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PREFACE

Assembly Bill 118 (Nunez, Chapter 750, Statutes of 2007), created the Alternative and
Renewable Fuel and Vehicle Technology Program (ARFVT Program). The statute, subsequently
amended by AB 109 (Nufez) Chapter 313, Statutes of 2008), authorizes the California Energy
Commission to develop and deploy alternative and renewable fuels and advanced
transportation technologies to help attain the state’s climate change policies. The Energy
Commission has an annual program budget of about $100 million and provides financial
support for projects that:

Develop and improve alternative and renewable low-carbon fuels.

Enhance alternative and renewable fuels for existing and developing engine technologies.

Produce alternative and renewable low-carbon fuels in California.

Decrease, on a full-fuel-cycle basis, the overall impact and carbon footprint of alternative
and renewable fuels and increase sustainability.

Expand fuel infrastructure, fueling stations, and equipment.

Improve light-, medium-, and heavy-duty vehicle technologies.

Retrofit medium- and heavy-duty on-road and nonroad vehicle fleets.

Expand infrastructure connected with existing fleets, public transit, and transportation
corridors.

Establish workforce training programs, conduct public education and promotion, and
create technology centers.

The Energy Commission issued solicitation PON-13-603 to provide funding opportunities
under the ARFVT Program for the development of Alternative Fuel Readiness Plans. To be
eligible for funding under PON-13-603, the projects must also be consistent with the Energy
Commission’s ARFVT Investment Plan, updated annually. In response to PON-13-603, the
recipient submitted an application, which was proposed for funding in the Energy
Commission’s Notice of Proposed Awards May 9, 2014, and the agreement was executed as
ARV-13-018 on June 26, 2014.
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ABSTRACT

In light of the importance of addressing climate change impacts caused by transportation fuels,
and in the interest of preparing for fast growing alternative fuel vehicle technologies, the City
and County Association of Governments of the County of San Mateo have undertaken the
preparation of an Alternative Fuel Readiness Plan. This document will serve as guidance to
public agencies, private companies, and individuals regarding the incorporation of alternative
fuel vehicles and alternative fuel infrastructure into San Mateo County. This Plan provides an
overview of each alternative fuel and presents the motivations for having an alternative fuel
readiness plan, including existing legislation and incentives, environmental benefits, and
economic factors. The growth of the alternative fuel market will depend on having sufficient
refueling infrastructure and affordable and desirable alternative fuel vehicle options.
Governments can help with infrastructure development and vehicle purchasing through
incentives, funding, regulations, and outreach and education programs. The Plan lays out a
number of policy options for local governments to consider. This may include zoning plans,
streamlined permitting, coordination with other agencies to increase government fleet
alternative fuel vehicle purchases, and regional siting plan development. The Plan also presents
outreach strategies and marketing materials, and provides aggregated training resources for
emergency personnel. An analysis of future vehicle populations and fuel demand in San Mateo
County was performed, and showed that while gasoline demand will decline, demand for all
forms of alternative fuels used in vehicles will increase, and will require a corresponding
increase in public refueling dispensers. Local governments will be best prepared for this
increase if they begin to plan for alternative fuel readiness now.

Keywords: Alternative fuel, readiness plan, San Mateo County, C/CAG, public policy,
infrastructure planning, electric vehicle supply equipment, zero emission vehicle

Please use the following citation for this report:

Last name, First name, Second author, Third author. (Life Cycle Associates). 2016. Alternative
Fuel Readiness Plan for San Mateo County. California Energy Commission. Publication
Number: CEC-XXX-XXXX-XXX.
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EXECUTIVE SUMMARY

The transportation sector is a large contributor to California’s greenhouse gas (GHG) emissions,
accounting for about 40% of total GHG emissions per year (CaFCP, 2012). California has
ambitious goals and targets for reducing its climate change impacts in the next twenty five
years, and meeting these will require reducing the emissions from transportation. A key aspect
of California’s plan for achieving these reductions is an increase the use of non-gasoline or
diesel alternative fuels in passenger vehicles and trucks.

In light of the importance of addressing the climate change impacts caused by transportation
fuels, and in the interest of preparing for fast growing alternative fuel vehicle technologies, the
City and County Association of Governments of San Mateo County (C/CAG) has undertaken
the preparation of an Alternative Fuel Readiness Plan. This document will serve as guidance to
public agencies, private companies, and individuals regarding the incorporation of AFVs and
alternative fuel infrastructure (AFI) into San Mateo County.

Policy Background

California has enacted a series of laws and executive orders over the past decade regarding its
environmental and climate change goals. These goals motivate many of the initiatives now
driving alternative fuel vehicle and infrastructure development in California. They include
GHG emission reduction targets, zero emission vehicle goals, and renewable electricity
requirements. California will achieve these goals through a mix of incentives, grant and funding
opportunities, and legal requirements. So far, California is on track to meet or exceed its 2020
goals of a reduction in GHGs to 1990 levels and an electric grid that is 33% renewable (Clegern,
2015). The Bay Area also expects to exceed its sustainable community goal of a 7% per capita
reduction in GHGs from cars and light-duty trucks by 2020.

Alternative fuel readiness requires a comprehensive understanding of the current state of
alternative fuels in San Mateo County, expected future demand for alternative fuels, and new
policies, strategies, and educational plans to address this changing landscape. Integrating
alternative fuels into the current mix will require overcoming a number of challenges, including
differences in retail cost from fossil fuels, demand for increased availability of refueling
infrastructure, the need to adapt local rules and regulations for alternative fuels, and the need to
educate consumers and government officials on the benefits of alternative fuels and the
incentives available to support them. This plan provides the information to address many of
these challenges.

Scope of the Plan

The Alternative Fuel Readiness Plan for San Mateo County covers the following topics:

e Background information about alternative fuels and alternative fuel vehicles, including
federal and state legislation, existing programs to increase alternative fuel use.

e Alist of all the federal, state, and local programs and incentives for alternative fuels.

e The challenges to the growth of the AFV market and its supporting infrastructure.
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e Local policy options to increase the use of alternative fuels.

e Training recommendations and resources for government employees and safety
officials.

e Outreach and communication strategies to raise awareness about alternative fuels.

e Fuel, vehicle, and infrastructure demand projections for San Mateo County between the
years 2015 and 2030.

e Next steps for implementing alternative fuel readiness in San Mateo County.

Alternative Fuel Demand in San Mateo County

Life Cycle Associates modeled the expected changes in San Mateo County’s vehicle populations
through 2030 based on purchasing trends and regulatory mandates. The California Air
Resources Board’s EMFAC 2014 model was used to estimate the number of AFVs that will be
registered in San Mateo County through 2030 and fuel volumes in million gallons per year
(MGY) of diesel or gasoline equivalent (CARB, 2014a). Fuel demand for hydrogen fuel cell
electric vehicles and plug-in electric vehicles is expected to grow quickly, although it will
remain a small %age of total vehicle fuel demand. Renewable diesel, biodiesel, and ethanol
volumes are presented here as isolated fuels, but will primarily be blended into gasoline and
diesel in practice, and are also expected to grow in volume. Natural gas shows considerable
growth due to increased use in large vehicles and trucks. These expected changes are illustrated
in Figure 1.

Figure 1. Projected Fuel Demand
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Policy Options to Increase the Use of Alternative Fuels

AFVs offer many advantages over conventionally fueled vehicles, such as reduced GHG
emissions, lower noise pollution, and less smog and other air pollutants. As with any new
technology, the adoption of AFVs faces some obstacles. Our research shows that the challenges
facing AFV adoption, AFI development, and local readiness for AFVs fall into four main
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categories: economic, technical, regulatory, and educational. Many of these challenges can be
addressed through effective government policies.

One obstacle is that up-front vehicle prices tend to be higher for alternative fuel than
conventional vehicles. To help attract consumers, federal tax credits are available for plug-in
electric vehicles that range from $2,500 to $7,500, and state and local rebates are available for
plug-in and hydrogen fuel cell electric vehicles that range from $900 to $5,000. Vehicle rebates
are one of many types of incentives that exist to encourage the production and distribution of
alternative fuels and the purchase of alternative fuel vehicles.

Technical challenges like infrastructure density, driving range, or refueling time are currently
being addressed in research efforts from the private sector, which can be supported through
business friendly tax policies, public-private partnerships, and streamlined permitting for
alternative fuel infrastructure construction.

Local governments also have an important role to play in developing regulations that
encourage the use of alternative fuels, such as adopting new standards and codes for alternative
fuels. In addition, governments can launch outreach and educational campaigns to increase
awareness of alternative fuels by consumers, investors, emergency response personnel, and
other agencies.

Training Resources

Many stakeholders and obligated parties, such as vehicle operators, first responders, and
government officials are unfamiliar with the specific techniques and practices needed for safe
vehicle operation, maintenance, and refueling. In the coming years, it will be increasingly
important for them to become familiar with:

e Alternative fuel properties

e Codes, standards, and signage rules

e Infrastructure and facility requirements

e Safety and permitting guidelines

e Environmental and health considerations
e First responder training protocols

Retail and Infrastructure Plan

Ideally, distribution of alternative fuel infrastructure will be planned so as to allow all of San
Mateo County’s residents to have convenient access to these fuels without oversaturating the
market in any one area. Desirable public refueling site qualities include:

e High residential density

e High commercial density

e Proximity to major roads and highways

e Reasonable driving distance between refueling stations of the same type
e Accessibility to low-density tourist destinations like beaches, parks, etc.

13



Public agencies can choose to play a role in achieving optimal public refueling accessibility. City
and County planners may emphasize the need for even distribution of refueling infrastructure
through new zoning laws and development plans. Agencies can also collaborate throughout the
region to develop integrated infrastructure siting plans.

This study finds that demand for all types of alternative fuels will increase in San Mateo County
between 2015 and 2030, and that this will necessitate the development of additional fueling and
charging stations. Gasoline volumes are expected to decrease by a third by 2030, so we estimate
that gasoline stations will decrease by the same amount. However, liquid fuels will replace
gasoline in some of those locations. Other stations may be retired or converted to new uses.
Electric vehicle charging infrastructure is expected to increase seven fold in residential locations
and by a factor of fourteen in work places. This is the alternative fuel that will see the fastest
rate of growth in number of stations. Natural gas, propane, and hydrogen stations are also
projected to increase in numbers throughout San Mateo County.

Conclusions & Next Steps

San Mateo County will be the site of significant growth in alternative fuel demand in the years
to come. Cities will be far more prepared for this increase if they consider its possible
requirements and impacts in advance. The first step is to understand the current state of
alternative fuels in California: what they are, how they work, what incentives are available for
them, and how they are regulated. The second step is for each government entity to consider
the role it chooses to play in their integration into the vehicle network of its fleets and its
residents. What policies and incentives should be offered to make alternative fuels more
available and appealing? Third, it is necessary to assess the local influx of alternative fuels that
is expected in the coming years. With this knowledge, cities can collaborate to develop siting
and zoning plans to ensure sufficient coverage of each fuel. And last but not least, cities need to
communicate these plans and this knowledge to residents, investors, and the community at
large.

Next steps for implementing the Plan may include:

1. Educate and train government staff on issues related to alternative fuels regulation.

2. Implement outreach and marketing strategies specified in the Plan.

3. Introduce initiatives to increase alternative fuel vehicle use in San Mateo County fleets.
4. Explore public-private partnership opportunities.

14



CHAPTER 1.
Introduction and Background Information

Transportation accounts for nearly 40 % of California’s total energy consumption and roughly
39 % of the state’s greenhouse gas emissions (CEC, 2013). Gasoline and diesel-powered vehicles
produce about 50% of California’s criteria pollutants and 38% of its greenhouse gas emissions
(CaFCP, 2012). For this reason, transportation related emissions have become a major focus of
California’s efforts to reduce its climate change impacts and other vehicular pollutants.
California has set ambitious statewide goals and targets for reducing its greenhouse gas
emissions (GHGs) and is employing a variety of strategies to achieve these goals, many of
which include reducing impacts from transportation. Cities and counties have an important role
to play in achieving these goals.

Climate change will have direct effects in San Mateo County. Rising sea levels could have
negative impacts on the Bay Area’s shoreline, a sensitive ecological area with desirable
waterfront property. Many utilities, such as waste water treatment plants and hazardous
material sites, may be affected by rising sea levels. Important aspects of the Bay Area’s transit
infrastructure, such as the San Francisco International Airport, Caltrain lines, and sections of
highway 101, are also vulnerable to sea level rise and floods. City and County infrastructure
and facilities at risk in San Mateo County from such a flood include:

e $23 billion worth of buildings, mostly along the Bay

e 492 miles of roadways

e 10 miles of railroads

e San Francisco International Airport (SFO), including the 31 MW United Cogen power
plant located there

e Wastewater treatment plants operated by the Cities of South San Francisco/San Bruno,
City of Millbrae, City of San Mateo, South Bayside System Authority, Mid-Coastside
Sewer Authority, and SFO (total treatment capacity of approximately 44 MGD)

e 78 EPA-regulated hazardous materials sites

e 34 square miles of coastal wetlands (C/CAG, 2015; Heberger, 2009).

The cities of Redwood City, Menlo Park, and East Palo Alto are at especially high risk of
damage from sea level rise (Kema Services Inc., 2012).A study performed by the Pacific
Institute, an Oakland-based non-profit, found that 110,000 people currently live in areas of San
Mateo County that are vulnerable to a 100-year flood event if water levels rise 1.4 meters rise
from current sea levels (Heberger, 2009). Such events will become more common with rising
baseline water levels. Increases in average temperatures are associated with more frequent heat
waves, and California will likely experience more droughts. Heat waves can create dangerous
conditions for vulnerable populations such as the sick, the elderly, and the homeless. These
factors are also associated with hotter and more frequent fires.
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Based on data provided by C/CAG's Regionally Integrated Climate Action Planning

Suite (RICAPS) project and the sum of 2010 community emission inventories of all cities in San
Mateo County, transportation is the source of approximately 55% of GHG emissions in San
Mateo County, as shown in Figure 2.

Figure 2. San Mateo County GHG Emissions for 2010
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The 2015 Draft Transportation Climate Action Plan (TCAP) CAP for San Mateo City and
County Association of Governments (C/CAG) sets a goal of reducing transportation-related
GHG emissions to 10% below a 2005 baseline by 2020 (C/CAG, 2015).

Alternative fuel vehicles (AFVs) offer an important option for reducing GHG emissions. They
allow for the continued use of personal vehicles but reduce the environmental impacts from
transportation throughout the state. In light of the importance of addressing climate change
impacts caused by transportation fuels, and in the interest of preparing for fast-emerging AFV
technologies, C/CAG has undertaken the preparation of an Alternative Fuel Readiness Plan.
This document will serve as guidance to both public agencies and private companies and
individuals regarding the incorporation of AFVs and alternative fueling infrastructure (AFI)
into San Mateo County.

Objectives

California has established ambitious climate change goals over the last decade through a variety
of laws and executive orders, including greenhouse gas reduction goals, renewable electricity
requirements, and zero emission vehicle infrastructure plans. These goals motivate many of the
initiatives driving alternative fuel vehicle and infrastructure development in California.
California’s climate change targets are summarized in Figure 3, and it is clear that many
changes will have to take place throughout the state if these goals are to be accomplished. This
will involve the participation of cities and counties, and will be achieved through a mix of

16



incentives, grant and funding opportunities, and legal requirements. So far, California is on
track to meet or exceed its 2020 GHG reduction goals. The Bay Area also has plans to exceed its
ARB appointed sustainable community goals of 7 % per capita reduction in GHGs from cars
and light-duty trucks by 2020.

California has enacted a series of laws and executive orders over the past decade supporting its
environmental and climate change goals. These goals motivate many of the initiatives now
driving alternative fuel vehicle and infrastructure development in California. California’s
various targets are summarized in Figure 3. They include GHG emission reduction targets, zero
emission vehicle population goals, renewable electricity requirements, and a 50% reduction in
overall petroleum use. The recent passage of SB 350 (Leon, 2015) sets ambitious interim targets
for 2030 of a 40% reduction in GHGs, 50% renewable electricity generation, a 50% energy
efficiency increase in buildings, and requires public utilities to invest in electric vehicle charging
infrastructure.

These will be achieved through a mix of incentives, grant and funding opportunities, and legal
requirements. So far, California is on track to meet or exceed its 2020 goals of a reduction in
GHGs to 1990 levels and an electric grid that is 33% renewable (Clegern, 2015). The Bay Area
also expects to exceed its SB 375 sustainable communities goal of a 7% per capita reduction in
GHGs from cars and light-duty trucks by 2020.
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Figure 3. Major Goals and Targets for Greenhouse Gas Reductions in California
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1. California Global Warming Solutions Act of 2006 (Assembly Bill 32 (AB 32); Stats. 2006 chapter 488).
http://lwww.leginfo.ca.gov/pub/05-06/bill/asm/ab_0001-0050/ab_32_bill_20060927_chaptered.pdf

2. Executive Order S-3-05. http://gov.ca.gov/news.php?id=1861.

3. Sustainable Communities and Climate Protection Act of 2008 (SB 375, Steinberg, Statutes of 2008).
http://lwww.leginfo.ca.gov/pub/07-08/bill/sen/sb_0351-0400/sb_375_bill_20080930_chaptered.html.

4. Executive Order B-16-12. http://gov.ca.gov/news.php?id=17472.

5. California Renewable Energy Resources Act (SBX1 2, Simitian, Statutes of 2011). http://www.leginfo.ca.gov/pub/11-
12/bill/sen/sb_0001-0050/sbx1_2_bill_20110412_chaptered.html.

6. SB 350, De Leon. Clean Energy and Pollution Reduction Act of 2015.

7. Executive Order B-18-12. http://gov.ca.gov/news.php?id=17508

8. AB 341, Chesbro, Statutes of 2011. http://www.leginfo.ca.gov/pub/11-12/bill/asm/ab_0301-
0350/ab_341 bill 20111006 chaptered.html.

9. Executive Order B-30-15. https://www.gov.ca.gov/news.php?id=18938
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Alternative Fuel Readiness Plan

This Alternative Fuel Readiness Plan (the “Plan”) is intended to provide guidance to the cities
and County of San Mateo regarding the introduction and scaling of alternative fuels used for
transportation. San Mateo County, as a whole, can expect AFV populations and alternative fuel
demand to rise in the coming decades. Adequate preparation at this time will allow San Mateo
County to capitalize on the benefits of new technologies and reduce friction as alternative fuels
are integrated into the county.

Alternative fuels can help San Mateo County achieve climate action mitigation goals and air
pollution targets. San Mateo County can encourage its residents to embrace AFVs by
implementing policies that incentivize purchase of AFVs or installation of AFI. San Mateo
County and its cities may also want to integrate the use of alternative fuels into their own
transit fleets. This Plan provides recommendations regarding policies and financing to enable
increased use of AFVs in San Mateo County.

San Mateo County could be subject to additional legal responsibilities or emission targets in
future climate change legislation. These may be in the form of expectations from the California
Air Resources Board (CARB) or the Bay Area Air Quality Management District (BAAQMD), or
statewide requirements such as road taxes, signage requirements, and comprehensive GHG
reporting. These goals will be much easier to achieve if the cities are already well-educated on
alternative fuels and have strategies in place for their increased use.

One important aspect of preparedness is to ensure that local codes and regulations are
appropriate for managing alternative fuels. The wording of fuel or vehicle related regulations
may be specific to conventional fuels. New codes and standards may need to be adopted in
order to accommodate alternative fuel producers, distributers, retailers, and vehicle owners.
Planners and building inspectors must be trained on these new rules, and they must be easy for
developers to follow.

The increased presence of AFVs and AFI will also require safety personnel to be properly
informed and prepare for new protocols. Fire officials need to be educated about the behavior of
different alternative fuels, and first responders must know about any safety concerns that are
particular to non-conventional vehicle fuels. Historically, emergency personnel have not
received sufficient training on alternative fuels, although the departments of San Mateo County
are already working to change this as a result of meetings associated with this Alternative Fuel
Readiness Plan.

In addition, San Mateo County potentially stands to gain both environmentally and
economically from being alternative fuel ready. San Mateo County will be better prepared to
capture these economic opportunities if it engages in a preemptive investigation of the costs and
benefits of alternative fuels. This Plan is intended to serve as a supportive tool for government
officials, planning officials, developers, residents, and commercial entities interested in
preparing for the increased use of alternative fuels in San Mateo County.

Each type of alternative fuel has a slightly different production, distribution, and use pattern.
Each fuel also affects activities in San Mateo County a little bit differently. Figure 4 displays the
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steps a fuel undergoes throughout its lifetime, the related activities occurring in San Mateo
County, and the scope of relevant government actions. Each fuel type passes through several
stages, starting with feedstock extraction and concluding with vehicle end use. This full chain of
activities is referred to as the “fuel pathway”. Understanding the fuel pathway allows us to
predict which activities could potentially occur in San Mateo County. For example, we can
probably expect there to be transportation of ethanol via truck or installation of charging
stations for electric vehicles. The government scope is defined by specifying all the
responsibilities the government could encounter with regard to the alternative fuel activity in
question.

Figure 4. Impact of Alternative Fuels on San Mateo County
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Legislative and Regulatory Background

Legislative and societal pressure to reduce transportation-related GHG emissions is increasing
at both local and national levels. At the Federal level, the Corporate Average Fuel Economy
(CAFE) standard and the Renewable Fuel Standard (RFS2) are the two primary initiatives that
encourage the sale and use of alternative fuels. The Federal Corporate Average Fuel Economy
(CAFE) standards are pushing car manufacturers to increase the efficiency of their vehicle fleets.
The Energy Independence and Security Act (EISA) requires an increase in fuel economy from
passenger cars and light trucks to a combined 35 miles per gallon (mpg) in 2016 and 54.5 mpg
by 2025, up from roughly 24 mpg in 2007 (EPA, 2012; NHTSA, 2012). Manufacturers can achieve
this fleet average by making more efficient gasoline and diesel cars, or by including AFVs in
their fleets. The Renewable Fuel Standard, another key federal initiative for alternative fuels,
requires transportation fuels sold in the United States to contain an annual minimum volume of
renewable fuels, which it partially achieves by issuing saleable renewable identification
numbers (RINs), which are similar to carbon credits.
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California is a national and global leader in its efforts to combat climate change. A variety of
California laws and executive orders have been passed to require or encourage the increased
deployment of AFVs inside the state. Some California laws have set statewide goals to increase
the number of AFVs being used and develop the infrastructure required to support them.
Statewide targets also have an indirect impact on cities and counties since increasing numbers
of AFVs will find their way onto roads throughout the state. Local governments and
municipalities will need to be prepared to accommodate these vehicles, and will have to meet
local and regional GHG and air quality requirements.

California was one of the earliest states to implement policies to address climate change.
California Assembly Bill 1493, known as the Clean Car Standards, was passed in 2002 and was
one of the first significant pieces of legislation in the country to attempt to quantify and regulate
GHG emissions from vehicles (AB 1493, Pavley, 2002).

In 2007, the California Assembly passed Assembly Bill 1007, a bill that required the State Energy
Resources Conservation and Development Commission, in partnership with all other relevant
state agencies, to develop and adopt a state plan to increase the use of alternative transportation
fuels (AB 1007, Pavley, 2007). The plan needed to include an evaluation of alternative fuels on a
full fuel-cycle basis assessing emissions of criteria air pollutants, air toxics, greenhouse gases,
water pollutants, and other substances that are known to damage human health, and to look for
ways to reduce oil consumption.

In 2005, Governor Arnold Schwarzenegger passed Executive Order (EO) S-3-05, in which he
laid out concrete GHG reduction goals for California. EO S-3-05 required that California reduce
its GHG emissions to 2000 levels by 2010 and 1990 levels by 2020. By 2050, the state aims to
reduce GHG emissions to 80% below 1990 levels. In 2007, he passed EO S-01-07, which further
expanded upon plans for climate change initiatives in California by setting a transportation
specific goal of reducing the carbon intensity of transportation fuels 10% by 2020 and laying out
the framework for the Low Carbon Fuel Standard (LCES).

Assembly Bill 32 (AB 32) translated these goals into law with the California Global Warming
Solutions Act of 2006, which committed the state to reducing annual GHG emissions to 1990
levels by 2020 (Nunez, 2006). It named the ARB to be the lead agency in charge of implementing
the law, and charged the ARB with developing a Scoping Plan and laying out the regulations
necessary to establish and enforce a market-based carbon reduction mechanism.

The market-based mechanism that was put in place is California’s Cap and Trade program. Cap
and Trade sets annual statewide limits on GHG emissions and distributes or auctions off carbon
emission allowances to obligated parties. The limits apply to sources that are collectively
responsible for 85% of the state’s GHG emissions, meaning that the vast majority of emissions
are covered by this regulation. California’s statewide GHG cap will decline an average of 3%
per year.

The major transportation emission reduction strategies highlighted by the ARB in their 2014
Update to the Climate Change Scoping Plan shows how the state conceptualizes the role of
AFVs under AB32. The strategies they list are to:
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(1) “improve vehicle efficiency and develop zero emission technologies,
(2) reduce the carbon content of fuels and provide market support to get these lower-carbon
fuels into the marketplace,
(3) plan and build communities to reduce vehicular GHG emissions and provide more
transportation options, and
(4) improve the efficiency and throughput of existing transportation systems.”
Source: (CARB, 2014b)

The first two strategies are directly indicative of the importance of alternative fuel vehicles to
California’s future transportation fleet. The third and fourth strategies discuss the need to plan
communities in a way that makes it convenient for residents to reduce their emissions.

The ARB held its first cap-and-trade auction in November of 2012, and credits began trading in
2013. All the money collected by the State Air Resources Board from the auction or sale of
allowances is deposited in the Greenhouse Gas Reduction Fund for GHG reduction programs.

One such program is the Air Quality Improvement Program (AQIP), a voluntary, mobile source
incentive program that focuses on reducing criteria pollutant and diesel particulate emissions
with concurrent reductions in GHG emissions, created under AB 118 in 2007. In FY 2014-2015,
the ARB received $200 million for AQIP projects. This number was increased to $350 million in
the state’s 2015-2016 budget in proportion with higher auction proceeds. This increase in
earnings is largely due to the fact that transportation fuel producers became obligated parties
under the Cap and Trade program for the first time in 2015 (CARB, 2015a). ARB has proposed
that the following programs receive funds in fiscal year 2015-2016 (CARB, 2015a):

¢ C(lean Vehicle Rebate Program (CVRP): $160 for clean vehicle rebates at time of
purchase of approved zero emission and transitional zero emission vehicles.

e Light duty pilot project to benefit disadvantaged communities: $37 million

e Heavy duty vehicle and equipment projects: ~$150 million for a range of
programs to incentivize the use of cleaner or zero emission technologies in heavy
duty vehicles.

The LCFS is a carbon credit trading system exclusively for transportation fuels that was
established through AB32 and EO S-01-07. The LCFS requires that obligated parties achieve a
reduction in the carbon intensity of transportation fuels that are sold, supplied, or offered for
sale in the state by a minimum of 10% from 2010 levels by 2020. The carbon intensity (CI) of a
fuel is measured on a well-to-wheels basis in units of grams of carbon dioxide equivalent per
unit energy of fuel (gCO:e/MJ). Regulated parties can achieve this reduction in CI by either
reducing the carbon intensity of their aggregated products, or by purchasing carbon credits
from alternative fuel producers. The LCFS system creates an additional source of revenue for
alternative fuel producers and encourages more investment in this area by the private sector.

Senate Bill 375 (SB 375), passed in 2008, requires metropolitan planning organizations (MPOs)
to develop a Sustainable Communities Strategy (S5CS) for meeting the GHG reduction targets
agreed upon with the ARB. The targets set by the ARB for the Bay Area, which includes San
Mateo County, are a 7 % per capita reduction in GHGs from cars and light-duty trucks by 2020
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and a 15 % per capita reduction by 2035. The SCS proposed by the Association of Bay Area
Governments (ABAG) and the Metropolitan Transportation Commission (MTC) was reviewed
by the ARB, which confirmed that the plan would in fact exceed the minimum required GHG
emissions, creating a 10 % per capita GHG emissions reduction in 2020, and a 16 % reduction in
2035 (CARB, 2014c). These goals will be achieved through a variety of grants and incentive
programs funded by ABAG and other agencies to encourage adoption of AFVs at the local level.

In Governor Jerry Brown’s 2015 State of the State address, he outlined ambitious interim goals
for reducing California’s climate change impacts by 2030, including;:

e increasing renewable electricity generation from 33% in 2020 to 50% in 2030

e reducing the use of petroleum based fuels in cars and trucks 50% from current
levels by 2030

¢ doubling energy savings in existing buildings and developing cleaner heating
fuels by 2030

These targets are intended as midpoint goals to ensure that California is on track to meet its
2050 target of 80% below 1990 GHG emission levels. SB 350 (de Leon, 2015) put the majority of
these goals into law, although the 50% reduction in petroleum requirement was removed.
However, the law offers a lot of support for electric vehicles by requiring utilities to put
together detailed plans for using zero-carbon resources, supporting demand response planning,
electric vehicle supply equipment, and energy storage. It also includes streamlined EV
infrastructure permitting requirements for local governments.

On March 23, 2012, Governor Jerry Brown issued Executive Order (EO) B-16-12, supporting and
expanding upon California’s existing climate laws and previous Executive Orders (Brown,
2012). Executive Order B-16-2012 lays out a number of goals for the state, and focuses on the
expansion of zero-emission vehicles (ZEVs). Zero emission vehicles are defined as vehicles that
“produce zero exhaust emissions of any criteria pollutant (or precursor pollutant) under any
and all possible operational modes and conditions” for model years 2009-2017, and for model
years 2018 and on this definition is expanded to include GHG emissions as well (13 CCR:
Section 1962). In effect, this means that only BEVs and FCEVs are considered ZEVs. PHEVs are
also included in the mandate as transitional ZEVs (TZEVs).

The ZEV mandate says that the state’s major metropolitan areas should be able to accommodate
ZEVs by 2015, and that by 2020 the state should be able to support 1 million ZEVs, with this
number increasing to 1.5 million ZEVs in 2025. Furthermore, it requires that 10% of new state-
owned light-duty vehicles be ZEVs by 2015, increasing to 25% by 2020. It emphasizes the
increasing need for easy access to ZEV infrastructure to support these vehicles, and orders the
state to support increased ZEV manufacturing and research efforts. The order anticipates that
ZEVs will displace at least 1.5 billion gallons of petroleum fuels per year, and sets an ambitious
goal of reducing GHG emissions from the transportation sector to 80% below 1980 levels by
2050. The ARB's Vision for Clean Air document states that in order to meet California’s carbon
goals, the light-duty vehicle segment will need to become largely zero emission by 2050, and
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that California needs to make a similar commitment to developing and implementing zero
emission heavy-duty trucks (CARB, 2012a).

These ZEV goals were adopted under the ARB’s Advanced Clean Cars program and
corresponding Zero Emission Vehicle Regulations. These regulations require car manufacturers
in California to have an increasing %age of the cars in their fleet be zero emission vehicles
(ZEVs). Newly manufactured light-duty vehicle fleets are required to reduce their GHG
emissions by 4.5% per year from 2017-2025. This means that by 2025, the fleet GHG emissions
average will be approximately half of the 2015 level (CARB, 2014b).

Under the ZEV regulations, manufacturers with annual vehicle sales of greater than 20,000 have
a total annual ZEV requirement as well as a minimum ZEV floor. The floor is the %age of
vehicles that must actually be ZEVs, while the rest of the requirement may be met with
transitional ZEVs, such as PHEVs. Smaller manufacturers with annual sales between 4,501 and
60,000 have alternative compliance options that include producing low emission vehicles or
purchasing ZEV credits (CARB, 2014d, 2014e). Discussions between ARB and the auto industry
are ongoing regarding the exact number of ZEVs that companies are required to produce each
year, but the emphasis will remain on increasing the number of ZEVs.

State fleets are subject to Executive Order B-16-12, which requires that at least 10 % of fleet
purchases of light-duty vehicles be zero-emission by 2015 and at least 25 % of fleet purchases of
light-duty vehicles be zero-emission by 2020. Local fleets are currently subject only to air quality
requirements. However, discussions are ongoing regarding the 15% zero emission bus purchase
requirements for public transit fleets of over 200 vehicles under the Transit Fleet Rule that was
passed in 2009. The requirement has been postponed pending a technology review (Resolution
#09-49, California Air Resources Board, 2010), but ARB has stated the need for a complete
transition to a zero emission bus fleet by 2040 or sooner (Mobile Source Control Division, 2015).
The transition of a fleet can take years, since the requirement would only apply to a small
portion of new vehicle purchases. Hence, it would be prudent for the state’s vehicle fleets to
begin their transition sooner rather than later.

As of January, 2017, AB 692 requires that at least 3% of the transportation fuel purchased by the
state government be very low in carbon, which is defined as 40% lower CI than gasoline. This
includes: 1. biogas or biomethane from landfills, dairy/feedlot sources and anaerobic

digestion of food/green waste and wastewater; 2. biodiesel and renewable diesel from used
cooking oil, tallow and plant sources; or 3. hydrogen, depending on the fuel source and
production process. The %age required will increase by 1 %age point annually through 2023,
and state agencies must report to the Department of General Services on their progress each
year.

The California Alternative and Renewable Fuel, Vehicle Technology, Clean Air, and Carbon
Reduction Act of 2007 (ARFVTP), created in 2007 and updated and reauthorized under AB 8 in
2013, provides as $100 million in grant funding annually towards innovative transportation and
fuel technologies. The ARFVTP is administered by the CEC, and provides grants for businesses,
vehicle and technology manufacturers, workforce training partners, fleet owners, consumers
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and academic institutions to develop and deploy alternative and renewable fuels and advanced
transportation technologies. AB 8 added a requirement that the California Energy Commission
(CEC) allocate $20 million annually to support hydrogen infrastructure until there are 100
publically available stations throughout the state. It also increased the compensation for
replacement vehicles for low-income vehicle owners.

Senate Bill 1275 (Charge Ahead California) (De Leon, Chapter 530, Statutes of 2014), was passed
in 2014. It instructs ARB to develop a long-term plan to put one million ZEVs on CA roads by
2023 and to increase low-income populations” access to those vehicles and their benefits. The
ARB is directed to do this by offering a special rebate for low-income residents who voluntarily
retire passenger vehicles and light-duty and medium-duty trucks that are high polluters and
replace them with cleaner vehicles or “mobility options” such as carpooling or public transit.

Senate Bill 1204 (Lara, Chapter 524, Statutes of 2014) creates the California Clean Truck, Bus,
and Off-Road Vehicle and Equipment Technology Program to fund the development,
demonstration, pre-commercial pilot, and early commercial deployment of zero- and near-zero
emission technologies, with priority given to projects that benefit disadvantaged communities.
The program is funded by Cap-and-Trade revenues. ARB has budgeted $167 million for heavy
duty vehicle and equipment investments and has committed to spending over 50% of its funds
on programs that benefit low-income communities.

Governor Jerry Brown has been working to create partnerships with other regions around the
world that are willing to commit to ambitious ZEV goals. In 2013, seven other state governors
signed a Memorandum of Understanding (MOU) committing the states to a coordinated effort
to have 3.3 million ZEVs in use by 2025. Not only does this result in direct emission reductions
in those areas, but it also places economic pressure on the vehicle manufacturing companies,
which have an incentive to mass produce the same types of cars for the whole country due to
economies of scale.

In 2015, Governor Jerry Brown signed a second memorandum in which international leaders
from 11 other states and provinces, collectively representing more than $4.5 trillion in GDP and
100 million people, agreed to limit the increase in global average temperature to below 2
degrees Celsius (Under 2 MOU). Signatories include: California, USA; Acre, Brazil; Baden-
Wiirttemberg, Germany; Baja California, Mexico; Catalonia, Spain; Jalisco, Mexico; and Ontario,
Canada, as well as; British Columbia, Canada; Oregon, USA; Vermont, USA; Washington, USA;
and Wales, UK.

Table 1 and Table 2 summarize all of the major executive orders and pieces of legislation that
have been enacted in California over the last decade that are likely to either directly or
indirectly affect the number of AFVs on California’s streets. Table 3 reviews some of the largest
and most important programs that have resulted from these laws and are relevant to San Mateo
County.
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Table 1. State Legislation Resulting in Increased AFVs on California Roads

Legislation

Issued By

Year

Major Targets

Executive Order
S-01-05

Gov.
Schwarzenegger

2005

Reduce GHG emissions to 1990 levels by 2020.
Reduce GHG emissions to 80% below 1990 levels
by 2050.

Assembly Bill
32 (Nunez)

CA Assembly

2006

Requires California to reduce GHG emissions to
1990 levels by 2020.

Requires ARB to prepare a Scoping Plan.
Requires ARB to establish a system of market-
based declining annual aggregate emission limits
(Cap-and-Trade).

Assembly Bill
1007 (Pavley)

CA Assembly

2007

Required Energy Resources Conservation and
Development Commission to develop and adopt a
state plan to increase the use of alternative fuels by
June 30, 2007.

Executive Order
S-01-07

Gov.
Schwarzenegger

2007

Goal to reduce the carbon intensity of California’s
transportation fuels by at least 10% by 2020.
Establishes Low Carbon Fuel Standard (LCEFS).

Senate Bill 375
(Steinberg)

CA Senate

2008

Requires metropolitan planning organizations
(MPOs) to develop a Sustainable Communities
Strategy (SCS) for meeting agreed upon GHG
reduction targets set by ARB.

ARB target for Bay Area: 7% per capita reduction
by 2020 and 15% per capita reduction by 2035 from
cars and light-duty trucks.

Executive Order
B-16-12

Gov. Brown

2012

Accommodate ZEVs in CA’s major metropolitan
areas by 2015.

Support 1 million ZEVs in CA by 2020.

Support 1.5 million ZEVs in CA by 2025.
Requires 10% of new state light-duty vehicles be
ZEVs by 2015.

Requires 25% of new state light-duty vehicles be
ZEVs by 2020.

Reduce GHG emissions from transportation to
80% below 1980 levels by 2050.
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Table 2. State Legislation Resulting in Increased AFVs on California Roads (Continued)

Legislation Issued By Year | Major Targets
Funds zero- and near-zero emission truck, bus,
Senate Bill 1204 | California and off-road vehicle and equipment technologies
(Lara) Senate 2014 | and related projects.
Priority given to projects benefiting disadvantaged
communities.
Senate Bill 1275 Bring one million electric cars, trucks and buses to
California by 2023.
(De Leon) California 2014 | Ensure that low-income Californians, who are
“Charge Ahead Senate disproportionately impacted by air pollution,
California” benefit from the transition to a clean
transportation sector.
Increase renewable electricity generation from 33%
in 2020 to 50% in 2030.
2015 Inaugural Gov. Brown 2015 | Reduce the use of petroleum based fuels in cars
Address and trucks 50% from current levels by 2030.
Double energy savings in existing buildings and
develop cleaner heating fuels by 2030.
Executive Order | Gov. Brown 2015 | Establishes the goal of reducing California GHG
B-30-15 emissions to 40% below 1990 levels by 2030.
#A()I;ige;i::;n California Air Transit agencies with 200 or more urban buses
Fleet Rule ZBus | Resources 2010 | would be required to acquire 15% of all new buses
Requirement Board as Zero Emission Buses. Implementation currently
q ents . :
(Postponed) pending technology review.

These laws lay out the state’s goals and prescribe methods for achieving them, but they may
require the implementation of new programs to achieve their goals. Table 3 lists some of the
major California programs associated with these laws, although this is by no means a

comprehensive list.
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Table 3. Major Programs Associated with State Climate Change Legislation

Y

Program Agency Stai:: d Major Targets and Requirements
Requires a reduction in the carbon intensity of

LCFS ARB 2012 transportation fuels that are sold, supplied, or offered for
sale in the state by a minimum of 10% by 2020.
Provides over $20 million per year equipment project, air

AQIP ARB 2013 quality and AFV research, vehicle purchasing, and
training and education.
Provides approximately $120 million per year for
development and production of low carbon fuels,

ARFVTP CEC 2013 technology demonstration projects, infrastructure projects,
workforce training, and other issues related to
commercialization of efficient low emission vehicles.
Annual GHG cap and set number of emission allowances.

Cap-and- In 2015, suppliers of transportation fuels, natural gas, and

ARB 2013 . .

Trade other fuels come under the regulation, expanding the
covered pollution by about 1%5 times.

Bav Area Sets goals of a 10% per capita GHG emissions reduction in

o C—‘é ABAG | 2014 | 2020, and a 16% reduction in 2035 from cars and light-
duty trucks in Bay Area.

ZEV Manufacturers with annual sales greater than 60,000

. vehicles must produce and deliver a minimum %age of
gigdracrion ARB 2010 ZEVs for sale in California. For MYs 2015-2017, this is
& 14%, and can include a certain %age of partial ZEVs.

Alternative Fuel Vehicles within Scope of Project

Different government entities categorize AFV’s in different ways. The following products are

defined as alternative fuels by the federal Energy Policy Act (EPAct) of 1992: pure methanol,

ethanol, and other alcohols; blends of 85% or more of alcohol with gasoline; natural gas and

liquid fuels domestically produced from natural gas; liquefied petroleum gas (propane); coal-
derived liquid fuels; hydrogen; electricity; pure biodiesel (B100); fuels, other than alcohol,
derived from biological materials; and P-Series fuels (42 USC 13211).

The Internal Revenue Service (IRS) defines alternative fuels as being: liquefied petroleum
gas/propane, compressed natural gas, liquefied natural gas, liquefied hydrogen, liquid fuel
derived from coal through the Fischer-Tropsch process, liquid hydrocarbons derived from

biomass, and P-Series fuels. Biodiesel, ethanol, and renewable diesel are not considered

28




alternative fuels by the IRS. While the term "hydrocarbons" technically includes ethanol,
biodiesel, and renewable diesel, the IRS specifically excluded these fuels from the definition
(26 USC 6426).

For the purposes of this Alternative Fuel Readiness Plan, the following alternative fuel vehicles
will be considered:

e Battery Electric Vehicles (BEVs)

e Plug-in Hybrid Electric Vehicles (PHEVs)

e Natural Gas Vehicles (NGVs); compressed (CNG) and liquefied (LNG) fuels
e Liquefied Petroleum Gas/Propane Vehicles (LPGV)

e Hydrogen Fuel Cell Electric Vehicles (FCEV)

e Flexible Fuel Vehicles (FFV) running on 85% Ethanol (E85)

e Biodiesel Vehicles (BD)

AFV Activity in California and San Mateo County

Alternative Fuel Vehicle Populations

Between March of 2010 and July of 2015, a total of 112,838 purchasers of AFVs have received
rebates from the CVRP program. This gives an idea of how many AFVs there are in the state,
but is almost certainly an underestimate since some owners do not apply for the rebate, and
because some car models were not immediately approved for the rebate. According to data
from CARB that was analyzed by the California Plug-In Electric Vehicle Collaborative,
California’s sales of PEVs exceeded 100,000 in September of 2014, as measured from the start of
the PEV market in 2010 (PEVC, 2014). Navigant Research asked respondents of a survey on
AFV purchasing to identify themselves as “early adopters, early majority, late majority, or
laggards” (Vyas, 2013). More than 70% of those interested in owning a BEV or PHEV as their
tirst choice described themselves as early or late majority consumers, indicating that PEVs may
have reached a relatively mainstream status (Vyas, 2013).

This is particularly true in the Bay Area, which has the highest rate of per capita EV ownership
in the country. According to PG&E, as of February of 2015, the number of PEVs in the Bay Area
had increased to 60,000 (PG&E, 2015). In 2013, approximately 30 % of state PHEV rebates and 41
% of state BEV rebates had also been distributed to Bay Area residents in spite of being only 17
% of the State’s population (ICF International, 2013a). In fact, BEVs have significantly outsold
PHEVs in the Bay Area (ICF International, 2013a). In San Mateo County, the number of rebates
dispensed to BEV owners by July, 2015 was 3,361 (71% of the total) while PHEV rebates
numbered only 1,277 (27.2% of the total). By comparison, California’s statewide rebates for
BEVs are 57.3% of the total and PHEVs are 42.1% (CSE, 2015).

Projected vehicle populations for the year 2030 and the corresponding fuel volumes are shown
in Table 4. Vehicle populations and fuel use are estimated from vehicle modeling tools. Fuel use
and vehicle populations provide the basis for estimating alternative fueling stations required in
San Mateo County. The basis for the population estimates are also indicated. The distribution of
AFVs differs from the state-wide average due to the population of vehicle types in the county.

29



Please refer to Chapter 8 for more details on vehicle, fuel, and station projections for San Mateo

County.

The projected alternative vehicle populations for San Mateo County are shown in Figure 5,
which highlights the large increase expected in the county for every type of alternative fuel
vehicle, especially zero and partial zero emission vehicles like PHEVs, BEVs, and FCEVs.

Table 4. Vehicle Population Projections for 2030

Projected SM County | Basis for Estimate
Population in 2030

LD MD HD
Gasoline | 486,057 | 3,150 | 1,136 | EMFAC less LD PHEV, FFV, CNG
Diesel 13,106 | 9,537 | 2,210 | EMFAC less MD and HD CNG
BEV!2 19,207 0 0 EMFAC and ZEV Mandate “Likely Compliance
PHEV!? | 34,429 0 0 Scenario” for BEV, PHEV, and FCEVs
FCEV 6,197 0 0
NG3 3,539 195 55 LD subset of EMFAC gasoline, MD/HD subset of

EMFAC diesel. Utilized VISION model CNG shares.

E85 85,000 0 0 Subset of EMFAC’s gasoline category, utilized
FFV34 VISION model ratio of FFV to gasoline.

1. EMFAC's electric category includes BEVs, FCEVs and 40% of PHEVs. Balance of PHEVs in gasoline category.
2. Adjusted based on CVRP Rebate statistics: https://cleanvehiclerebate.org/eng/rebate-statistics.

3. Argonne National Laboratory VISION Model.
4. Represents the number of FFVs using E85 only, not regular gasoline.
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According to modeling projections associated with this report, San Mateo County can expect to
see increased demand for all alternative fuels corresponding to the volumes (in million gallon
gasoline or diesel equivalents per year) shown in Table 5 by the year 2030.

Table 5. Fuel Volume Projections for 2030 (Million Gallons per Year equivalents)

Fuel Units Quantity Sources
Gasoline (E10)! | Million gal/yr as gasoline 185 EMFAC/IEPR
Diesel! Million gal/yr as diesel 30 EMFAC/IEPR
Million gal/yr as E10 18.5 LCFS
Ethanol Million gal/yr as E85 17 LCFS
CNG? Millon gal/yr as diesel 5.8 LCFS
Electricity MWh/yr 77,082 EMFAC/CVRP
Hydrogen Million kg/yr 591 EMFAC/CVRP
Biodiesel* Million gal/yr as diesel 1.2 LCFS/EMFAC
RD* Million gal/yr as diesel 2.71 LCFS/EMFAC
LPG® Million gal/yr as gasoline 10,025 DMV

1. Projection for CA gasoline, diesel, and E85 based on CEC IEPR.
2. Projection for CA NG assumes LCFS scenario ratio of NG: Diesel increases linearly from 2020 to 2030.
3. Projection for CA Electricity and Hydrogen assumes LCFS consumption increases linearly from 2020-2030.

4. Projection for CA BD/RD assumes 2020 blend % from ARB LCFS Scenario remains constant from 2020 to 2030.

5. LPG volume calculated based on DMV data and held constant.
Figure 6 shows the projected fuel volumes that will be sold in San Mateo County between the
years 2015 and 2030. The most notable change is the decline in gasoline consumption that is
expected. This is partially due to the increase in EV and FCEV vehicles in use and partially due
to CAFE standards that have mandated significant increases in fuel economy for all vehicles.

Figure 6. Projected Fuel Use in San Mateo County
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Increasing vehicle populations and fuel consumption will require development of new
alternative fueling infrastructure (AFI). Table 6 shows the number of stations of each fuel type
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currently operating in San Mateo County and also the projected total number that we estimate
will be needed in 2030 (See Chapter 8). Demand for gasoline infrastructure is expected to
decrease by one-third, but all of the alternative fuels will need additional refueling capacity.

Table 6. Infrastructure Demand in San Mateo County

Fuel Type 2015! 20302
Gasoline 197 130
Diesel 109 123
Electricity?*
MUD Charging
Level 2- Residential 3408 26,944
Level 2- Work 222 3056
Level 2- Public 152 222 to 370
DCFC 22 22
Hydrogen 0 (4 in development) 5to8
NG 3 17
BD 1 (now sells RD) 5
RD 1 Blended into Diesel
E85 1 13

1. AFDC, 2015. Alternative fueling station counts by state. http://www.afdc.energy.gov/fuels/stations_counts.html
2. EMFAC model.

3. Level 2 residential charging calculated based on assumption of 90% BEV owners and 30% PHEV owners.

*Shows number of individual charging ports, not stations.

Alternative Fuel Production in San Mateo County

Only a few types of alternative fuels are likely to be produced within San Mateo County. It is
not an agricultural area, and thus is unlikely to have anyone producing fuels from biomass
feedstocks. However, several waste products exist in San Mateo County that could potentially
be converted into biofuels.

Anaerobic biodigester technology turns organic matter from municipal waste and yard
trimmings into methane biogas. For example, South San Francisco Scavenger Company is
currently converting organic waste into fuel. They collect trash, yard trimmings, and recycling
from residents and businesses in South San Francisco, Millbrae, Brisbane, and the San Francisco
International Airport. In 2014, Scavenger Company finished construction of an anaerobic
biodigester that takes the organic matter they collect and converts it into compressed natural
gas that supplies enough fuel for half of their collection trucks.

Another example of biofuel production in San Mateo County is the waste water treatment plant
(WWTP) Digester Biogas to CNG project currently in development in the City of San Mateo.
The CNG it produces will be used to fuel the city fleet vehicles, which will be modified to run
on CNG instead of gasoline. The project is partially funded by CEC grant money, and is
estimated to have a payback time of approximately 4 years with the CEC funding included.
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Scope of the Plan
The following Plan will address these topics in depth in the following chapters:

Chapter 1 provides an introduction to the motivations for being alternative fuel ready,
including federal and state legislation, state and local goals, and existing programs to increase
alternative fuel use.

Chapter 2 gives an overview of alternative fuels and alternative fuel vehicles, including fuel
production, vehicle operation basics, and the fuel, vehicle, and infrastructure costs.

Chapter 3 includes a description of all the federal, state, and local programs and incentives that
exist to encourage the production of alternative fuels, the construction of alternative fuel
infrastructure, and the purchase of alternative vehicles.

Chapter 4 outlines challenges to the growth of the Alternative Fuel Vehicle market and its
supporting infrastructure, including economic challenges, regulatory challenges, and
educational needs.

Chapter 5 provides potential solutions to these problems and offers recommendations for the
City and County of San Mateo to improve its readiness for Alternative Fuel Vehicles and
increase procurement.

Chapter 6 outlines training recommendations and resources that can help to prepare
government employees and safety officials for the infusion of Alternative Fuel Vehicles and
Alternative Fuel Infrastructure in San Mateo County.

Chapter 7 introduces outreach and communication strategies to teach San Mateo County
stakeholders about alternative fuel readiness.

Chapter 8 provides assistance strategies for infrastructure development, including vehicle
population projections, fuel volume projections, minimum infrastructure requirements, and a
siting plan for public stations.

Chapter 9 describes general conclusions and next steps that San Mateo County can take to
implement the policies and changes recommended by the Plan.
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Chapter 2:
Overview of Alternative Fuels

Over the past decade, alternative fuels have been recognized as an important means of
addressing three national and statewide challenges: a desire to lower carbon emissions, the
need for more energy security, and rising or volatile oil prices. The increasing popularity of
alternative fuels has resulted in higher levels of production and infrastructure development, as
well as a wealth of efficient technologies for alternative fuels used for transportation. The most
common alternative fuels are: Ethanol, Biodiesel, Hydrogen, Liquefied Petroleum Gas,
Compressed Natural Gas, Liquefied Natural Gas, and Electricity. Using these fuels instead of
conventional fuels helps to reduce petroleum use, air pollution, and greenhouse gas emissions
from transportation.

Alternative biofuels are liquid fuels produced from biological raw materials, such as:

e Sugar and starch crops: e.g. corn, sugarcane, sugar beets

e Cellulosic materials: e.g. switchgrass, forest residue, bagasse, waste
e Biogas: e.g. landfill gas, waste water treatment digester gas

e Vegetable oil and fats: e.g. soybean oil, used cooking oil, algae oil

Sugar and starch crops and cellulosic feedstocks are primarily used to produce ethanol, a clean
burning liquid fuel that is used in vehicles classified as Flexible Fuel. These cars can run on
either conventional gasoline or blends of ethanol and gasoline of up to 85% ethanol. Biogas
refers to methane produced from renewable biomass or waste sources, such as emissions from
the biodegradation of landfill or the organic matter in waste water. Once biogas has been
cleaned and compressed, it provides a clean burning source of fuel for natural gas vehicles.
Vegetable oils and animal tallow are used to produce biodiesel and renewable diesel, another
low GHG option for vehicle fuel. No special technology is required to consume these fuels, they
are simply burned in regular diesel vehicles.

Natural gas vehicles use liquefied or compressed natural gas in a compression or spark-ignited
engine. Between 80%-90% of the natural gas used in the United States is domestically produced.
Most natural gas is drawn from wells or extracted in conjunction with crude oil production.
Natural gas can also be mined from subsurface porous rock reservoirs through extraction
processes, such as hydraulic fracturing (DOE, 2013a). As mentioned above, natural gas can be
produced from organic materials and other waste products as well. This type of natural gas is
considered to be a renewable fuel, and has a very low carbon intensity.

Electricity is another option for powering alternative fuel vehicles. In California, the majority of
power plants run on natural gas, making its power grid relatively low carbon intensity
compared to other parts of the country. By 2020, California’s electricity supply must be
produced from 33% renewable sources such as wind, solar, and hydropower, bringing the
emissions profile for the California grid down even more. This is one reason that electric
vehicles in California, which have no tail pipe emissions, are much lower in emissions than

34



gasoline or diesel cars. This reduction in emissions is multiplied by a factor of about 3 due to the
high efficiency of energy conversion in electric vehicles.

Fuel cell electric vehicles take hydrogen fuel and break the molecules into protons and electrons
to create an electric fuel cell in the car. The electricity is then used to power the vehicle’s motor,
so the ultimate driving mechanism is an electric motor. Like EVs, FCEVs emit no tailpipe
emissions. Fuel cell vehicles are 2 to 3 times more efficient than internal combustion engine
vehicles (ICEV) (DOE, 2013a). Most hydrogen fuel is currently produced by steam reforming of
natural gas, although it can also be produced through electrolysis. There are also efforts under
way to mimic photosynthesis and produce H: directly from water (hypersolar.com, 2015). In
California, 33.3% of the hydrogen sold must be produced using renewable energy sources, such
as wind or solar, and California law requires that on a statewide basis, well-to-wheel emissions
of greenhouse gases for the average hydrogen powered vehicle in California are at least 30 %
lower than emissions for the average new gasoline vehicle in California when measured on a
per-mile basis (SB 1505, Lowenthal).

Liquefied petroleum gas, also known as propane, is a liquid fuel used to power light-, medium-
and heavy-duty propane vehicles. LPG is a by-product of natural gas processing and crude oil
refining. It is stored under pressure, and as pressure is released, the liquid propane vaporizes
and turns into gas that is used for combustion. Propane vehicles work much like spark-ignition
gasoline-powered vehicles, and have similar power, acceleration, and cruising speed. Driving
range is also comparable, though the energy density of propane is lower than that of

gasoline. Propane vehicles may be manufactured or converted from gasoline or diesel using
qualified retrofit systems. Public LPG fueling infrastructure is typically limited to locations that
are also used for non-vehicle uses, like trailer fuel and propane grill refilling.

Plug-in Electric Vehicles (PEV, BEV, PHEV)

A large variety of primary energy sources, including oil, coal, natural gas, water, wind, and
solar energy, are potential sources of electric power. When used as an alternative fuel in
vehicles, electricity can provide power for 100% battery-electric vehicles (BEVs) and plug-in
hybrid electric vehicles (PHEVs), which run on a combination of gasoline and electric battery
power. Both types of vehicles draw electricity directly from the grid and store it in rechargeable
batteries. Charging takes place either at home (or at fleet facilities, in the case of fleets) as shown
in Figure 7, or at public charging stations usually located near libraries, shopping centers,
hospitals, and businesses as shown in Figure 8.
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Figure 7: Electricity to EV Home Charging Station
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On average, PHEVs can travel on battery power alone for 15 — 35 miles, and 300+ miles in
gasoline-electric hybrid mode. The average BEV can travel between 70 and 100+ miles on a fully
charged battery, although Teslas have a range of up to 250 miles (CARB, 2015b). However, the
typical BEV range is increasing quickly. Manufacturers expect that in 2017 we will see 3 BEV
models with driving ranges of 150-200 miles for under 40 thousand dollars; the Chevy Bolt, the
Tesla Model 3, and the Nissan Leaf v2 (BACC, 2015). BEVs may be available later in the decade
that have ranges of up to 350 miles (Schorske, 2011).

Plug-in hybrid electric vehicles (PHEVs) are distinct from traditional hybrid electric vehicles
(HEVs). While both cars contain an internal combustion engine (ICE) and an electric motor, they
differ in their primary source of energy. HEV’s use their electric motor at low speeds, and at
higher speeds the ICE takes over. They use regenerative braking to charge the battery, which is
then used to power the electric motor. This allows HEVs to get much better fuel economy than
conventional ICE vehicles (ICEV).

PHEVs, on the other hand, run primarily on their electric motor, which is charged by grid
electricity. The ICE only turns on when the battery is almost out of charge and provides power
to the electric motor to extend the car’s range. PHEVs also capture energy from regenerative
braking, but must be plugged in regularly to achieve sufficient charge to power the vehicle. In
this report, we will be discussing only PHEVs, not HEVs, since PHEVs are considered a
transitional zero emission vehicle (TZEV) in California but HEVs are not.
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EVs do not produce tailpipe emissions when running on their battery. However, emissions may
be generated during the production of the electricity that goes into them, especially when they
are powered by the electric grid. The fact that 33% of the state’s electricity is mandated to be
from renewable sources by 2020 under the California Renewable Power Standard (RPS) means
that increasing the use of EVs and PHEVs equates to a significant reduction in California’s GHG
emissions. EVs and PHEVs are also highly efficient at converting electricity into power,
achieving conversion rates of 59-62% as compared to gasoline powered vehicles, which have an
efficiency of between 17-21% (fueleconomy.gov, 2015).

There are several different types of electric vehicle supply equipment (EVSE), each of which
charges EV batteries at different rates. AC Level 1 charging stations are the most basic, making
use of the typical household AC 120 volt (V) plug. Most EVs come with a cord and adapter that
allows the driver to connect directly to AC 120 V outlets. Level 1 chargers add about 2 to 5 miles
of range per hour of charging. AC level 2 chargers use 240 V outlets (usually residential) or 208
V outlets (usually commercial), and require installation of special charging equipment). These
add between 10 and 20 miles per hour of charging. DC fast chargers (DCFC) use 480 V DC input
and allow for rapid charging. DCFCs can add 60 to 80 miles to a PHEV or EV in about 20
minutes (DOE, 2013a). Table 7 shows typical charging times to a full battery for PHEVs and
BEVs using different types of charging equipment. These charge times may vary depending on
battery capacity. Current models of PHEVs do not always have the ability to charge on DCFCs,
but this could easily change over time if the prevalence of DCFC stations increases.

Table 7. EV Charging Times

PHEYV time to full BEV time to full
Charger Type
charge charge
AC Level 1 3 hours 8 to 37 hours
AC Level 2 1.5 hours 3 to 16 hours
DC Fast Charger n/a ~30 minutes

(ICF International, 2013b)

In July of 2015, the Bay Area had more than 42,600 light-duty PEVs. This represents a significant
proportion of the PEVs in California, over 38% of the 112,000 PEVs sold in the state
(energycenter.org, 2015). San Mateo County alone had 4,638 PEVs that had received state
rebates at that time. PEVs are projected to increase faster for San Mateo County than for
California as a whole. Figure 9 shows a comparison of EMFAC projections for statewide and
SMC light auto registrations as % of total light autos registered. Diesel vehicles, on the other
hand, have followed statewide trends, indicating that residents here are not higher consumers
of vehicles in general but are particularly likely to purchase PEVs and FCEVs.
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Figure 9. Electric Drive Vehicle Projections for San Mateo County
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Hydrogen Fuel Cell Electric Vehicles (FCEV)

Hydrogen fuel is produced through steam reforming, gasification, or electrolysis. Hydrogen
feedstocks can include natural gas, biomass, or refinery coke, which are broken apart to isolate
the hydrogen molecules. When this process is powered with a renewably sourced power grid
mix, the carbon intensity of hydrogen is much lower than with a conventional electric grid mix.
Hydrogen fuel can be used to power vehicles (either fuel cell electric vehicles or internal
combustion engine vehicles), electric devices, and aircrafts.

Figure 10. Hydrogen Dispensing Station
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Several hydrogen fuel cell vehicle models are currently or will soon be available on the US
commercial market. In June of 2014, Hyundai became the first car company to release an FCEV
for private consumer purchase. Toyota released its Mirai FCEV in 2015, and Honda unveiled a
concept FCEV, the FCX Clarity, for sale in California in 2015 in limited quantities. California’s
first Annual Evaluation of Fuel Cell Electric Vehicle Deployment and Hydrogen Fuel Station
Network Development finds that 125 FCEVs are currently registered with the DMV, and
projects that this will increase to 6,650 by 2017 and 18,500 by 2020 (CARB, 2014f). FCEVs are not
currently sold in San Mateo County because there are no hydrogen fueling stations open at this
time. However, 4 stations are currently in development and should be open by the end of 2016.
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Fuels cells work by combining hydrogen fuel with oxygen from the surrounding air using a
proton exchange membrane. Each fuel cell produces less than 1.16 volts of electricity, so a stack
of fuel cells is needed to power a whole vehicle. The power a fuel cell stack is capable of
generating depends on the number and size of the fuel cells (Office of Energy Efficiency and
Renewable Energy, n.d.).

Work performed by UC Irvine, UC Davis, and the California Fuel Cell Partnership determined
that an initial network of 68 strategically placed stations operating statewide by 2016 would
enable the launch of an early commercial market of 10,000-30,000 FCEVs. 45 of the stations will
be located in 5 cluster communities (Berkeley, South San Francisco/Bay Area, West Los Angeles,
Torrance, and Orange County) and 23 additional stations will seed new markets in less
populated areas or provide destination fueling (Rubin, 2013).

Compressed and Liquid Natural Gas Based Fuels (CNG, LNG)

Natural gas is a clean burning fuel that is already widely used in the United States for heating
and cooking in homes, stationary industrial equipment, and electricity generation, and it
accounts for about a quarter of the energy used in the United States. (DOE, 2013a). As such, it is
widely available through the existing utility infrastructure. Most natural gas is fossil fuel based.
Feedstocks for biomass-based natural gas include decaying organic materials, such as yard
trimmings, landfill material, wastewater, and livestock

Natural gas vehicles can be either bi-fuel, meaning they can run equally well on gasoline/diesel
and natural gas, or dedicated, meaning they can only run on natural gas (Whyatt, 2010). Due to
its gaseous property at room temperature and atmospheric pressure, natural gas is used to fuel
vehicles in either a compressed or liquefied form. Compressed natural gas (CNG) is a
compressed, highly pressurized form of natural gas, where the gas is stored in cylinders at a
pressure of 3,000 to 3,600 pounds per square inch. Liquefied natural gas (LNG) is a super-cooled
(-260°F) liquefied version. Most natural gas fueling stations dispense CNG, which is more
widely available than LNG. CNG-fueled engines can be spark-ignited, like conventional
gasoline-fueled engines, or they can be compression-ignited, like conventional diesel engines
(Whyatt, 2010). CNG vehicles typically get about the same fuel economy as a conventional ICE
vehicle.

As shown in Figure 11, most CNG dispensers receive natural gas from utility pipelines. The
natural gas is stored under pressure in cylinders and is typically used in light-, medium-, and
heavy-duty vehicles.
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Figure 11. CNG Dispensing Station
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LNG is stored at cold temperatures in double-walled, vacuum-insulated pressure vessels.
Because liquid is more dense than gas, more LNG than CNG fits into any given tank, making it
a good option for larger vehicles or those needing to cover a longer range. As shown in Figure
12, LNG is typically delivered to the station in liquid form by truck. Storage and pumping of
LNG occur onsite. LNG is typically used in medium- and heavy-duty vehicles.

Figure 12. LNG Dispensing Station
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Natural gas vehicles have similar driving capabilities to gasoline and diesel vehicles in terms of
acceleration, speed, and power. However, the CNG driving range is shorter for an equivalent
tank size since the volume of the natural gas is higher, which results in a lower energy content
per unit volume. The fuel is stored in a highly pressurized tank in the vehicle’s trunk, which is
typically larger than the fuel tank of a gasoline or diesel car, but still not equivalent in energy
content. Both heavy-duty and light-duty natural gas vehicles are available in the United States,
but publically available CNG fueling stations are rare. There are 4 CNG charging stations in San
Mateo County currently per the DOE’s station locator (AFDC, 2015).

Natural gas has several advantages over petroleum fuels. For one, if it is spilled, it evaporates
immediately and does not create a hazardous liquid pool like gasoline or diesel. Natural gas
also has lower GHG emissions from combustion than gasoline and diesel, and lower levels of
other air pollutants.

Ethanol in Flexible Fuel Vehicles (E85)

Bioethanol is an alcohol made by fermentation, mostly from carbohydrates of sugar or starch
crops including corn, sugarcane, sweet sorghum, and cassava, to name a few. Another feedstock
used for ethanol production is cellulosic biomass, which refers to non-food feedstocks like
wood, grass, and the inedible parts of plants. Cellulosic biomass is an abundant and diverse
raw material compared to sugar or starch crops, but it requires a greater amount of processing
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for ethanol conversion. It is technically possible to use ethanol as a fuel for vehicles in its pure
form, but it is usually used as a fuel additive to increase octane and improve vehicle emissions.
The highest %age of ethanol sold is E85, which is 85% ethanol and 15% gasoline.

Figure 13 shows the pathway for E85 production and dispensing. Table 8 outlines the different
fuel pathway options for ethanol, including potential raw materials and feedstocks, storage and
transportation options, production methods for converting the feedstock into ethanol,
distribution channels, and end uses.

Figure 13. E85 Dispensing Station
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Table 8. Ethanol Fuel Pathways

Storage and Biofuel Vehicle End
Feedstock Transport Production Distribution Use
Sugar/Starch Food
Crops Grain silo or Sugar Rail Car
Starch Energy
Crops other storage fermentation Pipeline
Cellulose crops Baling Cellulosic Tanker Ship
Cover crops fermentation Tank Truck E85
Moisture
Residue protection
Waste Continuous Gasification Tank Truck
Feedstock Cellulosic Conversion
Possible Activity Public Cars
8000 gal tank
Midwest, California, Brazilian and trucl‘< . FEV vehicles
. eps Fueling station
other ethanol production facilities.
Underground
tank
Permitting Fuel Station
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Flexible fuel vehicles (FFVs) are capable of running on a range of ethanol and gasoline blends of
up to 85% ethanol by volume. Ethanol has a lower energy content than gasoline, so drivers get
less mileage for the same volume of fuel. However, handling is similar if not improved, since
ethanol has a higher octane level than gasoline and affords the driver increased power and
performance (DOE, 2013a). Special diagnostic equipment in the FFV detects the ethanol-to-
gasoline ratio, and adjusts its performance accordingly.

Biodiesel (BD) and Renewable Diesel (RD)

Biodiesel is a cleaner-burning alternative to petroleum diesel, produced from vegetable oils or
animal fats using transesterification. Soybean, palm, and rapeseed oils are the feedstocks most
commonly used. Evolving sources of oils include algae and halophytes. Biodiesel can be used as
a fuel for vehicles in its pure form, but it is usually used as a diesel additive to reduce levels of
particulates, carbon monoxide, and hydrocarbons from diesel-powered vehicles.

Figure 14. Biodiesel Fueling Station
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Renewable diesel (RD) is a diesel fuel made entirely from renewable biomass, such as vegetable
oils or animal tallow. It is then hydro-treated to be indistinguishable from petroleum-based
diesel. In fact, it may even result in higher engine performance than diesel. HPR meets the
petroleum diesel ASTM specification and can be used in any diesel vehicle without concern that
it will harm the engine or void the warrantee (DOE, 2013a).

Liquefied Petroleum Gas or Propane (LPG)

Liquefied petroleum gas, also known as propane, is a clean-burning, high-energy liquid fuel
used to power light-, medium- and heavy-duty propane vehicles. LPG is colorless and odorless,
has a high octane rating, and excellent properties for spark-ignited internal combustion engines.
LPG is produced as a by-product of natural gas processing and crude oil refining.
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Figure 15. LPG Dispensing Station
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Propane currently accounts for less than 2% of the energy used in the United States, and most of
this is in non-vehicle uses. However, it is non-toxic and has the potential to emit lower air
pollutants and greenhouse gases than conventional transportation fuels. When used as a
transportation fuel, it is stored in a tank under high pressure (150 pounds per square inch), at
which pressure it becomes a liquid. As pressure is released, the liquid propane vaporizes and
turns into gas that is used for combustion (DOE, 2013a).

Propane vehicles work much like spark-ignition gasoline-powered vehicles, and have similar
power, acceleration, and cruising speed. Driving range is also comparable, though the energy
density of propane is lower than that of gasoline. Both light-duty and heavy-duty LPG vehicles
are currently available for sale, but public LPG fueling infrastructure is very limited. Gasoline
vehicles can also be converted to use propane fuel. According to the Propane Education and
Research Council, there are more than 147,000 on-road propane vehicles in the United States,
most of which are part of public fleets such as police cars or school buses. Currently, there are
no LPG fueling stations in San Mateo County (DOE, 2013a).

Blended Liquid Fuels

Several of the alternative fuels discussed can be used in vehicles as stand-alone fuels, but in
practice are primarily blended into gasoline or diesel fuels. Ethanol and low level blends of
biodiesel and renewable diesel are already sold in some existing gasoline stations. The fact that
they are blended into petroleum fuels may not be advertised to the consumer since they are
drop-in fuels that don’t significantly change the quality of the fuel. The use of ethanol and
biodiesel in blends is limited by current fuel specifications. The approved blend levels are 10%
ethanol, which is the default blend for gasoline sold in California, and 5% biodiesel. Renewable
diesel has no blend limit because it is indistinguishable in quality from diesel.

Higher level blends are a means of increasing alternative fuel usage even more. The highest
%age blend levels would be: ethanol (85%), biodiesel (20%), and renewable diesel (up to 100%).
Selling higher level blends allows fuel marketers greater flexibility in realizing the economic
value of alternative fuel incentive programs. Fuel distribution logistics are different than those
for low level blends. High level blends are sold in dedicated dispensers such as the fuels sold by
Propel Fuels in Redwood City. They must be clearly marked since only specific cars are
approved for their use.
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Greenhouse Gas Emissions

One of the main benefits of using alternative fuels in vehicles is to generate a reduction in GHG
emissions over petroleum based options. However, all fuels generate some amount of GHG
emissions throughout their life cycle. The life cycle of a fuel includes producing the feedstock,
processing the feedstock into fuel, distributing the fuel to dispensing locations, and using the
fuel in a vehicle. The full GHG footprint of a fuel is referred to as its well to wheels (WTW)
carbon intensity (CI), expressed in grams of CO: equivalents emitted per MJ of fuel burned (g
CO:ze/M]J). The lower a fuel’s CI, the more GHGs are avoided by use of that fuel in place of
gasoline or diesel.

Some fuels have the potential to provide much greater GHG reductions than others. Figure 16
shows an estimate of the amount of GHG emissions generated by the production and
combustion of a wide range of fuels that are used to power vehicles. ARB provides a list of
default carbon intensities for each type of fuel under the LCFS. We have adjusted the carbon
intensity of the fuels based on the energy density of each fuel and the average fuel economy of
the type of vehicle that fuel is used in. This gives an estimate of the grams of COze emitted per
mile, which allows for a comparison of fuels based on their actual usage activities. As Figure 16
shows, the method of production makes a large difference in the CI of the fuel. For example, the
emissions per mile of BloCNG made from anaerobic digestion of waste water sludge are much
lower than the emissions per mile of CNG produced from landfill gas. The vehicle is also an
important factor in the total WITW CI. For example, petroleum based diesel has a lower WITW
CI as compared to gasoline because diesel vehicles are more efficient than gasoline vehicles.

Figure 16. Greenhouse Gas Emissions per Mile
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Source: Carbon intensities calculated from CARB, July 2015. Proposed third LCFS 15-day regulation order.
http://www.arb.ca.gov/reqact/2015/Icfs2015/Icfs15appa.pdf. See Appendix C for more detail.

Note: In Figure 16, the emissions shown for biodiesel, renewable diesel, and ethanol, which are
typically blended into petroleum fuels, are based on the assumption of a 100% fraction of that
alternative fuel.

Cost

Alternative fuels and alternative fuel vehicles may or may not provide cost savings over
comparable petroleum options. In some cases, the vehicle may be more expensive than an ICEV
but the fuel may cost less. On the other hand, if the net cost of owning and operating an
alternative fuel vehicle exceeds that of a gasoline vehicle, that AFV is unlikely to succeed in the
marketplace over the long term. Therefore, most AFVs typically cost about the same as or less
than gasoline vehicles, when fuel economy and fuel costs are accounted for. Those that are
currently more expensive to manufacture often benefit from rebates and tax credits that bring
down the purchase price. Additionally, the price of most AFVs is expected to go down over
time as volumes increase and economies of scale reduce the unit price. Gasoline vehicles, on the
other hand, are expected to increase in price slightly because of CAFE requirements that are
tightening the fuel economy of ICEVs and making them more expensive to produce.

Vehicle Cost

As pointed out, AFVs are often more expensive to make than ICEVs, partially due to the parts
required and partially due to the small production volumes. The difference in cost between
producing an AFV versus an ICEV is called the incremental cost. The incremental cost of
producing the vehicle may be defrayed through incentives or rebates that reduce the difference
in retail price.

There is also a difference in the cost of producing alternative fuels as compared to the cost of
producing petroleum based fuels. Here again, government incentives generate additional
revenue for the producers of alternative fuels. Producers of low carbon intensity fuels can
generate carbon credits through the California Low Carbon Fuel Standard (LCFS credits) and
the EPA’s Renewable Fuel Standard (RINs). This reduces the retail price that consumers pay for
fuels as well.

Figure 17 shows a comparison of the incremental retail price of owning and fueling an AFV
over 10,000 miles, as well as the incentives that go into bringing that price down from its base
cost of production. No incentives are available for propane, gasoline, or diesel fuels or vehicles.
In the graph below, the top bar shows the credits and incentives (LCFS, RIN, and vehicle), and
the bottom bar shows the retail price of the fuel and vehicle. The numbers are calculated over
10,000 miles of driving based on a 120,000 lifetime mileage.

As can be seen below, while all AFVs cost more than ICEVs, in some cases the efficiency of the
vehicle, its low maintenance costs, and the cost of the fuel amount to a net savings to the
consumer over 10,000 miles. This is the case with all of the PEVs and every form of diesel (BD,
RD, and petroleum based). Hydrogen vehicles are currently more expensive than gasoline
vehicles, but are expected to decrease over time as sales volumes increase and establish
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economies of scale. CNG passenger vehicles have a higher incremental cost than gasoline, and
are not expected to grow significantly as a sector. The prices of BEVs, PHEVs, and FCEVs have
been adjusted to account for the currently available federal and state incentives ($10,000 for
BEVs, $5,500 for PHEVs, and $5,000 for FCEVs). Gasoline is assumed to be sold at $3.27 a gallon.

Figure 17. 2015 Incremental Vehicle Cost'?
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1. Fuel prices from Energy Information Administration 2015 Annual Energy Outlook.

2. Vehicle costs taken from Transitions to Alternative Vehicles and Fuels, National Academy of Sciences, 2013 and adjusted for tax
credits and rebates.

For vehicles that are not yet being produced in large volumes, the costs reported in the NAS
analysis are much lower than current retail prices because the NAS numbers are based on a
scenario which assumes economies of scale have already been reached. For example, NAS
assumes a 2015 retail price of $33,296 for FCEVs when in fact, the 2016 Toyota Mirai is expected
to retail for about $57,000 before incentives. Therefore, in Figure 17 we have adjusted the 2015
NAS incremental price for FCEVs, BEVs, and PHEVs to reflect current listing prices. We have
subtracted the maximum incentive value from the California rebate and the federal tax credit to
estimate the current vehicle retail price that consumers are likely to pay, shown in the yellow
section of the stacked bars. The total cost of ownership also includes the cost of buying fuel for
the lifetime of the vehicle. Vehicles are assumed to last for 120,000 miles in this analysis. The
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green striped section of the bars in Figure 17 shows the cost of fueling the vehicle over its
lifetime. Fuel prices will be discussed further in the following section.

Table 9 shows some of the calculations and assumptions that factor into the incremental vehicle
costs shown in Figure 17. Fuel economy for the different vehicles is based on the lower heating
value of the fuel, and for hydrogen and electricity, it also factors in the ARB approved energy
efficiency ratio (EER) of 2.5 for hydrogen and 3.4 for electricity. The cost of fuel consumed in a
vehicle over 10,000 miles is calculated based on the fuel economy of the vehicle and the price of
the fuel as reported by the Energy Information Administration. Incremental vehicle costs are
averaged over the 120,000 mile lifetime of the vehicle and scaled to 10,000 miles.

Table 9. Incremental Vehicle Costs

Fuel Economy LHV Fuel Vehicle | RIN'! LCFS® Vehicle
Fuel Price Unit EER (mi/unit) (Btu/unit) (%$/20,000 mi) Credit ($/10,000 mi)
Gasoline,
E10 $3.27 gallon 1 26.3 113,300 $1,243 $0
Diesel $3.46  gallon 1 333 127,464 $1,039 $33.33
FCEV,
Renewable
H2 $7° kg 2.5 66.0 113,760 $909 $1,083 $358 $162 $417
CNGV,
Landfill
Gas $2.25 GGE 1 19.3 82,970 $854 $191 $332 $166
FFV, Corn
Ethanol $2.39 gallon 1 19.3 82,970 $1,243 $33 $156 $49
Biodiesel,
Plant Oil $3.36  gallon 1 30.6 117,000 $1,100 $33 $136 $94
Propane
(LPG) $2.11 gallon 1 19.7 84,950 $1,071 $33.33
PHEV,
Grid Power - - -- 0.2 2,139 $665 $106 $111 $458
BEV, Grid
Power $0.12 kWh 34 2.7 3,412 $446 $984 $186 $833

1. OPIS Ethanol and Biodiesel Information Service. November 23, 2015. Volume 12, Issue 47.
http://www.opisnet.com/images/productsamples/EBISnewsletter-sample.pdf

2. Joseck, F. & E. Sutherland. 2014. Early market hydrogen cost target calculation. Department of Energy.
http://hydrogen.energy.gov/pdfs/14013 hydrogen early market cost target.pdf

3. Assumes LCFS average value of $60 based on ARB’s October, 2015 LCEFS trading report.
http://www.arb.ca.gov/fuels/lcfs/credit/20151110_octcreditreport.pdf

In Figure 18 and Figure 19, incremental costs are shown for light-duty auto and light-duty
trucks from the year 2015 through 2030. Incremental production costs were taken from a
National Academy of Sciences study that calculated the incremental cost based on the cost of
the car’s components (NAS, 2013). We added these incremental costs of production to the base
ICEV price of $26,341 to get the estimated cost of each vehicle over time as predicted by the
NAS study. As shown in Figure 18, the cost of most AFVs is expected to decrease over time,
while ICEV cost is expected to rise slightly. BEV and FCEV prices are expected to come down
significantly, whereas ICEVs, conventional hybrids, and CNG vehicle prices are expected to
increase slightly. (For further discussion of vehicle population projections, see Chapter 8.)
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Figure 18. Light Duty Auto Projected Prices
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Figure 19. Light-Duty Truck Projected Prices
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The incremental cost of an alternative vehicle is difficult to estimate because the baseline vehicle
price is not always known. For example, Tesla does not build a gasoline baseline vehicle, and
even if such a vehicle were available, it would be configured with different power,
transmission, range, and other attributes than the BEV version.

The highest initial purchase cost increments are for electric drive vehicles, including battery
EVs, PHEVs, and hydrogen fuel cell vehicles. The cost of the battery pack can range from $5,000
to $10,000 for PHEVs and from $12,000 to $15,000 for a BEV, and on average amounts to about
25% of the cost of a BEV (NREL, 2007; Ramsey, 2012; Sun, 2012). The battery pack is not the only
factor that affects electric drive vehicles. Electric motors replace internal combustion engines,
and in the case of PHEVs, this allows for a reduction in the engine size that results in cost
savings (EPRI, 2001; Dodge, 2014). Many EVs are specially built models (Nissan Leaf, BMW i3,
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Tesla S). Thus the baseline vehicle cost used in life cycle cost calculations from VISION may
vary based on individual considerations.

That said, the cost of a battery in terms of dollars per kWh has fallen significantly over the last
few years, from about $1000 in 2007 to as low as $300 in 2014 (Nykvist, 2015). This reflects that
batteries are being produced more cheaply relative to their charge capacity, which correlates to
a higher driving range. In other words, the price of the battery included in a BEV may not have
dropped, but the amount of charge drivers are getting for the same cost has increased. If prices
keep falling at this same rate of about 14% per year, in the near future (as soon as 2020) battery
costs could reach $150 per kWh, the cost at which BEVs could become cost competitive with
ICEVs.

CNG vehicles are also configured with costly fuel storage. High pressure tanks (4000 psi) can
cost several thousand dollars. CNG vehicle manufacturers benefit from federal incentives,
although the amount by which they benefit is expected to decrease. A gasoline gallon
equivalent (GGE) of natural gas is currently counted as just 0.15 gallons of gasoline under
federal Corporate Average Fuel Economy (CAFE) standards. This means that producing NGVs
brings down the manufacturer’s fleet-wide fuel economy because their rating is an average of
conventional and natural gas vehicles. Beginning in model year 2016, the equivalency value for
NGVs must be calculated based on GHG emissions instead of the 0.15 GGE fuel economy that
was previously assumed. The GHG emissions from NGVs are 20-25% below an equivalent
gasoline vehicle, so manufacturing NGVs will still bring down the OEM’s fleet average GHG
emission ratings by a meaningful amount, but far less than the 0.15 multiplier.

LPG and diesel passenger cars are also more costly to manufacture than a baseline gasoline
vehicle. In the case of diesel vehicles, the engines are manufactured in smaller volumes.
Furthermore, diesel engines are equipped with direct injection fueling systems and relatively
new NOx reduction systems. Biodiesel (up to 20% depending on warranty) and renewable
diesel can operate in diesel engines without modification.

Ethanol FFVs are sold at no incremental cost. Like with NGVs, car manufacturers receive CAFE
credits for FFVs that bring down the average fuel economy of their fleet. Starting in 2015, these
credits depend on the actual amount of ethanol sold, so the credit value is smaller than in prior
years. The actual cost of manufacturing an FFV includes emission certification as well as
specifying alcohol compatible fuel system components, but amounts to only a few hundred
dollars.

Fuel Price

Electricity, diesel, biodiesel, renewable diesel, and CNG all provide fuel cost savings compared
to gasoline in passenger cars. The cost savings for diesel, biodiesel, and renewable diesel result
from fuel efficiency improvements relative to gasoline. The retail price of diesel is similar to the
retail price of gasoline. At some fuel stations, diesel may sell for a price premium. BD and RD
are usually available at the same volumetric prices as diesel. Some of these fuels have been sold
with a slight discount to incentivize consumer purchases. Similarly, ethanol will be sold at a
price that is energy equivalent with gasoline. CNG is cheaper on an energy basis than gasoline
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due to the current abundant domestic supply. Electric drive trains are more efficient than
combustion engines, so they require less energy per mile driven. Charging electric vehicles
during off-peak times, when electricity is at its cheapest, results in much lower fuel costs per
mile than gasoline ICEVs.

Fuel savings from alternative fuel vehicles are intimately tied to gasoline prices, which means
that AFV sales drop when gasoline prices are low and rise when they are high. For example, in
2014, gasoline prices dropped, resulting in decreased sales of PEVs. From April 2014 to April
2015, sales of electric and hybrid vehicles have dropped from 3.4% to 2.7% in market value
while purchases of sports utility vehicle rose from 31.6% to 34.4% (Ulrich, 2015).

Vehicle fuel prices have proven to be highly variable over time. From the year 2000 through
2015, United States average gasoline prices ranged from as little as $1.50 in 2000 to almost $4.00
in 2008. The price of liquid alternative fuel prices is closely tied to the price of petroleum fuels,
as shown in in Figure 20. Liquid alternative fuels are primarily used in vehicles, and petroleum
options are a viable substitute if alternative fuel prices rise too high. However, natural gas and
electricity prices are more independent of petroleum price because transportation only accounts
for a small portion of their markets.

As shown in Figure 20, E85 prices have roughly followed the same pattern as gasoline over the
last 15 years, but have typically remained 50 cents to over a dollar more expensive. B20 also
closely mirrors the price of gasoline. B99/B100 is a rare fuel that is sold to consumers who are
highly committed to using only biodiesel in their vehicles, and this is reflected in its relatively
high price. CNG and electricity, on the other hand, are consistently sold at prices well below
that of all of the other fuels, and show a much less volatile pattern. This is one of the major
selling points of CNG as a fleet fuel for companies that need to make long-term economic plans.
The price of propane in this graph is inflated due to the fact that the prices reflect the inclusion
of propane sold for non-vehicle uses, which is typically sold at higher prices. Hydrogen is not
shown on this graph because until 2015 it was not commercially available.
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Figure 20. United States Average Retail Fuel Prices

$5.00
$4.50
$4.00
— - Propane**
$3.50
- = E85
Gif $3.00 B99/B100
[G]
e B20
g $2.50
8 ——Gasoline
“ $2.00
====Diesel
$1.50 ——CNG
$1.00 Electricity*
50.50
$0.00

ST FFSF LSNP Moo
@‘b P 0(..

N
5

NN N

RO IR R N SO

Notes: Fuel volumes are measured in gasoline-gallon equivalents (GGESs). *Electric prices are reduced by a factor of 3.4 because
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Sources: Alternative fuel prices taken from Clean Cities Alternative Fuel Price Reports (http://www.afdc.energy.gov/
fuels/prices.html). Electricity prices are taken from EIA's Real Prices Viewer (http://www.eia.gov/forecasts/steo/realprices/).

Fueling Infrastructure Cost

The cost of developing and constructing a refueling station varies widely based on the ground
footprint, tank storage requirements, fuel and pipeline availability, and many other factors. EV
charging stations, which range from $500 for home charging to $40,000 for public DC Fast
Charging, are the least costly type of alternative fueling station to install since they have the
smallest footprint and need only be connected to the existing electric grid network. EV charging
can also be done for free using a typical household outlet, although it is difficult to achieve a full
charge on modern PEVs using that method alone. According to PG&E, the cost of installing
electrical equipment for a second meter ranges from $1,000 to $3,000. The second meter itself
costs $100. E85 and biodiesel don’t require the construction of a new station, but are dispensed
at existing gasoline stations using converted pumps. Hydrogen and natural gas fueling stations,
which require storage tanks and have a larger physical footprint, are much more expensive.
When compared to the cost of building a conventional gasoline and diesel fueling station
($50,000 to $150,000), hydrogen stations are intimidatingly expensive at $1 million or more. See
Table 10 for additional detail about infrastructure installation costs.
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Table 10. Infrastructure Installation Cost

Fueling Station Type Fuel Type Cost of Single Station

Level 1 Basic Charging EV $0 to $1000

Level 2 Basic Charging EV $500 to $2,600
Electricity'

Level 2 Smart Charging EV $4,500 to $17,000

DC Fast Charge EV $19,000 to $40,000

CNG Time-Fill $5,500 to $50,000

CNG Fast-Fill Natural Gas’ $400,000 to $1.8 Million

LNG Fast-Fill’ $1 to $4 Million

250 kg/Day* $0.9 Million
Hydrogen

400-500 kg/Day> $1.5-$4 Million

1000-2000 gallon storage $45,000-$70,000

12,000-18,0000 gal storage LPGs¢ $120,000-$220,000

30,000 gallon storage $225,000-$300,000

2 Nozzle Dispenser & Tank E857 $150,000

Blending Equip (1 Terminal) | Biodiesel® $200,000

Conventional Station’ Gasoline/Diesel $50,000-$150,00010

! California Department of General Services. 2014. Electric Vehicle Supply Guidance Document.
2 Department of Energy, Energy Efficiency and Renewable Energy. 2014. Costs Associated With

Compressed Natural Gas Vehicle Fueling Infrastructure.

3 Energy Information Administration. 2015.AFDC.energy.gov.

4 Tyson Eckerle, Garderet, R. 2012. Incentivizing Hydrogen Infrastructure Investment Phase 1. Energy
Independence Now Report.

5 California Fuel Cell Partnership, 2014. Hydrogen Fueling Stations. http://cafcp.org/sites/files/H2-Station-

profiles_public-compr.pdf.

¢ Smith, M., Gonzales, J. 2014. Costs Associated With Propane Vehicle Fueling Infrastructure. Department
of Energy Report.

7 EPA RFS2 Final Regulatory Impact Analysis, Feb 2010.

http://www.epa.gov/otaq/renewablefuels/420r10006.pdf

8 Provided by NBB Petroleum Liaison to Shelby Neal (NBB), email dated September 11, 2014.

? Electric Vehicle Transportation Centery. 2014. Hydrogen Fueling Stations Infrastructure.

http://evtc.fsec.ucf.edu/reports/EVTC-RR-02-14.pdf.
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Advantages and Disadvantages of Each AFV

Drivers are accustomed to the prices and activities associated with petroleum fueled vehicles.
However, AFVs contain new and different technologies, and require new approaches to fueling,
use, and maintenance. The strengths and weaknesses of each type of AFV should be well
understood so that consumers and policy makers can make informed decisions. For example,
some vehicles are more cost effective but have a shorter travel range while others require more
expensive fuel but have a longer driving range. Refueling/recharging time may also be an
important consideration. A brief overview of the advantages and disadvantages of each AFV is
presented here. A more detailed discussion of this topic follows in Chapter 5, Alternative Fuel
Infrastructure and Deployment Challenges.

Plug-in Electric Vehicles

PEVs are already quite popular in California, and they offer many advantages. They are
convenient to own because drivers can charge them overnight at home, allowing consumers to
capture fuel cost savings by using off-peak electricity in this fuel efficient vehicle. Over the
lifetime of the vehicle, these savings should off-set any added cost from the up-front purchase
price. Many drivers also enjoy the fact that PEVs are almost silent to drive. Electric charging
infrastructure is relatively easy to permit and install because it is similar to an ordinary electric
outlet. BEVs are also zero-emission vehicles (ZEVs) under California law, and their emissions
during use come only from electricity generation, which in California is mandated to be 33%
from renewable sources.

BEVs do suffer from the disadvantages of limited driving range and relatively long charging
time, although the driving range has consistently increased as the technology has developed
and is expected to continue doing so. Also, only drivers who own their own homes or have
access to charging infrastructure in their building can charge their vehicles overnight.

PHEVs are considered transitional ZEVs (TZEVs) since they have low but not zero tailpipe
emissions. PHEVs also offer large reductions in GHG and other air pollutants. They are largely
operated in electric mode, but also have a backup gasoline tank that decreases the range anxiety
of running out of charge and provides extended range.

Continued education is needed to ensure that PEV owners are using their vehicles to their
greatest advantage. Public charging infrastructure must also be planned carefully to ensure to
that employees who need to charge their vehicles at work are able to do so, and renters and
multi-unit dwellers are not prohibited from owning PEVs due to EVSE installation obstacles.

Hydrogen Fuel Cell Electric Vehicles

Fuel cell electric vehicles have several major advantages. FCEVs have a relatively long driving
range, only slightly less than many gasoline vehicles. They are also scalable: fuel cells are
capable of powering larger vehicles without resulting in a large increase in the overall vehicle
weight. They are considered zero emission vehicles under California regulations, and are highly
efficient at converting hydrogen into power. Like PEVs, FCEVs are also quiet to drive.

53



On the other hand, FCEVs have special challenges. Both the vehicle and the fuel are currently
quite expensive, the former due to the materials needed to make the fuel cell and the latter due
to the high up-front infrastructure cost of installing fueling stations. Infrastructure development
is made particularly difficult because the National Fire Protection Association (NFPA) codes
require large setback distances (up to 50 feet from the nearest wall) for hydrogen refueling,
greatly restricting the number of locations that are suitable for hydrogen retail stations.

Natural Gas Vehicles

Natural gas vehicles are another low emission AFV option with a relatively long driving range.
Natural gas is the lowest carbon intensity fossil fuel and it burns quite cleanly, producing few
non-GHG air pollutants. When produced from organic waste matter, its carbon intensity is even
lower and it is considered a renewable fuel. One selling point for NGVs is that natural gas is
currently being produced in large quantities domestically at low and consistent prices relative
to other vehicle fuels. Natural gas is primarily used in bus, taxi, and light-duty trucks.
However, the only commercially available NG-dedicated passenger vehicle, the Honda Civic
CNG, is being discontinued. Another disadvantage of NGVs is that their primary fuel, methane,
is a potent greenhouse gas, which has large climate change impacts in the case of leaks.

E85 and Flexible Fuel Vehicles

Flexible fuel vehicles (FFVs) running on E85 may offer a reduction in GHGs and other air
pollutants over gasoline and diesel, depending on the production pathway of the ethanol. The
carbon intensity of a given ethanol blend depends on its feedstock and production method, but
at the low end offers GHG emission reductions of up to 60%. It is relatively inexpensive to make
a vehicle that can run on a range of ethanol and gasoline blends, which makes it an appealing
option for manufacturers and consumers alike.

Ethanol is largely domestically produced, and the EPA’s Renewable Fuel Standard sets ethanol
production goals that will result in quantities that exceed current demand. Consuming this
ethanol will either require increased use of E85 in FFVs, or increasing the standard gasoline
blend from a 10% to a 15% or higher ethanol content for all new vehicles.

An FFV running on E85 has a shorter driving range than that same vehicle driving on gasoline
by about a hundred miles, but the resulting range of about two hundred miles is still higher
than many other AFVs. FFVs also offer the flexibility to fuel on regular gasoline when E85 is not
available, making them largely immune to infrastructure density problems and range anxiety.

Biodiesel and Renewable Diesel

There is no such thing as a biodiesel dedicated vehicle. Any diesel vehicle can be fueled with
diesel made from biological or renewable feedstocks. However, many vehicle manufacturers
will void the warrantee on a new vehicle if it is fueled with higher than a 5% biodiesel blend
due to concerns about potential engine damage. Renewable diesel, which is biodiesel that has
undergone the additional step of hydrotreating, carries no such quality concerns and can be
blended with petroleum diesel with no distinguishable difference. Diesel vehicles are more
efficient than gasoline vehicles, and when run on biodiesel or renewable diesel, offer life cycle
WTW GHG emission reductions of up to 80%.
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Liquefied Petroleum Gas/Propane

Liquefied petroleum gas (LPG) or propane can be used in manufactured or converted vehicles.
One advantage of LPG is that can be used in larger vehicles, including light-, medium-, and
heavy-duty trucks. Propane's high octane combined with its low-carbon and low oil-
contamination characteristics have resulted in improved engine life compared to conventional
gasoline engines, making it attractive to fleet managers whose vehicles experience heavy usage
and wear. Propane vehicles have comparable power, performance, and range to gasoline
vehicles.

Propane typically costs less than gasoline, but propane vehicles may cost several thousand
dollars more, so the economics often break even (see Figure 19). An additional obstacle is that
conversions of conventional vehicles to propane must be certified by the ARB, usually a
rigorous process. Also, public infrastructure for propane is rare, and vehicle population
densities have been dropping in recent years.

Conclusions

Every type of alternative fuel and alternative fuel vehicle offers advantages, which are balanced
out by trade-offs in other areas. The key to making good choices in vehicle purchasing and
planning is to fully understand these trade-offs and to choose the option that is best for the
intended purpose. For example, BEVs are perfect for individuals who have access to convenient
nighttime charging and a short to medium length commute to work every day. A travelling
sales representative who drives hundreds of miles a day may be more comfortable with a PHEV
than a BEV. CNG or biodiesel are better options for a fleet of trucks that have to carry heavy
loads and drive for long distances.

Table 11 displays a brief overview of the pros and cons of each type of alternative fuel vehicle. It
also shows the carbon intensity of each AFV from fuel production through combustion in a
vehicle. For comparison purposes, the default well to wheel carbon intensity of gasoline is about
100 g CO2¢e/MJ. For some fuel types, different production methods and feedstocks can result in

different carbon intensities, and in these cases, several representative values are shown in Table
11.

The CI's below have also been adjusted based on their energy economy ratios, where
appropriate. Energy Economy Ratio (EER) is the dimensionless value that represents the
efficiency of a fuel as used in a powertrain as compared to a reference fuel, in this case a
gasoline gallon equivalent (gge) between two fuels. The energy economy ratio of electricity
relative to gasoline is 3.4, and the energy economy of hydrogen is 2.5. Dividing the CI of the fuel
by this number allows you to determine the emissions based on how far a given fuel will actual
transport a vehicle.
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Table 11. Advantages of Different Alternative Fuels

Well to Wheel
AFV Fuel Carbon Intensity’ Pros Cons
(gC0O2¢/M]J)
ZEV & very efficient High vehicle price
Low fuel cost Short driving range
Electricity*® 32.5 Many incentives Long charging time
available for vehicle Second meter needed for
purchase lowest EV rates
Bio CNG ZEV & very efficient High vehicle cost
Reforming?®: Long driving range High fuel cost
Hydrogen? 35.33 Short fueling time Low infrastructure density
Electrolysis?: Scalable in size
42.3

Natural Gas

RNG?: -34.7 to 31
Fossil CNG!: 78.4
Fossil LNG?: 94.4

Low fuel cost
Clean burning fossil fuel
Long driving range

Low infrastructure density
Low efficiency compared to
diesel

2nd Generation
Cellulosice: 20

Large quantities available
Works in existing stations

E85 fuel cost is higher than
gasoline

Ethanol Vehicle cost is like ICEV
Sugar Cane®: 56.7 .
Long driving range
Corn': 76 ) .
Short fueling time
.1 Works in existing stations | Warrantee may be voided
Biodiesel”/ .. . .y
Long driving range by high biodiesel blends
Renewable 23/23 . . ..
. Short fueling time Limited supply
Diesel® . .
Used in diesel vehicles
Long driving range Low infrastructure density
Propane (not . . .
. 78 to 83° Short fueling time Few dedicated vehicles
in LCFS yet) )
ICEVs may be converted | available for sale
1. See Appendix C of Full Report for source attribution of carbon intensities.
2. Assumes 33% of hydrogen feedstocks are renewable per SB 1505. Electrolysis path assumes 33% solar power.
3. Hydrogen Cl is EER adjusted by a factor of 2.5.
4. Electricity Cl is EER adjusted by a factor of 3.4.
5. CARB, July 2015. Proposed third LCFS 15-day regulation order. http://www.arb.ca.gov/regact/2015/Icfs2015/Icfs15appa.pdf
6. Based on established LCFS pathways.
7. 2014 volume weighted average
8. Yeh, S. & J. Witcover, J. Bushnell. 2015. Status Review of California’s Low Carbon Fuel Standard April 2015 Issue (REVISED

VERSION). UCD-ITS-RR-15-07. http://www.its.ucdavis.edu/wp-content/themes/ucdavis/pubs/download pdf.php?id=2491.
9. Western Propane Gas Association study by Life Cycle Associates, unpublished.
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CHAPTER 3:
Incentives for AFV and AFI Adoption

AFVs offer many advantages over conventionally fueled vehicles. They create lower GHG
emissions throughout their life cycle and produce lower quantities of air pollutants such as dust
particulates, smog, and sulfur dioxide. Communities may also enjoy economic benefits from
reduced public health costs associated with improvements in air quality from AFVs. PEVs and
FCEVs reduce noise pollution since electric batteries are much quieter than the combustion
engines in conventional vehicles. Additionally, many alternative fuels like renewable electricity,
hydrogen gas, and biofuels are typically domestically produced, resulting in an increase of
energy independence.

As with any new technology, there are challenges to the extensive employment of alternative
fuel vehicles. The challenges to widespread adoption of AFVs involve economic, technical,
regulatory, and behavioral hurdles. These challenges will be discussed fully in Chapter 4.

Since the public benefit of increasing the use of AFVs is significant in spite of these obstacles,
various incentives exist in order to make them more attractive to consumers and speed their
deployment. The various incentives that currently exist for consumers, businesses, and agencies
in San Mateo County are covered in depth throughout this chapter.

This chapter partially fulfills the requirements of Task 2 of the C/CAG agreement with the CEC.
Chapter 3 reviews existing federal, state, and regional/local incentives to increase the use of
AFVs and the development of AFI. Potential future incentives that could be enacted by San
Mateo County and its cities are covered in Chapter 5.

Governments can incentivize the production and use of alternative fuels in a variety of ways.
Incentives may target different parts of the value chain, including production of alternative
fuels from biomass feedstocks, installation of infrastructure and fueling locations, and the
purchase, fueling, and use of alternative fuel vehicles. Some incentives must be applied at the
federal or state level, such as tax exemptions or subsidies. Others work best at the regional or
local level, such as free parking or free charging stations, and still others are ideally suited to
public-private partnerships.

The following list summarizes the types of policies and incentives that governments frequently
employ to encourage the use of AFVs and the construction of alternative fueling infrastructure:

» tax credits, exemptions, and deductions

« vehicle purchase subsidies and rebate programs

« AFV refueling equipment deductions

« reduced vehicle registration fees for AFVs

« corporate tax credit for EV purchase/recharge equipment
« HOV lane access

« free parking or charging
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Some mandatory requirements and regulations have also been put in place that are likely to
result in an increase in the use of AFVs, such as:

 criteria air pollutant and greenhouse gas emission regulations
« fuel economy regulations
« government fleet AFV or ZEV requirements.

Table 12 summarizes the types of major incentives that are currently offered for alternative fuel
producers and AFV users located in San Mateo County.

Table 12. San Mateo County Incentives

Tax Low-Cost Rebate HOV Lane
Credit Financing Access
Federal v v
State v v v v
Regional/Local v v
Private v

Rebates and tax credits can bring down the purchase price of an alternative fuel vehicle
significantly. Table 13 summarizes the monetary incentives available from different government
entities for the purchase of new AFVs. (EM refers to electric motorcycles.) Note that the Bay
Area Air Quality Management District incentives are only available to public agencies. Values
shown are for the maximum amount possible at this time.

Table 13. Vehicle Purchase Rebates and Tax Credits

BAAQMD Public CARB Clean
Agency PEV Vehicle Rebate IRS Tax Credit
Program Program
BEV $2,500 $2,500 $7,500
PHEV $1,000 $1,500 $4,000
EM $2,500 $900 $2,500
FCEV $2,500 $5,000 $0

Existing Incentives

Table 14 through Table 16 show the various federal, state, and local/regional programs that are
currently operating in San Mateo County. The name of the program is listed in the first column.
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The “Administrator” column displays the name of the agency in charge of running the
program. The tables also list the types of alternative fuel vehicle technologies that may be
eligible for funds under a given program, and the range of monetary or non-monetary incentive
values available. Recipient refers to whether incentives are available to individuals (I),
commercial entities (C), or government agencies (G). Following the tables are detailed
descriptions of each program.

Table 14. Federal AFV Programs

Program Incentive Value Administrator | Recipient Eligible AFVs
Excise tax credits | Varies IRS ICG LPG, NG, FCEV
Renewable Fuel E85, LPG,
Standard ~$0.50/RIN EPA bee BD, CNG
$2,500 to $7,500
EV Tax Credits depending on battery IRS I, C PEVs
capacity
ATVMLP Loans for up to 30% DOE C Ultra-e‘ff1c1ent
of the cost vehicles
Up to 80% of fleet DOT
AP-21 All
MAP-2 vehicle purchase costs FTA ¢ G
Loan guarantees for New or
o L
DOE Loan up to 100% of the DOE C,.G 51‘gmf1cantly
Guarantees amount of the loan improved
for an eligible project technologies
Phase 1: up to R&D in
DOE SBIR and
an $225,000. Phase 2: up DOE C innovative
STTR Programs e
to $1.5 million technology
A1rpo'rt ZEV and 50@ of cost of AFVs FAA G BEV, FCEVs
AFI Pilot or infrastructure
CAFE Standard | | cctfuel economy | g s \p7sa C Al
requirements
Clean Cities Grants are available
DOE All
Program to DOE coalitions G
EV Everywhere Companies install
Workplace EVSE in return for DOE C PEVs
Challenge technical assistance
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Table 15. California AFV Programs

Program Incentive Value Administrator | Recipient | Eligible AFVs
SB-1257 Utility Exemption of public
User Tax vehicles from local user CA Tax Board G PH]?I]\'IEEV'
Exemption tax
California Low Carbon credits with
Carbon Fuel values ranging from $28 CARB CG All
Standard (LCFS) to $51 per credit!
DGS EV Charging | | 1c¢ charging instate lots |y oq G PEVs, FCEV
and discounted parking
ARFVTP UP to 5100 million CEC CG Al
annually in grants.
for E
EVCS Financing ,Up to $5,00'900 or EVCS CA Treasurer C PEVs
installation in workplaces
ABS8 Hydrogen $20 million annually until
Fuel Cell 100 FCEV fueling stations CEC CG FCEV
Infrastructure have been built statewide
CA Alternative
Energy and Sales and use tax
Advanced exclusions ($100M) State C QSZSHSthtion
Transportation PACE Loss Reserve Treasurer p .
. . technologies
Financing Program ($10M)
(CAEATFA)
Rebates:
Clean Veh1‘cle $5,000 for hydrogen FCVs FCEV, BEV,
Rebate Project $2,500 for 100% EVs CARB, CSE ICG PHIEV
(CVRP) $1,500 for PEVs
$900 for motorcycles
Hybrid and Zero- | $8,000 — $65,000
Emission Truck depending on truck CARB
PHEV, BEV
and Hybrid weight, fleet size, and CALSTART G ’
Voucher (HVIP) PHEV vs. BEV
HOV Lane N/A CA DMV ICG BEV, FCEVs
Advanced Tech | o CARB CG All
Demo Projects
$1,000- $1,500 for retiring
Accelerated vehicles that failed their CARB I ICEVs

Vehicle Retirement

last smog test

1 Values based on 2014 sales
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Table 16. Local AFV Programs

Eligibl
Program Incentive Value Administrator | Recipient igible
AFVs
. $25 million annually
Clean Vehicl
can veeies towards purchase of more | ABAG/MTC I Varies
Feebate Program L .
fuel-efficient vehicles
Vehicle Buy-Back
ehicle Buy-Back/ | o) million annually ABAG/MTC I PHEV, BEV
Purchase Incentive
Climate Initiatives $226 million annually in
. grants to decrease GHG ABAG/MTC G Varies
Innovative Grants .
emissions
Regional Electric i?ot Hlllﬂgoi f(;r E\iiEl
Vehicle Charger Statiation al WOTEPIaces, | - ABAG/MTC C EVSE
commuter hubs, and
Network o
other destinations
Special rate plans for
PG&E EV Rat
ate customers who charge PG&E ILC G EVSE
Plans . .
electric vehicles at home
illion initially, $1
Charge! Program %5 million initia Y $10k BAAQMD G EVSE
to $600k per applicant
$2,500 for each qualified
Public Agency PEV | BEV or FCEV; $1,000 for
BAAQMD PHEV, BE
Rebate Program each PHEV purchased or QM G v, BEV
leased by a public entity
. Grant funding for Light-
Light-Duty EV PHEV, BEV
Pf) tran‘:ty Duty ZEV and PZEV BAAQMD C,G reey
& Vehicles in fleets; $ TBD
Grant funding for fleet
Heavy-Duty EV ZEV and PZEV medium PHEYV, BEV,
BAAQMD
Program & heavy-duty vehicles Q GG FCEV
and urban buses; $ TBD
P . .
roperty Assessed | Financing for renewable San Mateo
Clean Energy energy upgrades to Count I, C EVSE
(PACE) buildings y
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Program Descriptions: Federal

A variety of different tax credits or other kinds of incentives have been offered by the federal
government to encourage alternative fuel use in recent years. The following section describes
the programs listed in Table 14 in greater detail. Descriptions are grouped based on the aspect
of the AFV life cycle that they are designed to target.

Alternative Fuel Production and Use
Excise Tax Credits

Certain uses of alternative fuels are eligible for an excise tax credit or refund to be issued to the
ultimate user of the fuel by the IRS (IRS, 2013). Excise taxes are often paid during bulk purchase
of a fuel from a producer, and are typically passed on to the final buyer by being included in the
price of the product. Covered fuels included biodiesel, renewable diesel, CNG, LPG, liquefied
hydrogen and mixed alternative fuels. These credits expired at the end of 2013, but were
retroactively reinstated for 2014.

Alternative fuel uses that are eligible for excise tax credits include use:

e for farming purposes

e off-highway business purposes

e inaboat engaged in commercial fishing

e in aschool bus

e in a qualified local or intercity bus

e by ablood collector

e by anonprofit educational organization

¢ by a state entity

e in an aircraft of vehicle owned by an aircraft museum

e in any boat operated by the United States for its exclusive use or for war
purposes

Recently signed legislation modifies the highway excise tax on LNG so that it is now based on
energy content, rather than volume, bringing the tax on LNG into parity with that of diesel. This
will reduce the excise tax on LNG from $0.41 per diesel gallon equivalent (DGE) to $0.24 per
DGE.

Website: http://www.irs.gov/publications/p510/ch02.html#en US 201406 publink1000302016

Renewable Fuel Standard (RFS2)

Under the Federal Renewable Fuel Standard (RFS2), gasoline and diesel refiners and importers
are required to purchase a certain amount of renewable fuels annually (40 CFR part 80). This is
called their Renewable Volume Obligation, and it corresponds to the amount of gasoline and
diesel they produce or import. In order to verify that their obligations have been met, obligated
parties must submit renewable fuel credit verification to the EPA. These tradable credits are
called Renewable Identification Numbers (RINs), which are generated through the production
of biofuels. One RIN corresponds to 1 gallon of ethanol equivalent, and equivalencies are based
on energy content.
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Depending on the feedstock and production method, ethanol, LPG, biodiesel, and biogas may
all generate RINs. Each type of RIN has its own price, and the value of RINs varies with supply
and demand. As of July, 2014, the value of most RINs was close to 50 cents (OPIS, 2014),
although it has ranged from several cents to over a dollar depending on the year and the type of
RIN (United States Energy Information Administration, 2013). RIN sales provide an added
source of revenue for renewable fuel producers.

Website: http://www.epa.gov/otag/fuels/renewablefuels/index.htm

AFV Infrastructure Development

Refueling Equipment Tax Credit (Expired)

In 2013, the IRS offered a tax credit for installation of refueling equipment for alternative fuels,
which included any fuel that was at least 85% ethanol, natural gas, CNG, LNG, LPG, or
hydrogen, as well as B20 and electricity. The credit was worth either 30% of the cost of the
property or $30,000 for business properties, whichever was less, and 30% of the cost or $1,000
for personal property, whichever was less.

Website: http://www.irs.gov/pub/irs-pdf/f8911.pdf

Zero Emissions Airport Vehicles and Infrastructure Pilot Program

The Federal Aviation Administration (FAA) has implemented the Zero Emissions Airport
Vehicles and Infrastructure Pilot Program. This pilot program allows the FAA to provide funds
to airports that wish to purchase zero emission vehicles (ZEVs) for use within the airport limits
or to develop the infrastructure needed to fuel such ZEVs. The federal government will cover
50% of project costs.

Website: http://www.faa.gov/airports/environmental/zero emissions vehicles/

Vehicle Manufacture and Purchase
Advanced Technology Vehicles Manufacturing Loan Program (ATVMLP)

The Advanced Technology Vehicles Manufacturing Loan Program (ATVMLP) was authorized
by Congress pursuant to the Energy Independence and Security Act (EISA) of 2007 and is
administered by the DOE’s Loan Program Office. It provides low-interest, minimal fee, long-
term loans to manufacturers and component suppliers of ATVs in order to finance engineering
integration and reequipping, expanding, or establishing manufacturing facilities in the United
States to produce advanced technology vehicles (ATVs). Loans are available for up to 30% of
the cost of re-equipping, expanding, or establishing manufacturing facilities in the United States
used to produce qualified ATVs or ATV components (DOE, 2013a).

Website: http://energy.gov/lpo/services/atvm-loan-program

FCEV Tax Credits (Expired)

Until January of 2015, hydrogen fuel cell vehicles were eligible for federal tax credits, even if
they were not new vehicles. Fuel cell electric vehicle (FCEV) tax credits were based on the
weight of the vehicle and the date when it was placed into service. The tax credit for fuel cell
vehicles weighing under 8,500 pounds was $8,000 if they were placed into service before Dec.
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31, 2009, and $4,000 if they entered service after that date. Heavier vehicles could receive tax
credits between $10,000 and $40,000 depending on their weight. This tax credit has expired, but
FCEV manufacturers are lobbying for it to be reinstated and reducing vehicle prices in the
interim.

PEV Tax Credits

Plug-in electric (PEV) vehicles are the only type of AFV that is currently eligible for federal tax
credits. Plug-in electric drive vehicles acquired after Dec. 31, 2009 receive a credit of $2,500. If a
vehicle draws propulsion energy from a battery that has 5 kilowatt hours of capacity, it receives
an addition $417, plus $417 for each kilowatt hour of battery capacity in excess of 5 kilowatt
hours. The maximum credit allowed for a vehicle is $7,500. This credit begins to phase out for a
manufacturer’s vehicles when at least 200,000 qualifying vehicles manufactured by that
manufacturer have been sold for use in the United States. This tax credit applies to any vehicle
that has a plug-in electric battery, including both hybrid and fully electric vehicles.

Website: http://www.irs.gov/Businesses/Plug-In-Electric-Vehicle-Credit-IRC-30-and-IRC-30D

Moving Ahead for Progress in the 21°% Century (MAP-21)

On July 6, 2012, President Obama signed Moving Ahead for Progress in the 21st Century (MAP-
21), reauthorizing surface transportation programs through fiscal year 2014. It is administered
by the Department of Transit and the Federal Transit Administration. 65% of program funds
must go to distributing grants to government agencies, private companies, or non-profits
interested in acquiring or leasing a fleet of low- or zero-emission vehicles. The grant covers up
to 80% of the cost of vehicles purchased. (Public Law 113-159, and 49United States Code 5312).

Website: http://www.fta.dot.gov/map21/

Corporate Average Fuel Economy (CAFE)

The Alternative Motor Fuels Act (AMFA) of 1988 created Corporate Average Fuel Economy
(CAFE) standards for vehicle manufacturers. CAFE standards are set by NHTSA and the EPA
and require vehicle manufacturers to achieve a certain average fuel economy for their annual
fleet. Alternative fuels receive a multiplier to incentivize the production of alternative fuel
vehicles, which helps to bring down the fleet average. The fuel economy goals and alternative
fuel multipliers for years 2017-2021 are shown below in Table 17.

Website: http://www.nhtsa.gov/fuel-economy

Table 17. CAFE Standard Fuel Economy Incentive Multipliers

Year 2017-2019 2020 | 2021
LDV Fuel Economy (mpg) | 36.6 to 40.0 41.7 44.7
FFV based on actual usage

CNG 1.6 1.45 1.3
PHEVs 1.6 1.45 1.3
BEV 2 1.75 1.5
FCEV 2 1.75 1.5

Source: Table III-15, from EPA/NHTSA, 2012 Café final rule 2017-2011.
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Other

The United States Department of Energy (DOE) also has several funding opportunities that are
not specific to any one aspect of the AFV system and may apply to many different projects.

For one, it provides loan guarantees to projects that reduce air pollution and GHG emissions or
employ “new and significantly improved technologies” as compared to conventional
“commercial technology” (42 United States Code 16513). DOE may issue loan guarantees for up
to 100% of the amount of the loan for an eligible project.

Website: http://energy.cov/lpo/services/section-1703-loan-program

DOE's Small Business Innovation Research (SBIR) and Small Business Technology Transfer
(STTR) programs are designed to support technological innovation through investment in small
companies. These funds are typically distributed through competitions, where the winning
company gets the full grant funding. Clean energy for use in vehicles is named as one of the
main research topics for which companies are encouraged to apply.

Website: http://www.sbir.gov/about/about-sbir

The DOE has also been involved in setting up Clean Cities Coalitions throughout the United
States. There are currently close to 100 Clean Cities Coalitions and 18,000 stakeholders
nationwide. Coalitions are composed of local governments, fuel providers, vehicle
manufacturers, national labs, and NGOs, all of whom are working together to reduce petroleum
consumption from transportation and increase alternative vehicle use. The Clean Cities
program assists with funding and financial opportunities, education and information resources,
technical assistance, and coordination of multi-state fleets. The Clean Cities program reports
that it is on track to meet its goal of saving 2.5 billion gallons of petroleum per year by 2020.
Within the Bay Area, Oakland, San Francisco, and San Jose each have their own Clean Cities
Coalitions.

Website: http://www1.eere.energy.gov/cleancities/

The DOE has another program aimed at company workplaces called the EV Everywhere
Workplace Charger Challenge. The program encourages companies to take the Workplace
Charging Challenge by pledging to install charging stations at the workplace to meet employees
charging needs. In return, the DOE offers technical assistance, informational resources, and an
information-sharing forum.

Website: http://energy.cov/eere/vehicles/vehicle-technologies-office-ev-everywhere-workplace-
charging-challenge

Program Descriptions: California

California State also has many of its own incentive programs designed to encourage the use of
alternative vehicles. Many of these are the result of various climate change laws, such as AB32,
SB 375, and the executive orders outlined in Chapter 1.
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AB 118 Air Quality Improvement Program

In 2007, Assembly Bill 118, known as the California Alternative and Renewable Fuel, Vehicle
Technology, Clean Air, and Carbon Reduction Act of 2007, was signed into law in California
(Nunez, 2007). AB 118 approved the use of $200 million annually through 2015 to fund air
quality programs and support alternative fuel technology development. Currently funded
programs include the following:

e C(lean Vehicle Rebate Project

e Hybrid and Zero-Emission Truck and Bus Voucher Incentive Project
e Advanced Technology Demonstration Projects

e Truck Loan Assistance Program

The first three programs are described in greater detail in the sections that follow. The Truck
Loan Assistance Program is not specifically targeted at alternative vehicle technology and is not
discussed.

Website: http://www.arb.ca.gov/msprog/agip/agip.htm

Alternative Fuel Production and Use Programs
SB-1257 Utility User Tax Exemption for Public Transit Vehicles

In 2012, the California legislature passed a bill that exempts vehicles used for public transit from
any utility user tax imposed by a local jurisdiction on the consumption of CNG or electricity
dispensed by a separately metered unit dedicated to providing fuel to motor vehicles
(Hernandez, 2012). This refers to utility taxes levied at the local level, and is intended to ensure
statewide uniformity of service and cost of providing public transit during the transition to
increased alternative fuel use.

Website: http://leginfo.legislature.ca.gov/faces/billNavClient.xhtmI?bill id=201120120SB1257

CA Low Carbon Fuel Standard (LCFS)

California’s low carbon fuel standard (LCEFS) is designed to reduce the greenhouse gas
emissions from transportation fuels inside California. An executive order was passed in 2007
that called for a reduction in the carbon intensity of California’s transportation fuels by 2020 of
at least 10%. A fuel’s carbon intensity is measured in grams of carbon dioxide equivalents
(gCO2) per unit energy (M]) of fuel and is quantified on a lifecycle basis. The California Air
Resources Board (CARB) became responsible for implementing this standard in 2009, and the
law went into effect in 2011.

The LCFS utilizes a market-based trading mechanism to facilitate the reduction of statewide
carbon emissions with minimal economic harm. All producers of petroleum based
transportation fuels (typically gasoline and diesel) sold in the state of California are considered
regulated parties. Renewable fuel producers of low carbon intensity products can opt into the
system in order to be able to sell carbon credits to the regulated parties. Yearly CI targets are
reduced each year until 2020, at which point the state should have achieved a 10% reduction
from 2010 levels.
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Each regulated fuel provider is required to ensure that the carbon intensity of the suite of fuels
they produce meets the carbon intensity target for that year. Refiners have three options for
complying with the CA LCFS. The first option is to blend low carbon intensity fuels into
petroleum-based gasoline and diesel to lower the aggregate CI of the fuels they produce. The
second option is to buy or produce low CI fuels to lower the average carbon intensity of their
suite of fuel products. The third option is to buy carbon credits from producers of low CI fuels
in the carbon credit market (ARB, 2009). The value of these carbon credits provides an added
incentive for fuel producers to engage in the production of alternative fuels.

During the period from 2011 through mid-2013, a net excess of LCFES credits were generated,
totaling 61% over the credits required to cover the generated deficits. Of the total credits
generated in that time, 71% came from ethanol, 9% came from CNG and biodiesel (BD) each, 6%
came from renewable diesel (RD), 3% came from LNG, and under 2% came from electricity.
During that period, however, the portion of credits from ethanol decreased and the portion of
credits from biodiesel and renewable diesel increased (Yeh, 2014).

The price of an LCFS credit has varied over time. According to CARB, the average price of a
credit at the start of 2012 was $16. This price rose steadily to over $55 in Q3 of 2013, and then to
$85 in mid-November (Yeh, 2014). The price dropped again in December of 2013 to about $50,
although the quarterly average for Q4 of 2013 was $70 (CARB, 2014g; Yeh, 2014). The average
credit price was $17 in 2012, $55 in 2013, and $31 in 2014. For the most recent Monthly LCFS
Credit Transfer Activity Report, October of 2015, the average credit price was $60.

Website: http://www.arb.ca.gov/fuels/lcfs/lcfs.htm

DGS Free Charging and Parking

California Public Resource Code 25722.9 requires that that The Department of General Services
(DGS) and the Department of Transportation (DOT) develop AFV parking incentives in all
public parking facilities of 50 spaces or more operated by the DGS and park-and-ride lots
owned and operated by the DOT. Some DGS parking is available only to state employees, while
some lots are publically accessible. So far, 8 out of its 19 statewide garages have EV charging
stations. State employees who drive a BEV, PHEV, or FCEV are eligible for discounted monthly
parking of up to 55% off, first priority parking permits, and first-come first-served EV charging
at reasonable hourly rates. DGS has contracted with the company Charge Point to install and
manage EV stations in its lots. Charging is limited to 4 hours maximum, and you must be
charging in order to be parked in an EV charging spot.

Website: http://www.dgs.ca.gov/dgs/About/parking.aspx

AFV Infrastructure Development

Alternative and Renewable Fuel and Vehicle Technology Program (ARFTVP)

In 2007, California created the Alternative and Renewable Fuel and Vehicle Technology
Program (ARFVTP), to be administered by the California Energy Commission (CEC). ARFVTP
is currently approved by the legislature through January 1, 2024. The ARFVTP is a widely
applicable grant program that includes biodiesel, ethanol, biomethane, electric, hydrogen,
propane, and natural gas fuels in its definition of eligible alternative fuels. The program’s
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objective is to develop and deploy alternative and renewable fuels and advanced transportation
technologies. The program is expected to distribute up to 1.5 billion dollars by 2024. The annual
budget is approximately $100 million for projects that include (but are not limited to):

e Produce alternative and renewable low-carbon fuels in California.

¢ Retrofit medium- and heavy-duty on-road and non-road vehicle fleets to
alternative technologies or fuel use.

e Expand fuel infrastructure, fueling stations, and equipment.

e Expand infrastructure connected with existing fleets, public transit, and
transportation corridors.

Website: http://www.energy.ca.gov/altfuels/

Electric Vehicle Charging Station Financing Program

Loans in the Electric Vehicle Charging Station Financing Program (EVCS) can be used for the
design, development, purchase, and installation of qualified electric vehicle charging stations in
the State of California. The charging station must be accessible to the business owner’s
employees, the general public, or to the tenants of a multi-unit dwelling.

The maximum enrolled loan amount is $500,000 per qualified borrower, and can be insured for
up to four years (though the actual term of the loan can be longer). Lenders set the terms and
conditions of the loans and decide which loans to enroll into the EVCS Program. The EVCS
Program contributes 20% of the principal balance enrolled to a loss reserve account. CalCAP
will contribute an additional 10%, up to a maximum of 30%, if the installation is in a multi-unit
dwelling or located in a disadvantaged community as designated in the CalEnviroScreen 2.0.

Website: http://www.treasurer.ca.gov/cpcfa/calcap/evcs/summary.asp

AB 8 and FCEV Requirements

The same bill that creates the ARFTVP, Assembly Bill 8, specifies several requirements that are
particular to FCEVs. For one, it requires the DMV to track the number of FCEVs that are sold or
leased in CA each year. It also requires that the state board must evaluate, based on the number
of vehicles expected over the next three years, “the need for additional publicly available
hydrogen-fueling station, geographic areas where fuel will be needed, and station coverage.” In
addition, the commission must allocate $20 million annually to hydrogen station installation
until at least 100 hydrogen fueling stations are operating in the state of California (AB 8, Perea).

No hydrogen fueling stations are open in San Mateo County currently, but several are already
in various phases of permitting and construction. The ARB and the California Fuel Cell
Partnership (CaFCP) have identified the locations for 68 fueling facilities that they intend to
build by 2016, 4 of which are in San Mateo County. This is expected to provide enough coverage
for around 10,000-30,000 early fuel cell vehicles.

Website: http://cafcp.org/stationmap
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Sales Tax Exclusion

Under SB 1128, Padilla, the California Alternative Energy and Advanced Transportation
Financing Authority (CAEATFA) provides a sales and use tax exclusion for advanced
manufacturers and manufacturers of alternative source and advanced transportation products,
components or systems. “Advanced transportation technologies” is defined in SB 1128 as
“emerging commercially competitive transportation-related technologies identified by the
authority as capable of creating long-term, high value-added jobs for Californians while
enhancing the state’s commitment to energy conservation, pollution and greenhouse gas
emissions reduction, and transportation efficiency.” The law is authorized through January 1,
2021.

Website: http://www.treasurer.ca.gov/caeatfa/

Vehicle Manufacturing and Purchase
Clean Vehicle Rebate Project (CVRP)

The State of California currently offers significant rebates for hybrid, battery electric, and fuel
cell light-duty vehicle purchases. The Clean Vehicle Rebate Project (CVRP), a program funded
by the ARB, offers $5,000 rebates for hydrogen fuel cell vehicles, $2,500 for 100% electric
vehicles, $1,500 for plug-in hybrid electric vehicles, and $900 for neighborhood electric vehicles
and motorcycles. Rebates are only offered for the purchase or lease of new, approved vehicles.
Nearly 75% of California PEV buyers received rebates totaling more than $150 million since
2010.

Website: https://energycenter.org/clean-vehicle-rebate-project

Hybrid and Zero-Emission Truck and Bus Voucher Incentive Project (HVIP)

The California Hybrid and Zero-Emission Truck and Bus Voucher Incentive Project (HVIP) is
designed to offset about half of the incremental additional cost of acquiring eligible hybrid and
battery-electric medium- and heavy-duty vehicles for both public and private vehicle fleets of
any size. Vouchers are available on a first-come, first-served basis and range from $10,000 to
$65,000 depending on truck weight and fleet size. The program is in its fourth year, and is slated
to continue until 2023.

Website: http://www.californiahvip.org

High Occupancy Vehicle Lane (HOV)

One benefit of owning an alternative fuel vehicle in the state of California is eligibility for single
passenger use of the High Occupancy Vehicle (HOV) lane. The California Department of Motor
Vehicles distributes two kinds of decal stickers for AFVs, white and green. White clean air
vehicle stickers are unlimited in quantity and are granted to qualifying Federal Inherently Low
Emission Vehicles (ILEVs). ILEVs are typically 100% battery electric vehicles, hydrogen fuel cell
vehicles, or CNG vehicles. Green clean air vehicle stickers are available to the first 55,000
applicants with transitional zero emission vehicles (TZEV), which typically refers to plug-in
hybrids. The green decal limit was originally set at 40,000, but when these were completely
exhausted in mid-2014, SB-853 increased the limit by 15,000. This incentive program is
approved through January 1, 2019.
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Website: http://www.arb.ca.gov/msprog/carpool/carpool.htm

Other
Advanced Technology Demonstration Projects

One of the programs funded by AB 118, the Advanced Technology Demonstration Projects
program, serves to help accelerate the implementation of next generation advanced technology
vehicles, equipment, or emission controls by funding pilot projects that demonstrate its
feasibility. Some examples of previously funded projects include:

e $164,000 to the Bay Area Air Quality Management District for the testing of wind-assist
marine demonstrations in San Francisco Bay ferry boats

e 51,000,000 for the purchase of zero-emission off-road equipment and vehicles by the
ports of Los Angeles and Long Beach

e 51,000,000 for the purchase of electric school buses in San Diego County and Kings
Canyon County

e $1,000,000 for the hybridization of an existing marine tugboat for the Port of Long Beach

Website: http://www.arb.ca.gov/msprog/aqgip/demo.htm

Voluntary Accelerated Vehicle Retirement

The Voluntary Accelerated Vehicle Retirement program applies to owners of cars that failed
their last smog check test. The California Bureau of Automotive Repair (BAR) offers $1,000 to
$1,500 in cash (the latter applies only to low-income individuals) for the retirement of older and
more polluting vehicles.

Website: http://www.arb.ca.gcov/msprog/avrp/avrp.htm

Program Descriptions: Regional & Local

A number of programs exist at the regional or local level as well. The Bay Area Air Quality
Monitoring District (BAAQMD) has been highly involved in developing climate change goals
for the Bay Area, in collaboration with the Association of Bay Area Governments (ABAG) and
the Metropolitan Planning Organization (MPO), responsible for the nine counties that comprise
the Bay Area, which includes San Mateo County. BAAQMD has recently begun offering an
expanded suite of grants and incentives for public and private fleets to switch to zero emission
vehicles and to build supporting infrastructure.

Alternative Fuel Production and Use
PG&E EV Rate Plans

Pacific Gas and Electric Company (PG&E) has introduced two new rate plans specifically
designed for customers who intend to charge their electric vehicles at home. The first plan
incorporates the EV charging into their total household usage. In the second plan, the EV
charging station is metered separately from the rest of the house. Installation of the second
electric meter costs $100 but allows a user to distinguish between EV and household electricity
usage, and is recommended for customers who will be charging at peak hours. Unlike the
standard rates, neither EV rate plan is tiered; the price per kilowatt-hour (kWh) is based only on

70



the time of day you use electricity (PG&E, n.d.). This allows the utility company to charge low
rates to EV chargers during off-peak times and high rates during peak hours so as to encourage
EV charging at night when grid loads are lower. Further information about these rates is
available in Appendix A.

Website:
http://www.pge.com/myhome/environment/whatyoucando/electricdrivevehicles/rateoptions/

AFV Infrastructure Development
BAAQMD Charge! Program

The Bay Area Air Quality Management District (BAAQMD offers grant funding for the
installation of electric vehicle supply equipment (EVSE) or electric vehicle charging stations
(EVCS) at Bay Area transportation corridors, workplaces, multi-family dwelling units (MDUs)
and trip destination locations. Both public and non-public entities are eligible to apply for
funding. The deadline for applications is typically in mid-December, unless funds are exhausted
sooner. An initial allocation of $5 million is available for funding. These programs are
summarized in Table 18.

e Awards are limited to 75% of eligible project costs incurred, up to the grant
award amount limit, which varies by charging station/equipment, equipment
ranging from $500 to $25,000.

e Higher funding limits are available for projects that offset grid demand through
onsite power generation using zero-emission, renewable sources (i.e. solar, wind)
and onsite battery storage.

¢ Minimum Grant Amount: $10,000 per application (and completed project).

e  Maximum Grant Amount: $250,000 per applicant for projects that deploy Level 2
and Level 1 equipment.

e For applicants who proposed projects with DC Fast Chargers, the maximum
funding limit is increased up to $600,000 per applicant; however, any additional
funding requested above the $250,000 limit may only be used for the installation
of DC Fast chargers.

Website: http://www.baagmd.gov/grant-funding/public-agencies/charge

San Mateo County PACE Program

PACE, or Property Assessed Clean Energy, is an affordable, long-term financing option for
energy, water, and renewable energy upgrades to residential and commercial buildings that is
repaid on property taxes over a time period of up to 20 years. The tax bill remains with the
property in the event of sale. Property owners receive 100% financing of improvement costs and
projects can be cash-flow positive from day one. No up-front cash investment is required. Loan
recipients can use the funds for solar panel or EVSE installation, both of which contribute to the
generation and use of renewable electricity.

Website: https://green.smcgov.org/pace-financing
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Vehicle Manufacturing and Purchase
Public Agency PEV Rebate Program

Government agencies may not be eligible for state and federal tax incentives since they do not

pay taxes. In order to assist public agencies in the Bay Area with their efforts to green their
vehicle fleets, BAAQMD has a PEV rebate program that is open exclusively to public agencies.
It provides vouchers of $2,500 for each qualified BEV or FCEV, $1,000 for each PHEV, $500 per
zero-emission neighborhood electric vehicle (NEV), and $2,500 per zero-emission motorcycle
(ZEM) purchased or leased by a public entity. Each public agency is limited to a maximum of
$90,000 in voucher awards per fiscal year.

Website: http://www.baagmd.gov/grant-funding/public-agencies/pev-rebate

Table 18. BAAQMD EV Incentive Programs

Program Description Annual Budget
Grant funding is available for the purchase or lease e
} . . $13 million is
Light Duty of 3 or more new Light-Duty Zero- and Partial-Zero- .
. ) . . ) ) . . available for all
Electric Vehicle Emissions Vehicles in fleets, including plug-in
: i ) ) EV-related
(EV) Program hybrid-electric, plug-in electric, and fuel cell
: programs
vehicles.
$13 million is
Rebates available to public agencies for the purchase
PEV Rebate for ) P & . P available for all
. . of PEVs. Maximum of $90,000 per fiscal year per
Public Agencies . EV-related
agency. See below for rebate details.
programs
13 million is
Heavy Duty Grant funding is available for the purchase or lease b .
g ) . . . available for all
Electric Vehicle of new Heavy-Duty Zero-Emissions Vehicles in
. ) EV-related
(EV) Program fleets (electric and fuel cell technologies).
programs

Charge! Program

Grant funding is available for the installation of
electric vehicle supply equipment (EVSE), or electric
vehicle charging stations, at Bay Area transportation
corridors, workplaces, multi-unit dwellings, and trip
destination locations. Both public and non-public
entities are eligible.

Initial allocation
of $5 million.

Min Grant
Amount: $10,000

Max Grant
Amount: $250,000
to $600,000

Website: http://www.baagmd.gov/grant-funding

Plan Bay Area

The Sustainable Communities Strategy for the Bay Area was published in 2013 as part of its
Regional Transportation Plan, referred to as Plan Bay Area (CARB, 2014c). Authored by the
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ABAG, BAAQMD, Metropolitan Transportation Commission (MTC), and the Bay Conservation
and Development Commission (BCDC), Plan Bay Area lays out the proposed programs and

their corresponding funding. The Climate Initiatives portion of the budget was allocated $630

million for eight programs intended to support further reduction of GHG emissions in the
region through the following initiatives (see Table 19):

Table 19. Plan Bay Area Climate Initiative Programs

Innovative Grants

the transportation sector.

Program Description Annual
5 P Budget
h -time f 1 ffici hicl
Clean Vehicles Feebate Charges one time fee on less efficient vehic es. N
and provides up-front rebate to those purchasing | $25 Million
Program .. .
more efficient vehicles.
Vehicle Buy-
B:cleeur:}?ase Incentive Consumers can trade in less efficient vehicles
Program for and receive cash incentive toward the purchase $120 Million
f PHEV or BEV
Plug-In Electric Vehicles oranew o
Regional Electric Vehicle Helps overcome some of t.he:- COSi‘i barri‘ers to N
EVSE installation by providing financial $80 Million
Charger Network . )
assistance to employers, retailers, etc.
Education campaign on driving styles to save
Smart Driving Strategy fuel and rebates for real-time fuel efficiency $160 Million
gauges.
Car Sharing Expands car sharing services allow people to $13 Million
rent cars by the hour.
. Enhance the region’s existing vanpool program, -
Vanpool Incentives . $6 Million
by reducing the cost of van rentals.
Requi 1 ith 1
Commuter Benefit equires employers with 50 or more employees
. to offer incentives for employees to use a N/A
Ordinance .
commute mode other than driving alone.
Climate Initiatives Grant program to reduce GHG emissions from $226 Million

Source: (CARB, 2014c)

Program Descriptions: Private Sector

A number of private companies are also offering discounts or financing to support AFVs and

AFV infrastructure locally.
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ChargePoint® EVSE

ChargePoint® is a company that supports an expanding public charging network for electric
vehicles by offering financing to retailers who want to install EV charging stations, and
providing real-time station location and availability information to EV drivers. ChargePoint is
currently the world’s largest EV charging network, with over 18,000 DC charging stations, and
the most open, meaning its network can operate any hardware, not just its own
(chargepoint.com).

Auto Insurance Discounts

Many auto insurance providers give a discount to drivers of AFVs in the state of California.
Farmer’s Insurance offers 10% off to dedicated AFVs using ethanol, compressed natural gas,
propane, or electricity, and HEVs (CARB, 2015b). AAA offers 5% off to drivers of factory-built
hybrid vehicles, as well as automobiles that use ethanol (E85), natural gas or propane
(calstate.aaa.com).

Propel Fuels

Propel® is a company that focuses on distribution of E85 (85% ethanol) and renewable diesel
fuels. It also offers financing to retailers looking to incorporate capacity for providing these
fuels at their new or existing retail locations. They assist retailers with permitting, construction,
and marketing, and pass on grant based savings of up to 50% of the equipment and installations
costs up to $100,000. Propel also offers a discount to fleet managers who purchase more than
500 gallons of biodiesel blends and E85 monthly. Fuel purchasers can qualify for a rebate of
$0.03 per gallon for purchases of less than 1,000 gallons of biofuel per month, and $0.05 per
gallon for purchases of 1,000 gallons or more per month (propelfuels.com).

Volta Charging Stations

Volta offers construction and management of level 2 EV charging stations in public retail
locations at no cost to the host. The stations are funded by advertising, which is displayed on a
screen on the charger itself. Volta’s service is entirely turnkey; they install the station and take
care of maintenance, technical support, and electricity costs (voltacharging.com).
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Table 20. Summary of Government Offered AFV Incentives

Federal

State

Regional/Local

Excise tax credits

SB-1257 Utility User Tax
Exemption for Public Transit

g Vehicles PG&E EV Rate Plans
LCFS
Renewable Fuel Standard -
DGS Free Charging
Alternative and Renewable
Fuel and Vehicle Technology ’
Program (ARFTVP) BAAQMD Charge!
) Program
_‘g Zero Emissions Airport EVCS Financing for Small
£ | Vehicles and Infrastructure | Businesses
@ | Pilot Program Plan Bav Area EV
u‘é‘ AB 8 and Hydrogen Fuel Chzrrl in :ea &k
= Cell Vehicles ger etwo
PACEL
SB 1128 Sales Tax Exclusion | 1+~ CF Loan
Financing
Advhanced Technology Clean Vehicle Rebate Project BAAQMD Public
Vehicles Manufacturing (CVRP) Agency PEV Rebate
Loan Program (ATVMLP) Program
. Hybrid and Zero-Emission BAAQMD Light- and
@ | PEV Tax Credit
° el Truck and Bus Voucher Heavy-duty EV Fleet
'EJ Incentive Project (HVIP) Funding
MAP-21 SB 1128 Sales Tax Exclusion | MTC Feebate Program
CAFE Standard High Occupancy Vehicle MTC PEV Buy-Back
Lane (HOV) Program
DOE Loan Guarantees AB 118 Advanced
. Technology Demonstration
DOE Clean Cities Coalitions Proi
rojects
DOE EV Everywhere One Bay Area Innovative
E’ Workplace Charger Grants Program
O | Challenge
Voluntary Accelerated
DOE Small Business

Innovation Research (SBIR)
and Small Business
Technology Transfer (STTR)

Vehicle Retirement Program
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CHAPTER 4.
Challenges to Infrastructure Development and
AFV Deployment

Alternative fuel vehicles are a crucial part of California’s strategy to combat climate change and
other transportation-related health and environmental impacts. The market for AFVs contains
more options today than ever before. However, challenges to widespread adoption could slow
or even derail their contribution to these important environmental goals. A thorough analysis of
the challenges facing AFVs at a state and local level is needed to ensure that AFV markets
succeed at this pivotal moment.

A variety of California workshops, documents, and initiatives have already been undertaken to
identify and address these various challenges. Past initiatives have involved infrastructure site
and density planning to ensure adequate refueling availability (e.g. the Hydrogen Highway
Blueprint Plan), funding and grants to incentivize vehicle purchasing and infrastructure
development (e.g. AB 118, BAAQMD’s PEV Charger Deployment Program), and discussions
and assessments of past efforts (e.g. ZEV Action Plan, Hydrogen Infrastructure NREL
Workshop). A few examples of these initiatives are listed below:

e 2013 & 2015 ZEV Action Plans (Governor’s Office)

e Hydrogen Highway Blueprint Plan (CARB)

e Refueling Infrastructure for Alternative Fuel Vehicles: Lessons Learned for
Hydrogen Workshop (NREL)

e AB 118 Air Quality Improvement Investment Plan (CA State Assembly)

e State Alternative Fuels Plan AB1007 (CA State Assembly)

e Plug-in Electric Vehicle (PEV) Charging Station Deployment (BAAQMD)

Alternative fuel vehicles differ from gasoline and diesel vehicles on a variety of attributes. Table
21 displays a selection of conventional and alternative fuel vehicles from model years 2014 and
2015 and compares them on various attributes that are important to consumers. An attempt is
made in this table to compare similar cars, but it should be kept in mind that none of the ICEVs
is a direct substitute for the paired AFV. All vehicle costs may vary due not only to the AFV
technology but also aspects such as brand, cargo capacity, interior trim, styling, and other
luxury attributes. In some cases, no comparable vehicle exists, such as the Chevrolet Volt, the
Nissan Leaf, and the Tesla Model S.

This table highlights many of the factors that consumers consider when purchasing an AFV,
such as driving range, fuel economy, fueling time, vehicle cost, and fuel savings. Some of these
attributes, such as driving range or fueling time, are more limited for AFVs than petroleum-
based ICEVs. AFVs do offer other benefits, including lower and more predictable fuel costs and
environmental benefits on both a local and global scale. The potential fuel savings shown in
Table 21 are calculated relative to a gasoline vehicle that is driven 12,000 miles per year and has
a fuel economy of 24 miles per gallon.
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Table 21. Convenience Attributes of Popular Vehicles®

Year, Make, and Model Typical EPA Fuel Fueling Time Minimum Vehicle Fuel Savings over 5
Range (mi) | Economy (various sources) | Cost pre-Incentives | years (vs 24 MPG)?
2015 BMW 328d S8 (Dies) | 555 37 MPG 5 min $38,900 SAVE $3,186
2015 BMW 328i 2L 4cyl S8 | 427 27 MPG 5 min $37,400 SAVE $908
(Gas)
2014 BMW i3 A1 BEV 81 124 MPGe 120V: 20 hr, $41,350
240V: 3.5 hr SAVE $6,247
2015 Toyota Prius PHEV 540 total 95 MPGe (gas + 120V: 3 hr $29,990 SAVE $5,839
(gas +elec) | elec) 240V: 1.5 hr
2015 Toyota Camry (Gas) | 476 28 MPG 5 min $22,970 SAVE $1,168
2014 Ford Focus FWD 372 gas/285 | 30 gas/23 E85 5 min $16,310 SPEND $355 (assumes
FFV E85 E85 use only)
2014 Ford Focus A1 BEV | 76 105 MPGe 120V: 18-20 hr $29,170
240V: 4 hr SAVE $5,898
2015 Hyundai Tucson 265 50 MPGe 5 min $499/month lease, 36
Fuel Included
FCEV? mo.
2015 Hyundai Tucson 376 24 MPG 5 min $21,650 $0
2WD A6 2L 4cyl (Gas)
2014 Honda Civic AV 1.8L | 193 31 MPGe Fast fill: 5 min $26,740
AVE $3,82
4cyl CNG Time fill: 8 hrs > $3,829
2015 Honda Civic AV 1.8L | 436 33 MPG 5 min $18,290 SAVE $2,230
4cyl Gas
2015 Chevrolet Volt PHEV | 380 total 98 MPGe (gas + 120V: 10-16 hr $34,170 SAVE $5,910
(gas +elec) | elec) 240V: 4 hr
2015 Nissan Leaf S BEV 84 114 MPGe DCEFC: 30 min $29,010
AVE 7
240V: 8 hr SAVE $6,078
2014 Tesla Model S 85- 265 89 MPGe Super: 30 min $79,900
kWh BEV 240V: 40 min-2 hr SAVE $5,489

1. fueleconomy.gov, 2. hyundaiusa.com, 3. United States Energy Information Administration. (2014).
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The experience of driving an AFV may require adjustments in expectations and behavior on the
part of the driver. Nonetheless, in order to be competitive with the status quo, AFVs must:

o Offer beneficial attributes (fuel savings, air quality improvements, HOV lane
access)

e Maintain or compensate for positive attributes of ICEVs (e.g. shorter range but
ability to charge the vehicle at home)

e Have fueling costs that are the same as or less than conventional fuels

e Have life time vehicle costs that are comparable to petroleum-fueled ICEVs.

This chapter addresses the requirements of task 3 of C/CAG’s agreement with the CEC and
reviews the different challenges facing alternative fuel infrastructure development and AFV
adoption. Chapter 4 identifies issues associated with:

e Zoning and parking policies

e Local building codes

e Permitting and inspection processes
e Training and education programs

e Public outreach.

Our research shows that the challenges facing AFV adoption, AFI development, and local
readiness for AFVs falls into four main categories:

1. Economic challenges:
e Vehicles and infrastructure have high up-front costs relative to gasoline and
diesel.
e Grants and incentives may be difficult or complicated to obtain.

2. Technical challenges:
e Alternative fueling station density for most fuels is currently low.
e Vehicle and fueling station hardware systems may be incompatible across
technologies.
e Most AFVs have a smaller driving range than ICEVs.
e Recharging/refueling time for some AFVs takes much longer than for ICEVs.

3. Regulatory challenges:
e Local rules and regulations may need to be updated to ensure that building and
zoning codes apply to alternative fuels.
e Permitting processes may move slowly due to unfamiliarity and caution on the
part of government officials and building inspectors.

4. Educational challenges:
e Consumers are wary of new and unfamiliar technology.
e Consumers and investors are unaware of incentive programs.
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e Consumers don’t have full understanding of economic and environmental
benefits of AFVs.
e Emergency responders need additional training on alternative fuels.

This chapter will review these economic, technical, regulatory, and educational challenges and
Chapter 5 will propose potential policy solutions that can help to address them and ensure that
San Mateo County is ready to handle the growing AFV population.

Economic Challenges

Most vehicle operators are accustomed to the costs of petroleum-fueled vehicle options. In
contrast with gasoline and diesel internal combustion engine vehicles (ICEVs), AFVs have
higher up-front costs but lower lifetime maintenance and fuel costs. This trade-off requires an
adjustment in the way vehicle purchases are approached. Individuals must learn to view
alternative fuel vehicle purchasing as an investment that pays off over time.

Alternative fuels are needed to power these new vehicles. However, infrastructure development
is often costly and may not offer fast returns on investment (ROI), making it a relatively
unappealing opportunity for traditional private investors. The infrastructure for most
alternative fuels is still in the early stages of development.

Vehicle Cost

The cost of alternative fuel vehicles is an important concern for many potential buyers since
AFVs cost more at the time of purchase than a conventional vehicle of comparable
specifications. (See Table 21 for comparison of select vehicle models and Chapter 3 for a
discussion of incremental vehicle costs). The cost of AFVs is expected to decrease over time due
to economies of scale, but for the time being, their up-front cost is still expensive relative to that
of conventional vehicles (Albert, 2014). Consumers may also have concerns about liquidity risk,
since the resale value of a vehicle built with new technology is uncertain (Albert, 2014).

AFV buyers may be individuals or fleet managers. This distinction is important because
purchasing priorities have been shown to differ between the two groups. Individual buyers
have reported that the most important attributes for their purchasing decision are quality (90%)
and safety (88%), followed by value (83%), performance (82%), and design (65%) (Consumer
Reports, 2013). Fleet managers, on the other hand, are less concerned about design than about
price, life cycle cost, and serviceability (Albert, 2014). Additionally, fleet managers may be
limited by an inability to shift budget allocations or by rigid overhead restrictions that prevent
them from accounting for the higher upfront price but lower lifetime fuel and maintenance
costs (Albert, 2014).

Consumer priorities are also constrained by the amount they are able to spend on a vehicle.
Luxury vehicle buyers may have different priorities than economy or second hand car buyers.
Respondents in a 2013 Navigant survey on attitudes towards electric vehicles reported that 71%
expected to pay $25,000 or less on their next vehicle after incentives, and 43% planned to spend
less than $20,000 (Vyas, 2013). At those prices, many AFVs currently on the market are out of
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reach for the average consumer. Luxury consumers, on the other hand, are not price sensitive
and are more motivated by the performance attributes of a high-end vehicle like the Tesla
Model S, which was rated as the number one large luxury vehicle of 2015 by US News and
World Report based solely on its performance, beating out many ICEVs such as the Porsche
Panamera and the Audi A7 (U.S. News, 2015). These are very different markets, but ultimately
AFVs will have to appeal to both.

Drivers are aware of the incremental cost differential between AFVs and ICEVs, and respond
positively to initiatives that neutralize it. In a 2013 survey of PEV owners, the state Clean
Vehicle Rebate Project (CVRP) incentive was listed as a significant factor in their purchasing
decision by 95% of respondents (CSE for ARB, 2013). The Center for Sustainable Energy collects
data about the motivations of individuals who apply for rebates under the CVRP. In the Bay
Area, over 80% of respondents said that federal tax incentives and state rebates were at least
moderately important in their decision to buy a PEV.

The potential for cost savings from lower fuel prices is a major motivator for AFV consumers. In
March of 2015, there were 5,680 total respondents from the Bay Area who had completed the
Clean Vehicle Rebate Project (CVRP) survey, which is typically done at the time of purchasing
an AFV. CVRP survey results from applicants who purchased their PEV between September
2012 and December 2014 found that economic issues were at the forefront of consumer
motivation. Table 22 displays Bay Area respondents’ primary motivations for getting a BEV or
PHEV. The number one motivation was “saving money on fuel costs” (30%).

Table 22. CVRP Survey Respondent Motivations for Purchasing a PEV (% Total Respondents)

Primary Motivation Bay Area California
Saving Money on Fuel Costs 30% 37%
Reducing Environmental Impacts 25% 22%
HOV Lane Access 21% 16%
Increased Energy Independence 5% 6%
Desire for Newest Technology 5% 5%
Vehicle Performance 5% 5%
Supporting Diffusion of EV Technology 5% 5%
Other 4% 4%

Source: Center for Sustainable Energy (2015). California Air Resources Board Clean Vehicle Rebate Project, EV Consumer Survey
Dashboard. Retrieved October 24, 2015 from http://cleanvehiclerebate.org/survey-dashboard.

Figure 21 shows the motivations of PEV buyers in the Bay Area, and compares them to the
motivations of buyers statewide. The trends in the Bay Area reflect a greater concern for
environmental benefits and HOV lane access than are present statewide but a lower concern for
the potential for saving money on fuel costs. Survey data shows the average PEV buyer to date
is well-educated, high-income (75% have an annual household income greater than or equal to
$100,000), and lives in a detached single family home (Center for Sustainable Energy, 2015). As
the PEV market matures, many of the early adopters will have already bought vehicles, and
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manufacturers will need to interest less adventurous or less wealthy populations with their
cars.

Figure 21. PEV Buyer Motivations in California versus Bay Area
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Source: CSE for ARB. 2015. EV Consumer Survey Dashboard. http://cleanvehiclerebate.org/eng/survey-dashboard
The PEV data above shows that the future challenges of AFVs are:

e Current AFV buyers were high income early adopters, but expanding the AFV
market will require a broader customer base.

e Apartment dwellers face unique hurdles when attempting to install home
charging stations.

e New customers must be educated on the environmental and economic benefits
of AFVs.

Fueling Infrastructure Cost

Developing and installing the infrastructure that is needed to provide alternative fuels to AFV
owners is necessary but expensive. The cost of developing a refueling station varies widely
based on the ground footprint, tank storage requirements, fuel and pipeline availability, and
many other factors. EV charging stations are the least costly type of alternative fueling station to
install since they have the smallest footprint and need only be connected to the existing electric
grid network, whereas hydrogen and natural gas fueling stations, which require storage tanks
and have a larger physical footprint, are much more expensive and may cost much more than
the price of a conventional gasoline station to install. (See Table 10 in Chapter 2 for additional
detail about infrastructure installation costs.)

The total cost of installing the 68 hydrogen stations currently planned for CA by the CEC and
CaFCP is estimated to be about $65 million, funding which is designated for this purpose in AB
118 and AB 8. These 68 stations are expected to be capable of supporting 20,000 hydrogen
vehicles (CaFCP, 2012). The CEC intends to continue funding infrastructure development until
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100 hydrogen stations are installed across the state, which is expected to occur by 2018 (CaFCP,
2012).

In a mature market, the cost of developing a refueling site would be borne by private
developers. However, the return on investment (ROI) time for AFV stations in most cases
currently exceeds a timeframe that would attract traditional investors. It is difficult to generate
quick profits with an alternative fueling station, or even to estimate the expected ROI. For one,
it is very difficult to accurately predict the future market demand for alternative fuels. For
another, it is hard to know which geographic areas will have the highest demand for a
particular fuel. Construction loans may also be difficult to obtain from banks when requested
for new technologies, because new technologies are considered a higher financial risk and
banks have to comply with stricter liquidity rules (Dougherty, 2014). The interest rate for such a
loan is high to compensate for this uncertainty, so investors may require additional incentives to
engage in this market. An analysis of retail EV charging station development done by the
Center for Climate and Energy Solutions (C2ES) showed that time to ROI under all scenarios
modeled exceeded 5 years, making it an unappealing investment opportunity to most
developers (Nigro, 2015). For this reason, alternative refueling and recharging sites are typically
funded at least partially by public grants.

Technical Challenges

AFVs use new technologies and run on nonconventional fuel sources. They often require an
adjustment in consumer habits and expectations due to their operational differences from
ICEVs in terms of fueling time, range limitations, and home charging.

In addition, refueling or recharging infrastructure must be in place to support AFV populations,
meaning that the two must develop at a comparable rate in each geographic area. Currently,
station density for most alternative fuels is low. Manufacturers will not sell a vehicle to
someone in a given area until the available supporting infrastructure reaches a density that
allows the vehicle to function as intended, implying that infrastructure development should
precede vehicle sales by at least a small increment of time. Table 23 summarizes the technical
challenges inherent to AFVs, which are discussed in detail in the following section.
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Table 23. AFV Technical Challenges

Issue

AFV Impacts

Local Challenge

Solutions (See Chapter 5)

Fuel Station

Driving time to fuel
station is too long for

Public fueling
infrastructure is less than

Support strategies to
increase local infrastructure

Density ; what is needed for 2030

customer convenience. . . development.

vehicle projections.

Free charging at businesses
BEV drivers need public | or public stations makes Charge at least a nominal
stations for emergency for inefficient use of fee for EV charging.

EVSE Density charging, long trips, and | resource. 12% of residents | Support regulatory action
for owners with no home | live in MUDs, which that enables MUD dwellers
charging. makes it harder to have to install home chargers.

home chargers.
Range anxiety is a Support strategies to

Range Anxiety limitation for BEV, NGV, | Limited AFI available. increase local infrastructure
LPGVs. development.

Coordinati
Oo,r na 1r}g . Ensure that public Endorse proper signage for
. . vehicle/station will ] . .. .
Vehicle & Station . infrastructure is sufficient | AFI stations. Support
. support driver access . :

Coordination . . for demand and strategies to increase local
and minimize station . . .
cost geographically strategic. infrastructure development.

Fuel production resources
in SM county are limited.
These include waste for Ensure availability of fuels

Alternative Fuel CA needs low ClI fuels to | Bio CNG, solar for EV and | produced in other parts of

Supply achieve LCFS goals. hydrogen. Other fuel the county. Support

production technologies
require further
development.

development of local AFL

Long fueling time
detracts from customer

Need rapid charge stations

Fl.lehng/Chargmg AFV ex.penence. to achieve PEV alliance Imple.m.ent streamlined
Time Primarily a problem for oals permitting for EVSE.
BEVs, and some kinds of & '
CNG station.
Vehicle refueling Need for AFV and AFI Support regulations to
Hardware hardware may not be e . .
s . . hardware compatibility in | require refueling
Compeatibility compatible with all

stations.

existing stations.

compatibility standards.

Fuel Station
Layout

Codes require offset
distances for fuel station
layout and public
garages.

Many cities have not yet
adopted standards for
alternative fuel stations.

Innovative station layouts
can comply with codes and
standards. Permit officials
need to be aware.
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Infrastructure Density Needs

Alternative fuel vehicles suffer from a chicken-and-egg problem: vehicles cannot be operated
without fuel, but retailers have no reason to sell the fuel without consumer demand. Currently,
both AFVs and alternative fuels are relatively scarce. PEV driver satisfaction with public
charging infrastructure availability was only at 23% in 2012 (CSE for ARB, 2013). This is notable
since the EV charging infrastructure is the best developed network of all the alternative fuels in
California currently. That said, in the past three years, the availability of EVSE has increased
substantially, and it very possible that PEV driver satisfaction has increased. The availability of
hydrogen fuel, natural gas, biodiesel, and E85 is still quite limited throughout the Bay Area and
the state. Table 24 shows the number of public stations of each fuel type operating in San Mateo
County and California in 2015.

Table 24. Number of Public Alternative Fueling Stations in 2015

Fuel Type San Mateo County California
Biodiesel B20/RD 1 33
Compressed Natural Gas 4 152
Ethanol-85 1 74
EV Level 1% 22 718
EV Level 2% 253 5228
EV DC Fast* 22 469
Hydrogen 0 (4 Planned) 10
Liquefied Natural Gas 0 14
Liquefied Petroleum Gas 1 278

*Charging points, not retail stations.

(AFDC, 2015)

Table 24 shows that the public infrastructure for PEVs is the most abundant of the alternative
fuels at this time. PEVs are the most prevalent type of light duty AFV operating in California,
partially due to the relatively low price of EV supply equipment. Of the different alternative
fueling stations, EVSE also takes up the least space and is the easiest to permit.

Hydrogen fueled vehicles are experiencing relatively rapid growth, and are currently receiving
financial support from the state. However, FCEVs are still exceedingly rare, with the first
commercially available passenger vehicles only reaching the market in 2015. There are no
hydrogen stations operating in San Mateo County currently, but four are commissioned in the
county and slated for development in 2015, with one out of the four scheduled to be operational
in 2015 and the other three in 2016. Once these local fueling stations are operational, vehicle
manufacturers will begin marketing FCEVs to the Bay Area.

Natural gas has become more appealing as a vehicle fuel in recent years due to its abundant
domestic supply and low price compared to most other fuels. Public natural gas refueling
infrastructure, on the other hand, is still quite scarce and expensive to install. As shown in Table
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24, four public CNG stations are open in San Mateo County at this time. The high cost of CNG
infrastructure is due to the compression technology and storage tanks required and because
installation of a CNG station may require an additional pipeline to connect the fueling station to
the utility’s natural gas pipeline supply. LNG is typically delivered via truck but is more costly
to produce than CNG (Hurst, 2013). As a result, NGVs are currently most prevalent among fleet
owners who can afford to install a private NGV fueling station for their fleet, either connected
to a pipeline or with an onsite tank. Navigant Research anticipates that 1,325 NGV stations will
be added in the US between 2014 and 2022. The majority of these stations will be CNG and not
LNG (Hurst, 2013).

Biodiesel and E85 dedicated pumps are also relatively rare. Only one station in San Mateo
County, the Propel station in Redwood City, has pumps dedicated to biodiesel or renewable
diesel and E85. However, both ethanol and renewable diesel are already being mixed in, to a
small degree, with gasoline and diesel in conventional petroleum products. All the gasoline in
the state contains 10% ethanol. Renewable diesel is indistinguishable from petroleum based
diesel, and may be mixed into a diesel supply without notifying consumers.

Alternative Fuel Supply

In some cases, there may be concern about the availability of the alternative fuel itself, or the
ability to transport it to the place where it is needed. This is primarily a concern with hydrogen
and electricity, but could become a concern if supply of any alternative fuel falls.

While the United States electric grid as a whole has the capacity to support an increase in PEV
charging, problems may arise at the local grid level (California ISO, 2014; Gerkensmeyer, 2010).
Electric power is not evenly distributed nationwide, and it may not be possible to transmit
enough energy to a specific location at a time of increased demand. Newer electric cars draw
two to five times more energy than those made just a few years ago, and the faster they charge,
the more power they draw at one time. PEVs are also more popular in certain areas than others,
such as the Bay Area and Los Angeles, meaning the increase in load demand is likely to
concentrate in specific locations in the grid.

Utility companies are already responding to the increased load demand in areas of dense PEV
ownership. Utilities such as PG&E are upgrading the local transmission lines, starting with
neighborhoods where people have bought PEVs that they will be charging at home (Bullis,
2013). PG&E has also created rate plans to incentivize off-peak EV charging, such as the PG&E
EV-A and EV-B rate plans described in Appendix A. This more evenly distributes charging
throughout the day.

Under SB 1505, hydrogen fuel used throughout the state must achieve an average 30%
reduction of GHG emissions on a well to wheel basis as compared to gasoline and be produced
from 33% renewable energy. The bill also requires a 50% reduction in well to tank NOx and
hydrocarbon emissions and no increase in toxic air contaminants (Lowenthal, 2006). Fuel
producers rely on electrolysis of water or steam reforming of natural gas to isolate hydrogen
gas. Producing the needed supply of hydrogen with these renewability constraints may be
challenging for non-electrolysis based hydrogen.
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The current supply of natural gas is abundant in the United States due to recent advances in oil
extraction and hydraulic fracturing techniques. However, hydraulic fracturing has received
criticism due to the potential for water and environmental contamination. Alternatively, entities
may choose to convert the organic wastes contained in landfills or wastewater into methane gas
via biodigester technology. This methane, which would otherwise escape or be flared, can be
cleaned and compressed into CNG. Some entities in San Mateo County, such as South San
Francisco Scavenger Company and San Mateo City’s Waste Water Treatment Facility, are
already capturing their organic waste streams and using the biomethane they produce to fuel
CNG vehicles.

LPG, biodiesel/renewable diesel, and ethanol are all produced outside of San Mateo County.
Supply is not a major concern with these fuels, and the infrastructure to deliver them is well
established.

Range Anxiety

A major concern with many AFV technologies is the fact that most vehicles have a shorter
driving range than drivers are accustomed to with ICEVs. This means that the distance an AFV
can go before a refuel or recharge is needed is shorter than that of an ICEV. This is of particular
concern in areas where the public refueling infrastructure is limited. Trips to more remote areas
may be difficult to undertake with an AFV, causing drivers to have legitimate hesitations about
relying on an AFV for all their travel needs.

AFV driving ranges vary based on both the type of fuel used and the specific make and model
of the vehicle. Table 21 displays the government reported range of a variety of vehicles. With a
range of about 400 to 500 miles, plug-in hybrids have a range that is comparable to gasoline and
diesel vehicles, and the gasoline they require is widely available. Natural gas fueled vehicles
tend to have a relatively long range, around 200 - 250 miles, but have fewer options for
refueling than hybrids. FCEVs have a similar range to that of gasoline or diesel powered
vehicles, 250 to 400 miles for passenger cars and 16 hours of operation for busses, but the public
station infrastructure is still in its beginning stages. FCEVs will likely be most convenient in
urban areas for at least the next decade, and rely on strategically placed connecting stations to
get between regional hubs (CaFCP, 2012).

BEVs vary widely in their range capacities. Early BEV models have a driving range of about 40-
80 miles. However, Tesla has developed battery technology that allows the model S to have a
stated range of 265 miles. While the technology that makes this possible was previously
protected by patents, in 2014, Tesla made all of its patents open source in the hopes of
advancing electric vehicle technology as a whole and encouraging other companies to invest in
and develop electric cars (Musk, 2014). The driving range of a BEV can also vary based on
driving conditions, such as speed, payload size, hills, temperature, and use of heating or air
conditioning (ABAG, 2011).

Surveys of daily driving range have shown that the majority of people drive less than they may
think in an average day. The State Department of Transportation (DOT) National Household
Travel Survey found that people typically drive about 36 miles per day (Santos, 2011). A survey
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of PEV owners conducted by the Center for Sustainable Energy found that 92% of respondents
drove their PEV 45 miles a day or less, and that average daily driving range was only 28.9 miles,
which coincides with the daily driving habits of non-PEV drivers with similar demographics
(CSE for ARB, 2013). In spite of this fact, many drivers still consider the range limitations of
AFVs to be problematic. As reported by the CSE in its survey results, “although an
overwhelming majority of respondents expressed overall satisfaction with their vehicles, 40%
were dissatisfied with their electric range and 57% indicated that a range of 150 miles or more
would be needed for extreme satisfaction.” (CSE for ARB, 2013). For this reason, many
individuals will only consider a PEV as a second car. However, given projected BEV ranges of
150-200 miles for several 2017 models that will cost under $40 thousand, this complaint may
soon become outdated (BACC, 2015).

Fueling Time

Another potential concern for drivers is the time required to refuel or recharge a vehicle.
Consumers are accustomed to the 5 to 10 minutes it takes to refuel a diesel or gasoline vehicle,
and may be reluctant to wait longer for their vehicles to become fully charged/refueled.
(Examples of vehicle fueling times are listed in Table 21).

Refueling time depends both on the type of fuel and the type of fueling station. Hydrogen has a
fueling time similar to that of gasoline and diesel, making it an easy transition for consumers in
this respect. Natural gas fueling times vary based on the amount of compression that the
natural gas is under. Fast fill CNG stations take only about 5 minutes, but slow fill stations take
approximately 8 hours. The latter can work well in the case of a fleet of vehicles driven during
the day and allowed to fuel passively overnight, such as a waste management company or bus
fleet.

Electric vehicle charging time depends primarily on the charging level of a particular station,
although the battery design plays an important role as well. Charging may be performed at
home, work, or public stations. PEV owners who live in single family homes are able to install
alternating current (AC) Level 1 or 2 charging stations at home, and can plug their vehicles in to
charge them overnight, when electricity loads are low and rates are cheaper. AC Level 1
charging refers to plugging an adaptor into a typical household 120 volt outlet. This level of
charging adds about 2 to 5 miles of range to a PEV per hour of charging time (DOE, 2013a). AC
level 2 charging units require special installation, and use 240 volts of power in residential
locations or 208 volts of power in commercial settings. AC Level 2 charging adds about 10 to 20
miles of range per hour of charging time (DOE, 2013a). Direct current (DC) fast charging outlets
are typically located in heavily trafficked areas or along important routes. These stations can
add 50 to 70 miles of range in about 20 minutes (DOE, 2013a). Tesla also has its own fast
charging 120V DC network, with which only Tesla Model S vehicles are currently compatible.
As of July, 2015, Tesla maintains 473 Supercharger stations with 2,660 Supercharger outlets and
has plans to build more (teslamotors.com).
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Technology Standardization

Electric vehicle charging highlights another potential obstacle to wide-spread adoption of AFVs:
a lack of technological standardization can result in incompatibility between AFVs and the few
fueling stations that are available. Once a manufacturer has begun using a certain technology,
they are invested in it and may be slow to change if something new comes along. This has
already occurred in the case of DC fast chargers for PEVs. The plug-in electric vehicle industry
has developed several competing standards for Level 3 DC fast charger coupling equipment.
The first to be heavily implemented was the CHAdeMO system, and as such it has a head start.
The “West Coast Electric Highway” connects the 1,300 mile distance on I-5 between British
Columbia to Baja California with a network of Level 3 DC fast chargers. The charging stations
are compatible with the CHAdeMO coupler technology. This network runs through the states
of California, Oregon and Washington. Each location also has Level 2 charging equipment that
is compatible with most PEVs that do not use the CHAdeMO technology (WA DOT, 2014).
Nissan has also donated 400 CHAdeMO fast chargers to be built throughout Europe (Nissan,
2012). The CHAdeMO system is used by many of the Japanese companies, such as Nissan,
Mitsubishi, Honda, Mazda, Subaru, Kia and Toyota. CHAdeMO can also be used with Tesla
Model S cars with an adaptor.

In October of 2012, the SAE published a revision to its J1772 standard for PEV charging. While
the original standard had specified only conductive charge coupler and electrical interface
requirements for AC Levels 1 and 2 charging, the revised version included DC Levels 1 and 2
fast charging as well, achieved by adding two high current contacts to the AC Level 1 and AC
Level 2 charge coupler (SAE, 2012). Most American manufacturers support this technology,
commonly referred to as the SAE Combined Charging System (DGS, 2014). However, the SAE
Combined Charging System is incompatible with the older CHAdeMO technology, resulting in
a contest between the two standards and a challenging situation for American EVSE retailers
who wish to serve the whole PEV market.

A third approach to EV charging has been adopted by the company Tesla Motors, which has
developed its own proprietary DC Level 3 supercharger. Tesla intends to install superchargers
throughout the country that will be available only to Tesla owners. Lifetime charging is
included in the price of the Tesla vehicle, and the charging stations will ultimately be solar
powered, resulting in zero-emission refueling. Supercharging is available to owners of the 85
kWh and 60 kWh versions of the Model S, but not the 40 kWh version. Superchargers provide a
half-charged battery in 20 minutes and an 80% charge in 40 minutes, and are available
throughout California, with 473 total stations in the United States as of January, 2015 (Tesla,
2015). San Mateo County has one supercharger currently, located in downtown San Mateo City.

The distribution of EV charging station brands in California is shown in Figure 22 and the
corresponding data in Table 25. The pie chart clearly shows that the ChargePoint brand of
charger, which uses the CHAdeMo technology, has a large lead on all the other brands. Blink
and Nissan, the next most prevalent charging station types, also use CHAdeMO, although
Blink’s website states that it has plans for its stations to become SAE J1772 compatible as well.
SemaConnect stations use the SAE J1772 standard technology, and account for only 2% of the
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public stations currently operating in California. Tesla stations, which only work for Tesla
owners, account for less than 2%.

Figure 22. Public EV Charger Brands in California®

SemaCharge  Tesla _ Other

Nissan
Unknown

ChargePoint Blink

Table 25. EV Charging Outlets in California™
Unknown 1444

Blink 1091

ChargePoint | 2707

Nissan 259

SemaCharge 129

Tesla 102

Other 123

Regulatory Challenges

Regulatory challenges include any aspect of alternative vehicle fueling and operation that must
be regulated or permitted by the government, such as zoning laws, fire and safety codes,
permitting, and parking regulations. Regulations around new technologies and alternative fuels
are a challenge to both regulators and applicants. In some cases, regulations and codes have
only been adopted for gasoline and diesel fuels. Permitting officials, inspectors, and developers

12 United States Department of Energy, Alternative Fuels Data Center. October 21, 2014.
http://energy.gov/eere/vehicles/fact-855-january-12-2015-electric-vehicle-chargers-network-and-state
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may have a difficult time understanding how these rules apply to alternative fuels. Parking
laws may also need to be revised to accommodate PEV charging spots or spots reserved for
other types of AFVs, and new signs may be required for both AFV parking and AFI retail
stations.

During a 2008 hydrogen workshop in Sacramento, breakout groups voted on the key issues that
they believed need to be addressed in future infrastructure plans. Policy and regulatory issues
received 29% of all participants’ top 5 votes. At the local level, participants recommended that
governments: “adopt local policies and codes to facilitate station siting, identify local
champions, and build local communication and relationships” (Melaina, 2008).

BAAQMD conducted a survey of Bay Area government departments between March and
August of 2012 regarding their level of PEV readiness (ICF International, 2013a). Participation in
the survey was quite high, with 86% of all government agencies responding. The survey
considered:

¢ Building Codes

e Permitting and Inspection

e Zoning, Parking, and Local Ordinances
e Stakeholder Training and Education

e Consumer Education and Outreach

¢ Incentives for Charging

Survey results showed a wide range of PEV readiness levels throughout the Bay Area. The
survey found that:

e 1in 6 Bay Area local governments surveyed have adopted EVSE specific
requirements for permitting.

® 9 out of 20 cities in San Mateo County issue same day permits for EVSE.

e Permit fees in San Mateo County range from less than $100 (Brisbane, Redwood
City, San Carlos, and Portola Valley) to more than $501 (Menlo Park and
Woodside).

e Within San Mateo County, permitting readiness ranged from 21% (Woodside) to
65% (Burlingame).

e 11 out of 20 San Mateo County cities do not have building codes specific to
EVSE.

e The majority of Bay Area agencies come close to meeting the BAAQMD PEV
permit goal of 24-48 hour permitting at a cost of less than $250; however,
approximately 25% reported taking longer than 6 days to issue permits and
approximately 20% reported charging more than $250 across all property types
(i.e., residential, commercial) (ICF International, 2013a).

Installation of EV home and public chargers is covered under existing local electric codes.
However, as shown in BAAQMD's survey, many localities have not developed streamlined
permitting for residential EV chargers.
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Certain initiatives that are appropriate for PEVs, such as 24 hour permitting, may not be
applicable to siting of liquid or gaseous fueling stations since they are more complicated
structures. Hydrogen, CNG, and LPG are also relatively new technologies that may not be
covered in existing building codes. Standards exist for fueling station layout and construction
for hydrogen, CNG, and LPG fuels, but local authorities having jurisdiction (AH]Js) may not
have adopted these standards in their building code.

Biodiesel and ethanol are likely to be covered under local building codes, but may not fall under
conditional use permitting language. Conditional use permits are issued when an existing
petroleum station is being used to dispense alternative fuels. Modifying the station to dispense
a different fuel than gasoline, such as E85 or biodiesel, may conflict with the conditional use
permits even though modifications to the stations are limited.

Conversations with site developers that took place in the course of this project revealed that
permitting issues were of primary concern for many developers, who reported that the cost and
time involved with seeking approval for AFI construction was an important economic factor. In
many cases, when applying for permits, planners will request developers engage in additional
activities such as landscaping, beautification, or adapting surrounding areas for Americans with
Disabilities Act (ADA) compliance. For developers working with very small profit margins and
a long-term ROI, these added requirements may cause the entire project to be infeasibly costly.
Streamlining the permitting process, ensuring that code and regulation language on AFVs and
AFl s clear and well understood by government staff, and considering exemptions from add-
ons like landscaping helps to remove obstacles to infrastructure development.

Zoning and Codes

Zoning laws are used to regulate the land use activities allowed in different areas (Rubin, 2013).
Zoning rules in California are determined by the local AH]J, including both long-term general
plans and specific questions of zoning and permitting (Rubin, 2013). As such, the rules may
differ significantly from jurisdiction to jurisdiction, presenting a challenge to site developers
since they will probably be planning fueling stations across jurisdictions. New or
unconventional technologies may not have been considered in zoning laws as they are currently
written, or the way the language applies to alternative fuels may be unclear. For example, some
jurisdictions may have language specific to hydrogen fueling stations in industrial zones but not
in commercial zones, while others may group all automotive fuels together, thereby implicitly
allowing hydrogen in commercial zones (Rubin, 2013). This leaves the interpretation up to the
individual and leads to confusion for both the site developers applying for permits and to the
government officials who must approve them.

While zoning and land use decisions fall to local governments, building codes are primarily
developed at the state level. Cities and counties in California are required to enforce Title 24
building standards. However, local governments can adopt local laws that modify state
building standards “under limited circumstances to accommodate local climatic, geological or
topographical conditions” (Rubin, 2013). Title 24 also include more stringent voluntary
standards that local jurisdictions can choose to adopt.
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Permitting
Construction of any kind of alternative fueling station will likely require several different
government issued permits. Most permits fall into one of two categories: construction permits,
or permits for operation, either of which could require onsite inspection first (Hewett, 2007).
Station construction takes place in multiple stages, which guide the timeline for completing all
of the required components and obtaining the necessary permits. The following list was
developed specifically for hydrogen station construction, but the same steps are likely to be
involved with construction of any liquid or gaseous fueling station.

1. Preliminary project scoping

2. Station design

3. Approval process

4. Station/dispenser construction

5. Station/dispenser startup

6. Station/dispenser operation

7. Station/dispenser maintenance
(Rivkin, 2012)

As shown in Table 26, many permits, obtained from a variety of agencies, may be required
throughout the building process.

Table 26. Hydrogen Fueling Station Permitting Requirements

Permit Agency Permit Scope
P it to Construct G 1/ Add

Construction Building Department CTIIL 0 L-ONSTHHE fenera / ress
safety construction issues
Permit to Construct Drai Modif

Drainage Engineering Department ermt O, onstruct Drainage/ Modify
sewer drainage
Permit to Construct Grading/ Modify sit

Site grading Engineering Department ermit o L-onstruct ra ing/ Modify site
elevation

Electrical Building/Electrical Dept. Electrical Permit/ Modify electrical service
Construction P it/D lish struct

Demolition Building Department ons‘ ruction .erml /Demolis S, ructures
required for dispenser construction

Food services Health Department Food sales

. . Bay Area Air Quality Air Quality Permit or No impact
Air emissions i .
Management District declaration

Fire Safety Permit/G 1 fi d

Fire safety Fire Department e a‘ety ermit/General fire code
compliance

Water quality Water Quality Mgmt Agency | Liquid discharge to environment

(Rivkin, 2012)

A California Environmental Quality Act (CEQA) review is required when a project “may cause
either a direct physical change in the environment or a reasonably foreseeable indirect change
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in the environment” (CA Natural Resources Agency, 2014). Depending on the scope and
footprint of the project, some types of AFI development may require a CEQA review while
others may not. For example, EV charging stations typically do not require a CEQA review,
whereas a hydrogen refueling station typically does (Rubin, 2013). Authorities having
jurisdiction may also have the power to exempt an AF station from a CEQA review based on its
contribution to the public good.

Hydrogen fueling stations have rigorous setback requirements. For example, according to the
National Fire Protection Association, a 7,000 psi liquid hydrogen system must be at least 50 feet
from the next adjacent wall constructed with combustible material. These constraints, shown in
Table 27, add an extra level of difficulty when siting and permitting hydrogen fueling stations
as compared to other fuels with less stringent requirements.

Table 27. 2010 NFPA Setbacks for Hydrogen Fueling (7000 psi system)

Minimum Distance from Liquefied Hydrogen to Exposures

NFPA 55 Nearest adjacent wall constructed of combustible materials | 50 feet
Minimum Distance from Outdoor Gaseous Hydrogen to Exposures
Air intake openings 30 feet
Lot lines 30 feet
NFPA 55 Wall openings 30 feet
Parked vehicles 15 feet
Buildings (with combustible walls) 10 feet
Separation Distances 