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California’s Low Carbon Fuel Standard 

Summary of Adopted Regulations

Spring 2009

On April 23, 2009 the California Air Resources Board adopted a regulation that will implement a low carbon fuel standard (LCFS) in California. The objective of the LCFS is to reduce greenhouse gas emissions by reducing the carbon intensity of transportation fuels sold by producers and importers to consumers in California.  The standard takes effect in 2011, and declines 10% by 2020, which is projected to result in a reduction of about 16 million metric tons of global warming pollution. The LCFS is designed to provide a framework that uses market mechanisms to spur the steady development of lower carbon fuels that, over time, will displace higher carbon fuels now in use.           
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The standards for gasoline and diesel are “back-loaded,” meaning that deeper reductions are required in the last five years of the program than in the first five years. This approach allows more time for the development of advanced low carbon fuels and vehicles that can operate on those fuels, such as plug-in hybrid electric vehicles, battery electric vehicles, fuel cell vehicles, and flexible fuel vehicles. 

The carbon intensity of a particular transportation fuel is a measure of the direct and significant indirect greenhouse gas emissions associated with each of the steps in the full lifecycle of that fuel. (See Figure 2 on the following page.)  Providers of transportation fuels must demonstrate that the mix of fuels they supply meets the LCFS intensity standards for each annual compliance period. They must report all fuels provided and track the fuels’ carbon intensity through a system of “credits” and “deficits.” Credits are generated from fuels with lower carbon intensity than the standard. Deficits result from the use of fuels with higher carbon intensity than the standard.  Credits and deficits are generally determined based on the amount of fuel sold, the carbon intensity of the fuel, and the efficiency by which a vehicle converts the fuel into usable energy.  A regulated party meets its annual compliance obligation by ensuring that the amount of credits it earns (or otherwise purchases from another regulated party) is equal to or greater than the deficits it has incurred. 
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Table 1 :  Adjusted Carbon Intensity Values for Gasoline and Fuels that Substitute for Gasoline    

Fuel  Pathway Description  Direct  Emissions  Indirect Emissions from  Land Use and other  Effects  Total  

Gasoline  CARBOB 1  95.86  0  95.86  

CaRFG - CARBOB (100%  average Midwest ethanol to meet  10% ethanol by volume)  96.09  --  96.09  

Ethanol  Midwest average  69.4  30  99.4  

California   50.7  30  80.7  

80% Midwest/20% California  65.66  30  95.55  

Brazilian sugarcane  27.40  46  73.40  

Electricity  California average mix  124.10  0  41.37 1  

California marginal mix of  natural gas & renewable energy  104.10  0  34.90 1  

Hydrogen  Compressed H2 from central  reforming of NG  142.40  0  61.83 2  

Liquid H2 from central  reforming of NG  133.0  0  57.83 2  

1     California Reformulated Gasoline  Blendstock for Oxygenate Blending   2   Adjusted by an EER factor of 3.0 to account for power train efficiency improvements over gasoline engines.   3   Adjusted by an EER factor of 2.3 to account for power train efficiency improvements over gasoline engines.   

 


The following pages contain a more detailed summary of the California Low Carbon Fuel Standard. 

For further information: 

Michael Stoddard, Transportation Program Director, (207) 761-4566, mstoddard@env-ne.org
Abigail Anthony, Summary Author, (401) 474-8876, aanthony@env-ne.org  


PO Box 583  8 Summer Street  Rockport, ME 04856-0583 207-236-6470 admin@env-ne.org 
Portland, ME / Boston, MA / Providence, RI / Hartford, CT/Charlottetown, PEI, Canada

 www.env-ne.org  

Environment Northeast is a nonprofit research and advocacy organization focusing on the Northeastern United States and Eastern Canada. Our mission is to address large-scale environmental challenges that threaten regional ecosystems, human health, or the management of significant natural resources. We use policy analysis, collaborative problem solving, and advocacy to advance the environmental and economic sustainability of the region.
California Low Carbon Fuel Standard: Summary of the Regulation as Adopted

Applicability of the Standard

The LCFS will apply to almost all fuels used for transportation in California, including: California reformulated gasoline, California diesel, compressed or liquefied natural gas, electricity, compressed or liquefied hydrogen, any fuel blend including hydrogen, any fuel blend containing more than 10 percent ethanol by volume, neat denatured ethanol, neat biomass-based diesel, and any other fuel not otherwise exempt. 


Credit Generation Opt-in Provision

The regulation includes an opt-in provision for certain alternative fuels that have full fuel-cycle carbon intensities that inherently meet the compliance requirements through 2020. Electricity, hydrogen and hydrogen blends, fossil CNG from North American sources, biogas CNG, and biogas LNG qualify for voluntary opt-in. Regulated parties for these fuels are required to meet the LCFS requirements (reporting, etc) only if they elect to generate credits based on these fuels. 

Exemptions

Fuel for jets, racing vehicles, interstate trains (but not intrastate trains), ocean-going vessels, and military tactical vehicles are exempt.  The regulation also exempts any alternative fuel that is not biomass-based or renewable biomass-based and for which the aggregated volume by all parties for that fuel is less than 420 MMJ per year (3.6 million gasoline gallons equivalent per year). This is intended both to exempt (1) research fuels entering the market and (2) very low volume niche fuels. The idea is to allow alternative fuel providers, particularly small volume producers whose fuels have inherently low carbon intensities, adequate lead time to develop the technologies necessary to make their fuels viable for future transportation applications. It is important to note that biomass-based fuels, such as denatured fuel ethanol and biomass-based diesel, and fuel blends containing biomass-based fuels, do not qualify for the exemption regardless of the quantity produced. This is due to the potential land use impacts and other global sustainability and economic considerations associated with biofuels. 
Average Carbon Intensity Requirements

The LCFS does not limit the carbon intensity of individual batches of fuel. Instead, it requires regulated parties to comply with average carbon intensity levels for the total amount of fuel they provide in California over the course of one year.

· One standard is established for gasoline and the alternative fuels that can replace it. A second, similar standard is set for diesel fuel and its substitutes. Gasoline substitutes are compared against the gasoline standard; diesel substitutes are compared against the diesel standard.

· Establishing separate standards for gasoline and diesel will minimize fuel switching from gasoline to diesel as a method of compliance. 

· Fuels that have a carbon intensity lower than the requirement for that year generate credits. 

· To comply, a regulated party must show that they own credits equal to or in excess of the deficits incurred; regulated parties that accumulate excess credits may bank or sell them.
Compliance Schedule

The LCFS incrementally reduces the allowable carbon intensity of transportation fuels used in California. The LCFS does not limit the carbon intensity of individual batches or types of fuels, but it does required regulated parties to comply with annual, average carbon-intensity levels for the total amount of fuel they provide in California. The allowable carbon intensity of transportation fuels decreases each year, starting in 2011, until the carbon intensities of gasoline and diesel transportation fuels in 2020 and beyond are each reduced by an average of 10 percent relative to 2010. 

Under the LCFS regulation, the carbon intensity for alternative fuels that substitute for gasoline or diesel fuel (e.g., biofuels, natural gas, hydrogen, electricity) are judged against either the gasoline or diesel carbon intensity requirements, depending on whether the alternative fuel is used for light- and medium-duty vehicles or for heavy-duty vehicles.
CARB staff expects that more stringent standards will be set in the future for the years past 2020 in order to achieve additional GHG emission reductions to help meet 2050 GHG emissions reductions goals.

The compliance schedule below shows that the schedules for gasoline and diesel fuel follow similar paths. The schedules are back-loaded or technology-forcing, with the majority of reductions occurring after 2015. This schedule takes into consideration the availability of biofuels, advanced electric vehicles, and flex-fuel vehicles. 
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Year  CI for Gasoline &  Gasoline Substitutes  (g/MJ)  Gasoline & Gasoline  Substitutes    % Reduction  CI for Diesel &  Diesel Substitutes  (g/MJ)  Diesel & Diesel  Substitutes     % Reduction  

2010  Reporting Only  Reporting Only  

2011  95.61  0.25%  94.47  0.25%  

2012  05.37  0.5%  94.24  0.5%  

2013  94.89  1.0%  93.76  1.0%  

2014  94.41  1.5%  93.29  1.5%  

2015  93.45  2.5%  92.34  2.5%  

2016  92.50  3.5%  91.40  3.5%  

2017  91.06  5.0%  89.97  5.0%  

2018  89.62  6.5%  88.55  6.5%  

2019  88.18  8.0%  87.13  8.0%  

2020  86.27  10.0%  85.24  10.0%  

Source: California Air Resources Board, 2009  

 


Baseline Year and Baseline Carbon Intensity

The regulation uses 2010 as the baseline year against which a 10% reduction in carbon intensity is mandated by 2020. In 2010, regulated parties only have to comply with reporting requirements. The baseline carbon intensities for gasoline and diesel are calculated using CA-GREET version 1.8b. The gasoline carbon intensity is determined using 10 % by volume corn ethanol and has a carbon intensity of 95.85 gCO2e/MJ. This is based on expectations that the amount of ethanol in CaRFG is expected to increase from 6% to 10% between 2006 and 2010. Further, the baseline calculation is based on the projection that the following mix of corn ethanol would be available in California by 2010: 80% produced in the Midwest and 20% produced in California. 
The baseline carbon intensity for diesel is 94.71 gCO2e/MJ.

Regulated Parties
Under the California LCFS, regulated entities are categorized by fuel type.

Gas, Diesel, and other Liquid Blendstocks
The regulated parties for gasoline and diesel are the seven large oil producers and importers that supply about 90% of transportation fuel sold in California. Upon transfer to the title to the fuel, the obligation to maintain compliance with the LCFS regulation may flow to the recipient if, for example, the recipient is another producer or importer. Alternatively, the transferor will retain the compliance obligation (as well as the credits and deficits generated).
Fossil CNG or Fossil LNG
The regulated parties for fossil CNG are the utility company, energy service provider, or other entity that owns the fuel dispensing equipment. For fossil LNG, the regulated party is the entity that owns the fuel when it is transferred to the fuel dispensing equipment in California. 

Other Gaseous Fuels
The regulated party is the person or entity that produces the fuel and supplies it for transportation use. 

Electricity
Load-serving entities and other providers of electricity services serve as regulated parties for the LCFS regulation for electricity used for transportation purposes. The compliance obligation can be transferred by contract to another party that assumes responsibility for meeting the requirements. Such downstream entities include electricity services suppliers, certain owners and operators of charging equipment, and homeowners that have their own charging equipment. 
Hydrogen or Hydrogen Blends
The regulated party in the hydrogen fuel supply chain is the owner of the finished fuel at the time blendstocks are blended to produce the final fuel.

Requirements for Reporting 

Each regulated party must report to CARB on a quarterly and yearly basis. The information reported must include the carbon intensity and quantity of the fuel or fuels sold, as well as supporting documents and contracts.

CARB staff is developing an online, interactive Compliance & Reporting Tool.

Compliance

A regulated party must maintain an adequate number of credits in order to comply with the LCFS. Compliance is determined by the number of credits generated, banked, or purchased and the extent of the party’s deficit. 

Compliance characterization falls into one of the following 3 categories:

1) In compliance: credits held equals or exceeds deficit;

2) Small credit balance shortfall: regulated party has enough credits to cover at least 90% of its credit obligation. If this is the case, the party can carry its deficit over to the next period.

3) In violation: the deficit exceeds the number of credits held for more than two consecutive reporting periods, or number of credits held is less than 90% of the credit obligation.

Requirement for Demonstrating “Evidence of a Physical Pathway”
Regulated parties are required to establish “physical pathway evidence” for transportation fuels subject to the LCFS.  To establish this necessary evidence, a regulated party may need to demonstrate up to four components:
1) Demonstration that there exists a physical pathway by which the transportation fuel is expected to arrive in California. This could include the applicable combination of truck delivery routes, rail tanker lines, gas or liquid pipelines, electricity transmission lines, and any other fuel distribution routes that, taken together, accurately account for the fuel’s movement from the generator, through intermediate entities, to the fuel blender, producer, or importer in California.
2) Written evidence showing that a specific volume of a particular transportation fuel with a known carbon intensity was inserted into the physical pathway as directed by the regulated party.

3) Written evidence showing that an equal volume of that transportation fuel was removed from the physical pathway by the regulated party for use as transportation fuel in California.

4) Update the initial pathway description whenever there are modifications.

LCFS Credits and Deficits

Credits are awarded based on fuel performance that exceeds a regulatory standard. The LCFS regulations award credits to the fuel provider if the total emissions generated by the supply and consumption of the fuel are below the gasoline or diesel standard.
Beginning in 2011, regulated parties can generate credits on a quarterly basis. Credits can be banked indefinitely and used for compliance, sold to other regulated parties, purchased and retired by regulated parties, or exported to other greenhouse gas reduction programs such as California’s economy-wide carbon legislation (AB 32). 

The quantity of credits generated is determined by how low the carbon intensity of the alternative fuel is relative to the standard and the amount of conventional gas or diesel that is displaced. This is determined using a fuel displacement factor, called the Energy Economy Ratio (EER), which compares the fuel economy of an alternative fuel vehicle to that of a conventional vehicle. The carbon intensity of alternative fuels is adjusted with the EER value of the alternative fuel vehicles. 

	Table 3: EER Values for Fuels Used in Light-, Medium-, and Heavy-Duty Applications



	Fuels used as Gasoline Replacement
	Fuels used as Diesel Replacement

	Fuel/Vehicle Combination
	EER Values Relative to Gasoline
	Fuel/Vehicle Combination
	EER Values Relative to Gasoline ??

	Gasoline (inc. E6 and E10) or E85/ICEV
	1.0
	Diesel or biomass-based diesel blends
	1.0

	CNG/ICEV
	1.0
	CNG or LNG
	0.9

	Electricity/BEV or PHEV
	3.0
	Electricity/BEV or PHEV
	2.7

	H2/FCV
	2.3
	H2/FCV
	1.9


      (BEV=battery electric vehicle, PHEV=plug-in hybrid electric vehicle, FCV=fuel cell vehicle, ICEV=internal combustion engine vehicle).
Retaining and Trading LCFS Credits

Only regulated parties (including those that opt-in) are allowed to purchase, sell, or retire LCFS credits at this point, but not third parties. CARB staff will re-evaluate this rule in the future.

Also, the LCFS regulation allows for the export of credits to other GHG trading programs subject to the requirements of those programs, but the regulation prohibits the importing of credits from other programs to the LCFS.
Determining Carbon Intensity Values

Carbon intensity will be determined in 2 parts.

1) All direct emissions associated with producing, transporting, and using the fuel will be calculated using the CA-GREET model. Multiple pathways will be calculated for certain fuels.

2) Indirect emissions from land use change will be calculated using the Global Trade Analysis Project (GTAP). GTAP is a model that evaluates worldwide land use conversion associated with the production of crops for fuel production. Different types of land use have different rates of storing carbon. In general, multiplying the changes in land use by an emissions factor per land conversion type results in an estimate of the greenhouse gas emissions impacts of land conversion.
The LCFS regulation allows for several different methods for a regulated party to establish the carbon intensity value of the fuel produced and sold.
1) CARB will establish default carbon intensity values in a “look-up” table for a number of specified fuel pathways.
2) Under specified conditions, regulated parties may obtain Executive Officer approval to either modify the CA-GREET model inputs to reflect their specific process or to generate an additional pathway.
For CARBOB,
 gasoline, and diesel, there are specific provisions with respect to the method for determining carbon intensity values, depending on whether the crude oil used to make the fuel is derived from crude oils with high carbon intensity relative to the average carbon intensity of crude oils used in California refineries. For CARBOB, gasoline, and diesel made from high carbon intensity crudes (e.g., oil sands, oil shale, tar sands), the regulated party is required to used the carbon intensity value specified in the look-up table for that particular pathway. If the regulated party can demonstrate that it has reduced the carbon intensity of the crude oil below 15 gCO2e/MJ using carbon capture and sequestration or another method, then the regulated party is permitted to use the average carbon intensity value for the California baseline crude mix. 
Additional details available at:  http://www.arb.ca.gov/fuels/lcfs/lcfs.htm 
Figure 1: California’s Declining Carbon Intensity Standard
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		Table 1: Adjusted Carbon Intensity Values for Gasoline and Fuels that Substitute for Gasoline





		Fuel

		Pathway Description

		Direct Emissions

		Indirect Emissions from Land Use and other Effects

		Total



		Gasoline

		CARBOB1

		95.86

		0

		95.86



		

		CaRFG-CARBOB (100% average Midwest ethanol to meet 10% ethanol by volume)

		96.09

		--

		96.09



		Ethanol

		Midwest average

		69.4

		30

		99.4



		

		California 

		50.7

		30

		80.7



		

		80% Midwest/20% California

		65.66

		30

		95.55



		

		Brazilian sugarcane

		27.40

		46

		73.40



		Electricity

		California average mix

		124.10

		0

		41.371



		

		California marginal mix of natural gas & renewable energy

		104.10

		0

		34.901



		Hydrogen

		Compressed H2 from central reforming of NG

		142.40

		0

		61.832



		

		Liquid H2 from central reforming of NG

		133.0

		0

		57.832



		1  California Reformulated Gasoline Blendstock for Oxygenate Blending

2 Adjusted by an EER factor of 3.0 to account for power train efficiency improvements over gasoline engines.

3 Adjusted by an EER factor of 2.3 to account for power train efficiency improvements over gasoline engines. 








		Table 2: California LCFS Compliance Schedule





		Year

		CI for Gasoline & Gasoline Substitutes (g/MJ)

		Gasoline & Gasoline Substitutes 
% Reduction

		CI for Diesel & Diesel Substitutes (g/MJ)

		Diesel & Diesel Substitutes
 % Reduction



		2010

		Reporting Only

		Reporting Only



		2011

		95.61

		0.25%

		94.47

		0.25%



		2012

		05.37

		0.5%

		94.24

		0.5%



		2013

		94.89

		1.0%

		93.76

		1.0%



		2014

		94.41

		1.5%

		93.29

		1.5%



		2015

		93.45

		2.5%

		92.34

		2.5%



		2016

		92.50

		3.5%

		91.40

		3.5%



		2017

		91.06

		5.0%

		89.97

		5.0%



		2018

		89.62

		6.5%

		88.55

		6.5%



		2019

		88.18

		8.0%

		87.13

		8.0%



		2020

		86.27

		10.0%

		85.24

		10.0%



		Source: California Air Resources Board, 2009
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