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1. ABSTRACT

The surging prices of gasoline and diesel have significantly hindered the everyday
livelihoods of individuals living in remote Northern communities who rely heavily on
gasoline and diesel generators to fuel their day-to-day activities. The Arctic Institute of
North America’s Kluane Lake Research Station (KLRS) is seeking a means to
permanently transition from these carbon-intensive energy production sources to more
environmentally friendly and sustainable solutions. The Kubota RTV 500 is a staple
gasoline-powered vehicle for many who reside at the KLRS research station and
surrounding Indigenous communities in the Yukon due to its durability under the harsh
weather conditions of the North.

In this document, a full petrol to electric motor conversion will be examined with various
changes made to the existing components. We believe this conversion will reduce
dependency on expensive fossil fuels and provide a long-term, sustainable solution for
the KLRS and neighboring Indigenous communities. Applying this easily replicable
conversion kit to the Kubota RTV 500 will hopefully promote the positive and economic
shift to electric sustainability throughout the region and stimulate conversions of other
petrol vehicles.

The batteries and motor were chosen based on their ability to withstand the harsh
weather conditions in the Yukon throughout the year. The stability of the batteries were
chosen based on their ability to charge in low temperatures, the cost of electricity versus
petrol in the area of interest, and how long the batteries take to fully charge. Through
these and other factors such as cost, the Lead acid batteries were chosen for their
affordable advantage. The motor which was decided on was the AC9 48V coupled with
a 450A controller. The chosen motor will provide the Kubota with the necessary
horsepower and torque required to obtain compatibility with the original performance
specifications. Overall the conversion is more cost effective and sustainable, as
electricity is less expensive than petrol and reusing older material is more sustainable
than buying new.

We believe the application of our electric motor conversion kit will provide the KLRS and
Northern communities with a durable, reliable, and cost-effective alternative to their
current unsustainable gasoline-powered transportation.
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2. FUEL AND CHARGING SPECIFICATIONS

2.1. Fuel Costs for Kubota UTV

The Kubota RTV uses gasoline as fuel, and has a 20L fuel tank. Using current fuel
prices for gasoline in the Yukon which range as high as $1.77/L [1], it would cost on
average $34.50 to fill up the UTV from empty.

The fuel economy of the Kubota RTV ranges depending on many factors such as how it
is used, what it is towing, idling, etc. Using self-reported values of fuel economy from
the website fuelly.com, consumers were able to get an average fuel economy of 0.3222
L/km [2]. Calculating fuel costs on a dollar per kilometer basis, it costs approximately
$0.57 per km to fuel a gasoline powered Kubota RTV.

2.2. Estimated Charging Costs for Kubota UTV

An electric Kubota RTV system would have battery storage specifications similar to the
ones outlined below:

● Four 12V, 150 amph batteries
● Built in 48V, 15A battery charger

With the system outlined above, and with a normal 110V-120V AC power supply that is
found in North American homes, the battery system can be expected to be fully charged
from zero to 100% in approximately 20 hours.

The current price for electricity in the Yukon is $0.187 per kWh [3]. With the above
specifications, it would cost approximately $2.69 to charge the batteries on a zero to
100% charge cycle.

Electric range on an electric vehicle can vary depending on many factors such as motor
load, environmental temperature, speed of driving, etc. Assuming an electric range of
20km with the specifications given, the chosen motor, and nominal driving habits, it
would cost approximately $0.13 per km to operate an electric Kubota RTV.
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2.3. Cost Comparison

A summary of the cost differences between a fuel driven and an electrically powered
Kubota RTV are summarized in Table 1 below.

Table 1: Operating Costs of Gasoline vs Electric Driven Kubota RTV

Operating Costs ($/km)

Gasoline Powered Kubota RTV 0.57

Electric Driven Kubota 0.13

A consideration to be taken into account for the electric driven Kubota is battery
depletion which will require replacement after years of steady use. Depending on the
type of batteries that are chosen (for example Lead Acid versus Lithium Ion), the
replacement can occur every couple of years to potentially upwards of once every 5 to 6
years, as well as cost anywhere from ~$1.5k to ~$5K to replace.

However, these replacement costs are offset by how much cheaper it is to operate an
electrically driven UTV. As well as other solutions such as installing home solar panels
can be used to bring down the price furthermore. Whereas the price of gasoline is much
more difficult to predict, and cannot be expected to be lowered to the same prices as
that of electricity.

A comparison for the two different motors can also be made in terms of the lifetime use
of the UTV. The lifetime of a product depends on many factors that can be out of the
manufacturer’s, and even user’s control, therefore a 10 year lifetime is what is
considered for this analysis. As well the assumptions listed below are considered:

● Daily use of the UTV year round
● A full fill-up/full recharge will be required every 3 days
● Fuel and electricity prices will remain constant throughout the 10 years
● Only motor system maintenance costs are considered

○ i.e. no costs of repair, or maintenance to other system or external
damage are considered

Table 2 below shows an estimated summary of the comparison of the costs of
ownership for a Kubota UTV over a 10 year life.
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Table 2: 10 Year Lifetime Cost of Ownership Comparison

Motor Type Estimated
Fuel/Charging

Costs ($)

Estimated Motor
System

Maintenance
Costs ($)

Total Estimated
Cost ($)

Petrol 42 090 1500 43 590

Electric 3283 4000 7283

The overall conversion cost is around $8500. Overall the ten year lifetime cost of
converting a petrol UTV to electric is approximately $16,000. When compared to the ten
year lifetime cost of a petrol Kubota it is evident that the conversion is the more cost
effective option. A new electric UTV costs approximately $17,000 and will require the
equivalent costs for charging as the electric conversion. Converting an older UTV as
opposed to buying a new electric UTV will save approximately $4000. Retrofitting is also
the more sustainable option as a new UTV requires new materials which results in a
larger ecological impact. In conclusion, the conversion is the most cost effective and
sustainable option.
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3. TECHNICAL SPECIFICATIONS

3.1. Baseline Specifications

Before we can compare what the post-conversion RTV 500 might feel like to its user, we
have to establish a baseline to compare all post-conversion metrics to. As such, the key
manufacturer specifications of interest are listed in the Table 3 below [4]. The
specifications that we will be focusing on the most for this comparison will be speed and
power. It is also important to note that this comparison is subject to the accuracy of the
literature values available to the team, as the conversion has not yet taken place.

Table 3: Manufacturer Specifications

SPECIFICATION

Model RTV 500

Net Power - HP,  (kW) / rpm (15.8),  456 / 3600

Torque - ft lbs. 40

Drive System 4WD Standard

Traveling Speeds - km/h (mph) 0 - 40 (0 - 25)

Towing Capacity - kg (lbs.) Rear: 500 (1102)

Weight  - kg (lbs.) 615 (1358)

Transmission Variable Hydro Transmission (VHT) Plus

Gear Selection High / Low / Reverse / Neutral
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3.2. Post-Conversion Specifications

In this section we will explore the specifications of the chosen conversion equipment,
most notably, the electric motor. As described in the Fall 2021 semester, the team
decided to procure an AC9 48V with a 450A controller from a Canadian retailer located
in Vancouver, BC., Canada Electric Vehicles (canEV). The specifications of the electric
motor can be found in Table 3 and Figure 1 below.

Table 4: AC-9 Peak Graph Values [5]

Metric AC9 48V

Controller (Amps) 0 RPM 3000 RPM

Torque (ft lb) 44.7 41.30

Horsepower (hp) 0 23.3

Figure 1: AC-9 Peak Graph [5]

It can be seen from the above graph that all values will be achieved with a nominal
voltage of approximately 48V.
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3.3. Post-Conversion Speed

Now that the pre and post-conversion specifications have been established we may
begin to compare what a converted RTV would feel like to the user. The power
produced by an engine - petrol or electric - is usually represented as horsepower, or the
force needed to move 550lbs in 1 second; as such, an engine's horsepower is indicative
of a vehicle's top speed [6]. It can be seen from Section 3.1 and 3.2 above that the
respective horepowers at 3600 RPM is as follows:

Table 5: Horsepower Comparison

Metric
Petrol Motor

(Pre-Conversion)
Electric Motor

(Post-Conversion)

Horsepower (hp) @ 3600 RPM 15.8 22.0

Post-conversion, the RTV 500 will have an increase of 6.2 Horsepower at 3600 RPM, or
a 39% increase. To the user of the converted RTV 500, this increase might not exactly
correlate to a 39% increase in top speed (55.6 km/h, up from 40 km/h) due to
mechanical losses of the machine and increased wind resistance of a higher top speed,
it is fair to assume that the user will experience a higher-top speed to a certain degree;
therefore allowing them to travel from point A to point B in a noticeably shorter amount
of time.

It is important to note that although the RTV’s top speed cannot be accurately measured
or verified at this point in the project life, there will be post-conversion tests to provide
an accurate and reliable value that will be discussed in the final engineering report.

3.4. Post-Conversion Power (Capacity)

The best metric to measure the converted RTV power capacity would be the torque. A
vehicle's torque is an expression of the rotational or twisting force derived from the
motor; therefore, torque may be viewed as the ‘strength’ or capacity that a vehicle has
available to haul weight or ‘do work’ [6]. It can be seen from Section 3.1 and 3.2 above
that the respective motor torques is as follows:
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Table 6: Torque Comparison

Metric
Petrol Motor

(Pre-Conversion)
Electric Motor

(Post-Conversion)

Torque (ft lb) 40.0 44.7

Post-conversion, the RTV 500 will have an increase of 4.7 ft-lbs of torque, or a 12%
increase. Again, to the user of the converted RTV 500, this increase might not exactly
correlate to a 12% increase in hauling capacity due to various factors such as
mechanical losses and a new weight distribution from the batteries; however, it is fair to
assume that the hauling capacity of the RTV is maintained post-conversion.

Moreover, the user will experience a significantly different ‘feel’ while driving a converted
RTV. The main advantage that an electric motor has over a traditional petrol motor is
the RPM in which the highest torque value is experienced. From Figure 1 above it can
be seen that the AC9 motor will experience its highest torque at 0 RPM, this peak
torque at such a low RPM means that the power experienced when initially depressing
the accelerator pedal will have a much more instantaneous feel - most likely resulting in
an unexpected ‘jerk’ from an inexperienced operator. Even so, the hydrostatic
transmission of the RTV 500 (which will be maintained) should moderate the excess
torque such that the internals of the transmission are not damaged due to the increase
in torque.

3.5. Technical Specifications Summary

To summarize, the converted RTV 500 will have a 39% increase in horsepower resulting
in a higher top speed that will be verified once the conversion is complete. The RTV 500
will also have a 12% increase in motor torque resulting in the current hauling capacity of
the RTV to be maintained.
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4. PERFORMANCE CAPABILITIES

The conversion for the Kubota RTV 500 will undergo adjustments that would alter and
maintain a few of the capabilities that this RTV held through the petrol standard.
Reflecting back on the undertaking for this project, some major considerations were
made by the team that would support in allowing the electrical conversion to operate
within similar to greater conditions as the petrol version. The function for the vehicle
would have to withstand extremely cold temperatures, rough terrain, and wet conditions
due to snowfalls. A few aspects that were evaluated for the RTV’s capabilities include
the cold weather conditioning of the vehicle and off-road capabilities.

4.1. Cold Weather

Motor:

The petrol Kubota RTV 500 operates with a 15.8HP, 2-cylinder, 4-cycle gasoline engine
that features an Electronic Fuel Injection (EFI) system which provides efficiency in its
carburetor system [7]. Through this, the engine would be supported with a greater
startup. However, the conversion would replace this engine with a brushless AC9 48V
Curtis electric motor which incorporates electromagnetic induction to produce the
torque. The vehicle will be operating with temperatures reaching -40 ℃ in the Yukon
and will affect the vehicle’s start-up and efficiency [8]. A gasoline engine functions
through the combustion of fuel to start up which can be kept warm through the release
of heat while operating. Yet, they can take time to start up due to sub zero temperatures
freezing up the engine oil if the vehicle is not being kept inside overnight [9]. Similarly,
the Curtis AC motor selected can be treated the same as it was with the petrol engine in
cold conditions. Heat will be generated with the motor and distributed throughout
multiple components in the system as it operates [10]. Yet, there is a minor concern if
the electric motor is exposed to long periods in cold states, thus reducing its
performance. The following issue involves demagnetization, which reduces the
magnetic force of the motor and can heavily affect the ability to produce the most
efficient speed and torque [11].

Batteries:

A major component that will influence the performance of the electric Kubota RTV will
involve the batteries powering up the motor. To operate the AC9 electric motor, four 12V
150 AH Lead-acid batteries were selected to be integrated into the RTV. Kubota’s
original battery did utilize a Lead-acid battery to power up any electrical components
within the vehicle and as well as any lights to operate the RTV in the dark. For the
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purposes of a cost-effective build, Lead-acid batteries will again be used for the electric
conversion. Lead-acids are not considered to perform as well compared to Lithium-ion
batteries, yet with the correct conditioning of the RTV they can still operate within the
cold temperatures.The old battery was originally placed and protected underneath the
seats, which can provide a small portion of heat-support to keep it warm. Yet, through
Kubota’s RTV 500 manual, a countermeasure is provided for the battery if it becomes
weak and affects the gasoline engine during operation. This solution includes storing
the battery indoors, and installing it only for use [12]. A similar approach will need to be
accomplished with the four batteries being installed in the electrical conversion, which
will undergo charging indoors and protected from any freezing temperatures [13].

4.2. Off Road

The Kubota RTV 500 was created to endure rough terrain, handle rugged conditions
and these are key aspects that are still maintained post-conversion. These off-road
qualities are brought through its mechanical systems such as its hydrostatic
transmission, hydraulic brakes and stock tires which are adequate for heavy-duty work
[14]. Throughout the conversion, these systems will be maintained to preserve the
UTV’s off-road qualities.However, as specified in the Technical Specifications section,
the power brought in through the AC9 motor will enhance its ability for the payload and
towing capacity. Due to the current project’s timeline, testing cannot be applied to
validate the payload/towing limits that the UTV can carry and hold through
transportation.

Water Resistance

A concern that arises through the integration of electrical components would include its
protection from exposure to water and snow. The Kubota RTV 500 provides a ground
clearance of 8.1 in (205mm) - front axle and a height of 6.9 in (175mm) - rear axle, and
will be maintained with all further adjustments made throughout the conversion [14]. The
batteries and motor are located roughly around the height clearance limit which will
support the vehicle running through puddles or small bodies of water, yet as long as the
vehicle is not fully submerged. For a countermeasure, a covering will be built around the
exposed areas of the batteries to prevent any unnecessary exposure to rain or snowfall.
As for the motor and the other electrical components, they will be kept well hidden
under the cargo bed which is similar to the location the original engine was placed in.
Therefore, the conversion would allow for further resistance to any water on significant
electrical components which would support in preserving its lifetime.
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5. SUMMARY

Overall the conversion is more cost effective and sustainable than the original UTV
while exceeding the original technical specifications and maintaining the performance
capabilities. Originally the UTV would cost $34.50 to fill up on petrol and with the
conversion the cost to fully recharge is now $2.69. The ten year lifetime cost of the
conversion is approximately $16,000 which is approximately $4000 less than buying a
new UTV and nearly one third the cost of the original petrol engine. The power capacity
and the horsepower both increase with the conversion. The horsepower increases by
39% and the motor torque  increases by 12% resulting in a higher top speed and
maintained hauling capacity. The batteries and motor were chosen based on their ability
to perform in cold weather as well as effective waterproofing will be applied to ensure
off-road capabilities are maintained. In conclusion, our electric motor conversion kit will
provide the KLRS and Northern communities with a durable, reliable, and cost-effective
alternative to their current unsustainable gasoline-powered transportation.
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