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Abstract. Nowadays, the world is at a critical moment of facing serious environmental and economic
problems. A very large number of people in developing countries is exposed to dangers associated with
flammability and toxicity of traditional source of energy while others in industrialized countries are facing
the effects of atmospheric air pollution and green house (GHG) gas emission .Despite the global
reforestation policies, despite latest remarkable increase in renewable energy and natural gas production,
there is still a problem of domination fuel and coal consumption. This paper explored the effects of rapid
economic growth, industrial development on climate. Additionally the effects of continuous exponential
population growth, a fast increase of energy global energy demand, conventional transport system on carbon
and GHG emission have discussed. Finally the paper revealed how modern smart electricity system with
sustainable energy system and electric transport system contribute to the reduction of hazardous emission.

1 Introduction
Our society is presently at a critical moment of facing
serious environmental, social, and economic problems.
The diminution of carbon emission at the same time
keeping a rapid economy development is a big challenge
for developing nations. These days almost the entire
transport system is depending on oil-derived fuel and
internal combustion engine. The current is to develop a
common understanding that is both beneficial to the
enormous majority of human race and ecologically
sustainable. However, now there is hope that a right
decision that can lead to a healthy and clean future can be
taken [1]. That is, to develop a stable and efficient energy,
environmental and transport system to meet the demands
of modern economic systems and living conditions [2][3].
In many developing countries a large section of the
population are exposed to dangers associated with the
sources of energy that they use like kerosene, charcoal,
biomass and wood fuel. The flammability and toxicity of
gases released by these energy sources coupled with the
poor ventilation of their houses is a hazardous risk for
these people. Fire accidents and other grave respiratory
health problems are common phenomena in these parts of
the world. On the other hand, industrialized countries
produce high levels of atmospheric air pollution and
greenhouse gas (GHG) emission. Their cities are
characterized by streets jammed with cars, high number
of factories, fossil fuel based power plants, home heating
and cooling systems. Since most of these activities are
power by coal and fuel, they contribute significantly to
air pollution and GHG emission [4].

*

The air pollution is mainly a result of a large number
of people using wood fuels and burning forests to pave
way for agriculture lands especially in In north-west of
Africa. Another region with high concentration of air
pollution is the south of Asia where key contributors
include fuel combustion for home cooking and heating,
coal combustion for electricity generation, burning of
forests for agriculture, oil based industrial and transport
sectors [5]. In 2016, 33.7% of global population or 2.45
billions (1 in 3) were exposed to the household air
pollution effects. 90% of people in Africa are exposed to
household air pollution due to the solid fuel combustion.
43% of people in China (which is 506 million) and 30%
of people in India (416 million ) use solid fuel [5].
There are evidences indicating a gradual increase of
GHG emission despite the fact that many countries are
planting forests, investing in wind, solar and other
renewable energy sources. This can be attributed to the
rapid population growth and industrialization in
developing countries. The main challenge of minimizing
the use of fossil fuels, is to regulate overpopulation while
simultaneously regulating the over-utilization of nonrenewable energy resources. Therefore the construction
of coal plants have been increasing exponentially due to
its easy burning process in electricity generation and low
price compared to oil and natural gases [6]. This is why
United State, China and India and other industrialized
countries depend of coal based electric power plants [7].
The global population and economy growth, industrial
development and several urbanization projects in
developing countries result in a significant increase of
world energy demand. Energy use in developing
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countries is influenced by the growth in urbanization
facilities along with industrial development[8].
The electric vehicle (EV) was proposed to be as a
solution for aiding in reduction of carbon emission from
conventional internal combustion engine (ICE). So the
best way of analysing the impacts of EV in climate
change is to take into account the means of electricity
generation, consider fuel extraction’s carbon emission,
source of electric energy used in EV manufacturing and
power loss compensation in power lines. Consequently
EVs operating on a coal dominated power generation can
produce enormous amounts of carbon emission because
EVs are not standalone technology to cut down carbon
emission. However, they need a green electricity
production to achieve an efficient green transportation
mode[9].
To get reliable information, the statistical data used
in this paper concerning the state of the art on global
energy demand and production have been taken from BP
Energy outlook report 2018 edition, WWF REPORT UK
March 2011, Electrical Power Research Institute (EPRI),
World Wide Fund (WWF) report 2011, and Shrink That
Footprint February 2013. The proposed solution was
taken based on the updated research findings of IEEE
Transactions on Transportation and Electrification, IEEE
Transactions on Intelligent Transportation Systems and
IEEE Transactions on Smart Grid.

use growth apart from coal based electricity generation
[10].
2.1 Renewables, hydro and nuclear
Considering the sector demand, as shown in Fig. 2, the
industrial sector uses around 50%, residential and
commercial building use 29% while transport sector
consumes 20% of the global energy. Without any doubt,
as the global population increases, the more energy
demand in residential buildings increase correspondingly
to supply electrical appliances, lighting and heating
systems. This growth of energy demand is slightly slow
in transport sector due to the current development of
electric vehicle technology[8].
Despite the increment of electricity and natural gas in
transportation and other alternative fuels, there is still a
problem of domination of oil in every single mode of
transportation as indicated in Fig. 2, Fig. 3 and Fig. 4.
The highest partition of fuel demand in transportation
comes from developing countries[8].

2 Statistical review of global electricity
demand, generation and consumption
At the first sight there is a significant increase in energy
demand in general. For the first time in 4 years the coal
consumption has increased. This has affected the growth
in carbon emission which was almost showed no growth
in three successive years.

Fig. 2. Primary energy consumption by end use sector.

2.2 Power sector
In in 2017 the total power generation rose by 2.8%.The
growths of renewable energy production, particularly
wind and solar energy, only contributed over a half of
total generation. For instance solar capacity generated in
China in 2017 was 50GW which is a half of the total
production of global solar energy generation. The scariest
and worrying fact is that for the last 20 years the power
sector depended much on fuel mix. The reduction of fuel
mix in power sector is still unproductive over the last 20
years from 1997 as shown in Fig. 3. This happens despite
the will of shifting away from coal consumption into
cleaner energy and low carbon fuels, despite latest
remarkable increase in renewable energy production. The
portion of coal used in electricity production in 1997was
38% which is just the same as that used in 2017 [10].
(Table 1).

Fig. 1. Primary energy world consumption(Million tonnes oil
equivalent) [10].

From 2016, the primary energy consumption
increased 1.2% and 2.2% in 2017. It can be seen in Fig. 1
and Fig. 3 that all fuels excluding coal in addition to
hydro-power increased considerably. Fossil fuel
renewable energy have played a significant role in energy
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Table 1. Global Coal Consumption and its prediction until 2040 [10].
Coal: Consumption
Million tonnes of oil equivalent

1990

1995

2000

2005

2010

2016

2020

2025

2030

2035

514
483

538
506

606
569

616
574

563
525

387
358

332
313

278
261

239
223

186
173

121
112

-1.1%
-1.1%

-4.7%
-4.7%

16
10

19
12

21
13

21
13

28
14

35
17

28
13

29
15

29
15

28
15

28
15

3.1%
2.1%

-0.8%
-0.5%

Europe
EU

492
457

392
363

358
321

354
317

328
280

294
238

260
204

231
171

181
121

169
108

144
85

-2.0%
-2.5%

-2.9%
-4.2%

CIS
Russia

306
182

192
119

165
106

161
95

165
91

158
87

144
79

136
75

125
70

114
63

107
59

-2.5%
-2.8%

-1.6%
-1.6%

3

5

8

10

10

9

11

11

11

11

11

4.3%

0.6%

76

79

83

89

100

96

102

111

120

134

154

0.9%

2.0%

840
527
110
61

1025
665
140
64

1144
706
164
86

1883
1325
211
124

2442
1749
290
161

2754
1888
412
208

2819
1870
485
238

3032
1923
593
309

3116
1841
710
371

3158
1715
824
441

3197
1552
955
522

4.7%
5.0%
5.2%
4.8%

0.6%
-0.8%
3.6%
3.9%

2246
1147
1099

2250
1085
1165

2385
1152
1233

3134
1193
1942

3636
1133
2503

3732
927
2805

3697
818
2879

3829
716
3113

3821
614
3207

3801
533
3268

3762
433
3329

2.0%
-0.8%
3.7%

0.0%
-3.1%
0.7%

North America
United States
S. & Cent. America
Brazil

Middle East
Africa
Asia Pacific
China
India
Other Asia
World
of which: OECD
Non-OECD

2040 1990-20162016-2040

Fig. 5. Coal consumption by region oal consumption by
region[10].

Fig. 3. Fuel shares in power generation[10].

The global power demand is still dominated by coal
with 38.1% as the primary energy. This is approximately
the total of natural which has 23.2% and hydroelectricity
of 15.9% together. Since 2007 until 2017 the renewable
power generation has increased from 6.1% to 8.4% while
nuclear and coal decreased by 3.4% and 3.1%.
As shown in Fig. 5 there is a slow decrease in coal
demand in OECD and China. On the other hand a
considerable increase of coal demand is obtained in
developing countries with a rapid industrialization which
need continuous and sufficient electricity. India has a
significant increase of coal demand followed by Asian
nations with fast economy growth[11].
Fig. 4. Coal production.
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3 Smart Grid for green future

3.2 Green transportation
Some of the main challenges of the current transportation
system are the fast decrease of fossil fuels, environmental
related problems, global population growth requiring
high level of living standards and the needs of personal
transport facilities[11]. Besides, most of transport sector
of developing countries are still operating under the old
technology with high energy demand and carbon
emission[16][11]. From the perspective of the electricity
industry, EV consumption will result in increased
demand along with an increase in absolute CO2
emissions associated with electricity generation.
Road transport is a leading sources of urban and local
gaseous air pollutants, climate change, acidification,
suspended particle matter (PM), nitrogen dioxide and
black smoke in area of high traffic concentration. The
black carbon is produced by incomplete combustion
process in diesel engine of a vehicle and its quantity
depends on efficiency of combustion, exhaust treatment
and amount of used fuel[17].
The only way forward for the increasing world
population with its rising demand for public and
individual mobility is to develop an affordable efficient
and reliable renewable energy system. This should be
integrated into the existing power utility to mitigate the
carbon emission and boost the system efficiency while
lowering the operating cost by replacing ordinary fossil
fuel with renewable energy. The conventional wasteful
energy logistics, i.e. fuel distribution by road, rail,
waterways and pipelines will be substituted by the
elegant and pollution free electric grids which will be
“smarter”, i.e. adapt to the loads intelligently with
hydraulic and buffer storage by millions of vehicle
batteries. Therefore in smart transportation concepts or
clean transportation, the vehicles have to be non-pollutant
or electric vehicles operating via smart grid[11].
Electric vehicles (EVs) and solar photovoltaics (PV)
are highly promising new technologies and are widely
expected to play a major role in the electricity industry in
the coming decades. EVs are emerging as a potentially
significant element of the future transport to solve the
problems of oil availability and pricing, as well as
growing concerns over climate change. On the supply
side, solar PV has been one of the fastest growing
renewable technologies worldwide over the past decade
due to its potential contribution toward addressing
security of electricity supply and environmental
challenges. With its falling costs, PV deployment seems
certain to continue growing rapidly[18] [19].
The key advantage of EV is its involvement in
decarbonisation of the traditional road transportation
system. In addition, they help decrease of global oil
dependence through replacement of existing petrol or
diesel vehicles with electric vehicles, bikes and trains[20].
However EVs operating on a coal dominated power
generation can produce enormous amounts of carbon
emission. For instance, electricity generation produces
almost 25% of the global GHG emissions[14]. Therefore,
EVs are not standalone technology to cut down carbon
emission. Hence the best way of analysing the impacts of
EV in climate change is to take into account the means of

3.1 Green grid
A smart grid alone does three things. First, it modernizes
power systems through self-healing designs, automation,
remote monitoring and control, and establishment of
microgrids. Second, it informs and educates consumers
about their energy usage, costs and alternative options, to
enable them to make decisions autonomously about how
and when to use electricity and fuels. Third, it provides
safe, secure and reliable integration of distributed and
renewable energy resources. All these add up to an
energy infrastructure that is more reliable, more
sustainable and more resilient. Thus, a smart grid sits at
the heart of the smart city, which cannot fully exist
without it[12].The integration of small scale distributed
generations units for example PV generation plants and
wind power plant in addition to the efficient supply of
electric vehicle, Plug-in Hybrid Electric Vehicle PHEV is
the solution to the challenges of modern power system
[13].
Currently the electricity price is changing as a
function of electricity demand along with supply
conditions on the basis of capacity, fuel capacity, weather
aspects and power demand variation as time goes on.
(i)Demand side management (DMS) technology uses
alert signal sent autonomously by the utility company to
notify a customer for turning down unnecessary
appliances which can increase the electricity price during
the peak hours. This eliminates the need for dispatching
an addition power generation unit hence reducing carbon
emission. (ii) Smart grid let the consumers track their
energy consumption and offers required updated
information of electricity pricing which allows the client
to select a desired electricity provider in accordance with
carbon emission besides facilitating load shifting and
load shedding (iii) Smart grid avoids the need for running
additional generators during a peak demand and provides
energy management services to the customers to remotely
manage home energy system. It allows electricity
company to make “SAVE-A-WATT” program which
replaces the need of producing 1 kwh of electricity (iv)
SG increases renewable energy generation in home,
campus, buildings and factories with less carbon emission.
This reduces the peak demand of the utility grid thus
decreasing the demand of new addition fuel power
plants[14].
In Smart grid the smart meters technology along with
indirect feedback, temporary/permanent peak load
reduction and other intelligent load control schemes lead
to an efficient power savings through peak demand
reduction and avoid unnecessary operation of additional
Peaker plants [15]. Customer can choose to use a green
energy selected from the utility grid or own a small
generation unit such as rooftop solar PV system
connected to the grid. By saving 1KWh of electric energy,
some quantity of fossil fuel and coal is saved from
burning in power plants hence GHG emission and other
related air pollutants are reduced.
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electricity generation, carbon emission arising from fuel
extraction, source of electric energy used in EV
manufacturing and power loss compensation in power
lines[9]. To achieve the objectives of the EV technology,
it is necessary that the utility grid uses renewable energy
to speed up the elimination of carbon emission [4.
However, they need a green electricity production with
new technology and adoption of Smart Grids to achieve
an efficient green transportation mode[9] [14]. We
believe that minimizing and even elimination of the share
of GHGs emissions arising from the transportation and
the power generation sectors will be possible in the long
run by further utilizing renewables, electro mobility and
proper DDR techniques. Besides, the emissions from
power generators could be reduced in smart grids wherein
there is high penetration of renewables and distributed
generation (DG)[21].
The smart grid use energy storage technology to deal
with intermittency characteristics of renewable energy
sources thus providing an efficient EV power demand
and maximizing the utilization of renewable energy
resources. This feature of SG provides the sustainable
environment[13]. Hence the massive utilization of EVs
based on renewable energy smart grid in our regular
transportation can eliminate fuel and oil dependence in
transportation sector, reduce carbon emission and local
air pollution while developing the renewable energy
application, [20][19][9].
To sum-up, the smart grid has several benefits for the
environment which can be realized by integration and
interconnection of renewable energy resources, for
instance, solar energy, solar thermal energy, wind,
geothermal and biofuel energy in the utility grid. The
energy system based on renewable resources can reduce
the existing rapid depletion of non-renewable resources
hence enhance sustainability. The application of smart
devices such as smart metering and smart appliances in
smart homes also will decrease energy losses. Therefore,
combining all discussed advantages and services
provided by the smart grid, there is no doubt that it is able
to reduce emission of GHG and carbon as well as other
air contaminant thereby improving air quality.

4.
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