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Abstract

Nearly 80 percent of the global auto market is pushing toward a phase-out of petroleum cars and adoption
of electric vehicles. If that comes to be, demand for gasoline and diesel would drop dramatically. This study
carried out a survey on the adoption of electric vehicle in Trinidad and Tobago. An interview was conducted with
several automobile industries and professional individuals associated with the electric vehicle to determine the
factors affecting its widespread adoption throughout Trinidad and Tobago. SPSS software was used to analyze
the data statistically and the three main factors discovered were Lack of Support Systems, High costs associated
with the Electric Vehicle and Safety. The most feasible form of alternative energy to power the Electric Vehicle
was determined as Solar Energy, and this was obtained using the pair-wise comparison method. Research
done displayed that the Lack of support systems was the main factor affecting electric vehicle adoption and by
following the recommendations such as developing charging infrastructures, EV adoption can become a success

throughout Trinidad and Tobago.
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Introduction

Electric Vehicle (EV) is an alternative fuel vehicle that relies on
electricity as energy resource. As such a large share of the automobile
market will mean that there is a robust energy mix driving the cars of
the future. EV is environment friendly, with zero tail-pipe emissions,
but it relies on various sources of electricity generation. For EV to
be ‘green, the electricity should be generated from renewable energy
sources.

Majority of today’s vehicles, power generators and plant machineries
uses internal combustion engines. Due to the vast utilization of internal
combustion engines in the modern world, there are growing concerns
over the impact of the exhaust emissions from internal combustion
engines on human health and the welfare of the environment [1].
These vehicles are powered via the burning of fossil fuels. Fossil fuels
are considered as non-renewable resources since they take millions of
years to form. However, their reserves are being exhausted faster than
they are being generated and if this trend continues, the supply would
run out within the next century.

The burning of fossil fuels releases carbon dioxide (CO,) emissions,
a powerful greenhouse gas which vastly contributes to air pollution. Air
pollution is a major environmental concern since it increases the risk
for asthma and other respiratory diseases. Furthermore, the greenhouse
gases traps heat in the atmosphere which makes the Earth warmer
thereby significantly influencing climate change and global warming.

In an effort to reduce the greenhouse gases on the environment
nearly 80 percent of the global auto market is pushing toward a phase-
out of petroleum cars and adoption of electric vehicles. In July 2018,
the UK government unveiled plans to halt the production of new petrol
and diesel cars from 2040. Scotland’s target is eight years ahead of the
rest of the UK.

France has also said it will ban sales of petrol and diesel cars by
2040. Meanwhile, Norway, which has the highest per capita number
of all-electric cars in the world, wants to do it by 2025 [2]. Other
countries such as the Netherlands and Germany are looking at similar
initiatives. India, which is facing an air pollution crisis, says it wants to
sell only electric cars within the next 13 years. Oslo proposed making

its center car-free by 2019-six years before a country-wide ban goes into
effect. And the mayors of Paris, Mexico City, Madrid and Athens have
committed to stopping the use of diesel vehicles in order to improve air
quality. When Paris banned cars with even-numbered plates for a day
in 2014, pollution dropped by up to 30% [2].

Many Chinese cities are set to add restrictions on fossil-fuel vehicles
as the country fights air pollution and highway congestion. Sales in
Beijing, Shanghai, Shenzhen, Tianjin, Hangzhou and Guangzhou are
increasing by two to four times the national average, and purchases
by individuals versus governments and car-sharing services are at a
higher level than elsewhere as shown in Figure 1. This study carried
out a research on the adoption of electric vehicles in Trinidad and
Tobago. Even though electric vehicles require the burning of gasoline
to produce the electricity needed to drive it, they are emissions free and
alternative energy can also be utilized to power the vehicle.

Barriers to electric vehicle adoption

Within the last few years, interest has been focused on the effects
of gasoline/diesel and its impact on the environment. The U.S. Energy
Information Administration (2017) stated that the burning of gasoline
and diesel produces carbon dioxide, a greenhouse gas, which results
in the effect of global warming and climate change. With gasoline/
diesel being the main type of fuel used for powering vehicles today,
an Alternative approach such as the Electric Vehicle (EV) must be
considered [3].

EVsare 100% Eco-friendly since they are driven by electrical motors.
They produce no toxic harmful gases onto the environment making it
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Figure 1: Eight Chinese cities restrict purchases of cars with internal combustion
engines.

a great alternative to the Gasoline/Diesel powered automobiles. The
modern day EV has key advantages over the conventional gas/diesel
powered vehicles, which include smoother and quieter operation, low
operating costs, faster acceleration and the ability to refuel at your own
home [4].

However, several obstacles counteract the advantages of the EV that
make the gasoline/diesel vehicle the most prevalent option between
the two. Barriers to the implementation of EVs include Vehicle cost,
limited Driving range, lengthy battery charging time and the need for
a charging infrastructure at home, the workplace and public areas [4].
The authors also further discussed that the disposal of the battery will
pose as a threat to the adoption of the EV since the owner of the vehicle
may have to pay to properly dispose of the battery.

Similarly, Jim Motavalli described that along with all the other
factors listed above, uncertain government supports also plays a role
in hindering the adoption of EVs. Motavalli stated that State incentives
are a big help that will subsequently encourage automobile customers
to consider the option of purchasing the EV. Along with these factors,
an additional barrier includes, cost of battery and maintenance. The
author, similar to those listed above, agreed that Government incentives
do affect the sales of the EV. In addition to that, they discussed that the
experienced driver focuses on the cost and replacement of the battery
as well as the maintenance of the vehicle [2].

Additionally, with the above factors also taken into consideration,
Tsang et al. mentioned that safety concerns also hinder the up growth
of the electric vehicles [5]. They stated that Electrical safety is a concern
since the batteries used for the operation of the EV are Lithium-ion
batteries which could act as a potential hazard when overheated or
short-circuited. Another safety concern is the absence of engine noise.
For an EV, the induction motor replaces the conventional engine but is
considered as very quiet compared to the engine. The authors claims
that the absence of the noise from the engine acts as a safety hazard for
pedestrians, especially to the physically impaired. These factors listed
above confines the adoption of the Electric Vehicle. In an effort to secure
its adoption in the future, each factor will be thoroughly researched in
the hope of providing recommendations that will be made to satisfy
and motivate the customer in purchasing the EV.

How do countries/cities support electric vehicles?

In an effort to reduce the greenhouse gases on the environment,
many governments are undertaking certain actions in the hope of
encouraging the adoption of electric vehicles in their respective
Country/City. In the United Kingdom, the Department of Transport

(DfT) assigned £400 million (equivalent to TT$ 3.6 billion) for the
expansion of the sustainable vehicles, also known as green vehicles
[6]. This included reducing the total cost of the vehicle by providing
subsides, hence encouraging automobile customers to consider it as
an option since in some cases, the total cost of the electric vehicle can
fall below the cost of traditional vehicles. This package also includes
funding for the development of the recharging infrastructure with the
aim of promoting electric vehicle adoption as shown in Figure 2. In
addition, EV owners are exempted from the annual ownership tax for
their vehicle.

Norway however, offered somewhat different incentives compared
to the UK. Norway offered many incentives of which the major ones
included exemptions from registration tax and VAT, reduced annual
vehicle fee, free vehicle charging and free use of roads for which there
was a cost to non-electric vehicle owners [7]. Another key indirect
incentive was the access to bus lanes. With the exemption of traditional
vehicle owners, EV users had the option of using the bus lane, which
was restricted only to buses at certain times of the day to help speed up
public transportation as shown in Figure 3. EV users now benefited in
faster transport to their destinations. Norway has been ranked as one of
the top selling countries of electric cars due to these generous incentives,

Figure 2: Charging station for electric vehicles in the UK.

Figure 3: Electric vehicles (plug on charging point) on the bus lane in Oslo,
Norway.

making it a very effective approach in encouraging EV adoption.

Table 1 below demonstrates that the numbers of EV's are increasing
which indicates that the incentives listed are working in a positive
manner in encouraging EV adoption.

In addition, grants are offered to persons who switch from diesel
cars to electric vehicles. The European Union (EU) aims to achieve a
40% decrease in emissions and hopes that by offering these bonuses
that it will accomplish its goals by 2030 [8]. Although this approach
is different, it influences persons to switch to electric vehicles in order
to benefit from the grants and rewards. This method is considered as
effective since data obtained shows that Europe has made significant
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Year units % Growth Year units % Growth
2011 5,641.00 2012 1,67,990.30
2012 10,066.00 78.40 2013 2,46,888.00 47.00
2013 17,709.00 75.90 2014 2,81,655.00 14.10
2014 28,868.00 63.00 2015 4,20,573.00 49.30
2015 38,598.00 33.70 2016 4,99,480.00 18.80
CAGR: 2011-2015 61.70 CAGR: 2012-2016 31.30

Table 1: Total number of electric vehicles in Norway.

increase in the number of registered electric vehicles from less than
200,000 in 2012 to approximately 500,000 in 2016.

As shown in Table 2, between the periods 2012-2016, a large
increase in the number of EV can be observed which indicates that
the incentives offered are working in encouraging persons to make the
switch from conventional vehicles.

In the United States of America, most states also offer a number of
tax exemptions, reduction in vehicle registration fee and also special
tax credits. A number of states offer incentives such as tax credits which
depend on the size of the electric vehicle and the capacity of its battery.
However, this tax credit is limited to 200,000 units sold per qualified
manufacturer [9].

In addition to this, special loans, vehicle vouchers and vehicle lane
exemptions are also offered. The High Occupancy Vehicle (HOV) lanes
are widely available across the United States which aims at transporting
persons more efficiently as shown in Figure 4. However, Electric
vehicles can only access these lanes only if a certain number of persons
are in the vehicle.

Table 3 shows that even though the number of EV fluctuates for
a given period, it can generally be noted that the number of EV is
gradually increasing.

China, in a similar manner also offers tax credits and subsidies for
purchasing electric vehicles. Moreover, China has placed restrictions
on license plates for both diesel and gas powered vehicles which forces
consumers to look at alternative vehicles such as the electric vehicle.
In recent years, China also added rebate programs to encourage the
purchase of electric vehicles [10]. China is one of the leading countries
of electric vehicle use and it can be noted that these incentives listed
played a crucial part in allowing the country to make the switch from
traditional vehicles.

Table 4 illustrates that within the past five years, the number of EVs
has significantly increase by an average of 100,000 which implies that
the incentives are effective in stimulating EV adoption.

In conclusion, it was observed that government incentives play
a crucial part in the adoption of electric vehicles. Although some
countries offered different incentives than others and had different
methods of encouraging people to make the switch to electric vehicles,
it was generally seen that the number of electric vehicles increased in
all countries that offered government assistance. These methods will be
analyzed and looked at in an effort to offer the best recommendations
to the Trinidad and Tobago government on promoting electric vehicle
use.

Benefits of using electric vehicles

Electric vehicles offer a wide range of benefits to both the user of
the vehicle and the environment. It can be noted that even though gas
is required to produce electricity in many countries, the consumers still
benefit significantly using electricity to power their vehicles than the

Table 2: Number of hybrid and electric units in Europe.
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Figure 4: High occupancy vehicle lane in Dallas, Texas.

Year units % Growth

2012 4,87,480.00

2013 5,92,232.00 21.50

2014 5,70,475.00 3.70

2015 4,98,426.00 12.60

2016 5,04,060.00 1.10
CAGR: 2012-2016 0.80

Table 3: Number of electric vehicles in the United States.

traditional way of using gasoline or diesel.

As stated above, a benefit of electric vehicles include gas not being
required to power the vehicle. Although there are electric vehicles
that use gas (hybrids), this project is solely based on Plug-in Electric
Vehicles (PEV) which exclusively runs on electricity alone. In a few
countries, alternative energy sources are used to power the EV but
the majority of countries that utilize EVs produce their electricity by
means of a gas powered turbine. With this being said, consumers who
use electric vehicles will see an increase in their electricity bill but the
electric vehicle will be cheaper to run compared to traditional vehicles
[11]. In some countries, free charging is offered as seen in Norway [7].
This greatly benefits the consumer since they would incur no charges
on refuelling their electric vehicle.

Another benefit includes lower maintenance of an EV compared
to standard vehicles. An electric vehicle has less moving parts than the
regular petrol/diesel vehicles. This therefore means that the average
electric vehicle owner will experience a greater savings since the EV
would not require frequent maintenance. There is one cost that the EV
owner would not be spared off which is the cost of replacing the lithium-
ion battery used to power the EV. However, investigations proved that
the minimum battery life of an electric vehicle is four (4) years and the
maximum is twelve (12) years [12]. Therefore, the EV user would only
be charged a fee of replacing the battery for a minimum of every 4 years.

The electric vehicle also provides great benefits towards the
environment. EVs significantly reduce the amount of emissions that
contribute to climate change [11]. Gasoline and Diesel powers vehicles
emit a great amount of Carbon Dioxide onto the environment, the result
of which includes global warming and climate change. These emissions
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Year units % Growth

2012 14,930.00

2013 21,905.00 46.70

2014 1,19,963.00 447.70

2015 2,07,071.00 72.60

2016 336.000.0 62.30
CAGR: 2012-2016 117.80

Table 4: Number of electric vehicles in China.

also increase air pollution and severely deteriorate the health of the
average person. Internal Combustion engine also include pollutants
such as carbon monoxide, carbon dioxide and nitrous oxides. Carbon
monoxide hinders the ability of the blood to carry oxygen and can cause
permanent damage to the nervous system. The EV remarkably reduces
the amount of emissions on the environment and if renewable energy
is used to produce the power required for the EV, the greenhouse gases
will be reduced even further.

Electric vehicles provide key benefits essential for both the
consumer and the environment. These benefits will positively affect the
lives of Trinbagonians if electric vehicle is to become the most popular
mode of transport throughout the twin islands.

The problem of motor vehicle emissions

According to the United Nations Environment Programme (UNEP)
Emission Country Profile Report for 2013, Trinidad and Tobago ranked
2" among the world with the highest carbon dioxide emissions per
capita. From the report, it was observed that the total emissions from
consumption of liquid fuels were approximately 3.7 million tonnes
in 2008, almost all of which were generated from motor vehicles. In
addition, the report claimed that Greenhouse Gas Emissions (GHGs)
have expanded by 278% from the period 1990 to 2006 [13].

Methodology

This study seeks to discover the main factors affecting electric
vehicle adoption in Trinidad and Tobago. Additionally, it explored
whether different characteristics impact purchasing of an electric
vehicle. The required sample size to derive estimates within 8% margin
of error from a population of 1,353,895 is 150.

The measurement instrument

The questionnaire was developed after a review of the literature
pertaining to electric vehicle adoption. The questionnaire comprised
of twelve (12) questions each designed to collect sufficient information
on the factors affecting electric vehicle adoption and the main
characteristics that influence the purchase decision of an electric
vehicle.

Data collection method

An interview was conducted with several automobile industries and
professional individuals associated with the electric vehicle to gather a
better understanding about electric vehicle operation and to determine
the factors affecting its widespread adoption throughout Trinidad and
Tobago. These factors were used to generate the questionnaire where
a pilot test was conducted using 10 questionnaires to determine any
flaws or weaknesses that may affect the validity of the study. The
questionnaire was self-administered and distributed via google docs on
February 2018.

Methods of data analysis

A. Cross-tabulations were used to examine the nominal and

scale variables to assess whether there exist any relationships between
the variables.

B.  Principal Component Analysis or Factor Analysis was used
to evaluate the 14 factors that affected electric vehicle adoption to
determine which was the most important (Table 5) .

Discussion and Analysis

Gender and purchase of an electric vehicle

Crosstab analysis was conducted to evaluate the pattern of
association between gender and purchase of an electric vehicle as shown
in Table 6a. It was observed that female respondents were more likely
(79.2%) to purchase an electric vehicle than male respondents (60.8%)
as shown in Figures 5a and 5b. Conversely, male respondents were more
likely (37.3%) to not purchase an electric vehicle when compared to
their female counterparts (20.8%). Therefore, females are more likely to
purchase an electric vehicle.

A 2 x 2 chi-square test shown in Table 6b was used to evaluate
whether there was a significant relationship between gender and
purchase of an electric vehicle. The results reveal that there is not a
significant relationship between gender and purchasing of an electric
vehicle, X*(2, N=150)=5.346, p=0.069.

Hence, Gender does not influence purchase decision of an electric
vehicle.

Gender and knowledge on electric vehicle

Crosstab analysis was used to assess the relationship between
gender and knowledge of an electric vehicle as shown in Table 7a. It
was discovered that males (88.2%) were more likely to know about the
electric vehicle compared to female respondents (81.3%). Conversely,
Female respondents (18.8%) were more likely to not know about the
electric vehicle in comparison to the male respondents (11.8%) as
shown in Figures 6a and 6b. Therefore, males are more likely to know
about the electric vehicle.

Using a 2 x 2 chi-square test as shown in Table 7b, a test was done
to determine if there was a statistically significant relationship between
gender and knowledge on an electric vehicle. The sample included 150
respondents of which 129 knew about the electric vehicle while 21 did
not. These frequencies were significantly different X*(1, N=150)=1.323,
p=0.250. Therefore, knowing about an electric vehicle is not influenced
by gender.

Age and purchase of an electric vehicle

To assess the pattern of association between age and purchasing of
an electric vehicle, a crosstab analysis (Table 8a) was conducted where
it was observed that respondents within the age of 31-40 (79.2%) were
more likely to purchase an electric vehicle followed by respondents
within the age of 17-24 (66.3%), followed by respondents within the age
0f 25-30 (61.1%) and lastly respondents within the age of 41-50 (54.5%)
as shown in Figures 7a-7d.

A 3 x 6 chi-square test as shown in Table 8b, was used to evaluate
whether there was a statistically significant relationship between age
and purchase of an electric vehicle. The relation between these variables
were quite insignificant X?(10, N=150)=8.067, p=0.622. Hence, age has
no influence on purchasing an electric vehicle.

Monthly income and purchase of an electric vehicle

Cross tab analysis was performed to analyze the relationship
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Data Sample Frequency Sample Percentage(%)
Gender Male 102 68
Female 48 32
Age 17-24 95 63
25-30 18 12
31-40 24 16
41-50 11 7
51-60 1 1
60+ 1 1
Monthly Income $0-5000 83 55
$5001-10,000 37 25
$10,001-20,000 23 15
>$20,000 7 5
Profession Field Staff 88 59
Office Staff 51 34
No response 11 7
Education Level Primary School 2 1
Secondary School 22 15
A'Levels 64 43
Undergraduate University 60 40
Postgraduate University 2 1
Knowledge on EV Yes 129 86
No 21 14
Benefits of EV Yes 107 71
No 33 22
No response 10 7
Purchase of EV Yes 100 67
No 48 32
No response 2 1
Purchase of EV due to renewable energy Yes 132 88
No 18 12
Charging of an EV Home 131 45
Work place 75 26
Public charging Stations 83 29
Strongly Agree 42 28
Agree 35 23
Factors Affecting EV adoption High cost of EV Neutral 35 23
Disagree 21 14
Strongly Disagree 19 12
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Strongly Agree 50 33
Agree 42 28
High cost of replacement parts Neutral 31 20
Disagree 17 1
Strongly Disagree 12 8
Strongly Agree 25 16
Agree 26 17
High operating costs Neutral 43 28
Disagree 37 24
Strongly Disagree 21 14
Strongly Agree 27 18
Agree 38 26
High Cost and Availability of Insurance Neutral 45 30
Disagree 23 15
Strongly Disagree 16 1
Strongly Agree 64 42
Agree 35 23
Lack of qualified Technicians Neutral 32 21
Disagree 6 4
Strongly Disagree 15 10
Strongly Agree 39 26
Agree 47 31
Lack of replacement parts Neutral 37 24
Disagree 16 10
Strongly Disagree 13 9
Strongly Agree 37 24
Agree 42 27
Lack of operational knowledge Neutral 30 20
Disagree 26 17
Strongly Disagree 18 12
Strongly Agree 61 40
Agree 34 22
Lack of charging infrastructure Neutral 33 22
Disagree 10 7
Strongly Disagree 14 9
Strongly Agree 58 38
Agree 28 19
Lack of government support Neutral 37 24
Disagree 17 11
Strongly Disagree 12 8
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Strongly Agree 27 18
Agree 28 18
Long charging time Neutral 58 38
Disagree 28 19
Strongly Disagree 11 7
Strongly Agree 44 29
Agree 47 31
Refuel locations Neutral 38 25
Disagree 1 8
Strongly Disagree 11 7
Strongly Agree 19 13
Agree 40 26
Short driving range Neutral 42 28
Disagree 29 19
Strongly Disagree 21 14
Strongly Agree 17 11
Agree 22 15
Low Speed Neutral 55 36
Disagree 33 22
Strongly Disagree 24 16
Strongly Agree 26 17
Agree 22 14
Safety Neutral 54 36
Disagree 26 17
Strongly Disagree 24 16

Table 5: Data collected from the questionnaire.
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between monthly income and purchase of an electric vehicle as shown
in Table 9a. It was discovered that respondents with a monthly income
of greater than $20,000 (85.7%) were more likely to purchase an electric
vehicle followed by respondents with a monthly income of $10,001-
20,000 (82.6%), followed by respondents with a monthly income
of $5001-10,000 (64.9%) and lastly followed by respondents with a
monthly income of $0-5000 (61.4%) as shown in Figures 8a-8d.

Conversely, respondents with a monthly income of $0-5000
(37.3%) were least likely to purchase an electric vehicle followed by
respondents with a monthly income of $500110,000 (32.4%), followed
by respondents with a monthly income of $10,001-20,000 (17.4%), and
followed by respondents with a monthly income of greater than $20,000
(14.3%).

A 3 X 4 chi-square test was used to assess whether there was a
statistically significant relationship between monthly income and
purchasing of an electric vehicle. As can be seen by the frequencies
cross tabulated in Table 9b, there is no significant relationship
between monthly income and purchasing of an electric vehicle, X*(6,
N=150)=5.511, p=0.480. Therefore, there is no significant relationship
between monthly income and purchasing of an electric vehicle.

Education and purchase of an electric vehicle

Crosstab analysis (Table 10a) was conducted to assess the pattern
of association between education and purchasing an electric vehicle.
The results show that post-graduate university respondents (100%)
were more likely to purchase an electric vehicle, followed by A’ levels
respondents (68.8%), followed by undergraduate university respondents
(66.7%), followed by secondary school respondents (59.1%), and lastly
followed by primary school respondents (50.0%) as shown in Figures
9a-9e. Therefore, the higher the level of education, the more likely a
person to purchase an electric vehicle.

A 3 x 5 chi-square test shown in Table 10b was used to evaluate
whether there was a statistically significant relationship between level
of education and purchasing of an electric vehicle. From the results, it
was observed that there was not a statistically significant relationship
between the level of education and purchasing of an electric vehicle,
X*(8, N=150)=5.057, p=0.751. Hence, education does not impact
purchasing of an electric vehicle.

Profession and purchase of an electric vehicle

The crosstab analysis was used to determine the pattern of

Respondent’s
sex Total
Male Female
Count 62 38 100
Yes O arithi .
7% within Respondents | 0.g0% | 79.20% = 66.70%
Count 38 10 48
Purchase No
0, H H )
ofanEV Yo within F;‘Zipondems 37.30% | 20.80% | 32.00%
Count 2 0 2
No
response | % within Respondent's 2.00% 0.00% 1.30%
sex : : :
Count 102 48 150
fota! % within Respondent's | 444 450, | 100.00% | 100.00%
sex

Table 6a: Purchase of an E.V and Respondent's sex Crosstabulation.

‘ Value | df Asymptotic Significance (2-sided) ‘

0.069 ‘

5346 | 2

‘ Pearson Chi-Square

Table 6b: Chi-Square Tests.

Male responses to purchasing

Female responses to purchasing
an Electric Vehicle

an Electric Vehicle

Hyes
" Yas
" No

¥ No response

Figure 5: (a) Males response to EV Purchase (b) Females response to EV
Purchase.

Male responses to purchasing

Female responses to purchasi
an Electric Vehicle P R v

an Electric Vehicle

Hyes
 Yes
¥ No

¥ No response

Figure 6: (a) Males Knowledge on EV vehicles (b) Females Knowledge on EV
vehicles.

Respondent's sex Total
Male Female
Knowledge on v, Count 90 39 129
EV
% within F;Z)S(p"”de“t's 88.20%  81.30%  86.00%
No Count 12 9 21
% within Respondent's ' 11 gqo, | 18.80% = 14.00%
sex

Total Count 102 48 150

%o within i:ipmde”t's 100.00% | 100.00%  100.00%

Table 7a: Knowledge on E.V and Respondent's sex Crosstabulation.

Value df Asymptotic Exact Sig. (2 Exact Sig. (1
Significance (2 sided) sided) sided)
Pe‘gsm Chi- 4 323a 1 0.25
quare

Table 7b: Chi-Square Tests.

association between profession and purchase of an electric vehicle
as shown in Table 11a. It was observed that field staffs (67.0%) were
more likely to purchase an electric vehicle than office staff (64.7%).
Conversely, office staffs (33.3%) were more likely to not purchase an
electric vehicle compared to field staff (31.8%) as shown in Figures 10a
and 10b. Therefore, field staffs are more likely to purchase an electric
vehicle.

A 3 x 3 chi-square test shown in Table 11b was used to determine if
there was a statistically significant relationship between profession and
purchasing of an electric vehicle. The results reveal that the relationship
was not significant, X?(4, N=150)=0.521, p=0.971. Hence, profession
does not influence purchasing of an electric vehicle.
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Respondent’s Age
Total
17-24 25-30 31-40 41-50 51-60 60+
Purchase Yes Count 63 11 19 6 1 0 100
ofan E.V
o \
Y. within zgezpmde"ts 66.30% 61.10% 79.20% 54.50% 100% 0.00% 66.70%
No Count 31 7 4 5 0 1 48
0, 1 H )
Yo within §§§p°”de"ts 32.60% 38.90% 16.70% 45.50% 0% 100% 32.00%
No Response Count 1 0 1 0 0 0 2
0, ithi )
% within Egzpmde"ts 1.10% 0.00% 4.20% 0.00% 0.00% 0.00% 1.30%
Total Count 95 18 24 1" 1 1 150
0, ithi )
Y. within ngpmde"ts 100% 100% 100% 100% 100% 100% 100%
Table 8a: Purchase of an E.V and Respondent's age Crosstabulation.
Ages 17 - 24 responseson es 25 -30 responses on
urchasi an E-IE-H ric vehicle purec H‘j_':_‘: an electric vehicle
= Yo
Mo
Mo response:
Figure 7: (a) Ages 17-24 response on EV purchase (b) Ages 25-30 response on EV purchase.
Ages 31 -40 responses o Agesd4l -50 responses o
nurcimu:slnz an electricvehicle purchasine an electric vehicle
= Yac
rm -
|
Mo
Mo resoonse
Figure 7: (c) Ages 31-40 response on EV purchase (d) Ages 41-50 response on EV purchase.
Value df Asymptotic Significance (2 sided)
Pearson Chi-Square 8.067a 10 0.622
Table 8b: Chi-Square Tests.
Monthly Income
Greater than
$0-5000 $5000-10,000 $10,001- 20000 $20000 Total
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Yes Count 51 24 19 6 100
% within Income Monthly 61.40% 64.90% 82.60% 85.70% 66.70%
Purchase of an No Count 31 12 4 1 48
EV % within Income |Monthly 37.30% 32.40% 17.40% 14.30% 32.00%
No response Count 1 1 0 0 2
% within Income Monthly 1.20% 2.70% 0.00% 0.00% 1.30%
Total Count 83 37 23 7 150
% within Income Monthly 100.00% 100.00% 100.00% 100.00% 100.00%

Table 9a: Purchase of an E.V and Monthly Income Crosstabulation.

Income of $0 -5000

Income of $5001 -10,000

= Yes
™ No
No responsa

Figure 8: (a) Income of $0-5000 (b) Income of $5001-10000.

Income of $10,001 -20,000 Income of greater than $20,000

17%

" e

83% e ® No

Figure 8: (c) Income of $10,001 -20000 (d) Income of greater than $20,000.

Factor analysis

The 14 items obtained as the main factors affecting electric vehicle
adoption in Trinidad and Tobago were subjected to a Principal
Component Analysis (PCA) using SPSS version 24. Prior to performing
PCA, the suitability of data for factor analysis was assessed. The Kaiser-
Meyer-Olkin value was 0.850, exceeding the recommended value of 0.5
as shown in Table 12a (IBM Knowledge Center n.d.). Bartlett's test of
Sphericity [14] reached statistical significance (p=0.000), supporting
that factor analysis is suitable for the data (IDRE n.d.)

Principal Component Analysis revealed the presence of three (3)
components explaining 37.531%, 9.17% and 8.49% of the variance
respectively as shown in Table 12b. An inspection of the Scree Plot
shown in Figure 11, revealed a clear break after the eight component.
Using Cattell's scree test, it was decided to retain three components for
further investigation [15].

To aid in the interpretation of these three components, the
component matrix was used which revealed a number of strong
loadings. Each factor had a few high loadings and a larger number of
low loadings Table 12c.

Detailed inspection of the three components disclosed that the
14 factors that affect electric vehicle adoption can be divided into the
following subgroups:

. Support Systems

‘ Value | df | Asymptotic Significance (2 sided) ‘

‘Pearson Chi-Square | 5.511a 6 0.48 ‘

Table 9b: Chi-Square Tests.

. Electric Vehicle Costs
. Safety

From the data collected and the principal component analysis
conducted, it was observed that the three factors listed above are
predominantly responsible for preventing electric vehicle adoption in
Trinidad and Tobago.

Charging infrastructure

The allocation of Electric Vehicle Supply Equipment (EVSE)
as shown in Figure 12a is essential to the adoption of EVs. The sole
purpose of the EVSE is to safely deliver the electricity to the vehicle
charging system. A charging station comprises of several charging
points, each of which contains a set of charging equipment as shown in
Figure 12b. Given that a high electric current is necessary to charge an
EV, the EVSE contains protection devices to ensure a secured, risk-free
charging process. It also encompasses several safety features to prevent
mishaps such as driving the vehicle with the power cord attached to an
outlet.

The EVSE are categorized into three classes (Northeast Utilities):
« Level One (120 Volts)

» Level Two (240 Volts)

o Level Three (3 phase) -DC Fast Charging (DCFC)

Level one (120 volts): Level One charging EVSE utilizes the
standard 120-volt current found in household-type sockets. This is
accomplished using the power equipment that is provided with the
vehicle. This system makes it possible for customers to recharge their
vehicle without any major electrical upgrades. This type of system is
also quite effective for businesses that desire charging availability
for electric vehicles since the installation of this system is simple as
installing 120 volt outlets. The main advantage of this system is the low
installation cost of the system. However, the disadvantage is that the
charging time is very slow. In general, EV‘s employing this charging
method would obtain an average of 5 miles or 8 kilometres per hour
of charge. The lowest price Level One EVSE is a simple plug-in cord
set connection as shown in Figure 13a which on average costs US $300
(EV Solutions n.d.). The Level One pedestal unit with access control
and cable management as shown in Figure 13b can cost up to US $1500.
This variation in price is due to the access control that allows for the
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Level of education
Primary Secondary School A'Levels Unde.r grad.uate POSt.grad.u ate Total
school University University
Yes Count 1 13 44 40 2 100
o
v within Level of  50.00% 59.10% 68.80% 66.70% 100.00% 66.70%
No Count 1 9 18 20 0 48
Purchase of an
o
EV % VQLhJZaLt%:I of ' 50.00% 40.90% 28.10% 33.30% 0.00% 32.00%
No response Count 0 2 0 0 2
o
v "‘g:jhdga"ﬁeg:' of 0.00% 0.00% 3.10% 0.00% 0.00% 1.30%
Count 2 64 60 2 150
Total % within Level of
eduoaton 100.00% 100.00% 100.00% 100.00% 100.00% 100

Table 10a: Purchase of an E.V and Level of education Crosstabulation.

Primary School

Figure 9a: Primary school response to EV purchase.

Figure 9c: A’ Levels response to EV purchase.

Secondary School

Figure 9b: Secondary school response to EV purchase.

variation in power as needed.

Level two (240 volts): Level Two charging EVSE operates on 240-
volt power which allows for faster charging of the EV. This system is the
most common home and public charging technique as illustrated in
Figures 14a and 14b. This category of EVSE requires the installation of
electrical wiring capable of conducting higher voltage power. The main
advantages of this system includes faster charger time compared to level
one since with this system, EV‘s would get between 10 and 20 miles per
hour of charge. Regardless, installation costs are higher than level 1.
The price of this system ranges from US $500 - $6000 (EV Solutions).

Undergraduate
University

Figure 9d: Undergraduate University response to EV purchase.

Figure 14c demonstrates the variety of Level Two units available. The
prices vary with the different features available in each which includes
energy monitoring, advanced display screen and automated diagnostics
to list a few.

Level three (3 phase): Level Three charging EVSE provides fast
charging for compatible vehicles with a charge of 80% within 20-30
minutes. This system requires more power than the average household
requires and hence is recommended for charging stations, street side
charging and commercial users. The main advantage of this system
is the reduced charging time. However, the equipment cost is much
higher than both level one and two charging. Prices of this system vary
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Post- graduate
Univeristy

Figure 9e: Post graduate University response to EV purchase.

Value

df

Asymptotic Significance (2-sided)

Pearson Chi-Square

5.057a

8

0.751

Table 10b: Chi-Square Tests.

Respondent's profession

Field Staff Office Staff No response Total
Yes Count 59 33 8 100
% within profession Respondent's 67.00% 64.70% 72.70% 66.70%
No Count 28 17 3 48
Purchase of an E.V - -
% within profession Respondent's 31.80% 33.30% 27.30% 32.00%
No response Count 1 1 0 2
% within profession Respondent's 1.10% 2.00% 0.00% 1.30%
Total Count 88 51 1 150
% within profession Respondent's 100.00% 100.00% 100.00% 100.00%

Table 11a: Purchase of an E.V and Respondent’s profession Crosstabulation

Field Staff

Yes

" No

®™ No response

Figure 10a: Field staff response to EV purchase.

Office Staff

£

Figure 10b: Office staff response to EV purchase.
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Value df Asymptotic Significance (2sided)
Pearson Chi-Square 0.5212 4 0.971
Table 11b: Chi-Square Tests.
Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.85
Bartlett's Test of Sphericity Approx. Chi-Square 894.601
df 91
Sig. 0

Table 12a: KMO and Bartlett’s Test.

Initial Eigenvalues Extraction Sum of Squared Loadings Rotation Sums of Squared Loadings

Component Total % of Variance Cumulative % Total % of Variance Cumulative % Total
1 5.254 37.531 37.531 5.254 37.531 37.531 4.864
2 1.284 9.174 46.706 1.284 9.174 46.706 1.363
3 1.189 8.491 55.197 1.189 8.491 55.197 3.222
4 1.027 7.334 62.53
5 1.015 7.25 69.78
6 0.944 6.744 76.524
7 0.824 5.888 82.412
8 0.608 4.342 86.754
9 0.503 3.592 90.346
10 0.455 3.253 93.599
11 0.295 2.108 95.707
12 0.252 1.797 97.504
13 0.212 1.512 99.016
14 0.138 0.984 100

Table 12b: Total Variance Explained.
Scree Plot
o
P
T = ® 4 5 & T 8 @ 40 11 sz 13 14
Companent Humbaer
Figure 11: Scree Plot.

from approximately US $10,000 to $40,000 (EV Solutions) with $10,000
being the cost of the system with the lowest power (25-50 kW), low
charging amperage and only one charging port as shown in Figure 15a.
The highest price DCFC possesses high power (50 kW+) with high
charging amperage and comprises of multiple charging ports, allowing
several vehicles to recharge at once as shown in Figure 15b.

Table 13a compares the different type of EVSE where it displays
the power required for each EVSE, the power delivered to the EV
being recharged and the length of time it takes to recharge a 24 Kwh
battery. Table 13b illustrates the cost range of all three EVSE systems as
discussed above.

Figure 12a: Electrical Vehicle Service Equipment.

The Simple Socket is another means by which the electric vehicle
can be recharged as illustrated in Figure 16a. This a straightforward and
convenient method that converts existing street lamps into charging
stations with the simple installation of a socket into the post. In
Germany, a company by the name of Ubitricity developed the Simple
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Figure 13a: Simple Level One EVSE.

Socket which when used with a Smart Cable, allows for the immediate
recharging of the vehicle [16].

Figure 16b displays the Smart Cable, which functions as an
electricity meter. This device communicates data with Ubitricity to
initiate charging from the lamppost then transfers the usage data
back to the server. In turn, Ubitricity bills the customer for the power
consumed [17]. To reduce the energy consumption of the light pole
itself, the company equipped the lamppost with LED lighting as
demonstrated in Figure 16c. Thus, this results in more energy available
to power the EV.

To promote the adoption of electric vehicles in Trinidad and Tobago,
the above methods must be considered when examining the options
to recharge the electric vehicle. Gasoline/Diesel vehicles dominate the
nation roads today, with a small percentage being CNG driven vehicles.
Figures 17a-17e illustrates the service stations for these vehicles.
However, it can be observed that there currently exists no electric
vehicle charging stations in Trinidad and Tobago. The development of
the EV charging infrastructure is critical for the adoption of EVs since it

Figure 13b: Advanced Level One EVSE.

B ety (s

p

Zah

Figure 14: (a) Level Two Public Charging (b) Level Two Home Charging.

i

Pedestal with
Advanced Features
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E 4|

il
@) O
% iz
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Figure 14c: Variety of Level Two Units.

is the key component required for powering the vehicles. The charging
methods listed above can be applied in Trinidad and Tobago since
the power supply requirements of each EVSE can be easily fulfilled.
However, charging infrastructures need to be developed to achieve the
EV user need of recharging at locations convenient to him.

Tables 14a and 14b illustrates an estimated minimum and
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maximum cost respectively of the EVSE systems in TT dollars. This
conversion was accomplished using a local company Inbound Shipping
Estimator. Using the respective shipping and handling rates as well as
the corresponding VAT and Duty Tax. The respective weights of the
systems were also taken into considerations where the Level One,
Two and Three weights were found to be approximately 5.5 lbs, 10 Ibs
and 590 lbs respectively [9]. It must be noted that these values do not
include installation of the system.

The cost of the EVSE may vary between the minimum and
maximum costs listed above. This cost can seem very high for first time
users willing to purchase an electric vehicle. Businesses willing to install
these systems may also become hesitant in purchasing it due to its high
cost. These prices exclude installation, which thereby means an increase
in the total cost of these systems. Table 15 represents a list of government
incentives, funding, initiatives and infrastructure in different countries
which aids in reducing the total cost of the EVSE system [16]. With the
implementation of any of these actions undertaken by these countries,
the cost of the EVSE system would be reduced [18].

Component 1 2 3
High Cost of E.V 0.627 0.579
High Cost of Replacement Parts 0.809
High Operating Costs 0.504 0.463 0.53
High Cost and Availability of Insurance 0.489
Lack of qualified technicians 0.845
Lack of replacement parts 0.851
Lack of operational knowledge 0.713
Lack of charging infrastructure 0.823
Lack of government support 0.738
Long charging time 0.637
Refuel locations
Short Driving Range 0.431 0.332
Maximum speed that can be achieved
Safety 0.351 0.654

Table 12c: Component Matrix.

Charge Charging time
EVSE Type Power Supply Powgr (Approx.) for a
24kWH Battery
. 120VAC 12Ato 16A | ~1.44kW to
Level 1 (AC charging) (single phase) ~1.92kW ~17 Hours
208~240VAC
Level 2 (AC charging) = 15A~80A (Single/ 3.1kW to ~8 Hours
! ~19.2kW
Split Phase)
Level 3 (combo 300 to 600 VDC From
charging system or (Max 400A) (Poly | 120kW upto ~30 Minutes
DC Charging) Phase) 240kW

Table13a: Types of EVSEs.

EVSE Type (single port) EVSE Unit Cost Range
Level 1 $300-$1,500
Level 2 $400-$6,500
DCFC $10,000-$40,000

Table 13b: Cost range of EVSEs

Figure 15b: High cost Level Three EVSE

Figure 16a: Lamppost recharging of EV.
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Figure 16b: Smart cable.

The government of Trinidad and Tobago aims at increasing the
usage of alternative vehicles by providing a range of incentives that
reduces the total cost of the electric vehicle [18]. These incentives are
exceptionally significant in attracting new vehicle owners since the
reduction in total cost results in savings for the owners of the vehicle.

However, no focus was done on developing the charging
infrastructure essential for powering the EV. This acts as one of the
main factors affecting EV adoption since the potential EV users cannot
rely on their charging system when travelling long distances. The
EVSE built onto the electric vehicle charging system can be plugged
in at any 120-volt electrical outlet to recharge the vehicle but may take
several hours to be fully recharged. In addition, these systems may be
considered expensive for first time EV users. Charging stations must be
developed to permit users to recharge their vehicles in a short space of
time. The DC Fast Charging allows for a short and effective recharging
time but requires the governments intervention for it to become reality.
With tax incentives and funding, the total cost of the EVSE systems can
be remarkably reduced, thereby encouraging persons to consider the
switch to electric vehicle adoption.

For example, from Table 15 above, it can be seen that Japan offers
a 50% subsidy of the total cost of the EVSE. If the government of
Trinidad and Tobago follows the initiative undertaken by the Japanese
government, a significant decrease can be observed in EVSE costs, hence
allowing for a greater chance of EV adoption. The following Tables
16(a) and 16(b) illustrates the cost of the EVSE system in Trinidad and
Tobago with a 50% subsidy.

Maintenance and service

The maintenance and servicing of an automobile is critical to the
life of the vehicle. However, unlike a gasoline/diesel vehicle, the electric
vehicle comprises of an electric motor and battery pack. This motor
is unlike any automobile engine, which therefore means the servicing
and maintaining of the electric vehicle would differ from that of the
gasoline/diesel car.

In the United States of America, Institutions offer training in
the field of servicing and maintaining EVs [16]. The Electric Vehicle
Centre of America offers the Certified Electric Vehicle Technician
(CEVT) certificate program for the repair and maintenance of the
electric vehicle. Another institution, The National Alternative Fuels
Training Consortium (NAFTC) also provides a similar program
on electric vehicles, which covers a basic understanding of electric

Figure 16c: LED lighting.
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Figure 17a: UniPet Service Stations.

Figure 17b: GNS Service Stations.
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Figure 17d: NP Service Stations in Trinidad.
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Figure 17e: NP Service Stations in Tobago.

EVSE Type Cost
Level One $3,383
Level Two $4,580

Level Three $126,591

[US to TT conversion (April 2018): 1 US dollar=6.75 TT dollars]

Table 14a: Minimum cost of EVSE in TT dollars.

EVSE Type Cost
Level One $15,995
Level Two $68,688

Level Three $441,880

Table 14b: Maximum cost of EVSE in TT dollars.

vehicles, troubleshooting, electric drive vehicle infrastructure training
and electric drive vehicle automotive technician training (National
Alternative Fuels Training Consortium). In addition to this, the US
Department of Energy developed an EV Infrastructure Training
Program, which educates and accredits electricians on the installation
of an EV Infrastructure [9].

In other countries, programmes have been developed to determine
whether a technician meets the standard for servicing an electric vehicle.
In the United Kingdom, the Automotive Technician Accreditation
(ATA) for electric vehicles was established to ensure the technicians
possess the skills required to service and maintain the electric vehicle.

The ATA offers training to technicians on the servicing of an EV
as shown in Figure 18. However, their key purpose is to evaluate the
technician skills and abilities to determine if their knowledge and
abilities meet a professional standard [19].

In Trinidad and Tobago, there currently exists no courses on the
servicing and maintaining of an electric vehicle. The lack of EVs present
in the country has not encouraged technicians to study a programme
based on EV servicing and hence there are only a few persons qualified
to repair/service an electric vehicle. In order to successfully promote
EV growth, there must be courses developed to educate and train
technicians to successfully diagnose and restore an electric vehicle to
optimal working condition.

The electric vehicle comprises of a high-voltage energy block
which demands compatible equipment that utilizes distinctive
software to diagnose it [16]. The battery in an electric vehicle lasts for
approximately eight (8) years after which they need to be replaced.
Proper training must also be taught to technicians for the safe removal
of these batteries since the battery in electric vehicle is located under
the vehicle, unlike the traditional automobile as shown in Figure 19.
Conventional automobiles place heavy demand on mechanical vehicle
parts, which require maintenance to keep the parts working in optimal
state. However, EVs have high demands on electrical power systems.

Therefore, technicians must be trained to facilitate these demands
from the EVs. Courses similar to the Certified Electric Vehicle
Technician certificate program as offered in different states in America
can greatly impact the knowledge of an EV onto technicians in Trinidad
and Tobago. In addition to this, programmes such as the one in the
United Kingdom will allow for validating the skills and abilities of the
technicians before certifying them as technicians that can successfully
maintain and repair an EV.

Taxes on vehicles
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Japan

Subsidise 50 percent of cost;
subsidy increased to 67 percent

Government Incentives "¢ .o ife plan of local govt. or

Singapore

UK us Hong kong

Tax credit of up to US|  Grant concessions on Gross
$1000 for individuals Floor Areas (GFA) for " EV
and US $30,000 for = charging- enabled" car parks in

Subsidise 75 percent
of the cost, capped

Government Initiatives

highway agencies is followed

¥100.5 billion to expand charging
infrastructure to ~12,000 charging -
points

Government Funding

Electric vehicles (Evs)
Test-Bed programme
to examine issues
relevant to policies
regarding roll-out
of Evs. Awarding of
"Green Mark" points
by the Building and
Construction Authority
to buildings which
allocate charging
facilities

collobaration with Toyota, Nissan,
Honda and Mitsubishi announced,
agreeing to support the goal of
installing 4,000 DC quick EVSE
and 8,000 semi-quick EVSE, and
build a convenient and accessible
charging network

Install 68 standard

Government-built Fund 4,000 DC quick EVSE and | EVSE and 3 DC quick

at £900 commercial buyers new buildings
£37 million of
funding for charging o5 uion for the
infrastructure;

another 32 million
mainly for a DC
quick charging
network

"Plugged-in-places"
(PIP) fund to
support EV charging
infrastructure.
Require all publicly-
accessible govt-
funded EVSE to be
placed on a freely-
accessible national
dataset used by
websites, apps and
Sat-Nav developers
to communicate
EVSE lactions to
drivers

Fund>5,500 charging
points in "Plugged-in

"EV project",EVSE

deployment is part of

the project

The "EV project"”
collects and
analyses data to
characterise vehicle
use and evaluate
the effectiveness of
charge infrastructure.
Workplace Charging
challenge, aiming
to achieve a tenfold
increase in the
number of US
employers offering
workplace charging

Fund 11,846 semi-
quick and 87 DC

A pilot scheme to enable

electric taxi suppliers to install
quick chargers at car parks

administered by the Transport
Department. Replace 100

standard EVSE with semi-quick

EVSE.

Install~500 standard EVSE
and 100 semi-quick EVSE at

government car parks

Information from the Trinidad and Tobago 2017/2018 Budget
clarified that currently there exist exemptions in respect of duty, motor
vehicle tax and VAT for electric and hybrid vehicles. This applies to
electric vehicles with an engine size less than 179 kilowatts and hybrid
vehicles with an engine size under 1599 cubic centimetres (cc) as shown

To determine the lowest operating costs between an electric and
non-electric vehicle, a comparison was done between an electric and

infrastructure 8,000 semi-quick EVSE EVSE in the Evs Test- " quick EVSE in the
Places" Programme .. gt
Bed programme EV Project
Table 15: Government support of EVSE in several countries.
EVSE Type Cost
Level One $1,692
Level Two $2,290
Level Three 63,296 .
$ in Table 17.
Table 16a: Minimum cost of EVSE in TT dollars. . . . .
Comparison of electric/non-electric vehicle
EVSE Type Cost
Level One $7,998
non-electric vehicle of the same model.
Level Two $34,344
Level Three $220.940 The cost of a Nissan NV200 Vanette EV=$110,000.00

Table 16b: Maximum cost of EVSE in TT dollars.

The cost of a Nissan NV200 Vanette=$160,000.00

It was observed that the difference in price was due to the motor
vehicle tax, duty and VAT that applied to the non-electric Nissan
NV200 Vanette.
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Figure 18: Brochure displaying a course on EV Training in the UK.

The total cost for a vehicle not only includes the purchasing price,
but also insurance costs, maintenance costs and fuel/electricity costs.
Since the electric and non-electric vehicle are of the same model, it can
be assumed that the tires, and certain maintenance costs such as brakes
shoes and disc pads etc. would remain the same.

Information with respect to the insurance of both vehicles was
obtained from a local insurance broker (Universal Insurance Brokers
Limited).

Insurance cost of Nissan NV200 Vanette EV=$3144.07
Insurance cost of Nissan NV200 Vanette=$4379.50

Table 17 below illustrates the parameters required for determining
the running costs for both an electric and non-electric vehicle.

The cost of diesel per gallon=$3.97 (Trinidad and Tobago Ministry
of Finance [18])

Cost of Electricity per kWh=$0.30 (Trinidad and Tobago Electricity
Commission [20])

Maintenance cost of Nissan NV200 Vanette per kilometer=$ 0.245
(Lebeau et al. [21])

Maintenance cost of Nissan NV200 Vanette EV per kilometer =
0.65 x (Maintenance cost of Nissan NV200 Vanette) = $0.159 (Lebeau
et.al [21])

Kilometers per gallon=38.62 km/G
Kilometers per kWh=7.08 km/kWh
NV 200 VANETTE

Fuel cost per year:

_ (Kilometers driven per daij Cost of gasoline %365 davs
= km/G gallon Y
=0 397365 days
38.62
=$1876.04

Maintenance cost per year:

=Maintenance cost per kilometer x Kilometers driven per day x
365 days

=0.245 x 50 x 365

Figure 19: The electric vehicle battery.

Motor Vehicle Tax Duty Value Added Tax

Vehicle (MVT) (VAT)
Electric (<179KW ) 0 0 0
Hybrid (<1599cc) 0 0 0
Hybrid (>1599cc) $10.00 per cc 43.75% 12.50%
Non-electric /hybrid $10.00 per cc 43.75% 12.50%

(>1599cc)

Table 17: Taxes on electric vehicles and non-electric vehicles.

=$4471.25

Total operating costs per year (NV 200 Vanette):
= Maintenance cost per year+Fuel cost per year
=$1876+$4471.25

=$6347.25

NV 200 VANETTE EV

Fuel cost per year:

_ Kilometers driven per dayj>< Cost of electricity %365 days
km/G kWh

508 x0.3x365 days

=$773.31

Maintenance cost per year:

=Maintenance cost per kilometer x Kilometers driven per day x
365 days

=0.159 x 50 x 365

=$2901.75

Total operating costs per year (NV 200 Vanette):

= Maintenance cost per year+Fuel cost per year
=$773.31+3901.75

=$3675.06

The lifetime of an electric vehicle battery is approximately 8 years

The replacement cost of a Nissan NV200 Vanette EV battery=US
$4000
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With this in consideration, the replacement of the battery after 8
years would be added to the cost-analysis graph to determine the total
operating costs of both vehicles for a period of 10 years as shown in
Figure 20.

The comparison of both vehicles illustrate that the NV200 Vanette
EV has a lower operating cost as compared to the non-electric version
of it. One reason for this is due to the lower maintenance associated
with an electric vehicle Another reason for this is due to the tax
incentives offered by the government of Trinidad and Tobago as listed
in Figure 20 above. These incentives remove all taxes associated with
an electric vehicle, which thereby decreases the total cost of the vehicle.
This comparison concluded that EV's are quite affordable compared to
a non-electric vehicle when considering the purchasing and operating
costs for a period of 10 years.

The incentives offered are significant in promoting EV growth
throughout Trinidad and Tobago. As seen in the figure above, they
have a positive effect on the reduction of the total cost of the vehicles.
This not only influences persons to purchase an EV but also contributes
to reducing pollution onto the environment. To successfully continue
motivating drivers to adopt to EV usage, several more initiative can be
considered as listed in Table 18 [16] which demonstrates EV initiatives
from various countries.

The strategies listed above proved successful in influencing the
adoption of electric vehicles in those respective countries. The aim of
the government is to increase the usage of electric vehicles in Trinidad
and Tobago (Trinidad and Tobago Budget 2017/2018). This is the
key to the future of transportation since the goal of the world is to
adapt to green transportation. The government has started with the
fundamental of removing the taxes connected with the EV but needs
to consider new initiatives as listed in Table 19 above to fulfil its goal of
achieving sustainable transport. The successful employment and results
associated with the initiatives appointed in countries such as Singapore
and France where rebates are offered should be examined in Trinidad
and Tobago since this strategy could also be successful and can result in
widespread adoption of electric vehicles in the country.

Safety

The purpose of safety is to prevent accidents at any cost. For
vehicles, this is considered in the design and manufacturing process.
After each vehicle is manufactured, thorough inspection is conducted
to ensure that the vehicle meets the required standards such as the
ISO 26262. The ISO 26262 is an international standard that address
safety hazards caused by the malfunctioning of Electrical safety related
systems (International Organization for Standardization) For electric
vehicles, the process is similar however; different countries implement
different systems in place to ensure that the electric vehicle is safe for
use [22].

The Type Approval, as shown in Figure 21 is an official confirmation
that an automobile meets necessary specifications. In Hong Kong,
all vehicles including EVs need to obtain a type approval from the
Department of Transport before the vehicle can be licensed [16]. In the
case of EVs, a type approval from the Department of Environmental
Protection is also required to ensure certain standards are met regarding
the environment.

In Europe, the Type Approval includes distinct safety requirements
regarding crash protection to cover the risks associated with electric
power-train vehicles as well as specific safety requirements regarding
batteries have been implemented. Similarly, the Type Approval in
China considers the electric safety of the EV which includes the safety

Operating Costs for Nissan NV200 and Nissan N\V200 EV

Figure 20: The cumulative costs for running the Nissan NV200 and Nissan
NV200 EV.

of batteries and protection from electrical shock. The Type Approval
ensures that battery safety tests are conducted in accordance with
certain standards to prevent any safety related issues. Crash tests, as
shown in Figure 22 are also done in similarly to conventional vehicles by
examining the electrical system before and after the crash to determine
any flaws in the electrical system.

The government of Trinidad and Tobago must consider the
type approval requirements enlisted above to ensure the safety of
EVs. In Trinidad and Tobago, foreign used vehicles can be imported
and license once they are less than four (4) years old. There must be
certain specifications in place to inspect the foreign used as well as new
vehicles, preferably foreign used vehicles, to ensure that the vehicle
meets a required standard before it can be licensed. Tests such as battery
inspections should be conducted to ensure the battery meets certain
criteria to prevent any accidents on the nation roads.

Renewable energy

The aim of this section is to determine the most suitable form of
alternative energy to power the electric vehicle which involves the use
of the pair-wise comparison chart (Table 20). The different forms of
renewable energy include:

. Solar
. Wind

. Hydropower

. Geothermal

. Biomass

. Nuclear

Defining metrics

. Quality oflife: 1-Hazardous impact on human life, 2-Medium

risk to human life, 3-Low risk to human life.

. Plant safety: 1-High probability of accidents occurring,
2-Medium probability of accidents occurring, 3-Low probability of
accidents occurring. Maintainability: 1-High Maintenance, 2-Mediium
Maintenance, 3- Low Maintenance

. Environmental impact: 1-High Environmental Impact
2-Medium Environmental Impact, 3-Low Environmental Impact

e Noise: 1- High noise pollution, 2- Medium noise pollution,3-
Low noise pollution

. Cost: 1- High cost, 2- Medium cost, 3- Low cost

. Power generation: 1-Low Power Generation, 2-Medium
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NV200 Vanette NV200 Vanette EV
Kilometers driven per day 50 Kllomete:jsa(;rlven per 50
Cost of gasoline per gallon $3.97 Cost of Iil\?\;;r:”c'ty per $0.30
Malnten_ance Cost per $0.245 Malntenanc}e Cost per $0.159
kilometer mile
K"°meterzgnec:ng)a"°” (km/ 38 62 kmiG | Kilometers per kWh  7.08 km/kWh

Table 18: Parameters required to obtain the running costs of both an electric and
non-electric vehicle.

Economy Government EV incentive and initiatives

Full exemption of import and excise taxes on hybrid and electric

Malaysia cars until 31 December 2013.

Under the Carbon Emissions-based Vehicle Scheme, most electric

Singapore cars qualify for the maximum SG$20,000 rebate.

The Transport Department announced a subsidy for EV charging
UK infrastructure, paying up to 75 percent of the installation costs,
ranging from GBP 1,000 to GBP 10,000.

Government contributes US$1.025 billion towards the installation

Japan of national electric vehicle charging infrastructure, powered by
renewable energy.
! Beijing announced EV purchase incentives of RMB 120,000 and
Mainland ) .
China an exemption from the need to use the lottery to obtain a new car
registration.
The government offered drivers a rebate of EUR 7,000 (~US
France $9,700) on the purchase of a battery-powered vehicle and EUR
4,000 (~US $5,555) for a hybrid electric-gasoline model.
The German automotive industry invested EUR 12 billion (~US
Germany $16.7 billion) in the development of an alternative fuel drive train
over the next three to four years.
Electric vehicles are exempted from the annual ownership tax for
Italy five years from the date of first registration. After five years, EVs will

receive a 75 percent reduction in the tax rate for comparably-sized
petrol vehicles in many regions.

US (Federal Electric-drive vehicles (EVs and PHEVs) sold after December 31,
2008 receive
Government) a $2,500 to $7,500 tax credit, depending on the vehicle's battery
size (4 kWh to 16 kWh). This is an incentive from the American Recovery and
Reinvestment
Act of 2009 (the-stimulus billll), and will apply to at least 200,000 units per
vehicle manufacturer before being phased out.

Full exemption of first registration tax and promotion of charging

infrastructure installation. The Government has set up a HK$300

million Pilot Green Transport Fund to support the testing of green
and innovative technologies applicable to the public transport sector

Hong Kong

and goods vehicles.

Table 19: Government EV Initiatives from Various Economies in 2013.

Figure 21: Type Approval.

Power Generation, 3-High Power Generation

Table 21 shows the renewable energy selection matrix and from

Figure 22: Crash Test of a Tesla Models.

Table 22, the most suitable form of renewable energy applicable to
Trinidad and Tobago is Solar Power. Solar power is a widely utilized
form of alternative energy around the world today due to its main
advantages such as the large amount of energy available from the
sun, it is pollution free and the radiation can be directly converted to
electricity by photo-voltaic cells [23]. Solar energy is a great source of
energy that can be used to power the electric vehicle however one of its
main disadvantages is that the solar energy received on the earth is very
dilute which therefore requires a large collector area to produce a given
power. Figure 23 illustrates solar power being used to recharge electric
vehicles and it can distinctly be seen the large collector area required to
power the EVs.

Solar Energy is ideal for Trinidad and Tobago since the country is
located within the tropical region of the world. This is a major advantage
since the weather is mostly sunny throughout the year along with the
additional benefit of the sun shining for approximately 12 hours per
day. Subsequently, the sun is absent for approximately 12 hours per
day which results in no power being produced. This major drawback
requires a battery to store the charge to facilitate charging at night
times. Additionally, a DC/AC inverter is required to convert the Direct
Current produced by the solar panel to Alternating Current required
to recharge an EV [24]. Figure 24 displays the equipment needed to
fully employ solar energy. With the allocation of these equipment, solar
energy can easily recharge EVs without any problems.

Conclusion

The aim of this study was to determine the main factors affecting
electric vehicle adoption in Trinidad and Tobago. This was done
by utilizing the SPSS software for statistical analysis where Cross-
tabulations were executed to determine traits affecting electric
vehicle adoption and Principal Component Analysis was conducted
to determine the main factors affecting EV adoption. The analysis
conducted displayed that no human factors such as age and gender
influences the purchase decisions of an electric vehicle. The main
factors determined from the principal component analysis included
Support Systems, Costs associated with the electric vehicle and Safety.

Support systems includes the charging infrastructure of the EV,
Government Incentives and the provision of proper maintenance and
servicing systems. Currently there exists no charging infrastructure
for the EV which is one of the major reasons of little adoption of the
EV today. The government has provided incentives which reduce the
total cost of the electric vehicle however this would not be fully utilized
until charging infrastructures are developed throughout Trinidad
and Tobago. The incentives offered by the government include the
removal of taxes on the vehicles which significantly reduces the total
cost of the vehicle. However, no concern was placed on the cost of the
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Criteria Description

Quality of Life The effects on the quality of human life.

Plant Safety The possibility of the system causing an accident.

Maintainability The continuation of the system after implementation.

Environmental The impact on the environment after implementation of

Impact the system
Noise Noise pollution due to execution of the system
Cost Finances associated with the purchasing and installation of

the system

Power Generation ~ The ability of the system to continuously produce power.

Considers whether the system can be conveniently located in

Accessibility a given area

Figure 23: Solar Power Charging Infrastructures for EVs.

Table 20: Criteria used for the pairwise comparison chart.

Attributes V\‘I?eeilgalzit‘i’:g Solar Wind ;IX‘:: thgrer:al Biomass  Nuclear
Quality of Life 0.22 3 3 3 2 3 1
Plant Safety 0.22 3 3 3 2 3 2
Maintainability 0.05 3 3 1 3 1 1
Environmental 017 3 3 3 2 3 1
Impact
Noise 0.01 3 2 1 1 2 1
Cost 0.11 2 3 3 2 2 1
G::;"rvaet;on 0.11 2 2 2 3 3 3
Accessibility 0.11 3 1 1 1 2 1
Total 22 | 20 17 16 19 1

Table 21: Renewable Energy Selection (Selection Matrix).

Figure 24: Solar Energy requirements to recharge an EV.

Attributes Solar Wind  Hydropower thS:rzal Biomass Nuclear
Quality of Life 0.66  0.66 0.66 0.44 0.66 0.22
Plant Safety 0.66 | 0.66 0.66 0.44 0.66 0.44
Maintainability 0.15| 0.15 0.05 0.15 0.05 0.05
E“V:rr‘:;:‘cet“‘a' 051 051 051 034 051 | 047
Noise 0.03 | 0.02 0.01 0.01 0.02 0.01
Cost 0.22 | 0.33 0.33 0.22 0.22 0.1
Power Generation | 0.22 | 0.22 0.22 0.33 0.33 0.33
Accessibility 0.33 0.1 0.11 0.11 0.22 0.11
Total 2.78 | 2.66 2.55 2.04 2.67 1.44

Table 22: Renewable Energy Selection (Weighted Metrics).

EVSE systems. These systems are quite expensive and therefore should
be evaluated so as to provide incentives to reduce its cost. There is
currently a lack of technicians available to service and maintain the
EVs. Programmes must be developed to educate technicians on the
proper procedures and equipment to use when conducting service and
repairs on these vehicles.

From the Principal Component Analysis, high costs act as another
factor which affects EV adoption. It must be noted that during the data
collection phase of this project, automobile car dealers pointed out that
high costs remain as a factor to EV adoption since people are unaware

of the existence of the incentives imposed on EVs. This was tested on the
questionnaire where the results revealed high costs as a factor affecting
electric vehicle adoption. The employment of incentives can only be
considered effective when the population of Trinidad and Tobago is
aware of its presence. From the cost-analysis done, the results showed
that electric vehicles are cheaper than conventional vehicles and also
cheaper to maintain. The main problem is not associated with the cost
of the vehicle but rather the population not being aware of its presence.
Therefore, advertisements or other techniques should be implemented
to ensure that more people become aware of its availability.

Safety was determined as another factor of EV adoption. It was
concluded that Type Approvals are essential in validating the electrical
systems in an EV, by comparing it to certain specifications before
licensing the vehicles. This procedure should be employed in Trinidad
and Tobago to ensure the vehicle is electrically sound for use on the
roadways.

The renewable energy that was determined as most feasible to
power the electric vehicle was Solar Energy. This form of energy can be
utilized in Trinidad and Tobago due to the natural weather conditions
that comprises of mostly sunny days. This is a great form of renewable
energy due to the wide availability of energy from the sun and with the
proper incentives and programs in place, can become a great source of
powering EVs.
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