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Abstract

Medium and heavy duty (MD-HD) vehicles account for over 26% of the petroleum consumption in the
United States [1]. The benefits of electrified powertrains for light-duty vehicles are well understood.
Quantifying the benefits of powertrain electrification will help fleet operators understand the advantages or
limitations in adopting electrified powertrains in their fleets. MD-HD vehicles vary in size and shape, as they
are designed for specific applications, so it is necessary to model each kind of truck separately to understand
what kind of powertrain architecture will be feasible for their daily operations. This paper examines 11 types
of vehicles and 5 powertrain technology choices to identify the most feasible powertrain electrification

options for each application.
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1. Introduction

Vehicle inventory and use survey data provides the numbers of various types of trucks in the United States
and their daily driving requirements [2]. This information guides the vehicle selection in this study. Based on
this data, 13 different vehicles belonging to different classes and purposes were shortlisted. Together, these
vehicles represent over 50% of the medium- and heavy-duty vehicles on U.S. roads. Table 1 lists the vehicles
and their purposes. The models were built using the library files available in Autonomie [4], a simulation
tool developed by Argonne National Laboratory capable of simulating various kinds of vehicles. The design
requirements and performance of these trucks vary significantly. The power ratings of truck engines are easy
to find, but trucks’ performance capabilities are not always advertised. For this study, we needed to determine
the cargo and performance capabilities of each vehicle in order to design comparable electrified variants that

can perform the same duties as the baseline vehicle. Each conventional vehicle is modelled in Autonomie
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using publicly available information. Cargo carrying capability, grade capability, acceleration capability and

possibly many more factors can be used to define the unique demands on a truck. Benchmarking tests are

then simulated to obtain performance data. The details of these tests appear in a previous paper [5] about fuel

cell vehicle sizing.

Table 1. Vehicles chosen to represent the medium- and heavy-duty market in the U.S.

Vehicle Class

Purpose

Class 2b: 6000-10,000 Ib.

Class 3: 10,001-14,000 Ib.
Class 3: 10,001-14,000 Ib.
Class 4: 14,001-16,000 Ib.
Class 5: 16,001-19,500 Ib.
Class 6: 19,501-26,000 Ib.
Class 7: 26,001-33,000 Ib.
Class 7: 26,001-33,000 Ib.

Class 8: >33,000 Ib
Class 8: > 33,000 Ib
Class 8: > 33,000 Ib

Small Van

Enclosed Van

Service, Utility Truck
Walk-In, Multi-Stop, Step Van
Utility, Tow Truck
Construction, Dump Truck
School Bus

Day Cab

Sleeper

Sleeper Aero

Day Cab

2. Powertrain Component Sizing

2.1. Architectures

The five powertrain architectures considered in this work are enumerated below:

1. Conventional (Conv) powertrain with a diesel engine

2. Mild hybrid with start-stop system (ISG)

3. Strong hybrid (HEV) with a motor that will assist the engine during a launch and enable regenerative

braking

4. Series plug-in electric vehicle (PHEV), which can drive half of the daily driving requirements with

the energy from an onboard battery pack

5. Battery powered electric vehicle (BEV), which can drive the entire desired daily driving range with

energy from an onboard battery pack

All engines considered in this study are diesel powered. Gasoline and CNG variants were modelled for certain

classes but are not included in this paper. For this study, it is assumed that the body and glider of the

conventional vehicle remains unchanged when powertrain changes are implemented. For smaller trucks, this

approach is reasonable enough to give a good estimate of the power and energy requirements of the vehicles.

In the cases of heavy vehicles with a longer range, an additional scenario is considered. Several OEMs have

announced plans to build class 8 BEV tractors. All of these proposed vehicles have much better aerodynamics
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than baseline conventional vehicles, which reduces the propulsion power requirement during highway
driving. To represent such a vehicle, the ”Sleeper Aero” category was added as a class 8 truck. It represents
a present day truck with aggressive aerodynamic improvements [5]. We expect to achieve 28% reduction in
aerodynamic drag in this case. Some OEMs claim even lower drag coefficient (Cd) values by using custom

trailers and devices such as camera based rear view mirrors. This study uses a more conservative estimate.

2.2 Sizing requirements and approach

This study assumes that a truck with an electrified powertrain will be functionally equivalent to or better than
its conventional counterpart [6]. It should be able to carry the same cargo over the desired daily driving
distance in the same amount of time as a conventional vehicle. To ensure this, a few performance parameters
are identified as performance benchmarks. These parameters are (a) 0-30 mph acceleration time, (b) 0—60
mph acceleration time, (c) maximum sustainable speed at 6% grade, and (d) sustained cruising speed at

highway conditions. A summary of the performance requirements is shown in Table 2.

Table 2. Performance summary for all vehicles considered in this study

Grade Cruise 90 Percentile
Class Purpose 0-30 mph (s) 0-60 mph (s) Speed 6%  Speed Daily Driving
(mph) (mph) Range (Miles)

2 Van 7 21.5 65 70 200
3 Service 5.8 18 65 70 150
3 Van 6.4 24 49 70 200
4 WalkIn 7.5 35 40 70 150
5 Utility 9 24 65 65 150
6 Construction 11.6 46.5 27 65 150
7 DayCab 18 66 31 65 250
7 School 18.5 60 30 60 150
8 DayCab 18 66 31 65 250
8 Sleeper 18 60 32 65 500

These values were estimated by simulating the conventional vehicle models for performance tests. It should
be noted that the actual vehicle may have been originally designed with very different functional
considerations. Sizing alternate powertrains for comparable performance based on these parameters is just
one way to ensure a fair comparison between powertrains.

Component size for each powertrain is guided by unique requirements. The sizing procedure is explained in

a previous work [7], and the dependence of each component on the requirements is summarized in Table 3.
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Engine power is determined by the grade climbing requirements in the case of heavy duty trucks, which are
designed to haul large loads. A class 8 sleeper truck is a good example of an application where continuous
operation requirements, such as highway driving and grade climbing, are a lot more important than
acceleration performance. For this study, grade climbing capability is tested using an 11 mile drive on a 6%
grade. Conventional, ISG and HEVs require an engine sized big enough to meet the grade power
requirements. Although HEVs have the option of assisting the engine using the motor, the relatively small
battery size makes it impossible to sustain that assistance for the entire 11 miles. Once the battery runs out of
energy, the engine still has to provide sufficient power to drive the vehicle. Hybridizing such trucks may even
require the use of a larger engine, as more weight is added to the truck in the form of motor and batteries.
PHEVs have a larger battery pack and can ameliorate this issue. The batteries in PHEVs are large enough to
meet part of the power requirement during the entire grade test. In this case, the engine can be sized to meet

the remaining load on grade tests or to meet continuous power needed to cruise at highway speeds.

Table 3. Factors affecting the component size for different powertrains

Powertrain

Engine

Motor

Battery

Conventional

Acceleration

ISG grade and Size based on starter | Energy: Sustain electric loads for at least
cruise and alternator one minute*

HEV Maximize regen in Power and energy: sustain peak motor

ARB transient output during acceleration, as well as
regenerative braking events

PHEV Grade and Acceleration Energy: Electric range determined using
cruise grade and cruise EPA’s 65 mph cycle.

BEV Power: To support motor & aux loads

Acceleration is a critical requirement for smaller trucks because they have to drive alongside other light-duty
vehicles in urban environments. They are also likely to have a higher power-to-weight ratio compared to
heavier trucks. In this case, hybridizing offers the chance to downsize the engine and augment the propulsion

power using a motor. Trucks in the class 2-4 segment are examples of this.
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Figure 1. PHEVs and BEVs result in vehicles heavier than conventional baseline
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Figure 2. Engine size varies for each truck based on the powertrain choice
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Figure 3. Peak motor power required for various truck variants
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The electric motor in an ISG is used to start the engine and provide auxiliary electric power in an efficient

manner. The HEV motor is sized to achieve a higher level of regenerative braking in the ARB transient cycle.
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This cycle is used because it is the only transient speed cycle used in the proposed regulatory framework put
forward by the U.S. Environmental Protection Agency (EPA). The motor power for the various vehicles is
shown in Figure 3.

For PHEVs and BEVs, the motor is sized to meet the performance requirements. This necessitates the use of
electric machines with continuous power outputs comparable to those of the baseline engine. For these
vehicles, the battery is sized for the driving range. The 65 mph driving cycle from EPA is the most demanding
of the three regulatory cycles proposed by EPA. To have a conservative estimate of the battery size, the range
is measured using EPA’s 65 mph drive cycle. If we size a delivery van to drive 200 miles at 65 mph, it would
result in a vehicle that can drive a lot farther under normal city driving conditions. Battery energy in HEVs
are around 5-8 kWh, and ISGs have a battery pack under 1 kWh. Those packs are designed to provide the

necessary power to the motor for very short amount of time.
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Figure 4. Battery energy for PHEV and BEV
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3. Fuel Consumption Comparison

U.S. EPA has put forward regulatory drive cycles for medium and heavy duty vehicles. The test procedure
from EPA is applicable only to conventional vehicles, and it could be difficult to apply it to PHEVs and BEVs
in a fair manner. In this study we quantify the petroleum displacement potential of advanced powertrains
using an approach explained in a previous work [7]. Every vehicle is driven over the desired daily driving
distance in each of the three regulatory cycles. One of those cycles is a transient cycle, which allows the ISGs
and HEVs to demonstrate their potential in urban driving conditions. The other two are highway cycles at 55
mph and 65 mph, where conventional diesel trucks can achieve their best performance. The appropriate
powertrain for each case can be identified by analyzing these results for every class and vocation.

The fuel saving potential of various powertrains for medium duty trucks is shown in Figure 5. ISGs get only
about 5% benefit at most in transient driving conditions, and do not show any benefit in highway driving.

HEVs can get a substantial 20-30% savings in medium duty applications during the transient drive cycle. On

EVS32 International Battery, Hybrid and Fuel Cell Electric Vehicle Symposium 6



high-speed cycles without any stops or appreciable regenerative braking, the benefit drops to less than 15%.

This shows that HEVs are a technically sound solution for small trucks operating under urban driving

conditions.
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Figure 5. Fuel savings in medium duty trucks
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The fuel saving potential of various powertrains for heavy duty trucks is shown in Figure 6.
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Figure 6. Fuel savings in heavy duty trucks

HEVs get about 15% savings in overall fuel usage in urban driving in the cases of school buses. ISGs don’t

show any appreciable fuel savings in this category. PHEVs or BEVs are needed to achieve significant fuel
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savings in heavy duty vehicles.PHEVs designed in the way described in this study have the potential to
displace 40% or more fuel in all the applications. In case of many small trucks, 100% fuel displacement is
achieved for urban driving conditions.

This would indicate that sizing the battery for the most demanding driving conditions is a very conservative
approach, and it could be relaxed. On the other hand, there are several heavy trucks for which PHEVs produce
only a 40% savings in fuel. BEVs are able to run the daily desired range in all three cycles and achieve 100%

petroleum displacement as expected.

4. Conclusions and next steps

This study shows that HEVs are an attractive choice for medium duty trucks that operate mostly in urban
conditions. For other, heavier vehicles or those operating mostly on highways, fuel savings can be achieved
by using PHEV or BEV variants.

Having a common sizing approach across all medium and heavy duty vehicle ensures a fair comparison for
most applications. There could be some limitations for this approach. For example, Class 4 walk-in trucks
are typically not designed for highway driving. They are quite boxy, as the design objective is to maximize
the cargo volume, while keeping the truck short enough to make it maneuverable in urban driving conditions.
The sizing approach in this paper will require a PHEV in this category to have an engine powerful enough to
sustain highway driving. This might result in a engine that is not fully utilized in real world conditions. The
next step in improving sizing logic would be to look at real world driving conditions for each of these trucks
and design the powertrain specifically for those application-specific requirements.

It should be noted that none of these vehicles were optimized for fuel economy. This study focused on a rule-
based sizing logic likely to produce an economically viable design. Optimizing the powertrain for fuel

economy will be an appropriate follow-up work
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