The Democratic and Popular Republic of Algeria
Ministry of higher education and scientific research
National Polytechnic School

P 4

[
e

izl Brlanel| Eade R

Ecole Nationale Polylechnigue

A dissertation submitted to the chemical engineering department
For Degree of engineer
In chemical engineering

A sustainable energy model for Algeria in 2030: the
study of Electro-mobility in the transport sector

Mounia Tidjani, Nihal Mansouri
Under the guidance of Mr C.E Chitour Professor
Publicly presented in (06/07/2020)

Committee members:

President Mr T.AHMED-ZAID, Professor, ENP
Promoter Mr C.E CHITOUR Professor, ENP
Examiners Pr AMEKHALDI Professor, ENP
Pr M.HADDADI Professor, ENP

Guests Mr A.GUEND Chief excutive, Ministry

of Industry

And mines

Mr K.BENFRIHA CEO Naftal

Guest from the ministry of transport
ENP 2020






The Democratic and Popular Republic of Algeria
Ministry of higher education and scientific research
National Polytechnic School

P 4

[
e

= izl Brlanel| Eade R

Ecole Nationale Polylechnigue

A dissertation submitted to the chemical engineering department
For the engineer degree
In chemical engineering

A sustainable energy model for Algeria in 2030: the
study of Electro-mobility in the transport sector

Mounia Tidjani, Nihal Mansouri

Under the guidance of Mr C.E Chitour Professor
Publicly presented in (06/07/2020)

Committee members:

President Mr T.AHMED-ZAID, Professor, ENP
Promoter Mr C.E CHITOUR Professor, ENP
Examiners Pr AMEKHALDI Professor, ENP
Pr M.HADDADI Professor, ENP
Guests Mr A.GUEND Chief excutor, Ministry of
Industry and mines
Mr K.BENFRIHA CEO Naftal

A guest from the ministry of transport

ENP 2020



T
saal sl ¢ Al last aa s (il dald 5 Baseie Sl a8 A e oy il allall gl ) as
e Al (Al Aga ey g (e Al il i puay IO Ay ) gial) iUl Jalgia) 3lan dalatiall g () 5 jal)
Gaind ) Chagh Jilay (& Sl g V1850 pm A 0 g LIS Apaa &) S (e dgle e 5 FL)
il (Gaia g oy SIS ALl LY adatall U (e 3O <l 5 5 JDail ) Caagy Al 5 (g il Jumy)
acbiall Jua S Aol

5 Asltivsall dpasill 523 2030 Aol sind 2 B Lda e A 5 3 el (8 Jall Jlaal Al ja Sl 5 S0 el
LS el Jasind sana (G i e Al o)) e B )l allai) 5 2 5851 g wid i ) Cag
il 5 gl e Ay BT o Ll W Lualle 4151l gl sl sl (pa i ) 5 Ay )
Fladl uad Al Sl LS Hall ¢ iall JLEEY) adacial) clilhal) dalise cilalS
Résumé

La demande énergétique ne cesse d’augmenter dans plusieurs domaines, particulierement dans
le domaine des transports, I'épuisement des réserves des énergies fossiles au cours des
prochaines années est le défi pour 21°™ siécle, d'une part, et d'autre part, le probléme du
changement climatique et les catastrophes naturelles qui en découlent telles que I’augmentation
de température de la terre. Des solutions alternatives visant la transition énergétique devraient
se faire, en exploitant les richesses du pays en énergies renouvelables pour la production de
I'électricité par exemple ainsi que la stratégie énergétique vers le développement durable pour

les générations futures.

Notre travail consiste a réaliser une étude détaillée sur le domaine des transports en Algérie, et
qui vise a proposer un modéle énergétique 2030, pour réduire le gaspillage des énergies fossiles
et les laisser pour des usages nobles et a les remplacer par des sources d'énergies alternatives
plus écologiques tout en ouvrant de nouveaux horizons pour la locomotion électrique, qui est
I'un des sujets les plus discutés a travers le monde en raison de son impact économique et
environnemental.

Mots-clés :
Energie renouvelable, transition énergétique, locomotion électrique, changement climatique.
Abstract:

Energy demand keeps increasing in several sectors, in particular in the field of transport, Energy
demand has seen a rapid increase, a reason for the depletion of fossil energy reserves over the
next decades, in addition to the problem of climate change with the increase of earth
temperature. The call for energy transition is essential and the decision must be taken to invest
in country’s wealth on renewables to produce energy such as electricity will be a major
challenge for the country to achieve sustainability and energy efficiency within the next few
years.

This work includes a detailed study on the transport sector in Algeria, which aims to set up a
sustainable model for Algeria by 2030, which focuses on the use of ecofriendly fuels and to
open the new horizon for electro-mobility, the most discussed technology around the world.

Keywords: Energy transition, Electro-mobility, Climate change, Renewable energy.
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General introduction

Global energy demand is increasing rapidly. This fact has existed for a long time ago, since
human existence to our present day. The concept of energy appears in different forms depending
on its uses for human needs: light, heat and safety. As its availability, abundance or scarcity
affect human lifestyle, the rising demand accompanied with population growth creates new
challenges among of which may have a negative impact on the environment such as climate
change dilemma.

The environmental challenges require diligence from governments and international
organizations to limit carbon dioxide (CO2) emissions. Despite these efforts, the problem is still
present. The rise of energy production specifically from fossil energy creates a major problem
that, somehow has encouraged positively to think about alternatives sources for power
generation.

Despite the current abundance of non-renewables resources, the need for future vision for next
generation is primordial and it requires new thinking and new wise decisions for energy
transition policies, in the way we produce energy, deliver energy and consume energy.

The goal of the human will be always seeking for high life standards, more modern access to
energy utilities and cleaner environment. The key for these opportunities is the green energy.

The transport sector is considered as the leader energy consumer where it accounts for more
than half of the total share of energy demand. The previous mentioned impact appears also in
this sector, where energy mix relies mainly again, on fossils.

Our case study is the evaluation of global and national transport sector with deep analysis of
energy consumption followed by the proposal of sustainable model in 2030 that will ensure a
new vision of the Algerian energy mix. The sustainable energy model 2030 will not only help
to follow the progress of the energy consumption in this sector, but also to make a decision
about the future energy mix in the country and accelerate the transition into green resources.

Finally, the study should be supplied by the opportunities available and the upcoming
challenges in order to meet the required perspectives.
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Part 1

World energy situation



1 Chapter 1: Energy and history

1.1 Introduction

The history of energy represents the chronological life-style of the mankind from early ages
(million years BCE) until the recent decades of the 21th century. However, it is important to
define the energy according to the economical viewpoint in order to understand the long term
historical perspective of the world energy consumption.

The anthropogenic energy system - which means the use of earth’s resources for chances of
survival and a better quality of life- has considered three components of natural energy
resources: Food, firewood and fodder, where their conversion give variety of specific uses for
the available energy. In addition, the evolution of energy has rapidly increased in the last
centuries since the discovery of fossil fuels despite the fact that environmental issues such as
climate change obliged countries to look for alternatives which are known later by the green
energy.

As previously mentioned, many countries are making efforts to switch to other energy resources
which can eliminate or at least reduce the amount of greenhouse emissions resulted from the
use of fossil fuels and hence according to 21th century experts, this shift must lead to
sustainability and energy efficiency.

Understanding these terms require to look for energy use by ancient civilizations, when human
major concern was survival, safety and warmth.
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1.2 Energy in economy

When dealing with energy in the economic and environmental vision, the concept may change
a bit. Professor Paolo Malanimat defined energy as “the capacity of performing work, useful
for human beings, thanks to changes introduced with some cost or effort in the structure of the
matter or its location in space ”. For instance, solar heat can be both considered as an energy
for heating via its radiation or as a source of energy that must be converted into another form
in order to fulfill the economic definition.

1.3 Primary energy

The historical evolution of energy has shown the strong relation between the growth in energy
consumption and the type of its resources hence, we can mention the most apparent types of
sources that have changed the trajectory of the history of energy:

- Organic sources known as: biomass, coal, oil and natural gas which extend since
million years ago until our present day.
- Renewables that have been used in the recent centuries for the environmental matter.

According to IEA, about 81% of the world primary energy consumption was represented by
organic fossil sources; coal, oil and natural gas. Nuclear energy has accounted for only 5%
while hydroelectricity represents only 3%, this 8% was the non-organic contribution to the
energy balance. Bioenergy share represents only 9% while the 2% remained is saved for other
renewables. The following pie chart shows world consumption of energy by fuel:

WORLD CONSUMPTION %Flf’RIMARY ENERGY BY FUEL 2018
ther

. renewables
Bioenergy

Hydro Coal

oil
Figure 1.1 World consumption of primary energy by fuel 2018 (15)

As shown in the previous results, we will track the history of how early human consumed the
available energy starting with organic vegetable sources then to the intermediate modern ages
with the discovery of the fossil sources, and subsequently to the use of non-organic sources
which will be considered as the future clean kind of energy.

As a consequence, human civilization can be divided into two main epochs: (24)

1 |s an Italian economic historian and director of the Institute of Studies on Mediterranean Societies in Naples. Source:
Wikipédia.com

Page | 16



In the first long epoch [ Human existence — 15" century], energy sources included three
different types: Food for humans, fodder for animals and firewood was the significant discovery
in early times. Although, wind and water energy appeared to fill few limited uses (e.g. grinding
grain, sail boats, pumping water...)

The second epoch [ last 5 centuries] was known by the discovery and use of fossils in mid-
centuries where this latter divided again the era into pre-modern and modern periods that
extends to 21th century.

The last five hundred years were and still known by the fast growth in the use of fossil energy
for its economic value, availability and low cost investments when comparing to other sources.
However, its influence on the environment is considerable and requires fast action to protect
the planet.

A synthetic view characterizing the two main epochs is shown in Table 1.1:

Table 1.1 Energy sources for each epoch

First epoch Second epoch
Food Coal
Firewood Oil

Fodder(for working animals)
Water power
Wind power

Primary electricity
Natural gas
Nuclear power

Given the definition of fossil fuel as composition of organic compounds in which they are
oxidized in order to fill an organized mechanical work, heat or light for today’s energy demand.
Consequently, in economy the mechanical converts that oxidize the organics are known by:
fossil organic economies®. On the other hand, the ancient organic sources (with similar
chemical definition) are called organic vegetable economies applied into biological
conversion by animals or humans.

1.3.1 Pre-modern organic vegetable economies:
The first epoch has three fundamental organic vegetable energy sources which represent the
biomass including: firewood, food and fodder for animals.

1.3.1.1 Food

In the past years BCE, food was the main source to engender movement or heat that is consumed
in the form of organic material which is produced by plants or as meat by animals for human
needs.

1.3.1.2 Firewood:

The consumption of the firewood is not uniform in all the regions. It varies from warm to cold
places and consequently the estimation of the real human consumption is not plausible.
However, the studies show that firewood demand had varied from 1 kg per head per day in
warm climates to 10 in cold ones. In other words, the consumption is about 3,000-4,000 and
30,000-40,000 Cal. (24)(19)

2 “Organic economies” is the expression used by Wrigley (1988). With reference to the history of energy, the
same term of “organic” had been used before by Cottrell (2009).
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1.3.1.3 Agriculture

Agriculture started with the development of vegetables cultivation and especially cereals (24)
which was covering the human need for food. Despite being one of the main human activities,
it progressed slowly along Europe in 3000 years where it reached the northern region later.
China was also independently developed at the same time or later than Europe.

A followed period which extends to 3000 BCE. In addition, the innovation of tools (e.g. wheels)
used for the conversion energy offered an important progress in human agriculture.

1.3.2 Modern organic fossil economies

According to historical records and archeological finds, organic fossils existed for millions of
years ago and resulted from dead organisms that accumulated and submerged below the surface
of the earth along the time. Consequently, the history of petroleum, coal and natural gas are as
old as the history of the human civilization.

Nowadays, those three major forms of fossils combined account for almost two-third of energy
demand since industrial revolution and the petroleum discovery has given the chance for many
countries to invest in this field.

Ancient civilizations (e.g. Egyptian, Roman) started to use the liquid submerged on the surface
known as petroleum in different applications: dried asphalt in medicine, waterproofing,
construction etc. Despite the lack of technological tools for oil extraction and refining.

Back in the 15" and 16" century, coal, for its part has been widespread in Europe and China
where it has replaced the firewood for its abundance and low cost price. In addition, the
invention of chimneys made of firebrick has encouraged the use of coal for homes heating.

Despite the old discovery of these resources, the old utilization was limited due to the lack of
knowledge in technology where later, it has been recognized during the industrial revolution.

1.3.2.1 The industrial revolution
Refers to the dramatic change during the 18" to the 19" century starting from England, where
coal was the main core to this upheaval.

At the same period, coal has emerged Europe and replaced firewood in multiple applications
because of its lower cost of production and transportation and also due to the abundant quantity
in nature during that era.

Meanwhile, the industrial revolution has marked the history by improving the mechanical
converts that replace human and animals as labors and to increase the production rate.
Subsequently, in the 18" century James Watt and Thomas Newcomer have contributed into the
invention of the steam engine and coal as its fuel; later “’age of machine’’ had really begun.
This invention has enabled human to overcome the old obstacle that limited the capacity of the
economic growth. However, the question of efficiency was again present, the steam engine
capacity was around only 3% which means, only small quantity of coal was converted into work
despite the huge quantities that have been used for that.

In the early 1800s, a French engineer and physicist named Sadi Carnot introduced what he
called — “machines a feu”, thermal machines based on thermodynamics notions that later helped
to understand the phenomenon of energy transition.
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1.3.2.2 Oil industry

Fossils remains the key element to the growth of country’s economy, this latter, encouraged oil
companies to think about a way to improve their methods of extracting and oil refining.

In the mid-18" century, an American businessman named Drake was the first to adopt a new
method for oil drilling using drill-pipe to reach the oil deposit. However, he failed to patent his

drilling method.

Figure 1.2 Oil gushing from the Spindle top well near Beaumont, Texas, in January 1901 (37)

The discovered hydrocarbon fields contained both crude oil and associated natural gas, but gas

was rarely used during the early decades of
the hydrocarbon industry because without
compressors and steel pipes it could not be
moved over long distances. (37) Oil demand
was basically kerosene as a fuel for
lightening lamps. Meanwhile, another
invention that has changed the world oil
demand is the first car with Internal
combustion engine invented by the German
Benz in 1885 running on an oil refined
product — gasoline (petrol).

Figure 1.3 Patented in 1886 by Karl Benz, the Motorwagen
was the first vehicle designed to be powered by an internal

combustion engine. Source: History center website (37)
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Years later, in the united states, New type of automobiles called Ford Model T (related to its
owner Henry Ford) has opened a new automobile market which increased gasoline demand and
hence oil demand.

By the end of the 19" century, the world’s switched into fossil energy with its three forms: oil,
natural gas and coal and they are still considered as today’s main contributors in world energy
demand.

The following chart shows the rapid growth of the world energy consumption within the last
two centuries where coal dominated since the early 18" century until the industrial revolution
that enabled to switch to other use of fossils (Oil and Natural gas).
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2 Chapter 2: World energy situation and future scenarios

2.1 Introduction

The previous chapter has described the timeline of energy use in human civilization and how
energy mix changes according to human needs for food, light and mobility. Nowadays, energy
demand is dramatically increasing due to the rise of world population with more energy access
and technology in many countries. However, the increasing consumption is followed by
environmental issues and consequently, governments and concerned organizations are working
together on future policies to achieve energy efficiency and sustainability.

2.2 Primary energy

World energy can be divided into two main categories: Fossils {mainly: coal, oil, natural gas}
with nuclear used in recent decades and Renewables {in which we mention: Solar, Wind,
hydraulic, geothermal etc.}

2.2.1 Fossil energy
e Reserves:

In the late 20s, the consumption of coal, oil and natural gas increased to reach high records
however those sources are threatened to run out by the end of 21% century. The table below
illustrates the estimated RPR for non-renewable resources for some countries.

Table 2.1 Reserves-production ratio of the world and some countries ( per year) (7)

Country/region Coal RPR (year) Natural gas RPR (year) Oil RPR (year)
World
China
Us

India
Saudi arabia

Norway
Germany
Brazil
Given world’s RPR, fossil fuels will run out by the end of the 21% century for oil and natural
gas, while coal may remain for another century due to its abundance in nature.

Despite the fact that countries like China is among the largest countries in coal reserves, with
138 Billion tons, it has only 38 years remaining for its coal reserves to run out and hence its
supply sustainability is insufficient (7).

The RPR indicates the importance of balancing between proven reserves and their uses, as a
result, other means of energy production is always required for a long term sustainability.
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Figure 2.1 Oil RPR per year and per region (7)

The previous chart (Figure 2.1) shows the oil reserves around the world, Where 1730 billion
barrels are marked for the total world oil reserves (up to 2 billion barrels with respect to 2017).
(7) The total RPR in 2018 accounts for 50 years of current production. Regionally, South and
central America accounts for 18.8% of global oil reserves which represents the highest share of
Global RPR -equals to 136 years, followed by the middle east with 72, however it has the largest
share of oil reserves with 48.3% of global share. Finally, the lowest record is held by Europe
with remaining 11 years.

The countries with highest records in terms of oil reserves are: Venezuela (17.5% of global
reserves), Saudi Arabia (17.2%), then Canada (9.7%), Iran (9.0%)and Iraq (8.5%). (7)
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Figure 2.2 World Natural Gas RPR per region - 2018 (7)
The chart indicates the partition of natural gas reserves around the world according to their
remaining-time (RPR). The current global RP Ratio shows that gas reserves in 2018 accounted
for 50.9 years of current production, where Middle East and CIS holds the highest RPR with
110 and 76 years respectively (7)

Considered as the most abundant non-renewables source on earth with the highest CO. emitted.

Morth S. & Cent. Europe Ccls Middle East Asia o
America America & Africa Pacific

Figure 2.3 World Coal reserves by region- 2018 (7)
World coal reserves in 2018 stood at 1055 billion tons and are heavily concentrated in north
America (342 years) and CIS (329 years) regions. Countries among US (24%), Russia (15%),
Australia (14%) and China (13%) hold the highest share of production with 24%,15%,14% and
13% of coal production respectively.

According to BP review, most of the reserves are anthracite and bituminous (with 70% of total
coal available).
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e Production

The non-renewable resources are depleted so fast that by the end of this century, oil and gas
will run out. This is explained by the increased use of energy for electricity generation where
64.7% of electricity worldwide was generated by fossils. In addition, the carbon dioxide
emissions given off by industrial sector and transport.

Qil: Production by region

Million barrels da

Asia Pacific M Europe 100
W Africa M S. & Cent. Amernica
m Middle East m Morth America -_— E—
m CIs o0

98 03 o2

Figure 2.4 Oil production by region - 2018 (7)
Figure 2.4 indicates the drastic increase of oil production between 1993 and 2018, as BP review

indicates, the rise of global production by 2.2 million b/d in 2018. Growth was heavily
concentrated in the US (2.2 million b/d), Canada (410,000 b/d) and Saudi Arabia (390,000 b/d)
while oil production declined sharply in Venezuela (-580,000 b/d) and Iran (-310,000 b/d).
OPEC production declined by 330,000 b/d while non-OPEC production increased by 2.6
million b/d.
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Natural gas

Matural gas: Production by region
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Figure 2.5 Natural Gas production by region (7)
Gas production registered record-high volumetric increases in 2018. Given the production rise

of 5.2%, the highest rate since 2010.US (86 bcm) and Russia (34 bcm) accounted for almost
two thirds of global growth.

2018 by region
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Figure 2.6 Coal Production by region (7)
Global coal production increased by 4.3% in 2018. (3) The largest consumption is governed by
Asia Pacific with 163 Mtoe, China alone accounts for half of global growth followed by

Indonesian production up by 51 Mtoe.
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e Consumption
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Figure 2.7 Oil consumption by region (7)

Alike oil production, the consumption increased as well, by 1.4 million b/d. Where China
(680,000 b/d) and the US (500,000 b/d) accounted for the majority of the year’s growth.

Natural gas

Natural gas: Consumption by region
Billien cubic metres

Asia Pacific 4000 -
m s Figure 2.8 Natural gas
=i = consumption by region (7)
urope
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m North America
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Similarly, to production, the increase is marked for gas consumption, with the US (78 bcm)
held the biggest growth on record. China also saw a growth of 17.7% (43 bcm). (7)
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Coal consumption increased by 1.4% in 2018. According to BP experts, this was the fastest
growth since 2013, where it is mainly driven by the strongest consumption in Asia pacific with
71 Mtoe; India accounts 36 Mtoe of global coal consumption.

With countries like China and India, this region shares now over three quarters of global
consumption, while 10 years ago it represented two thirds.
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Figure 2.9 Coal consumption by region (7)
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The table below presents a fast review of overall world’s reserves, production and consumption
of the three common fossil fuels, previously explained with some countries illustrations.
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Nuclear energy

Nuclear energy represents the energy released from the splitting of atoms inside a nuclear
reactor. Technology in the 21% century enabled a strong investment in electricity generated by
nuclear power. Based on data reported to the IEA, currently, 450 nuclear reactors are in
operation around the world. The United states, France and China hold the highest number of
reactors, 97, 58 and 45 respectively.(41)

The nuclear power is the second largest source of global low carbon electricity as shown in the
figure below.

United States 97
France 58
China 45
Japan 37
Russia 36
South Korea 24

India 22

Figure 2.10 Number of operable nuclear reactors in the world (39)
2.2.2 Renewables
Renewable energy often referred to clean or green energy, is the energy produced by natural
resources such as sunlight, wind, water etc. These resources are considered as interesting
alternatives to fossil because of their positive impact on the environment.

Renewables have many uses such as for electricity generation, water heating (or cooling) and
transportation. Simultaneously, renewables including solar, wind and others account for one-
third of current global world capacity according to IRENA.

Figure 2.11 below demonstrates the share of electricity generation over time since 2001 within
the use of renewable and non-renewable energy. The red line indicates the average share of
renewables in the total growth per year. (64% in 2018).
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Figure 2.11 Share of new generation capacity installed each year 2001 - 2018 (17)
2.2.2.1 Hydroelectricity
Hydroelectricity marked the strongest contribution in renewable energy worldwide. Electricity
generation from hydropower projects achieved a record 4,200 terawatt hours (TWh) in 2018,
where new installed capacity around the world has increased to reach 1,292 GW. Together,
China and Brazil have the highest share of the new capacity and the following bar chart
represent the 10 countries with the highest contribution (Figure 2.12)(31)

NEW INSTALLED CAPACITY BY COUNTRY (MW)
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Figure 2.12 New installed capacity by country (16)
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2.2.2.2 Solar energy
The sun is considered as the unlimited source of energy that gives off far more energy than we
need. Electricity generated is clean, with low operating costs and available in wide areas around

the world. The map shows the estimated average of direct normal radiation (DNR) available for
power generation.
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Figure 2.13 Direct normal irradiation in the world (9)
2.2.2.3 Wind power

Similarly, to the sun, wind power is one of the fastest-growing renewable energy technologies.
Using the kinetic energy created by motion of air, one turbine can generate around 6 MWh in
a year according to IRENA status. The Figure 2.14 provides the total installed capacity of wind
power for the last 10 years.
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Figure 2.14 Total installed capacity of wind power 2008 — 2018 (17)
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2.3 Sustainability 2030 — 2040

2.3.1 Energy mix

In Dictionary of Energy (Second Edition), 2015, energy transition is “the change of the
primary form of energy consumption of a given society; e.g., the historic transition from wood
to coal and then to oil and gas in industrial Europe ”.

Climate change commitment and the switch to electrification have encouraged many countries
to go beyond renewables with low-carbon strategies. Figure 2.15 shows the evolution of
energy consumption for the last two decades.
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Figure 2.15 World energy consumption by fuel 1993-2018 (7)
Generating power from renewables is part of the energy transition. Energy demand for all fuels
increased. According to BP statistical review, growth was particularly strong in the case of gas
(168 Mtoe, accounting for 43% of the global increase) and renewables (71 Mtoe, 18% of the
global increase).

Actually, the share of renewables in global electricity generation is almost one-third of overall
share in the first quarter of 2020 compared to 2019 (26% of total share) where on the other
hand, coal and gas, still represent the rest of global electricity supply.

The shift to renewable energy in the energy supply mix, will not only preserve natural sources
but to engage in a sustainable development and help solving climate change problem.
Consequently, regulation and commitment to zero-carbon emissions have been established by
many countries in order to improve sustainability and energy efficiency in the next decades.

2.3.2 Environmental commitment related to climate change

2.3.2.1 Earth summit RIO

The first large international conference that focused on the environment and climate change
was held in Rio de Janeiro during June 1992, by the UN, where this latter adopted the
framework convention on climate change (UNFCCC).

The conference adopted principles to face the problem of global warming and the necessity to
consider them as governmental actions within the next decades, and to ensure the successful
flow of the agreement, the UN Commission for Sustainable Development (CSD) was founded.
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2.3.2.2 KYOTO protocol

Rio conference in 1992, in turn, has paved the way for Kyoto protocol to be prepared and
introduced in 1997. In Kyoto protocol, members have been legally working together on global
challenges: greenhouse emissions challenges. In addition, penalties will be set for any violation
regarding the emission-trading program. Later, the world started to see results within the
integration of new technology that helped reduction of CO2 and adapt new alternatives ways to
invest in renewables. (10)

2.3.2.3 RIO +20

In 2012, members met again in Brazil. Two major topics were discussed: ‘The Green Economy’
and ‘Environmental Governance’ (22). It has focused on political outcomes and creating a
valuable political forum in the aim of a future sustainable development. New policies have been
adopted such as green economy, followed by launching an international process to provide
funding options for ‘sustainable development’ including all what is related to energy, food
security and oceans.

Rio+20, which has attracted more than hundreds of the United Nations representatives, has been
found to be successful on a broad-scale due to the fact that it resulted in around 8 hundred
voluntary commitments, in addition to the beginning of new corporations to advance
sustainable development (10)

2.3.2.4 COP conferences

The COP is an international climate conference that brings together each year the world leading
countries that are signatories to the United Nations Framework Convention on Climate Change
(UNFCCC). The first edition (21% conference of the parties COP21) was held in 2015,
organized by France. The meeting involved international agreement (Paris agreement) to limit
greenhouse gas emissions. Countries have committed to reduce their greenhouse gas emissions

Table 2.3 Top 10 CO2 Emitters 2018 (12)

|2018 CO2 Emissions |Global Change Since
Country |in Billion Metric Tons |Share |Kyoto Protocol
China ' 9.43| 27.8% 54.6%
U:S: 5.15|15:2% -12.1%
India 2.48| 7.3% 105.8%
Russia 1.55| 4.6% 5.7%
Japan 1.15| 3.4% -10.1%
Germany | 0.73| 2.1% -11.7%
South Korea 0.70| 2.1% 34.1%
ran | 0.66| 1.9% 57.7%
Saudi Arabia 0.57| 1.7% 59.9%
Canada 0.55| 1.6% 1.6%

and hold planetary warming below 2°C (3.6°F) of preindustrial levels 2°C by 2100.

Three top emitters are China, India and US despite the fact that this latter has reduced its
emissions since Kyoto protocol (edition of 2006) such as Germany and Japan (Table 2.3)

This change was due to coal consumption, where according to BP statistical review, coal is
main contributor in energy mix of China and India. On the other hand, within the last decade,
US switched its energy sources from coal to shale gas and renewables. Since that, CO>
emissions declined to reach the actual emissions.
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2.3.3 World scenario 2030
The future energy analysis is based on the understanding of the actual situation of world energy
and to look in-depth of what policies, technology and investment choices may effect on it.(27)

The scenario analysis explored by many outlook reports describes the possible pathways of
energy sector that may be taken within the next decades and its different implications for climate
change, energy security and the economy. (15)

In WEO2019, three important pillars for sustainability development scenario: ensure universal
energy access for all by 2030; to go toward zero-net emission in the atmosphere; and to
meet global climate goals in line with the Paris Agreement.

The approach to what will world energy look like in 2030s is based on two distinct ways: the
Stated policies scenario and current policies scenario is the first type that is based on starting
conditions that leads towards future results. In contrast, Sustainable Development Scenario set
future outcomes and work on how they can be achieved.

The importance of SDS is that it can orient stated scenario policies by setting out the major
changes that are required to meet the United Sustainable Development Agenda, in which we
mention:

- Working on Paris agreement in matter of limitations of emission
- Easy energy access for all, by 2030
e Primary energy demand

Primary energy demand grows by a quarter to 2014, where energy growth is estimated of 1%
each year. This growth is based on announced goals and technology in the stated policies
scenario. All fuels except coal contribute in the growth, where renewables and natural gas
account respectively for 50% and 35% of global demand growth.

Despite promises for reduction in emission and air pollution, the peak in global energy-related
CO- emissions does not appear in next two decades. In order to reach the zero-net emissions in
2070, governments shall take more measures related to energy demand and use.

Similarly, to primary energy, electricity demand grows by 60% in 2040 in the stated scenario
policies. The rise is governed by advanced low-carbon technology. Solar PV and wind remains
the best energy supply techniques for electricity generation. In addition, low cost battery storage
plays an essential role in electricity generated from renewables, notably in India.
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Figure 2.16 World Primary energy demand by fuel and related CO2 emissions by scenario (15)
Energy generated from fossils (except coal) still contribute in future energy mix. Developed
countries demand for energy is still increasing, the case for natural gas and nuclear which still
hold the strongest share.
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Renewable sources dominate the increase in global power generation capacity
in the Stated Policies Scenario, with solar PV taking the lead

Notes: C&S America = Central and South America; SDS = Sustainable Development Scenario. Other
renewables includes geothermal, concentrating solar power, bioenergy and marine.

Figure 2.17 Share of renewables in total capacity addition by region and scenario, 2019-2040 (15)

Energy growth in scenarios is mainly covered by developing countries, in particular, Asia
region. where energy demand doubles, is the single largest source of demand growth to 2040
in the Stated Policies Scenario. Meanwhile, China remains the largest energy consumer but it
has maintained an important share of its energy from renewables, particularly, solar PV and
wind energy.
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Rising incomes and population growth underpin strong growth in Africa and the Middle East.
With the improvement of lifestyle and growth in population. Figure 2.18 below illustrates the
changes in energy demand and average GDP per region, in the period 2018-2040.
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5%
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East Asia States Union
W Coal m Oil Gas Low-carbon sources GDP CAAGR (right axis)

Faster economic growth in developing economies is accompanied
almost everywhere by rising demand for all fuels and technologies

Notes: GDP CAAGR = gross domestic product, compound average annual growth rate. Low-carbon sources
includes nuclear and renewables.

Figure 2.18 Change in energy demand and average annual GDP growth (15)
e Energy consumption

Electricity, overtakes oil around 2040 to become the largest component of final Consumption.
Oil consumption falls by around 1.5% per year on average, and coal use by 3%. Gas demand in
final consumption rises slightly through to the early 2030s, largely because of increased
industrial demand, but then declines under pressure from efficiency improvements, low-carbon
gases such as hydrogen and bio methane, and electrification.
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3 Chapter 3: Electro mobility, case of study: vehicles fleet

3.1 Introduction

Electro mobility is one of the mega topics in the automotive industry. It represents the new road
system in which it propelled by vehicles working with electricity, from bicycles to high speed
trains. Technology and digitalization have enabled the development of transport sector, where
electric vehicles can now produce its own electricity (e.g. hybrid electric vehicles) or use an
outside supply - electric grid.

The history of automotive has shown that electric vehicle was born in the early 19" century.
Since the invention of battery and the development of its uses, electric vehicle has passed
through several breakthroughs but until the late 19" century, EV saw the early rise. However,
at the same period of time, ICE vehicles has dominated the US market, with its low cost and
wide range comparing to Electric vehicle; this latter saw its first fall.

A century later, “Modern" electro mobility was launched in 90s and followed by different types
of vehicles that depend generally on the capacity of battery storage.

The integration of electro-mobility in the transport sector meets challenges within its
conventional competitors (e.g. fuels), environmental and economic impact.

Page | 37



3.2 Fuels features

3.2.1 Gasoline (or petrol)

A refined product from petroleum resulted from mixture of hydrocarbons, additives and
blending agents. It is used as a fuel for internal combustion engine.

25
Cg Hig(g) + = O2(q) = 8 L0z + 9 H20(g)
According to combustion reaction, 1 liter of gasoline can produce approximately 2.3 kg of
co!t

3.2.2 Diesel Fuel

Describes the liquid fuel that is used for diesel engines. It is the result of distillation of crude
oil and hence a mixture of hydrocarbons. However, it contains more hydrocarbons than gasoline
and consequently more COz emissions (2.68 kg). In addition, it is harmful product for human
health.

3.2.3 Liquefied petroleum gas LPG

Flammable of hydrocarbon gases used as fuel in heating appliances, cooking equipment, and
vehicles that runs on combustion engine of the piston engine type. It is essentially composed
of propane and butane. Nevertheless, as any fossil product, it generates carbon dioxide with
an estimated amount of CO, 1.51 Kg for one liter on LPG burned.

3.2.4 Natural gas for vehicles NGV

The GNV represents the natural gas liquefied LNG and compressed natural gas CNG. It is
mainly composed of methane, the cleanest hydrocarbon that may release CO. from its
combustion.

Compressed natural gas, or CNG, remains clear when stored under pressure (around 200 bar)
and can be used as a cheaper, greener, and more efficient alternative than traditional fuels. The
compression enables the engine to use the fuel to extend driving range, much like the gasoline
tank in vehicles.
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3.3 Evolution of the world automobile fleet

The global vehicle fleet has been growing at a near-constant rate, since 2008, the number of
vehicles in 2018 is expected to be around 1.4 billion vehicles. While the number of vehicle
sales ranges between 60 and 90 million per year, with the increase rate is around 2% as shown

in Figure 3.1.
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Figure 3.1 Evolution of vehicle fleet and sales 2006 — 2020 (29)

3.4 Energy consumption

Global energy consumption for is almost 2.1 Gtoe/year as shown in Figure 3.2 where in 2017,
alternatives to oil-based gasoline and diesel fuels represented 7.7% of total fuel consumption.
Although their quantity increased from 158.6 Mtoe to reach 161.1 Mtoe between 2016 and
2017, their penetration rate remained stable at 7.7%. Among these alternatives (LPG, NGV,
electricity), biofuels represented 79.6 Mtoe. Their consumption increased by around 3%
between 2016 and 2017. Besides, the demand for fuel increased by 1.5%, similar to the rise
seen between 2015 and 2016 (+1.8%).

3.8%
79.6 Mtoe

25.5 Mtoe 1.2%

1 076,6 Mtoe 2.1%
(51.4%)
11.4 Mtoe EK3’4

M Gasoline Diesel M Alternatives fuels
Biofuel LPG
B NGV M Electricity
Figure 3.2 : Global energy consumption in the road transport sector
in 2017 (23)
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3.5 Electric vehicles

3.5.1 Typesof EV

Electric vehicles can be classified into three categories according to their energy source and
propulsion (mechanical/electrical) as explained in the scheme below (Figure 3.3):

Diesel
Conventional ICE |
vehicle
Gasoline
17 Autogas
S
> Natural Gas
) Alternative fuel ICE|
vehicle
i‘) Biofuel
O
<
Q Hydrogen
>
Hybrid HEV
Electric Vehicle EV Plug-in PHEV
Battery BEV
Figure 3.3 Vehicle type

Source: online course, Electric cars, Edx.com

As mentioned in Table 3.1, the classification of EV according to energy source (fuel type) and
propulsion system (drive-train) is as follows:

Table 3.1 EVs classification Source: Electric cars, Edx.com

HEV Dlese‘l Englng
Gasoline Electric motor
Diesel
PHEV Gasoh.n'e Engmsa
Electricity to charge the  Electric motor
battery ( Charging Port)
BEV Electricity to charge the Electric motor

battery ( Charging Port)

The technology of battery of the next decades will focus on the development of new types of
EV alike Fuel cell vehicle and Solar electric vehicle.

3.5.2 EV Vs Gasoline vehicle and Environmental impact

The EV looks the same as gasoline car from the outside, except the absence of tail pipe as for
fuel vehicle. However, the internal parts are widely different, the moving part inside the EV is
the motor, while for gasoline cars many moving parts, from frequent oil changes, filter
replacements, periodic tune ups, and exhaust system repairs, to the less frequent component
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replacement, such as the water pump, fuel pump, alternator, etc. This leads to say that gasoline
cars have a wide range of maintenance.(8)

The main differences between EV and Gasoline vehicles are summarized below:

Table 3.2 Main differences between EVs and Gasoline parts (13)

Fuel Vehicle Parts

Electric Vehicle Parts

Functions

Stores energy to make

Fuel tank Batt: :
Rt S the vehicle run
Puts energy/fuel into the
Fuel Pump Charger vehicle to make it run
Fuel Engine Electric Motor Makes the vehicle move
Carburetor Controller Cortipis stuts; stgps,
speed, acceleration
Provides power to
Alternator DC / DC Converter accessones auches

radio, lights, air
conditioner

DC / AC Converter

Converts DC to AC
Power to make the motor
run

However, the main disadvantage of EV is the cost comparing to regular competitor (gasoline
vehicle).

3.5.2.1 Environmental impact (11)

From the environmental aspect, the electric vehicle is the best choice when compared to
gasoline-powered vehicle. Among the advantages offered for the environment when using an

EV:

Better for the Environment

Electricity is Less Expensive than Gasoline
Electric Cars Tend to Be Quiet
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Figure 3.4 qualitative comparison of Energy consumption and environmental impact of 4 types of
Vehicles (11)

3.6 Current status of electric vehicles:

3.6.1 Stocks, sales, charging infrastructure

3.6.1.1 Stock

The global stock of electric passenger cars reached 5.1 million units in 2018, an increase of

63% from the previous year. Battery electric vehicles (BEVs) account for 64% of the world’s
electric car fleet. Around 45% of the world’s electric car fleet was located in China in 2018.

The stock of electric cars in China almost doubled between 2017 and 2018 to reach 2.3 million.
In 2018, Europe accounted for 24% of the global stock of electric cars at 1.2 million (of which
0.96 million were in European Union countries) and the United States accounted for 22% with
1.1 million.

3.6.1.2 Sales

Global electric car sales were close to 2 million in 2018, after having reached the 1 million peak
in 2017. This represents a year-on-year growth in electric car sales of 68% between 2017 and
2018, a strong rate compared to 2015 (68%), after two years of weaker growth.

3.7 Global EV stock and sales by scenario (2018-2030)

3.7.1 New Policies scenario

The New Policies Scenario (NPS) is the central scenario of the WEO. The scenario describes
the policies and measures that governments around the world have already put in place, as well
as the likely effects of announced policies that are expressed in official targets or plans. It aims
to illustrate the consequences of existing and announced policy measures and ambitions to
encourage the use of EVs and the deployment of charging infrastructure.

3.7.2 EV30@30 scenario
The scenario accounts for relevant measures such as the progressive reduction of the carbon
intensity of electricity generation by:
- Decrease average trip distances and fewer trips by car
- Enable a larger share of movements on public transportation and non-motorized modes
of transport.
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3.7.3 Global results

In the New Policies Scenario, the global EV stock (excluding two/three-wheelers) exceeds 55
million vehicles in 2025 and reaches about 135 million vehicles in 2030 (Figure 3.5), with an
average year-on-year compound annual growth rate of 30% over the projection period.

The EV30@30 Scenario projects global EV stock and sales that in 2030 are nearly double the
projections in the New Policies Scenario. In the EV30@30 Scenario, the global EV stock
surpasses 250 million vehicles in 2030 (Figure 3.5Figure 3.5), when sales reach 43 million. In
this scenario, it is assumed that all countries rapidly implement policy measures that promote
the adoption of EVs such that by 2030.

Electric vehicle stock
Mew Policies Scenario EV30@ 30 Scenario
300 300
250 250
200 200

150

100 100

EV stock (million vehicles)
¥
&

50 S0

0 0
2013 2020 2025 2020 2018 2020 2025 2030

EPLDVs - BEV PLDVs - PHEY ELOVs - BEV LCVs - PHEY M Buses - BEV  EBuses - PHEV B Trucks - BEV B Trucks - PHEV

Figure 3.5 Global EV stock by scenario, 2018-2030 (14)

3.7.4 Charging infrastructure

Private chargers for vehicle expand to 128 million in the New Policies Scenario and

245 million in the EV30@30 Scenario in 2030. In the New Policies Scenario, total power
capacity reaches nearly 1 TW and the electricity consumption is about 480 TWh

Number of chargers Power capacity Energy demand
300 1000
250 200 .
200
" 600
< <
£ 150 = [
= 400
100
200
50 EV 30@30
0 M Publicly accessible chargers 0
EV 30@30 B Private chargers NPS  EV30@30

Figure 3.6 Number of private chargers & publicly accessible chargers for vehicles, relative power
capacity and energy demand by scenario. (14)
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The number of public chargers reaches 10 million in the New Policies Scenario and almost 20
million in the EV30@30 Scenario in 2030.

3.7.5 Impacts of electric mobility on energy demand and GHG emissions

Global electricity demand from EVs is close to 640 TWh in 2030, concentrated in China and
Europe in the New Policies Scenario and more widespread in the EV30@30 Scenario. Slow
charging accounts for the largest share of electricity consumed by EVs.

Electric vehicles reduce GHG emissions by half from an equivalent ICE fleet in 2030, offsetting
220 Mt CO2-eq in the New Policies Scenario and 540 Mt CO2-eq in the EV30@30 Scenario
as shown in Table 3.3 Impacts of electric mobility on energy demand and GHG emissions by
scenario, 2018-2030

Table 3.3 Impacts of electric mobility on energy demand and GHG emissions by scenario, 2018-

2030 (14)
2018 New PollFles EV30@?30
Scenario Scenario
Global electricity demand (TWh) 58 640 1100
GHG emissions (Mt CO2-eq) 38 230 340
GHG emissions with ICE (Mt CO2- 78 450 770
eq)
net savings (Mt CO2-eq) 40 220 430
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4  Chapter 4: Algeria — Energy situation

4.1 Presentation of the country

Algeria is the largest country in Africa and tenth in the
world. It is situated in the Mediterranean coast with a
surface of 2 381 741 square kilometers. Its capital Algiers,
located in the north has the highest population.

The Sahara accounts for almost 80% of total surface and is
considered one of the best irradiated zones in the world.

Algeria is known by its reserves in oil and natural gas. It
has the 16" largest oil reserves in the world and the third
largest in Africa, while it has the 11" largest reserves of
natural gas. [12] Figure 4.1 location of Algeria (42)

4.2 Energy situation

4.2.1 Primary energy

The economic sector of energy in Algeria includes the local production and import of primary
energy, their possible transformation into secondary energy use, their transportation into the
final consumption, as well as the import export market. Hydrocarbons and natural gas are by
far the main source of income for the country.(40)

4.2.1.1 Primary energy production

According to the latest statistics of SONATRACH?3, Commercial primary energy production
recorded near-stability (-0.2% in 2017) compared to 2016 achievements, reaching 165.9 mtoe.
The production structure shown in Figure 4.2.

Total: 165,9 Mtoe

Natural gas

M Crude oil
LPG in the fields
Condensate

B Other

Figure 4.2 Structure of primary energy production (37)

3 is the national state-owned oil company of Algeria. Founded in 1963. Source: Wikipédia.
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= Derived energy production

Derived energy production reached 64.2 Mtoe (2017), up 1.8% compared to 2016
achievements, following the increase (+ 6.0%) in the production of liquefied natural gas (LNG),
thermal electricity (5.2%) and LPG (5.3%), as detailed in Figure 4.3 This increase more than
offset the drop in production of petroleum products (-2.7 %).

Total: 64,2 Mtoe

M petroleum product
m thermal electricity
LNG
LPG

Figure 4.3 Structure of derived energy production (37)
4.2.1.2 Oil
Algeria is a member of the Organization of the Petroleum Exporting Countries (OPEC) and the
Forum of the Gas Exporting Countries (GECF). It is the 3" oil producer in Africa behind Nigeria
and Angola and the 11%" exporter worldwide.

e Reserves and exploitation

Algeria has proven BP estimated oil reserves at 1.5 billion tones at the end of 2017 (12.2 billion
barrels).

e Qil production
In 2018, Algeria produced 65.3 Mt (million tons) of oil, or 1.51 mb/d (million barrels per day),
down 2% in 2018.

Oil production 2000-2018
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Figure 4.4 Evolution of crude oil production in Algeria (7)
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e Qil consumption

In 2018, Algeria consumed 19.6 Mt (million tons) of oil, or 414 kb/d (thousands of barrels per
day), up 1.2% in 2018.

Oil consumption 2000 - 2019
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Figure 45 Evolution of oil consumption in Algeria (7)
Oil and natural gas are found in the south eastern region as shown in the figure below:

4.2.1.3 Natural gas

The International Energy Agency ranked Algeria 10" in the world for natural gas producers in

2018 with 2.4% of world production and 9" for natural gas exporters with 5.3% of the world
total.

e Natural gas reserves

Algeria has proven BP estimated natural gas reserves at 4,300 bcm at the end of 2018. These

reserves ranked Algeria 10" in the world with 2.4% of the world total, and 2" in Africa behind
Nigeria.

e Natural gas production

In 2018, Algeria produced 92.3 bcm of natural gas, or 79.4 Mtoe, down 0.7% in 2018. It ranks
10" in the world with 2.4% of world production and 1% in Africa.
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Natural Gas Production 2000 - 2018
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Figure 4.6 evolution of natural gas production in Algeria (7)

e Natural gas consumption
In 2018, Algeria consumed 42.7 billion cubic meter of natural gas, or 36.8 Mtoe up 9.9% in
2018. It ranks 19" in the world with 1.1% of world consumption. Its consumption takes 46%
of its production.
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Figure 4.7 evolution of natural gas consumption in Algeria (7)
Table 4.1 summarizes the total share of fossil energy for Algeria:

Table 4.1 reserves, production and consumption of fossil fuels in Algeria 2018 (7)

Reserves R Production P Consumption C RPR (Years)
Coal 65 million short _ _ B
tons
Oil 1.5 Billion tons 65.3 million tons | 19,6 million tons oil 22
equivalent
Natural gas 4,300 Billion 92.3 billion cubic | 42.7 Billion cubic 47
cubic metres metres metres
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4.2.2 secondary energy: Electricity

4.2.2.1 Electricity generation

In 2018, electricity net generation for Algeria was 76.4 billion kilowatt-hours. Between 2008
and 2018, electricity net generation of Algeria grew substantially from 40.20 to 76.4 billion
kilowatt-hours rising at an increasing annual rate that reached a maximum of 16.19% in 2011
and then decreased to 7.04 in 2017 and to 0.52% in 2018. (21)

Evolution of Electricity generation 2008 - 2018
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Figure 4.8 Evolution of electrical production in Algeria (20)
4.2.2.2 Renewable energy

e Solar potential

Seen from its geographical location, Algeria has one of the highest solar deposits in the world.
The duration of sunshine on almost the entire national territory exceeds 3000 hours annually
and can reach 3900 hours (highlands and Sahara). (25)

The energy received annually on a horizontal surface of 1m? is nearly range of 7kWh/m? as
shown in figure 4.9:

Figure 4.9 Variation of irradiation in Algeria (35)
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4.2.2.3 Wind potential

The wind resource in Algeria varies greatly from one place to another. This is mainly due to a
very diverse topography and climate. Indeed, the country is subdivided into two large distinct
geographical areas. The North Mediterranean which is characterized by a coastline of 1200km

FigUre 4.10 Map of wind poer in Algeria (35)
and a mountainous relief, represented by the two chains of the Tell Atlas and the Saharan Atlas.

Between them, there are plains and the highlands of continental climate. The South, meanwhile,
is characterized by a Saharan climate.

Figure 4.12 shows wind speed partition where southern region has higher speeds than the
North, more particularly in the Southeast, with speeds higher than 7 m/s and which exceed the
value of 8 m/ s in the Tamanrasset region (In Amguel).

Concerning the North, the average speed is generally low. However, the existence of
microclimates on the coastal sites of Oran, Bejaia and Annaba, on the highlands of Tébessa,
Biskra, M'sila and El bayadh (6 to 7 m/s), and the Great South (> 8m/s). (25)

4.2.2.4 Geothermal Energy Potential

The compilation of geological, geochemical and geophysical data has made it possible to
identify more than two hundred (200) hot springs, which have been inventoried in the northern
part of the country. About a third (33%) of them have temperatures above 45 °C. There are high
temperature sources up to 118 °C in Biskra.

Studies on the thermal gradient have made it possible to identify three zones whose gradient
exceeds 5 °C / 100m. (25)

- Relizane and Mascara area
- Aine Boucif and Sidi Aissa area
- Guelma and Djebel EI Onk area
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4.2.2.5 Hydraulic potential

The overall quantities falling on Algerian territory are estimated at 65 billion m*, but countries
benefit are limited: reduced number of precipitation days, concentration in limited spaces, high
evaporation, and rapid evacuation to the sea.

4.3 Total population

In 2019, population for Algeria was 43.1 million persons. Population of Algeria increased
from 34.6 million persons in 2008 to 43.1 million persons in 2019 growing at an average
annual rate of 2.1 %. (

Figure 4.11)
Evolution of Population 2008 - 2019
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Figure 4.11 evolution of the Algerian population (20)
4.4 Carbon dioxide emission

Evolution of CO2 emissions
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Table 4.2 Evolution of carbon dioxide (20)

In 2018, CO2 emissions for Algeria was 135.5 million tons. Between 1999 and 2018, CO>
emissions of Algeria grew substantially from 81.7 to 135.5 million tons rising at an increasing
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annual rate that reached a maximum of 8.25% in 2014 and then decreased to 6.02% in 2018.The
chart above shows the evaluation of emissions though the past 10 years.
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5 Chapter 5: Algerian vehicles fleet situation

5.1 Introduction

Fuel consumption in the transport sector keeps increasing every year. The study of the national
automobile fleet is essential due to the important position in the global Algerian share of energy,
with a contribution of more than one-third of final energy consumption, the policy still
depending on fossil energy that may run out in the future few decades. The analysis of the
current situation helps to simulate the next policies related to energy use in this sector with the
integration of energy efficiency. (1)

5.2 Assessment of national Fuels Market

5.2.1 Evolution of fuel consumption in the national market 2008 — 2019

Fuel consumption has been experiencing a high rate of growth. It increased from 0.6 million
tons in 1964 to 5.9 million tons in 1999 and 11,11 million tons in 2010 to reach 14,53 million
tons in 2019. This increase is due to:

- High energy demand particularly in the industrial and transport sectors.

- The relatively low cost of fuels

- The relative improvement of economic incomes which helped the growth of national
vehicle fleet.

Table 5.1 Evolution of fuel consumption 2008 — 2019 (Appendix 3)

Gas oil (Mt) 591 6.50 8.17 8.89 9.68 10.04 10.25 10.70 10.13 9.76 9.73 9.89 5.09 1.63
Gasoline (Mt) 1.80 196 2.63 3.07 3.55 4.00 430 456 430 4.17 3.89 391 7.89 0.65
LPG (Mt) 0.31 031 031 032 0.29 029 0.27 0.25 031 041 056 0.72 931 29.91
Total (Mt) 8.02 8.77 11.11 12.28 13.52 14.33 14.82 15.51 14.74 14.34 14.18 14.53 5.85 2.47

Over the period 2008-2019, the average annual growth rate of fuel consumption reached 5,85%,
with gas oil recording an average annual growth rate of 5.09%, gasoline 7.89% and important
growth in LPG with 9.31%.

12
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4,56
355 [ 400 |8 430 4,30 84,17 8 3 39 N 3,91

4 263 3,07
1,80 | 1,96

Fuel consumption

0,72
0,31 §0,31 6,31 0,32 )6,29 §8,29 0,27 §6,25 9,31 §0,41 §0,56
- L]

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Gasoline WLPG I Gas Oil Year
Figure 5.1 Fuel consumption by Wilaya 2008 — 2019 (Appendix 3)

The consumption of fuels (gas oil and gasoline) reached 13.80 million tons (2019), an increase
of 1.35 % compared to 2018 (13.62 million tons).
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Benefiting from a very competitive price and subsidies, LPG consumption reached 720,000
tons, an increase of 29.91%.

The increases in fuel prices recorded in 2016, 2017 and 2018 induced, in part a decrease in
average annual fuel consumption of 1% over the period 2015-2019. Maintaining the price of
LPG at 9 DA/L has encouraged its use, which recorded an average. Annual decline of 1.58%
over the period 2015-2019 compared to an average annual increase of 30.34% for LPG.

Fuel Share 2009 Fuel share 2019

4% 5%

22%
27%

= Gas oil = Gasoline = LPG

68%
74%

Figure 5.2 Comparison between Fuel share in 2009 and current share (appendix 3)
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5.2.2 Configuration of the supply of fuels in the national market

5.2.2.1 National service stations network

As of December 31, 2016, ten (10) distributors are engaged in the business of fuel distribution
on the national market. They are: NAFTAL, PETROSER, GBS BELHOCINE, GALAOIL,
PROPAL, ALPETRO, HAMDI, STPP, PETROBARAKA and PETROGEL (18). NAFTAL
however, contribute more than 93% of the total national supply of fuels. The following chart
shows the number of NAFTAL service stations across the country.

Table 5.2 NAFTAL Service Table 5.3 Evolution of NAFTAL service stations network 2008 — 2019 (Appendix 3)
Stations network 2020
(Appendix3)

Service stations network

3000
2594
2008 1965 5500 J316 2450
2009 2010 5107 2135 2186 2213 2261
1965 2010 2038 2076
2010 2038 2000
2011 2076 £
o}
2012 2107 ﬁ 1500
2013 2135 5
2014 2186 £ 1000
2015 2213
2016 2261 500
2017 2316
2018 2450 0
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
2019 2594 year
= LPG Sales

Naftal LPG sales out of 2594 service stations, the number of sales outlets distributing LPG in
Algeria reached 803 against 426 in 2008.

Table 5.4 LPG Sales Evolution in period between 2008 — 2019 (Appendix 3)
Evolution

Year 2008 2019 2008 - 2019 (%)
e 426 803 88,50
network

5.3 Vehicle fleet situation

5.3.1 Evolution of the Algerian vehicle fleet
Between 2008 and 2018, the average annual growth reached 4.8%, or an average of 300,000
new vehicles each year, to reach 6,418,212 vehicles of all types in 2018. In 10 years, the vehicle
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Figure 5.3 comparison of global vehicles share (22)

fleet has increased by a factor of 1.7. The chart describes the evolution of vehicles fleet and
number of imported vehicles in the past 10 years.(2)

5.3.2 Distribution of the car fleet for the year 2018

5.3.2.1 Distribution of the vehicle fleet by type of vehicles:
Passenger cars account for the majority of the national vehicle fleet at 65%, followed by trucks
with 19%.

B Passenger vehicle B Heavy truck ® Truck Other

7% 8%

2010 2014 2018

Figure 5.4 Evolution of the Algerian vehicle fleet 2008-2018 (22)
Passenger cars account for 66% of all new vehicles, while road tractors, agricultural tractors
and special vehicles account for no more than 2% of all new vehicles and 8% of the total
national vehicle fleet.
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Figure 5.5 Distribution of the vehicle fleet by type of vehicles in 2018
(28)

5.3.2.2 Fleet distribution by fuel type used:
Gasoline is the largest fuel source at 65%, compared to diesel at 35%, which accounts for about
one-third of the national vehicle fleet.

B Gasoline ® Diesel

Figure 5.6 Share of fleet vehicles by type of fuel 2019
(22)

The following figure shows the distribution of certain Wilayas, according to the energy source
used.
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Figure 5.7 Distribution of certain Wilayas by fuel type used in 2018
(22)
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Algiers situation alone has more than 1,000,000 vehicles, which consume about 18.8% of the
total gasoline and 9% of the total diesel. Algiers holds the highest share of vehicles in the

national fleet.

5.3.2.3 Distribution of the vehicle fleet by vehicle age group
The vehicle fleet by age group is broken down as follows:

3 000 000
2 500 000
2000 000

1500 000

Vehicles

1000 000

500 000

Less than 5 yearsfrom 5 to 9 years from10to14  from1l5to 19
years years

Figure 5.8 age of available vehicles (22)
More than 44% of vehicles in the fleet are 20 years old and older!!

20 years and
over
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6 Chapter 6: Perspectives Algeria 2030 — case of energy use in transport sector

6.1 Current Scenario

6.1.1 Fuel consumption

6.1.1.1 Gasoline and Diesel Fuel

Fuel consumption along the past decade has been increasing with an average annual rate of
5,8%. If we assume that vehicles consumption takes a constant annual rate along the next
decade, the total fuel consumption will be around 25,7 Million tons, where diesel represents

two-third of the total consumption and the remaining represents gasoline contribution. The table
below indicates the fuel consumption evolution.

Table 6.1 Gasoline and Diesel fuel consumption perspectives for 2030 (5)

Gasoline (Mt) 1.800 2.633 4.560 3.912 5.770 7.274
Diesel Fuel (Mt) 5.910 8.172 10.701 9.894 13.594 18.395
Total (Mt) 7.710 10.805 15.261 13. 806 19.363 25.669

The following Figure 6.1 represents the evolution of the consumption within the last years.
The significant rise was noticed in 2017.

The growth in consumption is related to energy demand of the transport sector with more than
6 million vehicles running on gasoline and diesel.

Perspective of Fuel consumption 2030

w
o

y =0,6539x - 1304,3
R?=0,896
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(S
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Consumption (Mt)
» ;

Year
—o—Total —e—Diesel Fuel —e—Gasoline

Figure 6.1 Perspective of Fuel consumption in 2030
6.1.1.2 LPG
Despite the low price of LPG (9DZD/Liter), the consumption within the past 10 years was not
important when comparing to other fuels (Gasoline and diesel). According to APS (“Algérie
presse service”) the number of converted gasoline vehicles is around 300 000 units with a cost
for conversion ranging between 70000 — 80000 DZD/Unit.
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6.1.2 Vehicle fleet

the increased consumption of fuels gives an idea about the increase of vehicles number. Indeed,
the number passed from 3,7 million units in 2008 to reach its doubled value in 2019 with almost
8,9 million units.

If we suppose that all vehicles are assimilated to passenger cars, and the annual growth remains
the same (4,7%) hence in 2030, the fleet will attain more than 11 million units. The results are
summarized in the table below

Table 6.2 Perspectives of the Algerian vehicle fleet in 2030

2008 2010 2015 2019 2025 2030
Number of
e 3.71 431 5.68 6.72 8.85 11.14
(Million
units)

PERSPECTIVE OF ALGERIAN VEHICLE FLEET BY 2030

y=0,3223x + 3,158
R? = 0,987 /

=
o N

HICLES NUMBER ( MILLION UNITS)
O N M O ®
h

00 OO O d AN N < 1D OMNNOW OO d N NN I 1D O IN00 O O
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Figure 6.2 Perspective of Algerian Vehicle fleet situation in 2030

Comments:

- The previous charts Figure 6.1 and Figure 6.2, illustrates the strong contribution of
fossils in the transport sector. Consequently, the increasing demand from this sector
and the limited reserves will cause a serious issue in the next few years.

- The results shown in 2030 are essential to reconsider the energy mix in the transport
sector; meanwhile, alternatives types of fuels should contribute for their economic
and environmental impact. For instance, GNV.

6.2 Sustainable Energy Model 20|30

6.2.1 Presentation of the model

The model 20|30 describes the vision of energy transition in 2030. A new suggested energy mix
with shared low-emissions fuels contribution such as GNV, LPG and most importantly the new
concept in the Algerian energy use in transport sector: E-mobility. (43)(44)

The present work suggests a model of 30% contribution of GNV, LPG and EV in the new
vehicles added in the sector between 2020 and 2030. In addition, the conversion of some
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existing gasoline vehicles into LPG will hold a 20% contribution of: GNV, LPG and EV in the
total fleet.

The new contribution not only will encourage the switch to ecofriendly vehicles but also to save
fossils for other applications.

The pie chart below describes the contribution of LPG, CNG and EV in the added vehicles with
an assumption that no more import of diesel automobiles.

Share of New Fleet added in period 2020 - 2030

B Gasoline m Diesel m Electricity LPG ®CNG

Figure 6.3 The energy mix of the added vehicles in period between 2020 — 2030
6.2.2 Calculations and results (18)
The calculations are based on the added vehicle between 2020 — 2030, nevertheless simple
calculations are required for the current fleet of 2019 (7 million units).

6.2.2.1 Added Fleet 2020 — 2030

The number of new vehicles added in the next decade is around 4 100 000 vehicles. The model
suggests that 30% of the total number represents vehicles running on LPG, CNG, and EV with
a contribution respectively equals 12%,10% and 8%.

= Calculations method:
We consider in what follows:

- Average travel of the car is around 20 000 km/year.

- Average fuel consumption along 100km for one vehicle is 7L,8L, 6Nm? for
Gasoline, LPG and CNG respectively while for Electric vehicles consumption is
around 10kWh for same traveled distance.

a- The quantity of gasoline saved in each case is calculated according to the
equation:

) ML ) ) km 7 0 e
Gasoline saved (—) = vehicles (unit) * 20 000 ( ) * ( - ) * 10
year year/ 100 \Km.Unit

- The amount of fuel used by vehicles for:
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LPG

LPG t (_ML ) hicles (unit) * 20 000 (Km) 8 ( L ) 107°
— * * *
C consump on year venicles (unt year 100 Km Unlt

CNG

- L hicles (unit) * 20 000 (Km) 6 (_Nm® o6
= * & *
consumption year vehitctes (unt year/ 100 \ Km.Unit

- Similarly, for electricity consumption:

10 kWh
( ) * 1073

I » (GWh) hicles (unit) * 20 000 (Km)
— ) = * *
ectricity consumption year venicies (unit year 100 \Km. Unit
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b- The gain obtained when working with new vehicles share:

Simply, we multiply the amount of fuel (or Electricity) with unit price for each case. However,
we expect that the unit price of diesel fuel, gasoline and electricity will increment 6DZD, 3DZD
and 0,6 DZD respectively every year along the next 10 years.

The current unit price of energy in Algeria is summarized in the table below:

Table 6.3 Current Energy price 2020
Source: Minister of Energy

Energy type Diesel Gasoline LPG-c CNG Electricity
fuel (+3DZD /Year) (Assumption)  (+0.6 DZD /Year)
(+6DZD)
Price 29.01 45.97 9.00 15.00 5.34
(DZD/unit)
» Results:

a- The quantity of gasoline saved:
= Liquefied Petroleum Gas LPG

Table 6.4 Amount of Gasoline saved from LPG share

LPG share
12%
2020 7,036 0,000 0,000 0,000
2021 7,366 49217 68,904 78,748
2022 7,713 98434 137,809 157,496
2023 8,075 147652 206,713 236,244
2024 8,455 196869 275,618 314,992
2025 8,852 246087 344,522 393,739
2026 9,268 295304 413,426 472,487
2027 9,704 344522 482,331 551,235
2028 10,160 393739 551,235 629,983
2029 10,637 442956 620,140 708,731
2030 11,137 492174 689,044 787,479
Total 3789,74 4331,13
Comment:

The additional LPG vehicles in the fleet (around 492 000) will save almost 3 million tons of
gasoline (0,75kg/L) equivalent to 9% of total fuel consumption in 2030.

=  Compressed Natural Gas CNG

Table 6.5 Amount of Gasoline saved from CNG share

Number of Quantity of

Added CNG Required amount

of CNG (MNm3)

vehicles (million Gasoline saved

units) vehicles (unit) (ML)

2020 7,036 0 0,00 0,00
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2021 7,366 41015 57,42 49,22

2022 7,713 82029 114,84 98,43
2023 8,075 123044 172,26 147,65
2024 8,455 164058 229,68 196,87
2025 8,852 205073 287,10 246,09
2026 9,268 246087 344,52 295,30
2027 9,704 287102 401,94 344,52
2028 10,160 328116 459,36 393,74
2029 10,637 369131 516,78 442,96
2030 11,137 410145 574,20 492,17
Total 3158,12 2706,96
Comment:

Alike LPG, CNG cars added into the new fleet seems to have approximatively the same amount
of gasoline saved. With more than 410 000 units running on CNG fuel (0,72kg/Nmq), 2,2
million tons of gasoline are replaced with alternative fuel.

= FElectric Vehicles

The most interesting part of the work was the impressive result of the integration of electric
vehicles among the 4 million cars added in period between 2020 — 2030, the next table
represents the result obtained with only 8% of EV (equivalent to 328 000 units)

Table 6.6 Amount of Gasoline saved from EV share

) Amount of
Number of Added EV Quantity of Electricity
EV share 8% vehicles (million ) Gasoline saved
units) (Units) (ML) generated
(GWh)
2020 7,036 0 0,00 0,00
2021 7,366 32812 45,94 65,62
2022 7,713 65623 91,87 131,25
2023 8,075 98435 137,81 196,87
2024 8,455 131246 183,75 262,49
2025 8,852 164058 229,68 328,12
2026 9,268 196870 275,62 393,74
2027 9,704 229681 321,55 459,36
2028 10,160 262493 367,49 524,99
2029 10,637 295305 413,43 590,61
2030 11,137 328116 459,36 656,23
Total 2526,49 3609,28

Comment:

The energy required for the added electric vehicles is expected to be around 3,6 TWh. While
1,9 million tons of gasoline will not be used for this type of vehicles.

The energy required for the EV fleet represents only 5% of the total electricity produced (71,4
TWh in 2017 according to the minister of Energy)!!
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b- The gain obtained when working with new vehicles share:
» Liquefied Petroleum Gas LPG

Table 6.7 Gain from LPG share

LPG share Total LPG ] Price of LPG Gain (Billion

Gasoline
> : o
12% vehicles (Billion Da) (Billion DZD) DZD)

0,71 2,67

98435 7,16 1,42 5,74
147652 11,36 2,13 9,24
196870 15,98 2,83 13,14
246087 21,01 3,54 17,46
295305 26,45 4,25 22,19
344522 32,30 4,96 27,34
393739 38,57 5,67 32,90
442957 45,25 6,38 38,87
492174 52,35 7,09 45,26

Comment:

The gain obtained from the new share of LPG vehicles will not only save the previous amount
of gasoline calculated, but also save more than 2 hundred billion DZD; equivalent to around
$1.6 Billion!!

Table 6.8 Gain from NCG share

Price of . . o1
NC(; ;;are Total CNG vehicles Gasoline I:,(:icl(lei:: I;g? Gall;irf::‘lsl;on
: (Billion Da)

41015

82029 5,97 1,48 4,49
123044 9,47 2,21 7,25
164058 13,31 2,95 10,36
205073 17,50 3,69 13,81
246087 22,04 4,43 17,61
287102 26,92 5,17 21,75
328116 32,14 5,91 26,24
369131 37,71 6,64 31,07
410145 43,62 7,38 36,24

NG 17080

Comment:

Alike LPG, the gain from NCG vehicles is important, with 170 Billion Da, equivalent to $1,3
billion!!
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= Electric Vehicles

Table 6.9 Gain from EV share

EV share

8%

32812 2,249 0,390 1,860
BEIPPA 65623 4,775 0,858 3,916
| 2023 ECTYEL 7,575 1,406 6,170
| 2024 QEEIPIE 10,652 2,032 8,620
DIV 164058 14,004 2,736 11,267
BTV 196870 17,631 3,520 14,111
| 2027 PPEITY 21,534 4,382 17,152
WEIPEN 262493 25,713 5,323 20,390
DIV 295305 30,168 6,343 23,825
DETE 328116 34,898 7,442 27,456

Total 13477

Comment:

The implementation of electric vehicles network in the Algerian fleet will help to save 134
Billion dinars $1 Billion.

The amount of electricity generated for the electric vehicle fleet will have a relative low cost
for its implementation if the sources of generating electricity is renewable. In other words, the
necessity for investing in the solar and wind resources will not only reduce the amount of fossils
used for transport sector, but also to limit the CO, emissions.

6.2.2.2 Current fleet 2019

The current transport sector gathers around 7 million vehicles. Despite the fact that diesel
vehicles hold almost one-third of the total current fleet, the required fuel contribute in two-third
of the total fuel consumption.

The danger of diesel fuel appears in the type of ICE vehicles in Algeria, where automobiles
release both greenhouse gases and most importantly the particles that enters the human
respiratory system. In what follows, we will detail the impact of improving the ICE vehicles
and how it can help to reduce the amount of toxic gases.

Meanwhile, the fleet hold around 300 000 converted units into LPG ones. It is expected that
around 1 million units will be converted into LPG by 2030.

= The amount of Gasoline saved from the conversion operation and the gain obtained
from the conversion are detailed in table 6.10 below:
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Table 6.10 Calculation in amount and gain for LPG converted vehicles
Quantity of

AL (UL LPG L] Price of LPG  Gain (Billion

converted Gasoline Gasoline e X
(Billion Da) Dinars)

vehicles saved (ML) ne::::;\ry (Billion Da)

91464 128,050 146,343 4,954
182928 256,100 292,685 13,309 2,634 10,675

274392 384,149 439,028 21,117 3,951 17,165
365856 512,199 585,370 29,692 5,268 24,424
457321 640,249 731,713 39,036 6,585 32,451
548785 768,299 878,056 49,148 7,903 41,246
640249 896,348 1024,398 60,028 9,220 50,809
731713 1024,398 1170,741 71,677 10,537 61,140
823177 1152,448 1317,083 84,094 11,854 72,240

914641 1280,498 1463,426 97,279 13,171 84,109

704274 sosgss [N 399213

Comment:

The impressive results from the conversion of 1 million car confirm the important gasoline fuel
saved along the ten next year with more than 5 million tons saved with 400 Billion dinars.

The cost of the conversion is around 70 000 to 80 000 DZD which leads to have a total cost of
around 70 to 80 Billion dinars; 20% of total gain.

6.3 Environmental impact

The famous information about fossil energy is the amount of toxic gases released from their
combustion. Indeed, these gases depends on the type of fuel, however, cars like BEV have zero-
emissions in which will be our assumption for the next calculation of the reduced CO:
emissions.(32)

6.3.1 Calculation of reduced CO2 emissions for model 20|30
a- Calculation method (26)
= Gasoline

The gasoline has approximate relation with octane CgHig when talking about the combustion
products quantity. As a result, we consider the following reaction of octane as our reference
for CO2 emissions calculation:

25
Cg Higg) + = Oz(g) = 8 C0zg) + 9 Hz0(g)

According to the reaction, 1 mole (114g) burned produces 8 moles of CO; (352Q)
For 1L weights 0,75 Kg.

In order to find the amount of CO> emitted from the quantity of gasoline in our data, we apply
the equation below, where 1L of gasoline produces 2.3 Kg.

Emitted CO, (Mt) = 2.3 * 1073 * quantity saved of Gasoline (ML)
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= Liquefied Petroleum Gas LPG

The same procedure for LPG, with combustion equation is assimilated to propane and butane:
13
CaHiog) + =5 O2(g) > 4 C0g) + 5 H20(g)

C3 Hg(g) +5 OZ(g) -3 COZ(g) + 4 HZO(g)

- One mole of propane (44g) gives 3 moles of CO> (132g)
- 1L of propane weights 502¢g

- One mole of butane (58g) gives 4 moles of CO2 (176Q)

- 1L of butane weights 5609

We suppose that LPG composition is 80% propane and 20% butane hence we find that 1L of
LPG produces 1.53 Kg of CO>

Emitted CO, (Mt) = 1.53 * 1073 quantity saved of LPG (ML)
= Compressed Natural Gas CNG

The CNG is assimilated to methane, where the combustion reaction produces 3 moles of CO>
as shown below:

CHyg) + 205(g) = CO2¢9) + 2 H20y)
The same method applied in the previous fuels, we find that

- One mole (169) produces 44g of CO>
- We consider that 1INm® = 0.948 m®and CNG has a density of 0.79 Kg/Nm? hence:

Emitted CO, (Mt) = 2.29 x 1073 Amount of CNG (MNm?)

b- Results and comments
= Liquefied Petroleum Gas LPG

Table 6.11 Reduction in emissions in LPG share
Gasoline LPG

Year tota! LPG Emissions emissions
vehicles (Mt) (Mt)

140682 0,456 0,344
281363 0,912 0,688
422045 1,368 1,032
562726 1,824 1,376
703408 2,281 1,720
844089 2,737 2,064
984771 3,193 2,408
1125452 3,649 2,752
1266134 4,105 3,095

1406816 4,561 3,439
25,086 18,917
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Reduction 33%

=  Compressed Natural Gas CNG

Table 6.12 Reduction in emissions in CNG share

Totalcng  Gosoline  NCG
Year vehicles Emissions emissions

(Mt) (Mt)
41015 0,133 0,113
82029 0,266 0,226
123044 0,399 0,338
164058 0,532 0,451
205073 0,665 0,564
246087 0,798 0,677
287102 0,931 0,790
328116 1,064 0,902
369131 1,197 1,015
410145 1,330 1,128
7,314 6,203
Reduction 18%

6.3.2 Interpretation of results

6.4 Overview of the energy model

The results obtained from the suggested model confirms the important impact of switching into
more ecofriendly energy resources for transportation in matter of consumption costs or CO>
emissions. Therefore, the results for each case is summarized in the table below.

Table 6.13 Energy model 20|30 overview
Summary of

2020 - 2030 LPG CO”L‘;‘zted CNG  Electricity
energy mix
Number of

. : 492174 914641 410145 328116
vehicles (units)

New fleet share

% 12 10 8
Total fleet share
o 13 4 3
Amount of
petrol saved 3789,74 7042,74  3158,12 2526,49
(ML)
Sl 214,82 399,21 170,89 134,77
DZD) ! ! ! !
Reduction of
CO2 emissions 33 18 100
(%)
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7 Chapter 7: Implementation overview

7.1 Electricity from renewables

The use of electricity in the future energy mix of 2030 model requires the implementation of
power systems for electricity generation from renewables. In other words, RES will be part of
the solution in balancing electricity supply with demand for transport sector in the next decade.
The methodology used involves the construction of renewable power plants. (4)

In the previous calculation, we have found that the electricity consumed by the electric vehicles
fleet is estimated around 3 TWh. Therefore, the following calculation explain the necessary
installed capacity to meet the required energy demand.

In order to confirm the necessity to invest in renewables, specifically solar energy, we suppose
that the needed electricity will be produced from solar energy using solar plants,(34) the
calculated installed capacity and number of power plants are explained in the following
calculation:

If we assume that:

- One solar panel with a surface of 2 m2 with capacity of 300 Wp
- Average sunshine is: 3000h/Year
- Average annual electricity production for EV (Energy Model 2030): 0,3 TWh/year

Annual installed capacity (MW) =

In addition,
1 Solar Panel — 300 Wp
x Solar Panels — 100 MWp
Number of Solar panels = 330 000 panels
Which leads to a total surface of: S = 2 * number of panels = 66 ha
As a consequence, the 3 TWh requires:

- 10 solar power plants with capacity of 100 MW

- Total surface of 660 ha (0.001 % of total surface of Tamanrasset Wilayal!)

- Similar 100MW power plant is Kazakhstan costs around $71 M. As a result, the
$710M cost for 10 power plants represents around 3% of total gain from EV fleet.

Cost:
For one cubic meter burned of natural gas, we have 10kWh of electricity produced

Hence, for the 3 TWh, we have 0.3 bcm of natural gas that will be saved if we implement the
solar power plants instead of burning natural gas.
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7.2 Model implementation

7.2.1 Vehicles conversion

7.2.1.1 Petrol to LPG

The conversion of gasoline-to-LPG vehicles has already existed in Algeria. the estimated
converted vehicles for 2030 should pass 1 million units which means that more service-
stations and sales point for LPG would necessarily increase specifically in the southern. The
LPG conversion system below is among the existed systems that offers rapid operation, in less
than one hour.

|

Figure 7.1 LPG conversion systems — Ecoge workshopl, Batna Wilaya, Algeria
7.2.1.2 CNG
The appropriate use of CNG will be in hybrid vehicles equipped with important tank storage
capacity, the case heavy trucks such as tractors in agriculture, where plant waste can be a
good source for biogas production which can be injected in the fuel vehicle.

7.2.2 Electric vehicles (3)

7.2.2.1 The cost

The essential factor limiting the consumer to by an electric car is its price. In fact, the total price
for having an electric car is higher than for a conventional car. In most cases, this price
difference outweighs the appreciably lower fuel and maintenance costs for an electric car.

Many countries around the world have made a series of actions to surpass the barriers in front
the electric vehicle market development and to accelerate the transition to electric mobility.
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Figure 7.2 Strategies to address electric vehicle market barrier

7.2.2.2 Improve EV cost competitiveness

Governments have taken measures to make them more cost-competitive and suitable to
consumers. These measures include providing financial and nonfinancial incentives, dis-
incentivizing conventional vehicles (Table 7.1).

Table 7.1 Summary of strategies to improve EV cost competitiveness

Strategies Policy Actions

Provide purchase subsidies for electric vehicles
Provide discounts on road tax, registration fees.
Exempt parking fees.
Financial incentives  Subsidize and regulate fees for electric vehicle charging.

Nonfinancial Provide designated parking
incentives
Disincentivize Introduce fossil fuel tax
conventional vehicle  Increase road tax and registration fee for conventional vehicles
purchase
Battery recycling and  Incentivize end-of-life recycling
reuse

7.2.2.3 Accelerate EV deployment across different fleets
Facilities for electric vehicle procurement by fleets through mandatory transition requirements
or by taking market-driven approaches to encourage fleet transition (Table 7.2).
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Table 7.2 Summary of strategies to accelerate EV development across different fleets

Public fleet transition Develop government procurement guidelines
Create detailed public fleet operation plans

Commercial and
corporate fleet
transition

Provide financing schemes targeting commercial vehicle/fleet
owners
Coordinate financing of operations

7.2.2.4 Develop charging infrastructure network

The improvement of the charging infrastructure network will encourage more charging options,
and consequently enable electric vehicle drivers to take longer trips. The promotion of public
charging stations is a mandatory act that should be taken by governments and also facilitate the
availability of means for charging vehicles at home. (Table 7.3).

Table 7.3 Summary of strategies to develop charging infrastructure network
Policy Actions
Unify charger standards

Regulations and Streamline the permitting and inspection process

frameworks
Engagement through  Install fast-charging stations along highways
grants and Install charging stations in public transit hubs, airports, and train
partnerships stations

Install charging infrastructure for electric buses, and taxis
Home and workplace Provide a home charger subsidy
charging Construct charging stations in government offices
infrastructure Support curbside charging infrastructure

7.2.2.5 Raise public awareness

Electric vehicles users should get the essential information related to EV uses and charging
methods. The awareness strategy made by governments should stand on three categories: mass
communication, personal communication, and education (Table 7.4).

Table 7.4 Summary of strategies to raise public awareness
Create an outreach campaign
Display convenient EV-related guide
Mass communication  Display information on social media and create websites
dedicated for EV users.

Personal

. Showcase ride-and-drive events
communication

Education and skill Develop an electric mobility vocational training program
training Introduce electric mobility for children and youth
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7.2.3 Electric Vehicle Charging (38)

The connections to electric vehicle charging equipment, is known by to as Electric Vehicle
Supply Equipment (EVSE). This system communicates with the vehicle and monitors electrical
activity to ensure safe charging. While the actual “charger” is contained in the vehicle, the
appliance referred to as a charging station or EVSE is the conduit, control, and monitoring
device which connect the vehicle to the electric grid (33)

The charging power of EVSE is based on 3 levels: Level 1, Level 2 and DC Fast Charging. The
amount of range provided for each of these is shown in Figure 1.3 below with additional details
in the next table.

140
120

100

Charging
(0]
o

D
o

Kilometres of Ranges per Hour of
N
o

N
o

Level 1 (120V) Level 2 (208/240V) DC Fast Charging
(208/480 V)

Figure 7.3 Charging Range Added per Hour of Charging
Information described in the electric vehicles charging stations guidebook are summarized in
the Table 7.5.

Table 7.5 Charging Range Added per Hour of Charging (20)

Level 1 (120V) Level 2 (208/240V) DC Fast Charging
Typical 6-10 hours 1-3 hours 30 minutes
Duration of
Charge Event
Range per 8 km 16-32 km 120+ miles
hour of
charging
Desirable =  Workplaces =  Shopping, dining, = Amenities at the
Characteristics = Lit, safe area restrooms etc. charging site
= Transit service (food, coffee, Wi-
= Pedestrian facilities Fi) Lit, safe area

= Lit, safe area
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Priority = Employee parking = Municipal or = Near high volume

Locations areas private parking lots roadway access
= longterm in downtowns, points
customer/visitor village centers,
parking growth centers or
= Park and ride lots shopping centers.

7.2.4 EVSE Installation Costs (38)
Costs of EVSE installation depend on site features and the quantity and type of EVSE being
installed. The cost is also influenced by the competition of vehicles.

The installation can include the following items:

= Power connection to the electric grid, including any electric circuit components and
conduit runs necessary to reach the equipment;
= Protective devices, such as bollards or wheel stops
= Wayfinding signage, parking lot lines and stripes
= Lightning
Table 7.6 provides estimates of per unit costs for charging equipment.
Table 7.6 EVSE Infrastructure Costs
Level 1LAC—1.4kW  Level2AC—-3.3-6.6  DC Fast Charging +250

kW kW
Equipment Price $30-900 $600 - 9,000 $15,000 — 60,000
Installation $200-450 $2,000-12,000 $10,000 - 25,000
TOTAL $230-1,350 $2,600-21,000 $25,000 — 85,000

7.3 Building support towards energy efficiency

7.3.1.1 Reform Fossil fuels subsidies

The policy of fossil fuels subsidies represents the benefits given to producers or consumers of
fossils fuels in order to maintain a suitable price for different society classes. However,
among the disadvantages of this policy:

- Encouraging the investment in the oil industry, therefore, more production and
consumption of fossils.

- The climate change dilemma still present with more emissions of GHG resulted from
fossils combustion in all sectors.

- The subsidy also causes misuse of subsidized fuels and their excessive consumption,
will absorb the efforts made to achieve energy efficiency.

- Other remarkable effect of this policy is the proven benefits for both rich and poor
class. For instance, the price of energy is available to those who can afford it at low
prices so they will not make attention to the amount of energy wasted in their energy
consumption. The case appears in owners of large factories as they enjoy, of spending
support funds other than the purposes intended for it.
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7.4  Electro-mobility solutions to Improve transport sector network

The world will switch in couple of decades into electrification or known as green energy. The
fourth industrial revolution with the encouragement of investment will stimulate the desire to
create smart grids, green cities that should for sure limit or to be more optimistic, cut the CO>
emissions.

The previous suggestions for different types of vehicles, their services stations and conversion
workshops implementation will be mainly installed in the big cities according to data (appendix
2).
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General Conclusion — towards sustainability

In the presented work we propose a framework aiming at improving the situation of energy in
the transport sector by applying a new policy in the form of a sustainable model for Algeria by
2030. Initially, we have dealt with the global energy situation in the world in which we have
shown the increased energy demand that went along with climate change crisis over the past
years. Furthermore, our main interest has focused on the policy of energy consumption applied
in the case of transport sector and the main available sources to fulfill the energy need.

In the same procedure, we have stated the potential that our country holds, not only in fossils
energy but also in renewables and the challenges that comes within the use of non-renewables
sources. Such as the depletion of Oil and Natural Gas by 2050 and the consequential problems
that will come later. To illustrate this problem, we have made our study on the Algerian
transport sector and point out the challenges and available opportunities to rearrange the policy
of transport in Algeria.

Our suggested energy model will allow us to gradually quit the use of fossil fuels in the transport
sector in Algeria as far as green energy takes its place in the energy mix by 2030. In reality,
green energy in our sustainable model encourages the use of eco-fuels such as GNV, LPG that
have lower carbon dioxide emissions in comparison to petrol and diesel fuel. This latter remains
as the most dangerous fuel for human health.

The main intention goes to electro-mobility. In our opinions, the future belongs to the use of
electric vehicles with the fact that electricity required for their use will be basically from
renewables such as solar and wind power.

We have focused in our model on creating a new energy mix that consists on having a
contribution of three different energy sources: CNG, LPG, and electricity for our vehicle fleet.
In addition, we are encouraging the cut off importation of diesel vehicles for their
environmental impact.

The evaluation of the model has shown the important amount of gasoline that might be saved
if we replace it with previous sources mentioned above. As a result, fossils fuels such as oil will
remain for other noble uses, for instance: petrochemicals industry. Moreover, the availability
of LPG and CNG with their relative low price comparing to gasoline will encourage their use
and hence the implementation of service stations and conversion workshops on the Algerian
territory is primordial to allow Algerian to use these fuels.

With the exception from conventional power plant, electricity can be produced from clean, free
and renewable source: the sun. Our suggestion in this framework is to adopt an implementation
project of 10 solar plants in the Algerian Sahara, to cover the need of EV fleet.

The switch to electricity is an important step that has been made by many countries around the
world such as China, Germany and Norway etc. over the past recent decades. This step has
improved the positive impact on the environment where:

- More quiet, efficient and no polluting vehicles are in road
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- The notion of smart cities has really emerged in the past decade, with improvement of
energy efficiency in their daily life.

- The invasion of technology has accelerated the pace of electro-mobility development in
the transport sector.

Nowadays, many countries around the world are encouraging the use of public transports such
as eco-buses, high speed trains and bicycles in order to reduce the use of cars for short-distance
travels.

To sum up, we can say that our sustainable model may take place if government and citizens
worked together. The change may seem hard at the beginning, but public awareness should take
the lead to convince the citizens of the importance to switch to renewables and electrification.
In addition, government should take an important step to encourage the use of green energy, by
making subsidies conventions for LPG and CNG fuels use, and maintain a higher price for
diesel fuel. Within the next five years, we estimate that diesel fuel should surpass gasoline price
while CNG and LPG maintain their current price.

Our sustainable energy model is the fruit of efforts made by our ancient colleagues of the
chemical engineer department with different suggested energy model in 2030.

The last but not the least, we encourage the development of the Algerian desert, with improving
means of transportation that links northern region with southern region. The solution proposed
is to implement a railway system that links Medea state to Timimoun city in Adrar, passing by
two other Wilayass: Laghouat, Djelfa and Ghardaia. In addition to the existing railways, the
infrastructure will guarantee the linkage between southern and northern cities and hence the
development of the Sahara can be achieved in the near future.
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Figure 7.4 Railway suggested that links Medea to Ghardaia
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Appendix 1
Units



Unites

Power symbol

cal calories

toe tons oil equivalent
TWh TeraWatt hour
GWh GigaWatt hour
TW TeraWatt

Wp Watt-peak

Mass symbol

g gramme

T tons

b/d barrel per day

Volume symbol

bcm Billion cubic meter
L Liter
Nm? Normal cubic meter

Surface symbol

m? Square meter
ha Hectare
Length symbol

m meter
Temperature symbol

°C Celsius

°F Fahrenheit
Conversion

k Thousand
m Million

b Billions
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Appendix 2

Key government policy measures and targets to
advance deployment of electric light duty
vehicles

(inspired from EV outlook 2019)



region (year)

Asia

China
(EV30@30
signatory)®

India

Indonesia

Japan
(EV30@30
signatory)

Korea

Target of 5 million EVs by 2020 (including
4.6 million PLDVs).

New electric vehicle (NEV)b mandate: 12%
NEV credit sales in passenger cars by 2020.

Roadmap for NEV sales share: 7-10% by
2020, 15-20% by 2025 and 40-50% by
2030.

Proposal for tightened fuel economy
standard (4 L/100 km [NEDC] by 2025).

(Current fuel economy standard until 2020).

Target of 30% EV sales by 2030 across all
modes.

Public procurement from EESL (target
500 000 vehicles, implementation delayed).

CO; emissions standard of 113 g COz/km in
2022.

2 200 EVs in PLDVs by 2025.

Target of 20-30% BEV and PHEV sales in
PLDVs by 2030 (in addition to 40% HEVs
and 3% FCEVs).

Long-term goal (“by the end of 2050") of
a reduction of 80% of GHG emissions per
vehicle produced by Japanese
automakers.

Fuel economy target of 19.7% reduction in
specific fuel consumption by 2020
compared to 2009 and an additonal 23.8%
between 2020 and 2030.

Targets of 430 000 BEVs and 67 000
FCEVs on the road by 2022.

Subsides and rebates on national and local
vehicle acquisition taxes, reduced highway
toll fees and public parking fees.

2012

2016

2017

2019

2018

2018

2015

2019

2014

2018

2011 and
2019

2019

2018

Government of China (2012)

Government of China (2018)

Marklines_(2017)

Government of China (2019)

Government of India (2018)

Ministry of Power of India
(2015)

Market Research Indonesia
(2019)

Government of Japan (2014)
and Government of Japan
(2018)

Government of Japan (2018)

ECCJ (2011) and Government
of Japan (2019a)

Government of Korea (2019)

Korean Environment
Corporation (2019)
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region (year)

Thailand
Malaysia

EurOped

European
Union

Denmark

Finland
(EV30@30
signatory)

France
(EV30@30
signatory)

Ireland

Netherlands
(EV30@30
signatory)

Norway

Poland

Slovenia

Spain

Sweden
(EV30@30

signatory)

United
Kingdom

Target of 1.2 million EVs by 2036.

Target of 100 000 passenger LDV stock
in 2030.

Emission standards for g CO»/km of
LDVs, requiring 15% reduction between
2021 and 2025 and 37.5% (30% for vans)
by 2030, including incentives attached to
15% and 35% zero- and low-emissions
vehicle shares.

Revision of the Clean Vehicles Directive
on public procurement, including
minimum requirements of 17.6% in 2025
and 38.5% in 2030.

Target of 1 million electrified vehicles
stock in PLDVs by 2030.

Target of 250 000 EV stock in PLDVs by
2030.

Ban on the sales of new cars emitting GHG
in 2040.

Multiply by five the sales of BEVs in 2022
compared to 2017.

Reach a fleet of 1 million BEVs and PHEVs
in 2022.

Target of 500 000 EVs in passenger LDVs
by 2030.

Target of 100% ZEV sales in PLDVs by 2030.

100% EV sales in PLDVs and LCVs by 2025.

1 million EVs in PLDVs by 2025.

Targets of:
- 100% EV sales in PLDVs by 2030
- 17% EV stock in PLDV by 2030.

Targets of:

-5 million EVs in LDVs, buses and two/
three-wheelers.

-100% ZEVs sales in PLDVs by 2040.

Targets of:

-Reduction of CO, emissions from
transport by 70% in 2030 compared to
2010.

-Net zero GHG emissions by 2045.
Target of 50-70% EV sales in PLDVs by
2030.

2016

2017

2019

2018

2018

2016

2017

2018

2018

2018

2017

2016

2016

2017

2019

2017

2018

Harman (2018)

Government of Malaysia
(2017)

European Council (2019a)

European Parliament (2019a)

Government of Denmark
(2018)

Government of Finland
(2017)

Government of France (2017)

Government of France (2018)

Government of Ireland
(2018)

Kabinetsformatie (2017)
Government of Norway
(2016)

Government of Poland

(2016)

Novak (2017)

Government of Spain (2019)

Government of Sweden
(2017)

Government of the UK (2018)
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region (ZED)

(EV30@30
@ Ban sales of new ICE cars from 2040.
signatory)
Othar Targets of: .
E - 370 000 to 680 000 electric cars by 2020.
uropean - L .
Union® - 4.4 million to 5.24 million electric cars by
2030.
North America
Targets of:
- 10% ZEV sales in PLDVs from 2025.
Canada - 30% ZEV sales in PLDVs from 2030.
(EV30@30 - 100% ZEV sales in PLDVs from 2040.
signatory) - Annual reduction of CO; emissions per
kilometre of 5% from 2017 to 2025 for PLDVs
and 3.5% from 2017 to 2021 and 5% from
2022 to 2025 for light trucks.
Targets of:
- 3.3 million EVs in eight states combined by
prer 2025,
t
Str:t:s - ZEV? mandate in ten states": 22% ZEV credit
sales in passenger cars and light-duty trucks
(selected i
by 2025.
states)

- California: 1.5 million ZEVs and 15% of
effective sales by 2025, and 5 million ZEVs by
2030.

Other countries

Costa Rica

Chile

Israel®

New
Zealand

Target of 37 000 EVs stock in PLDVs by
2023.

40% EVs in PLDVs by 2050.

Targets of:
- 177 000 EV stock in PLDVs by 2025.
- 1.5 million EV stock in PLDVs by 2030.

Target of 64 000 EVs stock in PLDV by 2021.

2018

2017

2019

2012

2014

2016

2016

2017

2018

2018

2016

Government of the UK (2017)

EC (2017a)

Government of Canada
(2019)

Government of Canada
(2012)

ZEV Program
Implementation Task Force
(PITF) (2014)

ZEV PITF (2014)

State of California (2018;
2016) CARB (2016)

Government of Costa Rica
(2017)

Government of Chile (2018)

Government of Israel (2018)

Government of New Zealand
(2016)
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OEM announcements related to electric cars

Original equipment
manufacturer

BMW
BJEV-BAIC
BYD

Chonquing Changan

Dongfeng Motor CO
FCA

Ford

Geely

GM

Honda

Hyundai-Kia

Mahindra &
Mahindra

Mazda
Mercedes-Benz

Other Chinese OEMs
PSA

Renault-Nissan-
Mitsubishi

Maruti Suzuki

Tesla

D

Announcement

15-25% of the BMW Group's sales in 2025 and 25 new EV models by 2025.
0.5 million electric car sales in 2020 and 1.3 million electric car sales in 2025.

0.6 million electric car sales in 2020.

21 new BEV models and 12 new PHEV models by 2025, 1.7 million sales by
2025 (100% of group'’s sales).

6 new EV models by 2020 and 30% electric sales share in 2022.
28 new EV models by 2022.

40 new EV models by 2022.

1 million sales and 90% of sales in 2020.

20 new EV models by 2023.

15% electric vehicle sale share in 2030 (part of two-thirds of electrified vehicles by
2030, globally and by 2025 in Europe).

12 new EV models by 2020.
0.036 million electric car sales in 2020.

One new EV model in 2020 and 5% of Mazda sales to be fully electric by 2030.

0.1 million sales in 2020, 10 new EV models by 2022 and 25% of the group'’s sales
in 2025.

7 million sales in 2020.
0.9 million sales in 2022.

12 new EV models by 2022. Renault plans 20% of the group'’s sales in 2022 to be
fully electric. Infiniti plans to have all models electric by 2021.

A new EV models in 2020, 35 000 electric car sales in 2021 up to 1.5 million in
2030.

Around 0.5 million sales in 2019 and a new EV model in 2030.
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Appendix 3
Naftal Consumption fuels
Database
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