Fast Sled Propulsion (7/30/2023 by FSP Staff)

The Duel with Diesel Emissions

Note: Click on the superscript notations in the paragraphs below to bring up the respective
Bibliography segment. To return to that specific paragraph section, click on the same
enlarged notation within the Bibliography.

GOOD PROGRAMS

The EPA and private organizations, such as NACFE (North American Council for Freight
Efficiency), are working alongside truck manufacturers and operators to reduce diesel emissions,
provide higher efficiencies, and increase electrification for freight hauling.A: Their aim is to
drastically reduce emissions thereby decreasing carbon footprint in these vehicles for each mile
of freight transportation service. Pivotal dates for required goals have been set by government
agenciesand t he OEMO sto bblaie these progeessive steps, thus increasing the
pressure for innovation .22

THE ELEPHANT

However, if Coal Fired Generating
Plants up their output and emissions to
supply power for vehicle batteries (they
are 33% efficient??), considering an 11%
loss for grid distribution and at least 13%
for charging system losses2?, then
generating electricity with 50% efficient
Fuel engines? at the point of use will
have a 93% greater effect on efficiency
and reducing emissions than simply
charging the batteries by plugging them
in.E4 In the words of Bill Combs, VP at
P e n s Kiee:Eleghant in the room with
zero tailpipe emissions is that the energy
is created somewhere that potentially
burns fossil fuelsd22

Now introducing Compound Electric Hybrids in long haul Heavy Freight Trucks, could not only
generate electricity much more efficiently for their own use but alsoenable 6 E1 ect r i c
while traveling. This feature allows for zero emissions in smog-affected areas, helping to
alleviate smog-related sickness and greatly contributing to the reduction of their carbon footprint
whenever implemented.
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COVID-19

Covid-19 shutdowns proved that clean air is
beautiful and healthy in congested cities
that had not seen consistent clear blue skies
for decades. This was observed in cities
like Los Angeles & New Delhi.€t The impact
on public health & welfare in cities using 2
d e s i g nzard eenibsion sectorsé=2 (areas
of no combustion engine use) to improve air
quality in their smog-afflicted urban centers
holds great promise!

Additionally, with  Compound Electric
Hybrids, zero emissions are possible at all
ports, loading docks, weigh stations, and
other high-density locations. Furthermore,
this hybrid eliminates unnecessary idling in s T ~ :
traffic-jams, truck yards, and rest stops during overnlght stays in sleeper cabs (known by truckers
as hoteling).

BEV NICHE

Current solutions of Battery Electric Vehicle (BEVS) in heavy freight trucks are primarily focused

on a market niche of regional short haul trips, covering distances of 250 miles or less per day

(with the need to return to the yard for charging)®: This niche currently represents only 0.7% of

truck sales for medium through heavy duty trucks (class 4 to class 822), and the charger along

with electrical service upgrade must be purchased separately. From 2017 to 2022 a total of 300

units of class 7 & 8 trucks have been deployed in the USA out of an over 4 million truck fleet.22
Unfortunately, there are currently no zero-emissions options available for extended long-haul

freight trucks that cover distances which could be 1,500 to 2,000 mile or more.22BEVds r el y on
travel locations with available charging ports to park at, and currently lack alternative solutions.

Unlike Diesel, businesses cannot store the necessary electricity at the truck yard to compensate

for electrical blackouts, peak usage cut-offs, rolling brown outs, or other infrastructure issues

resulting from higher overall demand and recurring spikes in usage.22 Rout e pl anning for
is carefully determined based on the availability of the next open time at a charging station port.

These barriers, along with infrastructure limitations, battery costs, and battery operating

temperature restrictions, among other factors, have led to significant deployment constraints for

B E V & Fhe EPA estimates from 2033 & beyond only 4.3% of Heavy Class 8 Truck sales will be

ZEV.56

GIGAWATTS

In 2021, the US transportation sector consumed 46.82 billion gallons of Diesel fuel.E. Various
concerned organizations, truck manufactures, and government agencies have set often-touted
goals for future dates to reduce Diesel fuel consumption.E24 4L The universal goal is to achieve
et zer o e miisshy i2@b60, svibh a typical 50% reduction by 2040.22 However, when
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converting gallons of Diesel to electricity, this
50% reduction alone would require an
additional 416,000 Gigawatts of electric power
production by 2040, even after accounting for
higher efficiency in electric motors. This alone
for transportation represents a 10.4% increase
in total US electrical production.22 To put this
in perspective, it would take approximately 20
more Grand Coulee Dams or 90 Hoover
DamsEe (along with the necessary distribution
grid and reservoirs).

This projected increase in giga-wattage by
2040 does not include the additional electricity
demand from other electric cars entering the
market, as well the growing non-transportation
needs for electricity in commercial, residential,
and industrial sectors. And, currently those
other sectors already account for most of the
annual 4+ trillion kilowatt-hours of electricity
produced in the USA.EL So, to meet the future
increased demand, well over 40 Grand Coulee
Dams could be needed!

An alternative and achievable approach to reducing 50% of transportation diesel consumption
would involve utilizing hybrid and other emerging technologies to increase the national average
fuel efficiency of these trucks from 6.4 MPG to 13MPG by 2040, or potentially even earlier. This
can be accomplished without the need for constructing additional dams or infrastructure!

The current devel op meShisaimed at thihissues Ad theeNACFE Runok 0
Less study, coupled with technology upgrades, has shown average results of 10 MPG.E8 If these
upgrades were to include a Compound Electric Hybrid, it could be fine-tuned to achieve the goal
of 13+ MPG (Even 16MPG £2). This would lead to one of the most significant inmediate benefits,
which is cutting current fuel costs in half for trucks. All of this can be achieved without the need to
change or add expensive infrastructure. Therefore, it is easy to see high potential for a substantial
return on investment in the development and implementation of new technology such as the
Compound Electric Hybrid for long-haul heavy truck freight transportation.=°
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DISPOSING DILEMMA

Operating a Long-Haul semi-truck solely on
batteries with current technology would
require 8.3 tons of battery packs for a 500-
mile trip to the next charging station,=
without any reserve. In contrast, running a
Compound Electric Hybrid truck for a much
longer 2,800-mile trip with zero emissions in
regions of high impact, as listed above,
would only require a 1.3-ton battery pack.™
Furthermore the Hybrid does not depend on
charging station with wait times, although it
can still be plugged in for charging when
desired. Aside from substantial battery costs,
there is significant concern regarding the
environmental Impact associated with
mining, processing, manufacturing, and
disposing of these batteries, as revealed
through Life Cycle Assessment studies.™
These batteries will only last (at most) 2
years in continual long-haul truck freight
applications, covering the usual 100,000+
miles per year.22 However, in a Compound
Electric Hybrid, the use can be tailored to
extend the battery useful life out 4 to 5 years.

So, now comparing the use of Compound Electric Hybrid in 2 million semi-trucks (about half of
the current fleet™) instead of using Battery Electric Vehicles (BEVS), it would save 7.6 million
tons of battery manufacture and disposal every year from just the need to swap out batteries!™
This would have a tremendous positive environmental impact and lead to significant economic
gains. Additionally, it would reduce the need for a more extensive infrastructure grid, which would
require additional AFuel B uanlme (witdh thé&lr@wnesmviroRnheatal
impact).

The Compound Electric Hybrid approach combined with other advancements (Like Bio Fuel)
would certainly surpass the cradle-to-grave environmental and economic efficiency impact that

BEVO6s stmThive ferparticularly true when consi

for generating sufficient electricity.

TAXES & GASES

As more electric vehicles hit the road, governments will seek ways to recover tax revenue lost
from reduced fossil fuel sales, which funds infrastructure and government oversight for roads and
bridges. Currently, existing Class 8 Semi-trucks have an average 6.4 mpg.&: Based on average
per gallon diesel gas tax rates in the USA,2 this translates to 10 cents of tax revenue per mile.
For comparison, the average electric Heavy Truck consumes 2.2 kWh of electricity per mile.S2
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And considering the median
electricity rates for businesses at
12.8 cents per kWh,%* additional
taxes to replace the lost diesel gas
tax revenue per mile would be
approximately 4.5 cents per kWh (10
[ 2.2). This represents a significant
35% increase (4.5/12.8) in cost per
kwWwh, which will be an unexpected
jump in rates. These tax & electric
rate increases will also need to
contribute funding new infrastructure
required to support the additional
billions of kWhs needed. Moreover,
along with the historical increases to
supply a growing demand in all non-
transportation electrical use, as well
as any peak use charges, all these
factors could result in significantly
higher electricity costs for every
customer. It is important to note that
demand for other fuels may not
necessarily decrease as energy
consumption shifts over towards
electricity, since fossil fuels are still
used to generate electricity.

Anot her significant issue is the O6close proximity

between the transportation sector and the electricity generation sector.> Currently, they differ by
only 3 percentage points. With the focus on reducing vehicle-related GHG emissions by
transitioning to electricity, which requires fuel for generating more electricity (while all other
electricity usage categories also increase), it is predicted that the electricity generation sector will
soon surpass the transportation sector as the leading emitter of greenhouse gasses - again.&8
(As in years past it held that number one spot.) This shift can only be avoided if renewable
sources make substantial progress for electricity generating in the future. There has been a
significant increase in wind turbine installations for the electricity generation sector over the last
two decades.&f

DOUBLING UP

The current projection indicates that demand for road freight is expected to double by 2050, with
the total revenue increasing 50% by 2032.52 However, Electric Grid Infrastructure and distribution
are struggling to meet the projected needs for vehicle charging, even for the current demand, let
alone doubling it.H2 This is without taking into account the doubling or even tripling of electricity
demands resulting from advancements in non-transportation sectors. (i.e. King county in
Washington state is now incorporating codes allowing only electricity to be used for heating in
new home construction.®) Building upon the previous example of the Grand Coulee Dam, it
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appears now that meeting this growing demand for 2050 could necessitate the construction of
over 80 additional Grand Coulee Dams.

Urgent action is needed to explore additional solutions and innovative options. The Compound
Electric Hybrid presented here is one such option. Sustainable Fuels like renewable diesel and
biodiesel are also gaining traction as highly viable solutions,®* bridging the gap until the advent of
a truly renewable sourced, fully electric era. By leveraging sustainable fuels, high efficiency
engines, and Compound Electric Hybrids, significant progress can be made in meeting
transportation demands and working towards neutralizing greenhouse gas emissions.

AMERICAN TRANSPORTATION RESEARCH INSTITUTE

The American Transportation Research Institute (ATRI) published a crucial paper in December
2022 titled "Challenges for US Electric Vehicle Fleets" (link), which is highly recommended
for those seeking a comprehensive understanding of the opportunities and obstacles related to
battery electric heavy-duty trucks.2 This paper thoroughly examines the batteries, electric grid
infrastructure, and charging issues that have been briefly mentioned previously.'2

According to the study, fully electrifying the
entire US heavy trucking fleet would
necessitate a 40% increase in current
electricity production.2 Moreover, the
batteries would require materials that, in
.. some cases, account for over 7.4 years of
| current global production. And, for the US
fleet alone, these materials could consume
" up to 64.4% of global reserves for certain
4 strategic resources. It's important to note
that these figures do not account for used
battery replacements or the production of
. batteries for other electric vehicles. (Or for
| the doubling of road freight by 2050, as also
mentioned previously.)

Additionally, the ATRI study sheds light on
the overarching challenge of integrating truck
charging with truck parking, all while
accommodating the mandatory rest stops
required for drivers as mandated by Federal
Hours-of-Service work regulations. This
threefold interconnected conundrum
W1 highlights the need for more chargers than
\ there are parking spaces, at an estimated
! cost exceeding 35  billion dollars.2
(Meanwhile the current truck parking crisis is yet to be solved.) The study emphasizes that this
existing dilemma, combined with the potential frustration of more frequent and lengthier charging
times, results in shorter trip durations before requiring another stop for parking and recharging.®
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This situation is comparable to the experience of refueling more frequently in long waiting lines,
causing major supply chain delays for customers and income loss for drivers.. Easily making the
Covid-19 supply chain crisis pale in comparison.

A summary of the ATRI findings can be found at the end of the below bibliography. 22

CONCLUDING REMARKS

It is evident that the term ZEV (Zero Emissions Vehicle) can be misleading in public discourse.

For as long as the generating of electricity or hydrogen contributes to a carbon footprint, the simple
ZEV acronym doesndt tell t he cdmplmutlea ditCoarryp.on H®
grams per mil e / (g/wremie)tused foradgulafonry enpagthasséssment,’t can
easily be adapted to provide a more comprehensive and up-to-date metric. If, and most
importantly, this metric encompasses all the carbon emissions from upstream and downstream
sources, accounting for the lifecycle (cradle to grave) impact of all components, energy, minerals,
and chemicals involved, along with their respective distribution and process related GHG effects.
(Battery materials, manufacturing & disposal is one example.) This conceptis clearly illustrated
in the paper at ATRI link, specifically on pages 17 to 29. A summary of this paper can also
be found at this link. Additionally, these papers highlight significant technological advantages
beyond BEVO®Os.

Merely labeling a vehicle ZEV will overlook significant carbon footprint issues if all these other
factors are not considered. Unfortunately, the EPA does not include all the above in their analysis.

The fall-inclusive carbon g/ton-miled metric thus emerges as the most suitable measure for
comparing GHG emissions in any freight transportation application or style. The transportation of
freight and its multifaceted impact is far more complex than can be determined solely by
examining the tailpipe emissions. By utilizing this more informative measure, well-informed
decisions can be made regarding the necessary steps to achieve the lowest possible carbon
footprint for each ton of freight transported across every mile.
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Final EPA Standards for Heavy-Duty Vehicles to Slash Dangerous Pollution and Take Key Step
Toward Accelerating Zero-Emissions Future | US EPA

December 20, 2022
Contact Information

EPA Press Office (press@epa.qov)

WASHINGTON i Today, the U.S. Environmental Protection Agency (EPA) finalized the
strongest-ever national clean air standards to cut smog- and soot-forming emissions from heavy-
duty trucks beginning with model year 2027. The new standards, which is the first update to clean
air standards for heavy duty trucks in more than 20 years, are more than 80% stronger than
current standards.

Accelerating a Zero Emissions Future

Todayb6s announcemenmmajerthetionstbefnghtraken unde
Plan. In the coming months, EPA intends to release the proposals for the remaining two steps in

the Clean Trucks Plan. These include the proposed
for heavy-duty vehicles beginning in Model Year 2027, as well as the proposed multipollutant

standards for light- and medium-duty vehicles beginning in Model Year 2027.

https://ww2.arb.ca.gov/news/carb-approves-historic-26-billion-investment-largest-date-clean-
cars-trucks-mobility-options

"California is backing up our commitment to clean the air in overburdened communities with the

largest state investment yet in zero-e mi ssi on vehicles and sustainabhbl
Chair Liane Randol ph said. AT h eeqgutabletransitionttozeres cont i
emission cars, as well as accelerate the commercialization of zero-emission technologies for

trucks and buses and provide support for small owner-operator truck fleets. They also focus on

improving access to clean mobilityopti ons i n communities hardest hit
action today will enable us to surge ahead in our effort to move away from fossil fuels and reach
catbonneutrality by 2045 or sooner. 0

The investments are part of Californiads compr eh:
reducing greenhouse gas emissions in the transpor

pollution and climate-changing gases. The 2022 state budget expands these efforts by $6.1 billion
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0 in addition to an existing multi-year $3.9 billion commitment & for a total investment of $10
billion through fiscal year2026-2 7 t o decar bonize Californiads most

The $2.6 billion, part of the administration's California Climate Commitment, will accelerate our
transition to clean <car s, trucks and equi pment tc

ZEV car and medium-duty truck sales by 2035, and heavy-duty trucks by 2045 to benefit hard hit
communities.

A 2

Clean Trucks Plan | US EPA

The regulatory actions that make up the Clean Trucks Plan are as follows:

i Setting stronger nitrogen oxide (NOXx) standards for heavy duty trucks beginning in model
year (MY) 2027 and tightening the "Phase 2" greenhouse gas (GHG) emissions for MY
2027 and beyond.
I Setting stronger emissions standards for medium-duty commercial vehicles for MY 2027
and later. These revised standards will be proposed in combination with new standards
for light-duty vehicles for MY 2027 and beyond.
T A Setting "Phase 3" -GuyGehisléshayidningassoorfasMY 2036 a vy
that are significantly stronger than the MY 2027 GHG standards.

https://www.cummins.com/news/2022/03/23/cummins-zero-emissions-road-map

AiOn the path to zero emissions, we want to remind
itdés not a |light switch event, o says Mike Fowler
Hi ghway Asia Pacific. AThe pl an the periad betwmeenmaowmi s e c a
and 2050. Waiting for vehicles which create zero emissions actually yields a worse carbon

footprint over time than adopting a path to zero whichhasneart er m wi ns in it. o

AfA good path to zer oemimd sisdamn st eaichady tion ltolwerl ead u|
iwhat ever technology you develop today has to hav
adoption as well as reducing well-to workorwell-t o wheel emi ssions. 0

If the world moves over to battery electric trucks, but the power grid remains coal powered there
has been no improvement. From the point of view of an operation like Cummins, there is a need
to reduce particulate matter and nitrogen oxides as well and carbon emission in this decade.

The path from current product to the final goal involves a number of smaller steps, each delivering
a better carbon outcome. The next stage in the future is the delivery of a new engine platform
which will enable the lower emissions technology and fuel to deliver the results required.
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B1

https://www.enerqy.gov/fecm/transformative-power-
systems#:~:text=The%20average%20coal%2Dfired%20power,States%20operates%20near%?2
033%25%20efficiency.

Fossil fuels are the world's primary energy source and account for more than 60% of the electricity
generated in the United States. Fossil-fueled power plants provide stability and reliability to the
operation of the U.S. power grid. A recent report from the International Energy Agency (IEA)
indicates that coal will continue to be the largest source of electricity production in the world by
2040. The U.S. Department of Energy is committed to improving the efficiency, reliability, and
performance of the current U.S. coal fleet of fossil-fueled power plants simultaneously addressing
flexibility and stability due to renewable penetration, while also advancing technologies that will
underpin the coal-fired power plant of the future.

The average coal-fired power plant in the United States operates near 33% efficiency. The
Transformative Power Systems Research Program aims to increase the efficiency of existing
plants by 5% by 2023 and for new plants by 2027. This will be accomplished by improving the
underlying technologies, components, systems, and operations that would incorporate novel
sensors and artificial intelligence (Al) technologies within existing plants.

B2

https://blog.se.com/energy-management-energy-efficiency/2013/03/25/how-big-are-power-line-
losses/

Electricity has to be transmitted from large power plants to the consumers via extensive networks.
The transmission over long distances creates power losses. The major part of the energy losses
comes from Joule effect in transformers and power lines. The energy is lost as heat in the
conductors.

Considering the main parts of a typical Transmission & Distribution network, here are the average
values of power losses at the different steps*:

1-2% 7 Step-up transformer from generator to Transmission line

2-4% 1 Transmission line

1-2% 7 Step-down transformer from Transmission line to Distribution network
4-6% i Distribution network transformers and cables

=A =4 =4 =4

The overall losses between the power plant and consumers is then in the range between 8 and
15%.
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Wireless vs Wired EV Charging: Comparable Efficie

Plug-in charging is not 100% efficient. Energy loss, primarily in the form of heat, occurs every step

of the way from grid to battery. WhiraBEV&lsargens r e re.
made of many components, any one of which may be more or less efficient than similar
components in another charger. So, the fnefficienc

way to battery encompasses a range; a typical Level 2 home charger operates in the range of
about 83-94% efficiency grid-to-battery depending on which one you buy.

Measurement of power loss during electric vehicle charging and discharging - ScienceDirect

Abstract

When charging or discharging electric vehicles, power losses occur in the vehicle and the building
systems supplying the vehicle. A new use case for electric vehicles, grid services, has recently
begun commercial operation. Vehicles capable of such application, called Grid-Integrated
Vehicles, may have use cases with charging and discharging summing up to much more energy
transfer than the charging only use case, so measuring and reducing electrical losses is even
more important. In this study, the authors experimentally measure and analyze the power losses
of a Grid-Integrated Vehicle system, via detailed measurement of the building circuits, power feed
components, and of sample electric vehicle components. Under the conditions studied, measured
total one-way losses vary from 12% to 36%, so understanding loss factors is important to efficient
design and use. Predominant losses occur in the power electronics used for AC-DC conversion.
The electronics efficiency is lowest at low power transfer and low state-of-charge, and is lower
during discharging than charging. Based on these findings, two engineering design approaches
are proposed. First, optimal sizing of charging stations is analyzed. Second, a dispatch algorithm
for grid services operating at highest efficiency is developed, showing 7.0% to 9.7% less losses
than the simple equal dispatch algorithm.

Vehicles | Free Full-Text | Influence of Charging Losses on Energy Consumption and CO2
Emissions of Battery-Electric Vehicles (mdpi.com)

Abstract

Due to increasing sales figures, the energy consumption of battery-electric vehicles is moving
further into focus. In addition to efficient driving, it is also important that the energy losses during
AC charging are as low as possible for a sustainable operation. In many situations it is not possible
or necessary to charge the vehicle with the maximum charging power e.g., in apartment buildings.
The influence of the charging mode (number of phases used, in-cable-control-box or used
wallbox, charging current) on the charging efficiency is often unknown. In this work, the energy
consumption of two electric vehicles in the Worldwide Harmonized Light-Duty Vehicles Test Cycle
is presented. In-house developed measurement technology and vehicle CAN data are used. A
detailed breakdown of charging losses, drivetrain efficiency, and overall energy consumption for
one of the vehicles is provided. Finally, the results are discussed with reference to avoidable CO2
emissions. The charging losses of the tested vehicles range from 12.79 to 20.42%. Maximum
charging power with three phases and 16 A charging current delivers the best efficiencies. Single-
phase charging was considered down to 10 A, where the losses are greatest. The drivetrain
efficiency while driving is 63.88%on average for the WLTC, 77.12% 1in
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and 23.12% in the Al owd section. The resulting et
than the OEM data given (21.6 to 44.9%). Possible origins for the surplus on energy consumption

are detailed. Over 100,000 km, unfavorable charging results in additional CO2 emissions of 1.24t.

The emissions for an assumed annual mileage of 20,000 km are three times larger than for a

class A+ refrigerator. A classification of charging modes and chargers thus appears to make

sense. In the following work, efficiency improvements in the charger as well as DC charging will

be proposed.

B 3

https://www.internationaltrucks.com/en/blog/2023/supertruck-ii

Brake thermal efficiency (BTE) is how the fuel-burning efficiency of an internal combustion engine
is measured. Potential energy is lost in internal combustion engines due to heat and friction.

Engines that have a higher percentage of BTE enjoy better overall fuel economy. Many modern
truck diesel engines see their BTE hover around 35% to 40%. That means over half of the
engineds potentlmtl eremeatrigon als 3 wpse rmakesincoke efficies 55. 2
use of the engineds potential energy, which trans

Finding ways to improve BTE has been a key objective for International Truck. SuperTruck Il
demonstrates this major step forward to i mprove c
greenhouse emissions.

Nissan Working on Engine With 50-Percent Thermal Efficiency (roadandtrack.com)

This engine will be used in a future generation of Nissan's e-POWER system, which is currently
employed in the Japanese-market Note. Nissan was able to achieve 50-percent thermal efficiency
in testing by essentially tuning the engine to operate within a very specific range of speed and
load. Because the engine doesn't drive the wheels, it doesn't have to work with such wide
parameters.

"In a conventional engine, there are restrictions on controlling the air-fuel mixture's dilution level
to respond to changing driving loads, with several trade-offs between various operating
conditions, such as in-cylinder gas flow, ignition method, and compression ratio which can
sacrifice efficiency for power output,” Nissan said in a press release. "However, a dedicated
engine running at an optimal range of speed and load for electrical generation makes it possible
to dramatically improve thermal efficiency."

Cummins aims to boost heavy-duty diesel efficiency to 55% (sae.orq)

Future Diesel 55% Efficient

The Energy Department recently awarded Cummins, t|
maker, a two-year, $4.5-million grant to boost its previous mark by 5 percentage points to 55%
brake ther mal efficiency, Ec k er | ade asothér dubstafiihlo w we 0 |
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increase in efficiency in a real-world duty cycle, an effort that leverages and carries forward what
we were doing on the SuperTruck project. o

The Heavy Duty Engine Enabling Technologies Project, a 50-50 cost-shared R&D endeavor, aims
to Al everage the design, analysis and devel opmen
Cummins SuperTruck program to demonstrate a peak diesel engine system efficiency of 55%
Brake Thermal Efficiency (BTE) while also implementing an advanced, highly integrated

BN

combustion/aftert r eat ment system, 0 states DOE document s.

B4

1000KW of fuel equivalent x 33% generating efficiency = 333 KW.
333KW x 89% from grid efficiency = 296 KW
296 KW x 87% at port charging system efficiency = 258 KW into the vehicle
(Before battery efficiency loss taken into consideration)
Therefore a 25.8% efficiency from a Coal fueled generator ends up going into an electric vehicle
battery.

1000KW of fuel equivalent x 50% efficiency engine = 500 KW

500KW is put into the vehicle electric motor or the batteries or both.

Therefore, generating power with this engine at point of use stays at 50% efficient
(Before driveline efficiency loss is considered here and in the above)

50/25.8=1.94
Therefore a 94% increase of greater efficiency is realized generating power at point of use.

B5

https://bcx.omeclk.com/portal/public/ViewCommInBrowser.jsp?Sv4%2BeOSSucwPWC6KD%2F
ITpAbDK5fWs%2FWYEI%2B4d191egr5¢cF2jg03R7c4tR%2B%2B4Dh4%2Ba698wvzOmRNXCnlG

KuxgbQ%3D%3DA

AiThereds a |l ot more belief that itds important to
out of the tailpipe, 0 Combs added. ARThe el ephant

is created somewhere that potentially burns fossil fuels. It s de fhands-on-décky an al
movement, but by starting with the vehicle and reducing emissions at the tailpipe, we can start to

focus on managing a |l ot of vehicles6é power plans

vehicle. 0

(The composition of how all US electricity is gen
https://www.eia.gov/energyexplained/electricity/electricity-in-the-us.php

Fossil fuels are the largest sources of energy for electricity generation

Natural gas was the largest sourced about 40%3 of U.S. electricity generation in 2022. Natural
gas is used in steam turbines and gas turbines to generate electricity.
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Coal was the third-largest energy source for U.S. electricity generation in 20228 about 18%.
Nearly all coal-fired power plants use steam turbines. A few coal-fired power plants convert coal
to a gas for use in a gas turbine to generate electricity.

U.S. electricity generation by major energy source, 1950-2021

billion kilowatthours

4,500 2021
« coal: 399 billion kilewatthours
4.000 « natural gas: 1,575 billion kilowatthours
« nuclear: 778 billion kilowatthours
3.500 « renewables: 826 billion kilowatthours

= petroleum and other: 37 billion kilowatthours
3,000

2,500
2,000
1,500
1,000

500

]

1960 1970 1960 1990 2000 2010

@ petroleum and other @ renewables @ nuclear @ natural gas @ coal

Data source: U.S. Energy Information Adminigiration, Monthly Energy Review, Table 7.2a, January 2022 and Eleciric Power
/"" Monthly, February 2022, preliminary data for 2021
el1a’ rote Includes generalion from power plants with at least 1 megawait electric generation capacity.

C1l

What Covid Lockdowns Did for Urban Air Pollution - Bloomberg

A rare sight emerged for L.A. residents in April 2020: the snow-capped peaks of the San Gabriel
mountains, clearly visible in the smog-free atmosphere.

Photographer: David McNew/Getty Images North America.
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The first COVID-19 lockdowns improved air quality. Where are we a year later? | UCLA
Then and now: Pandemic clears the air - BBC News

October 2019

Images: Reuters

Qi .. < e g0

C?2

https://www.google.com/books/edition/Advanced Hybrid Powertrains for Commerci/OuKbEAA
AOBAJ?hl=en&gbpv=1

Low-Emissions Zones

Some cities around the world have established low-emissions zones in efforts to improve urban
air quality, and although these zones have been created to reduce toxic emissions rather than
CO2, any improvement in a vehicle's fuel efficiency can help it comply with lower toxic emissions
targets.

In 2003, the Tokyo Metropolitan Government launched regulations that prevent commercial
vehicles that do not comply with certain emissions standards from entering the metropolitan area.
In London, a zone was established in 2008 that applies to all diesel commercial vehicles of more
than 3500 kg GVW. There was a phased introduction of the scheme from February 4, 2008
through to January 2012. Different vehicles will be affected over time, and increasingly tougher
emissions standards will apply. The daily fees for heavy vehicles to enter the zone can be as
much as £200 if they do not comply with Euro 3 for PM emissions or Euro 4 from 2012. Milan
trialed similar systems during 2008, under which trucks and buses that failed to comply were
subj ect t o l@perdayaln Geemary fBerkin started a low-emission zone in the central
city area on January 1, 2008, as did Cologne and Hanover. The mayors of Paris, Mexico City,
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Madrid, and Athens have announced that they will stop the use of all diesel-powered cars and
trucks by 2025 in order to improve air quality [1.23].

In 2009, only vehicles carrying a yellow label that indicates "low emissions" will be allowed within
Beijing's fifth ring road and the low-emissions zone was extended to the city's sixth ring road.
Shanghai is planning a similar exclusion zone within its Middle Ring Road.

No-ldling Laws

There are increasing efforts to reduce toxic emissions and increase fuel economy by preventing
vehicles from idling the engine while stationary, particularly in urban areas. As a consequence,
more and more new light vehicles are now being fitted with stop-start technology to enable the
rapid restarting of the ICE once the driver is ready to move off from rest.

As of 2019, there are three current federal statutes related to reducing vehicle idling and Twenty-
nine states and the District of Columbia have laws that regulate engine idling, but each of these
states has different applications of idle reduction and various exemptions. Some states regulate
only certain vehicle types, such as school buses, state vehicles, commercial vehicles, diesel
vehicles, or vehicles over a certain weight rating. Some states regulate idling geographically, such
as on school property, in business districts, or in certain counties. Other states have time limits
on how long an engine may be idled, or idle limits during certain times of the year [1.25, 1.26].

Global deaths due to air pollution by country 2019 | Statista

Number of deaths attributable to air pollution exposure

China 1,848,000

India 1,667,000
Pakistan
Nigeria 197,600
Indonesia 186,300
Bangladesh 173,500
Egypt

Russia
Ethiopia
Philippines
Myanmar
Vietnam
Brazil

United States
Japan
Poland
Germany
Italy

United Kingdom

France
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D1

https:// nepis.epa.qgov/ Exel ZyPDF. cgi ?Dockey=P10178

According to the FHWA fAFreight Facts apaicerffofgur es

all hazardous materials shipped within the U.S.; however, truck ton-milesii of haz ar dous

shi pments account for only aboumi I368s peuedtad itold &l
short distances these materials are typmcavéryagear:
of 63 miles per shipment whereas railtshppmkentset
of growing inteuvoksi anal thead®,stt commanpomdcde awmsle
exports between both borderd samhadws ntl raeadlt d eoscnaa vi @dn s
by truck compared to other transportation methods

Table 1-2 Domestic Mode of Exports and Imports by Tonnage and Value from 2012-20457

Domestic Tons (thousands) Value (millions of 2012 §)
Mode 2012 2020 2045 2012 2020 2045
Grand Total 2,057,833 2,479,699 4,540,300 3.764. 477 5265375 14,595,630
Truck 207.077 Q85,757 2 188,843 1.964.961 2679 834 T 782,009
Rail 315,760 342 393 661,910 310,757 413,456 962 844
Water 156,140 199 892 333.216 160,235 222,772 531,973
Aar
{including 5,355 T.138 22,120 538,275 8315816 2883803
truck-air)
Multiple
modes and 109,251 134,851 168,665 375,541 537,949 1.576.807
mail
Pipeline 359,021 582,716 708,596 174,962 324,515 354,333
Other and 4,740 6,076 15,962 18,855 105,330 324,385
unknown
No :E}E“'“ 300,489 220,875 240,988 200,892 145,704 159,477

https://nacfe.org/research/ruron-lesselectric/
Conclusions

RoL-E demonstrated that for four market segments — vans and step

vans, medium-duty box trucks, ullsEIRiglatel=Tale Mol 1\ e [UiaYA (=T [o]gF:]
prlfRi(aelf— the technology is mature enough for fleets to be making
investments in production CBEVS.

NACFE encourages fleets to begin deploying CBEVs in these market
segments as early adopters are validating an acceptable total cost of
ownership in these four market segments.

https://mailchi.mp/nacfe.org/nacfenewslettermay222401161
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From Executive Director Mike Roeth

Generally speaking, smaller trucks are easier to electrify than larger ones. We
have been reporting on the easier to electrify market segments recently such as
vans, step vans and terminal tractors, and soon we will share some thoughts on
medium-duty box trucks. But even though there are a lot of these trucks, they
burn far less fuel and create far less emissions than their heavy-duty brethren.

Big challenges exist for electrifying heavy-duty tractors, both regional and long
haul, specifically issues of heavier payloads, longer distance, routes that
require freeways, and even public charging. These vehicles operate three to 10
times longer distances in an unpredictable manner.

D2

https://calstart.org/wp-content/uploads/2023/05/Zeroing-in-on-ZETs-May-2023-Market-

Update.pdf
Page 2

e As of 2022, diesel-powered trucks constitute 38% of registered Class 2b vehicles, increas-
ing to 97% of registered Class 8 vehicles. Class 2b-3 vehicles are composed of 44% gaso-
line-powered, 46% diesel-powered, and 10% flexible fuel-powered trucks.® Class 4-8 vehi-
cles are composed of 9% gasoline-powered, 89% diesel-powered, and 0.7% electric- and
hybrid diesel-powered trucks. As MHD ZET deployments cut into these market shares,
the numerous benefits these vehicles offer over their gasoline- and diesel-powered
counterparts, such as improved air quality, mitigated effects of climate change, and op-
erational savings, will increase.

Page 5

Figure 3: Cumulative U.S. MHD ZET Deployed Sales by Segment (2017-2022)

5,500 831
5,000 ‘21
/
s MHD ZET Segment 248
500 B Pickup Truck (Class 2b/3) an
M Refuse Truck (Class 6-8)
4,000 HD Truck (Class 7/8) 585
B MD Truck (Class 3-6)
MD Step Van (Class 2b-7)
3,500 M Yard Tractor (Class 7/8) 912

M Cargo Van (Class 2b/3)
3,000

Number of MHD ZETs

2,500 2,565

2,000

1,500

1,000

500

2017 2018 2019 2020 2021 2022

Year
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Record-setting end to 2021: December Sales of new Class 8 trucks finish with better-than-
expected results - TheTrucker.com

221,000 class 8 trucks sold pérbkelow link from Trucker.com andf 8nk ttnews.com
73 class 8 trucks sold peF'ink below from Statista
% of Electric Battery Setniicks of total semirucks sold 2021 approx. 73/221,000 =

.0004%
00& HnAHc X F LIWNREO® MEZHNC K HHMZann I o)

For the year, Freightliner sold 8,315 trucks on the U.S. market, good for 33.6%
of trucks sold by the major manufacturers. Peterbilt was next with sales of
32,810 and 14.8% of the market, while Kenworth followed with 32,301 sold
and a 14.6% share. Together, the PACCAR companies represented 29.3% of
the new Class 8 market in the U.S. for the year.

Volvo captured 10.0% of the 2021 market with sales of 22,104, while Mack
took 8.4% with sales of 18,668. Together, the Volvo-owned companies were
responsible for 18.4% of Class 8 trucks sold.

International’s year ended with 11.9% of the new, Class 8 market with sales of
26,387. Finally, Western Star’s 6,022 trucks sold took 2.7% of the market.

U.S.: heavy-duty electric truck market volume forecast by class 2026 | Statista
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