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5.1. Introduction to Natural Gas Vehicles (NGVs) and Fueling Issues: Petroleum-based fuels have long
dominated U.S. transportation, with oil accounting for approximately 93 percent of domestic
transportation fuel consumption. Within the transportation industry, medium and heavy duty vehicles
alone account for approximately 22 percent of all oil use, and a significantly higher proportion of harmful
emissions. The search for petroleum substitutes has also gained new urgency due to the need to reduce
foreign oil dependence and mitigate the risk of supply disruption, and to reduce economic exposure to
the price volatility of the oil market.
Thanks to its relatively low price, abundant supply, and potential for emissions reduction, natural gas is
receiving significant attention as an alternative fuel -- especially for medium and heavy duty vehicles.
While electricity shows great promise for displacing oil in the light-duty vehicle sector, until battery
energy density significantly increases, heavier duty trucks pose special challenges for electrification.
Moreover, the development of expanded biomethane fuel pathways – a very low-carbon substitute for
natural gas – holds promise for reducing the carbon intensity of natural gas and mitigating fugitive
methane leakage from landfills. For all these reasons, natural gas merits serious consideration as a viable
alternative fuel and vehicle technology option.
Natural gas has been notably inexpensive and abundant on the domestic U.S. market in recent years
thanks to the recent boom in hydraulic fracturing (“fracking”). In terms of its environmental performance,
natural gas can significantly reduce tailpipe emissions of some criteria pollutants (especially particulate
matter) as much as 90% below that of conventional petroleum diesel. In addition, some analyses have
suggested that natural gas could reduce greenhouse gas emissions (which are chemically distinct from
criteria pollutants) compared petroleum sources, depending on a variety of factors -- including the
methane leakage rate in the natural gas fuel supply chain, the relative efficiency of new natural gas
engine technologies, and the relative performance of emerging clean diesel technologies. However, many
estimates of natural gas carbon impacts are currently undergoing revision, raising questions about the
performance of natural gas vs. petroleum from a climate perspective.
In light of the many complex issues particular to NGVs, this chapter of the Alternative Fuel Readiness Plan
will address these questions:
§ What are likely trends in natural gas pricing, vehicle availability, and vehicle performance in the
2016-2025 period?
§ What are key best practices in natural gas fleet management and fueling infrastructure
development?
§ What are the most recent estimates and trends in NGV emissions from a “well to tank”
perspective? (Note that due to the complexity of this discussion, some of the relevant material is
covered in Appendix 1 to this report.)
5.2. Natural Gas Vehicle Types, Applications, and Deployment Trends: There are three principal types
of NGVs currently deployed in the United States. These include:
§ Dedicated NGVs – operating on 100 percent natural gas, either in the form of Compressed
Natural Gas (CNG) or Liquefied Natural Gas (LNG).
§ Bi-Fuel NGVs – operating on either gasoline or natural gas (the bi-fuel vehicle type has two
completely separate fuel systems).
§ Dual-Fuel NGVs – NGVs that operate on natural gas but use diesel fuel for pilot ignition
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assistance. This design is primarily used in heavy-duty vehicles.
Despite the recent abundance of low-cost domestic natural gas supplies, the United States is one of the
last industrialized countries to embrace natural gas as a transportation fuel. Worldwide, there are more
than 15.2 million natural gas vehicles – but according to NGV America, there are just over 120,000 NGVs
of all types on U.S. roads today, as noted in the chart below, which includes all NGV fueling system
configurations. Nearly all the deployed NGVs in the U.S. are fueled with Compressed Natural Gas (CNG)
rather than Liquefied Natural Gas (LNG), in part because the predominantly truck-based LNG
distribution system is more expensive than pipeline-based CNG distribution, and there are few LNG
equipped vehicles currently available on the marketplace.
Natural Gas Vehicle Registrations in the United States

Source: U.S. Energy Information Administration: http://www.eia.gov/renewable/
Natural Gas Vehicles in California: As of 2015, approximately 13,500 Class 3-8 trucks utilizing natural
gas are registered with the California Department of Motor Vehicles, along with nearly 20,000 CNGfueled light-duty vehicles.
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Diversity of NGV Applications: CNG and LNG vehicles can be deployed to meet diverse transportation
needs, from light duty sedans to specialty trucks, buses, and off-road vehicles, as shown in the chart
below.

Distribution of Medium- and Heavy-Duty NGVs in the U.S. By Application: As shown in the chart below,
medium- and heavy-duty NGVs are used predominantly in transit buses, utilities, refuse, regional
hauling, and municipal/government applications, with shuttle, school bus, and delivery applications
representing smaller segments.

Source: 2014 NGV Production and Sales Report, NGV America

5.3. CNG Vehicle Economic Attributes: Compressed natural gas (CNG) was initially introduced as a
transportation fuel during World War II, when gasoline was in short supply. However, NGVs were
not generally commercially available until the 1980s, when they were introduced primarily as a
technology to reduce criteria air pollutants – especially nitrogen oxides (NOx) and particulate matter
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(PM) – and to take advantage of the price differential between natural gas and diesel. NGVs still
enjoy substantial advantages in meeting criteria emission standards compared to conventional
diesel, but the gap will narrow significantly as clean diesel vehicle regulations tighten in 2017 and
beyond. (Emissions differences are discussed in detail in Appendix 1.)
For most fleet managers, cost is a primary concern when choosing between natural gas vs. diesel
vehicles. However, relative fuel costs can fluctuate significantly. NGVs over the 2010-2014 period
offered a differential savings of as much as 30% to 50% lower fuel cost than diesel, as well as lower
maintenance and repair costs. However, crude oil prices in 2015 reached an 11 year low, which
doubled the payback period for US natural gas vehicles compared to diesel -- from about one year
and eight months in mid-2014 to approximately three to four years currently.1 As of late 2015, the
fuel price spread between diesel and CNG is less than $1 per gallon-equivalent of fuel at the retail
level.
Current retail prices for CNG generally range from $2-$2.50 per gasoline gallon equivalent (GGE)
within California and may be lower for private fleets. Diesel fuel prices have been quite volatile in
recent years, varying from $2.50 to $3.50 or more. Although many analysts expected crude oil prices
to rise, they have remained near historic lows as of early 2016. Natural gas commodity prices are
also expected to rise over time (along with diesel), even as CNG is expected to remain cheaper at the
pump than diesel or gasoline. The likely differential between diesel and natural gas is, unfortunately,
extremely difficult to predict as so many unpredictable variables are at work.
A key ongoing challenge to NGV market growth in the heavy-duty arena is that large fleet operators
typically replace their vehicles every three to four years, leaving a relatively short time to amortize
the higher initial cost of NGV vehicles and gain the longer-term benefit from their lower fuel costs.
For example, diesel prices in April 2014, before the oil price slump, were nearly $4.00 per gallon,
while natural gas was $1.81 per diesel gallon equivalent (DGE) – after taking into account the 15%
lower fuel economy for the natural gas engine. The spread between oil and gas prices meant the
cost for fuel and diesel exhaust fluid (DEF) for a Class 8 heavy duty truck running 100,000 miles a
year was around $58,063, while it amounted to $30,420 for the same mileage with natural gas.
Opting for natural gas at that time of higher oil prices would have produced savings of $27,643 per
year. Considering that Class 8 natural gas trucks cost about $43,640 more to purchase and
maintenance costs are higher, it would have taken about one year and eight months to pay back the
difference between a natural gas engine truck and a diesel engine truck.
Taking a diesel price of $2.78 a gallon, which is towards the lower end of the price range seen in mid2015, the diesel cost per year for 100,000 miles is only $40,608. This puts the fuel price difference
between a diesel and natural gas vehicle at around $10,188 per year, with a payback period of
between four and five years. This is outside the typical three-year replacement cycle for new Class 8
vehicles, and well beyond the ~18 month payback timeframe sought by many fleet operators.
Another factor limiting natural-gas-powered sales is the arrival on the market of new, more efficient
diesel engines. The first phase of a federally mandated 6% improvement in fuel economy by 2017
took effect in 2015, pushing heavy-duty truck mileage closer to 7 miles per gallon from about 6.5
mpg. Continuous improvements in diesel fuel efficiency are expected in the foreseeable future,
which could further reduce the overall economic advantage of NGV fueling.

1

http://ngvtoday.org/2015/02/04/growth-in-north-american-ngv-sales-projected-for-coming-decade/
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5.4. Future Natural Gas Pricing and Supply Scenarios: Recent increases in both oil and natural gas
supplies in the U.S. and globally have occurred due to the fracking boom. The consequent price
decreases have also narrowed the spread between diesel and natural gas. Future demand increases for
natural gas are likely in the utility sector as more coal plants are phased out. As always with fuel price
predictions, however, there is no way to foresee all the potential economic and political factors that
could effect prices. A Middle Eastern conflict that impacts oil transport through the Straits of Hormuz,
for example, could dramatically increase oil prices virtually overnight. Therefore, it is prudent to look at
a variety of pricing scenarios for natural gas.
According to a meta-analysis of recent industry studies by the Clean Skies Foundation – a research
institute focused on the adoption of clean fuels and energy efficiency – the “high case” for NGV
adoption anticipates that the transportation share of total natural gas demand increases from just 0.2
percent in 2013 to 2.3 percent in 2025. By 2025, the high case estimate is that approximately 2.4 million
NGVs will be on U.S. roads, of which 480,000 are heavy duty trucks. These vehicles would consume
about 711 Bcf (billion cubic feet) of gas annually by 2025 and displace over 180 million barrels of oil. The
analysis concludes that the price rises attributable to this level of incremental NGV demand is at most
$0.25/Mcf (million cubic feet) by 2025. As illustrated in the chart below, this translates to a continuing
substantial price advantage for natural gas versus petroleum fuels.
Natural Gas Fuel Price History & Outlook: 2005 - 2035

SOURCE: EIA Annual Energy Outlook 2012 Heavy Duty Vehicle Reference Case: Transportation Fuel Prices.
http://www.cleanskies.org/wp-content/uploads/2013/04/driving-natural-gas-report.pdf

Incremental NGV vs. Diesel Purchase and Operating Costs: The incremental upfront costs for
natural gas engines in the truck segment vary significantly by engine size and supplier -- but typically
are in the low thousands for lighter-duty vehicles and $40,000 or more for heavy-duty Class 8
vehicles due to the cost of high-pressure tanks. As a result, natural gas engines are most economical
in vehicle applications where fuel costs constitute a higher share of overall vehicle costs, and are
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especially attractive for heavy-duty trucks that travel tens of thousands of miles per year. The key
variables in the cost efficiency equation are fuel and maintenance costs, annual mileage, and the
ownership period of the vehicle. Once the incremental cost difference is paid off, the truck owner
can benefit from significant savings in fuel costs over the useful life of the NGV truck and engine,
which is comparable to diesel vehicles.
On the diesel side, initial purchase costs may increase faster than NGVs in future years, because
technologies have grown much more complex due to requirements for the use of selective catalytic
reduction (SCR) and other technologies that increase operating costs. As always, consumers and
fleet managers must assess product offerings carefully in light of individual use cases and the
availability and cost of relevant fueling infrastructure in order to arrive at a rational decision
regarding NGV vs. diesel or other alternative fuel vehicle adoption. Please note that more detailed
data on fuel, refueling infrastructure, and vehicle cost will be addressed later in this chapter, along
with links to online tools that can assist with Total Cost of Ownership (TCO) calculations and vehicle
comparisons.
5.5. Nationwide Natural Gas Vehicle Sales: Navigant Research is projecting that sales of mediumduty (MD) and heavy-duty (HD) NGVs in North America, including trucks and buses, will show a
Compounded Annual Growth Rate (CAGR) of 3.2 percent between 2014 and 2024, with 18,195 units
being sold in 2014, increasing to 23,283 annually in 2024. By contrast, for light-duty (LD) vehicles,
Navigant projects a CAGR of 6.1 percent between 2014 and 2024, with sales of natural gas cars
growing at a CAGR of 4.7 percent and sales of natural gas Light Duty trucks, mainly pickups and vans
(including both dedicated and bi-fuel vehicles), growing at a CAGR of 6.3 percent. The projections
are contained in Navigant’s report: Natural Gas Passenger Cars, Light Duty Trucks and Vans,
Medium/Heavy Duty Trucks and Buses, and Commercial Vehicles: Global Market Analysis and
Forecasts.

Source: Natural Gas Passenger Cars, Light Duty Trucks and Vans, Medium/Heavy Duty Trucks and Buses,
and Commercial Vehicles: Global Market Analysis and Forecasts, Navigant.2

These numbers remain a tiny fraction of overall new vehicle sales in the United States, which topped 17
million new vehicle sales in 2015. Between 2013 and 2014, light-duty natural gas vehicles in the US
experienced a sharp sales decline, in part due to the lower differential between natural gas and gasoline
prices, while growth was strongest in the heavy-duty segment. However, overall unit volume was down
more than 6% across all NGV segments.
2

http://ngvtoday.org/2015/02/04/growth-in-north-american-ngv-sales-projected-for-coming-decade/
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Corporate Sustainability Goals Driving Some Natural Gas Sales: Despite the ongoing challenges facing
the NGV market in the U.S., a number of high-profile fleets remain committed to Natural Gas Vehicles.
United Parcel Service in 2015 ordered approximately 300 NG-powered heavy-duty trucks, adding to a
fleet of 700 NG Class 8 tractors purchased in 2014. The trucks operate primarily in West Coast and
Southern corridors with sufficient natural gas stations, some of which were financed with UPS
assistance. By 2016, about 2% of UPS's 100,000 vehicles world-wide will be powered by natural gas.
In addition, Wal-Mart, Lowes, Office Depot, and Procter & Gamble are among a growing number of
companies requesting that their trucking suppliers use alternative fuel vehicles to comply with corporate
policies to reduce CO2 emissions and criteria pollution caused by diesel fuel. For AT&T’s global fleet of
more than 70,300 vehicles, the company announced plans in 2009 to invest up to $565 million as part of
a long-term strategy to deploy approximately 15,100 alternative-fuel vehicles through 2018. This
includes a goal to replace up to 8,000 service vehicles with CNG vehicles. The company opened a private
CNG refueling station in Los Angeles last year and is working with the Department of Energy, local and
regional Clean Cities coalitions, and industry stakeholders to encourage the development of publicly
available refueling facilities throughout California.3
Despite some high-profile successes, CNG purchases are dwarfed by the sheer number of new dieselpowered trucks being sold. North American sales of diesel-powered trucks are forecast to rise 17% to
281,620 in 2015. Two years ago, many forecasters expected as much as 20% of the heavy-duty trucks
sold annually in North America by the end of the decade would be natural-gas powered, whereas the
percentage of current sales remain in the single digit range.4
5.6. Available Natural Gas Vehicles: Major automakers have been selling dedicated light-duty natural
gas vehicles in Europe, South America, and elsewhere for years, but American market availability has
been limited due to lack of demand. In the U.S., only a handful of light duty vehicles have been available,
predominantly larger pickups and vans. In the light-duty sedan segment, the Chevrolet Impala and the
Honda Civic GX have been the only offerings recently, but Honda will end production of the CNG Honda
Civic with the 2016 model year. For the 2014-15 model years, the chart on the next page indicates the
CNG light-duty vehicles available for purchase from OEMs.

http://www.automotive-fleet.com/article/story/2012/04/great-fleets-share-best-practices.aspx
http://ngvtoday.org/2015/02/04/growth-in-north-american-ngv-sales-projected-for-coming-decade/

3
4
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2015 Light Duty Natural Gas Vehicles, Including Pick-Ups and Vans

Source: 2015 Clean Cities Vehicle Buyer’s Guide, p. 15
http://www.afdc.energy.gov/uploads/publication/2015_vehicle_buyers_guide.pdf

For the most current information on available vehicles, it is recommended to consult the current Clean
Cities Vehicle Buyer’s Guide provided at the federal Alternative Fuel Data Center, as well as
manufacturer websites for local dealer information.
Medium and Heavy Duty Vehicles: There are a number of OEM certified natural gas engine models
being used in a various medium and heavy-duty vehicle models. The engines listed below can be
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installed by certified conversion companies known as Qualified Vehicle Modifiers or QVMs.5 These
programs are typically very rigorous and quality is high. A QVM qualification regime is described on the
Ford Motors website at http://www.fleet.ford.com/showroom/limo-livery-and-funeral/qualifiedvehicle-modifiers/, and is typical for major manufacturer QVM relationships.
§
§
§
§
§
§
§
§

Cummins Westport ISL G 8.9L (250 – 320 hp)
Cummins Westport ISX12 G12L (320 – 400 hp)
Ford Motor Company 2.0L L-4
Ford Motor Company 5.4L V-8
Ford Motor Company 6.8L V-10
General Motors 3.0L
General Motors 6.0L V-8
BAF Technologies 6.8

Source: 2015 Clean Cities Buyer’s Guide
http://www.afdc.energy.gov/uploads/publication/2015_vehicle_buyers_guide.pdf

5.7. Diesel to Natural Gas Conversion Strategies: Today’s primary NGV markets are public transit buses
(the largest consumer of natural gas as a transportation fuel), and waste collection and transfer vehicles
(the fastest growing market segment). Many airports and other government fleets have also adopted
natural gas. Private fleets typically adopt natural gas primarily for service vehicles that return to base
daily. Although there are a relatively small number of natural gas engine models, these are typically
installed into a wide variety of vehicle body types by vehicle manufacturers and retrofit providers. For
example, the same Cummins natural gas engine may be used in a refuse truck, a bus, or a street
sweeper.
There are numerous aftermarket engine conversion kits which are certified by the California Air
Resources Board and available for a wide range of vehicle platforms and classes. Most conversion kits
allow for bi-fueling (CNG/gasoline) or even tri-fueling (CNG/gasoline/E85) capability. As with new OEM
vehicles, payback periods vary but can be less than two years, depending on annual miles traveled,
current fuel price differentials, and retrofit costs.
Retrofit options are expanding -- thanks in part to state and federal investment in R&D. Medium and
heavy duty engine manufacturers such as Cummins Westport, Volvo, and Navistar have received
California Energy Commission funds to develop new natural gas engines which are being integrated into
a number of heavier duty vehicle chassis, such as Peterbilt and Kenworth. Product offerings in the
heavy-duty segment are expected to increase in future years based on stronger emissions requirements
for diesel (which will increase their relative purchase price vs. CNG) -- and the return of larger fuel price
differentials between diesel and natural gas.
Qualified system retrofitters (QSRs), also referred to as upfitters or installers, can economically and
reliably convert many light- and medium-duty vehicles for natural gas operation. To be certified as a
QSR, manufacturers must provide a comprehensive training program and detailed documentation to
their own technicians as well as to QSR technicians to ensure that equipment and components are
installed properly, and the QSR must obtain the relevant emissions certifications and tampering
exemptions.
5

http://www.baaqmd.gov/~/media/Files/Strategic%20Incentives/Alt%20Fuels/CNG%20and%20LNG%20Best%20Practices%209-3014%20FINAL.ashx?la=en
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Typically, certified installers will only perform a CNG conversion on new or nearly new vehicles. Also,
CNG conversion kits must meet or exceed the same emissions standards that apply to the original
vehicle or engine according to stringent Environmental Protection Agency (EPA) and/or California Air
Resources Board (CARB) requirements. For this and other reasons, it is important that conversions be
performed by reputable QSRs. The trade association, NGV America, offers information on light-,
medium-, and heavy-duty NGVs and engines available directly from OEMs or via conversion systems
certified by the EPA or CARB. They also provide manufacturer and QSR contact information at
http://www.ngvamerica.org/vehicles/vehicle-availability/.
NGV Manufacturers and Retrofit Providers
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Source: NGV America Website http://www.ngvamerica.org/vehicles/vehicle-availability/
5.8. Liquefied Natural Gas (LNG) Vehicles: Liquefied natural gas (LNG) is the liquefied form of natural
gas, produced by cooling natural gas to temperatures below -260° F. As a fuel source, it is both cleaner
burning and more economical than traditional petroleum fuels, including diesel. The energy content of a
given amount of natural gas remains the same regardless of whether it is in the liquid (LNG) or gaseous
(CNG) state. However, LNG has higher energy density than CNG and thus offers significant potential in
NGV market segments where long driving range is required. However, the potential for LNG vehicles has
not yet been fully realized due to the high initial cost and limited distribution of LNG infrastructure and
vehicles. Because LNG must be stored at extremely low temperatures, large insulated tanks are required
to maintain these temperatures in stationary fuel storage and in vehicles. This makes LNG most
appropriate for heavy-duty vehicles, which can accommodate the volume needed for LNG storage. LNG
also requires fairly consistent vehicle use as the fuel slowly heats from the tank’s warmer surroundings,
which can lead to tank venting and loss of fuel. Typical LNG fuel tank hold times are about one week if
the vehicle is not driven, although venting will not occur if the vehicle is driven every few days.
Outlook for LNG: Liquefied Natural Gas or LNG as a vehicle fuel has the potential to be successful in
select vehicle market segments based upon favorable economics and strong government support for
expanded infrastructure. As noted, the most promising markets are long-haul heavy-duty trucking, as
well as transit and refuse vehicles, and marine and railroad applications. Currently there are fewer than
4,000 LNG vehicles nationwide and fewer than 200 LNG stations. To support expansion of LNG, an
integrated network of public access stations and LNG infrastructure across the country will be needed.
LNG Feedstocks and Fueling Infrastructure: Feedgas for LNG may come from the natural gas wellhead,
from pipelines, or from sources of renewable natural gas (landfills or anaerobic digestors). Like CNG, LNG
has a wide range of environmental profiles depending on the source of gas (fossil vs. biogas or other
sources.) Successful LNG infrastructure implementation will need to minimize the three main cost
components of the LNG supply chain: feedgas cost, liquefaction and upgrade cost, and transportation
cost. Feedgas cost is largely determined by market forces, although government support for biogas will
be important to create scale in the sustainable gas segment. Liquefaction may be performed at one of a
wide variety of facilities, but distribution of LNG is primarily performed by tanker trucks that deliver the
fuel from the liquefaction facility to the vehicle fueling station. As with other alternative fuels,
sustainable LNG fueling system development will require careful selection of station locations and
capacities and widespread use of standardized designs, while targeting the most promising market
segments for LNG penetration. LNG stations that dispense LCNG (CNG produced from LNG) have the
benefit of supporting both natural gas fuel types. With strategic expansion of an LNG infrastructure
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network in specific regions, successful penetration of the LNG Class 8 truck market could achieve
attractive economics and much larger market uptake.
LNG Station Design: LNG fueling stations generally receive their LNG supply from a liquefaction plant
via tanker truck specially designed to distribute cryogenic fuels. At the fueling site, LNG is offloaded into
the facility’s storage system. In most LNG stations, the fuel passes through a pump to an ambient air
vaporizer that serves as a heat exchanger whereby the temperature of the LNG is increased. The
pressure increases at these temperatures, but the fuel remains a liquid. This process is called
conditioning. After conditioning, LNG is stored in large cryogenic vessels that can be configured
horizontally or vertically, and are typically found in capacities of 15,000 or 30,000 gallons. When needed,
LNG is dispensed as a liquid into cryogenic tanks onboard the vehicle. LNG fueling is similar to CNG fast
fueling in terms of time and convenience, except that users are advised to use gloves to protect against
the cold, and they should receive an orientation to cryogenic fuel handling.
LNG stations are very costly as they must address unique design and functionality requirements,
including tank truck off loading, fuel conditioning, cryogenic fluid storage and processing, vapor
management and venting minimization, codes and standards compliance, and special metering and
dispensing needs. Cost efficiencies are being developed through new technology that produces LNG at
warmer temperatures, which could reduce component costs in the system. LNG station designers, some
of whom are also cryogenic equipment manufacturers, have developed standardized station designs.
However, most stations installed to date have been custom designed to accommodate particular site
requirements. Further progress toward installing LNG stations at truck stops and building more
“greenfield” stations will enable increased use of standardized designs. A simplified view of an LNG
station is provided below, followed by a more complex technical diagram.
Simplified LNG Station View
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Typical LNG Station Design Schematic

Source: NGV America website, http://www.ngvamerica.org/stations/lnglcng/

Operational LNG Station

Source: U.S. Department of Energy, Alternative Fuels Data Center

LNG Fuel Tax Parity: One key barrier to broader use of LNG powered trucks was removed in 2015 when
the U.S. Congress passed legislation requiring that liquefied natural gas be taxed on a diesel gallon
equivalent (DGE) basis, putting it on an equal footing, energy-wise, with diesel. Until the new change,
fleets operating LNG-powered trucks were effectively taxed for their fuel at a rate 70% higher than that
of diesel fuel because the tax was based on volume rather than energy content. The new taxation
approach brings LNG into parity with diesel, reducing the excise tax on LNG from approximately 41.3
cents per Diesel Gallon Equivalent (DGE) to 24.3 cents per DGE. A natural gas truck traveling 100,000
miles per year at 5 miles per DGE typically consumes about 20,000 DGE per year. Prior to the passage of
the new law, the LNG truck would have a highway fuel tax bill of approximately $8,262. With this change,
the LNG truck will now pay ~$4,860 a year in fuel taxes, a savings of $3,402 per year.6
6

“LNG Tax Fix Passed by US Congress,” Fleets and Fuels, July 2015, http://www.fleetsandfuels.com/fuels/ngvs/2015/07/lng-tax-fix-passed-by-us-congress/?utm_source=Fleets-Fuels+August+5%2C+2015&utm_campaign=fleetsfuelsnewsbrief&utm_medium=email
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5.9. CARB Natural Gas Vehicle Grants, Incentives, and Rebates: The California Energy Commission has
provided funding for natural gas truck deployment projects, as well a buy-down incentive that
historically provided subsidies for both natural gas and propane vehicles. However, propane incentives
were ended after the 2014-15 investment plan year, due to uncertainty about their emissions benefits
combined with limited vehicle availability. Available incentives for medium and heavy-duty vehicles are
temporarily exhausted under the NGV Incentive Project (NGVIP), but may be reinstated later in 2016.
Given the very limited number of natural gas light duty OEM vehicles available for sale in the U.S. (only
the Chevy Impala will remain in 2016), the focus of the CEC rebate program will likely remain on
medium- and heavy-duty vehicles. These are defined as vehicles with a gross vehicle weight rating
(GVWR) above 10,000 lbs. While these vehicles classes account for only 936,000 out of California’s 28.4
million total vehicles, or 3%, because of their lower efficiency and higher vehicle miles travelled (VMT)
per year, they are responsible for 30% of on-road GHG emissions.7
From 2009 to mid-2015, the CEC has subsidized the deployment of a total of 1,361 natural gas vehicles,
summarized in the table below. These include large one-time awards under the American Recovery
and Reinvestment Act of 2009, as well as two solicitations (PON-10-604 and PON-11-603) that offered
first-come, first-served buy-down incentives for both natural gas cars and trucks. The most recent buydown incentive solicitation (PON-13-610) has further refined incentive levels based on the fuel
displacement for each Gross Vehicle Weight (GVW) class per CEC dollar.
As noted above, as of late 2015, funds have been exhausted under this first-come, first-served
solicitation. However, CEC maintains a wait list, as it is possible that some vehicle reservations may not
actually be utilized if an applicant does not follow through on their purchase, thus releasing the
incentive for the next eligible applicant. In addition to the PON-13-610 funding, the Energy Commission
is developing an agreement with UC Irvine to provide an incentive directly to vehicle purchasers using
additional available funds from previous investment plans. Details on any program extensions are likely
to be announced in 2016, and additional funding to reopen the program could be allocated later in the
year or in 2017.
CEC Funding for Natural Gas Vehicle Deployment (2009-2015)
Funding Agreement or Solicitation

Vehicle Type

# of
Vehicles

(in millions)

Funding

San Bernardino Associated
Governments (ARV-09-001)

Heavy-duty trucks

202

$9.3

South Coast Air Quality
Management District (ARV09-002)

Heavy-duty drayage trucks

120

$5.1

Buydown Incentives
PON-10-604 and PON-11-603
(Reflects all approved incentives)

Up to 8,500 GVW

245

$0.7

8,501-14,000 GVW

137

$1.1

14,001-26,000 GVW

211

$4.2

26,001 GVW and up

446

$12.9

Up to 8,500 GVW

1,616

$1.6

72015-16 Investment Plan Update for the Alternative and Renewable Fuel and Vehicle Technology Program, California Energy Commission, May
2015, p. 52.
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Buydown Incentives
PON-13-610 (In Progress)
(Reflects approved reservations
only, not claimed or approved
incentives)
UC Irvine Agreement (Pending)

8,501-16,000 GVW

628

$3.8

16,001-26,000 GVW

314

$1.9

26,001-33,000 GVW

0

$0

33,001 GVW and up

551

$13.8

TBD

TBD

$10.2

4,470 (+ TBD)

$64.6

Total
Source: California Energy Commission, 2015-16 Investment Plan.

Requirements Under the CEC Natural Gas Vehicle Incentive Project (NGVIP): As articulated in its
2015-16 Investment Plan for the Alternative and Renewable Fuel and Vehicle Technology Program
(ARFVTP), the CEC’s long-term goal for its natural gas incentive program is “to increase consumer
familiarity and supplier production to a point where various natural gas vehicle types can grow in the
market without further subsidy.” With this goal still some distance in the future, the Commission
allocated $10 million for FY 2015-2016 to support ongoing NGV deployment via the Natural Gas
Vehicle Incentive Project (NGVIP). Prior to this funding being exhausted, incentives were available
through the NGVIP exclusively for vehicles meeting all of the following requirements. (It is expected
that in the event that NGVIP is re-funded, these criteria will continue to apply.)
§ Vehicles must be new, on-road natural gas light-, medium-, or heavy-duty vehicles.
§ Vehicles must be purchased on or after August 7, 2015.
§ Vehicles must meet all emission requirements of the California Air Resources Board (ARB).
§ Vehicles must be registered and operated on natural gas in California (at least 90 percent of the
time) for at least 3 years.
§ Vehicles must be fully warranted. "Fully warranted" means that all vehicle components,
including the natural gas fuel system, are covered exclusively by the Original Equipment
Manufacturer (OEM) or covered under separate warranties by the OEM and the fuel system
upfitter that together provide warranty for the complete vehicle.
§ Eligible vehicles must have engines prepped for natural gas.
§ Transit buses are not eligible for incentives under the NGVIP.
§ The individual incentive amounts by gross vehicle weight (GVW) are as follows:
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A single Applicant is eligible for up to a maximum of 30 incentives. This cap may be modified or removed
during the term of the NGVIP by the CEC. For the purposes of this limit, a single Applicant is defined as
any single individual or business entity including all subsidiaries. Once an Applicant exceeds this
maximum incentive cap, the Energy Commission and the NGVIP Administrator reserve the right to reject
incentive reimbursement requests associated with Applicants exceeding the cap. More information is
available at: https://ngvip.its.uci.edu/docs/ngvip-application-manual-2015-08-03-rev2.pdf
CEC Support for Medium- and Heavy-Duty Vehicle Technology Demonstrations and Scale-Up: In
addition to the standard vehicle rebates and NGVIP program described above, the CEC has provided
support for natural gas vehicles within its broader alternative fuel medium- and heavy-duty vehicle
technology demonstration and scale-up program. This is a competitive, project-based program available
by application only – not a standardized rebate program. Since the program’s inception, the Energy
Commission has provided $58.7 million for the broad portfolio of various AFV projects described below,
including $8.3M for four natural gas truck demonstration projects (totaling five demonstration vehicles)
shown in blue below.
Medium- and Heavy-Duty Truck Demonstration Projects Supported by the CEC (all AFV fuel types)
Vehicle/Technology Type

# of Projects

# of Units

CEC Funding (in millions)

Medium-Duty Hybrids, PHEVs and BEVs

8

164

$15.8

Heavy-Duty Hybrids, PHEVs and BEVs

6

14

$11.3

Electric Buses

4

17

$6.3

Natural Gas Trucks

4

5

$8.3

Fuel Cell Trucks and Buses

3

6

$4.5

Vehicle-to-Grid

3

TBD

$5.3

Off-Road Hybrids

2

2

$4.5

E85 Hybrids

1

1

$2.7

TOTAL

31

209+

$58.7

Source: California Energy Commission, 2015-16 Investment Plan.

Among the natural gas truck projects identified above, the Energy Commission partnered with the
South Coast Air Quality Management District to support development and demonstration of a
Cummins Westport natural gas engine with NOx emission levels that are 90 percent lower than 2010
engine emission certification standards. Support for these technology demonstration programs are
typically developed via partnerships of OEMs, technology providers, Air Quality Management Districts,
CalSTART and other industry groups, research labs, or universities. Such projects are typically focused
on new technology development and demonstration rather than scaled deployment in fleet settings.
Additional Fuel Incentives for CNG – Local Tax Exemption and SoCalGas Discounts: CNG (as well as
electricity) that local agencies or operators use to operate public transit services is exempt from
applicable user taxes that a county normally imposes. (See the California Revenue and Taxation Code
7284.3) The Southern California Gas Company (SoCalGas) also offers natural gas at discounted rates to
customers fueling NGVs. Known as Schedule G-NGVR, the Natural Gas Service for Home Refueling of
Motor Vehicles is available to residential customers only. Commercial customers can utilize the rate
known as G-NGV, Natural Gas Service for Motor Vehicles. For more information, see the SoCalGas NGVs
website.
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5.10. Propane Fuels and Vehicles: Propane, also known as liquid petroleum gas (LPG), is produced as a
byproduct of natural gas processing and crude oil refining. Most widely used in rural areas for heating
homes and powering farm and industrial equipment, less than 3% of propane produced in the U.S. is
currently used in vehicles. However, propane is the most commonly used alternative motor fuel in the
world, and its price has historically been lower and more stable than gasoline. Local pricing can vary
widely depending on supply and demand. Propane’s energy content is approximately 25% less than
gasoline. However, due to its lower cost, propane still remains an attractive choice for fleet operators.
As of early 2016, California propane prices varied from $1.60 to $2.80, with most prices closer to
$2.00/gallon. At lower prices, cost savings can quickly offset increased purchase price.
Propane-fueled vehicles produce about 10% fewer greenhouse gas emissions than equivalent
conventional vehicles. Propane is available at more than 2,600 stations throughout the country, and
~1,500 stations in California, according to the California Energy Commission.8 The CEC allocated several
million dollars for a vehicle purchase incentive program aimed at encouraging propane vehicle usage in
California. However, the funding for this program has been exhausted and the CEC has no plans to
reinstate support due to concerns about propane’s environmental attributes relative to other
alternative fuel options.
Propane vehicle options from OEMs are quite limited, as indicated in the chart below. However, engines
and fueling systems are widely available for upgrading heavy-duty vehicles such as school buses, shuttle
buses, and street sweepers.

Source: 2015 Clean Cities Vehicle Guide, p. 11.
8

California Energy Commission, Drive Clean website, http://www.energy.ca.gov/drive/technology/propane.html
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Converting Vehicles to Propane: According to the U.S. Department of Energy (DOE) Clean Cities Vehicle
Guide, a variety of options are available to convert a vehicle to propane with minimal impact on
horsepower, towing capacity, or factory warranty – if the conversion is performed by an authorized
technician. All conversions must meet emissions and safety standards instituted by EPA, the National
Highway Traffic Safety Administration, CARB, and relevant state agencies. Many new and used conventional light-duty vehicles can be converted to run on propane (or CNG) for a cost of about $4,000 to
$12,000 per vehicle. The table below lists conversion companies that offer certified CNG or propane
conversion systems. The lists of systems certified by EPA and/or the California Air Resources Board
(CARB) are updated regularly. Visit EPA’s “Alternative Fuel Conversion” page (epa.gov/
otaq/consumer/fuels/altfuels/altfuels.htm) and CARB’s page on Certification of Alternative Fuel Retrofit
Systems at arb.ca.gov/msprog/aftermkt/altfuel/altfuel.Htm for the most current lists of certified
systems for vehicles of all model years. Additional information on vehicle conversions is available at the
federal Alternative Fuel Data Center at afdc.energy.gov/vehicles/ conversions.html.

DRAFT Monterey Bay Alternative Fuels Readiness Plan | Chapter 5 – Natural Gas Vehicles and Infrastructure v1 | page 5 - 19

5.11. Attributes of Natural Gas and NGV Fueling Infrastructure: Natural gas is primarily composed of
methane (88 to 93 percent) but it also contains a number of other components in smaller quantities,
including ethane, propane, butane, and inert gases. In its natural state, natural gas is noncorrosive,
colorless, and odorless. Natural gas is also an asphyxiant and, in sufficient quantities, can cause
suffocation. Natural gas may also contain water (measured in millions of parts per cubic foot) and
foreign material such as scale from transportation pipelines. Since both of these materials could harm
engines, dessicant dryers that remove moisture are typically standard equipment in CNG fueling
stations. Filters may also be added to remove other impurities.
Natural gas is highly combustible at low levels of concentration (4 to 16 percent of volume) and burns
with a blue flame. Because it is lighter than air, whenever there is a release of gas it quickly dissipates
into the air. Based on the National Fire Protection Act Section 49, Appendix B (NFPA), natural gas is
classified as extremely hazardous for flammability, slightly hazardous for health, and non-hazardous in
terms of reactivity. The amount of an explosive gas in a given volume of air is measured by the Lower
Explosion Limit (LEL) and the Upper Explosion Limit. For natural gas the lower explosion limit is 5% by
volume and the upper limit is 15% by volume. To avoid concentration of natural gas above safe levels,
venting and pressure relief devices are required, as well as methane gas detection systems. As an
additional safety measure, a substance known as mercaptan is added as an odorant in the gas utility
transmission pipeline so that leaks can be detected. The mercaptan creates the distinctive “rotten egg”
odor associated with a gas leak. Facilities where natural gas is being used (including vehicle maintenance
and repair facilities) must meet stringent building code standards for explosion proofing, fire proofing,
and air circulation.
Natural gas does not liquefy under pressure alone, but any releases of pressurized gases are quite loud
and can be very dangerous. For example, a pressurized hose that has a gas release can whip around and
cause bodily injury or property damage. Natural gas-fueled explosions and flames cannot be fought
effectively with water, but must be extinguished with carbon dioxide, dry chemicals, or halo carbon.
(More information on natural gas safety procedures and training are provided later in this chapter.)
Natural Gas Fuel Distribution: Natural gas is transported from the well to the gas utility in underground
transmission pipelines that flow at 150 to 450 pounds per square inch gauge (psig). At the distribution
level the pressure is reduced to 15 to 45 psig. The gas dispensed to customers is measured by the local
utility using a Meter Set Assembly or MSA which serves as the meter and cash register for the utility. An
emergency gas supply shutoff is also installed at the MSA in case of an earthquake or other catastrophic
event. To determine whether the existing distribution system will support a new natural gas station, a
prospective station developer must assess the inlet pressure at the point of connection to the
distribution system.
Home Natural Gas Fueling: Home natural gas pressure is very low and is measured in “inches on the
water column” which is less than one pound per square inch. This pressure level is adequate for cooking
and heating or cooling and can also be used for a consumer-level vehicle refueling appliance. Devices
such as the BRC or Honda “Phil” home refueling product provide an overnight fueling solution.
Commercial stations require much higher inlet pressures— typically a minimum 14.5 pounds per square
inch. Pounds per square inch is also known as a “bar.”
How Natural Gas Moves from Pipeline to Vehicle: Natural gas moves through multiple steps in
preparation and delivery from the pipeline to the inlet on a CNG vehicle. As described in the CNG
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Infrastructure Guide developed by the American Gas Association,9 from a fueling infrastructure
perspective, the process begins at the gas utility connection to the CNG station site. The gas is metered at
this connection, and then the following steps are typically required to make the gas “vehicle ready”.
Inlet Gas: The municipal “inlet” gas connection will require sufficient flow rate and pressure for the
designed application. Many CNG infrastructure applications can use the standard low pressure available
in municipal gas lines, but it is important to know the pressure available at the line and if the envisioned
application will require a larger line or more pressure. It is recommended that potential station
owners/operators check with the local utility and/or gas supplier to determine the “guaranteed”
minimum inlet pressure available at your selected location.
Gas Quality: The quality of inlet gas primarily concerns moisture content, and scale or other foreign
matter that may be contained in the inlet line. Moisture content in natural gas is measured in
millions of parts per cubic foot. Inlet gas with high moisture content will require “drying” in order to
make it serviceable for fueling vehicles, and dryers are standard equipment in most fueling
applications. Further, a filter may occasionally be necessary if there is a quantity of pipe scale or
foreign matter in the gas line. Filters come standard on many models of compressors.
Gas Compression: Dried and filtered inlet gas is compressed by one or more compressors and often
stored in tanks, or delivered directly to a fuel dispenser. This pressurized gas is now “Compressed
Natural Gas” ready for vehicle fueling.
Priority Distribution: Moving the CNG from the compressor to storage tanks or directly to the vehicle
requires directed control, and this function is supplied by a computerized “priority panel.” Priority panels
direct the flow of CNG from the compressor to on-site storage tanks. Sequential panels direct the flow of
CNG from the compressor or tanks to fuel dispenser units and/or vehicles. Based on the pressure
measured in the vehicle tank, the priority panel switches between the low, medium, and high pressure
tanks to ensure a complete fill.
Gas Storage: Fast fill CNG applications will require pressurized gas to be stored in high pressure tanks to
accommodate more vehicles fueling faster. CNG storage tanks often come in cascades of up to three
tanks in a “bank” or in spheres. Cascade banks are most often maintained at three different pressure
levels (high, medium, low) to accommodate faster vehicle refueling, and ensure a proper fill. Natural gas
storage tanks are required by law to be installed above ground.
Dispensing CNG: CNG dispensers come in many different sizes, shapes, and varieties. However, they all
conform to either a fast fill or a time fill configuration and are available in different hose configurations
and with different flow rates and methods of metering. Time fill units typically dispense fuel through a
fixed pressure regulator. When the fuel flow reaches a minimum rate, the fuel flow is shut off. Fast fill
units measure the pressure in the tank, then a small amount of precisely measured fuel is dispensed into
the tank and the pressure rise is measured. From these figures, the volume of the tank is calculated and
the tank is filled rapidly to this level. When the tank is full the flow is shut off. Many dispensers come with
temperature compensators that ensure a complete fill in cold environments.

9

CNG Infrastructure Guide, America’s Natural Gas Alliance and the American Gas Association, pp. 5-6.
https://www.aga.org/sites/default/files/sites/default/files/media/cng_infrastructure_guide.pdf
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CNG Fueling Station Storage and Filling Technologies: CNG stations are distinct from gasoline and
diesel stations insofar as they include unique components such as gas dryers and high pressure storage
systems that must conform to relevant codes and standards. As noted above, gas may be dispensed
directly (“direct fill”) from the compressor to the vehicle through a fueling hose (known as buffer
storage) or stored in large high pressure vessels (known as cascade storage). Direct fill is a better choice
for stations with a relatively steady flow of vehicles, whereas the cascade storage approach is more
suitable for stations with sharp peaks in demand.
Storage vessels for cascade storage are typically sold in banks of three vessels -- each of which typically
hold a total of 30,000 standard cubic feet (scf) each or approximately 240 gasoline gallons equivalent
(gge). A three vessel bank consists of high, medium and low pressure vessels as well as the
computerized priority panel that directs gas from the appropriate bank to the dispenser hose. Since gas
moves in response to unequal pressure, the higher pressure gas in the storage vessels will move to fill
the lower pressure vehicle tank. Buffer storage consists of smaller tanks that provide fuel for a very
short period (less than a minute) while the compressor ramps up.
Natural Gas Compression and Vehicle Filling Strategies: Natural gas vehicle tanks are generally filled at
3600 psi, but ambient temperature, as well as the heat of compression and pumping, may cause natural
gas to expand, reducing the pressure in the vehicle tank below 3600 psi. As a result, the vehicle may not
fill completely. In order to rectify this situation, the gas may be initially compressed to as much as 5500
psi to compensate for heat-related expansion. An algorithm controls this process -- known as
temperature compensation -- so that vehicles receive a complete fill.
Liquefied Natural Gas: Liquefied natural gas (LNG) is methane that is chilled to -270 degrees Fahrenheit.
The cold temperatures cause other impurities in the gas to drop out -- creating a fuel that is
approximately 97 percent methane -- resulting in higher energy density. LNG is stored, transported, and
dispensed as a liquid.10 This higher energy density makes LNG a potential fuel of choice for long distance
vehicles, such as heavy-duty Class 8 tractor trailers. To date, however, LNG has had extremely limited
uptake in the United States, with just ~3300 vehicles registered as of 2010, vs. ~113,000 CNG vehicles.
LNG in the U.S. has been produced in large centralized plants and then trucked long distances to fueling
stations where it must be stored at very cold temperatures and used within a few days to avoid
evaporation. The use of long distance trucking to deliver LNG reduces the emissions benefits of the fuel
and can lead to weather-related delivery problems. New developments are making various sizes of onsite liquefaction plants more practical, although these products are in the early stages of market
introduction. LNG is also more difficult to odorize than CNG and must be odorized on site as a safety
precaution. Because of the complex technology and cost hurdles facing the LNG distribution system,
projected growth in the LNG-fueled vehicle segment is expected to be very limited over the 2015-2025
period. (Additional information on LNG vehicles and use cases is provided later in this chapter.)
Renewable Natural Gas and BioMethane: Conventional natural gas is not considered to be a renewable
fuel. However, biomethane or renewable natural gas can be produced from organic material found in
dairies, landfills, and wastewater treatment facilities, leading to GHG emission reductions of up to 85%
compared to conventional natural gas. (Further discussion of biomethane production opportunities is
provided later in this chapter.)

10

Due to its cryogenic state, LNG easily evaporates -- and it can also be gasified to create what is known as L/CNG (LNG that has
been converted back to CNG for fueling of CNG vehicles). However, the extra cost of transporting LNG in tanker trucks makes
conversion of LNG to CNG economically inefficient compared to the direct use of CNG distributed by existing gas pipelines.
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The Natural Gas Fueling Experience: Refueling of Natural Gas Vehicles can be easier and safer than with
gasoline or diesel – it takes about the same amount of time, but liquid spills and stains do not occur as
CNG fuel is in a gaseous state. In the case of bi-fuel cars (shown below), the CNG fuel inlet may be paired
with the liquid fuel inlet, while in dedicated CNG vehicles, there is no option for liquid fueling.

OEM bi-fuel cars often have the natural gas fuel inlet paired with the liquid fuel inlet.
Source: NGV Global website. http://www.iangv.org/refuelling_ngvs/

The fueling process differs only slightly for CNG, LNG, or a blend of hydrogen and CNG (HCNG). In all
cases, the refueling nozzle clicks onto the receptacle on the vehicle and the user is ready to fill. When
the cylinder is full, the dispenser automatically shuts off and the user is ready to disconnect again. With
LNG, it is usually necessary to wear gloves due to the extreme cold temperatures of the fuel (the user
does not come into contact with the fuel but the equipment usually conducts the cold). Options for
refueling include public station, depot based and home refueling. The principal difference between each
option is the volume and speed at which the fuel is dispensed and the means of paying for the fuel.
Public Refueling: Public CNG stations operate much like gasoline or diesel stations. The driver pulls up at
a dispenser, switches the engine off and then connects the nozzle to the receptacle. However, some
nozzles have an isolator fitted, which prevents the engine from being switched on while connected to
the dispenser. In some converted vehicles, the refueling receptacle may be located under the hood or in
the trunk. In most OEM vehicles, the receptacle is located where the gasoline or diesel inlet is. Refueling
usually takes the same amount of time as a gasoline or diesel vehicle, though if demand is particularly
high, a resulting pressure drop may slightly extend the time to refuel. Public CNG refueling stations are
usually supplied either by piped natural gas, or by trucks known as “tube trailers.” A station supplied by
a tube trailer is part of what is known as a “mother-daughter” system, in which the fuel is compressed at
the mother station and delivered via tube trailer to the daughter station. Mother-daughter systems are
typically used when piped natural gas is not available.
Depot Based Refueling: A depot based CNG station usually serves a limited fleet, though facilities are
often shared with fleets or private vehicle owners that are not related to the depot. Depot based
refueling may deploy either a “fast-fill” or a “time-fill” (aka slow-fill) system. A fast-fill CNG system will
refuel a vehicle in approximately five minutes or less. A time-fill system fills the vehicle over a period of
hours, often overnight, depending on the specific system pressure level and vehicle tank size. Time-fill
systems are usually used for vehicles that have regular extended periods of non-operation – such as
refuse and utility trucks, courier vans, private vehicles, school buses, and other fixed route vehicles.
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A private Time-Fill (aka slow-fill) refueling depot can fill multiple vehicles
concurrently via single posts with multiple dispensers. Source: NGV Global.
CNG Station Configurations: In total, there are four predominant configurations of CNG stations:
§ Cascade Fast-Fill
§ Buffer Fast-Fill
§ Time-Fill
§ Combination-Fill, which combines two of the three configurations
As noted above, fast-fill stations typically refuel vehicles in approximately the same time as a gasoline
station unless concurrent demand is unusually high. By contrast, Time-Fill (aka slow-fill) stations refuel
vehicles in a matter of hours – typically overnight. The advantage of Time-Fill is significantly reduced
upfront system cost to establish a fuel depot (cost variations are detailed below). Cascade Fast-Fill
stations primarily fill from storage tanks and are typically used for retail applications or vehicles that
require refueling at varying times. Unlike gas stations which keep thousands of gallons in underground
storage, CNG stations often have three-packs of above ground storage vessels in which 240 to 300
gallons of compressed gas are stored after delivery from a pipeline or truck (in those locations where
pipeline infrastructure is not available). Vehicles are filled either from the storage vessels or directly
from the compressor, depending on the compressor equipment manufacturer. Typically, the compressor
will refill the storage during off-peak periods while there are no vehicles fueling. Larger fleets and most
public CNG stations utilize the cascade fast-fill configuration below.

Source: U.S. Department of Energy, Alternative Fuels Data Center, http://www.afdc.energy.gov/
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Time-Fill vs. Fast-Fill Station Configurations: Most Time-Fill stations use Single Hose Fueling Posts as in
the diagram below. As needs change, Time-Fill stations can be modified to become Fast-Fill stations
with the addition of a small amount of storage and Fast-Fill dispensing equipment. Time-fill stations are
considerably simpler in construction, and include just the components illustrated below.

5.12. Natural Gas Fueling Infrastructure Cost Factors: The cost associated with constructing a CNG
refueling station can vary significant based on land costs, size, and application and ranges from $675,000
to $1,000,000 or more (not counting land), depending on capacity and throughput. The table below
provides estimates of equipment and installation costs for one Time-Fill and two Fast-Fill stations, and
illustrates several scenarios for the number and type of vehicles that can be refueled at the station.
Since land costs vary widely, they are excluded. It is recommended that Fast-Fill stations incorporate
redundancies in their design, therefore the table also shows a Fast-Fill station with two compressors. It
is important to note that the costs associated with combination-fill stations will incorporate the costs of
both fast and time-fill stations.

Source: American Gas Association CNG Infrastructure Guide.
https://www.aga.org/sites/default/files/sites/default/files/media/cng_infrastructure_guide.pdf
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Cost Breakout for Components: The following cost ranges are representative of recent low and
high costs of constructing a CNG fueling station and are suggested as a general guideline. Each
specific site will have its unique requirements and associated costs. Note that internal project
management costs and land costs are not included.

Component

Estimated Costs, $

Gas Supply Line

20,000 - 150,000

Compressor Package
Noise Abatement

200,000 - 400,000
0 - 40,000

Gas Dryer

50,000 - 80,000

Storage (3 or 6 ASME)

100,000 - 200,000

Dispenser (1 or 2 00M-hose)
Card Reader Interface

60,000 - 120,000
20000- 30,000

Engineering

25,000- 75,000

Construction
Contingencies

300,000 — 600,000
10 — 150,000

Estimated Total (Excludes, land cost) 805,000 – 1,845,000
Source: American Gas Association CNG Infrastructure Guide.
Cost Components of Fuel: The cost of fuel includes multiple components, of which the natural gas
itself is just one element. Note that there is no profit margin built into this calculation, thus reflecting a
private depot price, not a public commercial station price.
low
high
Natural Gas Fuel Pricing Elements
$
0.64
$
Natural gas (gallon)
$
0.52
Gas Commodity
Transportation to local distribution companies
$
0.04
$
(LDCs) via interstate pipelines to LDC's "city gate"
Local gas company service fee to transport gas to
customer meter
State/local receipts/use taxes and/or special
assessments
Electricity for compression
$
0.09 $
Maintenance/repair
$
0.15 $
Capital Amortization
$
0.35 $
Federal motor fuels excise tax
$
0.18 $
State motor fuel excise tax
$
0.08 $
Taxable fuel sales
$
$
Total
$
2.05 $
Notes: assumes no grants or other buydowns of equipment cost and no profit margin.

0.91

0.04

0.30
0.30
0.50
0.18
0.30
0.10
2.63
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5.13. Best Practices in Planning, Permitting, and Readiness for NGV Fueling Station Development
CNG fueling station designs vary widely and are constructed in a variety of form factors, with minimal
standardization. To determine necessary capacity and flow rates, CNG station designers must consider a
particular fleet application and/or local consumer demand, as well as technical factors related to the
existing pressure in the pipeline gas distribution system (if any) at a particular location. Additional CNG
station siting factors include proximity to fleet vehicles or concentrations of private CNG vehicles, and
local zoning and permitting requirements. Note that the guidance for CNG stations is substantially
similar to the guidance for hydrogen station development -- as it draws on the Governor’s Office of
Planning and Research protocols for H2 station development.11 These guidelines also reflect
information in the CNG Infrastructure Guide produced by the American Natural Gas Association and
the California Statewide Alternative Fuel and Fleets Project guidance document: Permitting CNG and
LNG Stations: Best Practices Guide for Host Sites and Local Permitting Authorities prepared by Clean
Fuel Connection, Inc.
All guidance documents agree: it is critical to start the permitting process early—at least nine months
before the anticipated construction date! Prior to beginning the permitting and construction process,
station developers are advised to take all relevant steps to ensure that the project is feasible -- and to
select equipment and installation vendors based on a bidding process that will surface available
options and price ranges. Once selected, the equipment vendor and installation contractor will help
address permitting, construction/installation, and start up/commissioning processes.
Step A. Start the permitting and vendor/installer selection process early: Prior to beginning the
permitting and construction process, project developers will likely want to ensure that the project is
feasible. Developers are advised to select experienced equipment and installation vendors that can in
turn help assess and demonstrate feasibility -- and trouble-shoot permitting processes. Most
developers or owners will establish a bidding process to assess available options and prices. Once
selected, the equipment vendor and installation contractor will help navigate permitting and
installation and other start up processes.
Step B. Set up an initial meeting between the end user applicant and the Planning or Community
Development Department: The agenda should include these items:
§ Zoning classification of proposed station to determine if it is a permitted use
§ Any approvals required to allow the station as a permitted use – e.g. a general plan
amendment, variance, or a conditional use permit
§ Based on the zoning regulations, determine what setbacks are required from the property line
§ Define any special clearances required for explosion proofing
§ Define the level of environmental review, if any, required under the California Environmental
Quality Act (CEQA)
§ Identify any noise or odor issues based on the neighboring properties. Note that the CNG
station noise standard is 85 dBa (OSHA limit without hearing protection); and this can be
reduced to 70 dBa at the property line with enclosures or a noise reduction package
§ Review the scope of CNG station project
§ Identify any additional traffic or circulation issues created by the station

11

California Governor’s Office of Planning and Research, H2 Readiness: Best Practices for Hydrogen Stations in Early Adopter
Communities, April 2014. http://cafcp.org/sites/files/H2-Best-Practices_Final-Single-Page.pdf
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§ Define approval processes and timelines. Approvals for construction permits will typically be
required from these departments:
o Planning
o Building and Safety
o Public Works
o Fire Department
o Traffic
o Landscaping, architectural, or design review
§ Identify the number of sets of plans and calculations to be submitted
§ Identify fee schedules
§ Confirm that the end-user has contacted the local gas utility to obtain inlet pressure and any
other utility requirements for natural gas delivery to the site
§ Consider visiting similar sites or meet with the local gas utility representative for an
orientation. ( A list of resources for additional information is at the end of this guide)
§ Once it is determined that the project is feasible and there are no major obstacles such as
zoning restrictions, the prospective station owner can proceed to permitting (see below)
Step C. Prepare and submit permitting package to the City; place equipment order: In addition to any
specific local requirements, the package should include:
§ Single Line electrical diagram
§ Civil Drawings and Specifications stamped by a Registered Engineer:
§ A plot plan showing the surrounding area and streets as well as the placement of the station on
the property
§ Foundations and Structures
§ Mechanical Drawings and Specifications stamped by a Registered Engineer:
§ Piping and Instrumentation Diagram (P&ID) including piping, tubing, vessels and mechanical
equipment
§ Electrical Drawings and Specifications
§ Electrical distribution system, panel schedules, grounding and load calculations
§ Safety sign package
§ Grading Plan
§ Preliminary schedule
§ Submittal of the permit package will be followed by a series of reviews by various city
departments (Fire, Building and Planning or Community Development) with possible comments
and corrections at each step until a set of plans is approved by the city.
Step D. Construction, inspection, and Commissioning
§ Conduct interim inspections during construction process in accordance with all relevant CNG
standards documents (See below for list of relevant standards)
§ Complete final electrical hookups and utility work
§ Install utility metering
Step E. Final inspection by local jurisdiction and signoff
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Typical Project Schedule: The following CNG station project management spreadsheet provides an
overview of key tasks and development timeframes.

Source: CNG Infrastructure Guide, America’s Natural Gas Alliance and the American Gas Association. p. 44
NGV Station Siting, Zoning, and Permitting: Land is a significant cost component in building a CNG
station in a “greenfield” scenario. Requirements for land begin at approximately 1⁄2 acre of property for
a light duty station, and increase with larger applications. If civil design work is needed for new
construction, a geotechnical site evaluation will likely be required. This evaluation will provide critical
soil composition information necessary for concrete foundations and electrical grounding systems.
Considerations must be given to road access (public or private) and utility connections. Easy access to
major trunk highways is desirable. Where land costs are prohibitive for a new stand-alone station, many
developers seek out partnerships with a convenience store. Many existing gas stations will not have
sufficient land available for the necessary storage and equipment associated with a CNG station.
Local building codes and regulations are also of critical importance. Since CNG and LNG are relatively
new fuels, they may not be specifically called out in zoning regulations. CNG and LNG stations are
usually permitted wherever gasoline fueling stations are allowed, typically in industrial and commercial
zones. However, based on National Fire Protection Association codes and standards (NFPA 52), CNG
stations have specific requirements due to the nature of the fuel, including:
§

§
§

Setback of 15 feet from a residential property line
Class I Division I rating for all components within a 5 foot radius of the compressor or dispenser

§

In some cases, residential fueling is permitted. The City of Chino has even taken the step of requiring
new home construction to include plumbing for a possible home natural gas fueling appliance. If a
fueling station is not a permitted use at the desired location, the site owner can appeal to the local
Planning Commission for a variance. Of course, this will add time and cost to the approval process.
In addition to zoning regulations, local governments may have their own municipal codes that impact
construction of a CNG station, including:
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§
§
§
§

City Fire Codes
Local Building Ordinances
Local Noise/Lighting/Traffic ordinances
Any local requirements that are more restrictive than the national codes

§

Prospective station owners should familiarize themselves with local design and construction
requirements to avoid costly delays.
Utility Service: An adequate natural gas supply accessible to the proposed CNG station location is
critical. CNG station developers should contact the local gas distribution company early in the site
selection process. An inadequate gas supply and pressure or excessive distance to the gas supply could
make the station infeasible. In addition, high capacity electrical service will be required at most CNG
fueling installations to run the equipment necessary to prepare, store, and dispense CNG to waiting
vehicles. Contact the local utility provider to confirm adequate power is available or can be provided.
Station Design and Capacity: The following key parameters must be assessed by the station developer
and key consultants and contractors to specify the station equipment and operating parameters:
§ Inlet pressure: the pounds per square inch (psi) available at the utility meter
§ Flow: the amount of compressed natural gas that can be dispensed over time (as measured by
standard cubic feet per minute or scfm). The flow can also be communicated in gasoline gallon
equivalent (gge) units per minute. Approximately 125 scfm equals one gasoline gallon
equivalent and 135 scfm equals one diesel gallon equivalent – with the number varying slightly
depending on the definition of standard conditions. Note that gas composition also varies
slightly from location to location, thus the amount of energy (BTU) in each gasoline gallon
equivalent of natural gas will also vary. Using BTUs as the unit of measure (rather than cubic
feet) eliminates this discrepancy.
§ Duty cycle: the specifics of the individual application will determine what kind of CNG
compressor is needed. Smaller compressors produce anywhere from a fraction of a gge per hour
to about 2 gge per minute. On the other end of the spectrum, high horsepower compressors
can produce as much as 12 to 15 gasoline gallons per minute or more.
5.14. NGV Fueling Station Safety and Code Guidelines: As noted in the step-by-step guidance above, it
is extremely important to contact the local Fire Marshall and Building Inspector to gain their guidance
through the permitting process – and to ensure the station is designed and constructed in accordance
with all applicable local, state, and federal laws, rules, regulations, codes and standards.
Given the flammable nature of CNG and LNG, safety is of paramount concern. Stations need to meet all
applicable federal, state, and local codes and requirements. However, all codes are subject to
interpretation by local authorities having jurisdiction (AHJs) who make the ultimate decision on
compliance. The primary code governing compressed natural gas and liquefied natural gas stations is
issued by the National Fire Protection Association (designated NFPA 52), and is described as follows.
NFPA 52 provisions cover the design, installation, operation, and maintenance of CNG and LNG fuel
systems on all vehicle types--plus their respective compression, storage, and dispensing systems.
Most jurisdictions have adopted this code, although some may be using older versions. Additional
relevant codes are included in the chart below:
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Code Organization

Key Function

ANSI

Facilitates development of codes and standards that govern the use of CNG
and manufacturing of CNG fueling components, including nozzles, receptacles,
dispensers, hoses, breakaway devices, valves, and related components

American National
Standards Institute
ASME
American Society of
Mechanical Engineers
•

Boiler and Pressure Vessel Code Section 8 of the ANSI/ASME B31.3 Chemical
Plant and Conventional Fuel Refining Piping Code regulates high-pressure CNG
storage vessels and piping. Section 8 is the manufacturing standard for
pressure vessels in CNG station, while section B31.3 establishes specifications
for piping throughout the station. Key code elements include:
§ Section 523. Design and Construction of CNG Tanks
§ Section 524 Design and Construction of Compressed Natural Gas Cylinders
§ Section 530 Approval of Devices
§ Section 531 Location of Storage tanks and Regulating Equipment
§ Section 532 Installation of Above Ground Storage Tanks
§ Section 536 Piping Standards
§ Section 541 Safety Relief Valves

ASNT
American Society for
Nondestructive Testing

Tests CNG station components for safety.

NEMA
Establishes standards for electrical component manufacturing.
National Electrical
Manufacturers’ Association
NFPA

• NFPA 52, NFPA 70, and NFPA 30A codes and standards regulate the use of

National Fire Protection
Association

natural gas as a vehicle fuel, including stations and vehicles; defines the
boundaries of the hazardous areas inside the fueling station; and governs the
use of multiple fuels in one location.

NFPA 70/NEC

Defines the electrical classification of the hazardous areas within a CNG station

OSHA

Regulates occupational safety and health in the work environment

Federal and State

CAL-OSHA Title 8 Article 7 Unfired Pressure Vessel Code for safety for pressure
Vessels (CNG storage containers)

SAE - Society of
Automotive Engineers

SAE J1616 establishes recommended practices for fuel quality and water
content

UBC
Uniform Building Code
(local jurisdiction)

Regulates structures that contain CNG fueling equipment.
§ Seismic Zone 4—for footings, founding and soil for dryer, compressor and
storage vessels
§ UBC must meet wind requirements up to 70 miles per hour for dryer,
compressor and storage vessels

UFC - Uniform Fire Code

Some localities use this code; often contains NFPA 52 within it

UPC - Uniform Plumbing
Code

Governs the plumbing components of CNG stations

•

NIST
National Institute for
Standards & Testing

Establishes the unit of measurement for custody transfer of CNG from the
retailer to the customer
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UL
Underwriters Lab

Tests components and publishes lists regarding compliance

Source: Permitting CNG and LNG Stations: Best Practices Guide for Host Sites and Local Permitting
Authorities. Prepared by Clean Fuel Connection, Inc.
CNG Station Certification by a National Recognized Test Laboratory: In the process of permitting and
approving CNG stations, local building officials will need to consult a Nationally Recognized Test
Laboratory (NRTL). Although the most widely recognized NRTL is Underwriters’ Laboratory (UL), there
are at least a dozen NRTLs that may be accepted by local jurisdictions. CNG stations are not UL listed as
a comprehensive unit, rather the individual electrical components are UL listed. This reflects the reality
that CNG stations are individually designed according to specific customer applications and site
conditions, such that no two stations are exactly alike. Responsibility for CNG component testing and
certification is distributed per the table above, such that no one agency is equipped to certify all
natural gas equipment components. Some local jurisdictions will require field certification of installed
systems. In this case an approved test lab will visit the site to confirm that all components and their
assembly meet the applicant listing standards. Other agencies accept written reports of testing and
listing of components by independent laboratories.
5.15. Overview of Nationwide Natural Gas Fueling Infrastructure: There are approximately 1,300
public and private CNG stations located in the United States -- vs. over 120,000 retail gas stations.
According to the California Natural Gas Vehicle Coalition (whose data is cited by the California Energy
Commission), California leads the United States in the number of CNG and LNG fueling stations, with
more than 500 combined (public or private) CNG stations and roughly 45 LNG stations.12 According to
the U.S. DOE’s Alternative Fuel Data Center, of this total, there are about 140 public CNG stations and 14
public LNG stations in the state. Consumers in most areas can also purchase a slow-fill system for athome, overnight fueling, although no data is readily available on slow-fill residential deployment.
Nationally, approximately half of all CNG stations are for private fleet use. Thus, the ratio of CNG to
gasoline stations on a national basis is approximately 1 CNG station to every 100 retail gasoline stations - counting both public and private stations, or 1 to every 200 counting just public stations.
During the early 1990s the country’s CNG refueling infrastructure experienced a period of growth,
largely driven by the alternative fuel vehicle mandates of the Energy Policy Act, which also boosted
biofuel production, as discussed in Chapter 4 of this Plan. Following a peak in 1997, national CNG
refueling infrastructure declined for approximately a decade, while trending upwards again since 2006.
CNG stations are also in the early stages of development in Canada, which currently reports 56 stations
with public access. To fuel the projected moderate NGV sales growth, the energy consulting firm
Navigant expects there will be about 2,100 to 2,200 NGV fueling stations open in the U.S. and Canada
combined in 2024, up from about 1,500 today. Globally, sales of NGVs are projected to grow from 2.3
million units annually in 2014 to 3.9 million units in 2024, which should bring additional models to North
America.13
National NGV Strategy: The first major national strategy to boost natural gas use in the transportation
sector was developed by an industry-led effort known as the NGV Coalition -- which published the first
12

2015-16 Investment Plan Update for the Alternative and Renewable Fuel and Vehicle Technology Program, California Energy Commission, May
2015, p. 49. http://www.energy.ca.gov/2014publications/CEC-600-2014-009/CEC-600-2014-009-CMF.pdf
13

http://ngvtoday.org/2015/02/04/growth-in-north-american-ngv-sales-projected-for-coming-decade/

DRAFT Monterey Bay Alternative Fuels Readiness Plan | Chapter 5 – Natural Gas Vehicles and Infrastructure v1 | page 5 - 32

Natural Gas Vehicle (NGV) Industrial Strategy in 1995. This coalition helped increase the demand for
natural gas in the transportation sector by focusing on increasing awareness and adoption of NGVs by
transit agencies, delivery and refuse services, and other medium- and heavy-duty truck fleets with high
fuel usage. Between 1997 and 2009, annual demand for natural gas fuels grew by threefold to 3.2 billion
cubic feet, or 27.7 million gasoline gallon equivalent (GGE). The NGV Strategy document estimates that
the U.S. will require between 12,000 and 24,000 CNG stations -- equivalent to 10 to 20 percent of
traditional liquid fuel outlets -- to make CNG competitive in terms of public access for all vehicle
segments.
Growth in NGV Stations: Recent growth in CNG and LNG fueling stations has been somewhat uneven,
with a dip between 1998 and 2008, but an overall upward trend is ongoing since 2009, illustrated in the
chart below.

Source: US Department of Energy, Alternative Fuels Data Center (AFDC).
http://analysis.fc-gi.com/natural-gas-vehicles/cng-vehicle-rise-spurs-filling-station-projects

5.16. California Natural Gas Fueling Infrastructure: As in the case of other Alternative Fuel Vehicles
(AFVs), the overall NGV deployment outlook is clouded in part by the “chicken or egg” dilemma that
inadequate fueling infrastructure is limiting consumer confidence in NGVs, while the limited quantity of
NGV sales limits the economic inventive for fuel suppliers to provide more retail fueling outlets. In the
California context, the chart below from the DOE Alternative Fuel Data Center reports that there are 192
CNG stations and 61 LNG stations in the planning phase in California. The AFDC data does not break out
planned stations by whether they will be public or private access. However, if national averages hold,
approximately 50% of these could be publicly accessible. Planned stations are stations that have been
either: 1) publicly announced; 2) are in permitting; or 3) are under construction. The list also includes
stations where installation of fueling infrastructure has been completed but the stations have yet to
begin dispensing fuel. Note that in the case of LNG stations, installation of fueling infrastructure has
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been completed at many of the LNG stations reported as planned in the AFDC database, but these
stations have not yet begun dispensing LNG pending sufficient demand from customers to justify
opening.

Source: NGV Today, July 2015. http://ngvtoday.org/2015/07/23/number-of-planned-cng-and-lng-stations-8/

5.17. Monterey Bay Area and Central Coast Natural Gas Fueling Infrastructure: CNG fueling
infrastructure in the Monterey and Central Coast regions is relatively modest compared to either the Bay
Area and the South Coast, where there is a much larger concentration of CNG fleet vehicles, particularly
in public agencies. Monterey County has two CNG stations, one in Santa Cruz, the other in Salinas (per
the map below). There are no Liquefied Natural Gas stations in either county, and there is one Liquefied
Petroleum Gas (Propane) station in the Royal Oaks area of Santa Cruz County.
CNG Stations in the Monterey Bay Area

Source: Alternative Fuel Data Center Fuel Locator website. http://www.afdc.energy.gov/locator/stations
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Central Coast CNG Stations: The Central Coast currently has six CNG Stations in operation according to
the DOE AFDC website (see map below), located in Paso Robles, Santa Maria, San Luis Obispo, Santa
Barbara, Oxnard, and Thousand Oaks.
CNG Stations in the Central Coast

Source: Alternative Fuel Data Center Fuel Locator website.
http://www.afdc.energy.gov/locator/stations
There are eight Liquefied Petroleum Gas (Propane) fueling locations in the Central Coast, with several for
private fleet use only (including the U-Haul centers in Santa Barbara, Ventura, and Oxnard.) LPG
locations are in Paso Robles, San Luis Obispo, Santa Maria (two locations), Santa Barbara, Ventura,
Oxnard, and Santa Paula.
5.18. California Energy Commission Support for NGV Fueling Infrastructure: As noted above, the CEC
has provided support for both natural gas vehicle purchases as well as natural gas fueling infrastructure.
However, the $5 million in support for natural gas fueling infrastructure in 2015-16 is modest when
compared to vehicle incentives and CEC support for AFV fueling infrastructure for hydrogen and electric
vehicles, and biofuels. The chart below indicates relative CEC investments in AFV infrastructure.
CEC FY 2015-2016 Funding for Alternative Fuel Infrastructure
Electric Charging

$17 Million

Hydrogen Fueling

$20 Million § No funding allocation change relative to FY 2014- 2015

Natural Gas Fueling

$5 Million

TOTAL

Increased from $15 million in FY 2014-2015

§ Increased from $1.5 million in FY 2014-2015 to target
disadvantaged communities and applications (such as school
buses and municipal fleets) where ZEVs are not yet as
available or practical.

§ $42 Million

Notably, the emphasis on vehicles rather than fueling infrastructure has been supported by many
natural gas stakeholder organizations, which believe that increased vehicle deployment is the better
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strategy to drive overall NGV ecosystem growth vs. a dominant emphasis on expanded fueling. Within
recent fueling infrastructure solicitations, the CEC has prioritized public agencies and school districts in
particular. These agencies are strong candidates for NGV adoption due to their fleet vehicle duty
cycles, but they often do not have access to the capital for fueling infrastructure investment.
In the most recent solicitation for proposals, CEC infrastructure funding applicants were permitted to
request up to $300,000 for stations dispensing CNG and $600,000 for stations dispensing LNG (due to
the higher costs of such stations). As these numbers indicate, the CEC is willing to provide substantial
portion of development costs depending on the existing station infrastructure, compressor size,
storage size, and dispensing capabilities. According to CEC data, total costs for these projects ranged
from $500,000 for smaller CNG-only stations to several million dollars for large combined LNG-CNG
fueling stations.
Since the beginning of AB 118 program funding, the Energy Commission has provided a total of $17.5
million for 62 natural gas fueling stations, many of which have been awarded to public entities. In the
most recent solicitation (PON-12-605), of the 18 successful applicants, 6 were school districts, 5 were
municipalities, and 4 were municipal solid waste entities. This emphasis on public entities has been reaffirmed for the 2015-16 Investment Plan.
CEC Natural Gas Fueling Infrastructure Awards (PON-12-605)
Projects Awarded Among
Qualifying Proposals

CEC Funding (in millions)

School District

6 out of 6

$1.8

Municipality

4 out of 4

$1.2

Fuel Vendor

2 out of 2

$0.4

Municipal Solid Waste

5 out of 7

$2.0

Utility

1 out of 3

$0.3

Transit

0 out of 1

-

Towing

0 out of 1

-

Air District/Joint Power Authority

0 out of 2

-

TOTAL

18 out of 26

Applicant Type

$5.7

Source: California Energy Commission, 2015-16 Investment Plan

The Energy Commission has also supported projects to improve the cost-effectiveness and efficiency
of CNG fueling stations. In 2014, the Commission released its Public Interest Energy Research Natural
Gas program solicitation PON-14-502, which offered awards of up to $400,000 for enhancing station
performance. More information is available at http://www.energy.ca.gov/contracts/PON-14-502/.
A range of additional strategies for enhancing both vehicle and fueling system performance and
environmental attributes are described in the Commission’s Natural Gas Vehicle Research Roadmap –
which describes the strategic research, development, demonstration, and deployment actions needed
to enhance the viability of the NGV market in California. In addition to supporting fueling infrastructure
technology, the CEC also seeks to promote increased production of biomethane to achieve a lower
carbon intensity for natural gas fuels, and to promote other advanced vehicle technologies (such as
low-NOx engines or hybrid-drive technology) to further lower emissions. Support for biomethane
development is derived from a different program budget within the CEC and will be discussed in more
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detail in the natural gas fuel production pathways section of this report.
CEC Priorities for Future Development and Deployment of Enhanced Natural Gas Technology: Key
priorities identified in the CEC’s Natural Gas Vehicle Research Roadmap include the following:
§

Enhanced R&D for advanced natural gas engines across a broader range of engine sizes,
suitable for more applications. The results of research investments to date have yielded
natural gas engines on the market that compete well with diesel engines in the heavy-duty
sector. Additional funding is needed to broaden the selection of engine sizes.

§

Increased support for field demonstration with fleets to accelerate market penetration and to
better understand fleet decision-making.

§

Low-NOx Engines: California faces challenging requirements for reducing criteria air pollutants
by 2023 and 2032. Further development of low-NOx engines, both for NGVs and conventional
vehicles, is needed to achieve these goals where zero-emission technologies are not feasible.

Future solicitations are likely to provide NGV stakeholders with opportunities to address these priorities
through collaborative development and deployment projects that bring together industry partners,
public agencies, fleets, and research institutions.
5.19. The Policy Basis for Natural Gas Vehicle and Fueling Infrastructure Development in California:
Natural gas vehicle and fuel promotion in California has been supported at the policy level by several key
elements of state legislation and executive orders, some of which apply to other alternative fuels as
well. Assembly Bill (AB) 1007 (Pavley, Chapter 371, Statutes of 2005) directs the California Energy
Commission and the California Air Resources Board to “develop and adopt a state plan to increase the
use of alternative transportation fuels” -- which are defined to include natural gas. In parallel to AB
1007, the Low-Carbon Fuel Standard (LCFS) -- initiated under Executive Order S-1-07 -- calls for a
reduction of at least 10% in the carbon intensity of California’s transportation fuels by 2020. AB 118
(Núñez) established the Alternative and Renewable Fuel and Vehicle Technology Program to provide the
necessary resources to implement the State Alternative Fuels Plan. AB 118 specifically requires that
alternative vehicle and fuel technology deployment and commercialization should emphasize support
for fuels that “lead to sustainable feedstocks.” The policy analysis and debate about definitions of
feedstock sustainability in relationship to CNG and diesel (and other fuel pathways) are ongoing and will
influence funding going forward.
In 2013, in response to the growing supply and demand for natural gas, the California Legislature passed
Assembly Bill 1257 (Bocanegra, Statutes of 2013, Chapter 749), also referred to as the Natural Gas Act.
This law tasks the Energy Commission with developing a report to “identify strategies to maximize the
benefits obtained from natural gas, including biomethane. . . helping the state realize the environmental
costs and benefits afforded by natural gas.” The first of these reports was released in October 2015 and
will be updated every four years thereafter. The report reaffirms current state policy on Natural Gas
Vehicles, citing opportunities for improved criteria pollutants but limited opportunity for GHG benefits
with fossil based Natural Gas. However, the report draws attention to emerging opportunities for
increasing biomethane production, and cites the need for additional research to:
§ Support the ARB’s Low-Carbon Fuel Standard Intensity Value
§ Expand natural gas and biomethane fueling infrastructure
§ Understand methane leakage from infrastructure
§ Develop and demonstrate functionality of large NG engines
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§

Better quantify the impacts of NGV’s on the environment.

The CEC 2016-17 Investment Plan describes a potential “compliance scenario” for achieving the 2020
goal of reducing GHG emissions by 10 percent – which would involve a substantial increase in the
production of biomethane – as well as a substantial increase in the sale of NGVs (or retrofitted natural
gas engines). The compliance scenario would require increasing the utilization of natural gas in
transportation to 600 million - 1,200 million Diesel Gallons Equivalent (DGE), with 250 million - 500
million DGE of this coming from biomethane. By contrast, current demand for natural gas in the
transportation sector is closer to 100 million DGE per year. 14
However, the natural gas strategy of the California Air Resource Board and the CEC may be modified
based on revised data developed in the transition from the air emissions analysis model known as CAGREET 1.8b, to CA-GREET 2.0 – which has established new carbon intensity values for both natural gas
and other fuel types. (CA-GREET is the acronym for California Greenhouse Gases, Regulated Emissions,
and Energy Use in Transportation. This model was originally developed by the Argonne National
Laboratories, and provides a standard reference for carbon intensity across the full “well to wheels”
fuel cycle.) The ongoing shifts in scientific understanding and regulatory agency determinations of
Natural Gas environmental impacts are discussed in depth in Appendix 1.
5.20. Overview of Natural Gas Emissions and GHG Impacts: Significant analysis is ongoing by
government agencies and other scientific authorities on the environmental attributes of natural gas as
a transportation fuel. These assessments are typically developed as part of broader analyses of the
entire natural gas fuel supply chain – and in a context in which other fuel pathways are likewise
assessed on a well-to-wheels basis. For California stakeholders, the most important model for
understanding emissions impacts across all fuel types is CA-GREET model, which was formally adopted
in its version 2 form by CARB in September 2015. Known as CA-GREET 2.0 – this model provides the
Carbon Intensity (CI) values used to establish requirements and credit values under the Low Carbon
Fuel Standard (LCFS), and guides California policy makers in establishing transportation, energy, and
climate regulations, programs, and funding.
It should be emphasized that the CA-GREET assessments of carbon intensity are by no means static. As
illustrated in the table below, significant variations in assessments of fuel impacts are evident between
the CA-GREET 1.8b model and CA-GREET 2.0. These changes may continue and even accelerate in
future years based on the results of important research and policy actions in two key areas:
§

ongoing assessment of the methane leakage rate across the natural gas fuel supply chain (and
the impact of ongoing efforts to reduce leakage rates

§

the timeframe used for analysis of the Global Warming Potential of methane impacts, which
vary in intensity across the decay period of methane in the atmosphere.

The timeframe used for analysis of global warming impact – typically either 20 years or 100 years –
has a very strong impact on assessments of fossil-based natural gas, and thus can strongly influence
the policy actions deemed appropriate relative to natural gas fuel and vehicle development. A brief
overview of current information on methane leakage rates and Global Warming Potential will follow
the GREET chart below. Additional information on this key issue is provided in Appendix 1 to inform
policy makers and the public on new scientific findings and assessment trends that are likely to
impact future policy choices relative to natural gas.
14

2015-16 Investment Plan Update for the Alternative and Renewable Fuel and Vehicle Technology Program, CEC, May 2015, p. 57.
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Low-Carbon Fuel Standard Carbon Intensity Values per the CA-GREET Model
CA-GREET 1.8b
Fuel Source

96

(Grams CO2-equivalent per
megajoule, adjusted to baselinefuel equivalent using EER)

15

CA-GREET 2.0
(Grams CO2-equivalent per
megajoule, adjusted to baselinefuel equivalent using EER)

Ultra-Low-Sulfur Diesel

98

102

California Reformulated Gasoline

99

98

North American Natural Gas (CNG)

76

87

North American Natural Gas (LNG)

80

94

Landfill Gas (CNG)

13

20

WWTP Sludge (CNG)

15

9 or 34

Biomethane Derived From HighSolids Anaerobic Digestion of
-14
-25
Food and Green Wastes (CNG)
Source: California ARB. Note that the units in the table are adjusted to megajoule (MJ) of baseline fuel, by dividing the
alternative fuel CI by its Energy Economy Ratio (EER). The EER for diesel and gasoline is 1. The EER for CNG and LNG used in
a spark ignition engine is 0.9. See the CA-GREET website of CARB at http://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet.htm

Summary of the Impact of Methane Leakage Rates on Climate Impact Assessment of Natural Gas:
Fossil fuel based natural gas is comprised of approximately 87% methane, with some variations
depending on the source. And methane is a highly potent greenhouse gas. However, a key factor in
determining the overall climate impact of methane, in terms of its rated Carbon Intensity (CI) value, is
not only to measure natural gas use, but also to determine the methane leakage rates in the entire
natural gas fuel supply chain that should properly be assigned to Natural Gas from an assessment
perspective. This supply chain includes pre-production, production, processing, and delivery. All
stakeholders agree that some methane leakage occurs throughout the system, and that data
limitations on methane leakage is a cause for caution regarding current models for assessing the
Carbon Intensity (CI) of natural gas, and thus its role in the global warming crisis. Accordingly, the EPA’s
officially defined leakage rate (and thus the Carbon Intensity value of Natural Gas) is now undergoing
potentially significant revision by the EPA and other scientific researchers and institutions.
The currently utilized methane emissions values used in the GREET model are obtained directly from
the US Environmental Protection Agency’s (EPA) Greenhouse Gas Inventory (GHGI), which provide a
national average methane leakage across the fuel supply chain. However, many scientists and research
institutions have strongly critiqued the EPA method. This has led to a new initiative within EPA to
reassess the existing methodology behind the leakage rate calculation -- and to recommend new
policies to mitigate methane leakage. In brief, criticisms of the current methane leakage assessment
methodology include these factors:
§

Data on leakage rates is derived entirely from voluntary participants in the EPA’s GasStar
compliance program. Independent assessment by the Environmental Defense Fund and others
demonstrate that these market actors have better records on methane leakage than others

15

CARB notes in its 2015 AB 1251 Final Report that this table is intended to illustrate the expected ordinal ranking of various
fuel CIs. Under the adopted LCFS regulation (adopted September 25, 2015, and pending approval), alternative fuel providers
will submit data specific to each operation and supply chain to determine their actual CI, which may vary slightly depending on
the fuel pathway.
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excluded from the inventory. Only six firms (out of 30 in the voluntary program and hundreds
in the marketplace) actually allowed EPA onsite to make validated measurements.
§

Data on methane leaks from three million abandoned oil and gas wells is not included in the
EPA analysis.

§

Data from vehicle and refueling station leakage are also absent in the EPA inventory.

§

An authoritative meta-analysis of 20 years of studies published in Science in February 2014
indicates that the real leakage rate is closer to 3% - nearly triple the EPA estimate. This
significantly shifts methane calculations to be substantially less favorable to substituting
natural gas for petroleum diesel.16

Given the possibility of a doubling or tripling of the scientifically validated methane leakage rate, and
its impact on natural gas utilization, policy makers, industry stakeholders, and citizens should be aware
of the underlying issues driving this re-assessment. In addition to the methane leakage rate
controversy, there is an equally important debate about the appropriate timeframe that should be
used to assess the global warming potential (GWP) of methane.
The Importance of Assessment Timeframes for Determining Methane’s Impact on Global Warming: A
100 year analytic timeframe has customarily been used in many analytic models to assess the Global
Warming Potential (GWP) of methane and other greenhouse gases, and this 100 year timeframe is
likewise used for the GREET analysis. However, many scientists and policy makers make a compelling
case that methane and other GHGs should be evaluated for their impact within a 20 year timeframe
rather than the currently used 100 year timeframe. This is due to the catalytic role that methane is
expected to play in the imminent triggering of climatic “tipping points” within the twenty year 20152035 timeframe.
While methane accounts for only 14 percent of emissions worldwide as measured by volume, methane
traps far more heat molecule for molecule than carbon dioxide. Specifically, the latest Global Warming
Potential data accepted by the UN Intergovernmental Panel on Climate Change (UNIPCC) indicates that
any methane molecule released today is more than 100 times more heat-trapping than a molecule of
carbon dioxide when assessed on a five year basis, approximately 86 times more potent than carbon
dioxide when “amortized” over a 20 year timeframe, and 34 times more potent in the 100 year
timeframe.
To this date, EPA and CARB have used the 100 year Global Warming Potential timeframe for their
analysis of natural gas impacts, but the 20 year timeframe for methane yields significantly different
values for natural gas related climate impacts compared with other fuels. There are compelling reasons
for paying more attention to climate impacts in the near-term, according to many scientists and
research institutions (notably including James Hansen, the former Chief NASA Climate Scientist, who is
credited with bringing global warming dangers to the attention of policy-makers in the 1980’s.) The
reason is the rapidly accumulating evidence -- presented by the UN Intergovernmental Panel on Climate
Change and other authoritative agencies -- that the earth is in critical danger of entering the runaway
stage of climate change within the next twenty years, leading to 5 degrees centigrade or more of
warming this century. This level of warming would radically destabilize and degrade the natural systems
on which human life depends -- leading to such impacts as greater than six feet of sea level rise this
16

A.R. Brandt, et. al, METHANE LEAKS FROM NORTH AMERICAN NATURAL GAS SYSTEMS; Science 14 February 2014: Vol. 343 no.
6172 pp. 733-735 http://www.sciencemag.org/content/343/6172/733.summary?sid=aa20376c-626b-42af-9f93-2475e7990ac4
and Mark Golden, “America’s Natural Gas System is Leaky and in Need of a Fix,” in Stanford Report, Feb. 2014,
http://news.stanford.edu/news/2014/february/methane-leaky-gas-021314.html
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century, accelerated release of sub-Arctic methane, extreme droughts and storms, and food insecurity.17
As a result of this emerging science regarding the near-term dangers of exceeding climatic “tipping
points,” and the disproportionate role of methane in climate destabilization, there is a strong rationale
to shift from a 100 year to 20 year timeframes as the dominant unit of analysis for the Global Warming
Potential of all GHGs, including methane.
To facilitate a broader policy assessment that includes both 20-year and 100-year impacts, Appendix 1
of this document includes additional information on Global Warming Potential timeframes and
methane leakage rates – and the impact of emerging data on policy choices for natural gas
applications. This appendix has been informed in part by an important new report from the UC Davis
Institute for Transportation Studies - Sustainable Transportation Energy Pathways Program
(NextSTEPS). This UC Davis report includes further meta-analysis of the methane issue that triggered
the recent EPA and CARB re-assessment of Greenhouse Gas Inventory factors and the CA-GREET
model, respectively. Entitled “The Carbon Intensity of NGV C8 Trucks,” this report was released in
March 2015 by Professor Rosa Dominguez-Faus, Ph.D., who has produced other authoritative reports
on natural gas and alternative fuel choices for state agencies.
In addition to providing more detail on GWP and methane, the UC Davis Report (along with other
materials in Appendix 1) discusses the development of an appropriate risk management approach for
evaluating air emissions and climate impacts consistent with other risk management norms in the
public sector, as used in infrastructure planning, for example. Policy makers and interested citizens are
encouraged to make use of these resources in the Appendix to fully understand natural gas
transportation options in the broader context of the climate crisis and related risk management
imperatives.

5.21. Outlook for Enhanced Emissions Performance of NGVs and New CARB Mitigation Measures:
Emerging data and statements from the Californai ARB suggest that natural gas vehicles powered by
fossil fuels (as opposed to biomethane) may not have a clear advantage from a climate perspective.
However, they can reduce criteria pollution emissions relative to existing diesel vehicles. That said,
the relative virtues of natural gas and diesel are not at all static, as both NGV and diesel technology
(as well as relevant low-carbon biofuel pathways for both vehicle types) are evolving very rapidly.
Stricter regulatory standards are also pushing both NGVs and diesel manufacturers toward significant
reductions in harmful emissions. In December 2013, for example, the ARB adopted an optional
reduced NOx emission standard for heavy-duty vehicles that incentivizes engine manufacturers to
further reduce emissions. Such standards include NOx levels that are 50, 75, and 90 percent lower
than the current 0.20 grams per brake horsepower-hour emission standard. This voluntary standard
may help position natural gas engines as a primary initial technology for meeting the more aggressive
75 percent and 90 percent NOx reduction targets expected to be deployed in the future.
Depending on the ability of natural gas engine manufacturers to demonstrate such reductions, and
the commercial availability of products in relevant applications, the CEC indicates that emerging NGV
technology could support scaled deployment of natural gas trucks in the 2016-17 timeframe and
beyond. Scaled deployment of very low-carbon NGV trucks could in turn mitigate criteria air
17

Numerous studies address the possibility that key tipping points in climate change are imminent or already reached, with
important policy consequences for assessing global warming potential timeframes. A representative overview of this literature
is the September 2013 report by David Spratt entitled “Is Climate Change Already Dangerous?” available at
http://www.climatecodered.org/p/is-climate-change-already-dangerous.html
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pollutants in areas most impacted by current diesel technologies. While there are not yet vehicles
currently available commercially at scale with these emissions attributes (as of early 2016), an
announced near-zero NOx natural gas engine produced by Cummins Westport features substantially
reduced methane emissions, as well as reduced criteria pollutants. As profiled below, this engine
could greatly strengthen the case for natural gas as a competitor to diesel relative to both economic
and environmental criteria.
Emerging Natural Gas Engines With Near-Zero NOx and Reduced Methane: In its Integrated Energy
Policy Report, the CEC indicated that “in September 2015, Cummins Westport Innovations [CWI]
certified its first near-zero engines for buses, waste haulers, and medium-duty trucks. This engine will
reduce oxides of nitrogen (NOx) emissions by more than 90 percent from the current standard and will
play an important role in improving air quality for Californians.”18
This unusually prominent announcement by the CEC highlights the fact that this engine is the first midrange engine in North America to receive emission certifications from both the EPA and CARB that
meet the 0.02 g/bhp-hr (grams per brake-horsepower per hour) Near Zero NOx Emissions standards
for medium-duty truck, urban bus, school bus, and refuse applications. The exhaust emissions of this
engine, known as the Cummins Westport ISL G NZ, will be 90% lower than the current EPA NOx limit of
0.2 g/bhp-hr and also meet the 2017 EPA greenhouse gas emission requirements. The ISL G NZ engine
meets the ARB certification well in advance of the 2023 California Near Zero NOx schedule. ARB has
defined the certified Near Zero emission level as equivalent to a 100% battery truck using electricity
from a modern combined cycle natural gas power plant (although a battery-electric truck using the
greener power from California’s grid mix will in turn be superior to even this relatively clean NGV.)
In addition to the 90% reduction in NOx, the ISL G NZ engine utilizes Closed Crankcase Ventilation
(CCV) to reduce engine related methane emissions by 70%. Further, these near-zero carbon natural
gas engines do not require active after-treatment such as a Diesel Particulate Filter (DPF) or Selective
Catalytic Reduction (SCR). Support for the development of the Cummins Westport engine was
provided jointly by the South Coast Air Quality Management District (SCAQMD), SoCalGas and the CEC.
Production of the ISL G NZ is expected to begin in April 2016. The engine will be made available as a
“first fit” engine with transit and refuse OEMs, and as an engine replacement for existing ISL G
vehicles. Performance and efficiency will match the current ISL G, with engine ratings from 250-320
horsepower, and 660-1,000 lb-ft torque available. Maintenance procedures, service intervals, and
warranty terms are the same as the current ISL G.19 It is highly recommended that fleet managers
become further acquainted with this engine technology to determine if it can play a role in reducing
emissions and enhancing operating economies in local fleets.
5.22. The CARB Sustainable Freight Strategy: The California Air Resources Board has indicated that
achieving the state’s 80% carbon reduction goals will require a dramatic transformation across the
transportation system in California, and that developing both zero-emission and near-zero emission
vehicles and cleaner fuel pathways in the medium and heavy-duty vehicle segment will be essential. The
ARB has laid out their preliminary approach in a planning document known as the Sustainable Freight
Strategy -- with a goal of dramatically reducing emissions across the state’s goods movement system,
including truck, rail, and marine components. Many of the elements of this strategy, now beginning the
18

AB 1251 Natural Gas Act Report: Strategies to Maximize the Benefits Obtained from Natural Gas as an Energy Source, California
Energy Commission, p. 4.
19

“ISL G Near Zero Natural Gas Engine Certified to Near Zero - First MidRange engine in North America to reduce NOx emissions by 90% from
EPA 2010~”, Cummins Westport Inc. Press Release -- October 5, 2015, http://www.cumminswestport.com/press-releases/2015/isl-g-near-zeronatural-gas-engine-certified-to-near-zero
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early deployment stage at CARB, target increased utilization of natural gas vehicles and cleaner
(biomethane) pathways as well as new emissions reduction strategies for diesel trucking. The range of
measures is described below, with NGV relevant state policy measures highlighted in blue, and measures
with potential for regional action highlighted in green.

CARB Sustainable Freight Initiatives – NGV relevant actions highlighted in blue
Actions

Policy
Policy
Development Implementation

Trucks Action 1: Develop and propose strategies to ensure durability and
in-use performance. Such strategies may include:
§ Reduced exhaust opacity limits for PM filter-equipped trucks.
§ New certification and warranty requirements for low in-use emissions.
§ Strengthen existing emission warranty information reporting and
enable corrective action based on high warranty repair rates.

2015 2017

2017+

2015

2016

§ Clarification on the State’s authority to inspect heavy-duty warranty
repair facilities to ensure proper emission warranty repairs are being
conducted.
Trucks Action 2: Develop and propose increasing flexibility for
manufacturers to certify advanced innovative truck engine and vehicle
systems in heavy-duty applications. Enables accelerated introduction of
new technologies to market.
Trucks Action 3: Develop and propose new, stringent California
Phase 2 GHG requirements to reduce emissions from trucks and
trailers, and provide fuel savings.
Trucks Action 4: Petition U.S. EPA to develop lower NOx standards for
new heavy-duty truck engines for rulemaking in 2018.
Trucks Action 5: (if U.S. EPA does not complete Trucks Action 4): Develop
and propose California specific standards for new heavy-duty truck
engines to provide benefits above national standards.
All sectors/freight hubs: Collect data (such as facility location, equipment,
activity, and proximity to sensitive receptors) from seaports, airports,
railyards, warehouse and distribution centers, truck stops, etc. to identify
and support proposal of facility-based approach and/or sector-specific
actions to reduce emissions and health risk, as well as efficiency
improvements.
Delivery Vans/Small Trucks: Develop proposal to accelerate
penetration of zero emission trucks in last mile freight delivery
applications, with potential incentive support.
Large Spark-Ignition Equipment (forklifts, etc): Develop proposal to
establish purchase requirements to support broad scale deployment of
zero emissions equipment.

20162017

2018+

2015

--

2018

2023+

2015

2015-2016

2017

2020

20162018

2020
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Transit Buses: Develop proposal to deploy commercially available zero
emission buses in transit, and other applications, beginning with
incentives for pilot programs and expanding purchase requirements, as
appropriate, to further support market development of zero emission
technologies in the heavy-duty sector with potential incentive support.
Airport Shuttles: Develop proposal to deploy zero emission airport
shuttles to further support market development of zero emission
technologies in the heavy-duty sector, with potential incentive support.
Transport Refrigeration Units: Develop and propose a regulatory
requirement to prohibit the use of fossil-fueled transport refrigeration
units for cold storage in phases, with incentive support for infrastructure.
Incentive programs: Develop modifications to existing incentive programs
to increase the emphasis on and support for zero and near- zero
equipment used in freight operations, including introduction of truck
engines certified to optional low-NOx standards.

2016

2018

20172018

2020

2016

2020+

20152016

2016-2020

5.23. Opportunities for Coordinated Regional Action on NGV and Low-Carbon Goods Movement: Most
of the actions listed in the CARB Sustainable Freight Strategy require state policy intervention or new
state investments. However, the proposal to develop “facility-based approaches” to low-emissions and
zero-emissions freight movement suggests the potential for local cities, counties, air quality districts, and
freight industry stakeholders to take action at the local and regional level. The development of an
appropriately constituted regional Sustainable Freight Working Group will help prepare for and attract
anticipated state investment in planning and implementing the CARB vision for low-carbon goods
movement.
Through the Sustainable Freight Working Group, local and regional public agencies and freight
stakeholders would cooperate first to obtain essential planning funds, and then to collaboratively
develop a systematic approach to implement low-emissions goods movement strategies. These
strategies would likely include (but not be limited to), development of freight handling facilities in
support of low-carbon inter-regional travel, as well as “green last mail” delivery strategies. Together,
these and other complementary initiatives could maximize the use of near-zero carbon CNG or lowercarbon LNG Class 8 vehicles for long-distance, heavy-duty trucking, as well as zero-emissions Mediumduty Battery-Electric Trucks (BETs) for “last mile” delivery routes (typically within the 100 mile range of
current Medium Duty e-trucks). These strategies would likely also engage stakeholders in:
§ Green fleet procurement strategies
§ Mapping and deployment of NGV and electric fueling infrastructure for trucks
§ Innovative strategies for centralizing “green last mile” delivery to reduce congestion.
Both the Monterey Bay Area (via AMBAG) and the South Coast region (via the Gateway Cities COG,
among other stakeholders) provided preliminary concept proposals to CARB in April 2015 to initiate
planning efforts to develop low-emissions freight depots.20 The proposal from the Association of
Monterey Bay Area Governments (AMBAG) focused on the Salinas Valley Intermodal Freight
Implementation Plan and the Freight Enterprise Zone Guidelines Project. The Gateway Cities COG/Los
Angeles Transportation Authority (Metro) proposal for a Los Angeles/Gateway Freight Technology
20

See the “Sustainable Freight Pilot Project Ideas” website at the California Air Resources Board at
http://www.arb.ca.gov/gmp/sfti/pilotprojectsub.htm. Relevant projects include the Salinas Valley
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Program has many elements that are potentially relevant to a future freight corridor linking the Bay Area
and Los Angeles through Monterey and the Central Coast. In addition, there are many additional
projects underway that could provide a model for accelerated corridor planning in the Monterey to Los
Angeles area. For example, at the the Port of Los Angeles, CalSTART and other stakeholders are jointly
planning to lower emissions on the I-710 corridor between the Port of Long Beach and downtown Los
Angeles. An analysis of these efforts as they relate to low- and zero-emissions trucks is provided in the I710 Project Zero-Emission Truck Commercialization Study Final Report21 -- a 2013 CalSTART report to the
Gateway Cities COG. This document also provides useful background on the projected timelines for
deployment and integration of emerging zero-emissions freight vehicles and systems that could also be
deployed on the 101 between San Francisco and Los Angeles.
In the Monterey and Central Coast context, a series of integrated truck transfer or inter-modal (rail/truck
or rail/truck/marine) facilities could provide natural gas and electric refueling infrastructure and transshipment facilities to enable cargo in the region to be delivered via lower-emissions CNG and electric
trucks -- and potentially via increased rail utilization. An initial effort of this kind in the Central Coast
region could create a continuous low-emissions sustainable freight corridor from San Jose to the Port of
Long Beach through cooperation with AMBAG and the Southern California Association of Governments
(SCAG), relevant Air Districts and regional/local transportation authorities, and industry and nongovernmental stakeholders.
It is anticipated that CARB will create a competitive RFP process to fund sustainable freight planning and
implementation proposals in 2016-17. To prepare for such a process, one of the Recommended Actions
arising from the current Monterey AFV Readiness planning process is to invite key stakeholders to
consider development of funding for a Monterey (or combined Central Coast/Monterey) sustainable
goods movement plan. Additional discussion of the potential for a regional sustainable freight initiative is
found in the Recommended Actions section at the end of this Chapter.
5.24. Potential for Biomethane Development to Reduce NGV Emissions Impacts: According to the most
recent CARB scoping plan for meeting AB 32 goals, natural gas from traditional fossil fuel sources cannot
represent a significant share of energy use by 2050 if the state is to meet its long-term GHG targets (80%
below 1990 levels by 2050.) By 2050, traditional uses of oil and natural gas, including transportation
fuels, water and space heating, and industrial boilers and process heating, will need to be mostly, if not
fully, decarbonized. However, decarbonized gaseous fuels could have a longer-term future in California if
biomethane production can be scaled up.
Biomethane possesses the lowest carbon intensity values established by the Low Carbon Fuel Standard
(LCFS) on a “source-to-tank” basis (also called “well-to-tank”.) Note that the source-to-tank methodology
does NOT include combustion impacts from fuel burning in the vehicle, typically known as “well-towheels.” (Well-to-wheels impacts can differ based on vehicle and engine type, whereas source-to-tank
data enables valid comparisons among fuel pathways prior to utilization in the vehicle.) On a source-totank basis, biomethane from anaerobic digestion of food and green waste can achieve a negative CO2e
rating, due to avoided methane emission from organic matter compared to emissions impacts when

21

I-710 Project Zero-Emission Truck Commercialization Study Final Report for the Gateway Cities Council of Governments and
the Los Angeles County Metropolitan Transportation Authority, CalSTART, 2013. http://www.calstart.org/Libraries/I710_Project/I-710_Project_Zero-Emission_Truck_Commercialization_Study_Final_Report.sflb.ashx
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disposed of in landfills. The following table from the latest “Tier 2” CARB Low Carbon Fuel Standard
Regulatory Order, provides comparative data on natural gas vs. other fuel sources.22
Carbon Intensities of Natural Gas vs. Other Fuels on a “Source to Tank” Basis
Carbon Intensity (gCO2 e/MJ)

Fuel

CARBOB
Diesel

Pathway
Identifier
*

*

Compressed
Natural
Gas

Electricity

Hydrogen

Pathway Description

Direct
Emissions

Land Use
or Indirect
Effect

Total

CARBOB - based on the average crude oil supplied
to California refineries and average refinery
efficiencies

99.78

0

99.78

ULSD001

ULSD - based on the average crude oil supplied to
California refineries and average California refinery
efficiencies

102.01

0

102.01

CNG005

Biomethane produced from the high-solids (greater
than 15 percent total solids) anaerobic digestion of
food & green wastes; compressed in CA

-22.93

0

-22.93

CNG020

Biomethane produced from the mesophillic anaerobic
digestion of wastewater sludge at a California publicly
owned treatment works; on- site, high speed vehicle
fueling or injection of fuel into a pipeline for off-site
fueling; export to the grid of surplus cogenerated
electricity.

7.75

0

7.75

CNG021

Biomethane produced from the mesophillic anaerobic
digestion of wastewater sludge at a California publicly
owned treatment works; on- site, high speed vehicle
fueling or injection of fuel into a pipeline for off-site
fueling.

30.92

0

30.92

ELC002

California grid electricity

105.16

0

105.16

HYGN001

Compressed H 2 from central reforming of NG
(includes liquefaction and re-gasification steps)

151.01

0

151.01

HYGN002

Liquid H 2 from central reforming of NG

143.51

0

143.51

HYGN003

Compressed H 2 from central reforming of NG (no
liquefaction and re-gasification steps)

105.65

0

105.65

HYGN004

Compressed H 2 from on-site reforming of NG

105.13

0

105.13

HYGN005

Compressed H 2 from on-site reforming with
renewable feedstocks

88.33

0

88.33

CBOB001

Source: California Air Resources Board, Low-Carbon Fuel Standard Final Regulatory Order 2015, Table 6: Tier 2 Lookup Table
for Gasoline and Diesel and Fuels that Substitute for Gasoline and Diesel, p. 67, http://www.arb.ca.gov/regact/2015/lcfs2015/lcfsfinalregorder.pdf
*CARBOB designates the standard unit of measure for California “standard” gasoline: the California Reformulated Gasoline Blendstocks

for Oxygenate Blending. The numbers above are adjusted by Energy Efficiency Ratio (EER) for gasoline (CARBOB) or diesel (ULSD) substitute.

State policy makers are now assessing the longer-term potential for utilizing biomethane as a principal
form of decarbonized pipeline gas (along with biogas, hydrogen, and renewable synthetic gas) -- which
could in turn be distributed through existing pipeline networks. A study released in 2015 by the
environmental consulting firm Energy + Environmental Economics (E3), Decarbonizing Pipeline Gas to

22

Low-Carbon Fuel Standard Final Regulatory Order 2015, Table 6: Tier 2 Lookup Table for Gasoline and Diesel and Fuels that
Substitute for Gasoline and Diesel, California Air Resources Board, p. 67. http://www.arb.ca.gov/regact/2015/lcfs2015/lcfsfinalregorder.pdf
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Help Meet California’s 2050 Greenhouse Gas Reduction Goal, examines the potential for growth of
decarbonized pipeline gas fuels. The term “decarbonized gas” refers to gaseous fuels with a net-zero, or
very low, GHG impact -- including biogas, hydrogen, and renewable synthetic gases produced with low
GHG emissions. “Pipeline gas” refers to any gaseous fuel transported through natural gas distribution
pipelines.
The E3 study assesses two alternative technology scenarios for meeting the state’s goal of reducing GHG
to 80 percent below 1990 levels by 2050. In the electrification scenario, all energy end uses, to the
extent feasible, are electrified and powered by renewable electricity. In the mixed scenario, both
electricity and decarbonized gas play key roles by 2050. Both scenarios meet California’s 2020 and 2050
GHG goals, accounting for constraints on energy resources, conversion efficiency, delivery systems, and
end-use technology adoption. By contrast, a reference scenario reflects limited adoption of alternative
fuels in both transportation and electricity supply beyond the present (2015) base case, and clearly does
not meet the 2050 GHG target.

Source: Decarbonizing Pipeline Gas to Help Meet California’s 2050 Greenhouse Gas Reduction Goal,
Energy + Environmental Economics (E3). https://ethree.com/documents/E3_Decarbonizing_Pipeline_01-27-2015.pdf
The study concludes that: 1) a technology pathway for decarbonized gas could meet the state’s GHG
reduction goals and may be easier to implement in some sectors (notably heavy-duty trucking) than a
high electrification strategy; and 2) the total costs of the decarbonized gas and electrification pathways
are comparable. The study also indicates that decarbonized gases can complement a low-carbon
electrification strategy by.
§ Addressing sectors that are difficult to electrify, such as process heating, heavy duty vehicles,
cooking, and existing space and water heating.
§ Providing gas using electricity when renewables are generating power, and then storing the
gas in the pipeline distribution network until it is needed
§ Enabling continued use of the state’s existing gas pipeline distribution network, eliminating
the need for new energy delivery infrastructure to meet 2050 GHG targets, such as dedicated
hydrogen pipelines or additional electric transmission and distribution capacity.
Of course, there are major hurdles to overcome to bring decarbonized gas into production, distribution,
and use at large commercial scale. The E3 study makes it clear that, unlike the electrification pathway,
where key technologies are already available, a significant level of new R&D effort would be needed to
make decarbonized gas a reality at commercial scale. For example, the low-carbon gas pathway
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presumes that carbon sequestration in the context of natural gas production can be made economically
and technically viable at large scale, but this has not yet been demonstrated. Biomethane pathways,
while promising, will also require a much larger infrastructure for efficient (and low-carbon) collection of
organic waste, and so forth. To fully develop the state’s capacity for low-carbon natural gas production,
E3 identifies a need for the following key research, development, and demonstration (RD&D) initiatives.
Priority R&D Needs to Accelerate Low-Carbon Natural Gas Fuel Pathway Development

Source: Decarbonizing Pipeline Gas to Help Meet California’s 2050 Greenhouse Gas Reduction Goal,
Energy + Environmental Economics (E3). https://ethree.com/documents/E3_Decarbonizing_Pipeline_01-27-2015.pdf

5.25. Biomethane Development Opportunities
Background on Biomethane Production: Biomethane is a very low-carbon option (potentially negative
carbon) for fueling natural gas vehicles and for other uses such as heating and power generation.
Chemically, biomethane and fossil natural gas are very close. Biomethane produced from landfill gas
initially consists of 55-65% methane, 30-35% carbon dioxide, and the remaining balance being hydrogen,
nitrogen, and various impurities. Its heating value is approximately 600 BTU per cubic foot. By contrast,
natural gas contains about 87% methane, with a heating value of approximately 1000 BTU per cubic
foot. However, filtering biomethane (known as “scrubbing”) removes the carbon dioxide and other
impurities, raises BTU, and enables biomethane to be used interchangeably (or as an admixture) with
fossil natural gas. Production of biomethane can occur through processing of organic matter in landfills
or biogas plants. Both methods utilize anaerobic digestion, which is performed by the anaerobic
microbes that thrive in the absence of oxygen. These microbes also produce carbon dioxide along with
methane, thus requiring scrubbing.
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Although biogas plants produce carbon dioxide and other greenhouse gases, they are generally
considered to be nearly carbon-neutral (or better) because they can -- depending on collection and
processing methods -- reduce the amount of methane and other greenhouse gases that would have
been released into the atmosphere if the organic matter was left to decompose naturally. As the chart
below indicates, landfills alone are responsible for 18% of methane production in the U.S., and are a
relatively easy target for reductions (compared to bovine enteric fermentation, for example.) That said,
some localities do not view biomethane, heat, or electricity production from landfill gas as the most
environmentally beneficial approach to green waste.
The City of San Francisco Department of
Environment, for example, has determined that
other forms of green waste reuse can be more
beneficial. For example, separate collection of
fats and oils can be used in biodiesel
production while other green waste can be
used in developing compost for soil
amendments “tuned” for maximum carbon
sequestration in agricultural and rangeland
applications or urban forestry. Such strategies
could in principle provide equal or superior
carbon benefit. However, biogas development
is greatly superior to unchecked landfill
emissions. The basic process of anaerobic
digestion is well-understood (see the diagram
below), and the economics can be attractive
wherever landfill capacity is scarce.
Source: EPA Website: Overview of Greehouse Gases: Methane Emissions,
http://www3.epa.gov/climatechange/ghgemissions/gases/ch4.html

Biogas Production Through Anaerobic Digestion
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Biogas production through anerobic digestion works by combining organic waste in a feedstock mixed with water,
introducing bacteria to fuel the hydrolysis process, and then removing water, carbon dioxide, and impurities.
Source: California Energy Commission website, Presentation by Thomas Damberger, Golden State Energy.
http://energy.gov/sites/prod/files/2014/03/f10/renewable_hydrogen_workshop_nov16_damberger.pdf

County of Santa Barbara Tajiguas Resource Recovery Project: The Santa Barbara County Department
of Public Works, in collaboration with the cities of Santa Barbara, Goleta, Solvang and Buellton, has been
leading a nearly decade-long effort to develop a Resource Recovery Project that will process municipal
solid waste currently disposed at the County owned and operated Tajiguas Landfill. This project includes
facilities that will extract recyclables mistakenly sent to the landfill and anaerobically digest organic
material currently buried at the landfill. The project is planned to convert biogas directly to heat for
homes in the area and for electricity sales back to the grid -- rather than to use the biomethane to
power vehicles. However, the project is noteworthy for its carbon benefit, its indirect link to
transportation (given that the local grid powers electric cars), and as a replicable project that could in
the future provide a model for biomethane production to fuel low-carbon NGVs. The project is also
purposed to increase recycling rates above 80% and provide a range of other benefits described below.23

The Tajiguas Resource Recovery Project is a collaboration of the Santa Barbara County
Department of Public Works, and the cities of Santa Barbara, Goleta, Solvang and Buellton.

23County

of Santa Barbara Tajiguas Resource Recovery Project website,
http://resourcerecoveryproject.com
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The lengthy Tajiguas project development period, which began in 2007, has included two feasibility
studies, a request for proposals, a proposal review process, and a comprehensive public outreach effort
involving over 80 presentations to stakeholders over the past five years. The winner of the RFP process,
which attracted four bidders, is a team of entrepreneurs known as Mustang Renewable Power Ventures,
based in San Luis Obispo County. The final project design consists of an Anaerobic Digestion Facility
(ADF) that will convert all organics recovered from the waste stream into digestate and biogas. The
digestate will be aerobically cured into a compost product to be marketed as a soil amendment or used
for reclamation projects, while the biogas will be converted at a power plant into electricity used to run
the plant and sell back to the grid. According to EPA formula calculations the project will reduce the
local GHG impact by 133,382 MTCO2E (Metric Tons Carbon Dioxide Equivalent) a year, equal to
removing 26,153 average passenger vehicles on the road annually and generates 1 megawatt (net) of
renewable energy/year. This is a formidable project that attests to the potential of biomethane
production pathways.
5.26. NGV Deployment in the Monterey Region
[NGV Fleet Survey Data to be Entered Here from Ecology Action surveys]
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Cumulative registrations of NGV vehicles in the Monterey region can be compared against cumulative
state registrations of NGVs as of 2013 through the following chart.
NGV Registrations in California (2013 data)

8,000
6,000
4,000
2,000
Car

Van

MHDV

Source: Energy Commission staff analysis of 2013 Department of Motor Vehicles vehicle registration database,
cited in Strategies to Maximize the Benefits Obtained From Natural Gas as an Energy Source. California Energy
Commission. pp. 41-42.

5.27. Monterey CNG Fleet Adoption: CNG fleet adoption in the Monterey Bay area has been
concentrated in bus fleets and refuse haulers and recycling providers. In particular, refuse haulers are
working on innovative projects to use renewable natural gas from landfills. A variety of mini-case
studies are provided below to suggest the range of CNG initiatives undertaken in recent years and to
encourage additional assessment of NGV and alt fuel vehicle potential by other fleets.
Waste Management: Waste Management's Carmel-Marina fleet uses natural gas to power 25 of its
garbage trucks, with plans to power all 45 trucks with natural gas in the next 10 years. Waste
Management runs the largest heavy duty fleet in America, and now has 4,100 vehicles running on
natural gas, and operates 73 natural gas fueling stations across North America. The company has
committed to having over 90% of new truck purchases being natural gas vehicles.24
The Carmel-Marina fleet is filled from tanks in Castroville with natural gas recovered at Waste
Management's Altamont Landfill in Livermore, CA. Since November 2009, the landfill has been
generating as much as 13,000 gallons of bio fuel a day, powering 300 Waste Management vehicles in
California. The gas is cryogenically reduced to liquid at extremely cold temperatures, then brought to
Castroville and transferred to the storage tank. Once pumped into the Castroville storage tank, the liquid
natural gas is passed through evaporators to convert it into compressed natural gas, and stored in 5inch-thick steel spherical tanks. Two dispensers at the Waste Management yard can fill a truck in six
minutes, compared with about 10 minutes to fuel a similar-size diesel truck. According to Carmel24

Waste Management’s website, http://investors.wm.com/phoenix.zhtml?c=119743&p=irol-recentnewsArticle&ID=2062708
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Marina district manager Felipe Melchor, the 25 trucks in operation by Carmel-Marina Corp. reduce
greenhouse gas emissions in the Carmel-Marina Corp. service area by at least 2,100 metric tons each
year.25
The renewable natural gas will soon be even more local. Monterey Regional Waste Management
District is working with Trillium CNG to build a new compressed natural gas station to fuel the district’s
CNG refuse trucks at the Monterey Regional Environmental Park in Marina, Calif. By mid-2016, the
District will extrude the methane gas produced at the Monterey Peninsula Landfill, a nearby sanitary
facility, and convert the recovered natural gas into CNG to power their fleet. Trucks will begin and end
the day at the site, according to Tim Flanagan, the district’s assistant general manager.26

A Waste Management CNG trash hauler being filled at a CNG station
Source: http://www.sustainablebrands.com/news_and_views/clean_tech/jennifer-elks/new-waste-managementfacility-turning-even-more-landfill-gas

Santa Cruz Metro: Santa Cruz Metro is the largest public transportation provider in Santa Cruz County,
providing fixed-route bus and paratransit services throughout the county. The fleet of 90 buses is
currently 75% CNG, and Santa Cruz Metro plans to increase this number to a 100% CNG fleet as they
soon will retire the remaining 1998 diesel buses.27 Ridership in 2015 was approximately 5.5 million and
covers 35 routes, including commuter bus links to Silicon Valley. Metro has been approached to consider
biofuels and other alternatives, but is committed to maintaining a CNG strategy, having experienced
positive results on both economic and operational metrics. By contrast, Monterey Salinas Transit has
operated 17 CNG buses but are in the process of replacing them because of higher maintenance costs.28

25

The Monterey Herald, July 14, 2011, http://www.montereyherald.com/20110714/castroville-natural-gas-holding-tankinaugurated
26
Trillium CNG’s website, http://blog.trilliumcng.com/2015/02/16/trillium-cng-inks-deal-monterey-regional-wastemanagement-district-calif/
27
American Public Transportation Website, http://www.apta.com/mediacenter/pressreleases/2015/Pages/150416_EarthDay.aspx
28
http://www.mrwmd.org/archives/2008%20Board%20Meeting/July/MRWMDJul08_13_Ltr_Regarding_Alternative_Fuels.pdf
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Santa Cruz Metro Clean Air Bus
Source: http://images.metro-magazine.com/post/M-SantaCruz.jpg

San Benito High School District: San Benito High School District operates four CNG school buses and a
CNG fast fill fueling station. This station is open to other local fleets, such as the Aromas-San Juan
Unified School District and the Local Transportation Authority, which both run small CNG fleets.
San Benito High School’s CNG school buses and fueling station were partially subsidized through a grant
from the Monterey Bay United Air Pollution Control District. SBHS has four CNG buses paid for by grants
from the Air District. The buses cost approximately $130,000 each – $30,000 more than diesel buses,
according to David Fairchild, air quality planner with the APCD.
University of California, Santa Cruz: UCSC has a CNG filling station which is utilized by 8 CNG vehicles
on campus. UCSC has made the choice to focus on CNG for heavy-duty vehicle replacements. Two CNG
refuse trucks use the majority of the CNG on campus, and thus CNG consumption has doubled in recent
years. Future heavy duty vehicle replacements will be CNG as well.

UCSC’s CNG filling station serves 8 CNG vehicles, including two heavy duty waste haulers
Source: http://fleets.ucsc.edu/services/fuel-site.html
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5.28. NGV Safety and Training for Technicians and First Responders: Natural gas has significantly
different properties and characteristics than gasoline or diesel fuels, and natural gas fuel-specific
training is essential for both technicians and safety personnel. On CNG vehicles, portions of the fuel
system operate at extremely high pressures (3,600 psi), while LNG vehicles use cryogenic (-260 degrees
Fahrenheit) fuel systems. Both types of fuel systems are very safe when handled appropriately, yet they
require unique components and special safety procedures for all levels of maintenance, diagnostics,
repair, and emergency response. This section of the Plan will review recommended training resources.
Several training options for first responders and technicans exist through the National Alternative Fuels
Training Consortium (NAFTC), and training for technicians is available both through NAFTC, and the
Natural Gas Vehicle Institute (NGVi), as well as through many California Community Colleges and Clean
Cities Coalitions. Most courses are available in both in-person and online formats. Shorter format
courses are typically four hours, while two-day in-depth trainings and train-the-trainer curricula are also
available.
The NAFTC offers multiple courses tailored to each fuel type, with separate offerings for technicians,
firefighters, emergency medical services, and law enforcement. The foundational course for any type
of First Responder is entitled: First Responder Safety Training: Gaseous Fuels and Gaseous Fuel
Vehicles, and is available online at
http://naftc.wvu.edu/course_workshop_information/first_responders/first-responder-safetytraining-cclp#gas. In this course, First Responders (or other safety-related staff) are trained on
procedures for safely addressing incidents involving CNG, LNG, propane, and hydrogen vehicles.
Anyone can attend these classes as a participant, however only a first responder with a training
background can participate in train-the-trainer level courses. The foundational course enables
participants to:
§ List the key properties, characteristics, and functions of gaseous fuels
§ Explain the operation of gaseous fuel vehicles
§ Recognize gaseous fuel vehicle components
§ Identify the risks and hazards common to gaseous fuel storage
§ Explain the major components of gaseous fuel vehicle fueling systems
§ Describe gaseous fuel vehicle fueling station safety systems
§ Identify the risks involve with the transport and handling of gaseous fuels
§ List personal protective equipment necessary for first responders when responding to a gaseous
fuel vehicle incident
§ List the steps required to secure a gaseous fuel vehicle
§ List the steps for rescuing occupants from a damaged gaseous fuel vehicle
§ Demonstrate proper fire response to gaseous fuel fire
§ Demonstrate proper response to a gaseous fuel leak
Separate courses are also available that cover similar material with greater specificity from the
perspective of individual First Responder job types. These courses include:
§ Firefighter Alternative Fuel Vehicle Safety Training
§ Emergency Medical Services Alternative Fuel Vehicle Safety Training
§ Law Enforcement Alternative Fuel Vehicle Safety Training
§ First Responder Safety Training: Gaseous Fuels and Gaseous Fuel Vehicles
§

Technician training is also available from NATC in multiple AFV categories including:
§ Introduction to Natural Gas Vehicles
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§
§
§
§
§
§
§

Introduction to Propane Vehicles
Liquefied Natural Gas Vehicles
Propane Autogas Vehicle Technician Training
Light-Duty Natural Gas Vehicles
Heavy-Duty Gaseous Fuel Applications
Compressed Natural Gas Vehicle Fuel System Inspector
Compressed Natural Gas Vehicle Conversion

California Community College NAFTC Contacts: Official NATC regional training centers closest to
Monterey are at El Camino College and Fresno City College. At El Camino, the contact is Eldon
Davidson – edavidson@elcamino.edu. At Fresno City College, the contact is Martin Kamimoto –
martin.kamimoto@fresnocitycollege.edu.
Integrated NGV Technical and Safety Training: In addition to NATC, the Natural Gas Vehicle Institute
offers a seven module technical training course that integrates technical with safety training. The
course modules address: The Properties and Characteristics of Natural Gas; Function of CNG Fuel
System Components and Safety Procedures; CNG Fueling Station Equipment and Operation; CNG
Depressurizing and Defueling; LNG Fuel and Vehicles; and LNG Fueling and Defueling. The modules
can be taken separately. This course is viewed as appropriate for:
§ Technicians who will perform basic preventative maintenance on natural gas vehicles (oil
changes, tire rotations, etc.)
§ Technicians who will perform mandated CNG fuel system inspections
§ Technicians who will perform NGV diagnostics and repair procedures
§ All employees involved in NGV fleet operations
§ Fleet or dealer service managers and supervisors
§ Corporate/agency safety managers
§ Risk management staff
Course objectives are to:
§ Describe the properties and characteristics of natural gas.
§ Identify the differences between natural gas and other liquid fuels.
§ Identify all major low- and high-pressure CNG fuel system components; describe their operation
and safety precautions.
§ Describe the differences between dedicated, bi-fuel and duel-fuel NGVs.
§ Identify and employ safety practices when working with natural gas powered vehicles.
§ Be familiar with CNG fueling station equipment, safety devices, operation and fueling
procedures
§ Identify CNG and LNG depressurizing and defueling methods and the related safety precautions
Available in instructor led or e-learning formats, the Natural Gas Vehicle Institute’s Level 1 course is
designed for technicians and support teams performing routine maintenance, inspection, diagnostics
and repair of natural gas vehicles. It is also a prerequisite for technicians who will take NGVi’s CNG Fuel
System Inspector Training or NGV Heavy-Duty Maintenance and Diagnostics Training. More information
on the Natural Gas Vehicle Institute is available at: http://www.ngvi.com/index.html
5.29. Summary of Key Strategies and Tools for Assessing Fleet Adoption of NGVs: This Chapter of the
AFV Plan has provided a large body of material relevant to Fleet Managers to help assess the economics

DRAFT Monterey Bay Alternative Fuels Readiness Plan | Chapter 5 – Natural Gas Vehicles and Infrastructure v1 | page 5 - 56

and environmental attributes of NGVs, as well as their operational characteristics. At this juncture, it
may be useful to “boil down” this information into a few key questions to guide the process of assessing
the possible role of NGVs in local fleet applications.
§

Types of Vehicles – New or Retrofit, Bi-Fuel or NGV: A key initial question is whether to
purchase new OEM-produced CNG vehicles, purchase new gasoline or diesel vehicles and have
them converted to CNG by a third-party upfitter, or retrofit existing vehicles currently operating
in the fleet. The number and variety of factory- and conversion-ready CNG vehicles available
from OEMs is increasing. Some of the NGVs built by the OEMs include popular models such as
the Chevrolet Silverado HD, GMC Sierra HD, Ram 2500, and the Chevrolet Impala. Fleet
customers can also order many Ford vehicles, including the F-150, with an optional gaseous
engine prep package (with hardened engine components), making it ready for conversion to
CNG by a Ford Qualified Vehicle Modifier (QVM). Many vehicles are also available in bi-fuel or
NGV only configurations. A good resource for assessing the merits of each can be found in Green
Fleet Magazine at: http://www.greenfleetmagazine.com/channel/naturalgas/article/story/2014/12/deciding-whether-bi-fuel-or-ngv-is-the-best-for-your-fleet.aspx

§

Fueling System Options and Configurations on the Vehicle: Beyond finding the right vehicle
model for a fleet’s specific needs, there are key operational criteria to be considered when
deciding to shift to NGVs, potentially impacting both range and space utilization. For example,
the Chevrolet Express CNG cargo van offers customers the choice of a three- or four-tank
configuration. The three-tank version offers a fueling capacity of 15.8 GGE, while the four has
23.1 GGE. That means an extra 100 miles of range with the four-tank option; however, because
of the weight of the extra tank, 300 pounds of payload are traded off. In the Chevrolet Express
dedicated CNG van, the tanks are fitted around the frame under the vehicle body. An optional
fourth tank is placed in the cargo area.
Fleet managers may face a similar trade-off if considering CNG pick-up trucks. Ram, Chevrolet,
and GMC place the CNG tank in the truck bed. In the case of the Ram 2500 Crew Cab, this
utilizes 3 feet of the 8-foot bed. For some fleets, that space is precious and the loss of it can be a
non-starter. Automakers and upfitters are working to reduce these kinds of trade-offs. While
many NGVs use steel CNG tanks (known as Type I), growing numbers are using (equally safe)
tanks made of lighter materials such as fiberglass-wrapped aluminum (Type II and Type III) or
carbon fiber and other composites (Type IV). These types of tanks cost more than Type I tanks,
but they also reduce the payload vs. fueling range trade-off due to their lighter weight.

§

Matching Duty Cycles to Fuel Infrastructure: To further drill down on the question of vehicle
type, a fleet manager considering CNG light, medium or heavy duty vehicles should ask the
following questions to determine what type of infrastructure is needed and available.
§
§
§
§
§
§
§

What are the daily distances travelled?
What is the typical duty cycle—one way or round trip?
Are there existing public access fueling stations suitable for the duty cycle?
Can the vehicles be filled overnight or do they need to be fast-filled?
Public vs. private access to a fleet fuel depot—will there be public access to the station?
What are the economics of building a station vs. using public infrastructure?
Are there upcoming grant opportunities for supporting NGV procurement or fueling
infrastructure? (Local Clean Cities Coalitions and Air Pollution Control Districts may be
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§

able to help identify emerging opportunities)
Can your organization partner with another public agency, fleet operator, or service
provider to share the costs of new fueling infrastructure?

§

Fuel Cost Calculations and Payback Periods: All fleet operators must meet bottom line
financial performance expectations. While it is challenging to predict future fuel prices, some
assumptions must be made to drive an ROI calculation. To assist with this process, the DOE’s
Alternative Fuel Data Center has cost calculators that can generate simple back-of-theenvelope estimates of how much a fleet can save. See
www.afdc.energy.gov/vehicles/natural_gas.html for more information. Additional tools are
listed below. Also, fleet management companies can help calculate a company’s specific costs
of ownership more precisely with models incorporating many more operational variables.
Searches on fleet management companies will provide numerous options.

§

Kicking the Tires at Leading Conferences: There is no substitute for direct interaction with
vehicles, the companies that stand behind them, and one’s peers in the industry. Leading
conferences include the Alternative Clean Transportation - ACT EXPO (in Long Beach), NAFA
(the National Association of Fleet Administrators), the Fleet Technology Expo, the Green Truck
Summit, the Work Truck Show, the Government Fleet Expo & Conference, ALTCAR Expo &
Conference, the North American NGV Association, and others.

§

Use These Essential Tools for Economic and Environmental Cost/Benefit Analysis: The
following tools are invaluable for making a detailed and customized assessment of both
economic and environmental costs and benefits of incorporating NGVs (and other AFVs) into
the fleet, on a full life-cycle basis. These tools are considered industry-standard, and
assessments generated with them will be helpful in seeking grant funding for alternative fuel
vehicles and infrastructure.
§

VICE 2.0: Vehicle and Infrastructure Cash-Flow Evaluation Model
The VICE model version 2.0 is the second generation of the financial model developed by the
National Renewable Energy Laboratory for fleet managers to assess the financial soundness of
converting their fleets to run on compressed natural gas (CNG).

§

DNGI Fuel Savings Calculator
The Natural Gas Fuel Savings Calculator, produced by The Drive Natural Gas Initiative, a
collaboration between natural gas utilities and producers, helps with the preliminary analysis of the
total costs associated with converting a fleet.

§

Argonne AFLEET Tool, AFLEET Tool Instructions for environmental/economic cost-benefit analysis
The Department of Energy’s Clean Cities Program has enlisted the expertise of Argonne develop a
tool to examine both the environmental and economic costs and benefits of alternative fuel and
advanced vehicles. Argonne has developed the Alternative Fuel Life-Cycle Environmental and
Economic Transportation (AFLEET) Tool for Clean Cities stakeholders to estimate petroleum use,
greenhouse gas emissions, air pollutant emissions, and cost of ownership of light duty and heavy
duty vehicles using simple spreadsheet inputs. For more information, visit the Argonne AFLEET Tool
website here.
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5.30. Recommended Actions to Support NGV Assessment and Readiness: The following
recommendations define high-level actions that fleet managers, AFV stakeholders, and policy-makers can
take to assess the potential role of natural gas vehicles and low-carbon natural gas fuel pathways in
advancing economic and environmental goals. (Note that the recommendation numbering corresponds
to the overall AFV Plan recommendations first appearing in the introduction to this Plan.)
ACTIONS

LEADERSHIP

2.4.1. Assess potential of CNG vehicles to meet fleet environmental and
economic goals – taking into account the most recent and authoritative research
on GHG and air quality impacts. (See Recommendation #2.1.1. Develop goals for
public fleets powered by sustainable alternative fuels)

Fleet Managers

2.4.2. Determine need for additional local CNG fueling infrastructure (if any) to
meet planned CNG fleet needs.

Fleet Managers

2.4.2.1. If additional CNG fueling infrastructure is needed, convene key
stakeholders and the Monterey Bay AFV Council to coordinate funding for
planning and development of CNG fueling sites.

Fleet Managers

2.4.3. Convene stakeholders to assess interest in development and distribution
of biomethane and (if appropriate) to develop planning funds. The AFV Council
can convene interested parties to determine if sufficient interest exists to seek
planning funds for biomethane fuel pathway development.

AFV Coordinating
Council and NGV
stakeholders

2.4.4 Convene stakeholders to assess interest in developing low-carbon freight
delivery systems in the Central Coast and Monterey Bay Area and (if
appropriate) to develop planning funds. If interest exists, planning funds could
be sought to assess diverse strategies, including inter-modal freight
consolidation facilities, expanded use of LNG-fueled Class 8 heavy-duty trucks,
“green last mile” delivery systems (e.g., all electric trucks), and other strategies.

AFV Coordinating
Councils of both
the Central Coast
and Monterey Bay

AFV Coordinating
Council

Association of
Monterey Bay Area
Governments
Monterey Unified
APCD and Central
Coast APCDs

2.4.5. Convene UC Santa Cruz and allied stakeholders to assess interest in
developing CEC funds for integrating alternative fuel vehicle and Zero Net
Energy strategies, potentially including CNG and other alt fuel pathways. If
interest exists, the AFV Council, UCSC leaders, and other key stakeholders could
coordinate development of planning and implementation funds.

AFV Coordinating
Council
UCSC Sustainability
and Alt Fuel
Leaders
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5.31. Summary Discussion of Strategies for Clean Vehicle and Fleet Decision-Making: The environmental
performance of NGVs relative to other vehicles – especially diesel trucks – is complex and highly dynamic.
The dynamic elements include rapidly evolving NGV engine technology and new biomethane fuel
pathways with dramatically improved environmental attributes. Moreover, NGVs are not competing
against other vehicles and fuels that are in a static position. Diesel and gasoline powered vehicles are
poised to make significant strides in air emissions with both new engine technologies coming on-line and
expanded use of promising biofuels. Electric vehicle range and performance is likewise improving with
promise for future medium- and heavy-duty applications. In this rapidly changing environment, it is
recommended that fleet managers and other leaders incorporate the following analytic strategies into
their vehicle assessment and decision-making approach.
1. Utilize the best available data on fuel and vehicle combinations to match a specific operating
need with the cleanest available technology.
§ Every vehicle exists within an ecosystem that includes our shared natural environment, the
fuel pathway ecosystem (including feedstocks, production, and fuel delivery systems), and
the operating environment (including unique duty cycles and economic imperatives.) In
some cases, the cleanest vehicle available will not be practical because of insurmountable
challenges in the fuel ecosystem or the operating environment at any given point in time.
Rather than rest with higher-level generalizations about fuel and vehicle performance, delve
into the detail of your own specific use cases and seek out the best available information to
match a specific operating need with the cleanest available technology.
§ Virtually all vehicle types – including NGVs – can operate on a low carbon basis given the
right combination of high-efficiency engine, lightweight and aerodynamic vehicle design,
best operating practices (e.g. idle reduction), and low-carbon fuel. By approaching fleet
management and transportation policy from a whole-systems perspective, transportation
decision-makers can optimize the vehicle and fuel pathway choice to dramatically reduce
environmental harm and advance high-performance organizational goals.
2. Regularly re-assess the state of technology development and the economic and
environmental performance attributes of all major Alternative Fuel Vehicle types.
§ Transportation technology, policy, and practice is evolving at the fastest pace in history,
with breakthroughs occurring every year in vehicle design, fuel pathways, and operating
strategies. New approaches to connectivity and telematics, vehicle sharing, and
autonomous driving will further revolutionize the fleet management and transportation
landscape in the coming decade. To ensure that decision-making reflects current
information in all key domains, engage colleagues to participate in leading conferences,
subscribe to authoritative information resources, and consult with leading experts in
relevant professional associations.
3. Develop a clear understanding of the global warming crisis and the link between air
emissions and health – and make decisions accordingly.
§ Virtually all qualified scientific experts and leading research institutions agree that decisions
made in the next 5-10 years on climate-related policies and greenhouse gas emissions will
determine whether global warming enters the “runaway” stage – with likely catastrophic
consequences for all life on earth. Because of the systemic nature of the challenge, all
decision-making on transportation, energy, and emissions issues is both local and global in
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impact, and every decision has importance in shifting current trendlines toward dramatically
reduced emissions or “business as usual.”
§ The state of California made a science-based decision that economy-wide emissions can and
must be cut by at least 80% below 1990 levels by 2050 at the latest. The most recent science
being presented to the UN Intergovernmental Panel on Climate Change and in authoritative
journals indicates that the level of emissions reductions needed and the timetable for
achieving them is likely much tighter than even California’s AB 32 targets suggest.
Moreover, in order to achieve the state’s 2050 targets, CARB Scoping Plan indicates that
nearly 100% of vehicles deployed by 2030 must be zero or near-zero emissions if we are to
meet the 2050 goals. Given the 12+ year time lag in fleet turnover, there is no time to waste
to achieve this benchmark.
§ Finally, research by the American Lung Association and others demonstrates that more than
7,000 Californians are dying prematurely each year from air pollution, while 5 million are
suffering from respiratory disease (including 1 million children.)29 If we wish to improve the
health of our children and communities -- and sustain a livable climate for the generations
to come -- it will be essential to deploy the cleanest-available technologies, which reduce
the greatest amount of toxic air emissions, at the most rapid possible pace, and in the most
cost-efficient manner.

29

“Breathing Easier in California,” Fact Sheet developed by the California Lung Association, 2015, accessed at
http://www.lung.org/local-content/california/documents/california-delivers-public.pdf
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5.32. Information Resources on NGVs, Fueling Stations, Funding, and Local Readiness
Vehicle Information
AFDC Vehicle Buyer’s Guide for Consumers
Features information about natural gas vehicles and connects users to a database of current model year cars and
trucks available to lease or purchase.
GSA Fleet Auction Site
GSA Fleet operates over 23,000 AFVs. Each year GSA Fleet sells 2,000 to 4,000 used AFVs as they are replaced by
new vehicles. All the information you need to purchase AFV vehicles at a public auction is available on this site. You
can learn about AFVs, view vehicles expected to be available in 2012, look for specific vehicles for sale now, and
search for auction locations in your area.
NGV Fueling Station Locators
Fuel Station Locator (CNG), Fuel Station Locator (LNG)
The Alternative Fuels Data Center contains refueling stations for various alternative fuels, including CNG and LNG,
throughout the country.
Fleet Calculators
VICE 2.0: Vehicle and Infrastructure Cash-Flow Evaluation Model
The VICE model version 2.0 is the second generation of the financial model developed by the National Renewable
Energy Laboratory for fleet managers to assess the financial soundness of converting their fleets to run on
compressed natural gas (CNG).
DNGI Fuel Savings Calculator
The Natural Gas Fuel Savings Calculator, produced by The Drive Natural Gas Initiative, a collaboration between
natural gas utilities and producers, helps with the preliminary analysis of the total costs associated with converting
a fleet.
Argonne AFLEET Tool, AFLEET Tool Instructions
The Department of Energy’s Clean Cities Program has enlisted the expertise of Argonne develop a tool to examine
both the environmental and economic costs and benefits of alternative fuel and advanced vehicles. Argonne has
developed the Alternative Fuel Life-Cycle Environmental and Economic Transportation (AFLEET) Tool for Clean
Cities stakeholders to estimate petroleum use, greenhouse gas emissions, air pollutant emissions, and cost of
ownership of light duty and heavy duty vehicles using simple spreadsheet inputs.
For more information, visit the Argonne AFLEET Tool website here.
Cylinder Inspection
CNG Cylinder Inspectors
This registry database will provide the name, listing of current certifications, and contact information for
individuals who have passed an exam for the CSA Standards Personnel Certification programs.
CNG Cylinder Inspector Training
Clean Vehicle Education Foundation lists organizations that offer CNG cylinder inspection training for the CSA
certification test.
Federal Government Information
National Renewable Energy Laboratory
Transportation Research Board
Department of Energy’s Office of Alternative Fuels
Department of Energy’s Alternative Fuels Data Center
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Department of Energy’s Fuel Economy Information
Other Alternative Fuel Sites
Clean Cities
Clean Vehicle Education Foundation
National Alternative Fuels Training Program Consortium
Publications and News Services
Clean City News
The official quarterly publication of the Clean Cities Program and the Alternative Fuels Data Center, providing
information about Clean Cities’s projects, designations, and conferences as well as up-to-date information about
developments in the alternative fuels industry.
The Fuels Fix
The quarterly ezine from the Clean Cities Coordinators in the Southeast.
Fleets & Fuels A biweekly newsletter highlighting AFV news and info.
The NGV Forum
NGVAmerica’s national news and dialogue service for the natural gas vehicle industry.
NGT News
Next-Gen Transportation is an alternative fuels news site.
NGV Global
International news service of NGV Global, the International Association for Natural Gas Vehicles.
Research and Development
Gas Technology Institute
Navigant Research, Alternative Fuel Vehicles
U.S. LNG Fuel Production Plants
This regularly updated information service of NGVAmerica and Zeus Intelligence provides information on U.S. LNG
facilities with the capability to offload LNG into trailers for truck delivery.
California NGV-Related Information
California Air Resources Board (CARB)
California Energy Commission’s AFV Site
California Natural Gas Vehicle Coalition California NGV Partnership
International NGV Associations
NGV Global, International Association for Natural Gas Vehicles
Environmental Web Sites Addressing NGV Issues
Energy Vision
Environmental Defense
Natural Resources Defense Council
Union of Concerned Scientists
The World Bank Group
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Appendix 1 – Natural Gas Vehicle Emissions and Climate Impact Analysis
A-1. Establishing a Risk Management Assessment Framework Relative to the Global Warming
Potential (GWP) of Methane and Carbon Dioxide: The concept of Global Warming Potential (GWP has
been developed to enable comparison of the ability of each greenhouse gas to trap heat in the
atmosphere relative to the performance of the largest anthropogenic greenhouse gas, which is carbon
dioxide (CO2) over a specified time horizon. To enable this comparison, greenhouse emissions are
typically calculated in terms of how much CO2 equivalent (or CO2e) would be required to produce a
similar warming effect oven the chosen time horizon. Thus, GWPs are based on the heat-absorbing
ability of each gas relative to that of carbon dioxide (CO2), as well as the decay rate of each gas (the
amount removed from the atmosphere over a given number of years). Thus, GWPs are used to define
the impact greenhouse gases will have on global warming over different time horizons. To enable
standardized international reporting regimes, these time horizons are generally reported as 20 years,
100 years, and 500 years. For most greenhouse gases, the GWP declines as the time horizon increases.
This is because the greenhouse gas is gradually removed from the atmosphere through natural
mechanisms, and its influence on the greenhouse effect declines.30 Assigning a GWP value enables
policy makers to compare the impacts of emissions and reductions of different gases using a common
analytic framework.
The CO2 equivalent value used for comparisons among GHGs is developed by multiplying the amount of
gas by its associated global warming potential (GWP). The determination of a global standard for Global
Warming Potential is developed primarily through the mechanisms of the UN Intergovernmental Panel
on Climate Change (IPCC) via its periodic Assessment Reports, which delineate the required inventory
reporting framework under the United Nations Framework Convention on Climate Change (UNFCCC).
The most recent updates on the Global Warming Potential of various greenhouse gases was provided in
2013-14 via the Fifth Assessment Report (AR5). Each of these Assessment Reports are painstakingly
prepared over a five year period by thousands of scientists working in the collaborative international
UNFCCC framework. These global warming potential (GWPs) are then gradually adopted by national
regulators (such as the U.S. EPA) and by organizations that facilitate voluntary industry reporting efforts.
Methane is a significant contributor to the greenhouse effect and has been newly determined (via the
UN’s Fifth Assessment Report) to have a GWP of 86 over twenty years, when counting the influence of
carbon cycle feedbacks -- or a GWP of 84 without addressing carbon cycle feedbacks.31 Over a 100 year
timeframe, the Global Warming Potential of methane is 34 when including carbon cycle feedbacks, and
28 when excluding the feedbacks. (It is anticipated that most reporting regimes WILL incorporate the
more conservative approach that includes the carbon cycle feedbacks, which were newly introduced
into UNFCCC protocols via the Fifth Assessment Report.)
As noted above, this GWP factor means methane is approximately 86 times more heat-absorptive than
carbon dioxide per unit of weight when considered in a twenty year timeframe, and 34 times more heattrapping in a 100 year timeframe. For the 20 year timeframe, the GWP factor has been revised upward
from a previously assigned GWP factor of 25, representing a 40%+ increase in the potency assigned to
methane. This reflects new scientific research that more accurately captures the actual chemical
behavior of methane in the atmosphere. While this number may be revised in the future based on
30

Some GHGs – such as the chlorofluorocarbons (CFCs) however, have long atmospheric lifetimes, and their 100-year GWP may be greater than
their 20 year GWP. These GHGs are beyond the scope of this Plan.
31
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ongoing research, it is unlikely to be so substantially reassessed again soon.
While methane is thus a much more potent greenhouse gas than CO2 per unit of mass, when assessed
on a static basis, there is over 200 times more CO2 in the atmosphere by volumetric density. Currently,
global CO2 levels are over 380 ppm (parts per million) while methane levels are 1.75ppm. Hence, on a
snapshot basis, the aggregate amount of warming contributed by methane (shown by its chemical
designation CH4 in the chart below) is calculated at just 28% of the warming CO2 contributes. (This chart
provides a quick snapshot of all the influences on global warming as expressed via the “radiative
forcing” or heat-trapping impact of each greenhouse gas, with temperature impacts in centigrade shown
on the vertical axis.)

SOURCE: https://www.skepticalscience.com/methane-and-global-warming.htm
A strong case for utilizing the 20-year vs. the 100 year Global Warming Potential timeframe to evaluate
climate impacts has been made by many scientists and policy analysts who note that, per the warnings
of the UN IPCC and other scientific bodies, we may be only a few years away from crossing “points of no
return” for key climate impacts. These impacts include the irreversible loss of enough ice on Greenland
and Antarctica to raise sea levels 40 feet or more, of which six to ten feet or more is considered possible
during this century based on a “business as usual” emissions scenario and a high level of climate
sensitivity, according to recent research and testimony by James Hansen, former NASA Chief Climate
Scientist. An even more serious tipping point on the immediate horizon is large-scale release of frozen
methane trapped in bubbles underneath the Arctic ocean and in terrestrial permafrost. A sudden largescale increase in natural methane emissions could result in a dramatic “temperature pulse” that would
send global warming impacts into a zone of serious and immediate danger for human sustainability.32
Recent studies estimate that not less than 1,400 gigatons of carbon is presently locked up as methane
and methane hydrates under the Arctic ocean and tundra (which represents approximately double the
32

“Arctic Methane Release” in Wikipedia, https://en.wikipedia.org/wiki/Arctic_methane_release
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700 gigatons of CO2e current human-caused or anthropogenic atmospheric accumulations. By way of
comparison, humans are currently emitting about 36 gigatons of CO2e per year as of 2013-14, with
increases of 3%+/year compounded over recent years). Moreover, 5-10% of this area is subject to
puncturing by unfrozen layers of ground or water within the permafrost that are known as taliks. They
conclude that "release of up to 50 gigatons of predicted amount of hydrate storage [is] highly possible
for abrupt release at any time".33 A sudden release of methane at this scale would increase the methane
content of the planet's atmosphere by a factor of twelve.34 Recall that a gigaton of methane would be
84 times more potent in its global warming potential over twenty years than the equivalent in CO2e,
and 100 times more potent in the five year timeframe.
In 2008, the United States Department of Energy National Laboratory system identified potential
methane clathrate destabilization in the Arctic as one of the most serious scenarios for abrupt climate
change, as noted in a U.S. Climate Change Science Program report in late December 2008.35 Scientific
consortia such as the Arctic Methane Emergency Group present an updated (and even more alarming)
view of the data on sudden methane releases than the conservative projections characteristic of the
IPCC. These warrant the attention of policymakers and the general public in light of consistent
underestimates of warming trajectories in past IPCC reports.36 Of particular note is the work of the
advisory group, Climate Code Red, which published in 2015 a new summary of global “climate math”
that takes into account a broader range of natural climate feedback loops and more recent data that
were not included in the 2013-14 Assessment Report 5 (AR 5) of the UN’s International Panel on Climate
Change (IPCC).37
When assessing methane or other GHG impacts, the choice of time horizon should be informed by
climate sensitivity thresholds. At the Copenhagen and Paris meetings of the UNFCCC, the importance of
the threshold of 1.5 degrees – 2 degrees centigrade of potentially “allowable” global warming was
formally acknowledged by the world community as the point beyond which runaway climate change will
pose unacceptable risks to the human future. The aggregate additional carbon “budget” for maintaining
the climate system below the 1.5 degree to 2 degree C. threshold has been variously estimated at zero
gigatons (for maintaining the earth’s average temperature increase below 1.5 degrees C.) to 565
gigatons (for maintaining the two degrees C. threshold). At present rates of CO2e emissions (~36
gigatons annually) even the more generous 565 gigaton limit will be reached by 2028.38 After that, the
earth will need to be net carbon neutral (or negative) in terms of human-caused emissions to maintain a
livable climate for future generations.
Whether international policy makers adopt the 1.5 degrees centrigrade target or the 2 degrees
centrigrade target is yet to be determined. Thus far, with just over 400 ppm of CO2e in the atmosphere,
the average temperature of the planet has been raised approximately 0.8 degrees Celsius, which has
caused substantially more damage than most scientists expected just a few years ago. One third of
33

“Arctic Methane Release” in Wikipedia, https://en.wikipedia.org/wiki/Arctic_methane_release
N. Shakhova, I. Semiletov, A. Salyuk, D. Kosmach (2008), Anomalies of methane in the atmosphere over the East Siberian shelf: Is there any
sign of methane leakage from shallow shelf hydrates?, EGU General Assembly 2008, Geophysical Research Abstracts, 10, EGU2008-A-01526
35
CCSP, 2008: Abrupt Climate Change. A report by the U.S. Climate Change Science Program and the Subcommittee on Global Change Research
(Clark, P.U., A.J. Weaver (coordinating lead authors), E. Brook, E.R. Cook, T.L. Delworth, and K. Steffen (chapter lead authors)). U.S. Geological
Survey, Reston, VA. See also Susan Q. Stranahan (30 Oct 2008). "Melting Arctic Ocean Raises Threat of 'Methane Time Bomb'". Yale
Environment 360. Yale School of Forestry and Environmental Studies. May 2009.
36
See reports of the Arctic Methane Emergency Group at http://ameg.me
37
See David Spratt, “Recount: It’s time to ‘Do the Math’ Again,” Breakthrough, http://www.climatecodered.org/2015/04/its-time-to-do-mathagain.html
38
Bill McKibben, “Global Warming’s Terrifying New Math,” Rolling Stone, July 2012, http://www.rollingstone.com/politics/news/globalwarmings-terrifying-new-math-20120719
34
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summer sea ice in the Arctic has disappeared, the oceans are 30 percent more acidic, and the
atmosphere over the oceans is five percent wetter, which is producing devastating floods in some parts
of the world. Changes in the jet stream due to warmer air and water over the Arctic has created blocking
patterns that are believed responsible for much of the persistent drought in the western U.S. and many
other areas of the globe – threatening global food security. Given these impacts, many leading scientists
believe two degrees is too lenient a target, and that any substantial risk of exceeding 1.5 degrees of total
warming must be avoided.
That said, achieving less than a 10% risk of exceeding even the higher 2 degree target, for example, will
require near zero new net emissions for industrial economies, beginning almost immediately and
“locking down” by 2028. Achieving zero net new emissions would also require immediate carbon
sequestration efforts (e.g., via increased use of biochar and revised agricultural practice, carbon
absorbing algae, and new strategies such as geoengineering – if feasible -- to reflect more of the light
and heat entering the atmosphere.) This would also require dramatic retooling of energy systems and
radical energy efficiencies on the order of the economic mobilization in World War II.
Determining a Risk Management Approach to GHG Impacts: In the face of stark evidence of the dire
impacts of a runaway climate, combined with the uncertainties that exist around “upper limits” -- policy
making in the climate domain has been increasingly framed in risk management terms. Carbon budgets
are particularly amenable to risk management analysis. Simply put, the more fossil fuel emissions are
allowed in the carbon budget, the higher the risk of exceeding 1.5. - 2°C of warming, and enduring the
attendant climate destabilization. The smaller the budget, the lower the risk of failure. As some analysts
have pointed out, carbon budget math can also be analogized to human blood alcohol impacts: the
more alcohol in the system, the more likely a crash. In the IPCC’s most recent assessment, the carbon
budget for 2°C is considered to be 1420 gigatons of CO2 for a 66% risk of exceeding the target, but 1000
gigatons of CO2 for a 33% risk of exceeding the target. In 2009, the climate activist organization 350.org
began utilizing the number of 565 gigatons based on analysis of the 40 climate models used in the IPCC
modeling to arrive at a number with an 80% likelihood of success. (Of course, as Bill McKibben noted,
that is equivalent to the odds of losing at Russian roulette with a six-shooter – not a very robust risk
management approach, but far better than a 66% change of failure!) Moreover, various authoritative
reports – notably the 2012 Report for the World Bank by the Potsdam Institute for Climate Impact
Research and Climate Analytics -- predicts that current emissions trendline (absent dramatic new
measures) put us on track for a temperature increase between 4˙ and 6˙C by 2100.39
What are the risks of the current emissions pathway? The most widely cited and authoritative report on
this subject is generally regarded as the 2007 Stern Review on the Economics of Climate Change -- a 700page report released for the British government by economist Sir Nicholas Stern and a team of scientists
convened by the Treasury Ministry of the United Kingdom. Stern is chair of the Grantham Research
Institute on Climate Change and the Environment at the London School of Economics and also chair of
the Centre for Climate Change Economics and Policy (CCCEP). In this report, Stern warned that: "The
annual flow of emissions is accelerating, as fast-growing economies invest in high carbon infrastructure
and as demand for energy and transport increases around the world. The level of 550ppm CO2e could
be reached as early as 2035. At this level there is at least a 77% chance - and perhaps up to a 99%
chance, depending on the climate model used - of a global average temperature rise exceeding 2˙C by
the end of the century, giving at least a 50% risk of exceeding 5˙C global average temperature change
39

World Bank Group. 2014. “Turn Down the Heat: Confronting the New Climate Normal.” Washington, DC: World Bank.
https://openknowledge.worldbank.org/handle/10986/20595
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during the following decades. This would take humans into unknown territory.”40 According to the Stern
report and other scientific research, the “unknown territory” includes:
§ persistent drought
§ global food insecurity
§ multi-meter sea level rise requiring evacuation or rebuilding of coastal cities
§ a substantial increase in wildfires
§ extreme weather phenomena including floods and hurricanes.
§ the Stern Review indicates that this level of emissions would cost 20% or more of global GDP
By contrast, it is estimated that the all-out effort needed to prevent runaway climate change would
require an investment of 2% of annual global GDP, effective immediately.
The Importance of Methane Mitigation: To further understand the importance of methane, it is
necessary to break down the IPCCs “representative concentration pathways” (RCPs) for carbon dioxide
vs. methane by time period. NASA’s former Chief Climate Scientist, James Hansen noted in a 2007 paper.
(Note that “non-C02 forcings” referenced below include methane emissions and black carbon as the
most important.)
Non-CO2 climate forcings are important, despite the fact that CO2 is the largest human-made climate
forcing. Indeed, expected difficulties in slowing the growth rate of CO2 and eventually stabilizing
atmospheric CO2 amount make the non-CO2 forcings all the more important. It now appears that only
if reduction of the non-CO2 forcings is achieved, and CO2 growth is slowed, will it be possible to keep
global temperature within or near the range of the warmest interglacial periods. The most important
‘non-CO2 forcings’ for short term climate influence are methane and black carbon (fine particulate
carbon). Despite the fact they aren’t nearly as important as carbon dioxide in the long run their
mitigation holds significant short term potential as well as promise of health and agricultural benefits.41
In a 2012 study on mitigation pathways entitled Simultaneously Mitigating Near-Term Climate Change
and Improving Human Health and Food Security mitigation strategies addressing carbon and methane
could potentially slow warming over the coming decades, when combined with CO2 mitigation
approaches as noted in the graph below, which correlates emissions with their global warming potential
over relevant near-term timescales.

40

Bill McKibben, “Global Warming’s Terrifying New Math,” Rolling Stone, July 2012, http://www.rollingstone.com/politics/news/globalwarmings-terrifying-new-math-20120719
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Because methane has a large reduction potential and cost-effective mitigation technologies are
available now, many climate policy strategists are beginning to focus on methane, black carbon, and
other highest-global warming potential GHGs to produce the greatest CO2 equivalent reductions
possible in the near-term (the next 20 years) This strategy requires reducing reliance on natural gas as a
primary energy and transportation feedstock wherever cleaner alternatives are available (including
renewable biofuels as well as renewable electricity); and utilizing all available technologies to minimize
existing methane leakage from the fuel supply chain, and from agricultural, livestock, and landfill
sources.42
In summary, given the imminent crossing of key climatic tipping points, and the potential of methanerelated policies to substantially exacerbate or mitigate global warming, it is recommended that policy
makers and other stakeholders utilize the 20-year Global Warming Potential timeframe for assessing
the potential shift to natural gas from other fuel sources.
A-2. Using “Breakeven Leakage Rate” to Guide Natural Gas vs. Diesel Fuel Pathway Choices : Given
the importance of methane leakage in establishing an accurate global warming impact assessment of
natural gas, in the UC Davis report and other analyses, scientists are using a framework called the
breakeven leakage rate (BLR) to guide fuel pathway development policies. This is defined as “the
maximum acceptable upstream methane leakage rate at which the combined warming effects of
CH4 (methane) and CO2 from natural gas balance out the combined effects of CO2 and CH4 of the
fuels it substitutes.”43 To provide policy-makers with a more nuanced understanding of the issue, the
UC Davis report provides access to the full model and its sensitivities and uncertainties, rather than
42

“Methane Emissions in Context,” from Shrink That Footprint, accessed July 2015, http://shrinkthatfootprint.com/methane-emissions-incontext.
43
Rosa Dominguez-Faus, Ph.D., “The Carbon Intensity of NGV C8 Trucks,” UC Institute for Transportation Studies, March 2015, p. 6.
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establishing a single determinant of the appropriate leakage rate. Establishing a single number will be
the responsibility of EPA and CARB, based on analysis that is still ongoing as of early 2016 and will
remain the subject of continuous refinement for some time to come. However, by referencing the
authoritative meta-analysis of leakage rates performed to date, the UC Davis report helps frame a
conservative approach for policy-makers to guide near-term planning, and inform stakeholder input to
the policy process.
As noted above, the UC Davis analysis utilizes the 2014 version of Argonne’s GREET1 model to calculate
the warming impact of natural gas in various transportation applications. The key unit in the analysis is
the carbon intensity (CI) of natural gas defined as grams of CO2 equivalent emitted per mile driven
(gCO2e/mi). The GREET 1 model uses the latest IPCC figures for the 20-year Global Warming Potential of
methane (86 – meaning that methane is 86 times more potent per gram than CO2 over a 20 year
timeframe), while it uses the 100 year GWP figure of 30. (Note that if expected carbon cycle feedbacks
are included in this calculation, the 100 year GWP increases to 34). To review the GWP “math” -- in the
twenty year timeframe, one gram of methane emitted today would have created the equivalent
warming of 86 grams of CO2 emitted today -- but in 100 years it will have the effect of only 30 grams of
CO2 emitted today.
The UC Davis researchers note that their calculations using the national GREET-1 standard differ very
slightly from the CA-GREET standard used to assess fuel carbon intensity -- due to the choice of the
functional unit used for the analysis. The CARB analysis using CA-GREET to assess fuels for the LCFS is
targeted to fuel producers – and thus the LCFS lookup tables show the carbon intensities of fuels
expressed as grams of carbon dioxide equivalent per Mega Joule (gCO2e/MJ) of energy. In the UC Davis
study and in the GREET-1 model, the carbon intensity of NGVs is expressed as grams of carbon dioxide
equivalents per mile driven (gCO2e/ mile) -- thus incorporating relative vehicle efficiencies in the metric.
According to the study authors when the LCFS values are translated to gCO2e/mile, the CA-GREET values
are close to the values presented in the UC Davis study.44 We will return to this
A-3. The Role of Methane Leakage in the Determination of Natural Gas Climate Impacts: New
research into methane leakage rates is taking place at multiple levels of government, research
universities, and in the private and NGO sector. However, this research will not likely result in a fixed
methane leakage rate that will persist for years at the same level – as there are also ongoing efforts to
mitigate fugitive methane emissions and thus reduce the methane leakage rate over time. Some of
these efforts are coordinated by the Environmental Defense Fund, which has linked universities,
natural gas producers, and utilities to collaboratively assess the extent of methane leakages
throughout the natural gas supply chain. 45 Studies on the new baseline leakage rate are beginning to
be released and will inform ongoing revisions of CARB carbon intensity values identified for the LCFS. In
addition, new initiatives to mitigate the leakage rate – including the EPA’s voluntary Natural Gas Star
Producer program -- are being upgraded as new (mandatory) regulations are in the development phase
by the EPA. Given that it may be a considerable period of time before methodological issues about
methane leakage rates are fully resolved, local policy makers need to be generally aware of methane
assessment issues, as new data could invalidate previously held assumptions about the relative
impacts of natural gas and diesel fuels.
According to the EPA’s 2014 Greenhouse Gas Inventory, the natural gas system leaked about 1.12%
44
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Environmental Defense Fund, “What Will It Take to Get Sustained Benefits From Natural Gas?” http://www.edf.org/methaneleakage.
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system-wide as a national average -- from which 0.2% results from pre-production (i.e., drilling and
fracking), 0.4% result from production, 0.2% from processing of gas, and 0.7% from transmission and
distribution.46 By contrast (as noted in Chapter 5 of the AFV Readiness Plan) an authoritative metaanalysis of 20 years of scientific literature, published in 2014 in the peer-reviewed journal Science by
Brandt et al., concludes the actual leakage rate is most likely between 1.85 - 2.95%.47 Reasons for the
substantial discrepancy between the 2014 EPA inventory and other non-EPA inventories include the
following:
§

EPA has excluded leaks from the three million abandoned oil and gas wells in the United
States. Further, the inventory of abandoned wells is growing rapidly due to the fracking boom,
in which fracking operators are drilling increasing numbers of wells per unit of gas extracted
due to the fact that the most productive locations are typically drilled first.48

§

EPA includes in its dataset only companies participating in the voluntary GasSTAR best practice
production program. An analysis by Environmental Defense Fund demonstrated that this
exclusion is skewing data because a small number of “bad operators” who do not participate in
this program are responsible for a large share of methane leaks. 49

§

Both the EPA and the meta-analysis in Science exclude leaks from refueling stations or vehicles,
which are certain to be non-zero.

In light of the factors identified above, policy-makers favoring a precautionary approach would likely
choose the higher value of ~3% as an appropriate “breakeven leakage rate” at which natural gas
powered vehicles are environmentally preferable to diesel. Of course, any such well-to-wheels
calculation performed at a fleet level (where specific vehicle and fuel types are known) also needs to
take into account the differential emissions rates of different diesel engines as well as any known
variation in the fuel supply change, such as potential utilization of biogas.
A-4. The Emissions Profile of Emerging Natural Gas Engine Technologies: As is the case with all vehicle
technologies, natural gas engine development is in a highly dynamic state. To summarize, there are
three important technologies to consider when assessing cleaner diesel technologies: compression
ignition (Ci) engines, spark ignition (Si) engines, and High-Performance Diesel Ignition (HPDI) engines. As
the names indicate, spark-ignition engines are internal combustion engines in which the combustion
process of the air-fuel mixture is ignited by a spark from a spark plug. In compression-ignition engines,
the heat generated from compression together with the injection of fuel is sufficient to initiate the
combustion process, without needing any external spark. The High Performance Diesel Ignition
technology combines a diesel ignition stage with a natural gas engine, utilizing the same diesel
thermodynamic cycle used by diesel fuel. Spark ignition engines are currently standard in the industry.
However, both Compression Ignition and High Performance Diesel Ignition engines are in advanced
development and are expected to deliver significant efficiency improvements.
According to the UC Davis study on NGV truck emissions, these technologies produce the following
46
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Most importantly, an accurate assessment of the impact of abandoned wells will encourage appropriate regulation to reduce their emissions
and preserve the integrity of natural gas as a “cleaner fuel” than coal, for example, as it pertains to electric generation or other applications. A
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efficiencies and emissions.
§

Spark ignition (Si) engines can run on LNG or CNG. Based on the 100 year global warming
timeframe (which understates near-term impacts), and a scenario of 3% methane leakage, an Si
engine would produce 13% more carbon emissions than diesel when running on LNG, and 23%
more when running on CNG.

§

Compression ignition (Ci) engines are about 10-15% more efficient than Spark ignition (Si)
engines. However, the Ci models at this time are more expensive -- and production by a joint
venture between Cummins and Westport is currently suspended due to lack of customer
interest and the high cost to officially certify environmental compliance. It is anticipated that
compression ignition engine production will restart in coming years, particularly if the price
differential between natural gas and diesel fuel increases.

§

High efficiency HPDI or High Performance Diesel Ignition: This technology is currently being
developed by Westport in collaboration with Cummins and the Chinese engine supplier Weichai.
The technology is being developed primarily for deployment in Class 8 (C8) natural gas trucks
and can run on CNG or LNG, although fuel economy and emission performance will be superior
on LNG. With the 100 year timeframe and 3% leakage scenario, an HPDI natural gas engine
would produce 2% more carbon emissions than a diesel truck. However, HPDI environmental
performance on key criteria pollutants, including Particulate Matter (PM), is also superior to
both spark ignition and compression ignition technologies.
According to Westport, the HPDI Diesel cycle is inherently more efficient than the so-called Otto
thermodynamic cycle used by spark ignited (SI) gasoline and natural gas engines. in SI gasoline
and natural gas engines, air and fuel are pre-mixed before entering the combustion chamber,
which can cause engine knock to occur unless a lower compression ratio is used, resulting in
lower energy efficiency and higher emissions. To enhance efficiency and emissions performance,
the Westport HPDI uses natural gas as the primary fuel along with a small amount of diesel as an
ignition source. The two fuels are not pre-mixed with the intake air before they enter the
combustion chamber -- so there is no risk of engine knock and therefore no need to lower the
compression ratio and peak torque output. Compared to diesel fuel, this directly injected
natural gas burns with a lower adiabatic flame temperature and has a low propensity to the
formation of carbon particles and therefore offers inherent nitrous oxide (NOx) and particulate
matter (PM) emissions benefits.50

A-5. Summary of Diesel vs. Natural Gas Carbon Emissions Using the 100 Year Global Warming
Timeframe and the 3% Leakage Rate: The UC Davis report provides policy makers with a range of
analyses of diesel vs. natural gas engines, using both the 100 year and 20 year global warming
timeframe. However, the UC Davis analysis (without explanation) excludes the combination of a 3%
leakage rate and a 20 year GWP timeframe. This is unfortunate, given that this is a reasonable
“precautionary” analytic framework and consistent with evolving science now being integrated into
both the IPCC climate forecasts and EPA natural gas regulation. However, it is noteworthy that when
applying either the less conservative 100 year timeframe in combination with the more conservative
3% leakage rate or the more 20 year GWP timeframe and the EPA’s current 1.12% leakage rate,
natural gas trucks – even with the best-performing HPDI engines -- become clearly disadvantageous
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with respect to diesel trucks relative to carbon emissions alone (see panel 5 below). Of course,
natural gas vehicles do have important local emissions benefits relative to criteria pollutants, notably
the Particulate Matter that is especially significant in terms of public health impacts for children, the
elderly, and those with respiratory challenges. Further, the HPDI –equipped NGV truck is nearly the
equal of diesel from a CO2e perspective (but only on the 100 year timeframe), while being clearly
superior in criterial emissions performance. The various columns below show the impact of leakage
rates varying from 0% to 10% using the 100 year GWP framework, and show the results in a 20 year
GWP analysis using just the 1.12% leakage rate factor.

Source: “The Carbon Intensity of NGV C8 Trucks,” UC Institute for Transportation Studies, March 2015, p. 14.
Acronyms: Si = Spark ignition; Ci = Compression Ignition.

In their summary, UC Davis researchers conclude that natural gas can achieve lower carbon intensity
than diesel under current leakage assumptions of 1.12% only if a 100 year Global Warming
Potential timeframe is assumed – and only through the use of the high efficiency engines such as the
HPDI (which is expected to be available later in 2016) but not with less efficient Si engines. However,
applying the leakage rate of 3% or higher (as suggested by the recent meta-analysis published in
Science) would make all types of natural gas engines undesirable from a climate stability perspective,
even with the 100 year GWP. Using the 20 year GWP, natural gas is even more problematic. In the
event that a 0% leakage rate is achieved across the entire natural gas fuel supply chain, then trucks
utilizing LNG fuel and compression ignition technology would yield a 4% advantage over the diesel
baseline under the 100 year assessment. However, it is not likely to be technically or economically
feasible to achieve a 0% leakage rate given the challenges of locating, sealing, and maintaining the
more than three million abandoned oil and gas wells in the U.S. alone.
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Establishing the “Breakeven Point” for Natural Gas Vehicle Emissions Under Varying Methane Leakage
Rates and Dynamically Changing Engine Technologies: It should be emphasized that nothing in the
natural gas vehicle ecosystem is static – methane leakage rates at various points on the production and
supply chain will almost certainly change, vehicle engine efficiencies will change, and the emissions
profile of diesel and other alternative fuels will change. To serve the analytic process under these
dynamic conditions, UC Davis researchers provide a chart showing the effect of greater or lesser
methane leakage across the fuel supply chain. This analysis pinpoints the “maximum acceptable”
upstream methane leakage rate at which the combined warming effects of methane and CO2 from
natural gas as a transport fuel are equal to the combined effects of CO2 and methane of the fuels it
substitutes, in this case, diesel. In the 100 year time frame considered here, leakage rate below 2.8%
justify a switch to natural gas powered heavy-duty trucks only if they use HPDI technology and LNG
storage. The feedstock pathway of LNG produces lower emissions and lower sensitivity to leakage as it
bypasses the local natural gas pipeline distribution system.

Source: “The Carbon Intensity of NGV C8 Trucks,” UC Institute for Transportation Studies, March 2015, p. 16.
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A-6. Prospects for Future Methane Leakage Reduction to Improve the Emissions Profile of Natural
Gas: According to the UC Davis analysis, natural gas can achieve lower carbon intensity than diesel
under current leakage assumptions of 1.12% with a 100 year GWP through the use of the high efficiency
engines such as the HPDI but not with less efficient Si engines. When using HPDI engines, natural gas will
be beneficial as long as leakage rate remains under 3% (though not with the 20 year GWP timeframe.)
Until HPDI technology can be widely adopted, natural gas production and distribution methane leakage
must be completely eliminated from the fuel supply chain (or biomethane sources must be used) for
today’s fleet of Si NGV trucks to have lower carbon intensity than standard diesel trucks.
A variety of technologies with short payback periods could achieve significant fugitive methane
reductions at different stages of the natural gas supply chain, as demonstrated under the EPA Natural
Gas STAR program. However, until all operators are required to implement best available technology to
reduce methane leakage, the theoretical opportunity for improvements are not likely to be realized.
Further, the leakage associated with abandoned wells may require a kind of Superfund program for
methane, which has yet to be developed.
In light of the above factors, local policy makers are advised to maintain a close watch on developments
in the methane leakage issue, and to seek out authoritative, peer-reviewed, and independent analyses
to supplement state and federal data sources when assessing the environmental benefit of shifting from
diesel to natural gas fuels and vehicles.
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