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Developing Batteries for Electrified 
Heavy-Duty Fleets 
Worldwide electric vehicle (EV) battery demand is experiencing exponential growth; industry analysts 
forecast growth rates from 20% to over 30% from 2022 to 20301,2. The forecast places the EV battery 
market at well over half a trillion dollars by the end of this decade.

Apart from private cars,  more electrified public buses, light-duty delivery vans, trucks, and even 
taxis are helping to power the transition to e-mobility. In addition, the electrification of transportation 
offers a significant opportunity to lower carbon emissions.

Data from the International Energy Agency (IEA) show that zero-emission trucks and buses continue to 
gain market share in the US and Europe, with China leading via early adoption (Figure 1).
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Electric buses and trucks - sales and registration
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Figure 1. Electric bus and truck registrations and regional sales share from 2015-2021 (Source: IEA) 

One of the biggest challenges in designing batteries for fleet and heavy vehicles is extending the 
range per hourly charge. This includes designing heavy vehicles with enough electric power to ferry 
heavier loads over longer distances.

Original equipment makers of heavy transport vehicles and fleet operators have a sharp learning 
curve to improve fleet electrification. In addition to the ability to lower carbon emissions, they need 
to balance charging times with the operational costs of charging and running their fleets. The EV 
battery cell lies at the heart of these challenges. 
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EV batteries come in different form factors. There are cylindrical cells at the individual cell level, 
or more powerful pouch and prismatic cells. These cells form modules that connect to battery 
packs for assembly in the vehicle chassis. For example, a fully-electric sedan has between 3,000 to 
9,000 cylindrical cells. On the other hand, an electric truck can have as many as 20,000 to 30,000 
cylindrical cells.  

Cell chemistries 

To date, lithium-ion (Li-Ion) battery cells are the most popular for use by manufacturers of 
electric heavy vehicles as they offer high-energy density to pack more energy per unit volume. EV 
applications require different battery types and cell chemistries (Figure 2). For example, lithium-
titanium-oxide (LTO) or lithium-titanate batteries charge quickly and respond well to regenerative 
charging. But they also have low-energy density and are heavier at a given capacity. On the other 
hand, lithium-nickel-manganese-cobalt (NMC) batteries are lighter and have high storage capacity. 
NMC batteries are suitable for long-range applications but are relatively new to the EV market and 
require more development and testing.

Li titanate excels in safety, low-temperature perfor-
mance, and life span. E�orts are underway to improve 
the specific energy and reduce cost.
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NMC has good overall performance and excels on specific 
energy. The battery is the preferred candidate for the 
electric vehicle and has the lowest self-heating rate. 

Lithium titanate (Li2TiO3) — LTO Lithium nickel manganese cobalt 
oxide (LiNiMnCoO2) — NMC

Figure 2.  A comparison of LTO and NMC batteries showing how different cell chemistries measure up to various parameters 
(Source: Battery University)

Specific energy is the amount of energy a battery stores per unit mass. Commercial EV cells store 
about 260 Wh/kg, but this reduces to about 150 Wh/kg at the pack level. Specific power is the 
amount of power a battery can deliver per unit mass, typically measured in W/kg. Commercial 
lithium-ion EV cells achieve about 340 W/kg.
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• One heavy transport EV battery pack = 500 kg

• Number of battery packs per heavy vehicle = 6

• This is equivalent to the weight of six grand pianos 

How heavy is an electric truck battery?

 
Figure 3. EV battery pack weight for heavy transport

The different cell chemistries come with trade-offs in weight, capacity, performance, fast-charging 
capability, packaging, and recyclability. Certain battery types require different battery management 
and / or thermal management systems, which may add cost and specific packaging requirements to 
the heavy vehicle.

Energy consumption in the EV is measured in kWh/km, so it is essential to minimize the inherent 
vehicle weight, including the battery weight. Reducing the total weight of the batteries to gain 
the highest energy density is an important consideration in battery design for electric heavy 
transport vehicles.
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EV cell test

Developing high-performing batteries starts at the individual cell level. Battery cell capacities 
can vary among batches even though they follow production specifications. From day one of an EV 
battery’s life on the road, the weakest cell will impact the overall performance of the EV battery. Over 
time, if the EV battery pack degrades to just 70 or 80 percent of its original capacity, the entire group 
can no longer serve the vehicle.

It is essential to characterize the cell performance and implement cell grading right from the start of 
the battery development cycle. This ensures maximum performance at the module and pack levels 
and longevity of the EV battery. On average, automotive manufacturers guarantee EV batteries will 
last eight to 10 years or 100,000 miles. However, battery life also depends on driver behavior, 
such as prolonged speeding and exposure to high temperatures.

EV module test

At the battery module level, different EV battery configurations require validating myriad connections 
between the cells and modules that form the EV battery pack. To avoid cell overheating, designers 
need to integrate a functional cooling system while designing the module. Batteries age more 
quickly if they are not adequately cooled and can cause potential failures or, in rare instances, fires.
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EV pack test

A battery pack plus battery management system (BMS), cooling system, and electronics is a complex 
system with high voltages and currents. The EV battery pack must undergo various test scenarios, 
such as dynamic, electrical, and climatic stress tests, as well as operational cycle tests, standard 
tests, endurance tests, or calendar and life-cycle aging tests. Meeting safety requirements in all 
operating modes is a priority due to the wide range of battery pack applications. 

Meeting new EV battery development test challenges

EV battery design and development will face unique challenges in light of dramatic growth in the EV 
battery market:

Shorter design cycles 

Battery design upgrade cycles now happen in months versus years. That means battery developers 
need faster ways to validate new cell chemistries and establish cell cycling characteristics.  

Demand for test capacity

Battery test laboratories must be able to handle thousands of cells concurrently. Labs with only 
dozens or hundreds of test channels will find it hard to remain competitive. There is also a need 
to handle testing requirements for battery modules and packs, including evaluating battery 
performance when connected to a battery management system or climatic chamber.
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High-power environment 

Battery packs of 1,000 V are considered high-powered. Increasingly though, battery developers 
see interest in battery packs for 1,200 V to 1,500 V, which require more powerful battery testing 
solutions. Battery testing solutions now come with regenerative power and wide bandgap power 
devices that can both recycle energy and lower the operating power consumption of the lab.  

Frequently, operating expenses are a crucial consideration for lowering the cost of test, so choosing 
the right battery testing solutions is essential, especially when working with high-voltage batteries. 
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The Future: Vehicle-to-Grid and Lower 
Carbon Emissions
Improvements in battery technology will play a significant role in the transportation industry’s shift 
away from fossil fuels toward lower carbon emissions. The race is on to make tailpipe emissions a 
thing of the past for individual car owners and giant fleet operators. This shift means the creation of 
even lighter, more compact EV batteries and, equally, if not more importantly, tactics to decarbonize 
the source of electricity that charges these batteries.

In addition, the large number of EVs that connect to the grid will disrupt how we store electricity 
and balance the power grid. No longer will power grids function in a one-way flow dispensing 
electricity. Instead, fleets of electric trucks and buses with their high-capacity batteries will become 
mobile battery energy storage systems, helping to balance power grids each time they connect to 
charging stations. 
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