias limpias y renovables, preponderando politicas de eliminacion de las fuentes de energia
termoeléctricas, las fuente donde se pueden aplicar la nuevas tendencias pueden ser por las
condiciones del pais e6licas que aprovechan las corrientes de aire a cielo abierto, o las fuentes de
energia solar que no generan residuos contaminantes en especial en Ecuador que se encuentra

localizado en la mitad del mundo y tienen una recepcién solar inigualable.

2.1 Produccion de energia y emisiones de CO: en el 2018 — 2022
Figura #2

Produccién energética 2022
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La produccion total de energia eléctrica del Ecuador, en 2018, fue de 29.243 GWh. La
componente de energia eléctrica renovable fue de 21.224,31 GWh, que representd un 72,58% del

total; mientras que la no renovable 8.019,28 GWh, con un valor de 27,42%.

La produccion en el S.N.1. por tipo de energia estuvo integrada por: renovable 21.198,02
GWh (83,54 %) y no renovable 4.177,89 GWh (16,46 %), la facturacion de energia a nivel de
usuarios finales fue 21.051,74 GWh.

En los Gltimos afios la produccion hidroeléctrica ha mejorado su produccién de energia
limpia para el consumo nacional, esto no quiere decir que se ha podido eliminar la energia
termoeléctrica por completo, pero es notorio que la utilizacion de energias limpias esta llevando

la delantera con respecto a las de produccidn de energias no renovables y contaminantes.

Asi se puede ver las politicas gubernamentales que impulsan la disminucion del CO: que
son los grandes causantes del cambio climatico, en la gréfica se identifica la reduccion de los
altimos afios con una tendencia sostenible a la baja, esto viene da la mano de la reduccion de las
fuentes termoeléctricas y la ampliacion de fuentes renovables como las hidroeléctricas y la

implementacion de otras energias renovables como la solar y edlica.

El cambio de la matriz productiva en el parque automotor de combustibles fésiles a
eléctricos requiere de una mayor demanda energética, el pais por sus recursos naturales hidricos
y con una buena gestion puede solventar la demanda con una generacion renovable energética, se

puede apuntar a la generacion solar por el puesto estratégico del pais en el globo terraqueo, y
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en la demanda.

Figura #3
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2.2 Huella de carbon segun su fuente energética

Cada fuente de electricidad emite una cantidad diferente de didxido de carbono por
unidad de energia producido. El término utilizado para describir esta huella de carbono de la
fuente de electricidad se denomina el Factor Carbono. La unidad del factor de carbono es
gCO2/kWh. La Tabla 1 presenta el Carbono Factor para cada fuente de energia. De Acuerdo con
(Pentland , 2011).

Tabla#1

Huella de carbédn de acorde a la fuente energética

Fuente defFactor de carbono
Electricidad (gCO2 / Kwh)
Termica 786

Gas 170
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Hidroeléctrica 7

Renovables 41.25

Fuente: Pentland, 2011
2.3 Parque automotor en Ecuador

De acuerdo con la AEADE en el a actualidad en el Ecuador existen un total de 2.772.180
vehiculos, estos vehiculos demandan una cantidad de energia enorme de combustibles fdésiles, la
gran mayoria viene por los derivados del petréleo, que son la mayor fuente de generacién de
GElI, generando una tendencia al inicio de cambio energético de los autos hibridos, en la
actualidad la tendencia mundial es apuntar a los autos 100% eléctricos, como es l6gico al inicio
no existe demanda eléctrica, en el correr de los Ultimos afios se estan introduciendo en el parque
automotor del pais autos eléctricos, el afio 2022 tuvo un venta de 405 unidades que hace unos

cinco afnos no pasaba de 20 unidades por afio, datos tomados de la AEADE.
2.3.1 Venta de autos eléctricos en Ecuador.
Figura #4

Venta vehiculos eléctricos por marca y modelo 2019 - 2022
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Fuente: AEADE ASOBLANCA

El incremento sostenido que esta ocurriendo en el parque automotor eléctrico se enfoca
en tratar de baja la huella de carbon de los autos convenciones, es importante por cuestiones
medioambientales como principal causa, el estudio permite tener una idea clara de lo que ocurre

con los autos eléctricos posterior a la toma de datos.
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2.3.2 Tipos de autos eléctricos vendidos en Ecuador
Figura #5
Ventas vehiculos eléctricos
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3. MATERIALES Y METODOS

La investigacion tiene una metodologia experimental porque acusa a datos estadisticos
con poca informacion de vehiculos vendidos en los Ultimos afios, esto se debe al reciente cambio
de energia vehicular y el recelo que causa en los usuarios al inicio, un analisis matematica
numérico planteado una estimacién del crecimiento del parque automotor EV en el pais en un
lapso de cinco afios, mediante un modelo de regresion lineal simple para estimar la demanda

energética y el impacto ambiental de dichos vehiculos en KgCO2/ Kwh.
3.1 Estimacion del crecimiento del parque vehicular EV

El modelo de regresion lineal permite estimar la relacion que existe entre una variable
dependiente (variable respuesta), con una relacion de variables independientes (variables

explicativas).

La regresion lineal simple explicar la relacion que existe entre la variable respuesta que
es de donde se estima los datos a proyectar con una Unica variable explicativa X que son los
datos de entrada.
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Mediante las técnicas de regresion de una variable Y en relacion a la variable X, busca
una funcién gue sea aproximacion muy cercana a la realidad de una nube de datos que se reflejan

como puntos estadisticos.
La ecuacion matematica de regresion lineal simple:
Y =a+BX + ¢ Eq. (1)

En donde [J es la ordenada en el origen (el valor que toma Y cuando X vale 0), [J es la
pendiente de la recta (e indica como cambia Y al incrementar X en una unidad) y [J una variable
que incluye un conjunto grande de factores, cada uno de los cuales influye en la respuesta sélo en
pequefia magnitud, a la que llamaremos error. X e Y son variables aleatorias, por lo que no se
puede establecer una relacién lineal exacta entre ellas, la cual serd empleada para proyectar y
estimar el crecimiento del parque vehicular Eléctrico mediante una proyeccion lineal donde se
realizara de los afios afio 2015 hasta el 2022 en base a datos del informe de AEADE afio 2022,
posterior a esto se realizara la proyeccion del crecimiento a 5 afios del parque vehicular eléctrico
en el Ecuador.

3.2 Demanda energética

La CENAE hace un estudio pormenorizado cada afio, donde se van determinado las
metas propuestas, asi se puede mencionar que una de ellas es bajar el nivel de CO- cada afio de la
generacion eléctrica en le pais. La revision bibliogréfica ha proporcionado informacidn sobre
cuanta electricidad se genera en Ecuador anualmente, cuanto se incrementa la demanda anual
para el periodo 2018 — 2023. El siguiente paso de la metodologia es determinar el aumento de la
demanda de electricidad al incrementar la poblacién de Evs en Ecuador. Con el fin de proyectar
un namero apropiado que tenga concordancia con la nueva demanda, se ha encontrado
importante descubrir cuéles son los vehiculos eléctricos populares que se utiliza para determinar
el valor promedio del consumo eléctrico entre los coches eléctricos mas populares en funcion de
la cuota de mercado de cada marca y sus especificaciones. Determinado mediante la siguiente

ecuacion:
ECiotar = Xi=1(EC; X PP)) Eq. (2)

EC representa el consumo eléctrico en (kWh/100km) y PP es el Porcentaje Proporcion de

los vehiculos segun la popularidad de la marca, representada como (valor) en porcentaje; n es el
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numero de automoviles incluidos en la investigacion que son el resultado de los datos

estadisticos que brinda la AEADE en su anuario ultimo.

Para determinar el kilometraje anual recorrido por un auto y cudl es la energia media de

consumo eléctrico y la demanda de energia de un solo coche se puede determinar como:
RE = (ADT +100) X AEC  Eq. (3)

RE representa la Electricidad Requerida para un solo auto eléctrico (kwh), ADT es la
Distancia Anual Recorrida (km), y AEC es el Consumo Eléctrico Promedio de un coche eléctrico
(kWh/100km). Después de determinar RE, se multiplica por el nimero de vehiculos ligeros de

acuerdo a la proyeccion de unidades proyectadas a futuro.

Determinando las variables requeridas, se cuantifica la electricidad en un automovil

consumida en promedio y necesitaria para su movilidad.

Al multiplicar ese valor consumido por una unidad, al tener el nimero de unidades de
automoviles Evs en Ecuador por afio de la proyeccion, se puede estimar la electricidad anual
requerida para alimentar todos los vehiculos eléctricos durante un afio y asi ir determinado el

incremento las necesidades de consumo energético en crecimiento afio por afo.
3.3 Emisiones de carbon

El aporte bibliografico ha proporcionado informacion util sobre la cantidad de emisiones
de carbono que producen los vehiculos ligeros y el factor de carbono de cada fuente de
electricidad en Ecuador para el periodo de 2015-2018, y la informacion necesaria sobre cuanta
electricidad produce Ecuador por afio y el factor de carbono de cada fuente. El nivel de emision

de carbono se puede calcular para cada fuente de energia utilizando la ecuacion:
CE = AE X CF Eqg. (4)

CE es la Emisidon de Dioxido de Carbono de la produccion de electricidad en kg; AE es la
cantidad de electricidad en kWh; y CF es el factor de carbono de la fuente de energia en
kgCO2/kWh.

Tras el calculo de la emision de carbono de cada fuente, la emision total de carbono para
la estimacion se calcula teniendo en cuenta la sumatoria de la generacion eléctrica por

porcentajes.

15



RESULTADOS Y DISCUSION

Los datos base se han realizado de dos fuentes legalmente instituidas en el pais, la una
institucion del gobierno que determina la generacion eléctrica y si nivel de emisiones de CO:
producto de esta generacion, cabe destacar que hay una politica de reduccion misma que de
evidencia afo tras afos en los reportes de la CENACE. El estudio pretende determinar bajo las

caracteristicas de consumo si el impacto del parque automotor eléctrico

La proyeccion de ventas nacionales de vehiculos eléctricos en el pais desde el afio 2015 a
hasta el 2022, a partir del 2023 hasta el 2028 es la proyeccion lineal de acuerdo a los datos

estadisticos existentes, que serian las unidades existentes aproximados para los afios venideros.
4.1 Unidades Vendidas desde el 2015 al 2022 y proyeccion lineal de ventas 2023 al 2028
Tabla # 2

Estimacion crecimiento EV

Vehiculos eléctricos.
Ventas histdricas Proyeccion de ventas a cinco afios

Afios 2015 2016 2017 2008 2009 2020 2021 2022 2023 2024 2025 2026 2027 2028
Unidades 100 84,00 12300 130,00 10300 106,00 348,00 40500 380,00 42859 47744 51589 57435 622,80

Fuente: Del Autor

La informacion obtenida de la venta histérica de este tipo de vehiculos otorgada por la
AEADE nos demuestra gue estos han tenido un crecimiento lineal en los Gltimos afios lo que nos
permite hacer la proyeccion lineal para la identificacién de unidades que circularan por el pais,
pero adicional a ello se necesita la informacion del tipo de vehiculo para la determinar su
consumo energético, asi como la distancia que recorren en promedio para los autos de las

mismas caracteristicas que van a suplir.

Los autos Suv en el pais se comercializan muy bien, es por ello que la demanda de
eléctricos de este tipo ha sufrido un incremento de ventas, la tabla siguiente describe el
comportamiento de las ventas y su proyeccién el ese segmento particular basados en datos
obtenidos de AEADE.

Tabla# 3
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Estimacion crecimiento SUB EV

Vehiculos SUV eléctricos.

Ventas historicas Proyeccion a cinco aiios
Aiios 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028
Unidades 30 20 230 200 300 372 444 516 588 660

Fuente. Del Autor

Con las ventas y la descripcion del vehiculo se puede determinar el recorrido en
promedio de los autos de este tipo, estos datos son tomados de datos estadisticos obtenidos de

fichas técnicas de los vehiculos con un consumo promedio de 15.3 KW/100KM.
Tabla# 4

Consumo energético SUBS EVS

Consumo de energia de autos SUV eléctricos

Ventas historicas Proyeccion a cinco afios
Afios 0019 200 021 2012 2073 204 2025 2026 2077 2028
Consumo KW/KM 459 306 3519 3060 4590 569L6 67932 7848 39964 10093
Consumo total anual 51800 61200 703800 612000 918000 1138320 1358640 1578960 1799280 2019600

Fuente. Del Autor

El Consumo total de los autos eléctricos sub para el periodo de cinco afios es de 8812800

KW. Este mismo método se emple6 para cada tipo de vehiculo; los automoviles tienen una

presencia de crecimiento importante en el parque automotor eléctrico, los datos de recorridos por

afio en el estudio estan involucrados los taxis y algunos que se dedican a la misma actividad,
pero sin formar gremios, los datos obtenidos se los coloca en las tablas, con un consumo de
energias de 14.3 KW/100KM de recorrido.

Tabla#5

Estimacion y consumo energético autos Evs
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Automdviles eléctricos.
Ventas histdricas Proyeccion a cinco aiios
Afos 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028
Unidades 60,00 50,00 70,00 100,00 10500 11500 133,00 14700 161,00 17500

Consumo de energia de automdviles eléctricos

Ventas histdricas Proyeccidn a cinco afios
Ajios 2019 2020 2021 2022 2023 04 2025 2026 2027 2028
Consumo KW/KM 358 115 1001 1430 15015 170147 18009 21021 23023 25025
Consumo anual 257400 214500 300300 429000 450450 510510 570570 630630 690690 750750

Fuente: Del Autor

Los vehiculos camionetas y vas no tienen ain mucho impacto de ventas, pero tiene
creciendo y son tomadas en cuenta en la designacion de la AEADE, con un consumo de energia

de 18.9KW/100 Km de recorrido tanto las camionetas como las camionetas denominadas Vans.

Tabla#6

Estimacidn y consumo energético camionetas Evs

Camionetas eléctricos.
Ventas histdricas Proyeccion a cinco aios
Aiios 2019 2020 2011 2022 2023 2024 2025 2026 2027 2028
Unidades 0,00 30,00 45,00 53,00 77,50 95,50 113,50 131,50 148,50 167,30

Consumo de energia de camionetas eléctricos

Ventas histdricas Proyeccion a cinco aios
Aiios 2019 2020 2011 2022 2023 2024 2025 2026 2027 2028
Consumo KW/KM 0 567 830,55 10335 146475 180495 214515 248535 282555 318575
Consumo anual 0 113400 170100 207900 292950 360930 429030 437070 565110 633130

Fuente: Del Autor
Tabla#7

Estimacidn y consumo energético vans Evs



Van eléctricos.

Ventas historicas Proyeccion a cinco afios
Anos 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028
Unidades 0,0 6,0 30 00 15 1,2 0% 06 03 00

Consumo de energia de Van eléctricos

Ventas historicas Proyeccion a cinco afios
Afos 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028
Consumo KW/ 100K 0 1134 56,7 0 2835 22068 1701 11,34 5,67 0
Consumeo anual 0 22680 11340 0 3670 4536 3402 2268 1134 0

Fuente: Del Autor

Por ultimo, dato tomados dan cuanta del parque que se ha vendido, con un nimero muy
inferior en especial en caso de los autobuses que solo se refleja una venta, los datos
proporcionados por ICCT sobre el consumo energético de autobuses eléctricos articulados para
distintos niveles de carga en el BRT nos describe un consumo para los autobuses de 1.23
KW/KM, a diferencia de otros tipos de autos mas pequefios en éstos buses la medida de consumo
es por kilémetro recorrido, por el volumen de pasajeros que llevan, dependiendo también de la
capacidad de carga que tengan, para el estudio los buses son tipo es decir para una cantidad de 40
personas sentadas mas el efluente de pie, al igual que los buses urbanos que recorren las ciudades
hoy en dia, si se le suma el trajin de estas para y arranca durante su jornada de trabajo, no es
desconocido que los motores eléctricos consumen tres veces la cantidad de energia en el
arranque por lo que el consumo se ve afectado. Con los camiones de pronto al manejar mas carga
deberian consumir més, pero no generan tantos arrancones por lo que el consumo es menor
llegando a tener un promedio de 1.11 KW/KM recorrido, estos datos se ven reflejados para los
datos de entrada de informacion que son relevantes para determinar el impacto ambiental en el

crecimiento de del parque automotor eléctrico.
Tabla#38

Estimacion y consumo energético buses Evs
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Buses eléctricos.

Ventas historicas Proyeccion a cinco afios
Afos 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028
Unidades 23 ] 0 0 -11,5 -18,4 -25,3 -32,2 -35,1 -46
Consumo de energia buses eléctricos
Ventas historicas Proyeccion a cinco afios
Afios 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028
Consumo 1.23KW/KM 2829 0 0 0 -14145  -2263,2  -3111,9  -3%606  -48093 -5658
Fuente: Del Autor
Tabla#9
Estimacidn y consumo energético camiones Evs
Camiones eléctricos.
Ventas historicas Proyeccion a cinco afios
Afios 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028
Unidades 0 0 0 5 5,00 6,50 §,00 5,50 11,00 12,50
Consumo de energia de Camiones eléctricos
Ventas historicas Proyeccion a cinco afios
Afos 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028
Consumo 1.11KW/KM 0 0 0 550 550 715 880 1045 1210 1375
Consumo anual 0 ] 0 8250000 8250000 10725000 13200000 15675000 18150000 20625000

Fuente: Del Autor

La informacion y datos de todos los modelos importados, consumo de energia promedio

por segmento, se puede establecer una proyeccion real del impacto de CO: al medio ambiente

con la produccion de energia.

La demanda proyectada es la suma de todos los consumos de los vehiculos eléctricos con

los promedios de circulacion, con esta informacion podemos determinar la cantidad de energia
consumida y con los datos entregados por el ente generador de energia, determinar la huella de

carbon en el lapso de cinco afios con los vehiculos proyectados, y determinar el impacto

ambiental que esto puede ocasionar.
Tabla# 10

Proyeccion de demanda eléctrica de todos los vehiculos
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Proyeccion de demanda eléctrica por de todos los autos

Ano 2023 2024 2025 2026 2027

Demanda Anual proyectada KW/KM 9176636 12380171 15134757 17389343 21206214 24028500

Fuente: Del Autor

La demanda total de energia de los autos eléctricos es de 99, 8156217 KW Durante los

cinco afos quiere decir que en promedio el consumo anual es de 19,963124 KW por afio.

Como el gobierno tiene politicas de un mejor manejo ambiental, es por ello que dentro de

la generacion energética hay una tendencia a bajar las CO2 y con esa informacion podemos

determinar el impacto ambiental anualmente que producen los autos eléctricos dentro del

territorio nacional.

Datos de entrada.

Generacion de electricidad 2020 28685 GW
Emisiones de CO: por la generacion de luz 1204000 T
Consumo proyectado por afio de Energia autos eléctricos:
Tabla#11

Datos proyectados de consumo eléctrico por afio en KW

DATOS PROYECTADOS DE CONSUMO ENERGETICD POR ANO EN KW

2023 2024 2025 2026 2027 2028
9176636,25 12380170,95 15134757,2 17889343,4 21206214 24028500
Fuente: Del Autor
Tabla# 12

Produccién en toneladas de CO2 por afio de vehiculos eléctricos

PRODUCCION EN TONELADAS DE CO: POR ANO AUTOS ELECTRICOS

2023 2024 2025 2026 2027 2028

21



0,385172391 0,519634855 0,63525353 0,75087221 0,89009174 1,008552
Fuente: Del Autor

La informacion determina que el impacto ambiental producida por los autos eléctricos en
una proyeccion de cinco afios es de 4,18957673 Toneladas de CO.. Estudios demuestran que un
solo vehiculo a diésel con un cilindraje de 1.6 cc produce una cantidad de emisiones de 4TN de
CO: por afo. Hay que tener en cuenta que los vehiculos eléctricos en su rodaje no generan
emisiones de CO, la generacidn de GEI en los vehiculos eléctricos esta determinada por la
produccion de electricidad, esta depende de las fuentes de generacion que en el pais la mayor
parte se la realiza por hidroeléctricas que son fuentes renovales y consideradas limpias, la
segunda fuente de produccién son termoeléctricas que utilizan combustibles fosiles que emite
GEl, el sector eléctrico va minimizando la utilizacién de las termoeléctricas, y se estan

desarrollando fuentes limpias como edlicas, y solares.
CONCLUSIONES

La proyeccion de vehiculos eléctricos en el pais permite identificar el crecimiento en
ventas anuales del parque automotor eléctrico en los proximos cinco afios, con los datos del
consumo energético que en los vehiculos eléctricos es un dato indispensable, asi como la
autonomia del auto motor, es importante mencionar que el incremento del parque automotor se
proyecta con un crecimiento importante, que vaya desplazando progresivamente a los autos de
combustion no solo por ser ecoldgicos o limpios, sino también por el ahorro de dinero por su
utilizacion, al ser un segmento nuevo va tomar su tiempo en ingresar de forma masiva, las
circunstancias dan un diagndstico que no llevara mucho tiempo y los nuevos vehiculos tendran

mas presencia de autos eléctricos.

La demanda energética del pais dentro de los primeros cinco afios no ser afectada ya que
el incremento por el parque automotor eléctrico, la demanda energética aumentado en un 7% por
los problemas del confinamiento por el Covid 19, el consumo para el 2022 fue de 26051 GW/H,
fuente CENACE. Mientras que la generacion fue de 28685 GW/H, pese al crecimiento por la
restriccion de la pandemia la entrega de energia se la realizo sin inconvenientes, el incremento
energético a causa de la proyeccion eléctrica automotriz siempre va a estar por debajo de la

energia generada.
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El incremento energético se lo proyecto de acuerdo a las ventas realizadas en los ultimos
afios, haciendo una proyeccién lineal de los autos con su consumo de acuerdo a las diferentes
lineas de negocios que se comercializan en el pais, el tiempo de la proyeccion es de cinco afios y
los datos obtenidos por afio y por segmentos, esto permite hacer una sumatoria total del consumo
de los diferentes tipos. Este aumento energético se los describe en la Tabla #11, de igual forma el
impacto ambiental de los autos eléctricos viene determinado por el tipo generacion de luz en el
pais, la CENACE publica todos los afios el impacto ambiental en especial la emisién de CO- con
ello se puede obtener la huella de carbdn generado por el parque automotor eléctrico, los datos

son los que se miran en la Tabla #12.

Asumiendo que el estado ecuatoriano cumpla con su objetivo de alcanzar el 90% de
generacion eléctrica de fuentes renovable e hidroeléctricas y que solo el 4,09% de la energia
provenga de fuentes térmicas, donde las emisiones son de 14471,412 KT CO2/afio y representan
una disminucion del 23,68% en relacion con el escenario de generacion energética actual lo cual

representaria una gran disminucion en las emisiones de CO2.
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ANexos

Anexo 1 AEADE. Sector-en-Cifras-Resumen-Enero

SECTOR e
AU T 0 M OTO R afiliados de AEADE

en cifras
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Diciembre 2022 - No.77

ublic 25 de enero del 2022
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Ventas

SECTOR
AUTOMOTOR de vehiculos

)
AEADE
B ¢

Venta de vehiculos por segmento

Segmenta Dic22  Dic21 Ene-Dic 22 Ene-Dic 21 Var Dic/Nov 22 Var Dic 22/21 Var Ene-Dic 22/21
Suv 5.042 4321 63793 50254 -9,5% 16,7 % 26,9 %
AUTOMOVIL 2621 2618 34324 35081 17,7 % 0,1% -2,2 %
CAMIOMNETA 2119 1676 25062 20486 -6,1% 264% 223 %
CAMION 809 675 11032 9764 -128% 19,9% 13.0%
VAN 286 214 4355 3377 -301% 336% 29,0 %
BUS 117 42 951 354 330% 1786 % 1686 %
Total 10.994 9.546 139.517 119.316 -11,6 % 15.2% 16,9 %

Ventas mensuales de vehiculos
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Fuente: AUTOPLUS - Asociacidn de Empresas
Automotrices del Ecuador (AEADE).
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Anexo 2 AEADE. Anuario 2022

Fuente: AUTOPLUS - Asociacion de Empresas
Automatrices del Ecuador (AEADE).
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Lo— AE

ASOCIACIGN DE EMPRESAS

AUTOMOTRICES DEL ECUADOR

[/

2020 1091
8.000 Subsidios a los combustibles en Ecuador
Monto subsidios (en millones de USD) 2021 2214
7000 2022 4000
6.000 *2023 2667.21
5.000
Fuente: Ministeric de Finanzas w BCE
4.000
3.000 Otro hito importante en 2022 fue que, por pri-
mera vez en la historia de Ecuador, una empre-
2.000 =a privada importd gasolina de 95 octanos. Se
trata de Primax. La compania descargd 25.000
l.ooo . barriles de este combustible en diciembre de
2022, rompiendo el monopolio del mercado de
o

2014 2015 2016 2017 2018 2018 2020 2021 2022 2023 gasolinas de la petrolera estatal Petroecuador.
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H Capiulo 2

]
‘? 2Qué tan contaminantes son las gasolinas de Ecuador?

Con las c del Servco
Ecsatoriano de Normakzacidn (INEN], | Sdper
Premium o apenas con jos par Se o800

- .

s norma Euo V. El resto ce las gasoloas en Elm ey
Ecuador —eato ex. la Ecopalz, Extra y € g 1o
solo cumplen s Earo | . G
3 soco
Extaz sspeaficaciones pocen 2 Ecusdor muy le- }::
s de sea pares en la regén, como Colombia, 8 s
que carrple |3 Ewo VI Bl INEN mastiens acescs- 2 o
czo I ador para redeck o limy- 3

tex de azufre en lax gackean. T et

Impacto de la Sdper Premium en el mercado

La mejora en cuarto a les educoon de 1antes en o
mercada ha udo Exto sw refloga on loa datos do con-
wumo de combustbles

La verts de paw de ato cctanaje ha oo cayench deade 2018,

o

cusngdo 3o Aberd tu predio Y ex que o W00 63 Un cor
Qe e nige principeiments, por of preco y oo por la cabdad de fon
combusttbier. Azl ton of nowmants meermeconsl del pece del

Pardmetros de las nomuas Euro

1308

©0 no
I o —— L L »
[N Bam o [y B 1w [N Ben i

/i

petrtios, que prowecd un aumenis del vaor deo lax gasolnar, o conau-
mdor ecuatonana Mg » gasclines de menar calcdad y mas contams-
rantes, como 1a Extra y & Ecopal.

Pase al camibss de la Sdper por i S0per Premium, gue o de mvayor cabotad,
ol peas de ko gaachna de alto octanae continus senclo margeal en of
mercada. Con 127.000 barrties mecacales en 2022, L Sdpor Prywrmium fue
Bo de mencr ortre n el pale
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Lo anterior significa apenas 2,9 % del total de combustibles consumidos en el sector automotor. Se trata de una participacidn de mercado menor frente
a 2017, cuando pesaba el 4,1 % del total de combustibles demandados por este sector.

COMBUSTIBLES PARA EL SECTOR AUTOMOTOR Combustibles para el sector
EN MILLONES DE BARRILES, ENTRE ENERO P ————
¥ NOVIEMBRE DE CADA ARO

2022
GLF

Siper Premium  3.2% Didsal 2

Didsed 2 .55 0.49 N T— — ™
Diksel Fremium 19 n
Ecopals 9.4 12
Ecophus B3 a0z

Déésel Prembum Digsel Fromium
Extra 125 1159 4% Ecomius 83
0,02%
Siport 41 14
(= 1] .75 (¥
. o weplnn &l Sebwar e o) T i excnsten de 2002 » Digsel 2 . Diésel Premium « Ecopais = Ecoplus 8% . Extra » Super Premium - GLP

troscumcr

Ademds, de acuerdo con la Agencia de Regulacidn v Control de Energia y Recursos Maturales no Renovables, solo 529 estaciones de servicio vendian
la Stper Premium hasta diciembre de 2022. Esto es menos de |a mitad de las 1.200 estaciones que hay en el pais.

privad ran Motors, repres

d para Ecuador, ala 3 | jo de Transporte y
el Banco Interamencano de on la colaboracion en el desamrolio t gico y &l ing U
: g grices del Ecuador (Aeade). \ »$ de vehiculos en Ecuador: un SUV y un s dvil depor-

tas prémium, £

ia Asociacion &
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hasta g | g n toda nuestra © S, Qracias & nuestras innowv.

dustriales, residuos y agricultura . urndad, diseno nfort

Ttal, social y e
promoves la sdopcion de tromovi
aminantes, el incre 1o de la efic

erno y beneficios para s sajud

or autorr 0 fuerza en ls slectromovilided. £n
, s empresas automotng adas trabajan én sus estrate-

cuador, pl ta por log w tri-

cos se traduce en el maximo cuidado del planeta v una m calidad de

MBS,

primer vehicul Ahora, (s em-
ompr -
en soluciones de mavilic stenible” hasta ¢ 2030. En Ecuador

13 "Houella para un futuro
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Venta de vehiculos eléctricos
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Anexo 3 AEADE. Anuario 2021

Camidn

Total

La liberacidn de impuestos es un impulsa para aplicar su estrategia
de ingresa de los vehiculos eléctricos. Hay vanos incentives tributa-
riog y econdmicos, cormo la exencidn de impuestos, aranceles v tari-
fas eléctricas preferenciales para la carga de wehiculos.

Sin embargo, es el momento para gue la empresa privada y el
sector publico trabajen en el desarrollo de electrolineras. Audi tene
una electrolinera de carga rdpida en sus instalaciones, en tants que
Eia cuenta eon 37 puntos de canga en el pais, de los cuales nueve
son de carga rdpida. Adermds, en conjunto con otras empresas y el
Extado s@ instalaron electrolingras en varios lugares del pais, indied
Kia Ecuador.

Hyundai < otra de las marcas que apuesta a la electromovilidad.
Héetar F. Quirds, gerente de marketing, indica que Hyundai Ecuadar
se consolida desde el 2015 como wna de las marcas pioneras en
incorporar vehicules hibrides. & finales del primer semestre de 2022
se gumd el prirmer SUV 100 % eléctrica.
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1.Mejora en

El12 de febrero del 2021, el Servicio Ecuato-
riano de Normalizacion (INEN)instald el Co-
mité Técnico de Normalizacion para iniciar
el estudio del proyecto de documento nor-
mativo NTE INEN 935 (11R) Productos Deri-
vados del Petrdleo. Gasolina. Requisitos.

De acuerdo con las directrices del enton-
ces ministro de Energia y Recursos Na-
turales No Renovables, René Ortiz, y para
cumplir con el Decreto Ejecutivo 1158, el
primer comité mantuvo los requisitos para
la gasolina de 85 octanos (Extra)y la gaso-
lina de 85 octanos con etanol (Ecopais), e
incluyo una tabla de requisitos para la ga-
solina stper Euro 5 con 85 RON y 30 partes
por millon{ppm) de azufre.

Tras variasreuniones, el 27 de julio del 2021
se aprobo por consenso la norma técnica

la calidad de combustibles (gasolina)

NTE INEN 935 (11R) Productos Derivados
del Petraleo. Gasolina. Requisitos.

En Ecuador se comercializa gasolina de ca-
lidad Euro 2 y diésel de calidad Euro 1, con
mas de 200 ppm de azufre, e incluso en la
zona de influencia de la refineria de Shus-
hufindi alcanza las 5.000 ppm de azufre.

Nuestro pais es el unico de la region que no
tiene gasolina de al menos 95 octanos RON.
Incluso paises como Bolivia y Venezuela tienen
gasolina Euro 2, pero alcanzan 95y 97 octanos
RON. Otros, como Argentina, Brasil, México,
Chile y Colombia, tienen gasolina Euro 5.

Lamentablemente, las tecnologias mas
desarrolladas en vehiculos se limitan debi-
do ala pésima calidad de combustibles. La
Aeade trabaja para que la calidad de com-
bustibles sea optima.

e v | ACTA D€ REURSON DX COMTE WOt |

COMTE TECNIO D NORMALZACION

Ser A coususTac
D FUENTES NATURALES O SNTETICAS”

awo s oo i e 6314030
Comvanotera Coruie e WENOND 2031444 CR
B —

1 i 37 e e ST 0TS et Wi, 8¢ P
M I Ol o s (AR e d S0 PR Gt | Abicarto S0

e
P
proy)

%
et 3 o M ow Eimas
ATE]

o Sk Anitaate o Emgomnen Aimmtn 4n tats

e s
e

Agercn e pdacan y oot e Bt ¥
Koot st M S

+0 4as mem: At
Meamrc 3 Lo ) Moo Netwas
B VTR

AN Ovat Yo 8 40 Mo
(ORI

D Gmcan
+y B T o e gy

o Lgs ks Qs Girmmmriy

"5 For L S e

+y Pemem e O PETRORCUADON

55 Suntvgs Sebity Meic 0 Eron 3 R Minsmes 2o

Senaxy e Ay 8 Ceans
wrace)

Apen v Magplasen  Cuws 2v gt ¢
ravns) [t heade

o - i

31



@) 6. Ley Organica para el Desarrollo Econémicoy
Sostenibilidad Fiscal tras la Pandemia Covid-19
El 24 de septiembre del 2021 se entregd a la Asamblea el Proyecto de Ley Organica de
Creacion de Oportunidades, Desarrollo Econémico y Sestenibilidad Fiscal, que incluia re-
formas a la Ley de Régimen Tributario Interno y hubiesen impactado en el sector automo-
tor porque incrementaba el ICE a los vehiculos hibridos; subia impuestos a los vehiculos
eléctricos particulares; y aumentaba impuestos a las baterias, cargadores y cargadores
para electrolineras.

La Asamblea no aprobé la propuesta y el Ejecutivo envio un nuevo proyecto que entré en
vigencia e incorpor6 cambios positivos que benefician al sector automotor, como:

« Semantiene el 0 % de IVA a vehiculos eléctricos, cargadores y baterias.

«  Los vehiculos hibridos estan exentos del pago de ICE generando un ahorro de USD
2,6 millones al sector automotor.

- Se faculta al presidente de la republica, mediante decreto ejecutivo, reducir las ta-
rifas del ICE de bienes o servicios previo dictamen favorable del ente rector de las
finanzas publicas.

« Sereestablece el fideicomiso en garantia para los vehiculos.

«  Seincorporadentro del COPClun capitulo de Buenas Practicas Regulatorias que pre-
tende reducir o eliminar las regulaciones innecesarias, repetitivas y contradictorias.
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Ventas de vehiculos por provincia
Enunidadesy % de participacion 2020-2021
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ALITCE

Ventas de vehiculos en Pichincha por segmento

CAMIDME

de participacion
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Venta Total de Vehiculos en Unidades
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Vehiculos Nuevos

Venta de Vehiculos Hibridos
en Unidades
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Anexo 5 AEADE. Sector Automotriz en cifras febrero 2023
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SEGTOR By
AUTOMOTOR ==&

en cifras

V)
Ha

Venta de vehiculos por segmento
Segmento Feb 23 Feb 22 Ene-Feb 23 Ene-Feb 22 Var Feb/Ene 23 VarFeb 23/22 Var Ene-Feh 23/22
-

2022 10.434
SUv 4901 4704 9.529 8.508 59% 42 % 12,0%
AUTOMOVIL 2913 2624 5.779 5221 16% 11,0% 10,7 %
CAMIONETA 2044 1879 3904 3367 99% 88% 159%
CAMION 792 916 1451 1.645 20,2 % -135% -11.8%
VAN 389 269 698 501 259 % 446 % 383 % 202 8212
BUS a7 42 191 80 274 % 154,8 % 1388 %
Total 11.146 10.434 21.552 19.322 71% 6,8 % 11,5%

Ventas mensuales de vehiculos
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Ventas por
tipo de
electrificacion

SECTOR

AUTOMOTOR

Participacion de ventas por tipo de electrificacion (%

participacion) 2023 (Ene-Feb)

MHEV 531%

2021
Electrificacion  a) ENE b} FEB ) MAR d) ABR &) MAY f)JUN g)JUL h)AGO §)SEP j)OCT K)NOV 1)DIC Total
MHEV 170 145 157 159 130 139 123 B4 241 215 76 244 2163
HEV 41 34 il 66 46 282 93 160 269 151 233 23B 1684
BEV 17 7 15 20 3 19 5 14 18 19 58 45 288
PHEV 2 3 1 1 1 7 5 4 5 3 B 40
Total 230 200 243 246 08 441 228 343 532 390 570 535 4175
2022
Electrificacian o) ENE b} FEB ¢ MAR o ABR & MAY §JUN gl UL HIAGO §)SEP jiOCT KJNOV 1)DIC Total
MHEV 238 239 194 266 410 382 imn 315 306 228 286 206 3449
HEV 160 194 23] 200 338 in an 243 204 1w 314 260 2953
BEV 15 12 7 EE] 42 33 24 42 46 53 48 65 440
i 0 £l 1 5 25 0 ] 19 157
513 BO0 755 694 609 581 482 676 550 6.999

Electrificacian  a) ENE Total
MHEV 367 407 774
HEW 235 254 489
BEW 46 4 B6
EREV 15 43 58
PHEV 35 17 52
Total 698 761 1459

Numero de veniculos

25
679.408 659.119

==

1.186.197

=

Comerciales: 368.522

261.137  39.574  67.812

EB | & | 6D

Camion Bus Van

Automovil SUV Camioneta
Edad del parque automotor R
0 1-5 6-10 11-15 16-20 21-25 26-30 31-35 456

139.517 | 574.234 | 484.368 | 582.711 | 333.117 | 151.867 204.494 101405 321.536

| ) 1 4 1"

TOTAL: 2.893.247

iador (Asade), 2023
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Anexo 6. Comision Técnica de determinacion de Factores de Emision de gases de efecto
invernadero. FACTOR DE EMISION DE CO2 DEL SISTEMA NACIONAL
INTERCONECTADO DE ECUADOR - INFORME 2021
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Del presente informe se deben destacar los resultados mas relevantes que se han presentado:

El factor de emisidn que se debe considerar para proyectos de generacion renovable es el margen combinado CM,
considerando los criterios de las opciones de Ex Post y Ex Ante detalladas en el paso 6 de la seccion 2.2. Estos resultados
son validos para proyectos térmicos e hidroeléctricos:

Factor Ex Ante EFgrid,CM,ZOlQ—-ZOZl = 0, 1879 tonCOz/MWh
Factor Ex Post EF g;.iq cm2021 = 0,1477 ton CO/MWh

Estos factores son aplicables para:

» Los proyectos que desplacen combustibles fésiles en la generacion de energia eléctrica del Sistema Nacional
Interconectado; es decir, cuando una actividad de proyecto con energias renovables suministre electricidad
alared,

* Los proyectos que resultan en ahorros en el consumo de la energia eléctrica suministrada por la red (por
ejemplo: proyectos de eficiencia energética, uso eficiente de energia)

Por otra parte, las emisiones de CO; en el calculo de Huella de Carbono, corresponden proporcionalmente conforme
se sefala en la seccion de resultados del Margen de Operacion (OM). Esto aplica para el Sistema Nacional
Interconectado, en el desarrollo de los siguientes estudios:

« Estimacidn de GEl por consumo de energia eléctrica en el afio de operacién,

« Inventarios de emisiones de GEl en el afio de operacion vy,

» Calculo de la huella de carbono empresarial o corporativa, mediante la cual se puede cuantificar las
emisiones de GEl de una organizacion.
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Grafica Nro. 4 Emisiones de CO2 del 2014 al 2021. Fuente (CENACE, 2022)
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3. Evolucion del factor emision de CO2

Ton CO,/MWh

Este informe presenta el célculo de los factores de CO, del Sistema Nacional Interconectado dada la
operacion de los Ultimos tres afios (2019, 2020, y 2021), considerando el ingreso de nuevas unidades de
generacion. Dicha informacién puede ser utilizada para realizar calculos de las reducciones de emisiones
de CO, de proyectos o estudios asociados a la eficiencia energética o ingreso de nuevas instalaciones de
generacion, verificando su impacto ambiental en la red eléctrica del pais; asi como también, se puede
evidenciar las toneladas de CO, emitidas al ambiente por la utilizacion de combustibles fosiles en la
generacion de electricidad.

En esta seccion se recopilan los resultados que se ha presentado en los informes del factor de emisidn para
los afos 2014 al 2021; en la Grafica Nro. 3 se presenta la evolucion del factor de emision de CO, anual del
SNI en este periodo donde se muestra la participacion del margen de operacién (OM), el margen de
construccion (BM), y el Margen Combinado (CM), para cada uno de los informes (escenario Ex Post).

Factor de emision 2014 al 2021 (ex Post)

o
~
di

0,8000
0,7000

0,6000

0,5000

0,4000 | g
0,3000 | ‘
0,2000 i
0,1000

0,0000

=4

fl: g B
g 8.‘
=) =)

~N = o o
=] =]
g g g g
= S S
Informe Informe Informe Informe Informe Informe Informe Informe

2014 2015 2016 2017 2018 2019 2020 2021
B FfEOM M FEBM M FECM

Grafica Nro. 3 Evolucion de los margenes del Factor de Emision. Fuente: (CENACE, 2022)

Del presente analisis que se ha realizado en los diferentes informes sobre el factor de emisién de CO, del
SNI. En la Gréfica No. 4 se puede evidenciar las toneladas de CO, emitidas al ambiente por el abastecimiento
de la demanda eléctrica del pais, desde el ano 2014 al 2021. Se identifica el incremento de la generacion
hidroeléctrica desde el afio 2016 cuando empezaron a ingresar los grandes proyectos hidroeléctricos.
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FACTOR DE EMISIO!

CO, DEL SISTEMA NACIONAL INTERCONECT;

Las ponderaciones Wom - Wem son dependientes de la tecnologia del proyecto de energia renovable que se
quiere certificar, la metodologia indica que se puede utilizar los siguientes porcentajes para ciertas

tecnologias.

Tabla Nro. 10 Valores del factor de emision de CO2 del margen combinado ex Ante

Wom 0,5 Wom 0,75

Wem 0,5 Wam 0,25
EFg;id,CM,zom.zon = 0,1879 ton COZ/MWh EFgrid,CM,ZO19~2021 = 0,2818 ton CO2 /MWh

El factor CM ex ante se lo debe utilizar para los proyectos en fase de validacion, por lo tanto, no se necesita
realizar un nuevo célculo durante el periodo de acreditacion y es por ello que es la ponderacién de los
ultimos tres anos.

b) Opcién ex post

EFgria.cm2021 = EFgria,om2021Wom + EFgria.sm,2021Wem

Donde:
EFyria,cm2021 Factor de emision margen combinado al afio 2021 (t CO,/MWh)
EFgria,om2021 Factor de emisién margen operacion en el afio 2021 (t CO,/MWh)

EFyyia8m2021 Factor de emision margen de construccion en el afio 2021 (t CO,/
MWh)

Las ponderaciones Wom - Wemson dependientes de la tecnologia del proyecto de energia renovable que se
quiere certificar, la metodologia indica que se puede utilizar los siguientes porcentajes para ciertas
tecnologias.

Tabla Nro. 11 Valores del factor de emision de CO, del margen combinado ex Post

Wom ' 0,5 Wom 0,75

WBM 0,5 WBM 0,25
EFgrid,CM,Zozl = 0,1477 ton COZ/MWh EFgrid,CM,ZOZi = 0,2215 ton COZ/MWh

El factor CM ex post debe utilizarse una vez que el proyecto empiece a desplazar generacion en la red
eléctrica y debe ser actualizado anualmente durante la fase de seguimiento.
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INFORME 2021

NORMANDIA U3

idrodécria 172018 0 0o
NORMANDIA s hidroeléctrica 17/2018 0 0%
PALMIRA U2 Hdrosléctica /12207 0 oo
 Hidroeléctrica  1/8/2017 0 00%
DUE U1  Hidroeléctrica  1/6/2017 366228  13%
Térmico Biogis  1/5/2017 Renovable 0 0,0%
 Hirodléctrica  1/3/2017 4380 00%
 hidroeléctrica  a/i1/2016 29747 o1% 8%

Hidroeléctrica 19/3/2016 6.599.583

SIGCHOS U2

PICHACAY MC U1

URAVIA UO1

HIDROVICTORIA U1

COCA CODO SINCLAIR U1

23,5% 31,7%
(CENACE, 2022)

c) Tomando en cuenta los resultados de los dos grupos anteriores, se ha seleccionado las unidades que
conforman el 20% de la generacion eléctrica, con las siguientes consideraciones:

« Las unidades de generacion entran en operacion el dia que inicia su suministro de energia a la red
eléctrica.

* Las unidades de generacion registradas como MDL se excluyen de la muestra m.

El Margen de Construccion con datos operativos del 2021 es el siguiente:

EF griapm2021 = 0,00 [t CO,/MWh]

2.2.7. Paso 6. Calculo del Margen Combinado (CM)

El factor de emision del margen combinado representa un promedio ponderado de los margenes OM y BM
calculados, como se muestra en las siguientes ecuaciones.

a) Opcion ex ante:
EFgria,cm2019-2021 = EFgria,om,2019-2021Wom + EFgria,pm,2021Wam

Dénde:

EFgriacm2019-2021  Factor de emision margen combinado en los afios 2019-2021

(t CO,/MWh)

EFgria,0m2019-2021  Factor de emision margen operacion entre los afios 2019-2021
(t CO,/MWh)

EFgriapm,2021 Factor de emision margen de construccién en el afo 2021
(t COy/MWh)

15

48



FACTOR DE EMISION DE CO, DEL SISTEMA NACIONAL INTERCONECTADO DE ECUADOR

representan el 0,1% de la generacion total de la red eléctrica para el afio de operacion 2021, tal como
muestra la Tabla Nro 8.

Tabla Nro. 8. Conjunto de las 5 unidades de generacidn recientemente ingresadas.

Inicio de Generacion Neta %

Unidad Operacién (Mwh) acumulado

Hidroeléctrica  1/4202L 0 00%

PICHACAY MC U2 172021 Renovable 0 00%

Fuente: (CENACE, 2022)

b) Se establece un conjunto de las unidades de generacion que representan el 20% de la generacion del
Ultimo afio de operacion y son parte del conjunto AEG SET->= 20%, para esto solo se consideran las
unidades que tengan menos de 10 afios de operacion en la red eléctrica. En la Tabla Nro 9 se presenta
este conjunto de unidades.

Tabla Nro. 9. Conjunto de las unidades que conforman el 20% de la generacion eléctrica del 2021

ViNDOBONA U1 horoséarea 101w oo
cHapiu1 hcroscria  yap2n | ;o
ELLAUREL U1 hdoslierica 112020 7458 oo
HDROPERLABIUI Hidroslicria 1272020 1167 oo
SAN JOSEDEMINASUL Hdroeléctics  7/2/2020  R-2008 0 o0%
LA CaLERA U2 ldoelicria yef213 0 oo
SERMAA U1 hdroslicria yg2019 | 4eas oo
ISIMANGH U2 Mroelicric 1122018 0 oo
pUSUNO 1 U3 hrosléctica /122018 208409 o7%
MINASSAN FRANGSCOUL  Hiroekictrica 1/10/2018  R-2013 0 0o%
MINAS SAN FRANCISCO U idroséctia 1/10/2018 R-203 0 00%
DELSTANSAGUAUZ Wiroekiciics 192018 232189 1o%

NORMANDIA U1 Hidroeléctrica 1/7/2018 392.421 1,4%
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INFORME 2021

Tabla Nro. 6. Resultados del Margen de Operacion (OM) para el 2021

\ : 0,000
ZkE Gk,zoz1ZEF ELk,2021

T 26.305.353
ZkE Gi2021

Fuente: (CENACE, 2022)

Con referencia al margen de operacion de los ultimos tres afios de estadistica, se establece que el calculo del
factor de emision del CO, Ex ante, la ponderacion de los Ultimos tres afios como se muestra en la Tabla Nro 7.

Tabla Nro. 7. Factor De Emision Margen de Operacidon (OM) ex ante.

EF gira om-aaj,y [tCO, /MWh] 0,509 0,3834 0,2953

Generacion anual [GWh] | 27.482,40 = 26.924,31 | 28.03576  82.441,48

Ponderacion 33,34% 132,66% 34,01%

Fuente: (CENACE, 2022)
EF gird,0M-adjex ante 20192021 = 0,3758 [tCO,/MWh]
El célculo del factor de emision ex post se determina con los datos solo del afio 2021,
EF gira,0M-adjexpost 2021 = 0,2953 [tCO,/MWh]

2.2.6. Paso 5. Calculo del Margen de Construccion (BM)

Las unidades que deben ser incluidas dentro del célculo BM se ha determinado conforme los siguientes

parametros:
a) Tomando en cuenta el Ultimo afo de operacion, se debe establecer cuéles fueron las cinco unidades de

generacion que ingresaron a la red eléctrica, estas unidades constituyen el conjunto SET 5-units; en base
a su generacion se estima el porcentaje de participacion en el afio de estudio, para este célculo
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FACTOR DE EMISION DE CO, DEL SISTEMA NACIONAL INTERCONECTADO DE ECUADOR

e NCV;y se considerd la informacién disponible de Petroecuador sobre Poder Calorifico Neto utilizado para
fuel oil 6, fuel oil 4, diésel, y residuo; los valores de Nafta y Gas Natural se tomaron de la Tabla 1.2. del
Capitulo 1 de las Guidelines for National Greenhouse Gas Inventories (IPCC, 2006) correspondientes a
Naphtha y Natural Gas, como lo muestra la Tabla Nro. 4.

Tabla Nro. 4. Poder caldrico de los combustibles utilizados por el sector eléctrico.

. Poder Calorifico
Combustible Neto (TJ/1000 ton)

Fuente: IPCC, PETROECUADOR

* EF¢o, ;i elfactor de emision por cada tipo de combustible tiene como referencia la Tabla 1.4 del Capitulo
1 de las Guidelines for National Greenhouse Gas Inventories, IPCC 2006, utilizando el limite inferior del
inventario al 95% de confianza, los criterios para seleccionar los factores de emision de los combustibles
son similares a los indicados para el Poder Calorifico Neto como se indica en la Tabla Nro. 5.

Tabla Nro. 5. Factor de Emision de CO2 por cada uno de los combustibles utilizados por el sector
eléctrico

Combustible FE (kg CO./TJ)

Diésel 72.600

Nafta 69.300

Bunker 73.300

Fuente: IPCC, PETROECUADOR

2.2.5. Resultados obtenidos para el Margen de Operacién (OM)

Con base en las ecuaciones y los parametros de célculo mencionados en los parrafos anteriores, se realizé el
calculo del factor OM para el afio 2021.
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Gréfica Nro. 1 Curva de duracion de carga. (UNFCCC, 2018)

3. Se establece el area que tendia la potencia de minimo costo, se va obteniendo el érea de la
generacion de bajo costo que cruce con la curva de carga, de tal forma de establecer las horas en las
que la generacidn de bajo costo abastecid la demanda por si sola, tal como se muestra la Grafica Nro

2

Curva de duracion de carga

Demanda
cubierta solo
con GBC

$ \

=

Generacién de bajo costo GBC
x horas
Horas 8760

0
Gréfica Nro. 2 Calculo de horas marginales de GBC. Fuente (UNFCCC, 2018)

Las fuentes de informacion empleadas para el célculo del Factor de Emisién de CO, del SNI del Ecuador son las

siguientes:

* FCjm, la cantidad de combustible fésil utilizado por las unidades de generacion conectadas a la red
eléctrica es proporcionada por la Agencia de Regulacion y Control de Energia y Recursos Naturales No
Renovables - ARCERNNR, presentada en la hoja de célculo “6. Combustibles” del archivo “Matriz Factor
de Emision_CO2_SNI_2021.xIsx”.

* EG,,, la energia neta generada por cada unidad de generacion conectada a la red eléctrica es
proporcionada por CENACE, presentada en la hoja “3. FE_OM" del archivo “Matriz Factor de

Emisién_CO2_SNI_2021.xIsx”.

n
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“ n

m Todas las unidades de generacion conectadas a la red en el afio “y
a excepcion de las unidades de bajo costo

i Todos los combustibles utilizados por las unidades de generacion

“

“m” en el afo “y
y Afio correspondiente a los datos utilizados para el analisis
Opcién A2: Si se dispone solo del dato de generacion eléctrica y el tipo de combustible, el factor de

emisidn debe ser determinado con base en el factor de emision de CO, del tipo de combustible utilizado
y la eficiencia de la unidad de energia con la siguiente ecuacion:

EFCOZ ’m’i'yx3,6

EFg; =
my oy
Donde:
EFgmy Factor de emision de CO, de las unidades de generacion en el afio
“y” (t CO,/MWh)
EFco, miy Factor de emision de CO, promedio del combustible “i” utilizado por
la panta “m” en el afio “y” (t CO,/T])
Ny Eficiencia de conversion promedia de |a planta “m” en el afio “y”
m Todas las unidades de generacion conectadas a la red en el afio “y”
a excepcion de las unidades de bajo costo
y Ano correspondiente a los datos utilizados para el analisis

Calculo de lambda 4,: el calculo de este parametro se lo realiza utilizando la siguiente ecuacion:

n_n

Number of hours low — cost/must — run are on the margin in year "y’

! 8760hours per year

La determinacion del nimero de horas en las que la generacion de bajo costo cubre la demanda:

1. Se establece la curva de duracion de carga, apilamos las potencias horarias presentados durante
los 8,760 periodos horarios del ano de mayor a menor, de tal forma de establecer la minima potencia
del afio y la méxima potencia del afio.

2. Se establece la suma de la generacion de todas las unidades de bajo costo.
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Ay Factor que expresa el porcentaje de tiempo que margind la

“

generacion de bajo costo en el ano “y

EGpy Energia neta entregada a la red por las unidades de generacion “m”
en el ano “y” (MWh)

EGy Energia neta entregada a la red por las unidades de generacion “k”
en el ano “y” (MWh)

EFgmy Factor de emision de las unidades de generacion “m” (generacidn no
renovable convencional y no convencional) en el afio “y” (tCO2/MWh)

EFgpky Factor de emision de las unidades de generacion “k” (generacion de
bajo costo ) en el afio “y” (tCO2/MWh)

m Todas las unidades de generacion conectadas a la red en el afio “y” a
excepcion de la generacion de bajo costo

k Todas las unidades de generacion de bajo costo conectadas a la red
en el afio “y”
y Afo correspondiente a los datos utilizados para el analisis

El célculo del factor de emisidn por el método Simple Ajustado OM se lo realiza considerando las siguientes
opciones:

Opcidén Al: Para este caso se realiza el calculo en base de la generacion eléctrica neta de cada unidad de
potencia y el factor de emision para cada una de las de las unidades de generacion, como muestra la
siguiente ecuacion:

_ YitFCymy XNCV yXEFco, 1y

EF, =
ELm,y EGrmy
Donde:
EFg my Factor de emision de CO, de las unidades de generacién “m” en el
afio “y” (t CO,/MWh)
FCimy Cantidad de combustible fésil “i” consumido en el afio “y” de las

unidades de generacion “m” (unidad de masa o volumen)

NCV;,, Poder calorifico neto (contenido de energia) del combustible fosil

wi;n

tipo “i” en el afio “y” (TJ/unidad de masa o volumen)

EFco, iy Factor de emision de CO, por tipo de combustible “i” en el ano “y”
(t CO,/T))

EGp,y Energia neta generada en el afio “y” a excepcion de las unidades de
bajo costo (MWh)



FACTOR DE EMISION DE CO, DEL SISTEMA NACIONAL INTERCONECTADO DE ECUADOR

Para el caso del Ecuador y de acuerdo a la conformacién del SNI y los datos del sistema eléctrico analizados, se
aplico el Método Simple Ajustado, realizando el balance de los ultimos cinco afios como muestra la Tabla Nro. 3,
en la cual se puede observar que la generacion de bajo costo (low cost), representa el 85.2% del promedio de los
ultimos cinco afios. Esto es congruente con el método utilizado que indica que la generacion de electricidad de
bajo costo debe ser mayor al 50% del total.

Para este método de célculo la herramienta propone establecer la estadistica de datos tomando en cuenta los
siguientes antecedentes:

« Opcidn ex post: Esta opcion es tomada para el afo en que el proyecto desplaza energia de la red eléctrica, y
su monitoreo debe realizarse anualmente es por ello que este factor deberia actualizarse de forma anual y,
tomando en cuenta que los datos para el célculo anual se encuentran disponibles seis meses después de
finalizado el afio, alternativamente se puede tomar datos anteriores del afio y-1, si no se tienen datos después
de 18 meses de terminado el afio.

+ Opcidn ex ante: Este método permite realizar el calculo del factor de emision una vez en la etapa de validacion
del proyecto que desplaza generacion eléctrica de la red, por lo que no es necesario su actualizacion periddica,

se debe realizar el célculo de los Ultimos 3 afios mas recientes.

Tabla Nro. 3. Generacion eléctrica del SNI de los ultimos 5 afios en GWh

2021 Promedio

Afio

No Low cost/must run

Fuente: (CENACE, 2022)

2.2.4. Paso 4. Calculo del factor de emision de CO, OM, conforme el método seleccionado.

El Margen de Operacion (OM) bajo el método Simple Ajustado se lo calcula utilizando la siguiente ecuacion:

YmEGmy XEFe my Yk EGyy XEFgy g
EFgira,om-adjy = (1 = Ay) Bl Ay FxEGry

Donde:

EFgria om-aajy ~ Factor de emisién de CO, del margen de operacion simple ajustado
para el afio “y” (t CO, /MWh)
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INFORME 2021

La red eléctrica considerada en este calculo estd conformada por todos los elementos conectados al
Sistema Nacional Interconectado del Ecuador continental.?

2.2.2. Paso 2. Unidades de generacidn aisladas de la red eléctrica

Para el presente calculo no se consideran las unidades de generacién que no estan conectadas al SNI,
como son las unidades de la regién Insular Galdpagos, Isla Puna, sistemas aislados de la regidn Oriental,

y los sistemas eléctricos de PETROECUADOR.

2.2.3. Paso 3. Seleccion del método de célculo del Margen de Operacién (OM)

Para el célculo del factor de emision de CO, de una red eléctrica debido a su operacién denominado
“margen de operacion” se encuentra basado en uno de los siguientes métodos:

a) Simple OM.- Puede ser utilizado solamente sila generacién de energia eléctrica de las plantas
de bajo costo de la red eléctrica representan menos del 50% del total de la generacion.

b) Simple ajustado OM.- Puede ser utilizado solamente si la generacion de energia eléctrica de
las plantas de bajo costo de la red eléctrica representan mas del 50% del total de la

generacion.

c) Andlisis de despacho OM.- Esté sujeto al nivel de informacion que se posee en el pais, puesto

que son los datos horarios de la produccion de energia.

d) Ponderado OM.- Es calculado mediante el uso del rendimiento promedio en el periodo de
analisis de la generacion de todas las plantas termoeléctricas que hacen parte de la red.

Tabla Nro. 2. Requerimientos de determinacion de los Margenes de Operacién y Construccién

Requisitos de datos para la seleccion de las diferentes opciones

DESPACHO SIMPLE SIMPLE PROMEDIO MARGEN
oM AJUSTADO OM oM oM CONSTRUCCION
Generacion de energia por planta. v v Vi

Tipo de combustible y tecnologia.

Carga horaria de la red.

L El Sistema Nacional Interconectado esta conformado por los Sistemas de Distribucién, Transmisién, generacion, auto-
generadores, grandes consumidores e interconexiones internacionales con Perti y Colombia
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* Las unidades que se han registrado como proyectos MDL en la Junta Ejecutiva (JE) MDL de la Convencién
Marco de las Naciones Unidas sobre Cambio Climatico, no han sido consideradas dentro del calculo, asi
como las unidades de generacion de energias renovables no convencionales (fotovoltaicas, edlicas,
biomasa, biogés).

2. Desarrollo del calculo del factor de emision de CO2 del SNI

En esta seccion se hace un desarrollo de la herramienta metodoldgica de las UNFCCC, tomando en cuenta las
condiciones del sistema eléctrico ecuatoriano que permite estimar los factores de operacién (OM),
construccion (BM) y combinado (CM).

Parametros que son utilizados para establecer la linea base de proyectos de eficiencia energética; asi como
también, para los proyectos de generacion de electricidad con fuentes renovables, convencionales y no
convencionales.

2.1. Parametros del calculo

Considerando los criterios de la Herramienta metodoldgica v7.0, de la UNFCCC para determinar el factor
de emision de CO, de una red eléctrica, se deben considerar los siguientes pardametros a ser calculados.

« Margen de construccién (BM): Permite establecer el factor de emision de la nueva generacion que se ha
incorporado a la red eléctrica en los tltimos 10 afios y que corresponde al 20% de la generacion del ultimo
afio que se tiene datos.

» Margen de Operacién (OM): Establece el factor de emisidn que se presenté durante el afo, con este factor
se calculan las emisiones de CO, que se presentaron en los diferentes afos de estudio.

« Margen Combinado (CM): Este factor se utiliza para crear una linea base para un proyecto renovable, su
calculo se lo realiza en base a los dos anteriores dandoles un porcentaje tanto al BM como al OM, la suma
del porcentaje asignado no puede ser mayor que el 100%.

Tabla Nro. 1 Parametros de célculo del factor de emision de CO,

PARAMETROS A UNIDADES  DESCRIPCION

EFgiagm | tCO,/MWh Factor de emision de CO; para el Margen de construccion en el ano “y”

EFgriqcm  tCO,/MWh  Factor de emision de CO; para el Margen combinado en el afio “y”

Fuente: (UNFCCC, 2018)

2.2.Procedimiento de Linea Base
2.2.1. Paso 1. Identificacion del sistema eléctrico relevante
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« Minima potencia anual: Es la minima potencia horaria registrada en el afio calendario

« Maxima potencia anual: Es la maxima potencia horaria registrada en el afio calendario.

« Lambda: Estd determinado por numero de horas en el afio en que la generacion de bajo costo abastecié
la demanda de potencia por si sola.

1.2. Descripcion de la metodologia

En esta seccion se presenta un esquema de los pasos a seguir para el calculo del factor de emision.

1.3. Aspectos considerados para la realizacién del calculo

Algunas consideraciones fueron tomadas en cuenta para la realizacion de este informe, destacandose las
siguientes:

* Los sistemas eléctricos aislados de la red eléctrica no se consideran dentro del célculo. Entre estos
sistemas se encuentran:
- Isla Puna
- Regién Insular - Galapagos
- Sistema Oriental (Sistemas menores ubicados en la region nororiental del Ecuador manejados por
la unidad de negocio TERMOPICHINCHA de la Corporacion Eléctrica del Ecuador CELEC EP)
- El sistema de Generacidn del Sistema Eléctrico Interconectado Petrolero — SEIP,

* Para el caso de la interconexion eléctrica con Colombia, sobre la base que en 2008 se realizé una
repotenciacion del sistema de transmision de 230 kV, se considerd la energia registrada en los medidores
en barras de Ecuador por los circuitos adicionales con un factor de emision de CO; igual a cero, como
indica la “Herramienta para el calculo del factor de emision para un sistema eléctrico v7.0”. (UNFCCC,
2018)
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El Operador Nacional de Electricidad CENACE como ente técnico responsable de la actualizacion anual del
calculo del Factor de Emision de Didxido de Carbono (CO») del Sistema Nacional Interconectado del Ecuador
Continental desde el afio 2010, ha recopilado la informacidn del Gltimo afio de operacion del sistema eléctrico
ecuatoriano con la finalidad de realizar la actualizacion del Factor de Emisidon de CO,.

Se ha establecido como guia la herramienta metodoldgica de la Convencion Marco de las Naciones Unidas
sobre el Cambio Climatico (UNFCCC por sus siglas en inglés) denominada “Herramienta para el calculo del
factor de emision de CO, para un sistema eléctrico”, version v7.0. (UNFCCC, 2018). Dicha herramienta se
encuentra vigente y ratificada por la UNFCCC conforme se indica en la treceava edicion de la publicacion
Compendio Metodoldgico del Mecanismo de Desarrollo Limpio (UNFCCC, 2021)

1.1.Definiciones generales

* MWh: Unidad de medida energética, equivalente a un millén de vatios hora. Es la energia necesaria para
suministrar una potencia de un milldn de vatios constante durante una hora.

» Factor de emisién de CO,: Es la masa estimada de toneladas de CO, emitidas a la atmdsfera, por cada
unidad de MWh de energia eléctrica generada en base a la combustion de combustible fésil. (UNFCCC,
2018)

* GEIl: Gases de Efecto Invernadero. Los gases de efecto invernadero son aquellos constituyentes gaseosos
de la atmdsfera, tanto naturales como antropogénicos, que absorben y emiten radiacion en longitudes
de onda especificas dentro del espectro de radiacion infrarroja térmica emitida por la superficie de la
Tierra, la atmosfera y las nubes. (IPCC, 2013)

 Planta/unidad de generacién: La unidad de generacion es el equipamiento que genera energia eléctrica,
una planta de generacidn esta compuesta por varias unidades de generacién. (UNFCCC, 2018)

* Red Eléctrica: Se establece como el conjunto de elementos y sistemas que se encuentran entre las
unidades de generacién y los consumidores finales (UNFCCC, 2018).

« Sistema Nacional de Transmisién: Es el sistema de trasmision de energia eléctrica o medio de conexién
entre consumidores y centros de generacion (unidades de generacién), el cual permite el paso de la
energia a todo el territorio nacional.

+ Sistema Nacional Interconectado (SNI): En el Ecuador es el sistema integrado por los elementos del
sistema eléctrico, conectado entre si, que permite la produccién y transferencia de energia eléctrica entre
centros de generacion y consumo.

« Generacién Neta: Es la diferencia entre la generacion total y el consumo de los servicios auxiliares de la
unidad de generacién. Es aquella energia que se entrega a la red eléctrica para el consumo del usuario y
el consumo propio del sistema de transmision. (UNFCCC, 2018)

« Margen de Construccién (BM): El factor de emision de CO, del margen de construccion representa las
emisiones asociadas al ingreso de nuevas unidades de generacion para el periodo en el que se ha
calculado, cuya construccién y operacion seria desplazada por la actividad del proyecto renovable.
(UNFCCC, 2018)

» Margen de Operacién (OM): El factor de emision de CO, del margen de operacion se estima con la
operacion de las centrales actualmente conectadas a la red, que seria afectada por la actividad del
proyecto renovable. (UNFCCC, 2018)

* Margen Combinado (CM): El factor de emisiones de CO, del margen combinado corresponde a la
ponderacion asignada en el calculo de los dos margenes anteriores. (UNFCCC, 2018).

« Generacion de bajo costo (Low cost/must run): Es la energia compuesta por las unidades hidraulicas, y
renovables no convencionales (bagazo, biomasa, biogas, edlica, solar).

4
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El factor de emision de CO2 se constituye una herramienta

fundamental para la planificacion energética nacional, que nos permite
cuantificar la reduccion de emisiones al promover la energia renovable
o la eficiencia energética. Es por ello, que trabajamos en mejorar los
datos estadisticos bajo principios de transparencia y consistencia, que
se establecen como piezas clave para el desarrollo de este sector,
considerado estratégico para el pais.

Enith Carriéon Quezada
Viceministra de Electricidad y Energia Renovable
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El Gobierno del Encuentro a través del Ministerio de Ambiente, Agua vy
Transicion Ecoldgica apoya la transformacion de la matriz energética
del pais hacia un desarrollo sostenible bajo en emisiones y resiliente al
clima, proceso gue requiere contar con informacion que fortalezca la
transparencia y oriente la toma de decisiones.

Por esta razon, los resultados del calculo del factor de emision del
Sistermma Nacional Interconectado contribuyen con la planificacion
energética del pais asi como la cuantificacion de los aportes en la
mitigacion del cambio climatico.

Gustavo Manrique Miranda
Ministro del Ambiente, Agua y Transiciéon Ecoldgica
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Mlnl§ter|
Energia y

El Gobierno del Encuentro, a través del Ministerio de Energia y Minas,
ratifica su firme compromiso de continuar impulsando el desarrollo de
generacion eléctrica, por medio de energias renovables. Ademas, bajo
el liderazgo del presidente Guillermo Lasso, trabajamos de forma
permanente en la implementacion de politicas encaminadas en
asegurar una mayor equidad, accesibilidad y resiliencia en el sector
energético ecuatoriano.

Fernando Santos Alvite
Ministro de Energia y Minas
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Area responsable de la elaboracidn:
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Elaboracién:
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Minas
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Transicion Ecoldgica
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La Comision Técnica de determinacion de Factores de Emision de gases
de efecto invernadero - CTFE, el 19 de agosto de 2022 emitio el informe
de conformidad al factor de emision de CO2 del Sistema Nacional
Interconectado de Ecuador para la estadistica 2021 y recomendd su
aprobacion y publicacion. Este material puede ser utilizado siempre que
se cite la fuente.



Comision Técnica de determinacion
de Factores de Emision de gases de
efecto invernadero
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Anexo 7. Ministerio de energia y recursos naturales no renovables. Plan maestro de electricidad
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Maestro
SElectricidad
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1.1 Transformacion y situacion actual del Sector Eléctrico
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1.3.1 Linea Base
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everything—solution design, procurement,
installation of hardware, operations, and
maintenance. There are also new economic
models that support these types of solutions,
such as a dollar-per-mile or dollar-per-kWh fully
loaded cost. Such innovations help eliminate
high upfront costs and provide higher levels of
predictability over thelong term.

As automotive players prepare to launch a

range of new eTrucks in markets around the

world, the industry must simultaneously solve

its charging problems. To encourage strong
momentum for eTrucks, the extended ecosystem
of OEMs, suppliers, fleets, service providers, and
municipalities must collaborate with regulators to
ensure charging infrastructure development keeps
up with eTruck demand. Without this building block
in place, even the most important use cases may
see little uptake.

Enrico Furnariis a consultant in McKinsey's Warsaw office; Lionel Johnnes and Alexander Pfeiffer are consultants in the
Amsterdam office; and Shivika Sahdev is a partner in the New York office.

The authors wish to thank Shashank Kalukar, Florian Kulzer, Florian Nagele, and Felix Richter for their contributions to this article.

ny. Allrights reserved.
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Public charging will always be more expensive
than depot charging because charge-

point operators will seek premium fees on

their electricity or service to recoup their
infrastructure costs and make a profit. If battery
prices for eTrucks remain close to today’s
average of $250 to $300 per kilowatt hour, it
makes sense to reduce battery capacity using
midroute charging, even when electricity prices
are very high (over the current average of $0.5
per kilowatt hour for ultra-fast charging). If
battery prices decline as expected, public
charge-point operators must reduce their fees
at fast-charging points below $0.4 per kilowatt
hour to remain competitive. Otherwise, fleet
operators will find it more cost-effective to

opt for bigger batteries and overnight-only
charging solutions.

. Charging technology depends on vehicle

size and use.

LCVs and MDTs used in single-shift, overnight-
only situations can charge with slower Level 2
chargers, even if they have larger batteries. The
rating for the standard Level 2 charger is

22 kilowatts. At that power rating, the charger
can supply approximately 220 kWh' of electricity
over ten hours.

Inthe near term, routes for LCVs and MDTs will
probably not exceed 200 kilometers, which
means they will use less than 220 kWh of energy
per day. However, eTrucks driving more than

200 to 300 kilometers per day will require more
than 220 kWh and will need faster chargers

at the hub. Heavy-duty, long-haul vehicles will
always require faster DCFC charging given their
routes of more than 400 kilometers and their
much larger battery packs (over 300 kWh). If
these vehicles used a Level 2 charger,

the charging process would take over ten
hours, making it even inappropriate for
overnight solutions.

. The business model matters just as much

as the technology.

While an operator’s selected charging strategy
is important, the chosen business model could
have even greater implications and be agreater
source of innovation. When preparing to launch
eTrucks, fleet operators will be more responsive
toaseamless model that integrates the design,
deployment, and operation of the charging
infrastructure with the purchase of the vehicle.

For fleet operators to deploy the charging
infrastructure independently, they would have
to understand requirements for all elements,
including hardware, installation, and software.
They would then need to scan the market,
evaluate multiple vendors, and engage one.
That may change, however, since integrated
solutions are starting to emerge in which OEMs
orindependent providers offer a “charging

as a service” model that provides a one-stop-
shop option in which a single provider covers

While an operator’s selected charging
strategy is important, the chosen
business model could have even greater
implications and be a greater source

of innovation.

1 The actual power delivered varies based on the interaction between the charger and the vehicle; in most cases, the charger does not deliver
electricity at the nameplate capacity for the entire charging session.
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1. Overnight-only charging is the
cheapestchoice.
For every type of eTruck and route, overnight-
only charging is by far the cheapest possible
option, largely because energy costs overnight
atahub are lower than those associated with
strategies that involve midroute charging.
Additionally, operators benefit from using
slower, less expensive chargers at hubs. For
use cases where eTrucks run more than asingle
shift or need faster charging at the hubs, the
cost differential will be lower. Overnight-only
charging is expected to be the dominant solution,

Exhibit 3

atleast in the near term, since the technology

is already available and most battery packs are
expected to be large enough to meet daily route
needs on asingle charge.

. The real benefit of midroute charging

involves the trade-off between charging

and battery costs.

Midroute charging serves two purposes. First, it
allows eTrucks to drive longer routes than they
could serve on asingle charge. Second, it could
allow eTrucks to use a smaller battery while
maintaining the desired range.

The selected charging strategy can affect total cost of ownership.

Total cost of ownership, by charging solution,’
euro per kilometer in 2020

I Operating expenditure/electricity (including infrastructure)
@ Capital expenditure/battery

A Overnight only B Overnight and mid-route? no reduction in battery size C Overnight and mid-route?, smaller battery

Last-mile delivery

+44% 022

0.07 0.09 0.09

A B [ A

Dry goods distribution

0.89
076
o 0.60
A B

0.33 0.30
B C

Point-to-point distribution

(o
Charger power,
kilowatts
Overnight 22 22 22 22 22 22 22 22 22
Mid-route NA 22 50 NA 150 50 NA 450 360
Battery capacity, 30 30 20 200 200 165 950 950 500

kilowatt hours

Note: Figures may not sum, because
e

rounding.
Estimates 2025.

Assumes
0-point distrib!
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Midroute-only charging

If fleet operators select a midroute-only-charging
method, they will rely exclusively on public or private
charging midroute. This model reduces the required
infrastructure investment, but itis only feasible

in locations where public charging stations exist
along the desired route or if electricity costs are

low enough to justify a switch to exclusive midroute
charging. As any charging strategy, this option has
several drawbacks. Forinstance, afleet's overall idle
time could increase if chargers are unavailable.

Midroute-only charging is most suitable for fleet
operators with little or no depot parking space, such
as car-on-demand operators with free-floating
fleets, as well as limited daily mileage or long breaks
between cycles. Even when such enablers are in
place, we expect that fleet operators will need to
enter targeted arrangements with charge-point
operators to ensure charging access and avoid
interference with fleet performance.

Battery swapping

Inthis strategy, eTruck operators can remove
discharged batteries and replace them with fully
charged ones, either at the hub or depot location

or midroute at dedicated swapping stations. The
main advantage with this charging strategy is time.
Swapping stations will have a stock of already-
charged batteries that can be installed in much less
time than it would take for a wired charger to charge
an onboard battery.

While faster, the costs associated with this model
could be considerable. Operators will need to
setup a charging and storage hub for the battery
packs, stock more than one battery per truck, and
potentially hire labor to conduct the swapping. If
afleet operator has two different truck types with
different battery-pack configurations, costs could
escalate even further. That said, there are some
use cases where battery swapping makes sense,
such as those involving travel through remote areas
that lack public-charging infrastructure. Battery
swapping may also be the best solution when
turnaround times for charging are critical or when
afleet operator only uses one truck brand. No

Why most eTrucks will choose overnight charging

operators have yet deployed battery swapping ona
commercial scale.

Overhead catenary charging

In this solution, the eTruck itself has a small battery
or lacks one. It drives on a fixed route while drawing
power from an overhead catenary—aline or wire
that directly provides electricity to vehicles. This
strategy allows the fleet operator to avoid high
expenses related to eTruck batteries. Savings can
be considerable, since battery expenditures usually
represent about 40 to 60 percent of the overall
capital expenditures for these vehicles.

A major disadvantage of catenary charging is the
extensive capital expenditures required to build

the overhead power grid, as well as the need for
permanent fixed routes. Since only a few routes are
now equipped with this technology, this solution

is not commercially feasible in most instances.
Beyond areas where the infrastructure already
exists, catenary charging might make sense for very
short fixed transfers with heavy payloads, such asin
mining applications.

Considerations when choosing a
charging strategy

To test the viability of each strategy, we focused on
the use cases that are most feasible over the short
term: last-mile delivery, dry goods distribution, and
point-to-point long-haul distribution. For each
case, we then performed a TCO analysis for three
different charging options: overnight only, overnight
plus midroute with the same battery size, and
overnight plus midroute with a smaller battery size.
In addition to considering the capital expenditure
for the battery pack and charging infrastructure,
we looked at all operating expenditures for retail
electricity and the charging infrastructure—both
operations and maintenance (Exhibit 3). We also
factored in costs that would be the same across
different charging solutions, such as those for
vehicle chassis, electronics capital expenditures,
and vehicle-maintenance operating expenditures.
Our findings highlighted four important points:
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Of the five strategies, we believe that overnight-
only charging and overnight and midroute charging
are most feasible. These options have predictable
and manageable up-front capital expenditures and
operating costs, use established technologies, and
offer flexibility. The other choices will remain niche
applications or are commercially impractical.

Overnight-only charging

Following this strategy, operators charge their fleets
overnight at the hub or depot where they park. This
approach assumes that eTrucks run for only one
shift aday, are idle throughout the night, and usually
have a battery that is large enough to support the
daily required range when fully charged. Overnight-
only charging is possible with today’s technology
and infrastructure and could be the most cost-
effective charging solution.

Fleets can use less expensive, slower Level 2
chargers at the hub or depot, given the long

rest cycles, which limits their up-front capital
expenditures; additionally, with overnight charging
trucks would charge at night when electricity is
cheaper. Alternatively, the fleet operator could use
a third-party charging infrastructure provider and
lease the charging equipment—a strategy that
would avoid capital-expenditure outlays but likely
involve slightly higher overall prices.

Overnight and midroute charging

With this option, operators charge eTrucks overnight
at the depot and over the day at fast chargers.
Midroute chargers can be located at private

rest stops, destination warehouses, public retail
locations, public charging stations, or truck rest
stops. An overnight-and-midroute-charging
strategy makes sense when the battery packis not
large enough to support the entire daily required
range, even when fully charged.

This charging solution reduces the required capex
investments at the depot for both fleet operators
and charge-point operators, compared with
overnight only, because operators can have smaller
battery packs in their vehicles and therefore need
fewer depot chargers.

The main considerations for this strategy involve the
additional cost for midroute infrastructure build-
out or use and the need to guarantee availability.

If operators decide to build dedicated midroute
stops, capital expenditure will increase. Similarly,
operators that use public charging stations midroute
will pay more per kilowatt-hour consumed than
they do at hubs. For fleets that opt to use public
networks, charging stations must be available

and operational when needed or else on-time
performance might suffer.

Overnight-only charging and overnight
and midroute charging are most feasible.

Other choices will remain niche applications

or are commercially impractical.

Why most eTrucks will choose overnight charging
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Potential charging strategies

While eTrucks have yet to be adopted at scale, we
have identified five potential charging options that
vary by location, cost, feasibility, and flexibility
(Exhibit 2). For instance, some strategies call for
eTrucks to be charged at hubs where vehicles park
while others involve warehouses where they load
and unload, public charging stations, or rest stops
that feature en route chargers. The initial costs

for each charging solution will include charger
hardware, installation, any storage or distributed
generation equipment, one-time site construction
and grid connection costs, or one-time software-
development fees. Ongoing operating costs will
include maintenance, electricity, demand charges,

For strategies that use wired charging, two
technologies are available:

— alternating-current (AC) charging, also called
Level 2 charging, which is relatively slow and has
power under 22 kilowatts

— direct-current fast charging (DCFC), which has

power over 50 kilowatts

Level 2 chargers are considerably more affordable,
ranging in cost from $2,500 to $5,000, while DCFC
chargers, ranging from 50 kilowatts to 100 kilowatts,
cost anywhere from $15,000 to more than $40,000.

and labor.

Exhibit 2

There are five potential eTruck charging strategies.

Characteristics of charging strategies

Overnight Battery Overhead
Overnight only and mid-route’ Mid-route’ only swapping catenary
Location Operator’s hub Operator's hub Private or public Operator's hub or While driving,
and private or public  mid-route charging public swapping using catenary
mid-route charging station station
station
Cost Low capex’ if only Potentially lower Potentially lower High capex for Considerable cost
Level 2; opex® can capex for chargers capex for chargers swapping for building
be lowerifcharging  and smaller battery;  and smaller battery; infrastructure and catenary
when electricity higher opex if using  higher opex if using battery storage; infrastructure
cost is lowest public mid-route public mid-route high opex for
at night charging charging swapping labor
Feasibility Viable today Limited availability of Limited availability of No pilots for Some pilot
mid-route charging mid-route charging commercial sector projects announced
infrastructure infrastructure
Flexibility No flexibility for Option to Needs Possible only Possible only
externalities or extend stops predictable routes where swapping where catenary
total route length ifneeded station available available

'Mid-route charger owned by operator or public/third party.

“Capital expenditures.
‘Operating expenditures.

Why most eTrucks will choose overnight charging
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Exhibit 1

Multiple eTruck use cases exist, but not all are currently feasible.

Use-case feasibility, non-exhaustive

Low © ® @ @ @ High

[ Most likely use cases

Vehicleclass/ C cial Daily distance,

application use case Predictability of route Cold-chain requirement kilometers

Light Last-mile @ Area coverage fixed; routes ® Largely consists of shipments

commercial delivery may vary of fast-moving consumer 100

vehicles durables, consumer goods,

Class 1-3 and dry parcels

Urban

transport Small business @ Daily route planned; exact @ Cold chain needed for |
grocery delivery distance/stops may vary perishable groceries 200
Maintenance ® Area coverage fixed; routes No cold-chain requirement;
vans largely unpredictable only used for repairs 100

Medium- Dry goods @ Daily route planned; exact Only includes shipments that

duty trucks distribution distance/stops may vary do not require cold chain 200

Class 4-6

Regional Refrigerated @ Daily route planned; exact @ Fully dependent on cold chain

transport goods distance/stops may vary due to perishables 100
distribution

Heavy-duty Point-to-point ® 60% of long-haul trips have ® Long-haul shipments for

trucks distribution a fixed route, mostly from industrial goods, consumer 400

Class 7-9 point-to-point goods, etc

Long-haul

transport Multi-day ® Routes are less predictable ® Long-haul shipments ]
delivery for heavy goods and full 700

Use case 1: Light commercial vehicles making
last-mile deliveries

This first use case will involve LCVs making last-mile
deliveries. These routes are typically short—under
100 kilometers per day—and do not involve heavy or
refrigerated payloads. Today’s batteries can easily
move these small, lightweight trucks, even when
they are loaded with packages. In addition, the
batteries in these vehicles can easily support these

routes, often without the need for en route charging.

Forinstance, a 100 kilowatt-hour (kWh) battery can
easily support an LCV driving approximately 130
kilometers per day.

Use case 2: Medium-duty vehicles distributing
drygoods

In this use case, MDTs drive across cities or states
for dry goods distribution, which typically means
delivering goods from warehouses to urban
supermarkets or distribution centers. This use

Why most eTrucks will choose overnight charging

truckload cargo

case is feasible over the short term because the
eTrucks have a defined and fixed daily route and a
known average daily distance traveled of about 200
kilometers. Since their fixed routes have known stop
times at either end, the eTrucks can be charged at
the beginning and end of their journeys.

Use case 3: Heavy-duty vehicles doing point-to-
point long haul

This use case covers large heavy trucks—class 7
and class 8—that drive long distances to deliver
goods from ports or production facilities to large
distribution centers or warehouses. The exact
routes and distances remain highly predictable and
fixed, with arange of 400 kilometers or more. These
eTrucks typically operate almost continuously using
two drivers. Given the extreme service cycles, these
use cases will likely emerge last and will probably
require en route charging at predetermined stops.

83



Electric trucks (eTrucks) are entering markets
worldwide. As these vehicles are deployed, fleet
operators must determine potential use cases,

such as last-mile delivery, and select the best
charging strategies. We have identified the use
cases most likely to electrify first and the most viable
charging strategies based on cost, practicality, and
other factors.

Charge of the eT'ruck brigade

McKinsey estimates eTruck adoption will exceed
30 percent by 2030 across different vehicle
classes: light commercial vehicle (LCV), medium-
duty truck (MDT), and heavy-duty truck (HDT). The
potential uptick in adoption will likely be a result

of the alignment of several key factors: regulation,
electric truck supply, improvements in battery
electric technology, and overall economics.

First, the regulatory push to reduce emissions

is driving interest in eTrucks across the logistics
and transport sectors, which currently contribute
3 to 5 percent of global CO2 emissions. Regional
regulations, such as those in the European Union,
require new trucks to reduce CO2 emissions by

30 percent by 2030. States and cities are creating
regulatory push as well. For example, California’s
recent Advanced Clean Truck regulation requires
manufacturers of commercial vehicles to start
selling eTrucks in 2024 and restrict all sales to this
category by 2045. Likewise, more than 40 cities
around the world have begun to ban diesel and
gasoline internal combustion engine (ICE) trucks in
their city centers.

Next up is supply. While most people would have
difficulty naming an eTruck model today, this

is already changing. Based on our analysis of
automaker future product plans, we expect afive- to

Why most eTrucks will choose overnight charging

tenfold increase in the supply of eTrucks by 2030.
Major OEMs have already announced new models
across different weight classes, and we expect
there will be more than 30 models by 2040.

Technologic and economic factors will also play a
big role in eTruck uptake. Improvements in battery
and electric powertrain technology, including those
related to safety, energy density, battery supply, and
performance, are increasing both vehicle range and
consumer confidence. As the technology improves,
battery costs are also falling. Over the next decade,
they should decline to the point where the total cost
of ownership (TCO) for many eTruck models will be
similar to or better than the TCO for ICE trucks.

These factors will create a favorable environment for
the adoption of eTrucks across the LCV, MDT, and
HDT segments. Our analysis of three key markets—
China, Europe, and the United States—suggests
that demand could reach 2.7 million units by 2025
and 11 million units by 2030.

Potential use cases

Our research revealed that eTrucks could play a
role across multiple use cases, although these will
vary by vehicle class and application (Exhibit 1).
Each use case will differ in terms of required range,
payload, route predictability, infrastructure access,
model availability, and the need for a cold chain (an
uninterrupted series of refrigerated production,
storage, and distribution activities for goods).
Today’s battery packs can best support use cases
with predictable routes, relatively shorter ranges,
and payloads that do not require cold chains.

Thus, we expect three commercial use cases to
gain traction first: last-mile delivery, dry goods
distribution, and point-to-point long-haul transport.
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Conclusion

Electric vehicles are coming, and weare onthe
righttrack regarding decarbonizing the transport
sector, though more actions need to be taken.
Itis an industry transformation taking place at
unprecedented speed. It is also crossing industry
borders, involving energy, infrastructure, mobility,
and automotive players. While amajor challenge,
it represents a huge opportunity for incumbents

Our capabilities

and new players totake aleading role in creating
new multi-billion industries and jobs. The key will
be to couple sustainability with economic viability
through innovative technology and properly guided
mobility transformation. Based on its diverse
mobility landscape, its focus on sustainability and
its proven technology leadership, Europe could
emerge as arole model for other regions globally.

The McKinsey Center for Future Mobility (MCFM) aims to help all stakeholders in the mobility
ecosystem navigate the future by providing independent and integrated evidence about possible
future mobility scenarios. Our view of trends are grounded in advanced multi-level driver based
models that have been validated across industries and players. Each modelis based on proprietary
data and contributes to an integrated perspective on future mobility trends and scenarios including
modal mix, miles traveled, vehicle sales, autonomy, powertrain electrification, battery demand,
charging infrastructure, components, consumer behavior, and value/profit pools etc.

This charticle leveraged insights from multiple MCFM models and the broad MCFM Solution team.

Please get in touch if you would like to learn more.
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Reaching 55% transport emissions reduction by 2030 vs 1990 requires
more alternative measures

Annual emissions of passenger vehicle parc in EU',
Million tons CO,e

2019 540
CO,e emission
Savings based reduction
on current EU —— measures based
regulation on new car sales
. (EVs and ICE
2030 with . efficiency
current regulation 370 improvements)
Gap to 165
2030 target -
2030 target
(55% reduction 204
vs 1990)
CO,e emission reduction measures
affecting vehicle parc
Use bio- and syn fuels Reduce ICE vehicle kilometers traveled Accelerate ICE parc turnover
Reduce total emissions by 5% if Reduce total emissions by 10% by shifting Reduce total emissions by 15% by
average blend rate increases from 10% of private car kilometers to shared limiting car age to 15 years starting
6-11% and public modes in 2025
1
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3.5 A 55 percent transport emissions
reduction target by 2030 versus 1990
requires more drastic measures

Current regulation and targets are not sufficient if the
road transport sector wants to fully contribute to the
55 percent CO,e emissions reduction target by 2030
versus 1990 as required by the Fit for 55 program.

However, passenger cars have one advantage over
other industries from a decarbonization point: The
zero-emissions option (e.g., the BEV)is cheaper
thanthe current alternative (ICE) from a total cost of
ownership perspective in some countries today and
by 2025 at the latest in countries without incentives.
This is not the case in most other industries, where
decarbonizing results in higher costs for both
producers and consumers.

However, with the average car age at ten years

in Europe, it will take time for EV sales to have an
impact at the parc level. The current regulation on
sales is therefore not sufficient to meet the goal of
abb percent emissions reduction from 1990 levels
by 2030.

Why the automotive future is electric

Closing this gap will require further measures
targeting CO,e emissions of the vehicle parc. ICE
vehicle kilometers traveled could be decreased by
reducing private car kilometers, increasing shared
mobility, and changing consumer perspectives on
walking/biking.

At the same time, the most efficient leveris to
accelerate the ICE parc turnover and remove highly
polluting ICE vehicles fromthe fleet with, for example,
“cash-for-clunkers” programs for old ICE cars.

Another way toreduce CO,e emissions from ICE
vehicles is toincrease the share of bio- and e-fuels
as these have alow carbon footprintand are
compatible with the existing ICE parc. However, the
majority of bio- and e-fuels supply will be required
to decarbonize marine/aviation and commercial
road transport, for which only limited zero-emissions
alternatives exist today.
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Material emissions will dominate vehicle lifecycle emissions when clean energy is used for
charging and are the next frontier for automotive emissions reduction

t CO,, emissions over lifecycle mileage of a lower medium segment passenger car

55.5

Operation’ ® Aluminium 35-50%

® Steel 15-25%

20.7 @ Battery CAM'10-20%
Plastic 4-7%
® Other 15-25%

10.3

7. Material v
N Production

&)y . .
8
= =
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Diesel Europe grid Clean grid
mix? mix?
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ainable Develo

Polic =nario and

tricity mix for a 2021 car b

ypment

M

Mobility, nparison of the

> GHG emissions of combustion engines and electric passenger cars, July 2021)
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3.4. Reaching net zero also means
decarbonizing EV production

Thereis aclear pathto reducing CO, equivalent
(CO,e) emissions from passenger cars in
operation. A recent International Council on Clean
Transportation (ICCT) analysis stated that the shift
from ICE to BEV would reduce total lifecycle CO,e
emissions by around 65 percent based on the
currentaverage energy mix in Europe and by 83
percent with entirely green electricity.

As the electricity supply evolves and charging with
green energy for a larger fleet of EVs becomes
feasible, materials and production will become the
dominant sources of emissions inan EV’s lifecycle.
Today an EV's production generates an almost

80 percent higher emissions intensity compared
with an ICE car, due mainly to the battery and the
vehicle’s higher share of aluminum.

When aiming to reduce material emissions, two main
issues matter:

Increasing recycled content. Replacing virgin/
primary materials with recycled alternatives will
save a large share of emissions associated with

the initial generation of raw materials. Replacing
30 percent of primary material with recycled
material can save 15 to 25 percent? of production
emissions. Recycled material use, however, comes
with multiple challenges, including the reality that
end-of-life (EOL) collection remains very immature,
making it difficult to achieve an automotive-grade
materials stream. Furthermore, multiple industries
are interested in using recycled material to achieve
their decarbonization targets, which will resultin
supply bottlenecks and the higher prices of several
recycled materials.

Shifting to green raw materials. Using primary
materials produced in a low/no-carbon process
enables high-grade materials with low emissions
footprints. Examples of this approach include inert
anode aluminum smelting via hydroelectricity or
steel produced through hydrogen-based direct
reduced iron in an electric arc furnace (H2 DRI-
EAF steel). Around 80 to 90 percent of today’s
typical material emissions can be eliminated with
2030 technologies. The main approaches involve
decarbonizing the raw material refining processes
by using renewable electricity, for example,

and decarbonizing the forming as well as other
high-energy manufacturing processes, also via
electrification.

While a switch in electricity resources is simple,
the shift from today’s processes to manufacturing
routes that avoid CO,e emissions altogether—
rather than capturing or gradually reducing them—
will require significant investments in plants and
equipment. A predictable demand for green
materials and long-term commitments between
suppliers and buyers would help overcome this
obstacle inthe nextdecade.

Adetermined approach to decarbonizing and
combining these methods could produce vehicles
with 10 to 30 percent of today’s production
emissions by 2030—a challenging feat but
necessary to fulfill the Green Deal aspiration.
Nevertheless, decarbonizing the supply chainand
achieving Scope 3 emissions reductions may cause
vehicle costs torise at a time when OEMs are trying
tolower prices to boost consumer interestand
achieve sustainable long-term margins.

2 Theabatement rate depends onthelevel of required treatment of end-of-life (EOL) materials for reuse and the type of material.
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The EV charging infrastructure buildup faces operational, regulatory, and financial hurdles

Public charger build-out

1. Semi-private r

ultifamilyl hor
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@ High

® Medium

® Low
Very low

Fast rollout

+15,000

chargers to be
installed per week'

High capex

+90%

investment for less
than 25% of
charge points (fast
charger)

Buildup in rural areas

+30%

of population living
inrural areas

Public charging coverage
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3.3. Acceleration in charging
infrastructure buildup needed

In line with EV uptake, the buildup of charging
infrastructure needs to accelerate to avoid
becoming a potential bottleneck and limiting
consumer-driven EV adoption. Building charging
infrastructure in sync with the EV fleet will be
essential in the coming decade.

While first-generation EV buyers relied mainly on
private charging (in 2020, 80 percent of EV buyers
in Europe had access to private charging), the

next generation will depend on public charging.
More than 50 percent of Europeans will be living in
multifamily homes without private charger access,
and public chargers will ensure practicality of EVs
for long-distance trips, which prospective EV buyers
still consider a main concern.

Likewise, regulatory processes to install chargersin
private homes require simplification and production
capacity for wall boxes must increase. Production
scale-up and simplified regulation (in terms of
shortened permitand building times) are also
necessary for public chargers, in addition to the
creation of demand-based coverage.

Why the automotive future is electric

We estimate the industry needs to install more

than 15,000 chargers per week by 2030 within the
European Union. Simplified regulations are needed to
facilitate charger siting, since it can currently take up
to three yearsto obtain approval for grid extensions
for afast-charging station. Ensuring the EU-wide
coverage of public charging is essential to avoid
having chargerslocated only in profitable locations.

EVs are poised to command on average more than

5 percent of electricity demand in 2030 in Europe.

[t will be important to reduce charging during

peak load periods through “managed charging” by
controlling charging time, duration, and intensity
with vehicle-to-grid (V2G) technology as an enabler.
In a scenario with appropriately managed charging
devices in place as well as incentives to charge
during nonpeak hours, much of the customer impact
on the electric grid will be mitigated.
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EU battery cell production sufficient to meet demand

Battery cell demand and announced supply
GWh, accelerated scenario for demand

965
4 874 Other applications

(other mobility,
ESS, and consumer
electronics)

20x
Passenger
cars and
commercial
vehicles

49

2020 2030 2030
production production demand
announced
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Battery cell players by archetype in Europe in 2030
Number of players, percent market share of total
production capacity

Incumbent (#7) 29%
Total of 965 GWh p.a. © Integrator (#3)18%
2 24 cell players ® OEM JV/subsidiary (#7) 30%

©® Start-up (#7) 24%
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3.2. Announced EU battery production
will likely stay just ahead of demand

Based on announced buildup plans, we expecta
20-fold increase in battery production capacity

in Europe to 965 GWh by 2030. Assuming the

full capacity is built by 2030, Europe should meet
expected demand of 874 GWh. BEV passenger
cars and commercial vehicles will drive 90 percent
of this battery demand. While on paper announced
capacities seemto follow and match demand,

in reality temporary implementation risks will

likely occur given giga-factory production issues,
typically slow yield ramp-ups, fragmentation of the
supply chain, and large inflexible OEM contracts.
Thus, in an accelerated EV adoption case, battery
demand would come very close to exceeding
announced supply in the medium term. Inthe next
ten years, we expect the mining industry to slow
down and other geopolitical and supply chain
crises to pop up periodically, leading to some
short-term price spikes in commodities like nickel
and lithium.

Battery cell production is moving physically closer
to vehicle assembly plants. While ten years ago
almost all cells were imported from Asia, regional
production hubs exist today in Eastern Europe,
for example. Furthermore, multiple plants will go
onstreamin key vehicle-producing countries like
Germany, the United Kingdom, and France and

in low-carbon-emitting environments such as
Norway and Sweden.

Why the automotive future is electric

In additiontoincumbent battery cell players from
Asia setting up locations in Europe, some entirely
new companies are entering the space. One key
development in battery sourcing involves the
backward integration of OEMs from packs and
modules up to cell production — mostly in the

form of joint ventures with cell manufacturers.
OEM backward integration plans result from their
growing battery cell demand, the desire for control
and certainty of supply, and the ambition to keep
asignificant part of vehicle value creationinhouse.
OEMs are also seeking areas for differentiation, with
battery technology, durability, and performance
seen as key evaluation criteria for BEVs.

Production of raw materials and battery
components follow the localization trend of
battery cell plants. However, there isa time lag
and only some of the raw materials needed, which
include nickel, cobalt, lithium, and graphite, are
available for local sourcing in Europe. Companies
must therefore compete globally to secure
required volumes and do it sustainably inline

with environmental, social and governance (ESG)
criteria. While all four commodities must ramp up
quickly, with potential price variation in the future,
nickel will likely be the commodity under the most
pressure in the short to medium term.
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Electrification will cause a major shift in the entire supply chain

Accelerated scenario, European market

Market size development
€ billions
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Source: McKinsey Center for Future Mobility
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3.1. Electrification will cause a major shift
in the entire automotive supply chain

The transformation of the automotive industry
toward electrification will disrupt the entire supply
chain and create a significant shift in market size
for automotive components. Critical components
for electrification such as batteries and electric
drives and for autonomous driving like light
detectionand ranging (LiDAR) sensors and radar
sensors will likely make up about 52 percentofthe
total market size by 2030. Components only used
in ICE vehicles such as conventional transmissions,
engines, and fuel injection systems would see a
significantdecline to around 11 percent by 2030 —
about halfthe size of 2019 levels. Such a drastic

Why the automotive future is electric

shift will force traditional component players
to adapt quickly to offset decreasing revenue
streams.

The scale of disruption will be significant:
according to the Institute for Economic Research
(Ifo) in Munich, more than 100,000 jobs will change
in the German automotive industry by 2030. That is
roughly five to ten times the scale of jobs compared
with the phaseout of coal power that Germany
announced for 2038.
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The e-mobility transformation will disrupt more than the automotive industry

Passenger vehicles, EU+GB+CH+NO, 2030, accelerated scenario
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3. The e-mobility transformation
will disrupt more than the
automotive industry

Inthe European Union, achieving the accelerated
scenario of around 75 percent EV sales by 2030
will have implications for the entire EV value chain
and ecosystem. In parallel, the industry must
decarbonize the full lifecycle of vehicles to get
closer to a net-zero target.

Incumbent automotive suppliers need to shift
production from ICE to EV components. Europe
will have to build an estimated 24 new battery
giga-factories to supply local passenger EV

Why the automotive future s electric

battery demand. With more than 70 million EVs on
the road by 2030, the industry will need to install
large numbers of public chargers and provide
maintenance operations for them. Renewable
electricity production needs to increase by 5
percent to meet EV charging demand. Finally,
emissions from BEV production must decline,
since BEVs currently have 80 percent higher
emissions in production than ICE vehicles.
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By 2035, the largest automotive markets (the EU, US, and China) will be fully electric
EV (BEV, FCEV, PHEV) sales in percent of new passenger vehicle sales

Scenarios Markets, accelerated scenario
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2. By 2035, the largest automotive
markets will go electric

Regulatory pressure and the consumer pull toward
EVs vary greatly by region. Europe is mainly a
regulation-driven market with high subsidies,
while in China consumer pull is very strong despite
reduced incentives. In the United States, EV sales
have grown slowly due to both limited regulatory
pressure and consumer interest, although the
regulator trend is set to change under the new
administration.

Onaglobal level, we expect EV (BEV, PHEV,

and FCEV)' adoption to reach 45 percent under
currently expected regulatory targets. However,
even this transformative EV growth outlook is
far below what's required to achieve net zero
emissions. EVs would need to account for 75
percent of passenger car sales globally by 2030,
which significantly outpaces the current course
and speed of the industry.

We believe Europe — as aregulatory-driven
market with positive consumer demand trends —
will electrify the fastest and is expected to remain
the global leader in electrification in terms of

EV market share. In addition to the European
Commission target, which requires around 60
percent EV sales by 2030, several countries
have already announced an end to ICE sales by
2030. In line with this, seven OEM brands have
committed to 100 percent EV sales by 2030
within the European Union. In the most likely

accelerated scenario, consumer adoption will
exceed regulatory targets and Europe will reach
around 75 percent EV market share by 2030. The
European Union announced a zero-emissions
target for new cars by 2035.

China will also continue to see strong growth in
electrification and remain thelargest EV market
in absolute terms. Uptake results from strong
consumer pull, despite low EV subsidies and

no official end date for ICE sales. However, the
government’s dual-credit policy has led to an
increased EV share in OEMs’ portfolios. Our
adoption modeling yields a Chinese EV share
above 70 percent for new car sales in 2030 in the
accelerated scenario.

Inthe United States, the Biden administration
announced a 50 percent electrification target

for 2030, strong investments in charging
infrastructure, and more stringent fleet emissions
targets. EV uptake will result mainly from
regulatory support in Californiaand other states
that follow its CARB ZEV regulation. US OEMs
support electrification targets and have declared
ICE bans by 2035, meaning the United States will
follow Europe and Chinain EV uptake with a small
delay; itis expected to exceed current regulatory
targets and reach 65 percent EV sales by 2030 in
the accelerated scenario.

1 Battery electric vehicles, plug-in hybrid electric vehicles, and fuel cell electric vehicles.

Why the automotive future is electric
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1. The future of passenger
vehicle powertrains is electric;
the transformation is ongoing

The tipping point in passenger EV adoption
occurred in the second halfof 2020, when EV
sales and penetration accelerated in major
markets despite the economic crisis caused by
the COVID-19 pandemic. Europe spearheaded
this development, where EV adoption reached 8
percent due to policy mandates such as stricter
emissions targets for OEMs and generous
subsidies for consumers.

In 2021, the discussions have centered on the end
date for internal combustion engine (ICE) vehicle
sales. New regulatory targets in the European
Union and the United States now aimforan EV
share of at least 50 percent by 2030, and several
countries have announced accelerated timelines

Why the automotive futureis electric

for ICE sales bansin 2030 or 2035. Some OEMs
have stated their intentions to stop investing in
new |ICE platforms and models and many more
have already defined a specific date to end ICE
vehicle production. Consumer mindsets have also
shifted toward sustainable mobility, with more
than 45 percent of car customers considering
buying an EV.

However, the continued acceleration of
electrification is putting significant pressure

on OEMs, their supply chains, and the broader
EV ecosystem to meet these targets. This is
particularly obvious with respect to setting up the
required charging infrastructure.
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Regulation, technology, and consumer behavior will change the mobility landscape

lllustrative change of the city landscape between today and 2030

Today

Cities suffer from emissions, congestion, and safety ...

2030
.. which is set to change with the arrival of new integrated
mobility solutions

Electrification is one of the key enablers for new integrated mobility across vehicle segments, e.g.,

Scooters

Paris recently granted
a 2-year contract for
the implementation of
5,000 e-scooters

Source: McKinsey Center for Future Mobility
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Passenger cars

Oslo reached 66%
passenger EV adoption
in July 2021

Buses

Shenzhen has already
fully electrified its
16,000 unit bus fleet
as well as 22,000 taxis
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Introduction

That huminthe distance is the sound of the
concept of mobility changing — for the better. While
challenges to the electrification of the vehicle parc
persist, opportunities worth fighting for also lay
ahead. Thisis particularly evident in cities, where
emissions, congestion, and safety constitute major
issues today. If the status quo continues, mobility
problems will intensify as population and GDP
growth drive increased car ownership and vehicle
miles traveled. In response, the mobility industry

is unleashing a dazzling array of innovations
designed for urban roads, such as mobility-as-a-
service, advanced traffic management and parking
systems, freight-sharing solutions, and new
transportation concepts on two or three wheels.

The current opportunity to transform the way we
move fundamentally results from changesin three
main areas: regulation, consumer behavior, and
technology.

Regulation. Governments and cities have
introduced regulations and incentives to
accelerate the shift to sustainable mobility.
Regulators worldwide are defining more

stringent emissions targets. The European Union
presented its “Fit for 55" program, which seeks
toalign climate, energy, land use, transport, and
taxation policies to reduce net greenhouse gas
emissions by at least 55% by 2030, and the
Biden administration introduced a 50 percent
electric vehicle (EV) target for 2030. Beyond such
mandates, most governments are also offering EV
subsidies.

Cities are working to reduce private vehicle use
and congestion by offering greater support for
alternative mobility modes like bicycles. Paris
announced it will invest more than $300 million
to update its bicycle network and convert 50
kilometers of car lanes into bicycle lanes. Many
urban areas are also implementing access
regulations for cars. In fact, over 150 citiesin
Europe have already created access regulations
for low emissions and pollution emergencies.

Why the automotive future is electric

Consumer behavior. Consumer behavior and
awareness are changing as more people accept
alternative and sustainable mobility modes. Inner
city trips with shared bicycles and e-scooters have
risen 60 percent year-over-year and the latest
McKinsey consumer survey suggests average
bicycle use (shared and private) may increase
more than 10 percent in the post-pandemic world
compared with pre-pandemic levels (See also “The
future of micromobility: Ridership and revenue
after a crisis”, July 2020). In addition, consumers
are becoming more open to shared mobility
options. More than 20 percent of Germans
surveyed say they already use ride-pooling
services (6 percent do so at least once per week),
which can help reduce vehicle miles traveled and
emissions (See also “Shared mobility: Where it
stands, where it's headed”, August 2021).

Technology. Industry players are accelerating

the speed of automotive technology innovation

as they develop new concepts of electric,
connected, autonomous, and shared mobility. The
industry has attracted more than $400 billion in
investments over the last decade — with about
$100 billion of that coming since the beginning of
2020. All this money targets companies and start-
ups working on electrifying mobility, connecting
vehicles, and autonomous driving technology

(See also “Mobility’s future: An investment reality
check”, April 2021). Such technology innovations
will help reduce EV costs and make electric shared
mobility areal alternative to owningacar.

Electrification will play an important role in

the transformation of the mobility industry

and presents major opportunities in all vehicle
segments, although the pace and extent of change
will differ. To ensure the fast, widespread adoption
of electric mobility, launching new EVs in the
market is an important first step. In addition, the
entire mobility ecosystem must work to make the
transformation successful, from EV manufacturers
and suppliers to financers, dealers, energy
providers, and charging station operators — to
name only a few.
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McKinsey Center for Future Mobility
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Mainstream EVs will transform the automotive industry and help
decarbonize the planet

IAA 2021: charticle
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Anexo 10. Energy and Built Environment. The environmental and financial implications of expanding

the use of electric cars - A Case study of Scotland
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The Initial price comparison with EV subsidy
applied
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significantly decreased. In fact, nowadays wind energy is considered to
be the cheapest source for electricity production. According to Wind
Europe [30], the cost of offshore wind is expected to decrease to €60
(£55)/MWh by 2025. Bloomberg New Energy Finance (BloombergNEF)
also predicted that by 2022 the ownership cost of electric cars will de-
crease below the conventional diesel and petrol ones. In addition, the
cost of lithium-ion batteries has dropped by 65% between 2010 and
2016 and it is expected that by 2030 the price of EV batteries will drop
below $120/kWh (circa £98/kWh) [31].

Regarding the economic point of view, this paper has not taken into
consideration the maintenance cost of conventional and electric vehi-
cles, more specifically the engine and battery life. Another important
point excluded from this paper is the fact that Battery EV (Plug-in EV)
owners are exempt from road tax [32]. From the economic perspective,
another point which is not taken into consideration is the cost of the
charging stations that owners may pay for. Those costs normally include
a monthly fixed fee and a demand charge [33].

In March 2016, Longannet, the 2400 MW coal-fired power station
was closed, leaving Scotland with very little energy generated from that
source [34]. Since then the country distributed that demand across gas
and wind energy. This has led to a more sustainable future which is
discussed in this paper causing a positive prediction regarding carbon
emissions from the energy generation sector. CO, levels are expected to
be reduced over the coming years in Scotland. Hence, further research
in the area will be required when more renewable energy is added to
the grid [35]. As for the emissions in Scotland, only values from the
traffic and the electricity generation are considered in this paper. The
emission from the manufacturing of both types of cars is not considered
in this paper. Research show that there are no significant difference in
the carbon emission; however, electric cars require slightly more carbon
to be manufactured due to the battery [36]. However, life-cycle assess-
ment of both types of vehicles should be investigated further in order
to acquire more accurate numbers on the long term, given the expected
improvement of the technology of the battery.

The production of electric car batteries contributes to the genera-
tion of carbon emissions, which has not been taken into consideration
in this paper. Conventional vehicles do not only contribute directly to
CO, emissions by burning the fuel, but also indirectly by the extraction
of oil, its process operations, and the transportation of gasoline/diesel
to the gas stations, which all produce carbon emissions. That is not in-
cluded in this investigation either. Moreover, the additional energy that
will be needed for heating during cold seasons is not included in the
analysis of energy demand for electric cars, and it will be the subject of
futures studies due the variation in weather conditions. Further research
is still required to explore further the effect of the electric cars on the
environment, and their cost impact on the owners.
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Fig. 11. Initial cost comparison between electric and conventional
cars with EV subsidy applied.

5. Conclusion

The scenario of replacing all diesel and petrol light-duty vehicles in
Scotland with electric cars would have diverse pros and cons. As a result
of the massive expansion of electric vehicles, the electricity demand will
be expected to rise and hence the production of more energy leading to
a slight increase in carbon emission levels. Although the CO, levels are
expected to rise in such a situation, the traffic emissions will decrease
significantly because there would not be any light-duty vehicles to pol-
lute during operation. Therefore, this will lead to a reduction in the total
amount of carbon emissions from the electricity grid by approximately
33.7%.

In addition, during cold weather, owners would need to use the elec-
tric heating of the car, which uses energy from the battery, this is ex-
pected to reduce the range by 28%.

With extended utilisation of electric vehicles, owners would spend
more money as an initial cost compared to conventional cars (about
75.7%%) even with the EV subsidy in the UK. In the long term, electric
vehicles would save money to their owners, because of the considerably
low price of electricity compared to that of petrol and diesel fuel, with
estimated savings of about 69.1% per annum.

All in all, the extended usage of electric vehicles in such scenario
is expected to have a positive impact on the environment. Although,
it depends on what the electricity generation mix is. The more eco-
friendly sources are used to generate electricity, such as renewables and
nuclear power plants, the more the positive impact would be. One of
the main advantages is reducing pollution on busy roads and in cities,
which should contribute to better public health conditions.
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Fig. 8. A comparison between the current and future
total carbon emission in Scotland from all sectors.
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Fig. 9. A Comparison of refuelling/recharging cost for 1 year.
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3.4. Estimated costs of ownership and use

The application of Eq. (1). Eq. (2) has revealed that a petrol/diesel
car would need approximately 483 Litres of fuel in order to cover the
expected annual mileage of 11,362 km per vehicle. For the same dis-
tance, an electric vehicle would need about 1551 kWh to cover the re-
quired distance per annum. Taking the price of fuel and electricity into
consideration, the results are presented in Fig. 9 where the estimated
running costs of a petrol/diesel fuel and electric vehicle are estimated
to be £602 and £186 respectively. Hence, it is clear that electric cars are
about 69.1% cheaper to be powered. In this analysis, maintenance costs
are ignored for both types of vehicles.

Fig. 10 presents the initial ownership cost of both types of vehicles.
Currently, it is estimated that electric cars are currently 97% more ex-
pensive than conventional ones without any subsidy.

Since the maximum subsidy of an electric vehicle that can be granted
in the UK is £3500, Fig. 11 presents the overall cost indicating electric
cars to be only 75.7% more expensive.

4. Discussion

This paper has looked at a case study scenario where every light-
duty vehicle in Scotland is assumed to be replaced by an electric car.
The investigation and the calculations are based on the popular brands
and models of both types of vehicles for the period of 2015-2016. For
popular cars, the number of registered ones in 2015 is considered. In
the future, changes can be expected, because new and more efficient

602
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Fig. 10. The initial cost comparison between electric and conventional cars.

vehicles may appear in the market. Due to such expected changes, the
prices of vehicles and fuel/electricity may vary through the years. Car
models that have been considered new for that period will drop in price
with time. The situation with the price of electricity and fuel is simi-
lar, their price varies slightly through the years. When the demand for
electricity increases it is expected that its cost might rise as well. Since
2016 the prices of electricity from solar panels and wind turbines have
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Summer vs Winter Electric Car's Range
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Fig. 6. A comparison between an EV during the summer and an EV
during the winter with heating on.

149

Winter; heating on

Energy and Built Environment 2 (2021) 204-213

The amount of CO, emitted from the electricity generation produced from each source for current and future scenarios.

Scenario (a) Current

Emissions

Scenario (b) Future
PR >

Scenario (¢) Future
(with fixed coal

current% of energy mix)

production levels)

Scenario (d) Current Emission
(assumed replacement of all coal
energy sources)

Scenario (e) Future
Emissions (no coal
sources)

Source Emissions per source Emissions per source Emissions per source Emissions per source (kTons Emissions per source
(kTons CO,/year) (KkTons CO,/year) (kTons CO2/year) CO,/year) (kTons CO,/year)
Nuclear 442 447.94 489.91 589.33 637.25
Coal 2750 2973.59 2750 0 0
Gas 1615 1746.3 1790.07 2153.33 23284
Hydro 35 37.85 38.79 46.67 50.46
Renewables  247.5 267.62 27433 330 356.83
TOTAL 5089.5 5503.3 5343.1 3119.33 337294
6,000.00 Fig. 7. A comparison between five scenarios of carbon diox-
5,503.30 ide emissions from electricity generation.
5,089.50 5,343.10 &
5,000.00
=
o
@
S
"> 4,000.00
2 3372.94
< 3,119.33
2
< 3,000.00
2
2
a
E 2,000.00
w
g
1,000.00
0.00
(@) (b) (c) (d) (e)
Future
Current Euture Emizigns: | Sument Future
Scenarios Emissions | Emissions (with fixed Emissions Emissions
(assuming (assumed
coal (no coal
current % of duci replacement SBircas)
energy mix ) IF'TO Iuc o0 | of allcoal
evels) sources)

Annual Energy

Generated

GWh

50,000

25
34
19
12
10

25
34
19
12
10

23.12
34.85
19.48
123
10.25

50,000
0 0
45.33 45.33
25.33 25:33
16 16
13.33 13.33
210

113



G. Milev, A. Hastings and A. Al-Habaibeh

A Comparison Between Current and Future Electricty

Generation Scenarios
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the amount of carbon emission from the additional energy generation
needed for electric cars is calculated. Hence, the carbon emission level
between the current time period (2015-2016) and the possible future
scenario of electricity generation is considered. From the literature re-
view, it has been found that the CO, emission from the current traffic
is about 3.6 Megatons (MTons) per year.

2.4. Initial and running costs

1t has been found essential to estimate the ownership and the run-
ning cost of electric cars in comparison to conventional technology.
Egs. (1) and (2) are utilised to determine the average fuel consump-
tion among conventional cars in Scotland and how much fuel the to-
tal amount of light-duty vehicles in Scotland would need. Such values
are needed in order to calculate the cost of fuel for a year per vehicle.
Knowing consumption values and the price of fuel (£/L) and electricity
(£/kWh), the cost of running an electric car versus a conventional car
can be compared.

3. Results
3.1. Energy demand

Using Eq. (1), the average electricity consumption among popular
electric cars in Scotland is calculated to be 13.65 kWh/100 km. This
valueis used in Eq. (2), which allowed us to determine the annual energy
required for a single electric car, which is estimated to be 1551 kWh.
By multiplying the required energy per vehicle to the number of light-
duty vehicles on the road (2240,000 vehicles), the total energy required
for all the electric cars in Scotland would be 3474,045,120 kWh, or
simply 3474 GWh. The grid loss of 17% has been considered as well to
get a more accurate value for the required energy that will need to be
produced. Hence the total energy to be generated is 1.17 x 3474 GWh,
making the minimum future energy generation to be 4065 GWh. Fig. 5
presents the electricity production needed in both scenarios.

3.2. Car heating

The power needed to heat the car’s interior during the winter, in-
cluding heat losses through windows and car’s body surface; assuming
a car speed of 60 miles per hour and the ambient temperature of 1 °C, is
calculated to be 5.36 kW. Which when expressed in terms of range, this
will be equivalent to a reduction in the range of about 28%, given the
above-assumed conditions and that only the driver is on-board. Fig. 6
presents an example of the expected difference in the range of an elec-
tric vehicle during cold and warm seasons due to the power needed to
heat the car’s interior and windscreens in cold weather.
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Fig. 5. A comparison between the current and future
scenarios of electricity generation.

54,065

Possible future electricity generation

3.3. Carbon emissions

By applying Eq. (6), the carbon dioxide emission from the electricity
generation produced from each source for the period of 2015-2016 and
in the case of the future scenarios are presented in Table 4 and Fig. 8,
which compare between five scenarios of carbon emissions of Scotland,
as follows:

(a) The current scenario with the current energy mix (the current num-
ber of conventional cars).

(b) A future scenario of carbon dioxide emission, assuming the same
current energy mix, for the additional electricity to charge the new
electric cars.

(c) A future scenario of carbon dioxide emission with fixed current coal
production levels but no further energy coal production for the ad-
ditional energy.

(d) The assumed current scenario of carbon dioxide emission if the en-
ergy from coal is replaced by other sources as relative benchmark.

(e) A future scenario of carbon dioxide emission when no electricity is
produced from coal and the rest of the energy mix maintains the
same energy ratio.

Adding the additional amount of CO, emissions to the current sce-
nario, (scenario a), reveals that the future carbon dioxide levels would
be approximately 5503.3 kTons for the same energy mix (scenario b).
It is expected that coal will be phased out either only for the additional
energy produced for electric cars (scenario c); or completely eliminated
(scenario e), where more renewable and nuclear energy will be utilised
to generate electricity.

Scenario (d) is an assumed scenario for the current carbon emission
from the electricity grid when coal is eliminated from the energy mix
while maintaining the same ration of other energy sources. This sug-
gests that carbon emissions from the grid will be reduced as renewable
energy produce about 47.25 gCO,/kWh, whereas coal is emitting ap-
proximately 220 gCO, /kWh.

The resultant carbon emission and percentage of energy mix are pre-
sented in Fig. 7, where scenario (e) could be achieved by removing all
coal from the mix, this should achieve a reduction in carbon dioxide
emission of about %ﬁzﬂ = 33.7%.

From Fig. 8, it can be concluded that the total amount of emissions
from traffic and electricity production combined will decrease when
electric cars are implemented in the Scottish fleet. This is an estimated
decrease of approximately 2737_% = 11.4%, this is the overall reduction
from all sectors combined including residential, grid, transportation, in-
dustrial and agriculture.
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It has been found also important to include the grid losses, which will
give a more accurate value of the required future energy. Both current
and future scenarios of electricity generation will be compared in this
paper.

2.2. Heating of car’s passenger compartment

Electric Vehicles will need to consume some of the power from the
battery for heating the passengers’ compartment. Hence, heating will
affect electricity consumption and the available range. When consider-
ing the average interior space volume of light-duty vehicles, it has been
estimated to be 2.93 m® [26]. Assuming the internal temperature is kept
at 21 °C as the desired temperature, the minimum average ambient tem-
perature in Scotland during the winter season is estimated to be 1°C
[22]. The following equation hence can be used to determine the heat
required to warm up the car’s interior:

E=mxcx (T, -T,) (Eq. (3)

Where: E is the energy required to reach the desired temperature T,; m
is the mass of air inside the car; c is the specific heat capacity of the air
inside the car in J/kg. °C; and Ty is the desired temperature in °C.

Before applying Eq. (3), the mass of air (m) is determined using the
following calculation:

m=pxV (Eq. 4))

Where p is the density of the air in kg/m?; and V is the volume of the
car’s interior space volume in m®.

The heat losses through the windows and external envelop are cal-
culated using Eq. (5) [27]:

T\t N\
P =567 Xepy X [(Eﬁ) —(186) ] +3.8054 x9% (T, = T,,)
(Eq. (5)

Where: P is the thermal power loss through convection and radiation
in W/m?; g, , is the emissivity which for glass is 0.93 [28] and for
iron/aluminium is 0.29 [28]; Ti is the surface temperature in K; T,
is the ambient temperature in K; 3.8054 is the convection heat transfer
coefficient in W/m?2.K; 9 is the wind speed in m/s. For 9 the speed of a
car is chosen to be on 60 miles/h or 97 km/h, which is in SI units will
be 27 m/s.

In order to determine T; for the windows’ surface and the car’s body
surface properly, a thermal image of a vehicle is taken and a temperature
data logger was attached to the external body of the car to evaluate the
temperature performance. The car was driven at 60 miles per hour and
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°C Fig. 4. The infrared image of the tested car
during winter with calibrated temperatures

based on the measured values from the tem-
I perature data logger.

the external surface temperature of the car was measured. Fig. 4 presents
the infrared image of the car, with calibrated temperature readings. The
results have indicated that T; for the windows was 9.9 °C and the vehi-
cle’s body surface was 5.5 °C. The authors have used a diesel engine car
to estimate the windows and body temperature when the internal com-
partment is at 21 “C. The assumption is that an electric car will need to
maintain the same internal temperature from the batteries for a similar
journey and weather conditions.

Eq. (5) is used for the total windows and windscreens area which
is estimated to be at a temperature of 9.9 °C and an area of 2.96 m?;
and also for the car body (doors and panels) which is estimated to have
an area of 5.57 m? [29] and at a temperature of 5.5 °C. Eq. (4) is used
to calculate the energy needed to keep the passengers’ compartment at
a temperature of 21 °C with the assumption that the driver is the only
person on-board without other passengers. This analysis will provide
the amount of energy that will be needed from the battery to keep the
driver at a comfortable temperature and prevent condensation on the
windscreen (ignoring any electric heaters used directly to heat the wind-
screen). This is expected to influence the actual range of the car in cold
weather and the analysis will provide an insight into this. The average
range of an electric car is calculated using Eq. (1) to determine the aver-
age battery capacity and Eq. (2) to find out the average range of an EV.
Eq. (2) is used to calculate the range when the heating is needed and
to compare the range in warm weather when heating is not needed but
ignoring air conditioning systems for cooling). The analysis assumed the
driver’s body will produce 100 W of heat while in the car.

2.3. Carbon emission

The literature review has provided useful information on how much
carbon emission light-duty vehicles produce and the carbon factor of
each source of electricity in Scotland for the period of 2015-2016, and
the information needed on how much electricity Scotland produces per
annum and the carbon factor of each source. The carbon emission level
can be calculated for each energy source using Eq. (6):

CE =AEXCF (Eq. (6)

Where CE is the Carbon Dioxide Emission from the electricity production
inkg; AE is the amount of electricity in kWh; and CF is the carbon factor
of the source of energy in kgCO,/kWh. To simplify the presentation of
figures, the Carbon Emission values are presented in kilotons (kTons).
Following the calculation of the carbon emission from each source,
the total carbon emission for each scenario is calculated taking into
consideration the electricity generation mix by percentages and an es-
timated 17% of grid losses. Using the same methodology as above,
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Table 2

Energy and Built Environment 2 (2021) 204-213

Top 5 registered electric vehicles in the UK for 2015, reproduced based on data from reference [19].

Brand Battery capacity (kWh) Consumption (kWh/100 km) Number of registered cars in 2015 Price (£) Distribution (%)
Nissan Leaf 24 14 11,000 29,000 49
BMW i3 22 13 3574 38,000 16
Renault Zoe 22 1 3327 21,000 15
Volkswagen e-UP 187 14 2500 19,000 11
Tesla Model S 85 16.9 2000 75,000 9
Table 3

Top 5 registered conventional vehicles in the UK for 2015, their CO, factor, price, Distribution, and average fuel
consumption, reproduced based on data from reference [20].

Vehicle model CO, (g/km) Price (£) Distribution (%) Number of registered cars Consumption (L/100 km)
Ford Fiesta 147 15,400 30 133434 4

Vauxhall Corsa 129 10,800 21 92,077 47

Ford Focus 159 18,000 19 83,816 37

Volkswagen Golf 112 20,600 16 73,409 39

Nissan Qashqai 162 19,800 14 60,814 4

Monthly temperatures in Scotland
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Temperature (C°)
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0
Jan Feb Mar Apr May Jun Jul Aug  Sep Oct
Month
Min Temp Average Temp Max Temp

ceive a 35% grant from the price of the electric car as a subsidy, which
in most cases is reduced from the price of the vehicle. The maximum
amount of that subsidy is £3500 [25].

1.5. Aim

This paper aims to determine what would be the impact on elec-
tricity demand, carbon emission and running and ownership costs, in a
proposed scenario where fossil fuel light-duty vehicles are replaced with
electric ones in Scotland.

2. Methodology

In order to find out what the effect of switching to electric cars would
be, the methodology is divided into three parts: energy demand, carbon
emissions, and costs.

2.1. Energy demand

The literature review has provided information on how much elec-
tricity is produced in Scotland annually and how much is the demand in
a year. The number of light-duty cars is presented for the period 2015
— 2016. The first step of the methodology is to determine the increase
in demand for electricity when moving from fossil fuel to electricity.
In order to acquire an appropriate number, it has been found impor-
tant to discover what are the most popular electric cars for Scotland,

Nov

207

Fig. 3. The average monthly temperatures in Scotland repro-
duced based on data from reference [22].

Dec

Eq. (1) is utilised to determine the average value of electricity consump-

tion among the most popular electric cars based on the market share for

each brand and its specifications. The equation is as follows:
n

ECypar = Y, (EC, X PP,)

i=1

(Eq. (1))

Where EC represents the Electricity consumption (kWh/100 km) and
PP is the Percentage Proportion of the vehicles according to the brand’s
popularity, represented as (value)% per 100; n is the number of cars
included in the investigation.

Knowing how much is the annual mileage done by a car and how
much is the average energy consumption of electric cars, the energy
demand of a single car can be determined as:

RE =(ADT +100) x AEC (Eq.2)

Where, RE represents the Required Electricity for a single electric car
(kWh), ADT is the Annual Distance Travelled (km), and AEC is the Av-
erage Electricity Consumption of an electric car (kWh/100 km). After
determining RE, it is multiplied by the number of light-duty vehicles
(2240,000). Through the literature review, the losses through the elec-
tricity grid have been established to be 17% which will be lost from the
total electricity generated, hence 17% additional energy will need to be
generated to compensate for that.

Determining the required variables, Eq. (2) will determine how much
electricity a single car on average would need. By multiplying that value
by the number of light-duty cars in Scotland, the annual electricity re-
quired to power all the electric vehicles for a year can be determined.
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Electricity generated by source in Scotland
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1.3. Traffic levels in Scotland

The average mileage per year of a vehicle in Scotland for the period
2015 - 2016 was roughly 11,362 km [17]. The number of vehicles in
the Scottish fleet for the same period was estimated to be approximately
2240,000 [17]. According to data from Scottish traffic monitoring, ap-
proximately 80% of the fleet consists of light-duty vehicles [18]. Ac-
cording to this, it was estimated that light-duty cars produce roughly
3.6 Mt Carbon emissions per year [14].

Preferable car brands play an important role in the number of re-
leased greenhouse gases. Every conventional vehicle brand releases a
different amount of carbon emission, and every electric car consumes
a different amount of electricity, therefore, the emission from the elec-
tricity generation will vary. Research in the electric vehicles market in
2015 for the UK has revealed that among the most popular cars in this
category were Nissan Leaf, BMW i3, Renault Zoe, Volkswagen e-UP, and
Tesla Model S. Table 2 presents the top 5 registered electric and their
specifications [19].

The same research has also been done for conventional light-duty
cars, alongside their specifications, as shown in Table 3.

When comparing between winter and summer, the wasted heat from
the internal consumption engine can be utilised to heat the passenger’s

Energy and Built Environment 2 (2021) 204-213

Fig. 1. Electricity produced by source between 2000 and 2016,
figure reproduced based on data from reference [14].

Fig. 2. Electricity generation mix of Scotland
(2015), figure reproduced based on data from ref-
erence [14].

compartment and prevent condensation on the windscreens. However,
electric cars will need to consume energy from the battery to provide
thermal comfort for passengers during cold weather. And the faster the
car, the more are the heat losses, hence reducing the range of the electric
car [21]. The winter in Scotland tends to be consistent with very little
variations in temperatures with an average minimum winter tempera-
ture of approximately 1 “C [22], see Fig. 3. This is expected to reduce
the electric vehicles’ range in winter.

1.4. Economics

From an economic perspective, the end-user is affected differently.
The amount of money that a car driver is spending annually varies, de-
pending on the type of vehicle, driven distance and driving conditions.
Conventional cars require fuel whereas electric ones need electricity.
The price of electricity and fuel is significantly different. The price of
electricity and fuel varies depending on economic conditions. For the
period between 2015 and 2016, that price was estimated to be around
12 pence per kWh of electricity [23]. For the same period, the price of
a litre of fuel in the UK was approximately £1.3 [24]. Because Electric
vehicles, plug-in EVs in particular, produce less than 50 gCO,/km are
considered emission-less [25]. For that reason, they are eligible to re-
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A notable advantage that electric cars possess is their high efficiency
in energy use. They also produce zero emissions at point of use, which
contributes to considerable reduction of greenhouse gas emission from
the transportation sector [4].

Despite the advantage of electric cars, widespread implantation of
a fleet that consists mainly of EVs would lead to some challenges re-
garding the grid electricity generation system. Charging a high num-
ber of cars during peak hours could cause a considerable increase in
electricity demand, leading to a significant overloading on the grid. A
possible solution for that would be an adaptation of smart grid technol-
ogy and demand management into the grid’s infrastructure. This can be
achieved by scheduling the charging processes accordingly with prior-
ity policies by recognising the vehicles with higher urgency of recharg-
ing. This would aid in flattening the demand curve and hence avoiding
overloading the grid. Then, it is important to determine an appropri-
ate charging rate (i.e. power consumption) for all electric cars that are
connected to the grid [4].

The 2009 Climate Change Act for Scotland sets a target to decrease
greenhouse gas emissions by 2050 to 80% compared to the emission lev-
els in 1990. Five major steps were identified to achieve such goals [5].
These steps involve the reduction of fossil fuel usage and promoting the
implementation of more renewable energy, which would help in reduc-
ing greenhouse gas levels. By 2016, Scotland has managed to introduce
carbon capture and storage technologies. Also, the reduction of 12% in
electricity demand has already been achieved. In addition, the country
has closed the last operational coal power station shifting the electricity
production to nuclear and renewables [5].

Even in places where the main source of electricity to charge electric
cars is from fossil fuel, this would still have a positive impact on the
environment. In an experimental case study to charge electric cars in
Italy using electricity from fossil fuel, the amount of carbon emissions
did not exceed the EU traffic limits of 100 g/km [6].

Some of the disadvantages of electric cars are the long charging times
of the batteries, the relative short range of vehicles, and the high initial
cost. The running cost of electric cars is considered to be lower com-
pared to internal combustion engine cars, due to lower taxes the price
difference between electricity and fossil fuel [7].

This paper suggests a novel approach which investigates a scenario
where all conventional light-duty vehicles to be replaced by electric cars
in Scotland. Vehicles and energy-related data from the years 2015-2016
is chosen for this paper’s analysis. In order to properly investigate the
situation, a literature review has been conducted regarding the elec-
tricity consumption in Scotland. Greenhouse gas emissions from energy
generation and traffic pollution assuming the most popular cars among
the gasoline/diesel and the electric technologies are estimated. The as-
sessment of carbon emission when expanding renewable energy genera-
tion is also investigated. The paper also highlights a novel mathematical
modelling and the implementation of infrared thermography to estimate
energy losses in winter for electric cars and the effect on their travel
range.

1.1. Brief description of conventional and electric vehicles

The amount of emissions released by conventional vehicles depends
on the car’s condition and how it is used. Those types of vehicles burn
fuel to produce the energy which powers the engine. The fuel is drawn
from the tank into one of the engine’s cylinders. Each of the cylinders
draws petrol/diesel in sequences together with the necessary quantity of
air. The sparks, or pressure in case of diesel engines, ignite the mixture
of fuel and air resulting in sudden expansion in volume within the en-
gine’s pistons causing them to move to produce the necessary motion.
This motion from the pistons causes the driveshaft to be turned. The
driveshaft then moves the axles via the gearbox, and as a consequence
of that, the wheels of the car will rotate, producing the car’s movement.
The burnt fuel creates exhaust gases that are emitted into the atmo-
sphere [8]. In 1870, the first internal combustion engine powered by
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Table 1
Sources of electricity in Scotland and their Carbon
Factor reproduced based on data from reference [16].

Source of electricity Carbon Factor (gCO,/kWh)

Nuclear 26
Coal 220
Gas 170
Hydro 7
Renewable 4125

gasoline (petrol) was invented [9]. On the other hand, electric vehicles
do not require chemical fuel. They require electricity to charge their
batteries. The energy stored in the battery is utilised to power one or
more electric motors via a controller. The electric motor is responsible
for driving the vehicle’s wheels. Some models have two motors placed
on each axle of the car. Since electric vehicles do not use fossil fuels to
be powered, they do not produce any emissions [10]. It is well known
that at the end of the 19th century, electric cars were very common due
to the simplicity of the technology. It has been observed that in 1899,
90 percent of taxi cabs in New York were electric [11]. Electric Vehi-
cles (EVs) are considered to aid in reducing the levels of greenhouse
gas emissions, particularly on busy roads. Oil as a resource is limited,
and integrating electric cars will reduce the consumption of petroleum,
increasing the time for its depletion and allowing other modes of trans-
port, such as air and water to rely on oil. It has been suggested that
the batteries on electric vehicles can be exploited as an additional grid
storage system to store excess electrical energy to balance supply and
demand [12]. Even though electric vehicles are eco-friendly, there are
some challenges. One of them is the battery’s low capacity, as well as its
high cost. The small number of charging stations also poses a challenge
at the moment. If more people start to use electric cars, the electricity
demand from power stations will rise, hence contributing to greenhouse
gas emissions unless more renewable or green energy resources are de-
veloped to replace coal, oil, and gas.

1.2. Electricity and carbon emission in Scotland

According to surveys in the monitoring of greenhouse gas (GHG)
levels by the Scottish Government [13], about 20% of the greenhouse
emissions are from conventional cars. Approximately 97% of the green-
house gases are represented by carbon dioxide and a small amount by
nitrous oxides, methane, and fluorinated gases [13].

Annually the electricity consumption in Scotland is approximately
38,000 GWh. The country produces on average 50,000 GWh of electric-
ity and the amount that is not consumed locally is exported to England
and Northern Ireland [14]. Fig. 1 presents the electricity generated, by
source, between 2000 and 2016 and Fig. 2 shows the energy mix in
Scotland in 2015-2016.

It has to be mentioned that when electricity is generated and dis-
tributed, there are losses through the grid, and Scotland is not an excep-
tion; the losses of the grid for the country are estimated to be approxi-
mately 17% [15].

Each source of electricity emits a different amount of carbon dioxide
per unit of energy produced. The term used to describe this carbon foot-
print of the source of electricity is called the Carbon Factor. The unit
of carbon factor is gCO2/kWh. Table 1 presents the Carbon Factor for
each energy source.

Taking into consideration the generation mix for the period 2015-
2016, the carbon emissions from the electricity generation are estimated
to be approximately 5 MtCO,/year [14]. Depending on the generation
mix, the number of emissions would vary. A high number of countries
are focusing on building new nuclear power stations and utilising more
renewable resources to reduce carbon emission and air pollution.
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This paper investigates the expansion of electric cars and their impact on the environment and the user; assuming
a future scenario where all of the light-duty vehicles that use an internal combustion engine will be replaced by
electric cars in Scotland. The idea is to investigate the impact on the environment and the financial effect on the
user. The methodology is based on analysing the most common electric and conventional vehicles to estimate the
amount of additional electricity that would be needed to charge that expansion. The paper has also looked at the
running costs. The results show that approximately 4 GWh per annum of additional electricity will be needed to
compensate for such growth in electricity demand. With the rise in electricity production, the amount of carbon
emissions from the electrical grid is expected to increase slightly by 0.47 megatons CO, per annum. Given that
the carbon dioxide generated by the light intemal combustion vehicles at the moment is 3.6 megatons of CO,
per year, it is concluded that the total amount of greenhouse gases from the electricity grid will decrease by
circa 33.7% if all conventional cars in Scotland are replaced by electric cars. The initial cost of an electric car
is found to be higher than conventional diesel or petrol one, but in the long term, the cost to power an electric
vehicle is expected to be much cheaper. However, electric cars still have their own drawbacks as they need
significant time to be charged, and will consume significant energy for heating the interior and windscreens to
prevent condensation in cold weather leading to an estimated reduction in range of approximately 28% in some

situations.

1. Introduction

The world population has been increasing dramatically over the past
few decades. With the growing population comes an increase in the
number of vehicles and therefore the growth of greenhouse gases re-
leased from traffic. To mitigate that challenge, scientists and engineers
are continuously working to improve conventional vehicles to enhance
their performance of using less fuel and hence releasing fewer green-
house gases to the atmosphere. Another solution on the horizon, and
expanding rapidly, is the development of electric cars. Electric vehicles
do not release any emissions, they require electricity to run and are
considered by many as an eco-friendly solution for the ever-growing
demand for more vehicles and more fuel. It is also a way to resolve the
growing greenhouse gas and pollution levels in the atmosphere released
from traffic. Other alternatives to conventional vehicles are hybrid cars
and hydrogen fuel cell vehicles.

It has been estimated that the global social cost for air pollution as-
sociated with combustion engines is about 3 trillion dollars per year [1].

* Corresponding author.
E-mail address: Amin.Al-Habaibeh@ntu.ac.uk (A. Al-Habaibeh).
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The increase in carbon emission not only contributes to poor air qual-
ity, but also to an increase in global temperatures; which influences the
climate. In 2016, a new record has been set regarding the increase of
global temperatures, which led to about 1 “Celsius rise compared to the
20th-century average temperature [2]. The Paris Agreement on Climate
change provides the possibility for each country in the world to move
forward in decreasing its greenhouse gas levels towards enhancing air
quality. Investigating the reduction in greenhouse gas emissions by elec-
trifying transportation is essential, as more than 55 countries emit more
than half of the global emissions [1].

The availability of fossil fuel, particularly oil, is not sustainable;
hence integrating electric cars and enhancing the use of renewable en-
ergy would extend the time of oil’s availability, allowing other types of
transport such as airplanes and ships to utilise the available resources.
Moreover, the batteries of electric vehicles can be exploited as an addi-
tional grid storage reserve, where excess renewable energy can be stored
and balance the variation in electricity demand. These reserves could
also be utilised in emergencies or during unforeseen blackouts [3].

2666-1233/Copyright © 2020 Southwest Jiatong University. Publishing services by Elsevier B.V. on behalf of KeAi Communication Co. Ltd. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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