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1. Introduction 
I’ve made it a habit for many years to skim though several Energy Central Newsletters 
daily. I frequently click through and read several of the entries in these, and occasionally 
one of these, like the one linked below, spurs one of my posts. The article linked below 
is a good one, and sparked this paper. 

New Inroads for Electric Vehicles 

https://energycentral.com/o/franklin-energy/new-inroads-electric-vehicles#comment-90387  

My sometimes employer (Microgrid Labs) makes optimization software and provides 
consulting services for fleets of large vehicles. Most of their projects to date have been 
for transit agencies / departments that are transitioning to battery-electric buses 
(hereafter BEBs). One of the vehicle-types covered in the above-linked post are electric 
refuse trucks. The use-profiles for these two vehicle-types are similar. Also, each of 
these markets have multiple large companies providing electric versions of each vehicle.  

This post is a review of both of these two-vehicle types and considerations as they 
electrify. 

2. BEB Fleets 

2.1. History 
Although the earliest BEBs were used in London in1907, the earliest modern BEBs were 
used in 2009 when the Shanghai catenary bus lines began switching to battery buses. In 
September 2010, Chinese automobile company BYD began manufacturing the BYD K9, 
one of the most popular electric buses. The first city to heavily invest in electric buses 
was Shenzhen, China. The city began rolling out electric buses made by BYD in 2011, 
with the objective of having a fully electric fleet. By 2017, Shenzhen's entire fleet of over 
16,300 buses was replaced with electric buses, the largest fleet of electric buses of any 
city in the world.1 

Proterra sold its first BEB in the U.S., the EcoRide BE35, in 2010. Foothill Transit (in 
greater Los Angeles) was the first transit agency to operate these buses in revenue 
service, starting in September 2010. Proterra recently celebrated the sale of its 1,000 
BEB. 

BYD announced its K9 BEB in the U.S. at the 16th BUSCON in Chicago on September 
13, 2011, and supplied one of these to a U.S. customer in 2012. BYD indicates that it 
has also sold 1,000 BEBs in the U.S. 

I counted seven major manufacturers of BEBs in North America (go through the link 
below for a comprehensive list). 

https://en.wikipedia.org/wiki/List_of_electric_bus_makers_and_models  

                                                 
1 Wilipedia article on Battery electric bus, https://en.wikipedia.org/wiki/Battery_electric_bus  

https://energycentral.com/o/franklin-energy/new-inroads-electric-vehicles#comment-90387
https://en.wikipedia.org/wiki/List_of_electric_bus_makers_and_models
https://en.wikipedia.org/wiki/Battery_electric_bus
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Thus BEBs are not exactly a new technology. Also these benefit from technology 
developed for light road-going BEVs, which have been sold by the millions (Tesla 
delivered approximately half a million world-wide in 2020). 

However, when a transit agency commits to conversion of its bus-fleet to BEBs, it is not 
just buying a bunch of buses, it is buying a whole system, including the charging 
infrastructure.  

2.2. Early Adapters 
The good news comes from early adapters:2 

Seneca, SC. In 2014, Seneca became the first city in the world to launch an all-electric 
bus fleet.  The buses have outperformed their diesel equivalents in fuel and 
maintenance costs and exceeded expectations regarding charging time, range and 
battery life. Seneca views its electric buses as a successful, scalable model of full-fleet 
electrification. 

Chicago, IL. The Chicago Transit Authority’s (CTA) rollout of two electric buses in 2014 
was one of the first major tests of electric bus technology in a cold winter climate. The 
vehicles have performed well, have had no difficulty with extreme temperatures, and 
have saved the CTA more than $24,000 each year in fuel costs and $30,000 each year 
in maintenance costs. The agency is currently moving forward with its commitment to 
full-fleet electrification by 2040. 

King County, WA. King County Metro Transit has been testing electric buses since 
2016. The buses have performed well in a range of weather conditions, but with 
occasional problems, including issues with battery life and range. Per-mile fuel costs 
have been higher than for diesel due in part to high electricity demand charges. Taking 
into account other factors, such as environmental benefits, the agency nonetheless 
regards its electric buses as providing a good return on investment and plans a large-
scale rollout in the coming years. 

Albuquerque, NM. Safety and durability issues with its electric buses, as well as subpar 
battery life, inadequate range and sensitivity to extreme heat, contributed to 
Albuquerque’s electric bus tests in 2018 ending in disappointment. Having incorporated 
safeguards into its contract with the manufacturers to ensure it would lose no money in 
the event of failure, the city cancelled the contract and returned its buses. In August 
2019, however, the city announced its intention to buy five new 40-foot electric buses. 

Twin Rivers, CA. In 2017, the Twin Rivers Unified School District Transportation 
Department in California became one of the first school districts in the country to deploy 
electric school buses. The vehicles have experienced few problems and produced a 75-
80 percent savings on fuel costs (largely due to very favorable utility rates), exceeding 
the district’s most optimistic expectations. The district reports a total savings of $15,000 
per year on energy and maintenance costs, and believes its experience proves that 
electric school buses can be a reliable and cost-effective alternative to diesel buses. 

                                                 
2 James Horrox, Frontier Group and Matthew Casale, U.S. Pirg Education Fund (Publisher), “Electric 

Buses in America”, 

https://uspirg.org/sites/pirg/files/reports/ElectricBusesInAmerica/US_Electric_bus_scrn.pdf  

https://uspirg.org/sites/pirg/files/reports/ElectricBusesInAmerica/US_Electric_bus_scrn.pdf
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Massachusetts school bus pilot. In 2015, the Massachusetts Department of Energy 
Resources tested electric school buses in three school districts across the state. The 
vehicles produced significantly fewer harmful emissions than diesel school buses, had 
no difficulties with range, and cold weather did not affect their performance. Fuel cost 
savings were smaller than expected, however, mainly due to unmanaged charging of 
batteries and high electricity demand charges. All three school districts chose to keep 
their buses after the pilot. 

Although the experience by early adapters was not 100% positive, it demonstrated two 
things: 

1. There will probably be a positive payback by most fleet managers converting to 
BEBs, and 

2. This experience stresses the importance of thorough planning and optimization 
of the BEB System. 

2.3. BEB System 
Outside of the BEBs, the energy-system (or recharging-system) is the most important 
part of the BEB System. The following are some of the critical elements of this system. 

Recharging: When and where do you recharge the BEBs? When: only during low use 
times like late nights and early mornings, during use or a combination? Where: only at a 
central depot, at multiple central depots, en route or a combination? 

Energy Cost: How do you avoid high energy charges, high demand charges or high 
cost of charger deployment and supporting energy infrastructure? 

Renewables: How do you help the parent agency / governing body meet their 
renewable energy goals? 

For other considerations go through the first link below. The second link below contains 
other transit groups that are in the electrification process currently. 

https://microgridlabs.com/  

https://microgridlabs.com/fleet-electrification-1  

3. Refuse Truck Fleets 
Silence is golden, particularly at 6:00 AM. Although I am an early-riser, my sleep has still 
been interrupted by the sound of diesel refuse trucks roaring around and (for about the 
last decade) robotically grabbing waste and recyclable containers and dumping them 
into their innards. During about the last five years, my local sanitation company has done 
an admirable job of hushing the diesel engines, but these beasties are still pretty loud. I 
would guess that electric garbage trucks would be significantly quieter. 

Outside of the considerations as described above for BEBs, quiet operation may one of 
the main selling points for electric garbage trucks. Other information on these is covered 
in the subsections below. 

https://microgridlabs.com/
https://microgridlabs.com/fleet-electrification-1
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3.1. Refuse Truck Bodies 
The refuse bin and automation equipment (a.k.a. body) for a refuse truck are frequently 
customized for a particular client. These are frequently purchased from separate 
companies (vs. the chassis manufacturers), and customized by a third-party. 

3.2. Chassis Manufacturers 
Although electric refuse trucks are available from multiple manufacturers, they appear to 
be a bit lower on the adoption curve than BEBs. The following appear to be large 
companies that offer battery-electric garbage trucks. 

BYD: Yes, this is the same BYD that builds BEB’s, and like with battery-electric buses, 
they have been selling large volumes of refuse trucks in China for some time.3 

BYD offers class 6 and class 8 refuse trucks. Go through the link below for more 
information. 

https://en.byd.com/truck/ 

BYD also participated in some early (2017) pilots in the U.S. (See ”Early Adopters” 
below). 

Mack: Yes this is the same Mack that is a major U.S. supplier for many types of trucks, 
and that includes refuse trucks. They make an electrified version of their latest LR Model 
refuse truck. Go through the link below for more information.  

https://www.macktrucks.com/trucks/lr-series/ 

It appears that Mack is just starting to deploy their first prototype electric refuse trucks, 
but they also appear to be going after some really big accounts. No doubt these are 
existing users, so Mack may be well positioned to capture a large percentage of this 
emerging market (if they have a reliable, cost-competitive product). 

Peterbilt: This is another major participant in the U.S. Truck Market, and also the refuse 
truck market segment. 

Peterbilt hit a record 15.3% market share in Class 8 for 2017, eclipsing its previous high 
of 14%. It also set a new vocational market share record of 20%, and a 30% market 
share in the refuse truck portion of that vocational market.4 

Peterbilt may also have a head start on some manufacturers as they introduced their 
U.S. electric refuse truck in mid-2017,5 and started deliveries in the middle of last year. 

In 2020 Peterbilt also will have three battery-electric truck models available for sale by 
the end of the year. Right now (Oct, 2019) it has 12 electric trucks in operations with 

                                                 
3 Kyle Field, Clean Technica, “BYD Lands Deal For 500 Electric Refuse Trucks With Two Companies In 

Shenzhen”, May 16, 2018, https://cleantechnica.com/2018/05/16/byd-lands-deal-for-500-electric-refuse-

trucks-with-two-companies-in-shenzhen/  
4 Deborah Lockridge, Government Fleet, “Peterbilt Sales Soar, Truck Maker Eyes Growth and 

Autonomous Tech”, Feb 15, 2018, https://www.government-fleet.com/278798/peterbilt-sales-soar-truck-

maker-eyes-growth-and-autonomous-tech  
5 John O'Dell, Trucks, “Peterbilt Unveils Battery-Electric Garbage Truck” May 9, 2017, 

https://www.trucks.com/2017/05/09/peterbilt-battery-electric-garbage-truck/  

https://en.byd.com/truck/
https://www.macktrucks.com/trucks/lr-series/
https://cleantechnica.com/2018/05/16/byd-lands-deal-for-500-electric-refuse-trucks-with-two-companies-in-shenzhen/
https://cleantechnica.com/2018/05/16/byd-lands-deal-for-500-electric-refuse-trucks-with-two-companies-in-shenzhen/
https://www.government-fleet.com/278798/peterbilt-sales-soar-truck-maker-eyes-growth-and-autonomous-tech
https://www.government-fleet.com/278798/peterbilt-sales-soar-truck-maker-eyes-growth-and-autonomous-tech
https://www.trucks.com/2017/05/09/peterbilt-battery-electric-garbage-truck/
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fleets, and will have 36 by the end of the first quarter (2020) – Model 220EV, Model 
520EV for refuse applications, and Model 579EV for Class 8.6 

A Model 220EV recently added to the Frito-Lay, PepsiCo fleet… 

The Model 220EV is powered by two TransPower battery packs with a total storage 
capacity of 148 kWh, and a Meritor Blue-Horizon two-speed drive eAxle with up to 335 
hp. It features a range of more than 100 miles and a recharge time as low as one hour 
with a fast-charging system…. 

Go through the link below to see their current 520EV refuse truck. 

https://www.peterbilt.com/electric-vehicles  

3.3. Early Adopters 
Although the sanitation / refuse organizations covered below are in no particular order, 
one of the earliest pilots is near the front of the list, and one of the largest sanitation 
departments (DSNY) is near the end. 

Los Angeles Sanitation (LASAN) department: BYD completed a battery-electric 
refuse truck demonstration project with LASAN and Wayne Engineering. According to 
BYD, this demonstration logged more than 5,200 miles and drove up to 108 miles per 
day, with an average range of 99 miles.7 

LASAN ran a four-month pilot project with a class-six battery-electric refuse truck 
developed by BYD and Wayne Engineering. The demonstration began in January 2017, 
with the truck operating on the same real-world routes and variable terrain as LASAN’s 
regular trucks. The vehicle delivered up to four tons per day to the landfill, all on a single 
charge, with no major mechanical or performance issues. 

Waste Resources, Inc. Carson, California: BYD… recently (2017) delivered a BYD 8R 
Class 8 Automated Side Loader (ASL) all-electric collection truck to Waste Resources, 
Inc., a subsidiary of Waste Resource Technologies, Inc. (WRT), to serve customers in 
Carson, California.8 

This vehicle is the first all-electric refuse truck in residential collection operation in 
Southern California. The heavy-duty truck features BYD’s propriety electric propulsion 
system designed specifically for refuse collection. The cab, chassis and propulsion 
system were built by BYD, and the ASL body was built by Amrep, a Wastequip 
company… 

In addition to the first BYD 8R recently-delivered, WRT has ordered three additional 
units, including another 8R Class 8 and two 6R Class 6 Electric Refuse Trucks. 

                                                 
6 Deborah Lockridge, Truckinginfo, “Peterbilt Looks to 2020: Electric Trucks, Vocational Sales, Uptime 

Initiatives”, Oct 29, 2019, https://www.truckinginfo.com/343429/peterbilt-looks-to-2020-electric-trucks-

vocational-sales-uptime-initiatives  
7 Waste360, “Two California Cities Experiment with Electric Refuse Trucks”, June 14, 2017, 

https://www.waste360.com/trucks/two-california-cities-experiment-electric-refuse-trucks  
8 BYD Press Release, “BYD, WRT, and AMREP Jointly Launch Electric Refuse Truck to Serve Carson, 

CA”, April 15, 2019, https://en.byd.com/news-posts/press-release-byd-wrt-and-amrep-jointly-launch-

electric-refuse-truck-to-serve-carson-ca/  

https://www.peterbilt.com/electric-vehicles
https://www.truckinginfo.com/343429/peterbilt-looks-to-2020-electric-trucks-vocational-sales-uptime-initiatives
https://www.truckinginfo.com/343429/peterbilt-looks-to-2020-electric-trucks-vocational-sales-uptime-initiatives
https://www.waste360.com/trucks/two-california-cities-experiment-electric-refuse-trucks
https://en.byd.com/news-posts/press-release-byd-wrt-and-amrep-jointly-launch-electric-refuse-truck-to-serve-carson-ca/
https://en.byd.com/news-posts/press-release-byd-wrt-and-amrep-jointly-launch-electric-refuse-truck-to-serve-carson-ca/
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Ocala, FL: is one of the first cities in Florida poised to clean up its garbage pickup, 
replacing diesel-powered sanitation trucks with electric-powered vehicles.9 

On Oct. 6 (2020), the Ocala City Council voted unanimously to move forward with the 
project and purchase three of the new vehicles in 2021 and two more in 2022.  

The city will buy the trucks using a $777,000 grant from the U.S. Environmental 
Protection Agency, supplemented with nearly $2 million from sanitation reserve funds. 

The five new trucks will replace side-hauling garbage trucks powered by heavy-duty 
diesel engines, said Tami Haslam, the city's budget director. 

…BYD, a Chinese Company with headquarters in Los Angeles, will make the vehicles. 

City of Hyattsville, Md: BYD announced the City of Hyattsville, Md. has purchased a 
BYD 6R Class 6 refuse truck, which will be the first battery-electric, zero-emission 
vehicle of its kind in the state of Maryland.10 

The BYD 6R has a 221-kWh battery system and is capable of working an entire shift 
without recharging. With its short wheelbase, this truck is more compact allowing for 
excellent maneuverability on urban streets where space is limited… 

The City of Hyattsville is committed to sustainable operations and aims to purchase 
electric or hybrid vehicles whenever possible, said City Administrator Tracey Douglas. 
The Department of Public Works was in need of replacing an older trash truck and 
began exploring electric options with the support of a grant from the Maryland Energy 
Administration.” 

In addition to the environmental and employee health benefits provided by a zero-
emission vehicle, the City anticipates significant savings in fuel purchases and vehicle 
maintenance, says Douglas. 

“We look forward to adding the new electric trash truck to our Department of Public 
Works fleet. This acquisition is in line with our commitment to investing, when feasible, in 
clean energy vehicles to support operations,” Douglas said. “The electric truck, in 
addition to our electric police cruiser, police motorcycles, parking vehicle, and charging 
station infrastructure, allows us to lead by example and demonstrate our care and 
concern for the environment. As we continue to evaluate emerging technology, we 
expect to increase our electric vehicle fleet which will not only provide a public health 
benefit, but ultimately result in reduced maintenance and operating costs.” 

City of Jersey City, NJ: BYD announced today (July 23, 2020) that they will provide the 
first all-electric refuse trucks on the US East Coast capable of working an entire route. 
These five all-electric rear loader collection trucks will go to work on normal daily 
collection routes, providing regular zero-emission collection services for the City of 
Jersey City, NJ.11 

                                                 
9 Carlos Medina, Ocala Star-Banner, “Ocala among first in Florida to test electric garbage truck”, Oct 12, 

2020, https://www.ocala.com/story/news/2020/10/12/ocala-among-first-florida-test-electric-garbage-trucks/5970899002/  
10 BYD Press Release, “BYD to Introduce First Battery-Electric Refuse Truck to Maryland, Nov 19, 2020, 

https://en.byd.com/news-posts/byd-to-introduce-first-battery-electric-refuse-truck-to-maryland/  
11 BYD Press Release, “Jersey City to Receive First Electric Refuse Trucks”, July 23, 2020, 

https://en.byd.com/news-posts/jersey-city-to-receive-first-electric-refuse-trucks/  

https://www.ocala.com/story/news/2020/10/12/ocala-among-first-florida-test-electric-garbage-trucks/5970899002/
https://en.byd.com/news-posts/byd-to-introduce-first-battery-electric-refuse-truck-to-maryland/
https://en.byd.com/news-posts/jersey-city-to-receive-first-electric-refuse-trucks/
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“Jersey City will be a model for what is now possible with zero-emission refuse trucks.” 
says John Gerra, Sr. Director of Business Development with BYD Motors. “We look 
forward to helping provide clean streets and clean air for the residents of Jersey City.” 

The project is being supported by the New Jersey Department of Environmental 
Protection and Sanitation Equipment Corp. of Totowa, NJ. 

Hudson County Motors is BYD’s fully authorized truck dealer for Northern New Jersey… 
Hudson County Motors has partnered with Climate Change Mitigation Technologies LLC 
(CCMT), a pioneer in medium- and heavy-duty commercial fleet truck electrification 
projects. CCMT is providing project management services for all of Hudson County 
Motors’ electric truck programs. 

Recology, Seattle: May 2019, If you live in Seattle, your scheduled garbage pickup 
might be about to get a lot quieter. Recology, a West Coast waste management 
company, has just taken the delivery of its first fully electric garbage trucks. The vehicle 
is a class 8 truck—meaning the heaviest—made by BYD, with New Way supplying the 
Viper rear-loading garbage truck body. It's also apparently the first electric class 8 rear-
loader in the country and the first of two that Recology ordered last year.12 

The BYD's specs make for very different reading compared to the average electric 
vehicles we cover. The powertrain is a 320kW (430hp), 1101Nm (812ft-lbs) electric 
motor, supplied by a 295kWh battery pack. However, it does have to carry around a 
truck with a 21,605lb (9,800kg) curb weight, and it can be optioned to a gross vehicle 
weight of either 57,500lbs (26,082kg) or 66,000lbs (29,937kg). 

All that mass means the truck is limited to a 65mph top speed and a range of 56 miles 
and 600 pickups. Recharging the truck doesn't take as long as you think, despite all 
those kWh—nine hours connected to a 33kW AC outlet. The 8R supports either 120kW 
or 240kW DC fast charging, which takes 2.5 hours or 1.5 hours to recharge, 
respectively. 

New York City Department of Sanitation (DSNY), Sep 2020: A new garbage truck 
making the rounds on Brooklyn streets might look similar to the thousands of other 
garbage trucks in New York City. But it’s nearly silent, and there isn’t a tailpipe belching 
diesel emissions. Huge letters on the side of the truck spell out the difference: “Fully 
Electric.”13 

“This is an environmental justice issue and a quality-of-life issue,” says Joshua 
Goodman, a spokesperson for the New York City Department of Sanitation, explaining 
that moving to electric heavy equipment is a key way for the city to reduce emissions. 
Electric garbage trucks, like other electric vehicles, can help reduce air pollution that’s 
linked to thousands of premature deaths in the city each year. The technology could also 
help the city work toward its goal to become carbon neutral by 2050. By 2040, the city is 
planning to electrify its entire fleet. 

                                                 
12 Jonathan M. Gitlin, Ars Technica, “Seattle makes history with electric garbage truck” May 22, 2019, 

https://arstechnica.com/cars/2019/05/seattle-makes-history-with-electric-garbage-truck/  
13 Adele Peters, Fast Company, “New York City is testing electric garbage trucks”, Sep 28, 2020, 

https://www.fastcompany.com/90556334/new-york-city-is-testing-electric-garbage-trucks  

https://arstechnica.com/cars/2019/05/seattle-makes-history-with-electric-garbage-truck/
https://www.fastcompany.com/90556334/new-york-city-is-testing-electric-garbage-trucks
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In a new pilot, the city is testing the new LR Electric from Mack, seeing how it performs 
on a typical 12-hour route through 20-25 miles of busy streets. In some ways, garbage 
collection is well-suited for electrification: The constant starts and stops mean that 
regenerative braking—where energy from the brakes helps charge the battery—is 
especially potent. Electric motors also work particularly well at low speeds. And the 
routes are predictable, with time for the trucks to charge when they’re not in use. 

For now, the vehicles cost more than their diesel equivalents, though they’re cheaper to 
operate. “The electricity required to ‘fuel’ the truck is cheaper than the equivalent amount 
of diesel, and we also anticipate savings from reduced maintenance needs, including no 
engine oil changes and no after-treatment maintenance,” says Jonathan Randall, senior 
vice president for sales and commercial operations in North America from Mack Trucks. 

Republic Services Hickory, North Carolina: Republic Services, a waste management 
and recycling specialist headquartered in Phoenix, Arizona, recently added a Mack LR 
Electric refuse truck to its fleet in Hickory, North Carolina. The vehicle will be part of real-
world trials collecting recyclables along a residential route. The goal for Mack is to use 
the data gathered from this and other tests to make improvements to the LR Electric 
before it officially enters production in 2021 at the company’s Lehigh Valley Operations 
facility in Macungie, Pennsylvania…14 

The Mack LR Electric’s powertrain consists of two motors that produce a total of 536 
peak horsepower (400 kilowatts) and up to 4,051 pounds-foot (5,492 newton-meters) of 
torque, a two-speed Powershift transmission, and 46,000-pound (20,865-kilogram) 
S462R rear axles. Both the vehicle and any additional accessories are powered by four 
NMC lithium-ion batteries that customers can charge with a 150-kW charging system. It 
shares many features, including doors and seating options, with the diesel-powered LR, 
and the cab is just as ergonomic, as well. 

While Republic Services’ all-electric garbage truck is outfitted with lightweight, 
hydraulically controlled Heil Command-SST automated side loader bodywork with an 
ASL arm, Mack points out that customers can spec their LR Electric with a wide range of 
bodies from other manufacturers.  

                                                 
14 Truck Paper, “Waste Management & Recycling Specialist Republic Services To Trial Mack LR Electric 

Refuse Truck”, Oct 8, 2020, https://www.truckpaper.com/blog/truck-and-trailer-news/2020/10/waste-

management-and-recycling-specialist-republic-services-to-trial-mack-lr-electric-refuse-truck  

https://www.truckpaper.com/blog/truck-and-trailer-news/2020/10/waste-management-and-recycling-specialist-republic-services-to-trial-mack-lr-electric-refuse-truck
https://www.truckpaper.com/blog/truck-and-trailer-news/2020/10/waste-management-and-recycling-specialist-republic-services-to-trial-mack-lr-electric-refuse-truck

