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Abstract: There are genuine worldwide concerns regarding the contribution of internal combustion
engine (ICE) vehicles to greenhouse gas (GHG) emissions. Passenger electric vehicles (EVs) are
considered as a viable solution to the rapidly increasing global GHG emissions from ICE vehicles.
This study investigated the future impact of perceived adoption of electric vehicles in Gauteng
Province of South Africa on carbon emissions. Estimations of carbon dioxide (CO,) emissions were
made with data from 2000 to 2018 to provide a reference period for the analysis. Projections of CO,
emissions from 2020 to 2030 were undertaken using three future cases, namely: mitigation, business
as usual, and high economic growth based on the projected 20% population of electric vehicles,
and four scenarios representing varying proportions of different types of EVs. The results showed
an increasingly significant trend in CO, emissions during the reference period. CO, emissions
estimated using the mitigation case showed an overall reduction in emissions of between 30% and
35%, depending on the scenario. The business as usual case showed an increase in emissions of 1-5%
by 2030. The high economic growth case showed a high increase in CO, emissions of 35-41% by 2030.
The study indicates a need to accelerate the adoption of EVs with a 20% projection of the vehicle
population still not enough to make a meaningful contribution towards decreasing CO, emissions
from passenger vehicles.

Keywords: GHG emissions; transport emissions; policy recommendations

1. Introduction

Climate change is a reality that is starting to have an impact on society through decreased
agricultural production and increased extreme weather events, resulting in worldwide disasters [1,2].
It comes as a result of anthropogenic activities that release greenhouse gas (GHG) emissions into the
atmosphere. One of the key areas of concern is the transport sector, which accounts for around 23% of
the total energy use, with a GHG footprint of close to 17% of global emissions [3,4]. There is global
concern about the elevation of GHG emissions resulting from the increase in internal combustion engine
(ICE) vehicles, leading to the recent wave in electrifying vehicles which presents many advantages as
well as major constraints [5].

South Africa is one of the world’s most carbon-intensive countries owing to the economy that is
dependent on coal-fired electricity, energy-intensive mining and heavy industry [6]. As a signatory to
the Kyoto Protocol and the Paris Agreement, South Africa has to demonstrate commitment towards
combating climate change by embarking on mitigation and adaptation measures [7]. The country
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has been at the forefront in terms of rectifying historical circumstances by embarking on emission
reduction initiatives like the introduction of a carbon tax [6]. Furthermore, use of technologies has the
potential to decarbonize energy industries including transport by up to 50% [8,9].

The energy sector produced 83% of total GHG emissions in South Africa in 2010 where road
transport accounted for 10% (or 43.5 million tonnes) of these emissions [10,11]. The transport sector
is one of the main emitters of GHG emissions in South Africa, contributing around 13% of the total
emissions [12]. Private motorcars are the largest emitters with 41% of total road emissions in the
country [11]. With the largest economic output in the country, Gauteng Province is responsible for a
third of total road emissions [11].

Switching to electro-mobility technologies, including battery electric vehicles (BEVs), hydrogen
fuel cell and hybrid vehicles has a high potential to decarbonize the transport sector [8]. Hydrogen
fuel cells have the potential to supply close to three quarters of freight and public transport travel
demands by the middle of this century [8]. Electric vehicles (EVs) have an attractive potential of
80% of new vehicles for private passenger and light commercial modes of road transport by the
same period [8]. These technologies may currently only have upstream emissions that emanate from
electricity generation and production of hydrogen fuel [9].

The global industry of EVs is increasing rapidly but initial capital investments remain a challenge
in many countries [13]. The efficiency of EVs has the potential to reduce GHG emissions at both local
and global scale [14]. EVs were reintroduced in the market in 2013 and their population remains
low [15]. Although South Africa is the leading motorcar manufacturer and user in Africa, only 79 EVs
were sold in the country in 2015 [16]. Proper infrastructure including charging stations, tax incentives
and consumer affordability of the vehicles are major challenges that prevent rapid absorption of EV
technologies in the country [15,17,18].

The concerns raised by governments, the private sector and international organizations about
energy security as well as climate change, has led to ground-breaking research and developments in
the transport sector. The introduction of ICE vehicles in the 1880s and their development over the
years has enabled mobility of people globally [19]. But this ground-breaking invention has been at the
heart of climate change and the pollution problems that the world is facing. High GHG emissions
from ICE vehicles led to the evolution of EV technology which has no tailpipe emissions. The objective
of this study is to ascertain whether there will be any benefits that can be achieved by adopting electric
vehicles in South Africa to assist the government in their GHG emissions reduction targets.

2. Materials and Methods

2.1. Study Area

The study was conducted in Gauteng Province of South Africa, which is divided into five municipal
districts (Figure 1). There are about 14.7 million people residing in Gauteng, representing around 25.4%
of the national total population [20]. Even though Gauteng is a highly populated province, it is the
smallest province in terms of land size with 18,178 km? which is equivalent to 1.49% of the total area of
the country. The province also houses the country’s administrative capital, Pretoria (located in the
metropolitan City of Tshwane), as well as its largest city, Johannesburg.

Gauteng is the country’s main economic hub and currently contributes 34.3% to the national gross
domestic product (GDP) [21]. The province’s transport, storage and communication economic sector is
responsible for 35.6% of the national total for the sector. The sector accounted for 9% of the 120 billion
US dollars generated by the province to the national GDP in 2017 [20].
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Figure 1. Map of Gauteng showing the five districts.
2.2. Methodology

The study investigated the impact of adopting electric cars on the modal GHG emissions in
Gauteng. The GHG emissions were firstly estimated for previous years using vehicle statistics from
2000 to 2018 as a baseline for the investigation. The Intergovernmental Panel on Climate Change
(IPCC) 2006 and 2019 guidelines together with findings of Goyns [22], Tongwane [23] and Tongwane
et al. [11] were used to estimate GHG emissions from ICE vehicles.

2.2.1. Estimation of Carbon Dioxide (CO,) Emissions

In road transport, it is key to estimate CO, carefully because this is the main GHG source and
efforts to improve emissions of other gases should be minimal as they make a small contribution to the
total emissions [24]. The following steps were used to estimate GHG emissions from motor vehicles in
the province:

O  Collect fuel statistics as well as average distance travelled by passengers;
O  Estimate CO, emissions using the appropriate methodology.

To estimate CO, emissions from motor vehicles the following Equation (1) was used:
CO» emissions = Z N, X Dist,, x EF;, 1)

where N, , is the annual number of vehicles per fuel type (a) and engine size (b); Dist, j, is the average
annual distance travelled per fuel type and engine size; EF, ;, is the emissions factor for a vehicle per
fuel type.

The vehicle types were categorized according to the proportions obtained in Posada [16] as shown
in Table 1. It is estimated that 83% of the cars run on petrol while 17% of the vehicles use diesel, but the
proportion of hybrids and EVs was negligible in 2015 [11,16]. The distance travelled for motorcars was
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estimated based on the average distance travelled obtained from the data used by Tongwane et al. [11]
whilst distances after 2009 were kept constant at the 2009 value throughout the period of the study
based on the assumptions of Van Rensberg and Krygsman [25]. Estimated emission factors for all the
motorcar categories were obtained from Posada [16].

Table 1. Disaggregated profiles of motorcars in Gauteng and national average CO, emission factors [11,16,22].

Number of Vehicles Number Using Fuel Emission Factor

Vehicle Class Type (%) (g COz/km)
Diesel Petrol Diesel Petrol Diesel  Petrol
Hybrid (HEV) - - - - - 110
Plug-in Hybrid (PHEV) - - - - - 50
Mini 0 238,381 0 8 - 125
Small 167,165 816,157 5.61 27.39 120 140
Lower medium 106,378 519,373 3.57 17.43 118 148
Medium 35,459 173,124 1.19 5.81 118 138
Upper medium 5066 24,732 0.17 0.83 135 165
Sport 10,131 49,464 0.34 1.66 130 180
Off-road 15,197 74,196 0.51 2.49 128 149
Multi-purpose vehicle (MPV) 20,262 98,928 0.68 3.32 165 198
Sport utility vehicle (SUV) 106,378 519,373 3.57 17.43 182 180
Total 466,036 2,513,728 15.64 84.36 - -

These vehicle categories are discussed in the study as: 1 = mini car (petrol); 2 = small vehicle
(diesel); 3 = small vehicle (petrol); 4 = lower medium vehicle (diesel); 5 = lower medium vehicle
(petrol); 6 = medium vehicle (diesel); 7 = medium vehicle (petrol); 8 = upper medium vehicle (diesel);
9 = upper medium vehicle (petrol); 10 = sport vehicle (diesel); 11 = sport vehicle (petrol); 12 = offroad
vehicle (diesel); 13 = offroad vehicle (petrol); 14 = multi-purpose vehicle (MPV, diesel); 15 = MPV
(petrol); 16 = sport utility vehicle (SUV, diesel); 17 = SUV (petrol).

2.2.2. Forecasting of Vehicle Population

In order to assess the impact of the introduction of EVs on South African passenger vehicle GHG
emissions, the following steps were undertaken:

O  Use of statistical tools to forecast vehicle population until 2030;
Assumptions on the desired proportions of EVs in the future based on government policy;
Estimation of the number of EVs based on desired proportions until 2030;

O O O

Calculate direct emissions reduction based on the desired EV proportions.

The XLSTAT ARIMA model was used to forecast the vehicle population from 2019 to 2030
(Figure 2) based on the trend recognized from the reference values from 2000 to 2017 [26]. The forecast
yielded three cases, namely:

1.  Mitigation case (constant number of vehicles);

2. Business as usual (rate of increase in vehicles based on autoregressive moving averages of data
from year 2000 to 2017);

3. High economic growth case (upper boundary of the 95% confidence interval around the
moving averages).
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Figure 2. Gauteng passenger vehicle annual population estimates from 2018 to 2030.

2.2.3. Developing Future Electric Vehicle Scenarios

Based on the South African nationally intended contributions which projects investment in EVs
and hybrid vehicles, the study made the ambitious assumption of 20% population growth by 2030
from the reference year 2018 [27]. The exponential model to the adoption of EVs was used in this study
(Table 2). This model was chosen based on the fact that currently in South Africa there is no enabling
environment for the uptake of the technology, with the expectation that when the current policies are
implemented the growth will increase tremendously. The current market penetration percentage is
around 0.008%, 0.012% and 0.037% for plugin EV (PHEV), full battery EVs (BEVs) and hybrid (HEV)
cars respectively [16,28]. The coefficients for the exponential equation will be used to estimate annual
market penetration between 2020 and 2030. The study employs three scenarios used to measure the
effect of electric vehicles in reducing GHG emissions. These scenarios use Scenario B which has a
factor of zero for all the three coefficients (i.e., HEV, PHEV and BEV) as a base. The base scenario
assumes a continuation of the use of ICE cars with no effort to promote zero exhaust vehicles or high
energy-efficient cars.

The GHG emissions savings were then calculated on the assumption that the difference of upstream
emissions between ICE cars and electric cars is negligible. It was also assumed that electricity usage by
EVs is purely renewable (i.e., charging stations are operated by renewable energy). This assumption
is based on the fact that there is a massive movement in South Africa to install solar-powered EV
charging stations all over the country [29,30]. Furthermore, the national Green Transport Strategy
proposes to develop a renewable biomethane technology to charge EVs [12].
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Table 2. Coefficients used in determining different scenarios (y(x)) of projected market penetration of electric vehicles in Gauteng from 2018 to 2030.

Scenario 1 Scenario 2 Scenario 3 Scenario B
Coefficients
HEV PHEV BEV HEV PHEV BEV HEV PHEV BEV HEV PHEV BEV
y(1) 0.037 0.008 0.012 0.037 0.008 0.012 0.037 0.008 0.012 0.037 0.008 0.012
y(12) 5 5 10 5 10 5 10 5 5 0 0 0
a 0.0246 0.0047 0.0067 0.0246 0.0044 0.0073 0.0232 0.0047 0.0073 0.0232 0.0047 0.0073
b 1.505 1.710 1.751 1.505 1.812 1.653 1.595 1.710 1.653 1.595 1.710 1.653

y(x) = ab*; where y is the market penetration and x in the year increment with 2018 as the base (e.g., if estimating for 2025, x = 2025-2018). (hybrid electric vehicle = HEV; Plug-in hybrid
electric vehicle = PHEV; battery electric vehicle = BEV).
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2.3. Data

2.3.1. Data Sources

The number of motorcars in Gauteng Province has been increasing linearly from the year 2000 to
2018. This is shown by data in Table 3 obtained from eNatis (electronic National Administration Traffic
Information System) [31-36]. By the end of September 2018, the province’s motorcars were 38.8%
of the total motorcars in the country [31]. The Road Traffic Management Corporation [36] provided
annual distances travelled by motorcars between 2000 and 2009.

Table 3. Number of registered motorcars and annual distance travelled in Gauteng Province.

Year Number of Motorcars Annual Distance Travelled (km)
2000 1,619,321 15,065
2001 1,656,851 14,866
2002 1,683,599 14,668
2003 1,733,474 14,752
2004 1,793,560 14,967
2005 1,907,656 14,452
2006 2,042,811 13,546
2007 2,155,748 12,982
2008 2,201,397 11,994
2009 2,256,780 11,878
2010 2,361,782 11,878 2
2011 2,454,894 11,8782
2012 2,562,594 11,878 @
2013 2,676,080 11,878 2
2014 2,773,847 11,8782
2015 2,859,623 11,878 @
2016 2,931,299 11,878 2
2017 2,979,764 -

a Values assumed constant from 2009.

2.3.2. Data Analysis

The time series of CO, emissions from burning of fossil fuels by passenger vehicles in Gauteng
underwent a trend analysis using the Mann-Kendall trend test. This was done through the use of
XLSTAT software [26]. The trend test was based on the following assumptions:

HO: There is no trend in the time series data (Null Hypothesis)

Ha: There is a trend in the time series data (Alternative Hypothesis).

Descriptive statistics of STATISTICA software were used to compare emissions estimates obtained
from different scenarios.

3. Results and Discussion

3.1. Carbon Dioxide Emissions from 2000 to 2018

Carbon dioxide emissions emanating from motorcars in Gauteng have been increasing steadily
from the year 2000 to 2018 (Table 4). Most of the emissions are from small petrol cars, SUVs and lower
medium vehicles with around 28%, 23% and 19%, respectively. Even though the estimated population
of SUVs is similar to lower medium cars, it is their high emission intensity that results in the 4% GHG
emissions contribution. The contribution of other vehicles is lower than 8%. As shown in Table 5,
the results obtained from trend analysis, the p-value is lower than the significance level (o = 0.05) and
thus one should reject the null hypothesis Hy (there is no trend in the time series) in favour of the
alternative hypothesis H, (there is a trend in the time series).
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Table 4. Annual CO, emissions per motor vehicle class from year 2000 to 2018.

Emissions by Motor Vehicle Class (Gg CO;/year)

Year

1 2 3 i 5 6 7 8 9 10 11 12 13 14 15 16 17 Total
2000 256.9 101.7  1068.3 63.7 7187 212 2234 3.5 38.2 6.7 83.2 99 1034 170 183.1 98.2 874.1 3871.2
2001  262.9 104.1  1093.1 65.1 7354 21.7 2286 35 39.0 6.8 85.2 10.1 1058 17.3 187.4 100.5 894.4 3960.9
2002 267.1 105.8 1110.8 66.2 7472 221 2322 3.6 39.7 6.9 86.6 103 1075 17.6 1904 102.1 908.8 4024.9
2003 275.1 1089 1143.7 68.2 7694 227 2391 3.7 408 7.2 89.1 10.6  110.7 182 196.1 105.1 935.7 41441
2004 284.6 112.7 1183.3 70.5 796.0 235 2474 3.8 42.3 7.4 92.2 10.9 1145 18.8 2029 108.8 968.2 4287.7
2005 3027 119.9 1258.6 75.0 846.7 25.0 2632 4.1 449 7.9 98.1 11.6 121.8 20.0 2158 115.7 1029.7  4560.5
2006 324.1 128.4  1347.7 80.3 906.7 268 281.8 44 48.1 8.4 1050 124 1304 214 231.0 123.9 1102.7  4883.6
2007 342.1 135.5 14223 84.8 956.8 283 2974 4.6 50.8 8.9 110.8 131 1376 226 2438 130.7 1163.7  5153.6
2008 349.3 138.3 14524 86.6 977.0 289 303.7 4.7 51.9 9.1 113.2 134 1405 231 2490 133.5 1188.3 5262.7
2009 358.1 141.8 1488.9 88.7 1001.6 29.6 3113 48 53.2 9.3 116.0 13.7 1441 236 2552 136.9 1218.2 5395.1
2010 3747 148.4  1558.2 92.9 1048.2 31.0 3258 5.1 55.6 9.7 1214 144 150.8 24.7 267.1 143.2 12749 5646.2
2011  389.5 1543 1619.6 96.5 1089.6 322 3386 53 57.8 10.1 126.2 15.0 156.7 25.7 277.6 148.9 1325.1 5868.8
2012  406.6 161.0 1690.7 100.8 11374 33.6 3535 5.5 604 10.6 131.7 156 163.6 268 289.8 155.4 1383.3 6126.2
2013 4246 168.1 1765.5 1052 1187.7 351 3692 5.7 63.1 11.0 1376 163 1708 28.0 302.7 162.3 14445 6397.5
2014 440.1 174.3 1830.0 109.1 1231.1 364 3826 59 654 114 1426 169 1771 290 3137 168.2 1497.3 6631.3
2015 453.7 179.7 1886.6 1124 12692 375 3945 6.1 674 11.8 1470 174 1825 299 3234 173.4 1543.6 6836.3
2016  465.1 1842 19339 1153 1301.0 384 4044 6.3 69.1 121 150.7 179 1871 30.7 3315 177.8 1582.3 7007.7
2017 4728 187.2 19659 1172 13225 39.1 4111 64 702 123 1532 182 1902 31.2 337.0 180.7 1608.5 7123.5
2018 481.6 190.7 2002.5 119.3 13471 39.8 418.7 6.5 715 125 156.0 185 193.7 31.8 3433 184.1 1638.4 7256.1

8 of 14

1 = mini car (petrol); 2 = small vehicle (diesel); 3 = small vehicle (petrol); 4 = lower medium vehicle (diesel); 5 = lower medium vehicle (petrol); 6 = medium vehicle (diesel); 7 = medium
vehicle (petrol); 8 = upper medium vehicle (diesel); 9 = upper medium vehicle (petrol); 10 = sport vehicle (diesel); 11 = sport vehicle (petrol); 12 = offroad vehicle (diesel); 13 = offroad

vehicle (petrol); 14 = MPV vehicle (diesel); 15 = MPV vehicle (petrol); 16 = SUV vehicle (diesel); 17 = SUV vehicle (petrol).
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Table 5. Mann—-Kendall trend test/two-tailed test (total emissions).

Kendall’s tau 1
S 153.000
Var(S) 697.000
p-value (Two-tailed) <0.0001
alpha 0.05

Total CO; emissions from motorcars in Gauteng ranged from 3871 Gg CO, in 2000 to 7256 Gg
CO; in 2018. The emissions were 6300 Gg for motorcars in 2009 [11], representing an increase of 15%
in 2018. Small vehicles (petrol), lower medium vehicles (petrol) and SUVs (petrol) were the major
producers of the emissions. In the period 2000 to 2010, CO, emissions from motorcars in Gauteng
account for around 13% of total national road transport emissions stated in the GHG inventory for
South Africa 2000-2010 [5,11], which is comparable to the results of this study. The discrepancy
could, however, be mainly caused by the use of different emission factors. It can also be stated that
motorcar CO, emissions rate of increase was estimated to be 3.8% from 2000 to 2018. In their study,
Tongwane et al. [11] obtained a rate of increase of 2.6% in South Africa. A rapid increase in the number
of vehicles, particularly the three major emitting types, is the main source of the higher rate of increase
in emissions.

3.2. Emission Scenarios

Future scenarios of CO, emissions from passenger vehicles in South Africa show a wide range
of emissions (Figure 3). The outcomes range from a decline of emissions with time from a group of
scenarios (Mit_SC1, Mit_SC2, Mit_SC3, BAU_SC2 and BAU_SC3) to HEC_SCB which is projected to
yield in emissions of approximately 12,000 Gg of annual CO; emissions. Emissions are projected to be
approximately 5000 Gg by 2030 for high mitigation scenarios. All scenarios under high economic growth
are projected to produce the highest emissions. Higher disposable incomes as a result of enhanced
economic activities increases the purchase of vehicles and their overall mobility. The emissions are
projected to reach a plateau between 2027 and 2029, after which they will decline.

14

—
[ 5]

—
)
T

=]

(=)

[ ----Mit_SC1  ——Mit_SC2
——Mit_SC3 —Mit_SCB
[ -e-BAU SC1 -+-BAU_SC2
——BAU_SC3 ——BAU_SCB
| ——HEC_SC1 ---HEC_SC2
------ HEC_SC3 —HEC_SCB

Projected CO, emissions (x10° Gg)
E°N

[ ]

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Years

Figure 3. Comparison of different CO, emission scenarios for passenger vehicles in Gauteng between
2020 and 2030 (where Mit_SC1 = Mitigation scenario 1; Mit_SC2 = Mitigation scenario 1; Mit_SC3
= Mitigation scenario 3; BAU_SC1 = Business as usual scenario 1; BAU_SC2 = Business as usual
scenario 1; BAU_SC3 = Business as usual scenario 3; HEC_SC1 = High economic growth scenario 1;
HEC_SC2 = High economic growth scenario 1, HEC_SC3 = High economic growth scenario 3).
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3.2.1. Projected CO, Emissions for Mitigation Case

Under this case it is clear that there is a general decrease in emissions owing to the downward
movement of the number of vehicles over time (Figure 4). If the country’s policies are geared towards
not promoting low-carbon technologies (Scenario B), then in 2030 there will still be a 20% reduction in
emissions. This implies that there can be significant reductions in emissions if Gauteng can embark
on efforts that reduce the number of vehicles on the road without necessarily having any major
technological changes. This can be realized in a number of ways. For example, the government can
promote the use of public transport by improving the network as well as drastically reducing the cost
of travel. This will entice motorists to leave their vehicles at home and potential new motorists will
have less reason to buy their own motor vehicles. The government can also provide rebates to people
willing to recycle their old vehicles. However, scenario 1 yields the best mitigation with the potential
reduction in emissions in 2030 of 35% followed by scenario 2 with 34% and scenario 3 with 32% as
compared to 2018 CO, estimates.

N
n

Mitigation scenario 1 b5 Business as usual scenario 1
2020 02021 =2022 02023 w2024 02025
2026 02027 m2028 02029 m2030

High economic growth scenario 1

vl
>

CO, emissions (x10° Gg)
= i

o
in

12345678 91011121314151617 1 23456 78 91011121314151617 1234567 891011121314151617

25 ¢ Mitigation scenario 2 2.5 - Business as usual scenario 2 3.5 High economic growth scenario 2

=

CO, emissions (x10° Gg)
n

1234567 8 91011121314151617 1 23456 78 91011121314151617 1234567 8 91011121314151617

25 ¢ Mitigation scenario 3 2.5 Business as usual scenario 3

High economic growth scenario 3

g
e

CO, emissions (x10° Gg)
S @

b
n

0.0 - - o ™
12345678 091011121314151617 12345678 91011121314151617 12345678 91011121314151617
25 Mitigation scenario baseline 2.5 Business as usual scenario baseline 5 High economic growth scenario baseline
5
3.0
Z 20 2.0
= 2.5
z
Eis 15 2.0
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£ 1.0 1.0 1.5
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<)
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0.0 HHHH ... ’ Y . . an
l234567891011I2|314151617 1234567891011121314151617 l234‘67891011121314151617
vehicle type vehicle type vehicle type

Figure 4. Annual CO, emissions per vehicle class from year 2000 to 2017 for all the scenarios and
different vehicle types (where 1 = mini car (petrol); 2 = small vehicle (diesel); 3 = small vehicle (petrol);
4 = lower medium vehicle (diesel); 5 = lower medium vehicle (petrol); 6 = medium vehicle (diesel);
7 = medium vehicle (petrol); 8 = upper medium vehicle (diesel); 9 = upper medium vehicle (petrol);
10 = sport vehicle (diesel); 11 = sport vehicle (petrol); 12 = offroad vehicle (diesel); 13 = offroad vehicle
(petrol); 14 = MPV (diesel); 15 = MPV (petrol); 16 = SUV (diesel); 17 = SUV (petrol)).
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3.2.2. Projected CO, Emissions for Business as Usual Case

The business as usual case shows an increase in CO, emissions attributed to an increase in
passenger vehicles in all the scenarios. Scenario B results in close to a 20% increase in emissions
by 2030 without any mitigation measure. If the government adopts mitigation option 1, there will
be 0.8% increase in emissions by 2030, while mitigation options 2 and 3 will result in 3% and 5%
increases respectively. These mitigation options are in line with the South African intended mitigation
contributions that were presented to the United Nations Framework Convention on Climate Change
(UNFCCC) which follow the peak, plateau and decline trajectory [27]. The country chose this approach
in order to respond to both development goals like the need to eradicate poverty and eliminate
inequality (necessitating an increase in economic activity which is proportional to GHG emissions in
the current environment and technological advances) as well as climate change issues. Scenarios 1, 2
and 3 reach peak emissions in 2028, 2027 and 2027 respectively.

In the business as usual scenario, other strategies of reducing GHG emissions employed in other
countries include encouraging motorists to use their vehicles occasionally or encouraging them to
embark on cycling and walking [37]. Reducing motor vehicle use in South Africa from an average
exceeding 15,000 km on an annual basis to less than 10,000 km has the potential to reduce the emissions
by more than a quarter. As stated in earlier discussion, policies that promote ride sharing and use
of public transport can be an effective way of reducing vehicle mileage. The other co-benefits of
reducing the number of vehicles on the road include reduced air pollution that has a positive impact
on people’s health and reduction in motor vehicle accidents [37]. Vehicle emissions in this case can
also be mitigated by reducing vehicle congestion on the roads [29]. High congestion increases vehicle
fuel consumption and GHG emissions. This is the case in South Africa, especially in Gauteng Province
during peak hours like 06:00 to 09:00 and 15:00 to 18:00 on major national roads (e.g., the N1 between
Pretoria and Johannesburg). By solving the issue of traffic congestion, the country will benefit through
reduced unproductive time spent on the road as well as reduction in tailpipe emissions leading to air
pollution [38]. A comprehensive approach is needed towards solving the problem because increasing
the number of lanes connecting major cities in Gauteng did not solve the issue entirely. One of the
suggested ways of improving operational efficiency of urban emissions in Gauteng is the introduction
of truck banning in peak hours [39]. This can have an impact on our economy but the effects of it are
not well understood and if the government considers this policy its implementation has to ensure that
the delivery of services is not hampered [40]. A study by Wang et al. [41] suggested that the use of
congestion carbon tax can help mitigate emissions during peak hours as it reduces GHG emissions and
diverts motorists to public transportation.

3.2.3. Projected CO, Emissions for High Economic Growth Case

The high economic growth case of an accelerated increase in vehicle population shows a rise
in CO, of close to 60% when there are no mitigation options being implemented in the province
(Scenario B). This exponential growth in vehicle numbers can only be realized if there is significant
economic growth in South Africa. Even under the mitigation 1 option, the GHG emissions still
increase by over 35% in comparison with the 2018 estimates. The other options, Scenarios 2 and 3,
show relatively high increases of 38% and 41% in GHG emissions respectively. It can be argued from
these results that the government should not allow this case to be realized in future regardless of the
economic situation. This can be achieved by putting in place the necessary measures that can promote
sharing of transport and also through improved efficiency of public transport and other means.

There could also be the introduction of a hefty carbon tax on ICE vehicles by a certain year.
A carbon tax can be introduced in a number of ways: the most common is by inserting an extra fuel
levy and the other is by introducing an extra charge over and above the annual vehicle licence renewal
fee that is proportional to the car’s emission profile [42]. The former method is the desired approach as
it will penalize motorists depending on their driving pattern, routes and timing of their trips. The use
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of one standard charge would present an unfair charge for those people owning vehicles, but relying
heavily on public transport for their day-to-day travel.

In cases of an ever increasing rise in the number of vehicles, mitigation can be a three-pronged
approach looking at vehicle energy use efficiency, distance travelled and fuel content [43]. Even though
recent studies have shown that there is a drastic improvement in energy efficiency and fuel content
with reduction of sulphur in most fuels, this is not having a significant reduction as vehicle distance
travelled has been increasing with time. According to Lewis et al. [43] vehicle distances travelled per
year have been increasing at a faster rate than the population thus nullifying the efforts made in other
initiatives. All measures that can assist in reducing emissions from passenger transport while the
pressure for increase in CO, over time increases due to population growth will ensure that our society
is responsible and tackles the threat posed to human existence on Earth by climate change.

4. Conclusions

Historical results obtained show that CO, emissions from motorcars have been increasing
significantly since 2000 to date with an annual rate of 4%. This rate of increase is higher than the rate
that was reported by earlier studies. Petrol vehicles remain the main source of emissions in Gauteng
Province. Different emission scenarios present various possibilities. The majority of scenarios show a
peak in emissions and the beginning of a decline towards the end of the 2020s. Mitigation scenarios
show instant reduction of motorcar emissions except for a baseline which shows constant emissions
over time. Business as usual and high economic growth scenarios present continuous growth of
emissions until they climax and start to decline between 2027 and 2029, except for baseline scenarios.

Production of CO, emissions from motorcars in Gauteng will continue to increase during the
current decade. The impact of electric vehicles and other broader mitigation activities may only be
realized around 2030. The province needs to invest more in EV technologies and infrastructure if
quicker mitigation benefits are to be realized. The marketing of EVs and provision of incentives to
consumers are encouraged. Full benefits of EV technologies can be achieved if the vehicles are powered
through renewable energy resources. Existing policy instruments about green transport in the country
have to be implemented, particularly now that both the renewable energy and EV industries are in
their infancy and there is potential to improve their alignments so that mutual benefits are achieved.
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