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Summary

This  presentation  will  explain  the  designing  and  building  of  a  12-ton  fully  battery-electric  powered

refrigerated delivery truck capable of extended highway and city driving. As of this writing there is no

commercially available fully electric refrigerated delivery truck with a 200 mile range per charge. This

presentation details the creation of a very unique, massive electric vehicle created to provide years of clean,

quiet service while demonstrating to the world that purely electric propulsion can be a viable choice for

even very large,  heavy commercial  trucks.  The project  exemplifies  sustainability as  an old inefficient,

polluting gasoline powered truck served as the base chassis and was transformed with a modern 100%

electric powertrain. Furthermore, the project sourced as many US made parts as possible as well as used

local labor for the design, fabrication and integration. In addition to serving the needs of the community by

cleanly and quietly delivering its produce and other food items, the truck has the striking appearance of a

classic 1954 GMC so that it attracts attention wherever it goes. The hope is that this iconic truck can serve

as a proof-of-concept which will spur other companies to consider the many promising attributes of battery

electric transportation.
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Figure 1: Front view of the donor truck body, a 1954 GMC 630

1 The Project Begins

1.1 Background

21 Acres is an organic farm and center for sustainable agriculture in Woodinville, Washington, USA. Their

mission is “...to inspire action to solve climate challenges by learning as a community to grow, eat, and live

sustainably.” In addition to providing educational classes and hosting events, 21 Acres is also part of a

larger co-operative of farmers which delivers local farm-fresh food to restaurants and other customers in

the greater Seattle area. These deliveries had been made by trucks powered by bio-diesel but they were

interested in an even cleaner and more sustainable delivery truck option which would not be reliant upon

fossil fuels. They were disappointed to find that there was no suitable 100% electric vehicle which could

satisfy their range and capacity requirements.

They initially approached HPEV LLC to find out if such a vehicle could be built to meet their needs. I told

them yes, but for 200 mile range it would be quite expensive and require an enormous battery pack. After a

preliminary feasibility study, the project was ultimately given the go-ahead.

1.2 Specific Project Objectives

At 5:30 in the morning the empty refrigerated truck would drive at highway speeds for over 60 miles up to

the rural farmlands in northwestern Washington State where local farmers would load the truck with their

food. It would then make the 60+ mile return trip back to the food hub where more food from other local

farmers would be loaded up. Then in the afternoon, the truck would head out to make its deliveries

throughout Seattle and the surrounding cities, adding about 60 more miles to the day's journey. The truck
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would return by 19:00 in the evening and it would need to be able to fully recharge overnight and be ready 

by 5:30am the next morning for another full day. The facility where the truck is based in Woodinville, WA 

has a LEED platinum certification and was designed with efficiency and sustainability in mind. The roof of 

the building has a massive solar array of over 25kW which feeds into the local power grid during the 

daytime and can produce more than enough energy to fully charge the truck. However by charging up at 

night, the electric truck can take advantage of off-peak electricity that would otherwise go to waste. 

2 Project Planning

2.1 Special Operational Considerations

Not only would the truck need to be able to travel for extended periods at highway speeds, but it would also

have to be able to handle being fully loaded and stopping and starting on steep Seattle hills. It would have

to be able to fit through tight alleyways in the city yet might also be on uneven farmland terrain or gravel

roads. The truck would need to keep the food it is carrying at safe cold storage temperatures and I wanted 

the refrigeration system to be 100 percent battery powered as well.

2.2 Weight and Aerodynamics

In order to be able to carry the desired amount of cargo and propulsion batteries, the truck would be heavy

enough that it would have to stop at truck scale weigh stations along the highway. Yet we wanted the truck

to stay below the gross vehicle weight rating that would require the driver to have a commercial driver's

license. The refrigerated box would need to be able to accept heavy pallets being loaded by forklift as well

as tall employees moving cargo in and out.

In the end, this meant the truck would have a tall and wide refrigerated box, a very large frontal area and it

could have a gross weight of up to 26,000 pounds! None of these were traditionally desirable traits for an

electric vehicle and initial calculations were done to estimate watt-hours per mile and it did not look good. 

We did not know many final details such as the coefficient of drag, the rolling resistance or even the frontal 

area but we did have an idea of the speeds it would travel at and the weight of the truck. Having built and 

tested various other electric vehicles in the past, we looked at the efficiency of them at various speeds and 

plotted the data on a graph. From that we could interpolate and we estimated that the electric delivery truck 

would likely average somewhere between 700 and 1,600 watt-hours per mile depending upon how it was 

loaded and what it was doing.
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Figure 2: EV efficiency versus weight predictions

3 Putting the Pieces Together

3.1 Propulsion System

After looking into various motor and controller combinations, a single Remy HVH-250 internal

permanent magnet motor was chosen. Remy is a US company that makes a very power-dense brushless

motor with a proven track record and of course it is capable of regenerative braking. This motor would be 

coupled to a medium duty 5-speed manual Eaton-Fuller truck transmission which would turn traditional 

drive shafts ending at a single speed rear differential. Data from the department of transportation was 

obtained to determine the steepest grades in the Seattle area and engineer Ron Easley developed a 

spreadsheet which allowed us to test out various truck gross weights, wheel sizes, gear ratios and evaluate 

hill climbing abilities. We were keen to make the truck as efficient as we could while also keeping it as 

reliable and safe as possible. It looked like it might be possible for the truck to have a single speed gearbox 

but in the end the 5 speed truck transmission was chosen because it would give the truck greater flexibility 

while allowing it to easily meet all of its objectives under many conditions. 

The motor controller chosen was a PM-250 from Rinehart Motion Systems. This controller is capable of 

250+kW of power and is designed and built in nearby Oregon, USA. It is a good match for the Remy motor

and it is very compact for its power capabilities. We had experience using the PM-250 in another very high 
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performance racing application so we were confident in its abilities and figured it should work well at the 

lower power levels that would be required by the electric delivery truck.

Figure 3: Remy electric motor next to the 7-liter V8 engine it replaced

Figure 4: Remy HVH-250 motor with adapter for Eaton Transmission

3.2 Battery & Charging

The initial predictions had showed that the truck would likely get somewhere between 700 and 1,600 

Wh/mile, so in order to come close to the goal of 200 miles per charge a 255kWh battery pack was chosen. 

After considering many options, the Lithium Nickel Cobalt Aluminum Oxide (NCA) chemistry was chosen

due to its high energy density. 

The final battery system in the truck is comprised of 3 separate physical packs which are isolated from each

other and are charged by 3 separate chargers. The chargers were built locally by Manzanita Micro in 
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Kingston, Washington. The truck has three of the usual SAE J1772 type charge ports on the side and it can 

be fed by three separate EVSE stations. With this setup, a worst-case scenario would be about 10 hours for 

a full charge so it can be accomplished overnight.

Figure 5: Many battery pack options were compared

3.3 The Chassis & Body

After comparing and considering many different truck chassis options, a GMC C6000 series Top Kick 

chassis was chosen to serve as the base frame and running gear. The front end, hood, fenders and cab were 

grafted onto it from a classic 1954 GMC Model 630. This solid 1950s American-built body came from a 

retired Washington State fire truck and it gives the truck a timeless retro-cool look that attracts lots of 

attention and will never go out of style.
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Figure 6: The body from the 1954 GMC is placed onto the modern GMC chassis

Figure 7: One of the battery packs mounts below the driveshaft for a low CG and smooth underside

3.4 Cargo Box and Refrigeration

An 18ft long insulated box was chosen from Summit Body in Portland, Oregon. Summit builds some of the

smoothest and most uniformly insulated refrigerated truck boxes locally, using high-efficiency insulation

panels from Washington State. The refrigeration unit was selected from Thermo King Northwest and 

surprisingly requires only about 3kW of power. So with the highly insulated box the truck's refrigeration 

system should actually use fewer kW for cooling than a typical electric car's HVAC system!
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3.5 Thermal Management

The motor, inverter and battery packs are all liquid-cooled. Three separate cooling systems were designed

since each component had different requirements. The Remy motor is cooled with a Dexron oil system. The

inverter and battery packs are cooled with a more traditional Glycol based coolant, but they have two

separate systems since the inverter must always be kept cool whereas the battery pack must sometimes be

kept cool and sometimes be heated.

Figure 8: Motor and controller cooling systems

EVS30 International Battery, Hybrid and Fuel Cell Electric Vehicle Symposium       8



Figure 9: EV Components are being installed in the old engine bay

4 Conclusion

4.1 Going Forward

The project seeks to prove that the technology exists today to make even very heavy, un-aerodynamic 

refrigerated delivery trucks 100% electric. Large trucks are normally powered by fossil fuels which will 

eventually run out and their high maintenance combustion engines are loud and pollute the air. 

Furthermore, as internal combustion vehicles age, they tend to get dirtier, leak more fluids and pollute 

more. This project demonstrates that older vehicles, no matter their size or age can be upgraded and given 

new life with a much cleaner electric powertrain. Perhaps other companies and fleets will decide to re-cycle

older vehicles by retrofitting them with electric drive systems. It is my hope that the industry will take 

notice and companies will begin to offer long-range, high performance fully electric trucks. At the time of 

this writing, the build phase of the electric delivery truck project is nearly completed and it is scheduled to 

hit the streets of Seattle for regular deliveries in the fall of 2017. If you are in the area you can come visit 

21 Acres in Woodinville, WA and see this impressive truck in action.
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