
21 Dec, 2022

State of California, Air Resources Board

Regarding: Public Workshop to Discuss Potential Changes to the Low Carbon Fuel Standard

Dear Low Carbon Fuel Standard team:

Thank you for the opportunity to comment on the ideas and materials related to the Low Carbon
Fuel Standard in California presented at the November 9th workshop. The University of
California, Davis Institute of Transportation Studies, along with the Policy Institute for Energy,
Environment, and the Economy has been engaged in research, policy analysis, and technical
assistance relating to alternative fuel policy for well over a decade. We commend CARB and the
LCFS program staff for the series of workshops held over the last several months, including the
one on November 9. These have allowed robust stakeholder engagement and focused
discussion on a variety of topics. We recognize the complexity of the subject matter at hand and
applaud staff for creating the space for detailed public discussion.

The comments that follow predominantly relate to the topics identified by staff at the November
9th workshop as being of particular interest. We also return to the topic of credit phase-downs
for e-forklifts, first raised at the July workshop, to submit a proposal for a change to current
quantification methods that would not only address this issue but also improve the alignment
between quantified credit generation and real-world emissions, and prevent future credit market
imbalances if adopted more broadly under the LCFS.

We emphasize that neither UC Davis, nor the Policy Institute for Energy, Environment, and the
Economy takes any formal positions regarding regulatory action. Please find several comments
below, in no particular order.

Fractional Displacement Crediting Can Improve the Accuracy of  LCFS Credit Generation

Attached to this comment are an ITS Technical Report and a policy brief relating to a novel
approach for quantifying LCFS credits: Fractional Displacement (FD) crediting. The goal and
mission of the LCFS is to stimulate innovation and investment in low carbon fuels; but as low
carbon fuels saturate a market segment, such as forklifts, the assumption that each new
on-road or off-road vehicle will replace a fossil-fueled vehicle becomes increasingly flawed. We
suggest a new approach, which is simple and more accurate, using the same logic and credit
quantification framework already used in the LCFS. Adopting a more accurate crediting
approach better aligns LCFS crediting with real-world emissions, and prevents market
imbalances due to over-crediting of certain pathways in coming years. The FD proposal
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presented in the attached documents could be applied to selected pathways, such as e-forklifts,
to better align incentives with their emissions impacts, but it is technology-neutral and would
ultimately improve the accuracy of LCFS credit generation if it were used by all applicable
pathways. We recognize that a broad change in credit quantification methods was outside the
scope of topics raised by CARB staff during the workshop process, however the FD crediting
method offers an simple, elegant, opportunity to address potential issues regarding e-forklift
credit generation, and also preempt the need for future staff-intensive pathway-specific
interventions.

Development and Implementation of the CATS Model

At the November 9th workshop, staff presented an overview and initial high-level modeling
results from a new model, the California Transportation Supply (CATS) model. This model seeks
to optimize the supply of fuel within California’s transportation system for least cost, subject to
fuel availability and carbon intensity (CI) reduction constraints. While we have not had the
opportunity to review the available model in depth, we have reviewed the summary inputs and
had several constructive discussions with the CATS modeling team. The overall methodology
being used here seems like a sound approach. The scenarios presented at the November 9th
workshop cover the likely range of feasible targets, and the CATS modeling results appear to
reflect reasonable outcomes based on the input parameters provided by CARB. The model itself
appears to be largely deterministic, however, and the indicated set of scenarios may not
adequately represent the substantial uncertainties surrounding the constituent fuel pathways, or
interactions between multiple pathways. Staff’s presentation of the results at the workshop
reflected an appropriate level of dependence between modeling assumptions and the feasibility
of any particular target, however a deeper analysis of uncertainty would be warranted, to more
fully inform the 2030 target-setting decision. Uncertainty analysis of this type could be
accomplished through the analysis of a wider portfolio of alternative scenarios, or be integrated
into the model’s structure; based on the materials presented, it appears that the scenario
analysis approach better aligns with the capabilities of the CATS model.  To the extent that we
are able to make comparisons between modeled scenarios in CATS Model and our own Fuel
Portfolio Scenario Model (FPSM), the two models seem approximately aligned in both
conceptual focus, and expected impacts from the specified LCFS targets discussed at the Nov
9th workshop. We plan on conducting a deeper comparison between FPSM, CATS and other
LCFS market models in coming weeks.

LCFS Target Setting in 2030 and Beyond

Staff presented three scenarios for discussion at the November 9th workshop, in addition to a
baseline status quo scenario. These scenarios focus on 25%, 30%, and 35% LCFS targets for
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2030. We have attached a policy brief to this comment letter, which will also be published on our
website, that evaluates these potential targets using our Fuel Portfolio Scenario Model (FPSM).1

We wanted to recognize and commend staff’s presentation and framing of the targets with the
associated context of the assumptions that underpin each one. There is massive uncertainty
involved in modeling fuel portfolios as they go through profound shifts in technology, like the one
that will be required for California to meet its climate goals. Given such uncertainty, simple
quantitative results like whether a given scenario meets or fails to meet a specified target offer
little useful policy guidance. Decisions are better informed by specifically linking the
assumptions needed to achieve certain high-level quantitative outcomes, and staff’s
presentation on November 9th reflects this framing of the question.

In the case of the specific targets being discussed in the November 9th presentation, the linkage
between modeling assumptions and outcomes are made clear, and they align with analysis that
is ongoing at ITS-Davis, which will be published in coming weeks. The policy brief attached to
this comment evaluates the 25%, 30%, and 35% target levels in more depth. To summarize:

1. A 25% target is achievable under many conservative sets of assumptions, and in many
cases, is not high enough to fully address the imbalance between credit supply and
demand. In short, a 25% target may undershoot the potential carbon reductions in this
timeframe, and may not provide sufficient upward pressure on LCFS credit prices to
support desired investment in low carbon fuels and technologies over the next decade.

2. A 35% target would require not only over-performance of many low carbon fuel
categories compared to projections, but would likely be infeasible if CARB were to limit
crop-based biofuel feedstocks, or restrict the availability of RNG from livestock digesters.
In short, a 35% target may well be difficult to feasibly attain under likely market
conditions.

3. Achieving a 30% target may be feasible in some cases, but subject to at least five key
areas of uncertainty.

a. Vehicle activity (VMT) reduction and fuel economy improvements lead to a
reduction in total fuel demand by 2030. Modeling from Driving to Zero projects
around 7-10% less total transportation energy demand after adjusting for EER, in
2030 as compared to 2020, due to VMT reduction and increased vehicle
efficiency. If aggregate transportation energy demand remains flat or grows,

1 We are currently working to update the underlying projections of fleet turnover and vehicle
activity to better reflect recent regulatory action by CARB, as well as the impact of the
COVID-19 pandemic on vehicle travel. The scenarios reflected in the policy brief, and the
comments here reflect preliminary modeling, performed using fleet and activity projections taken
from the Driving California’s Transportation Emissions to Zero report, released in 2021.

3



especially if gasoline - the source of most deficits in the program - consumption
grows, it will be more difficult to meet a 30% target.

b. EV penetration in the light duty space within California must match projections of
response to ACC2. This means that the use of bonus credit provisions for certain
vehicle types cannot significantly exceed projections, nor can interstate trade of
either vehicles result in fewer EVs deployed in California than currently projected.

c. The CI scores of lipid-based fuels (e.g. renewable diesel, biodiesel, and
hydrotreated sustainable aviation fuel) must remain approximately stable through
2030. At present, these fuels are predominantly produced from waste feedstocks,
resulting in relatively low CI scores. There are indications that the supply of such
wastes is already close to being fully utilized, as evidenced by the entrance of
significant quantities of soybean oil based fuels into the CA market since 2019.
Unless significant new sources of waste or residue oil can be secured, future
growth in these fuels are likely to come from crop-based feedstocks, such as
soybean oil. Fuels from these have significantly higher CI scores. If the CI scores
of these fuels climb, they will not be able to provide as much compliance credit.

d. Project-based credit pathways, such as refinery investments, innovative crude
production, refinery use of renewable hydrogen, and ZEV infrastructure capacity
credits have all significantly under-performed projections made when they were
introduced. Continued underperformance will make a 30% target more
challenging.

e. Current projections show 6 million credits generated from RNG in 2030, around
15% of the year’s total compliance obligation, the vast majority of which come
from livestock digester pathways with negative CI scores. LCFS staff have
indicated that they are considering options to change the treatment of RNG from
digesters, most of which would result in a net reduction of credits from these
pathways.

All of the above factors have their own uncertainty ranges, there are some interactions between
these pathways but all play key roles in compliance being achieved. Achieving a 30% target
may be feasible if one of the five performs at the lower end of its uncertainty range, provided all
of the others perform at the upper end of theirs. If two or more dramatically under-perform
projections, it could result in the LCFS market being significantly short of credits in or around
2030, unless some unexpected source of credits emerges in the interim. Adopting a limit on the
total amount of fuels from crop-based feedstocks (which we will discuss in the next section)
would, as LCFS staff noted in their discussion of the 2035 target, foreclose the availability of
significant expansions of the amount of these fuels, closing off one compensatory option in the
event of underperformance by any of the areas of uncertainty listed above.

2030 targets must be considered in the context of what they imply about targets in 2035 and
beyond. When EVs start to make up the majority of light-duty EV sales, as they are projected to
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do by the late 2020’s, LCFS credit targets must begin rising at faster-than-historical rates in
order to accommodate the credits such EVs would generate (though this need for rapid target
escalation would be slightly mitigated by adoption of Fractional Displacement crediting,
discussed above). FPSM modeling indicates the need for targets to rise 3-5% per year in the
early to mid 2030’s to keep pace with the growth of light duty EVs. While rapid target
acceleration would tend to put upward pressure on credit prices, it is important to remember that
even with EVs making up the vast majority of new vehicle sales, the majority of vehicles in
California’s fleet will still be ICE powered until the mid to late 2030’s. Opting for moderate
ambition in the near term could help delay the worst gas price impacts until the majority of
consumers had protected themselves from the impacts by transitioning to ZEVs.

One possible option to achieve this moderate track could be to select a 2030 target in between
the 25% and 30% levels, in combination with an auto-ratchet mechanism (discussed in more
detail below) that could increase targets to 30% or slightly above, if market conditions indicate.
Doing so would help ensure that critical pricing and market-setting decisions were not made 8
years in advance of their greatest impact, when uncertainty around critical elements of program
performance was still significant.

Auto-Ratchet Mechanism
During the 2022 workshops, several stakeholders have raised questions about the possibility of
a mechanism in the LCFS to automatically increase target stringency if market conditions
indicate an oversupply of credits relative to deficits. At present, the LCFS has several
mechanisms, including the credit clearance market and advance credit provisions that
functionally limit credit prices to below a specified ceiling price. No corresponding mechanism
exists to establish a floor price, and under market conditions like those that existed from the
second quarter of 2020 through now, the LCFS credit price can decline significantly as a result.
The impacts of a ratchet mechanism will depend largely on how it is designed, but the core
concept of a so-called “auto-ratchet” mechanism could provide the basis for a valuable market
stabilization mechanism, provided there are appropriate guardrails around the magnitude of
automatic target increases, and strong alignment between the criteria that trigger target
increases and market conditions that warrant it.

Some preliminary proposals for such a mechanism focus on the amount of cumulative banked
credits, relative to either a fixed threshold, or as a ratio of prior-year credits or deficits. While
there is clearly a relationship between the number of banked credits and downward pressure on
LCFS credit prices, we are concerned that such an approach mis-targets the root cause of low
credit prices. The size of the bank itself is not necessarily a problem, and a robust bank of
credits can serve as a valuable buffer against credit shortfall or supply chain disruption among
low carbon fuel producers. Credit balance is a better indicator of both short and long-run trends
in the credit market and would be a more useful indicator of when an auto-ratchet mechanism
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should be triggered. A mechanism that focused on the size of the bank would likely help support
credit prices, but would almost certainly reduce the size of the bank. This could be problematic,
as the LCFS will continue to produce greater numbers of deficits per year through the
mid-2030’s. The current bank, over 11 million credits, may exert downward pressure when
compared to current annual deficit generation around 20 million, but annual deficit generation is
expected to be over 40 million by 2030, and an 11 million credit bank may be inadequate under
those conditions. Rather than drawing the bank down in the near term, only to need it to be
rebuilt in a few years is likely to be a less efficient course of action than stabilizing the credit
price but maintaining the current credit bank. While an auto-ratchet mechanism that focuses on
credit balance would also tend to reduce the credit bank, the reduction would likely be less than
under a mechanism that directly targets the bank itself.

Finally, given the need for rapid target acceleration in the early 2030’s, as discussed above and
modeled in detail in Driving California’s Transportation Emissions to Zero, the mechanism
should be constrained to relatively small incremental target increases, such as half a
percentage point or less per year. The mechanism should also consider not only the most
recent year, but also some consideration of the several years prior, to ensure that it does not
trigger a target increase due to one strong year during a multi-year period of credit under-supply
relative to deficits. This could look something like the following conditions:

IF: Prior year credits > 110% of Prior year deficits
AND: Sum of prior 3 years credits > Sum of prior 3 years deficits
THEN: Target increases by 0.5%

Under any circumstance, careful modeling of proposed automatic target adjustment
mechanisms is highly recommended, to ensure that they contribute to the program’s intended
goals under all plausible market conditions and market behavior.

Eligibility of Crop-Based Biofuel Feedstocks

In the section on the impact of assumptions on the ability to meet future LCFS targets, Staff
requested input on potential limitations to crop-based biofuels. We discussed that matter in
depth in our August 8th comment letter, and while we have noted significant discussion on this
topic in subsequent months, we stand by the comment made at that time. There has been2

significant attention to the subject of ILUC over recent years in academic literature, but troubling
uncertainties remain, especially in the case of the vegetable oils and other lipids likely to be of
critical importance in the coming decade. The current LCFS approach to ILUC risk mitigation
does not fully protect against such risk, since the range of estimated ILUC values for lipid
feedstocks considerably exceeds the current ILUC values for them, and considerably increased

2 https://www.arb.ca.gov/lists/com-attach/144-lcfs-wkshp-Jul22-ws-VzQFYlIhUGFWDwVp.pdf
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demand for lipids would be expected to increase ILUC values, insofar as it would be associated
with additional demand for land. Given the fact that current modeling of land use competition
and ILUC is highly uncertain, an analytical approach based on modeling is unlikely to provide
the certainty or precision needed to guide policy development in the next few years. In absence
of such an approach, a cap on certain feedstocks that significantly increase the risk of
ILUC-driven emissions mitigates the risk of unwanted consequences and stranded assets.
Continued investment in research, modeling, and consensus-development among stakeholders
in this field could produce an alternative approach to mitigating ILUC risk that could enable a
more carefully-calibrated response.

It must be noted that a cap on crop based feedstocks would pose a number of implementation
challenges. An absolute limit on consumption of fuels could require the development of new
provisions that have little precedent in the LCFS. An absolute limit on credits from specified
feedstock could lead to market perturbations in which supplies of affected fuels attempt to
schedule deliveries early in a compliance period. It could also lead to a functional bifurcation in
the market, where credits from crop-based fuels trade at a price that diverges from what they
otherwise would have, to reflect the risk that crop-based credits are a limited commodity (and
crop-based biofuels might not generate any credits if the cap is filled at time of credit issuance).
There may well be policy mechanisms that can address these challenges, easiest if applied
from outside the program.  Note, however, there is a precedent:  the RFS by statute limits total
corn ethanol use  levels (albeit within a volumetric mandate system)..

Changes to Biomethane Crediting

Staff discussed proposed changes to biomethane crediting at the November 9th workshop. Two
main proposals were raised: limitation of book-and-claim eligibility to projects in the Western
U.S., and phasing down of the avoided methane credits.

Phasing down the avoided methane credits may help address an area where current credit
quantification methods struggle to mathematically represent complex policy dynamics. LCFS
credits are issued on the basis of the CI-lowering activities, and the LCFS incentivizes being
additional to what would have happened in absence of the LCFS. For life cycle analysis, this
has been implemented with a focus on legal or regulatory requirements; any action in an LCFS
pathway that would otherwise be required by law is non-additional, and therefore is not counted
towards credit generation. Another form of additionality screening focuses on temporal
relationships, and currently applies to electrified transportation vehicles or infrastructure in
off-road applications. Pathways in which these were installed prior to the program’s
implementation in 2010 do not receive the credit for displacing fossil fuels that apply to later
projects, because the displacement effects of pre-2010 projects are assumed to have pre-dated
the LCFS baseline CI assessment and therefore non-additional to status quo activity without the
policy.
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There are other considerations related to additionality that may deserve greater consideration
for the purposes of the LCFS. Economic additionality - whether something would have occurred
due to financial or economic factors other than the LCFS - is currently not considered. This is in
large part because statutory and temporal tests can yield a binary “yes or no” answer while
economic tests may not. At present, many RNG projects (and other LCFS pathways) meet the
legal and temporal standards for additionality, but may have been completed in absence of the
LCFS due to the presence of other economic incentives, such as capital grants, voluntary
market credits, or legal settlement funds.

Assessing economic additionality requires determining causality for actual events as well as
events in assumed counterfactuals that involve non-binary factors such as risk aversion, capital
availability, implied discount rates, and expectations about future regulatory or economic
conditions. It is especially difficult to assign causality to the effect of policy incentives when
multiple programs or incentives affect a given project or fuel, such as in the LCFS where fuel
project developers are - by design - able to obtain value from the LCFS, the Federal RFS,
Federal and State grants or tax credits, legal settlements, and philanthropic funds. Holding
projects to an excessively strict test of additionality, such as the assumption that any financial
support from a policy mechanism denies additionality to all other forms of policy support, might
not yield meaningful improvements in policy function but could well deeply chill investment in
many critical areas of climate technology and policy.

More balanced and precise approaches to assessing additionality may be feasible, however.
CARB, in consultation with stakeholders, could establish a clear and objectively-determinable
standard of economic additionality, e.g. if a specified fraction of capital and/or operational costs
for a given program were met via other policy incentives, then LCFS credits would be reduced
as appropriate.

In the case of biomethane, applying different standards of additionality to the avoided methane
credit, than to the balance of emissions impacts in the pathway may better align credit
generation with real-world emissions impacts. The life cycle GHG emissions benefits of
displacing fossil fuels with fuels like landfill gas or RNG are known with reasonable certainty and
precision, because they obtain comparatively little of their CI benefits from reductions in fugitive
methane emissions. The avoided methane credit plays a major role in determining the ultimate
CI score of RNG pathways using livestock manure as their feedstock. As such, more careful
consideration of the additionality of avoided methane credits could guide a more carefully
calibrated approach to credit generation. For example, if the sum total impact of market trends
and policies across all relevant jurisdictions implied a sector-wide transition away from practices
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that caused significant fugitive methane emissions, it could be appropriate to scale down the
avoided methane credit proportionately.3

Another opportunity to adjust the magnitude of total avoided methane credits would be by
changing the duration over which they could be credited. At present, biomethane or RNG
pathways that claim an avoided methane credit will continue to receive credits based on their
pathway certified CI score for 10 years, even if laws were passed during that time making the
avoided methane credit non-additional.

A possible alternative would be to phase down the avoided methane credits over time. This
could be along a trajectory set during pathway certification, or alternatively, triggered by the
passage of law or policy that would render such credits non-additional. The current approach
under the LCFS may allow for avoided methane credits to be claimed in perpetuity if no law or
policy ever formally limits fugitive methane emissions from livestock production, even if such
emissions are in fact eliminated due to non-statutory pressures.

Ultimately, the current treatment of avoided methane credits may create substantial challenges
for jurisdictions seeking to reduce agricultural-sector emissions. The current structure of avoided
methane credits under the LCFS effectively allows consumers of livestock-derived RNG in the
transportation sector to claim credit for reducing emissions that would otherwise be accounted
for as part of the agricultural sector. At present, where agricultural emission reduction policies
are overwhelmingly voluntary or incentive-based, this cross-sector exchange of emissions
reduction credit creates no accounting problems. If jurisdictions begin adopting policy that
requires agricultural sector emission reduction, however, avoided methane credits may make it
substantially more difficult for agricultural sector entities to comply, since (depending on the
base year selected to measure reductions against) they could have to retain a nominal emission
of fugitive methane on their GHG inventories, so that LCFS avoided methane credits can
appropriately be issued. Given the impact of methane on many agricultural sector emission
inventories, compliance with meaningful GHG policy may be challenging as long as this notional
methane emission remains on the books. Phasing down the methane credit could, therefore,
help clear the way for agricultural sector entities to comply with agricultural sector GHG
reduction targets.

Medium and Heavy-duty Refueling Infrastructure Assumptions

The November 9th workshop provided no new details about how additional MD/HD refueling
infrastructure capacity credit provisions would be designed or implemented. We reiterate our

3 Provisions relating to assessing additionality within the recently-adopted Canadian Clean Fuel
Regulations may also offer some guidance, however since the program was only recently adopted, it is
too early to arrive at any conclusion about their effectiveness. See, for example, Section 6 in:
https://publications.gc.ca/collections/collection_2022/eccc/En4-419-1-2022-eng.pdf
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comments from our August 8th letter: That infrastructure capacity provisions depart from the
core principle of providing LCFS credits for actual and quantifiable emissions reductions, that
such provisions introduce potential market imbalances, and that little if any data has yet been
provided to demonstrate the efficacy or cost-effectiveness of these measures.

We note, however, that the target scenarios evaluated in the CATS modeling presented at the
November 9th workshop assumed that both existing and potential new infrastructure capacity
credit pathways would be used at their full potential in 30% and 35% target scenarios. To date,
actual performance of these pathways has substantially lagged modeled projections and is far
below the nominal cap.

Beyond that, it is worth considering what full utilization of these pathways would actually mean.
FPSM modeling indicates that under most target scenarios, the LCFS program will generate
between 40 and 45 million deficits per year in the early 2030’s. In almost every scenario, deficit4

generation exceeds 40 million per year for 5 or more years. This implies that the LCFS will
structurally guarantee the revenue (or avoided cost, if these pathways are developed by
deficit-generating entities) from up to 10% of that figure due to infrastructure pathways.5

Assuming LCFS credit prices between $100 and $200, that means that $400-900 million per
year could flow through infrastructure capacity provisions, to a very narrow set of projects, for at
least 5 years in the 2030’s. While we recognize the critical need to support such infrastructure,
especially in the short term,  we are unaware of modeling that shows this level of commitment is
necessary or warranted so far in advance, especially since infrastructure capacity provisions are
meant to support the deployment of infrastructure in advance of significant numbers of ZEVs to
support them through fuel sales. By the early 2030’s, more than 5 million ZEVs will be on the
road, per projections based on ACC2, as well as the Advanced Clean Trucks and Advanced
Clean Fleets regulations, and millions more will be added each year, due to anticipated sales
fractions well over 50% in most light and medium duty vehicle classes. Given the robust and
rapidly-growing demand implied by these vehicle fleet trends, it is possible that adequate
refueling infrastructure could be deployed based on expected fueling revenue, including LCFS
credits, but significantly less reliance on infrastructure capacity credit. Committing to additional
HRI and FCI pathways now means that the majority of revenue will be arriving after there is a
large and rapidly growing fleet of vehicles utilizing the infrastructure. That is to say, the greatest
impact of a policy meant to support deployment of infrastructure in advance of vehicles will
arrive several years after the deployment of such vehicles. Adopting additional HRI and FCI

5 If provisions relating to existing light-duty Fast Charging Infrastructure (FCI) are not amended, then by
the early 2030’s, aggregate credit generation from these pathways would likely be starting to decline as
early light-duty FCI projects reach their eligibility limits. The CATS modeling presented at the Nov. 9th
workshop seems to imply an extension for these provisions, however.

4 Equivalent projections by CARB’s CATS model were not available, however the estimated fuel
consumption data provided in the summary input tables approximately align with those in FPSM,
indicating that the models are likely in general agreement about energy demand, and deficit generation.
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provisions under an expanded target would commit the state to the potential for hundreds of
millions of dollars being transferred from gasoline consumers to fueling infrastructure owners,
based on an understanding of market dynamics that will be a decade old once peak revenue
flows occur.

A more limited and targeted approach may be able to meet critical infrastructure needs without
as much impact on consumer fuel prices. Given the rapid expansion of LCFS deficit generation
as targets climb in the 2030’s, the current limitation mechanism - based on a fraction of prior
year deficits - could well lose its ability to provide the intended guardrail against excessive credit
generation for several years. Additional caps on aggregate revenue flow from these provisions
would help mitigate these risks. For example, a stronger requirement that capacity credit
revenue does not exceed actual station costs, or reducing the maximum number of credits over
a specified period of time after the fleet reaches critical milestones of ZEV deployment would
ensure that LCFS capacity credit revenue does not provide incentive disproportionate to its
value in supporting a transition to a ZEV-dominated fleet. Additionally, a shorter time horizon for
crediting, particularly for HRI, would reduce the risk of significant payments continuing through
the 2030’s, long after the fundamental rationale for such payments may no longer apply.

Thank you again for the opportunity to provide comments on the material presented at the LCFS
workshop. We appreciate the discussion this process has fostered so far and look forward to
continuing our dialog through the coming year. If we can offer any additional assistance or clarify
any of the material in this comment, please do not hesitate to reach out to Colin Murphy by
email at cwmurphy@ucdavis.edu.

Signed,

Colin Murphy, Ph.D.
Deputy Director, Policy Institute for Energy, Environment, and the Economy
Co-Director, Low Carbon Fuel Policy Research Initiative
University of California, Davis, California, USA

Jin Wook Ro, Ph.D.
Postdoctoral Scholar, Policy Institute for Energy, Environment, and the Economy
University of California, Davis, California, USA
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Modeling 2030 LCFS Targets

Issue 
The Low Carbon Fuel Standard (LCFS) has 
successfully reduced GHG emissions from 
transportation fuels in California. In 2023, CARB 
will open a rulemaking to update several aspects 
of the program, most notably the carbon 
intensity (CI) reduction target for 2030. 
 
LCFS credit prices have declined significantly 
since 2020, due to several factors including 
COVID-19 pandemic effects, interactions with 
the Federal RFS program, and anticipated 
growth in renewable diesel production. Raising 
the LCFS CI reduction target is the primary tool 
CARB uses to strengthen credit prices to 
incentivize critical investments in low carbon fuel 
production capacity and fueling infrastructure. 
This brief will discuss key considerations relating 
to the 2030 LCFS target (a CI reduction relative 
to 2010 levels), and the range of alternatives 
presented by CARB at the Nov 9th workshop. 

Key Findings 
UC Davis Policy Institute researchers used the 
Fuel Portfolio Scenario Model (FPSM) to 
evaluate 2030 target scenarios, based largely on 
those presented for discussion by CARB. This 
model was originally developed as part of the 
work that went into the Driving California’s 
Transportation Emissions to Zero report.  
 
A 25% target in 2030 is unlikely to 
significantly raise credit prices. This target 
trajectory resulted in large and persistent net 
credit surpluses through the 2020’s. 
 
The feasibility of a 30% target rests on five 
key areas of uncertainty. 

1. In-state EV deployment rates. 
2. VMT and fuel consumption trends. 
3. Renewable diesel and sustainable 

aviation fuel (SAF) carbon intensity. 
4. Project-based credit growth. 
5. Livestock renewable natural gas 

(RNG) growth trends. 
 
Attaining the 30% target would require each of 
these areas of uncertainty to perform at the 
upper half of their plausible range. 
Overperformance in one could compensate for 
underperformance in another; however, if more 

than one underperform projections, persistent  
deficits may be likely in the late 2020’s. 
 
A 35% target requires extremely high 
performance from all categories and would 
limit flexibility for program adjustments. As 
CARB staff noted at the Nov. 9th workshop on 
this topic, a 35% target would not be compatible 
with limitations on crop-based biofuels, or 
reductions in livestock RNG credits. 
 
Additional modeling is needed to better 
inform target-setting decisions. ITS Davis 
researchers are currently updating fleet and 
vehicle activity projections to reflect recent policy 
developments. These will be used to inform new 
FPSM runs for a better-calibrated evaluation of 
potential targets, forthcoming in January, 2023. 
 
Proposals for an “auto-ratchet” target 
increase mechanism deserve careful 
consideration. Low credit prices over the last 
two years show the need for mechanisms to 
preserve a functional incentive for investment. 
Triggered target increases could fill this role, 
though should be carefully targeted and 
calibrated. Yearly credit balance, rather than 
cumulative credit bank size, may be a more 
appropriate indicator for triggering any such 
increases. 
Table 1 – Projected LCFS credits by category in 
2030, under a 30% target (no other program changes) 
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The timing of near-term target increases 
greatly changes their impacts. Figure 1 shows 
the impact of different schedules that both result 
in a 30% target in 2030. Slight changes in target 
level can result in rapid depletion of the credit 
bank, with impacts that last well into the next 
decade.  
 
LCFS targets must rise rapidly post-2030 to 
keep pace with rapid EV deployment. By the 
mid 2030’s, the majority of vehicles in the state 
will likely be EV, but prior to that, LCFS target 
increases will result in increased gasoline prices 
for the majority of CA drivers. Moderating pre-
2030 ambition could shield drivers from some of 
these impacts.  
 
A 2035 CI target should be set as soon as 
possible and will likely need to be at least 
20% higher than the 2030 one. Investments in 
low carbon fuel production capacity and 
infrastructure require long payback periods. 
Current models appear suitable for informing 
target-setting decisions in an approximate 
fashion through 2035. CARB might also choose 
to set a conservative 2035 target to indicate 
commitment to the program, and raise it later 
this decade, either through rulemaking or an 
auto-ratchet mechanism. 
 
FPSM shows generally good agreement with 
CARB’s CATS model. Based on the Nov. 9th 
presentation and subsequently released 
material, the two models share some, though 
not all, structural elements, and arrive at similar 
high-level conclusions regarding trade-offs 
involved in 2030 target setting. 
 

 
 

 

 

 

 

Policy Recommendations  
Additional modeling is needed to confirm target 
selection.  

● Achieving a 30% target requires several 
uncertain fuel categories to perform at 
the upper end of their potential range.  

● Future modeling should focus on the 
25% to 30% range, as well as different 
schedules of target increase.  

● A 25% target probably does not 
sufficiently strengthen credit prices. 

● A 35% target would limit the program’s 
flexibility to take actions to improve 
sustainability or equity outcomes. 

● Most consumers will be driving gasoline 
vehicles until the mid-2030’s, so early 
ambition could result in significant price 
impacts. 

Further reading 
Driving California’s Transportation Emissions to 
Zero by 2045   
 
LCFS Workshop Page, with staff presentation 
and CATS model materials.  
 
FPSM Modeling Paper expected early 2023. 

Authorship 
This policy brief was prepared by Dr. Colin 
Murphy.  

Figure 1: Impact of different 
target acceleration 
schedules on LCFS credit 
balance and bank. 

https://escholarship.org/uc/item/3np3p2t0
https://escholarship.org/uc/item/3np3p2t0
https://ww2.arb.ca.gov/our-work/programs/low-carbon-fuel-standard/lcfs-meetings-and-workshops
https://ww2.arb.ca.gov/our-work/programs/low-carbon-fuel-standard/lcfs-meetings-and-workshops
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Fractional Displacement Crediting Under the LCFS

Issue 
The Low Carbon Fuel Standard (LCFS) has 
successfully reduced GHG emissions from 
transportation fuels in California. We propose a 
small but important change to improve the 
credibility and performance of the LCFS.  
 
As currently designed, the LCFS assumes that 
each new zero emission vehicle will displace a 
fossil-fueled one. That was a reasonable 
assumption in the early years of the program but 
will become less accurate as the fleet shifts 
toward zero-emission vehicles. If this 
increasingly incorrect assumption is retained, it 
will lead to LCFS credit generation that does not 
accurately represent emissions impacts. 
 
Fractional Displacement (FD) crediting is a 
minor, technology-neutral change to the LCFS to 
enhance its effectiveness by better aligning 
credit generation with actual emissions impacts. 
FD crediting strengthens the foundation of the 
LCFS, and could mitigate market imbalances 
expected to emerge over the coming decade.  

Key Findings 
At present, LCFS crediting methods rely on two 
key assumptions to quantify credits generated 
by the displacement of fossil fuels due to the use 
of an advanced technology vehicle (those with 
an energy economy ratio, EER, greater than 1). 
 

1. The displaced fuel has carbon intensity 
equal to the LCFS target for that year. 

2. The amount of fuel displaced is the same, at 
all times, and under all market conditions. 

 
The first assumption is appropriate, however the 
second does not match likely behavior as fleets 

transition to advanced technology. When 
advanced technologies make up a greater 
fraction of the fleet, each additional vehicle will, 
on average, displace less petroleum, than the 
previous; e.g. the five-millionth EV sold in a 
given market will displace less than the first.  
 
Fractional Displacement (FD) crediting allows for  
more precise and accurate credit quantification, 
by representing emissions benefits from lower 
carbon intensity fuels separately from fuel 
displacement and adopting assumptions that 
better align with market conditions expected in 
the middle and later phases of a fleet’s transition 
to ZEVs. Implementing the FD crediting 
approach would involve replacing the current 
LCFS credit quantification equation in § 95486.1 
(a) (1) with the one in the box, below. 
 
FD crediting is a technology-neutral way to 
better match LCFS credit generation with  
emissions impact. FD splits the current 
crediting equation into two components, 
recognizing that they deal with different 
mechanisms. This allows more carefully 
considered assumptions to be made about each. 
FD crediting applies equally to all fuel pathways 
earning credits using the current LCFS method. 
 
The FD approach is a minimal change from 
existing methods. The equation presented for 
FD crediting is mathematically equal to the 
current one, if the new displacement fraction 
term is omitted. It builds on the concepts already 
used in the LCFS. 
 
Changing to FD crediting would mitigate 
likely future credit imbalances in the LCFS. 
The assumptions adopted by the current LCFS 
quantification method tend to over-estimate 
displacement of fuel by advanced technology 
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vehicles (like ZEVs) during the middle and late 
parts of a fleet transition. This can lead to over-
generation of LCFS credits, compared to actual 
emissions, which can drive down credit prices 
and require regulatory intervention or rapid 
target increases to compensate. FD crediting 
helps promote a stable LCFS credit market with 
a credit price that continues to incentivize the 
deployment of advanced technology. 
 
FD crediting provides a stronger disincentive 
against the use of high-carbon fuels in 
advanced vehicles. The current crediting 
method allows high-carbon fuels (e.g. fossil-
based hydrogen or electricity) to generate 
credits in advanced technology vehicles even if 
the fuel has a higher CI than the LCFS target at 
the time. FD crediting assures that only fuels 
with lower CI than the target will receive credit. 
 
FD crediting preserves the credit generation 
potential of advanced technology vehicles 
due to use of lower-CI fuel. The current 
approach to crediting over-credits advanced 
technology vehicles at later stages of a fleet 
transition, compared to real world impact; e.g. at 
present e-forklifts provide 7% of compliance 
credit in the LCFS despite very small fleet size 
and energy demand. Alternative approaches to 
addressing this under current credit methods, 
may require phasing certain technology types 
completely out of the LCFS, even if they 
consume fuel with lower CI than current targets. 
 
Changing to FD crediting would make almost 
no difference in credit generation for the next 
several years, except for e-forklift pathways. 
Since advanced technology vehicles represent a 
minimal fraction of the fleet in all pathways other 
than e-forklifts, adopting the FD approach would 
cause a minimal impact on total LCFS credit 
generation through the 2020’s.  
 
FD crediting provides more accurate credit 
quantification for pathways using carbon-
negative fuels. At present, RNG from digesters 
that receives a negative CI score due to avoided 
methane credits can be combusted to make 
electricity, which is used to charge an EV. Under 
the current LCFS methodology, the avoided 
methane credit is multiplied to reflect the 
efficiency of the EV, however this means the 
amount of avoided methane is multiplied too, 
leading to over-crediting. The FD approach 
effectively closes this loophole. 

Policy recommendations  
Adopting FD crediting at the earliest opportunity 
better aligns credit generation with actual 
emissions impacts, preserving and 
strengthening the core mechanism underpinning 
the LCFS. 

● FD crediting is appropriate for all 
pathways that use the current crediting 
equation in § 95486.1(a)(1) of the LCFS.  

● Immediate comprehensive application 
of FD would result in near-term 
crediting changes only for e-forklifts. 
All other vehicle classes have sufficiently 
low ZEV penetration that immediate 
change would be minimal. 

● The Displacement Fraction can be 
approximated as the fraction of fleet 
using incumbent fossil-based 
technology. Other approaches are 
available and should be considered, 
however this approach is feasible with 
current data and represents a clear 
improvement over present the method. 

● FD crediting can be adopted piece-
wise. Adopting immediately for e-forklifts, 
addresses potential credit imbalances and 
allows time for more extensive modeling 
and policy development prior to program-
wide adoption. 

● FD crediting can use significance 
thresholds or defined schedules for 
changes to displacement fraction. 
These small adjustments can reduce 
administrative burden and provide a more 
predictable credit generation trajectory, 
especially at the start and end of vehicle 
fleet transitions, with a minimal impact on 
the accuracy of crediting. 

Further reading 
This brief summarizes research published in 
Improving Credit Quantification Under the LCFS: 
The Case for a Fractional Displacement 
Approach.  

Authorship 
This policy brief was prepared by Dr. Colin 
Murphy.  
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Introduction 
California has set ambitious targets for decarbonizing its transportation system and adopted a variety of 
programs to support the transition toward carbon-neutral vehicles and fuels.1 The Low Carbon Fuel 
Standard (LCFS) is a critical element of the policy portfolio; it provides incentives for reducing the carbon 
intensity (CI, measured across a fuel’s full life cycle) of transportation fuels, via the generation and 
trading of LCFS credits. Since its inception, the LCFS has successfully reduced greenhouse gas (GHG) 
emissions from transportation in the state and led to a doubling of the fraction of transportation energy 
coming from lower-carbon, non-petroleum sources.2 

A core strength of the LCFS has been the way it correlates the amount of incentive offered to a given 
fuel with GHG reductions.3 This allows the program to provide strong, focused support for innovative 
low-carbon technology.  

Going forward, one concern is that the current method used to quantify LCFS credits in California as well 
as in similar policies in Oregon and Washington, relies on assumptions that reflect conditions in early 
phases of a transition from petroleum internal combustion engine vehicles (ICEVs) to alternative fuel 
vehicles, including zero-emission vehicles (ZEVs). But as ZEVs and other advanced technology vehicles 
saturate a market, these assumptions become increasingly flawed. In particular, the current LCFS 
approach embeds fixed assumptions about the amount of fuel displaced by advanced technology 
vehicles.4 These assumptions tend to overestimate fuel displacement in middle and later years of the 
transition away from conventional vehicles; this overestimation could create LCFS credit market 
imbalances, drive down the LCFS credit price, or simply create a noticeable gap between GHG savings 
credited and those achieved.  

This paper proposes an alternative approach to quantifying credit generation under the LCFS, called 
Fractional Displacement (FD) crediting. Fractional Displacement crediting is a minimally disruptive, 
technologically neutral modification to existing LCFS credit quantification methods. It allows the use of 
more appropriate assumptions about how much fuel is displaced by advanced technology vehicles. It 
maintains the core conceptual framework of the LCFS and improves the correlation between actual 
emissions reductions and crediting under the LCFS. The FD crediting approach can be adopted for 
virtually all LCFS technologies and pathways, and doing so would cause little, if any impact to credit 
generation under the LCFS for the next 5 years in all but one sector of California’s transportation system. 
The only sector that could see near-term impacts would be electric forklifts (e-forklifts)—a market 
segment that has already largely converted from conventional ICEVs to ZEVs and one for which LCFS 
program staff sought input regarding options to phase down credit generation. As more sectors of the 
fleet move through their transition, a program-wide switch to FD crediting could prevent the emergence 
of future credit market imbalances, reduce the need for future rulemakings to correct such imbalances, 

 
1 Muratsuchi, Bill Text - AB-1279 The California Climate Crisis Act. 
2 Mazzone, Witcover, and Murphy, “Multijurisdictional Status Review of Low Carbon Fuel Standards, 2010–2020 
Q2.” 
3 All references to LCFS-incentivized GHG reductions, emissions, and carbon intensities in what follows refer to 
carbon intensity scores reductions as assessed by the program’s carbon intensity rating system.   
4 For the purposes of this paper, “advanced technology vehicles” are those with an energy economy ratio (EER) 
greater than 1. At present, all ZEVs, including electric and hydrogen fuel cell vehicles would meet this definition.  

https://www.zotero.org/google-docs/?uJgUP8
https://www.zotero.org/google-docs/?95aJMN
https://www.zotero.org/google-docs/?95aJMN
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and preserve the LCFS’ ability to support the transition to lower-carbon transportation technologies, in 
addition to improving the accuracy of quantified GHG reductions due to the program. 

This concept is presented as the starting point for discussion, and feedback from the stakeholder 
community is welcomed.  

Opportunities to Better Align Advanced Vehicle Technologies’ LCFS Credit 
Generation with Emissions Impact 
Quantitatively representing complex systems requires making a number of analytical assumptions that 
often do not have an objectively or empirically verifiable basis, that is to say, assumptions for which 
there is no single “correct” or “incorrect” choice. For example, life cycle analysis (LCA) of biofuel systems 
requires making numerous assumptions about system boundaries, coproduct allocation, and 
counterfactual outcomes, including indirect impacts like land use change. Quantifying life cycle impacts 
requires making these assumptions, and the analyst has no alternative other than to select one set of 
assumptions on an at least partially subjective basis, yet these assumptions can have a significant impact 
on the quantitative outcomes of the analysis in question.5 In the absence of an objective basis for 
making these analytical assumptions, most scholarship (especially as it pertains to LCA) emphasizes 
transparency, the use of consensus-based standards, and aligning assumptions with the best possible 
understanding of the system being analyzed.6 The core problem that FD crediting would solve is that the 
assumptions underpinning current LCFS quantification methods do not align with expected emissions 
impacts of advanced technology vehicles in the middle and later parts of a transition from conventional 
ICEVs to advanced technology vehicles, like ZEVs. 

One of the strengths of the LCFS is the strong relationship between the amount of incentive received 
per unit of a given fuel, and its assessed GHG reductions. This relationship helps ensure that incentive 
revenue flows to fuels that provide the greatest emission reduction value to the program, and that 
producers have an incentive to continually seek opportunities for incremental reduction in carbon 
intensity of their fuels. Clearly, the assumptions made to allow quantitative analysis have the potential 
to substantially impact the amount of incentive received under the LCFS, and therefore, the ability of 
the program to achieve its goals. Ensuring that these assumptions match reality, to the greatest extent 
possible, is therefore critical to supporting the LCFS as it fills an important role in California’s climate 
policy portfolio.  

 
5 Murphy and Kendall, “Life Cycle Inventory Development for Corn and Stover Production Systems under 
Different Allocation Methods.” 
6 ISO, ISO 14040; ISO, 14044 Environmental Management — Life Cycle Assessment — Requirements and Guidelines; 
Ekvall and Finnveden, “Allocation in ISO 14041—a Critical Review.” 

https://www.zotero.org/google-docs/?mYX8pR
https://www.zotero.org/google-docs/?mYX8pR
https://www.zotero.org/google-docs/?Wqe25n
https://www.zotero.org/google-docs/?Wqe25n
https://www.zotero.org/google-docs/?Wqe25n
https://www.zotero.org/google-docs/?Wqe25n
https://www.zotero.org/google-docs/?Wqe25n
https://www.zotero.org/google-docs/?Wqe25n
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Under the LCFS, the number of credits generated by each unit of fuel provided to the market is 
determined by the following formulas for most credit generating pathways:7  

(Equation 1) 

𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑿𝑿𝑿𝑿/𝑿𝑿𝑪𝑪𝑫𝑫𝑪𝑪𝑫𝑫𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑿𝑿𝑿𝑿(𝑴𝑴𝑴𝑴) = �𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝒔𝒔𝒔𝒔𝑪𝑪𝒔𝒔𝑪𝑪𝑪𝑪𝑿𝑿𝑿𝑿 − 𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝒓𝒓𝒓𝒓𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑿𝑿𝑿𝑿 � × 𝑬𝑬𝑪𝑪𝑪𝑪𝑪𝑪𝒓𝒓𝒅𝒅𝒔𝒔𝑫𝑫𝑪𝑪𝑪𝑪𝑿𝑿𝑿𝑿 × 𝑪𝑪 , 

𝑬𝑬𝑪𝑪𝑪𝑪𝑪𝑪𝒓𝒓𝒅𝒅𝒔𝒔𝑫𝑫𝑪𝑪𝑪𝑪𝑿𝑿𝑿𝑿 = 𝑬𝑬𝑪𝑪 × 𝑬𝑬𝑬𝑬𝑬𝑬𝑿𝑿𝑿𝑿 , 

𝐶𝐶𝐶𝐶𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋 =  𝐶𝐶𝐶𝐶𝑖𝑖
𝐸𝐸𝐸𝐸𝐸𝐸𝑋𝑋𝑋𝑋

 , 

where 𝐶𝐶𝐶𝐶𝑠𝑠𝑟𝑟𝑠𝑠𝑠𝑠𝑟𝑟𝑠𝑠𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  is the LCFS target for the fuel category, 𝐶𝐶𝐶𝐶𝑖𝑖  is the reported CI for a given fuel, 𝐸𝐸𝑖𝑖 is the 
amount of fuel energy consumed by the advanced technology vehicle, 𝐸𝐸𝐸𝐸𝐸𝐸𝑋𝑋𝑋𝑋  is the energy economy 
ratio, and C is a unit conversion factor, 10−6 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡/𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔. The EER is a dimensionless unit that reflects 
the relative efficiency of some powertrains compared to their closest internal combustion engine 
equivalent (gasoline, diesel, or jet fuel); this represents differences in fundamental efficiency of some 
powertrains as well as the effect of other efficiency-enhancing technologies like regenerative braking. 
For an advanced technology vehicle (with EER > 1), the EER reflects the emissions benefit provided by 
reducing the total amount of energy needed to provide mobility in that vehicle as compared to a 
conventional ICEV (Figure 1).  

 
Figure 1. Illustration of energy consumed vs. energy displaced for the purposes of LCFS credit 
calculation. The height of the bar represents the amount of energy consumed, the width represents 
carbon intensity, meaning shaded areas represent emissions (brown) or avoided emissions (blue). 
Note: this figure omits petroleum emissions in excess of the CI standard. Without the displacement 
term, advanced technology vehicles would be credited only for the lower carbon intensity of the 
consumed energy but not for using less energy to accomplish the same transportation activity.8 

 
7 Source: LCFS Regulation Order § 95486.1 (a) (1) 
8 For simplicity, this figure omits the effect of the changing LCFS carbon intensity target, effectively assuming that 
the target is equal to the carbon intensity of the “petroleum” bar. Note that the petroleum fuel’s actual carbon 
intensity score lies above the standard for any CI reduction target by design; this gap is central to incentivizing the 
fuel mix change for compliance. 
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This approach to crediting under the LCFS functionally embeds two key assumptions into the calculation 
of LCFS credits for fuel displacement.  

1. The fuel being displaced always has a carbon intensity equal to the LCFS target for the reference 
fuel, represented as 𝐶𝐶𝐶𝐶𝑠𝑠𝑟𝑟𝑠𝑠𝑠𝑠𝑟𝑟𝑠𝑠𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  in § 95486.1 (a) (1). 

2. The amount of fuel displaced by vehicles with an EER > 1 is a fixed multiple of their energy 
consumption, set by the EER, under all conditions.  

The first assumption is appropriate, since the specific fuel being displaced in a given year is unknown 
and likely to change over time, as the transportation sector transitions toward carbon neutrality. 
Additionally, the LCFS structure focuses on crediting emissions relative to the declining program target. 
Maintaining this assumption for avoided emissions due to displacement is a consistent application of 
this policy design premise.  

The second assumption structurally locks fuel displacement as a fixed multiple of the amount of energy 
used by the advanced technology vehicle. It implies that for every 𝑋𝑋 units of energy used by an 
advanced vehicle, the alternative would have been to use 𝐸𝐸𝐸𝐸𝐸𝐸 × 𝑋𝑋 units of energy in a conventional 
one. This functionally locks the displaced fuel assumption at its maximum theoretical value, under all 
market conditions. Early in transitions to a ZEV-dominated fleet, this assumption is reasonable; if the 
new technology vehicle were unavailable, the travel would likely have occurred in a conventional one. 
While the precise amount of displacement has been the subject of considerable study,9 the assumption 
that electric vehicle (EV) travel activity (measured in vehicle miles traveled) displaces an equivalent 
amount of gasoline vehicle miles traveled provides a reasonable approximation in California’s on-road 
vehicle market, given the amount of ZEV adoption to date. 

As a jurisdiction transitions to a fleet increasingly dominated by ZEVs, this assumption regarding 
displaced energy loses its alignment with real-world impacts. ZEVs purchased by drivers who had 
previously driven ICEVs and would have otherwise continued doing so still displace significant amounts 
of petroleum. However, some fraction of ZEVs are likely purchased by drivers who would otherwise 
have owned a ZEV, e.g., replacement of a ZEV by a newer ZEV.10 Early in the ZEV transition, it is 
reasonable to assume that EVs used in California would displace travel that would have otherwise 
occurred in an ICEV. During the middle and later phases of a multi-decade transition to ZEVs, however, 
this assumption does not universally hold true. Some more substantial proportion EVs purchased in the 
2030s for example, will likely replace old EVs that are being scrapped, and perhaps a greater fraction of 
EVs sold in the state will move out of the state or be sold into other jurisdictions on the used vehicle 
market. A comprehensive quantification of the actual petroleum displacement by each new ZEV sold 
could be prohibitively complex, and dependent on numerous assumptions regarding the counterfactual 
being compared to. If one assumes that the total amount of travel across the entire economy is largely 
exogenous to decisions regarding fuel policy, then the fraction of conventional vehicles remaining in the 
fleet serves as a useful high-level approximation of displacement occurring. That is, if the fleet is 75% 
ICEVs and 25% ZEVs, then of the travel displaced by each additional ZEV, on average 75% of it would 

 
9 Gohlke and Zhou, “Assessment of Light-Duty Plug-in Electric Vehicles in the United States, 2010 – 2019”; Davis, 
“How Much Are Electric Vehicles Driven?” 
10 Additionally, some fraction of ZEV purchases would be by owners who would have purchased the ZEV even 
without the incentive offered by the LCFS. While this would not meet most tests of additionality, it is prohibitively 
difficult to assess within a regulatory context, so the LCFS makes no attempt to do so.  

https://www.zotero.org/google-docs/?bB0YFN
https://www.zotero.org/google-docs/?bB0YFN
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otherwise have been done in an ICEV. There are alternative methods for estimating the amount of 
displaced petroleum that may offer improved accuracy or other advantages; some of these will be 
discussed later in this paper. 

As the fraction of ZEVs in a fleet increases, the fraction of conventional vehicles decreases, meaning that 
over time, the average additional ZEV displaces a smaller proportion of ICEV travel and a greater 
proportion of travel that would have otherwise occurred in a ZEV. This means that as the fleet shifts 
from ICEV to ZEV, the underlying assumption of complete displacement of ICEV travel becomes an 
increasingly poorer approximation of real-world impacts. If the fleet is composed entirely of ZEVs, and 
all new vehicle sales are of ZEVs, it is hard to argue that new ZEVs displace any petroleum at all, however 
the current LCFS crediting method would assign credits as if each ZEV were still displacing the full 
theoretical amount of fuel used by conventional vehicles.  

Improved Representations of Credit Generation Can Mitigate Future Market 
Imbalances 
Close alignment between credit generation and emission reduction allows the technology-neutral, 
market-driven effect of the LCFS to maximally guide the flow of incentives to lower emitting 
technologies and reduces the need for regulatory intervention to correct imbalances in the market. At 
present, few vehicle classes have seen sufficient penetration of ZEVs to require regulatory intervention, 
however this is likely to occur more frequently as California progresses through its transition.  

In a July 7, 2022 workshop, CARB staff identified electric forklifts (e-forklifts) as a vehicle class for which 
LCFS incentives may no longer be necessary to achieve state targets and solicited feedback regarding 
phase-down approaches.11 The e-forklift fleet is over 50% electrified at present and, as a result, e-
forklifts generate 27% of total EV credit under the LCFS, enough to cover around 7% of total deficit 
generation of the LCFS. This level of credit generation seemed disproportionate to the amount of energy 
use or emissions forklifts generate, and there were questions about whether the incentive revenue 
supporting e-forklifts might yield better results if redirected to other technologies.  

E-forklifts represent the most immediate challenge that could be addressed by revising the assumptions 
around displacement for credit generation, but it is increasingly likely that this will apply to other fuel 
and technology pathways over time as well. For example, sometime in the mid-2030s, the number of 
ZEVs in California’s on-road light duty vehicle fleet will exceed the number of conventional ones. While 
this is a necessary step towards a zero-emission future, it may make it difficult to balance the LCFS credit 
market. These risks are described in the Fuels section of the 2021 report Driving California’s 
Transportation Emissions to Zero by 2045.12 The LCFS credit generation by the ZEVs will require very 
rapid increases in the program target to keep pace and maintain a credit price sufficient to support the 
deployment of new technologies in difficult-to-electrify applications; such rapid increases would drive 
up conventional gasoline price impacts and increase the risk of credit shortfalls in future years. 
Balancing the need to support continued deployment against the risk of onerous fuel price impacts on 
remaining ICEV drivers could be challenging. As discussed in the previous section, current LCFS credit 
quantification methods tend to overstate fuel displacement effects for advanced vehicle technologies in 

 
11 https://ww2.arb.ca.gov/sites/default/files/2022-07/LCFSWorkshop_Presentation.pdf 
12 Brown et al., “Driving California’s Transportation Emissions to Zero.” 

https://www.zotero.org/google-docs/?Uzu5QQ
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the middle and later phases of a fleet transition; a more accurate representation of these effects better 
aligns credit generation with real-world emission impacts and reduces the potential market imbalance.  

 
Figure 2. LCFS credits, deficits, aggregate bank and LCFS target (right axis) under the primary 
compliance scenario modeled in the Driving to Zero report. (Source: Brown, et al. 2021) 

Figure 2 shows credit and deficit generation under the ZEV scenario (the one most closely aligned with 
ZEV deployment under the Advanced Clean Cars 2 rule) studied in Driving California’s Transportation 
Emissions to Zero, and under the current LCFS 2030 target of 20% CI reduction from 2010 levels. Credit 
generation (green bars) rises quickly, predominantly driven by rapid light-duty EV credit growth. As a 
result, the credit bank (dark line) rapidly rises to 175% of yearly deficits and then rapidly falls again. 
While market response to those conditions is difficult to predict, this would likely lead to substantial 
downward pressure on LCFS credit prices. 2022 LCFS credit prices have declined by over 70% from their 
2020 peak, due in part to the accumulation of a bank of credits in the range of 50-60% of prior year 
deficits, as well as anticipated credit growth from renewable diesel. The expectation of an even greater 
amount of growth in the bank of credits from light duty EVs would be expected to put similar, if not 
greater, downward pressure on LCFS credit prices. Any compensatory action by CARB to stabilize prices 
would risk creating uncertainty and price volatility in the credit market.  

While LCFS targets in the mid-2030s must be increased to generate more deficits in any circumstance, 
compensating for the effect of current fuel displacement assumptions increases the magnitude of target 
correction needed. This has three key impacts. First, increasing the target to add additional deficits 
increases the price impact for consumers who still drive an ICEV. Since a significant fraction of the 
credits generated by advanced technology vehicles would have been issued on the basis of outdated 
assumptions regarding the magnitude of fuel displacement, that fraction of the incentive would not be 
effectively supporting California’s effort to reduce GHG emissions. Essentially, it would require a higher 
impact on gasoline prices, without providing correspondingly higher emissions reductions. Second, the 
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need to ramp up targets even more quickly, makes market balance in the mid to late 2030s even more 
difficult. There will be sectors of the transportation portfolio that will still be struggling to decarbonize, 
even as the light and medium duty on-road fleets transition to ZEVs. If the LCFS target must be high to 
compensate for inaccurate fuel displacement assumptions, this reduces the flexibility CARB will have to 
optimize LCFS target levels to support a transition in the hardest-to-decarbonize sectors of the fleet. 
Third, overstating emissions benefits from fuel displacement means that the LCFS will be delivering 
fewer actual emissions cuts than its nominal credit generation level would indicate. This could require 
additional emissions cuts in other areas of the transportation sector or the economy as a whole to make 
up the difference.  

A more gradual escalation of credit growth in the 2030s, based on more accurate quantification of 
emissions impacts, would facilitate a more measured escalation in LCFS program targets and reduce the 
risk of another sustained period of depressed LCFS credit prices. A stable market, based on accurate 
quantification of emissions benefits, would reduce the need for regulator intervention and the volatility 
such intervention could introduce, and it would ensure that actual emissions reductions match what 
program data would nominally indicate.  

Proposed Alternative: Fractional Displacement (FD) of Conventional Fuel 
Currently, most LCFS credits are generated using fuel pathways according to the formulas presented in 
§ 95486.1 (a) of the regulation and presented in Equation 1 earlier in this paper.  

 

Figure 3. Representation of emissions from ICEV activity being displaced by an advanced technology 
vehicle (left) and the avoided emissions that will become the basis for credits under the LCFS. This 
representation includes two separate effects, avoided emissions due to displacement, and avoided 
emissions due to lower-CI of consumed fuel. The program currently represents these effects as a 
single equation, assuming fuel displacement is always present at the indicated level. 

This equation attempts to mathematically represent two independent effects, reduced emissions due to 
lower carbon intensity fuel, and reduced fuel consumption due to switching to a more efficient power 
train (fuel displacement), illustrated in Figure 3. 

The conceptual foundation of a Fractional Displacement is simple: change the mathematical 
representation of emissions under the LCFS to allow separate treatment of the lower-CI effects and the 
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fuel displacement effects. This creates the opportunity to adjust the displacement credit of technologies 
to more accurately represent the actual displacement of the incumbent fuel by advanced technology 
vehicles (defined as those with an EER > 1). The adjustment factor for the displacement should match 
real-world displacement behavior as closely as possible. Since the displacement fraction may be difficult 
to precisely quantify, the fraction of the fleet still using the incumbent, higher-emission technology 
(typically petroleum) can serve as a useful approximation. (Alternative approaches to the displacement 
fraction will be discussed below, additional options may be forthcoming from the stakeholder 
community as well.) For example, if we base the displacement fraction on the fleet fraction of the 
incumbent technology, displacement credits in a sector that was evenly split between petroleum and 
ZEV technologies, would be multiplied by 50%. Credits generated due to the lower CI score of the 
consumed fuel would remain unchanged. 

This approach builds on a conceptual understanding of displacement already reflected in the LCFS in its 
approach to credit quantification for e-forklifts and fixed-guideway vehicles (e.g., passenger rail and light 
rail). § 95486.1 (a) (4) distinguishes between equipment deployed prior to the implementation of the 
LCFS in 2011 as opposed to after. Pre-2011 deployments do not receive displacement credit, while post-
2011 deployments do. The Fractional Displacement approach builds upon this by adding an additional 
layer of detail: recognizing that fuel displacement is not a binary effect, but rather scales in proportion 
to fleet composition and other factors. 

Applying the FD approach would require some modest amendments to § 95486.1 to differentiate 
between credits generated from fuel displacement and those generated by lowering CI in consumed 
fuel. For example, changing § 95486.1 (a) (1)—as shown in Equation 1—for the purposes of credit 
generation to: 

(Equation 2) 𝐶𝐶𝑔𝑔𝑡𝑡𝐶𝐶𝐶𝐶𝑡𝑡𝑡𝑡𝑖𝑖𝑋𝑋𝑋𝑋(𝑀𝑀𝑀𝑀) = �𝐶𝐶𝐶𝐶𝑠𝑠𝑟𝑟𝑠𝑠𝑠𝑠𝑟𝑟𝑠𝑠𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋 − 𝐶𝐶𝐶𝐶𝑖𝑖� × 𝐸𝐸𝑖𝑖 × 𝐶𝐶 + (𝐸𝐸𝐸𝐸𝐸𝐸𝑋𝑋𝑋𝑋 − 1) × 𝐶𝐶𝐶𝐶𝑠𝑠𝑟𝑟𝑠𝑠𝑠𝑠𝑟𝑟𝑠𝑠𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋 × 𝐸𝐸𝑖𝑖 × 𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋 × 𝐶𝐶 , 

 CI Term Displacement Term 

where 𝐶𝐶𝐶𝐶𝑠𝑠𝑟𝑟𝑠𝑠𝑠𝑠𝑟𝑟𝑠𝑠𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋 , 𝐶𝐶𝐶𝐶𝑖𝑖, 𝐸𝐸𝑖𝑖, 𝐸𝐸𝐸𝐸𝐸𝐸𝑋𝑋𝑋𝑋, and C are unchanged from their current definition and 𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋 —
“Displacement Fraction”—is the fraction of theoretical displacement to be credited under the given 
pathway. The fraction of the fleet still using the incumbent, higher-emitting technology (e.g., ICE) is a 
reasonable approximation here. For EERs < 1, 𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  is always equal to 1; this exception will be 
discussed below.13 

This alternative quantification method decomposes the credit generation from § 95486.1 (a) (1) into two 
terms, one quantifying emissions reduced due to lower CI fuel, and one quantifying emissions reduced 
by displacement of fuel due to higher efficiency.  

For conventional vehicles, defined as those with an EER of 1, the displacement term is equal to zero and 
the CI term is equivalent to the current crediting equation described in § 95486.1 (a) (1). This is to say, 
when EER = 1, the FD approach makes no change to credit or deficit generation.  

Under an FD approach, the CI term in Equation 2 would not be affected by any changes in the 
displacement fraction; the credits generated for lower CI would continue to be generated as long as the 

 
13 Omitting the displacement fraction term for EERs < 1 is mathematically equivalent to setting it equal to 1. 
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CI of the consumed fuel was lower than that year’s target. Only the displacement term would change as 
the fleet converted from the incumbent technology to the new one.  

Impacts on Credit Generation 
The FD approach scales down displacement credits in proportion to the 𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  term, leaving credits 
generated through lower CI fuels unchanged. This results in total credit generation that is identical to 
the current approach when 𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  = 1 but scales down to 1/EERXD of current credit generation when 
𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  = 0. Once the fleet has completely shifted to the advanced vehicle technology in question and 
no additional displacement occurs, the remaining CI term still provides credit generation, as long as the 
fuel consumed has a lower CI score than the target in a given year. 

Table 1. Credit generation for 1 GJ of fuel under current LCFS method and with FD for a hypothetical 
EV with EER = 3.8, where the petroleum CI = 100 gCO2e/MJ and the electricity CI = 30 gCO2e/MJ. All 
numbers are author’s assumptions, for illustrative purposes. 

Year 0 5 10 15 20 25 30 

LCFS Standard 0 10% 20% 30% 40% 50% 60% 

Incumbent Fraction 100% 100% 80% 60% 40% 20% 0% 

Credits with current method 0.38 0.342 0.304 0.266 0.228 0.19 0.152 

Credits from Cl 0.100 0.090 0.080 0.070 0.060 0.050 0.040 

Max Potential Displacement 0.280 0.252 0.224 0.196 0.168 0.140 0.112 

Total Credits w/FD 0.380 0.342 0.259 0.188 0.127 0.078 0.040 

% of current 100% 100% 85% 71% 56% 41% 26% 

 

Table 1 (above) shows the expected credit generation of an EV with an EER of 3.8 (the value currently 
assigned to E-forklifts). While the fleet is completely composed of incumbent vehicles, no change in 
displacement crediting occurs. As the fraction of incumbent vehicles decreases, so does the 
displacement term. The CI term declines due to the increasing LCFS target, which is the same as in the 
current approach. At the end of the transitional period (assumed to be 30 years in this case), only the CI 
term produces credits, equal to 1 𝐸𝐸𝐸𝐸𝐸𝐸𝑋𝑋𝑋𝑋⁄ , or 26%, of what would have been generated by the status 
quo method.  

Fractional Displacement Crediting Impacts for Vehicles with EER < 1 
FD crediting resolves issues related to fuel displacement assumptions that will be increasingly out of 
date as the market progresses through its transition to ZEVs and other advanced technology vehicles 
(those with EER > 1). The method has less effect on quantification of emissions in vehicles with EER < 1 
(such as spark-ignition natural gas engines substituting for diesels), though the impacts it has generally 
improve the accuracy of crediting relative to real-world emission impacts and reduce potential market 
volatility.  

While EERs reflect a fundamental relationship between the relative efficiency of two powertrains 
regardless of their assessed value, EERs < 1 represent a very different mechanism of impact on 
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aggregate fuel consumption than EERs > 1. As discussed above, an EER > 1 represents the use of fuel in a 
more efficient powertrain, and therefore less aggregate fuel consumption required for an equivalent 
amount of vehicle activity. The precise amount of fuel displaced is not known with high precision or 
confidence, and the FD approach seeks to better accommodate this uncertainty. An EER < 1 represents a 
powertrain that is less efficient than the reference one. In this case, additional energy is required to 
accomplish the same amount of vehicle travel or work. The key difference between EERs above and 
below 1 is that in almost every case for an EER < 1, the quantity of additional energy being consumed is 
known with relatively high confidence and precision. When a diesel truck is displaced by a renewable 
natural gas (RNG) truck with EER 0.9, the RNG truck consumes more energy in the form of RNG to do the 
same work, with the additional energy consumption following the ratio of (1 ∕ 𝐸𝐸𝐸𝐸𝐸𝐸). The additional 
energy needed by a vehicle with EER < 1 does not vary depending on the technologies used by other 
vehicles in the fleet around it or on any factors other than the relative efficiency of the two powertrains. 
As such, 𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  should be omitted or set equal to 1 for EERs > 1. 

When applying the fractional displacement approach to vehicles with an EER < 1, the standard 
assumption of the displaced fuel having CI equal to 𝐶𝐶𝐶𝐶𝑠𝑠𝑟𝑟𝑠𝑠𝑠𝑠𝑟𝑟𝑠𝑠𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  would remain appropriate, however 
given the fact that the fuel being used to make up for the lower efficiency of the powertrain is known 
with high certainty in most cases, substituting 𝐶𝐶𝐶𝐶𝑖𝑖 for 𝐶𝐶𝐶𝐶𝑠𝑠𝑟𝑟𝑠𝑠𝑠𝑠𝑟𝑟𝑠𝑠𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  in the displacement term could be 
appropriate as well.  In this instance, the displacement term represents the additional fuel required due 
to the use of a lower-efficiency powertrain and becomes a penalty, reducing the credits that would 
otherwise be generated by a lower-CI fuel. 

FD crediting also provides for more accurate representation of complex fuel systems that create fuels 
with a negative CI score, such as those from electricity generated by the combustion of carbon-negative 
RNG. At present, the LCFS recognizes and credits avoided fugitive methane emissions from the 
installation of anaerobic digesters when there is no regulatory requirement to do so. In some situations, 
the avoided methane emission is substantial, yielding a fuel that achieves a negative CI score, implying 
that every unit of consumed fuel results in an absolute reduction of GHGs from the atmosphere. The 
LCFS also recognizes pathways in which RNG with a negative CI score is combusted to generate 
electricity, and that electricity is used to charge EVs. This means that the multiplier effect from the EER is 
applied to the negative CI score, implying that more methane is avoided by the use of RNG-derived 
electricity in an EV than if the RNG had been directly used as vehicle fuel. In truth, the quantity of 
avoided methane is a function of the amount of RNG produced and has no relation to the efficiency of 
the vehicle in which the RNG is consumed. FD crediting effectively prevents this erroneous 
representation from occurring. The negative CI of the RNG is fully reflected in the CI term of the 
Equation 2. Emissions benefits from displacement are quantified using 𝐶𝐶𝐶𝐶𝑠𝑠𝑟𝑟𝑠𝑠𝑠𝑠𝑟𝑟𝑠𝑠𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋 , which would not be 
carbon-negative under any foreseeable circumstance, meaning that the counterintuitive multiplication 
of avoided methane credit by EER would no longer be possible under the FD crediting approach. 

Alternative Methods to Estimate the Displacement Fraction 
The core change the FD approach makes to the current LCFS crediting method is to decompose the 
equation currently used by credit generating pathways, represented in Equation 1 above, into CI and 
Displacement components, so that the Displacement component can be scaled to better match actual 
fuel displacement. This functionally liberates LCFS credit generation from the assumption that every 
advanced technology vehicle displaces the maximum theoretical potential amount of fuel possible for a 
given EER under all market conditions. This allows more precise assumptions, incorporating a wider 
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variety of policy considerations to provide a better reflection of real-world vehicle market and activity 
dynamics.  

Setting 𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  to equal the fraction of the fleet using the incumbent technology, typically petroleum-
fueled ICEVs, is a useful high-level approximation that better represents actual fuel displacement. It 
assumes that if a fleet is 50% ICEV and 50% ZEV, then on average, 50% of the travel that ZEV displaces 
would have been done by an ICEV and 50% by another ZEV. In this case, regulatory staff would establish 
the value of 𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  on a regular basis, as they do annually for the average CI of the California 
electricity grid.  

The suggested approximation, where 𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  is equal to the fraction of the fleet using the incumbent 
technology is admittedly imperfect. During the transition from conventional to advanced technologies, 
the age of incumbent technology vehicles would, on average, be greater than that of the advanced 
technology ones replacing them. This implies that incumbent technology vehicles would be somewhat 
more likely to be retired out of service in any given year than advanced ones, meaning that each 
additional advanced technology vehicle would be expected to displace slightly more of the incumbent 
fuel use than would be expected by simply relying on the fleet fraction. To be clear, approximating 
𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  as the incumbent technology fleet fraction yields displacement credits that much more closely 
align with real-world behavior across the full temporal scope of a fleet transition than the binary 
approach used in the status quo, but further improvements are possible. 

If research or modeling on fleet turnover behavior provides a superior alternative value of 𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋 , 
one that better matches real-world fuel displacement, such a value can be used while still aligning with 
the underlying logical and quantitative representation described in the FD approach. 

For example, if research and/or modeling were available to more precisely quantify marginal 
displacement rates for advanced technology vehicles, those rates could be substituted for 𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  and 
result in a representation of displaced emissions that would support even closer alignment with real-
world performance. 

Alternatively, 𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  can be set to equal the incumbent fleet fraction with a lag of one or more years. 
This provides an imprecise but directionally correct accommodation for the tendency of the incumbent 
fleet fraction to slightly underestimate likely real-world fuel displacement. 

All approaches that base 𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  on the incumbent fleet fraction require the regulator to know with 
reasonable precision what the incumbent fleet fraction actually is. For vehicle types that are regularly 
surveyed, or require registration with a regulatory body, this data should be available (though there may 
be a significant delay before they are collected, verified, and made available to regulators). There may 
be vehicle classes for which the incumbent fleet fraction cannot be known with acceptable accuracy, 
such as where a significant fraction of the fleet consuming fuels that are subject to credit or deficit 
generation under the LCFS are based and registered outside the regulating jurisdiction, or where no 
good survey data exist upon which to base an estimate. In these cases, a number of less precise 
alternatives would still be expected to better represent displacement credit effects than the current 
approach, such as assuming the fleet transition happens over a predetermined number of years, and 
setting 𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  according to that assumption; e.g., if the transition from conventional to advanced 
technology vehicles were expected to take 20 years, 𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  could be approximated by starting at 1 in 
year zero and declining by five percentage points per year. Alternatively, if the jurisdiction has 
established policy requiring sales of vehicles with the incumbent technology to discontinue by a given 
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point in time, the incumbent fleet fraction could be estimated using models of vehicle retirement and 
replacement, based on the targets set in regulation. 

The value of 𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  can be modified to reduce administrative burden and increase predictability by 
specifying trajectories or values over certain time periods or setting a maximum year-to-year change in 
𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋 . One such approach would be to establish a significance threshold before Fractional 
Displacement crediting is applied, which could help ensure that advanced technologies are more firmly 
established in their market before their credit generation starts to degrade as well as reduce the 
administrative burden associated with quantifying fleet composition during very early phases of a 
technological transition. For example, specifying that FD crediting does not begin until a given advanced 
vehicle technology makes up 25% of the fleet would preserve near-term support for the technology, and 
spare program staff the need to accurately quantify very small changes in fleet composition. Similarly, 
specifying a trajectory for 𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  during the final years of a transition can accomplish the same goals, 
e.g., once the incumbent fraction in a given fleet is less than 10%, 𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  could be set to decline to 
zero over a specified number of years. 

Most of the examples discussed in this paper have focused on situations where only two technology 
classes are present in a market. There may, however, be situations where more than two technology 
types each make up significant fractions of a given market segment. The FD crediting approach is still 
applicable in these cases. Basing 𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  on the incumbent fraction means that each vehicle will only 
be credited for displacing the incumbent fuel, not fuel used by vehicles with EER > 1. This may slightly 
underestimate real-world displacement, such as if heavy duty EVs with an EER of 5 entered a market 
with a significant proportion of heavy-duty hydrogen fuel cell vehicles, with an EER of 2.1, displacing 
some of them as well as incumbent ICEVs. Under most plausible market conditions, this underestimate 
would be relatively small due to the broad decrementing of displacement credits overall. Moreover, if 
this did occur, an appropriate adjustment factor could be added to the 𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  term for each 
technology type.  

In all cases, careful modeling should be performed to fully understand the implications of any decision 
and to ensure an appropriate balance between maximizing the accuracy of LCFS displacement credit 
representation, minimizing administrative burden, and sending appropriate and effective market signals. 

Deficit Generation Under a FD Approach 
The current equation in § 95486.1 (a) (1), reported as Equation 1 in this paper, applies to both credit and 
deficit generation in the LCFS, with deficits resulting when 𝐶𝐶𝐶𝐶𝑠𝑠𝑟𝑟𝑠𝑠𝑠𝑠𝑟𝑟𝑠𝑠𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  < 𝐶𝐶𝐶𝐶𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋 . For fuels with 
EER = 1, the displacement term drops out of the FD crediting method presented in, leaving it equal to 
the current approach, as shown in Equation 1. For EERs other than 1, the FD approach improves the 
representation of deficit generation relative to the current practice. 

Deficit generation via pathways with EER > 1 could occur if, for example, an EV consumes electricity with 
CI higher than that year’s LCFS target or a hydrogen FCEV consumes hydrogen made from fossil sources. 
Both of these conditions, and others like them, are extremely unlikely given expected market, 
technology, and policy dynamics, as well as the availability of book-and-claim accounting to purchase 
environmental attributes of low-carbon energy.  

In those cases, however, the FD approach would continue to more accurately represent the real-world 
emission impact of such occurrences. The current approach obtains 𝐶𝐶𝐶𝐶𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  by dividing the CI of the 
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fuel used in a given pathway, 𝐶𝐶𝐶𝐶𝑖𝑖 , by the appropriate EER. This is required by the current quantification 
equation, which simultaneously estimates the CI and Displacement terms in one step. For the unusual 
case of EER > 1 and 𝐶𝐶𝐶𝐶𝑠𝑠𝑟𝑟𝑠𝑠𝑠𝑠𝑟𝑟𝑠𝑠𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  < 𝐶𝐶𝐶𝐶𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋 , dividing 𝐶𝐶𝐶𝐶𝑖𝑖 by the EER will tend to mute the effect of excess 
emissions caused by the use of above-target fuel in a high-EER pathway. Table 2 describes a hypothetical 
example of this occurrence, building on the same general market dynamics as in Table 1, but with more 
ambitious targets at the end year, and electricity with a hypothetical grid electricity CI around that of 
California’s in 2010. In this case, the EV pathway shifts from credit to deficit generation earlier than 
under the current approach, to a more accurate representation of the actual emissions impact from 
displaced fuel in such vehicles. If the electricity used as vehicle fuel could not reduce its emissions 
beyond 2010 levels, then it would be unsuitable as a fuel in a carbon-neutral transportation system. The 
fact that the fuel shifts from credit generation to deficit generation earlier in the transition under FD 
crediting represents improved alignment between LCFS crediting and overall program goals, in the 
unusual case of deficit generation in high-EER vehicles.  

Table 2. Credit generation for 1 GJ of fuel under current LCFS method and with FD for a hypothetical 
EV with EER = 3.8, but in which electricity had CI = 80 g CO2e/MJ through the entire period. Petroleum 
CI – 100 g CO2e/MJ. FD crediting provides earlier and stronger push-back against fuels with higher 
carbon than the given year’s target. All numbers are illustrative. 

Year 0 5 10 15 20 2S 30 

LCFS Standard 0 10% 20% 50% 60% 70% 80% 

Incumbent Fraction 100% 100% 80% 60% 40% 20% 0% 

Credits with current method 0.3 0.262 0.224 0.11 0.072 0.034 -0.004 

Credits from Cl 0.020 0.010 0.000 -0.030 -0.040 -0.050 -0.060 

Max Potential Displacement 0.280 0.252 0.224 0.140 0.112 0.084 0.056 

Total Credits w/ FD 0.300 0.262 0.179 0.054 0.005 -0.033 -0.060 

% of current 100% 100% 80% 49% 7% -98% 1500% 

In the case of EER < 1, which is a more likely condition for deficit-generating pathways, much of the 
same logic holds true. With 𝐶𝐶𝐶𝐶𝑠𝑠𝑟𝑟𝑠𝑠𝑠𝑠𝑟𝑟𝑠𝑠𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋 < 𝐶𝐶𝐶𝐶𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋 , the CI term of the credit generation under the FD 
approach will invariably be negative, as will the displacement term due to the EER < 1. The current LCFS 
practice of obtaining 𝐶𝐶𝐶𝐶𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  by dividing 𝐶𝐶𝐶𝐶𝑖𝑖 , by the relevant EER may slightly overstate the excess 
emissions - which are the basis of deficits - in vehicles with EER < 1, which implies that the FD approach 
slightly improves the correlation between actual emissions and deficit generation in these cases. 

FD Impacts on e-Forklift Credit Generation 
At the July 7th, 2022, workshop, LCFS staff asked for input regarding possible phase-down approaches 
for e-forklifts. This class of vehicles is already well-advanced in its transition from ICEVs to ZEVs, and 
future CARB rulemaking will likely set a date after which all new forklifts in California must be ZEVs.14 In 

 
14 At the time of writing, data on the size and composition of the CA forklift fleet were not available. These data 
appear to have been collected by CARB as part of ongoing rulemaking and vehicle survey activity, but multiple 
requests for access to this data did not receive a response.  
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2021, e-forklifts generated almost 1.3 million credits, accounting for 7% of total LCFS credit generation, 
despite making up a smaller share of the total fleet, or transportation energy consumption. This outsized 
credit generation is likely due to the overestimation of displaced fuel by advanced technology vehicles 
that occurs under the current LCFS approach. Each e-forklift is assumed to displace one conventional 
forklift’s worth of energy, under all conditions, even when the market has predominantly switched to 
ZEV technology already. While the precise composition of the California forklift fleet was unavailable at 
the time of writing, conversations with stakeholders in this space indicate that the overwhelming 
majority of sales of forklifts at present are for e-forklifts, and the fleet as a whole is more than half 
electric. E-forklifts are, as mentioned above, the only vehicle class for which switching to the FD 
crediting method and using the incumbent fraction to approximate 𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  would result in significant 
and immediate changes in credit generation (Table 3).
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Table 3. LCFS credit generation for e-forklifts under current, FD, and a “gradual catch-up” approach. EER is 3.8 for e-forklifts, and total fuel 
consumption by this class is assumed to grow at 3% per year from 2021 data. Incumbent fractions are the author’s estimates. 

 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 

Incumbent Fraction 40% 35% 30% 25% 20% 18% 15% 13% 10% 8% 6% 4% 2% 0% 

LCFS Target 90.4 89.1 86.4 84.4 82.4 79.4 76.3 73.3 70.3 65.3 60.3 55.2 50.2 45.2 

Grid CI 72.7 69.6 66.4 63.3 60.1 56.9 53.8 50.6 47.4 44.3 41.1 38.0 34.8 31.6 

e-Fork fuel consumed (million GGE) 42 44 45 46 48 49 50 52 54 55 57 58 60 62 

e-Fork Credits (Current method) 1.4 1.5 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.3 1.3 1.2 1.1 1.0 

e-Fork Credits w/FD (million) 0.60 0.56 0.50 0.44 0.39 0.36 0.33 0.30 0.27 0.23 0.20 0.16 0.13 0.10 

% of base 42% 38% 35% 31% 27% 25% 23% 21% 19% 17% 16% 14% 12% 10% 

Difference in credits (million) 0.8 0.9 0.9 1.0 1.0 1.1 1.1 1.1 1.1 1.1 1.1 1.0 1.0 0.9 

Gradual Catch-Up method               
F_displaced value 100% 100% 100% 90% 80% 70% 60% 50% 40% 30% 20% 10% 2% 0% 
e-Fork Credits - Gradual Catch-up 
(millions) 1.4 1.4 1.4 1.3 1.2 1.0 0.9 0.8 0.7 0.5 0.4 0.2 0.1 0.1 

% of base 95% 96% 100% 91% 82% 73% 64% 55% 46% 37% 28% 19% 12% 10% 

Difference in credits (millions) 0.1 0.1 0.0 0.1 0.3 0.4 0.5 0.6 0.8 0.8 0.9 1.0 1.0 0.9 
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Based on the assumption of a 40% incumbent fraction, immediate application of FD crediting would 
result in a precipitous drop in LCFS credit generation from this category, compared to the current 
method. While this would more accurately reflect anticipated emissions benefits, it could have a 
disruptive effect on the progress of this sector toward carbon neutrality. To mitigate this, a gradual 
catch-up approach that limited the maximum rate of change for the 𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  term to no more than 
10% per year was adopted. This guaranteed a phase-down period for credits from fuel displacement of 
no less than 10 years (Figure 4). The gradual catch-up approach brings e-forklift credit generation into 
line with the default FD approach shortly before the fleet completes its transition, in this hypothetical 
example.15  

 

Figure 4. Credit generation by e-forklifts under current, FD crediting, and "Gradual Catch-up" 
methods. Data taken from Table 3. 

FD Impacts on Light-Duty EV Credit Generation 
The FD crediting approach is suitable for application across all credit generation pathways that currently 
use the equation § 95486.1 (a) (1) (reported as Equation 1 in this paper). At present, only e-forklifts 
would see a significant change in credit generation under this approach, though as more fleets transition 
from ICE to ZEV, the effect of FD crediting would become more widespread. Light-duty EVs, specifically 

 
15 The current approach to LCFS credit generation may need to be retained for LCFS credit pathways that have 
already been granted. This paper takes no position on legal or contractual limitations or expectations implied by 
the LCFS and does not suggest any action that would violate existing law, policy, or contracts. 
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battery-electric vehicles, would be the technology class in which the greatest impact would ultimately 
be felt by the change to FD crediting. As reported in Driving California’s Transportation Emissions to Zero 
by 2045, and discussed above, the massive amount of credits expected from light-duty EVs in the mid-
late 2030s may make it difficult to maintain LCFS credit prices high enough to support needed fuel 
deployment in difficult-to-decarbonize sectors of the economy. Scaling down credits to light-duty EVs 
could not only improve alignment between credit generation and emission reductions but also promote 
more stable LCFS credit market and pricing behavior, and it could ensure that LCFS credit revenue would 
support measures that continue to reduce fleet-wide emissions during the middle and later phases of 
the transition to ZEVs.  

Table 4 and Figure 5 show three potential scenarios for application of the FD crediting approach to light-
duty EVs. The incumbent fraction was projected based on fleet composition, specifically ICE and non-
plugin hybrid electric vehicle components of the car and light truck fleet in the ZEV scenario from the 
Driving to Zero report. Grid electricity CI was interpolated from present values to an assumed 0 CI in 
2045, and the EER was assumed to remain at 3.4 for the full period. 

The “LD [light-duty] EV Credits w/FD” line represents application of the FD approach using the 
incumbent fraction for the given year; it is, in essence, the most direct and straightforward application 
of the FD crediting approach. “LD EV Credits w/ lag-2” adopts FD crediting, with the displacement 
fraction based on the incumbent fraction in the fleet, lagged 2 years. This delays the impact of FD 
crediting slightly and helps compensate for the slight mismatch between the incumbent fraction and 
theoretical displacement behavior due to the relative age of ICEVs during middle and later years of the 
transition to zero emissions. The “Threshold approach” delays implementation of FD crediting, by 
setting 𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋 =1 until EVs represent 10% of the fleet, then applying a 2% per year catch-up factor 
until the 𝐹𝐹𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑑𝑑𝑠𝑠𝑑𝑑𝑟𝑟𝑟𝑟𝑋𝑋𝑋𝑋  equals what it would be under the 2-year lag approach. This threshold crediting 
approach holds displacement credits stable until the advanced technology vehicle fleet is sufficiently 
large to ensure it has a market foothold (sales rates would have to be well in excess of 10% before the 
fleet fraction reaches that level) before starting to decrement displacement credits. As discussed above, 
the threshold approach can also be applied to the final years of a fleet’s transition to ZEVs, however, in 
this case the transition to ZEVs was still far from complete in 2045, so no end-year transition strategy 
was applied.
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Table 4. Credit generation from light-duty (LD) EVs under current LCFS methods and three different approaches to FD crediting. LCFS targets are 30% in 2030, and 90% 
in 2045, with the incumbent vehicle fraction taken from the ZEV scenario of Driving California’s Transportation Emissions to Zero by 2045. (The highlighted colors of 
the rows correspond to the colors of the curves in Figure 5.)  

 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 
Incumbent Fraction 96% 95% 95% 94% 93% 91% 88% 86% 82% 79% 75% 70% 65% 60% 55% 50% 46% 42% 37% 34% 30% 27% 24% 21% 
LCFS Target 89.5 88.3 85.5 83.5 81.5 78.6 75.6 72.6 69.6 64.6 59.7 54.7 49.7 44.7 41.3 37.8 34.3 30.8 27.3 23.9 20.4 16.9 13.4 9.9 
Grid CI 72.7 69.6 66.4 63.3 60.1 56.9 53.8 50.6 47.4 44.3 41.1 38.0 34.8 31.6 28.5 25.3 22.1 19.0 15.8 12.7 9.5 6.3 3.2 0.0 
LD EV fuel consump 
(million GGE) 130 157 185 232 298 381 478 590 708 835 969 1110 1256 1390 1512 1625 1727 1821 1903 1975 2036 2088 2131 2166 

LD EV Credits 
(Current method) 3.6 4.3 5.0 6.1 7.7 9.6 11.6 13.8 16.0 17.5 18.7 19.6 20.2 20.0 20.2 20.0 19.5 18.7 17.6 16.2 14.6 12.8 10.8 8.8 

LD EV Credits w/FD 
(million) 3.48 4.13 4.72 5.78 7.22 8.77 10.41 12.05 13.50 14.19 14.51 14.42 13.95 12.92 12.21 11.32 10.32 9.27 8.21 7.19 6.22 5.34 4.56 3.87 

% of base 96% 96% 95% 94% 93% 92% 90% 87% 84% 81% 77% 73% 69% 65% 60% 56% 53% 50% 47% 44% 43% 42% 42% 44% 
Difference in 
credits (million) 0.1 0.2 0.2 0.3 0.5 0.8 1.2 1.8 2.5 3.3 4.2 5.2 6.2 7.1 8.0 8.7 9.2 9.4 9.3 9.0 8.3 7.4 6.3 4.9 

LD EV credits w/ 
Lag-2 (million) 3.53 4.19 4.78 5.87 7.37 9.04 10.85 12.69 14.37 15.27 15.79 15.90 15.60 14.69 14.01 13.03 11.90 10.71 9.48 8.27 7.11 6.04 5.08 4.22 

% of base 98% 97% 97% 96% 95% 95% 93% 92% 90% 87% 84% 81% 77% 73% 69% 65% 61% 57% 54% 51% 49% 47% 47% 48% 
Difference in 
credits (million) 0.1 0.1 0.2 0.3 0.4 0.5 0.8 1.1 1.6 2.2 2.9 3.7 4.6 5.3 6.2 7.0 7.6 8.0 8.1 7.9 7.5 6.7 5.7 4.5 

Threshold approach                         
F_frac value 100% 100% 100% 100% 100% 100% 100% 100% 97% 91% 85% 79% 72% 65% 58% 51% 46% 42% 37% 34% 30% 27% 24% 21% 

LD EV Credits - 
Threshold & Lag 
(millions) 

3.6 4.3 5.0 6.1 7.7 9.6 11.6 13.8 15.6 16.2 16.3 15.9 15.2 13.8 12.7 11.4 10.3 9.3 8.2 7.2 6.2 5.3 4.6 3.9 

% of base 100% 100% 100% 100% 100% 100% 100% 100% 97% 92% 87% 81% 75% 69% 63% 57% 53% 50% 47% 44% 43% 42% 42% 44% 
Difference in 
credits (millions) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 1.3 2.4 3.7 5.0 6.3 7.5 8.6 9.2 9.4 9.3 9.0 8.3 7.4 6.3 4.9 

 

Figure 5. Light-duty EV credit generation under the current LCFS approach (blue line) as well as the FD crediting approaches laid out in Table 4.



 19 

 

Figure 5 presents these effects graphically, showing a lower peak credit generation potential from light-
duty EVs, as well as the peak being attained earlier. Given the expectation that most light-duty EVs will 
be price-competitive with ICEVs by the early 2030s, beginning to decrement LCFS credit support at that 
point may allow better alignment of program incentives with its underlying intent. While EVs will 
continue to receive LCFS credits as long as the electricity they are charged with has lower CI than the 
program target, phasing down credits starting in the early 2030s shifts the program’s focus to fuel 
pathways that may still be struggling to achieve commercial scale deployment. 

Adopting the FD credit approach will reduce aggregate credit generation from advanced technology 
vehicles, which may require the LCFS program target to be set lower than it would be under the current 
crediting approach. While this may make the pace of decarbonization seem nominally slower than if the 
current approach were maintained, the difference between the two approaches is that FD crediting 
better reflects the emissions impact of fuels used in advanced technology vehicles. Meeting a nominally 
higher LCFS target with credits reflecting overstated estimates of fuel displacement does not mean GHG 
emissions are actually reduced. Lower LCFS targets in the 2030s and early 2040s reduce the price impact 
on consumers still using gasoline and allow a more gradual LCFS target trajectory, which will contribute 
to a stable LCFS credit market. 

Conclusion 
Current mathematical representations of fuel displacement under the LCFS embed the assumption that 
advanced technology vehicles, those with EER > 1, always displace fuel at their maximum theoretical 
level, no matter the market conditions. This assumption means that for the purposes of LCFS crediting 
the first advanced technology vehicle sold into a market displaces precisely as much as the one-millionth 
such vehicle, or the one that replaces the final incumbent vehicle. Under the present method, credits 
would be generated for fuel displacement even after a fleet had completely shifted to ZEV technology. 
This assumption of complete displacement reasonably approximates real-world behavior during the 
early phases of a vehicle transition but would likely lead to significant overestimation of displacement as 
the fleet converts to new, more advanced technologies.  

The Fractional Displacement crediting approach resolves this overestimation by disaggregating the 
current credit quantification equation into two components, one that reflects credits from lower-CI fuel 
on an equal-energy basis, and one that reflects displacement of additional fuel due to higher efficiency 
powertrains. The displacement component can then be reduced over time, such as in proportion to the 
fraction of vehicles using the incumbent technology that remain in the fleet. This change is technology-
neutral and is built on the same conceptual and mathematical foundation as the current quantification 
method. 

The FD approach offers the opportunity to more accurately represent credits generated by advanced 
technology vehicles as they become more prevalent in the fleet, which would strengthen the connection 
between actual emissions benefits and the amount of incentive. This connection has been a strength of 
the LCFS to date, and reinforcing it helps support effective program function moving forward. The FD 
approach would also reduce the potential for future destabilization of the LCFS credit price by large-
scale fleet turnover to advanced technology vehicles, such as is expected to happen in the 2030s as the 
on-road LD vehicle fleet transitions to EVs. Switching to FD crediting would mitigate the risk of 
downward price pressure on LCFS credits and reduce the need for regulatory intervention as 
technologies mature. The FD approach never completely cuts a technology out of the LCFS; if the fuel 
consumed by a vehicle has a lower CI than the target for a year, it will receive appropriate credit. While 
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FD crediting can be adopted piece-meal, comprehensive adoption would create a stronger and more 
durable foundation for the LCFS and reduce the risk of market disruptions in the future.
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