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Introduction

1.

This is Part 3 and focuses on the technology that will probably be used for medium and
heavy on-road vehicles in the immediate future. Although I have some thoughts on this
(as do others, hello Elon), I cannot guess what technology will dominate.
The reason this post exists is that a team of highly credible analysts developed a suite of
models that projected different future scenarios using different technologies for medium
and heavy transportation energy usage and thoroughly analyzed each of these. The
result is the “Comparison of Medium- and Heavy-Duty Technologies in California,” which
was posted on the California Energy Commission’s Transportation Docket Log. This
Docket Log is linked below, and the document was posted to this on 2/22/2021. It can be
downloaded from the docket log.
https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=20-IEPR-02
The document is also available directly from the primary developer (see below):
https://caletc.com/assets/files/ICF-Truck-Report_Final_December-2019.pdf
This post is primarily drawn from the above document. Although the lead developer of
this document could be described as an electric vehicle advocate, most of the other
team members that created this document are primarily environmental activists (see
below), and highly credible ones. The primary author and main analyst has a long and
impressive resume of analytical projects.
The following are descriptions and links to Parts 1 and 2 of this series.
https://energycentral.com/c/ec/2021-electric-truck-bus-update-part-1-trucks
https://energycentral.com/c/ec/2021-electric-truck-bus-update-part-2-buses

The Team

2.

The primary team that put this analysis and report together is listed and described
below.
ICF International: This is apparently the primary authors, and did much of the work of
developing/using the models for in this analysis. For more information, on this firm, go
through the link below.
https://www.icf.com/
California Electric Transportation Coalition (CalETC): This is a team of firms that
advocate for transportation electrification. Its board members are most of the large
electric utilities in California. Its associate members are many of the major vehicle
manufacturers and related firms. For a detailed listing, go through the link below and
click on “ABOUT.”
https://caletc.com/index.html
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Natural Resources Defense Council (NRDC): I’ve come across NRDC many times (in
a positive way) in my previous work. They are one of the good guys. Link is below.
https://www.nrdc.org/
In Partnership With:
Union of Concerned Scientists: If science matters and facts matter, these are one of
the main groups that make sure you know what each are. Link is below.
https://www.ucsusa.org/
Earthjustice: This is the first time I’ve run across this group, but their motto says it all:
“Because the Earth needs a good lawyer.” Link is below.
https://earthjustice.org/
BYD: One of the manufacturers featured in parts 1 and 2 of this series.
Ceres: I have not run across this organization before: “Ceres is a nonprofit organization
transforming the economy to build a just and sustainable future for people and the
planet.” Link is below:
https://www.ceres.org/about-us
NextGen Climate America: NextGen Climate America (formerly NextGen Climate) was
founded by Tom Steyer in 2013 and is guided by a simple mission: When we get young
people to show up and vote, we win.
https://nextgenamerica.org/about-us/

Scenarios

3.

There are 10 basic strategies that are bundled and adjusted to make up the scenarios
that are presented within this report…
The strategies that were included in the analysis are listed below. Existing policies and
regulations are identified as such. Each scenario specifies which strategies are included,
and how they were adjusted. Table II-17, which follows the strategy list, provides a
summary of which strategies were included in each scenario.
Author’s Note: There are five scenarios: Current Policies, Diesel, Natural Gas, Battery
Electric Vehicle (BEV), and Electricity Max. The strategies are components that are
included in some to all scenarios. Many strategies are existing regulations seeking to
reduce greenhouse gas (GHG) and other pollutants. Note that Table 11-17 (below)
makes additional adjustments to strategies and scenarios via footnotes.

3.1.

Phase 2 GHG Standards (Existing)

New requirements for new Class 2 through Class 8 vehicles. Requirements phase in
between 2018 and 2027.

3.2.

Senate Bill 1 (Truck and Bus Regulation - Existing)

SB-1 requires the Department of Motor Vehicles to verify that MD and HD vehicles are
compliant with or exempt from CARB’s Truck and Bus Regulation. The regulation
phases in a requirement that diesel vehicles with a gross vehicle weight rating (GVWR)
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greater than 14,000 lbs. that operate in California have a model year 2010 engine. The
model assumes full compliance by January 1, 2023.

3.3.

Innovative Clean Transit (Existing)

The Innovative Clean Transit regulation sets a statewide goal for public transit agencies
to gradually transition to 100 percent zero-emission bus (ZEB) fleets by 2040. The
regulation mandates the percentage of annual new bus purchases that must be zeroemission. Agencies must follow a phased schedule from 2023 to 2029, as shown in
Table II-13. For modeling purposes, ICF assumed that this regulation applied to all
vehicles in the Urban Bus EMFAC (CARB Emissions Factor Model)1 category. 27% of
these vehicles were assumed to be in small transit agencies, while the remaining 73%
were in large transit agencies. ICF assumed that sales in the interim years follow a linear
trajectory between the regulation years. All new ZEB sales were assumed to be electric.

3.4.

Sustainable Freight Action Plan39 (Existing)

The Sustainable Freight Action Plan is a long-term plan for California’s future freight
transport system. It targets improving freight system efficiency by 25% by 2030. ICF
modeled achieving this target by assuming a 25% reduction in fuel consumption from
instate freight trucks by 2030. The annual reduction in fuel consumption is a linear
interpolation for the years between 2019 and 2030. The reduction remains constant at
25% from 2030 to 2050.

3.5.

San Pedro Bay Ports Clean Air Action Plan (Existing)

The Clean Air Action Plan outlines strategies to reduce pollution from port-related
sources, including on-road drayage trucks. The plan requires any new truck registered in
the Port Drayage Truck Registry (PDTR) after Oct 1, 2018 to be model 2014 or newer.
All existing trucks in the registry can continue to operate yet must comply with CARB’s
Truck and Bus regulation. ICF modeled this regulation by assuming model year 2014
emission factors for all older model year South Coast Drayage Trucks.

3.6.

Implementing Low NOx Diesel Engines

The model assumes that by 2024 new diesel vehicles will have an emission factor of
0.05 g NOx/bhp-hr. This was modeled as a 75% reduction from Current Policies
emission factors in 2024. For calendar 2027 and beyond, the model assumes new diesel
vehicles will have an emission factor of 0.02 g NOx/ bhp-hr, modeled as a 90% reduction
in 2027 as shown in Table II-14 below.

1

CARB is the California Air Resources Board, There is a list of all of the EMFAC categories in Table II-3
of the main “Comparison…” document, (as opposed to the Executive Summary) linked in the Introduction.
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3.7.

Further Tightening of Phase 2 GHG Standards

By 2050, fuel economy is modeled as a 10% improvement from the EMFAC (CARB
Emissions Factor Model) assumptions.

3.8.

Advanced Technology Deployment

Advanced technology deployment aims to accelerate alternative fuel truck deployments
by steadily increasing new vehicle sales, which could be achieved through manufacturer
requirements, fleet purchase requirements, incentives, or other policy mechanisms. The
assumed sales percentage are shown in Table II-15.

3.9.

Zero-Emission Airport Shuttle Regulation

This existing regulation requires California’s 13 largest airports to transition their shuttle
operations to 100% Zero Emissions Vehicles by 2035, including public and private fleets.
The Green Car Congress reports that this regulation would apply to approximately 1,000
airport shuttles. To model this regulation, ICF replaced 1,000 vehicles in the Other Bus
EMFAC category with electric buses.
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3.10.

Advanced Technology for Out-of-State Trucks

This strategy assumes that beginning in 2035 a percentage of new sales of out-of-state
trucks that operate in California will be alternative fueled. The model assumes that by
2050 50% of out-of-state new truck sales will be alternative fueled.
Author’s Note: Below is Table 11-17. This identifies the strategies that are included in
each of the five scenarios. Footnotes for this table contain other information on scenario
content.

3.11.

Electricity Max Scenario

The purpose of the Electricity Max scenario is to define an upper limit showing the
potential of BEVs to help meet the 2031 NOx target and achieve additional GHG
reductions. This scenario maximizes the new sales rate of adoption for BEVs in the
MD/HD sector while retaining the natural vehicle turnover rate.

Results of Scenario Analysis

4.

The main document for this analysis presented many details regarding this work, with
many pretty charts. I will just present a few.
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This is the important one. Only two scenarios: Battery Electric Vehicle (BEV) and BEV
Max reach or exceed California’s targets for GHG emissions.
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One NOx compound is also a greenhouse gas, but NOx is otherwise a bad actor:2


NOx is a main constituent in the formation of ground-level ozone which causes
severe respiratory problems.



Respiratory problems may result from exposure to NO2 by itself, but also of
concern is NOx reacting to form airborne nitrate particles or acid aerosols which
have similar effects.



Along with sulfur oxides (SOx), NOx contributes to the formation of acid rain and
causes a wide range of environmental concerns.



NOx can deteriorate water quality by overloading the water with nutrients causing
an overabundance of algae.



Atmospheric nitrogen-containing particles decrease visibility.



NOx can react to form nitrous oxide (N2O), which is a greenhouse gas, and
contributes to global warming.

Conclusion from Scenario Analysis

5.

The main conclusion from the Scenario Analysis is that increased electrification is
required to meet both 2030 and 2050 GHG goals and can significantly help in meeting
2031 NOx requirements. The Electricity scenario, which achieves 100,000 electric MD
and HD electric vehicles in 2030 and over 1.4 million in 2050, is the only scenario
(outside of the BEV Max upper limit scenario) able to achieve both the 2030 and 2050
GHG goals. If the reductions from other measures built into the scenarios--increased
diesel fuel efficiency, use of biodiesel and renewable diesel for compliance with the low
carbon fuel standard (LCFS), and 25 percent fuel consumption reductions from
sustainable freight-- are not achieved, electric trucks will have to play an even more
important role in achieving GHG reduction goals. The electrification scenarios are the
only scenarios that achieve significant PM reductions in the 2050 timeframe. The RNG
limit of 750 million DGE in the transportation sector puts a cap on the GHG reduction
potential from natural gas vehicles.
Note from Author: PM = particulate matter, RNG is renewable natural gas (a.k.a.
biomethane), DGE = diesel gallon equivalent

Other Analysis and Issues

6.

There are other issues, explained in the subsections below.

6.1.

Hydrogen

Hydrogen fuel was included in the Total Cost of Ownership analysis described below,
but due to ongoing projected high costs for vehicles and infrastructure and limitations on
data, the results of the TCO analysis for hydrogen-fueled vehicles were not carried
forward into the scenario analysis or the economic analysis.

National Energy Technology Laboratory, “Nitrogen Oxides (NOx) Emissions,”
https://www.netl.doe.gov/research/Coal/energy-systems/gasification/gasifipedia/nitrogen-oxides
2
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See figure ES-2 below for an example of the high cost of hydrogen-fueled heavy
vehicles. Lack of a hydrogen refueling infrastructure is also an issue.

6.2.

Total Cost of Ownership

This portion of the report assesses the total cost of ownership (TCO) of MD and HD
technologies. The TCO as calculated here is the cumulative cost to the first owner of a
vehicle, including vehicle capital (purchase price minus residual value), operation and
maintenance (which includes the cost of fuel), and any necessary infrastructure, minus
applicable incentives and regulatory requirements. The TCO calculation was performed
for fourteen vehicle sizes and applications from Class 2b to Class 8 trucks and buses,
and across fuels including diesel, natural gas and renewable natural gas (including
landfill gas (LFG)), electricity, and hydrogen. Some key findings from this analysis
include:


Costs for electric MD and HD vehicles are falling, largely due to the rapidly
declining cost of batteries. While the value of Low Carbon Fuel Standard (LCFS)
credits, along with direct vehicle incentives such as the Hybrid and ZeroEmission Truck and Bus Voucher Incentive Project (HVIP), make the economics
attractive for fleet operators and owners now, by 2030 battery electric trucks and
buses are projected to achieve favorable total cost of ownership across almost all
classes evaluated, even absent incentives.
California’s Hybrid and Zero-Emission Truck and Bus Voucher Incentive Project
(HVIP) plays a crucial role in the deployment of zero-emission and near-zeroemission technologies. HVIP accelerates commercialization by providing pointof-sale vouchers to make advanced vehicles more affordable. Launched by the
California Air Resources Board in 2009, the project is part of California Climate
Investments. HVIP is the earliest model in the U.S. to demonstrate the function,
flexibility, and effectiveness of first-come first-served incentives that reduce the
incremental cost of commercial vehicles.3



Utility programs providing low- and off-peak rate periods and mitigating demand
charges for MD and HD technologies are critical for electric vehicle and fleet
owners. Current programs offered by utilities in California are allowing fleet
owners to take advantage of the potentially lower fuel costs compared to diesel
or natural gas vehicles.

Note from Author: In a summary of Tesla’s Impact Report linked below, Tesla reported
plans for an extensive new network of Megachargers that are planned to provide high
capacity and rapid recharging of heavy-duty electric trucks. I would guess many of these
will feature solar canopies and battery energy storage to either lower the cost of
charging for heavy vehicle owners or increase margins for commercial chargers.
https://energycentral.com/c/ec/tesla-environmental-impact
Figure ES- 2 shows that HVIP incentives are currently critical for electric Class 8
drayage trucks to have the lowest TCO. By 2030, however, even without HVIP, the
electric truck can achieve the lowest TCO as a result of reductions in vehicle purchase
price and lower operating costs. New rate structures combined with optimized charging
around low- or off-peak periods could result in significant fuel cost savings for electric
3

https://californiahvip.org/
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trucks and buses. To maximize these potential fuel savings, it will be important to assist
fleet operators, especially operators of smaller truck fleets, in the transition from liquid
refueling to charging to take advantage of these lower rates.

6.3.

Time-Frame Issues

This analysis only attempted to evaluate what would happen up to 2050 based on
information that was available in 2019 including trends in various markets. Although
advances in technology that are currently unforeseen will probably slightly change
economic factors in the 2040 to 2050 time-frame, since it will take decades for any really
new technology and its supporting infrastructure to be widely deployed, it is unlikely to
change the overall conclusion.
The accelerating development of electricity-related technologies could also result in
medium and heavy battery-electric vehicles becoming more dominant by 2050.

6.4.

Economic Analysis

The economic analysis projects the net economic impact of the previously-defined
scenarios (Current Policies, Diesel, Natural Gas, Electricity, and Electricity Max), taking
into account direct, indirect and induced effects and the impact of contraction in the
gasoline and diesel sectors. The economic modeling considered spending on vehicles,
infrastructure and fuel, and reinvestment of a portion of fuel savings into increased
production by the industry sectors most involved in MD and HD trucking.
Using the IMPLAN model (a regional input-output economic model), ICF obtained results
for four commonly used metrics, consistent with best practices across economic impact
analyses:
1. Employment: The job-years created in each industry, based on the output per worker
for each industry.
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2. Labor income: Includes all forms of employment income generated by the direct
input, including employee compensation (wages and benefits) and proprietor income.
3. Gross regional product (GRP): The net value of output, including labor income,
indirect business taxes, and business income.
4. Industry activity: The total value of industry activity generated by the direct
spending.
Stated most simply, transitioning away from petroleum fuels allows funds that would
otherwise flow out of California’s economy to be retained here, which increases jobs and
local economic activity. The Economic Analysis quantified those impacts, and found that:


Truck electrification provides greater benefits to the economy as a whole than
other alternatives evaluated. Investment in BEVs and BEV infrastructure results
in greater net employment, Gross Regional Product, and industrial activity per
dollar spent compared to natural gas vehicles and infrastructure.



Electrification scenarios result in about a doubling of incremental GRP and jobs
in the MD/HD truck sector relative to natural gas or diesel. The Electricity
scenario adds about 50 percent more jobs economy-wide per million dollars
invested than the Natural Gas scenario, and Electricity Max adds almost 100
percent more.



Decreased fossil fuel consumption reduces employment in the retail gas station,
oil and gas, and crude petroleum extraction sectors, but 4 to 5 times more jobs
are created in other sectors of the economy, resulting in net employment gains.



The increased electric vehicle deployment in the Electricity Max scenario
(approximately 800,000 vehicles in 2030 as compared to 100,000 in the
Electricity scenario) resulted in additional positive economic impacts, including
greater employment, gross regional product (GRP), and industrial activity per
dollar spent.



All of the alternative fuel scenarios show a reduction in net direct spending and
overall positive employment and economic impacts compared to the Current
Policies scenario. This is due to the magnitude of fuel savings combined with the
positive economic impacts from the reinvestment of fuel savings more than
offsetting negative impacts from reduced fuel spending.
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