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EXECUTIVE SUMMARY

PROJECT PURPOSE

This study was prepared for the State Department of Business, Economic Development and
Tourism (DBEDT) as part of the Hawaii Energy Strategy program. Authority and responsibility
for energy planning activities, such as the Hawaii Energy Strategy, rests with the State Energy
Resources Coordinator, who is the Director of DBEDT.

Hawaii Energy Strategy Study No. 5, Transportation Energy Strategy Development, was
prepared to:

e coliect and synthesize information on the present and future use of energy in Hawaii's
transportation sector;
e examine the potential of energy conservation to affect future energy demand;

¢ analyze the possibility of satisfying a portion of the state's future transportation energy
demand through alternative fuels; and

¢ recommend a program targeting energy use in the state’s transportation sector to help
achieve state goals.

The analyses and conclusions of this report should be assessed in relation to the other Hawaii
Energy Strategy Studies in developing a comprehensive state energy program.

CURRENT AND FUTURE ENERGY USE [IN THE
TRANSPORTATION SECTOR

Chapter 2 profiles recent energy use in the state's ground, air and marine transportation
sectors. The amount of fuel consumed by all sectors combined increased from about 20.7
million barrels in 1981 to about 31.5 million barrels in 1990, a compounded annual rate of
increase over that period of approximately 4.29 percent. Since 1990, however, energy use
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has decreased in the aviation sector and grown only slowly in the ground sector. Total annual
consumption in 1992 was 31.0 million barrels, a 0.8 percent decrease from 1990.

In 1992, Hawaii 's transportation sector consumed 62 percent of the petroleum and 55
percent of the total energy used in the state. Of the three transportation sectors, air
transportation consistently consumes the most energy by a substantial margin, representing
over 50 percent of the transportation sector's total energy demand.

Based on existing transportation plans, energy use in the state's transportation sector is
projected to increase at an annual average rate of 1.75 percent between 1993 and 2014,
increasing the state's already large dependence on imported oil. Historical and projected
transportation fuel use are shown in Figure 1. This projection serves as the basis to examine
the potential for energy conservation and petroleum displacement by alternative fuels.

Figure 1.
Transportation Fuel Sales Volumes by End Use, 1981-2014
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The state has little opportunity to affect energy usage in the air and marine sectors, but could
potentially have a significant influence on energy usage in the ground sector. With the
ground sector representing 20 percent of the petroleum consumed in the state in 1992, and
with ground sector energy demand projected to increase at a 1.05 percent annual rate
between 1993 and 2014, the ground sector represents a sufficiently large component of the
state's total energy demand to be worthy of attention.
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THE POTENTIAL OF CONSERVATION

Chapter 3 focuses on the effectiveness of energy conservation measures applicable to the
ground transportation sector. Measures that improve the average efficiency of vehicles used
in the state (miles per gallon) would have a powerful effect on energy demand, and large
enough increases in efficiency would reduce energy demand without altering travel behavior,
lifestyle or land use development patterns.

In addition, the amount of energy “wasted” due to roadway congestion is appreciable.
Estimates based on transportation modeling approaches indicate that ground sector fuel
demand could be reduced.by around ten percent if measures to eliminate congestion were
implemented.

Changes in travel behavior and land use development patterns could also reduce future
energy demands below projected levels. Chapter 3 describes 28 transportation system
management measures, including changes in land use development patterns, and concludes
that the transportation system management measures with the greatest potential for reducing
transportation energy demand are:

e expansion of public transit;

e high occupancy vehicle (HOV) facilities;

e automobile use limitations;

¢ transportation management associations;

¢ actions by educational institutions; and

¢ energy-efficient land use patterns.

PETROLEUM DISPLACEMENT

Even with conservation measures, petroleum demand is projected to continue to increase.
The displacement of a significant portion of petroleum use in the ground transportation sector
by locally-produced alternative fuels could, with a properly designed implementation program,
help reduce demand for petroleum-based fuels and thereby achieve both energy security and
economic stimulus goals.
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Because of the benefits of petroleum substitution, the relatively higher price of petroleum
products in Hawaii compared to the mainland, the availability of waste and renewable
resources with the potential for production of alcohol and electricity, an agricultural
infrastructure capable of conversion to energy crops, and climate and geography which
provide a good match with the characteristics of EVs, Hawaii has a foundation at least as
strong as any other state on which to begin a program to achieve substantial petroleum
displacement in the ground transportation sector.

An aggressive program involving mandates and subsidies could displace 22 percent of the
petroleum used in the state's ground transportation sector by 2014. This level of
displacement is consistent with national goals. More aggressive petroleum substitution would
be limited by the rate at which vehicles capable of using alternative fuels could be
introduced, and the time required to establish alternative fuel production and distribution
systems. Less aggressive substitution would defer the benefits of substitution.

CANDIDATE ALTERNATIVE FUELS

Chapter 4 introduces the alternative fuels most frequently proposed to replace gasoline and
diesel in the ground transportation sector, reviews government efforts to support alternative
fuels, and presents possible Hawaii-specific scenarios for substituting petroleum with
alternative fuels. This study addresses the following alternative fuels: alcohols (methanol and
ethanol), natural gas, propane, electricity, biodiesels and hydrogen. Technologies to utilize
alternative fuels is either well-developed or developing rapidly, and Hawaii has had previous
and ongoing experience with most of them.

The National Energy Policy Act of 1992 (EPACT) requires the use of alternative fuels in
steadily increasing numbers of light duty vehicles, beginning with federal fleet vehicles in
1994, state and fuel provider fleet vehicles in 1996, and private and municipal fleets as early
as 1999.

It may not be appropriate to pursue all of the alternative fuels, however. In Chapter 5, the
fuels are screened in relation to their potential contribution to a set of strategic and near-term
considerations.

The analysis in Chapter 5 concludes that electric energy and alcohol have the potential to
provide more benefits than the other alternative fuels. While propane has and is expected to
gain increasing market share through public and private sector efforts, it is tightly linked to the
petroleum market and therefore does not satisfy the energy security criterion as well as
alcohol and electricity. Biodiesel satisfies the strategic criteria, but encounters a large price
penalty. Hydrogen powered vehicles have been built, but they are not expected to be
commercially available soon. Natural gas fails to meet the criteria listed above because,
among other shortcomings, it is not available in Hawaii and the only locally available gas is
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synthetic natural gas, which has not been proven as a usable fuel with commercially-available
internal combustion engines.

INFRASTRUCTURE REQUIREMENTS

Chapter 6 describes the existing gasoline and diesel distribution infrastructure and some of
the implications on fuel distribution infrastructure that would be associated with implementing
alternative fuels programs.

Storing, distributing and marketing biodiesel and propane for use in motor vehicles in Hawaii
would be relatively uncomplicated. Biodiesel blends can use the existing diesel distribution
infrastructure, provided the seals and other components which are made of rubber are
compatible with biodiesels. The necessary propane infrastructure already exists and can be
expanded as needed.

Low-level alcohol blends can use the existing gasoline retail structure as they do in other
states where fuel blending is common. Infrastructure for neat alcohols and high-level alcohol
blends is not in place, and use of such fuels would require properly engineered bulk storage
facilities and refueling station systems, as well as appropriate methods of truck and barge
transfer of the alcohol fuel.

Electric vehicle (EV) infrastructure is in place in the sense that electric utilities serve the
islands and most people have electric service. Additional EV-related infrastructure would
include charging stations at residences, public locations, and businesses, and battery
recycling and disposal facilities. Utilities would need to assess the ‘impact of increasing
numbers of EVs on their systems; while off-peak charging of EVs could provide operational
benefits to utilities and therefore should be encouraged, on-peak charging should be
avoided.

POTENTIAL FOR LOCAL PRODUCTION OF ALTERNATIVE
FUELS

The potential for local production of alternative fuels is presented in Chapter 7. Several
scenarios for large-scale energy crops and alternative ground transportation fuel production
were considered, including: 1) use of agricultural byproducts and organic wastes; 2) use of
only those lands (or equivalent lands) taken out of intensive cultivation during the past 25
years (approximately 100,000 acres); 3) conversion of all lands presently in intensive
cultivation (nearly 230,000 acres) to energy crop production; and 4) use of those lands (or

ES-5



equivalent lands) presently and previously (25 years ago) in intensive agriculture (nearly
330,000 acres). Selected results of these scenarios are shown in Figure 2.

Figure 2.
Potential Transportation Energy Production in Hawaii from Energy Crops,
Agriculture Residues, and Wastes
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COSTS

Chapter 8 presents an analysis of the costs that would be associated with alternative fuel use
in the ground transportation sector. Costs span a wide range depending on the particular
alternative fuel, the feedstock, the scale of production, the nature and pace of technological
improvements, whether the fuel would be produced locally or imported, and if locally
produced, whether fuel production would occur on the same island as fuel use. Cost
projections in this chapter are retail, “at the pump” amounts which include infrastructure,
shipping cost, and tax components. Overall, given current technology, prices and taxes,
alternative fuels, other than low-level ethanol blends, are more costly than gasoline. (It should
be noted, however, that gasoline and diesel are themselves subsidized fuels.)

Long-range, large volume alcohol production scenarios suggest that high-level alcohol blends
(M85 and E85) could provide energy at costs only slightly higher than current prices for
gasoline and diesel, although near-term, low volume scenarios show that alcohol costs could
be substantially higher than present gasoline and diesel prices. The projected costs of
biomass-derived alcohols are primarily influenced by feedstock price, processing cost, plant
scale, and, in scenarios which include barging between islands, shipping and terminal-related
costs.

Fuel taxes are another important element in projected fuel costs at the pump. Under current
State and County fuel tax laws, motor fuels are taxed on a per-gallon basis. This puts most
alternative fuels at a disadvantage on a cost-per-mile basis, since alternative fuel vehicles use
more gallons to travel the same distance. Revising fuel taxes to be based on energy content
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would remove a disincentive to the use of alternative fuels while preserving current levels of
tax revenue.

For some applications, propane is competitive with gasoline now. For fleet use of propane,
the main cost element is the vehicle conversion cost. For non-fleet use of propane, the high
price of retail propane is one inhibiting factor.

For electric vehicles, the most significant cost element is the cost of the vehicles. A variety of
technologies, manufacturers and prices are currently available, but the rapid pace of
development in this area makes a comparative cost estimation for EVs difficult. If EV
purchase costs could be reduced, EVs could become very cost-competitive in the
marketplace. '

If the benefits of alternative fuels can be shown to justify the costs of an alternative fuel
program, government action may be warranted. Chapter 9 examines measures the state
could take, ranging from the least intrusive (the support of research and development) to the
most intrusive (government provision of fuel). Some of the measures require the state to
commit to a particular fuel type and alternative energy program, while other measures, such
as adjustment of fuel taxes to reflect the lower energy content of alternative fuels, reduce
existing barriers without promoting any particular fuel.

IMPACT AND EFFEGTIVENESS OF POTENTIAL ALTERNATIVE
FUEL PROGRAMS

In Chapter 10, potential measures to increase the use of alternative fuels are evaluated in
terms of achieving long-term objectives of energy security, environmental sustainability and
local economic stimulus. Measures to encourage the use of alternative fuels are generally
intended to reduce or eliminate barriers to alternative fuel vehicle (AFV) adoption, such as the
lack of infrastructure, fuel availability and cost, and consumer acceptance. Actual benefits
and costs are difficult to quantify and have many uncertainties.

The development of a local alternative fuels program could have beneficial economic effects
such as the preservation and creation of jobs.in agriculture and in electric vehicle (EV)
support and manufacture. A local alternative fuel industry would also retain within the state a
larger portion of its substantial energy expenditures. Such a program could also have a
secondary effect of enhancing the state's tourist appeal through maintenance of a thriving
agricultural economy, thus reinforcing Hawaii's appeal as a clean and healthy destination. In
addition, reduced shipping of crude oil into the state reduces the possibility of oil spills.

Transition to widespread use of alternative fuels is a gradual process, primarily due to the time

necessary to introduce AFVs into the vehicle population. Near-term actions to foster the
production and use of alternative fuels are necessary first steps to achieve long-term goals.
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Certain potential measures to encourage the use of alternative fuels have already occurred to
some extent, are occurring or are expected to occur voluntarily, or are essentially non-
controversial and non-cost items. These include: provisions that new or replacement fueling
facilities be alcohol compatible; the availability of off-peak charging for EVs at reduced rates;
the adjustment of fuel tax rates on the basis of energy content; certain requirements that fleets
purchase AFVs; and public education and outreach programs.

Measures and groups of measures (scenarios) were evaluated on the basis of effectiveness
and cost. Scenarios were developed which included such measures as ethanol blending,
alcohol or electric vehicle purchase incentives, and mandates that fleets purchase AFVs. The
effectiveness of each scenario was estimated in terms of the amount and cost of gasoline and
diesel displaced, the number of alternative fuel vehicles in use, and the scenario’s

employment potential. Projected gasoline and diesel demand under various scenarios is
shown in Figure 3.

Figure 3.
Projected Gasoline and Diesel Demand Under Various Scenarios, 1995-2014
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Although aviation is the dominant sector with respect to fuel use, this report concludes that
the ground transportation sector- is the sector most amenable to impact by state and local
actions. Chapter 11 presents an action plan to influence energy use in the ground
transportation sector. Experience on the mainland and elsewhere has shown the need for
successful programs to be integrated, publicly-supported packages of requirements,
incentives, research, outreach and public information, governmental actions and monitoring
programs. Because of these interrelationships, it is appropriate to integrate all elements
relating to ground sector energy use into a package addressing conservation, alternative fuel
supply and demand, and alternative fuel vehicle (AFV) supply and demand. The plans must
be evaluated for personnel and resource requirements.
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Analyses presented in Chapter 10 show that an alcohol gasoline blend program is the most
cost-effective means of encouraging the use of significant quantities of renewable, locally
produced alternative fuels. As discussed in Chapter 10, projected costs may be justifiable
since jobs would be preserved and created immediately as energy crop production
commenced.

Reducing the cost of off-peak recharging of electric vehicles, adjusting fuel taxes to be based
on energy content, and public education programs are recommended low-cost and low-risk
components of a near-term program.

It is also recommended that state transportation energy efforts focus on energy conservation
and to a lesser degree, congestion relief. The goal of energy conservation efforts would be to
increase the average fuel efficiency of motor vehicles in the state and change travel behavior
and land use patterns. Improving and expanding public transportation and other methods of
decreasing vehicle miles traveled would have immediate energy savings, while transportation
and land use planning would have the greatest projected long-term energy conservation
potential.

Research and development programs would also play an important part in the achievement of
Hawaii's energy goals. |t is recommended that in the near-term the state research such
areas as fleet purchase requirements and effectiveness in other states, methods to reduce
the number of vehicle miles traveled, and programs to increase fuel efficiency.

The near-term program would last approximately seven years. By that time it is estimated that
approximately 10,000 alternative fuel vehicles would be in use in Hawaii.

At the beginning of the mid-term program, it would be appropriate to reevaluate the cost,
availability and desirability of the various alternative fuel vehicles and incentives. Fleet
incentives and mandates may also be part of the mid-term program.

In the mature program, alternative fuels would have achieved cost-effective scales of
production and distribution, and government subsidies and incentives would be phased out.

In developing a comprehensive state energy program, the ground transportation sector is an
area where significant energy savings and petroleum substitution can be achieved. A
balanced approach incorporating conservation, alternative fuel measures, research and
development, out reach and monitoring is recommended. Conservation measures, which
would reduce the number of vehicle miles traveled and reduce congestion, could be a central
part of state policy. Reduced off-peak recharging rates for EVs, fuel taxes based on energy
content and public education programs are essential to the continued and expanded use of
alternative fuels and vehicles. Alcohol blending, fleet purchase mandates and vehicle
purchase incentives could also be implemented. Research and monitoring of ground sector
transportation issues need to continue and the public must be educated and informed of the
options and policies affecting transportation in the state.
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CHAPTER 1

PROJECT PURPOSE






1.1 RESPONSIBILITY FOR STATEWIDE ENERGY
CONSERVATION, PLANNING, AND ALTERNATE
ENERGY DEVELOPMENT EFFORTS

This study was prepared for the State of Hawaii Department of Business, Economic
Development and Tourism (DBEDT) as part of the Hawaii Energy Strategy program. Authority
and responsibility for energy activities such as the Hawaii Energy Strategy belong to the
Director of DBEDT as the State Energy Resources Coordinator. Section 196-4 of the Hawaii
Revised Statutes (as amended) establishes twelve specific powers and duties of the Energy
Resources Coordinator, which include:

e formulating plans, including objectives, criteria to measure accomplishment of
objectives, programs through which the objectives are to be attained, and financial
requirements for the optimum development of Hawaii's energy resources;

* conducting systematic analysis of existing and proposed energy resource programs,
evaluating the analysis conducted by government agencies and other organizations
and recommending to the Governor and to the Legislature programs which represent
the most effective allocation of resources for the development of energy sources;

e formulating and recommending specific proposals, as necessary, for conserving
energy and fuel, including the allocation and distribution thereof, to the governor and to
the legislature;

e assisting public and private agencies in implementing energy conservation and related
measures;

¢ developing programs to encourage private and public exploration and research of
alternativé energy resources which will benefit the state;

¢ conducting public education programs to inform the public of the energy situation as
may exist from time to time and of the government actions taken thereto; and

* serving as consultant to the governor, public agencies and private industry on matters
related to the acquisition, utilization and conservation of energy resources.
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1.2 STATE ENERGY OBJECTIVES

The state energy objectives are contained in the Hawaii State Planning Law, Hawaii Revised
Statutes (as amended), Chapter 226, which states:

-'226-18 Objectives and policies for facility systems--energy.

(a) Planning for the state's facility systems with regard to energy shall be
directed towards the achievement of the following objectives:

(1) Dependable, efficient, and economical statewide energy systems
capable of supporting the needs of the people;

(2) Increased energy self-sufficiency where the ratio of indigenous to
imported energy use is increased; and

(3) Greater energy security in the face of threats to Hawaii's energy
supplies and systems.

(b) To achieve the energy objectives, it shall be the policy of this State to
ensure the provision of adequate, reasonably priced, and dependable energy
services to accommodate demand.

(c) To further achieve the energy objectives, it shall be the policy of this State
to:

(1) Support research and development as well as promote the use of
renewable energy sources;

(2) Ensure that the combination of energy supplies and energy-saving
systems are sufficient to support the demands of growth;

(3) Base decisions of least-cost supply-side and demand-side energy
resource options on a comparison of their total costs and benefits
when a least-cost is determined by a reasonably comprehensive,
quantitative, and qualitative accounting of their long-term, direct and
indirect economic, environmental, social, cultural, and public health
costs and benefits;

(4) Promote all cost-effective conservation of power and fuel supplies
through measures including:

(A) Development of cost-effective demand-side management
programs;

(B) Education; and

(C) Adoption of energy-efficient practices and technologies;



(5) Ensure to the extent that new supply-side resources are needed, the
development or expansion of energy systems utilizes the least-cost
energy supply option and maximizes efficient technologies;

(6) Support research, development, and demonstration of energy
efficiency, load management, and other demand- side management
programs, practices, and technologies; and

(7) Promote alternate fuels and energy efficiency by encouraging
diversification of transportation modes and infrastructure.”

1.3

THE HAWAII ENERGY STRATEGY PROGRAM

This project is one of seven projects which will produce an integrated energy strategy for the
State of Hawaii. Program goals are as follows:

increased diversification of fuels and sources of supply of these fuels;
increased energy efficiency and conservation;

development and implementation of regulated and non-regulated energy development
strategies with the least possible overall costs to Hawaii's society;

establishment of a comprehensive energy policy analysis, planning, and evaluation
system;

increased use of indigenous, renewable energy resources; and

enhanced contingency planning capability to effectively contend with energy supply
disruptions.

1.4

DEVELOPMENT OF A TRANSPORTATION ENERGY
STRATEGY FOR THE STATE OF HAWAII

The transportation portion of the Hawaii Energy Strategy consists of three parts:

an evaluation of transportation energy demand and transportation energy management
options;

an evaluation of transportation energy supply options; and

preparation of recommendations and a comprehensive transportation energy strategy
for the State of Hawaii.
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1.4.1 TRANSPORTATION ENERGY DEMAND

Transportation planning has received a great deal of attention in the state, in the various
counties, and especially in Honolulu. The issues of highway construction, bus fleet expansion,
Transportation System Management (TSM) projects, bikeways, fixed-rail mass transit, etc., are
highly controversial issues with many players. Energy concerns have not weighed heavily with
those involved in decisions about one particular system over another; historically, the energy
demands have not generally been considered or quantified.

In the short term, there are significant and numerous opportunities for energy efficiency and
use of alternative fuels in currently existing transportation plans. In the long term, evaluation
and consideration (in the early stages of transportation planning) of the energy demands
associated with each of the various transportation alternatives is necessary for the success of
any long-term transportation energy demand management and planning effort.

1.4.2 TRANSPORTATION ENERGY SUPPLY

Considerable activity in the area of alternative fuel production, demonstration, use, and
assessment of impacts has taken place and is ongoing internationally, nationally, and locally.
Alternative transportation fuels projects funded by and/or involving the U.S. Department of
Energy, the U.S. Department of Agriculture, the U.S. General Services Administration, the U.S.
Department of Defense, various national laboratories, the State of Hawaii, the University of
Hawaii, each of the counties, and numerous other public and private organizations have been
ongoing at various levels in Hawaii for many years. Several of the potential alternative
transportation fuels hold significant promise for production and use in Hawaii; however, it is
necessary to comparatively evaluate and quantify relative costs, benefits, barriers,
infrastructure and other requirements in the Hawaii context.

1.4.3 TRANSPORTATION ENERGY STRATEGY

Hawaii Energy Strategy Project 5, Transportation Energy Strategy Development, was prepared
to:

e collect and synthesize information on the present and future use of energy in Hawaii's
transportation sector;
¢ examine the potential of energy conservation to affect future energy demand;

e analyze the possibility of satisfying a portion of the state’s future transportation energy
demand through alternative fuels; and

e recommend a program targeting the state's transportation sector to help achieve state
energy goals.

The analyses and conclusions of this report are to be assessed in relation to the other Hawaii
Energy Strategy studies in developing a comprehensive state program.



CHAPTER 2

TRANSPORTATION FUEL CONSUMPTION:
EXISTING AND FUTURE BASELINE
CONDITIONS







2.1 INTRODUCTION

An increasing focus is being placed in the United States on the use of petroleum in
transportation, and Figure 2-1 shows the basis for the concern. Nationally, petroleum use in
the electric utility, residential and commercial sectors decreased from 1973 to 1991. However,
petroleum demand in the largest consumption sector, transportation, increased.

With respect to Hawaii, Figure 2-2 shows that in 1992, the transportation sector consumed 62
percent of the petroleum used in Hawaii, which represents 55 percent of the total energy used
in the state. Table 2-1 shows energy use in Hawaii's transportation sectors between 1981 and
1993. Transportation energy demand in the ground, air and marine sectors increased at an
annual rate of 4.78 percent between 1981 and 1990, although overall growth has moderated
substantially since 1990, and demand has even declined substantially in the air sector since
1990.

Figure 2-3 shows energy use among the transportation sectors in 1992. Figure 2-3 shows that
the air sector leads the others in total energy demand meaning that the large aircraft that travel
long distances to and from Hawaii dominate energy demands. This occurrence is unique in the
nation since the ground sector is the largest consumption sector in all other states.

There are several concerns stemming from the facts above, including:

¢ Transportation energy demand has been increasing at a relatively rapid rate.
e Essentially all of the state’s transportation energy is supplied by petroleum.

e The use of petroleum in the transportation sector has a large effect on the state’s overall
petroleum dependence.

e Hawaii is at the end of long petroleum supply chain which is vulnerable to disruption and
price shocks.

e Hawaii has the highest retail gasoline prices in the nation.

¢ The money spent on crude oil and refined product purchased from out-of-state leaves the
state.

e There is relatively little that the state can do to affect the energy requirements of the long-
haul aircraft that dominate transportation energy demand.

1 Based on a request from the Legislature, the Attorney General has been studying the possible causes of this situation.
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Table 2-1

Statewide Fuel Consumption by Transportation Sector, 1981 to 1993

(Barrels)
Year Ground'’ Air? Marine? Total
Gasoline Diesel Total
1981 7,230,938 375,490 7,606,428 11,655,973 1,454,931 20,717,332
1982 7,293,915 411,986 7,705,901 11,297,081 1,328,834 20,331,816
1983 7,340,485 931,437 8,271,922 11,943,999 1,173,772 21,389,693
1984 7,676,422 426,011 8,102,433 11,566,914 1,379,865 21,049,212
1985 7,786,224 419,911 8,206,135 12,810,827 940,658 21,957,620
1986 7,956,467 460,811 8,417,278 14,361,110 1,092,277 23,870,665
1987 8,296,995 504,934 8,801,929 16,517,667 1,669,005 26,988,601
1988 8,523,478 501,358 9,024,836 16,703,696 2,804,995 28,533,527
1989 8,789,800 564,987 9,354,787 17,449,603 3,837,727 30,642,117
1990 8,937,677 589,588 9,527,265 17,875,947 4,121,900 31,525,112
1991 8,956,709 595,023 9,551,732 17,366,137 5,830,549 42,300,150
1992 9,074,248 625,917 9,700,165 16,938,141 4,384,245 31,022,551
1993 9,153,428 595,176 9,748,605 14,278,364 4,021,117 37,796,690
Compounded Annual Growth Rates:
1981 - 1890 2.53% 4.87% 12.27% 4.78%
1990 - 1993 0.77% -7.22% N/A N/A

Sources:

1) Department of Taxation Data
2) State of Hawaii, DBEDT, Energy Division
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Figure 2-2

Primary Petroleum Use Sectors, State of Hawaii, 1992
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Figure 2-3

Fuel Consumption by Transportation Sectors, State of Hawaii, 1992
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transportation plans (the future “no-action” baseline). Chapter 3 then evaluates the energy

savings potentially achievable through conservation, and Chapter 4 evaluates the potential for
substituting “alternative fuels”? for petroleum.

This chapter projects future energy demand based on adopted transportation plans that have
been developed by and for transportation agencies in the state.® Major characteristics of the
air, ground and marine transportation sectors have also been included in the analysis, such as
fleet characteristics, fuel consumption levels, energy efficiency, and projected trends relevant
to energy consumption.

The analysis begins with a review of historical data on transportation energy consumption to
establish the current relationship between transportation activity and fuel demand. Since
transportation plans provide projections of transportation activity, it is then possible to estimate
future energy demand using the historical relationship between transportation and energy
demand, adjusted by other relevant factors such as improvements in efficiency and effects of
congestion. (More information on the approach followed for each sector is included in
Appendix A-1.)

The analysis then proceeds to project transportation energy use for the years 1996, 1999,
2004 and 2014.* This projection becomes the basis for such analyses as the potential for
energy conservation and petroleum displacement.

This study’s reliance on existing transportation plans as the primary “driver”
of future transportation energy demand is intentional, since it is not the
purpose of this project to independently estimate future transportation
activity. Development of a Hawaii-specific link between transportation and
energy demand enables revisions of the energy demand projections
whenever the underlying transportation projections are updated.®

The specific numerical values contained in the following projections are intended to provide an
order of magnitude estimate. Their use in this report is consistent with this level of precision
since they are only used to establish a framework to examine such topics as approximate size
of the energy market, relationship of demand to the scale of production of alternative fuels and
the timing of introduction of production facilities for alternative fuels. It will be seen later that
even order of magnitude projections are useful in screening energy supply options.

Since the ground, air and marine sectors are characterized by different fuels, equipment,
infrastructure and demand drivers, each sector is analyzed separately in the following
sections.

2 A detailed discussion of the definition of “alternative fuels® is deferred to Chapter 4 but the definition includes such

transportation fuels as alcohols, propane, natural gas and electricity.

Most of these plans were developed in the late 1980's and early 1890's.

These are the analysis years established for the HES program.

In fact, the key transportation plans underlying the energy demand projections for the ground and air sectors are now being
updated, with the revised plans expected to be available in 1995.

N AW
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2.2 GROUND TRANSPORTATION

2.2.1 HISTORICAL DEMAND

Gasoline and diesel are the two primary fuels used for ground transportation. Gasoline is used
in spark-ignition engines (primarily light duty vehicles) while diesel is used in compression-
ignition engines (primarily heavy duty vehicles). There is a slight difference in the energy
content of the two fuels with gasoline containing 109,000 to 119,000 Btu per gallon and #2
diesel containing 126,000 to 131,000 Btu per gallon (Tshiteya and Vermiglio, 1991).

Figure 2-4 summarizes ground sector energy demand based on Department of Taxation data
from 1981 to 1993, distinguishing gasoline and diesel. (Appendix A-1 discusses the selected
data sources, and Appendix A-2 provides historical data.) On a volumetric basis, gasoline
use greatly exceeds diesel use, representing almost 94 percent of the liquid fuel volume used
in the ground sector in 1993. When these volumes are converted to energy content (Btu's),
however, diesel has been slowly increasing its market share (from 5.5 percent in 1981 to 7.3
percent in 1992).

Propane is also used as a transportation fuel, both on-highway® and off-highway (e.g.
forklifts). However, since the amount of propane used for transportation is less than 1 percent
of the total amount of propane sold in the state, and propane contributes to less than one
percent of the ground transportation fuel demand, propane is not included in the figures.

The total amount of fuel sold for ground transportation in 1993 was over 9.7 million barrels. In
1992, the ground sector represented 32 percent of the volume of transportation fuel sold in the
state.

Between 1981 and 1990, ground sector energy demand grew at an average annual rate of
2.53 percent, but as shown in Figure 2-4, growth in demand has slowed since 1990. From
1990 to 1993, average annual growth has been about 0.77 percent.

For reference, annual average growth rates for some related parameters are:

s Statewide “de facto” population” from 1981 to 1990: 1.8 percent

& For example, the City and County of Honolulu has over 100 propane-powered vehicles.

7 “De facto population” includes military personnel and their dependents, and visitors. “De facto population™ was considered a
reasonable parameter to compare to energy demand growth because this more encompassing definition of population would
be expected to be more closely associated with levels of transportation activity than a more limited definition of population.
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e Total number of registered vehicles from 1981 to 1990: 3.7 percent®

e Total number of registered vehicles from 1989 to 1992: 0.89 percent

It is assumed that there is an association between vehicle miles traveled (VMT) and fuel
consumption. (The projection methodology is based in part on projections of VMT to project
future energy demand.) The number of registered vehicles is expected to continue to grow in
association with population growth and other factors.® It is notable that during the 1980's,
energy demand grew much faster than the state’s “de facto population.”

Figure 2-5 shows ground sector transportation energy consumption by county for 1992. Over
two-thirds (67 %) of the ground sector energy demand is located on Oahu.

Service stations sell most of the ground transportation fuel (about 80 percent based on
Energy Division records), emphasizing the importance of this type of retail outlet in planning
for alternative fuels.

2.2.2 FLEET COMPOSITION

Figure 2-6 shows the classification of vehicles registered in the state in 1992. In 1992,
passenger automobiles accounted for 79 percent of the vehicles registered in the state.

Additional information on fleet composition is provided in Chapter 4, which introduces the
National Energy Policy Act (EPACT) and the Clean Cities Program. EPACT's provisions and
the Clean Cities Program target vehicle fleets meeting certain criteria.

2.23 FUTURE DEMAND

Demand for ground transportation fuels is projected to increase as shown in Table 2-2.
Appendix A-1 presents details of the approach. By 1996, ground sector energy consumption
is projected to have increased by 5.5 percent over 1992 levels; by 1999 the increase is
projected to be 8.8 percent over the 1992 level; by 2004 the increase is projected to be 13.2
percent over the 1992 level, and by 2014, demand is projected to be almost 21.7 percent
more than the 1992 level. These projections are based primarily on increases in travel activity
projected in each county’'s highway master plan (Neighbor Islands) or Regional
Transportation Plan (Oahu). The parameter describing transportation activity varied among
counties,’ so the annual percent increase projected for the parameter used by each county
was used to drive the projections. In addition to transportation activity, the projections
consider projected fuel efficiency improvements as presented in  Argonne

Each county has its own rate of increase in the number of vehicles registered in the county. For purposes of this study, the
distribution of vehicles among the counties is important because it indicates where the demand for ground transportation fuels is
located. The bulk of the market is located on Oahu, and although the Neighbor Islands have higher rates of growth in their
populations, the dominance of Oahu in the state's ground sector energy demand is expected to continue. Based on historical
data and an extrapolation of past trends, Oahu had 70 percent of the vehicles in 1990 and is expected to have 61 percent of the
vehicles in 2004, when Maui and Hawaii would each have 15 to 16 percent, and Kaual would have about eight percent.

The State of Hawail, Statewide Transportation Council and Department of Transportation (1991), projected an annual average
increase in the number of registered vehicles of 2.12 percent for the period between 1992 and 1997.

'% The parameter describing transportation activity varied by county, and was daily vehicle trips, daily traffic volumes, or vehicle miles
traveled depending on the county.
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Figure 2-5

Ground Sector Fuel Consumption by County, 1992
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Figure 2-6

Distribution of Ground Vehicles
State of Hawaii, 1992
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Table 2-2

Estimation of Ground Sector Fuel Demand

1992
Number of Fuel Use Per Percent Projected Annual
Registered Initial Loss Due To Net Fuel Vehiclein 1992 [Improvement in Increase in
Vehicles Demand Congestion | Consumption (without Fuel Efficiency | Transportation
County in 19921 (GEB) {(GEB) (GEB) 2 congestion loss) | from 1992 Activity (percent)
Honolulu 611,513 5,981,260 571,791 6,553,051 9.78 0% 1.13% 2
Maui 110,003] 1,081,995 103,436 1,185,430 9.84 0% 3.93%*
Hawaii 113,080 1,346,558 128,727 1,475,286 11.91 0% 3.19%°%
Kauai 51,165 524,140 50,106 574,246 10.24 0% 3.47%°
State Totals 885,761 8,933,953 854,060 9,788,013 10.09 0%
PROJECTIONS
Percent Percent Increase
Initial Loss Due To Improvement in Net Fuel in Fuel Demand
Projected Demand Congestion | Gross Demand | Fuel Efficiency | Consumption Compared
County Vehicles (GEB) (GEB) (GEB) from 1992 (GEB) to 1992
1996
Honolulu 639,625| 6,256,230 683,428 6,939,657 4% 6,665,498 1.7%
Maui 128,342 1,262,376 137,901 1,400,278 4% 1,344,958 13.5%
Hawaii 128,214 1,526,778 166,785 1,693,562 4% 1,626,656 10.3%
Kauai 58,645 600,766 65,627 666,393 4% 640,066 11.5%
State Totals 954,826| 9,646,150 1,053,741 10,699,891 10,277,179 5.0%
1999
|Honotulu ©61,555| 6,470,721 739,246 7,209,968 7% 6,711,501 2.4%
Maui 144,076 1,417,136 154,807 1,571,944 7% 1,463,266 23.4%
Hawaii 140,880 1,677,601 183,260 1,860,861 7% 1,732,209 17.4%
Kauai 64,964 665,501 72,699 738,200 7% 687,164 19.7%
State Totals 1,011,475| 10,230,959 1,150,013 11,380,973 10,594,140 8.2%
2004
Honolulu 699,787| 6,844,674 832,277 7,676,951 14% 6,615,446 1.0%
|Maui 174,701 1,718,368 187,714 1,906,082 14% 1,642,525 38.6%
Hawaii 164,830 1,862,803 214,416 2,177,219 14% 1,876,171 27.2%
Kauai 77,045 789,261 86,219 875,480 14% 754,426 31.4%
State Totals 1,116,364 11,315,106 1,320,625 12,635,731 10,888,569 11.2%
2014
Honolulu 783,007 7,658,660 1,018,338 8,676,999 21% 6,877,325 4.9%
Maui 256,865 2,526,536 275,998 2,802,534 21% 2,221,268 87.4%
Hawaii 225,639 2,686,908 293,517 2,980,425 21% 2,362,263 60.1%
Kauai 108,365} 1,110,108 121,268 1,231,376 21% 975,979 70.0%
State Totals 1,373,876 13,982,213 1,708,121 15,691,334 12,436,835 27.1%

GEB = Gasoline equivalent barrels. 1 GEB = 4788000 British thermal units (lower heating value)

Sources:

1) "State Data Book, 1992," Table 507.
2) From Department of Taxation Data for on-highway fuel use.
3) 'Oahu Regional Transportation Plan,” OMPO, June 1991.
4) "Maui Long-Range Highway Planning Study - Island-Wide Plan - Final Report," SDOT, May 1991.
5) “Island of Hawaii Long-Range Highway Plan - Final Repor," Parsons Brinckerhoff, May 1991.

6) "Kauai County Highway Planning Study - Final Report,” SDOT, October 1920.

National Laboratory (1991), projected changes in each county’s vehicle fleet composition, and
projected levels of future congestion.

A 1.05 percent annual increase in Statewide ground sector transportation energy demand is
projected between the years 1992 and 2014. This projection could be an overestimate since it
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is driven by studies that were performed in the late 1980's, towards the end of a period of
rapid growth in the state. Economic growth had slowed between 1990 and the date of
completion of this report. The underlying transportation studies are presently being revised.
The intent of this project is to examine relationships between measures of transportation
activity and to develop methods of projecting energy and fuel demands implied by projected
levels of transportation activity. It will be possible, therefore, using methodologies developed
in this report, to revise and update energy demand projections to be consistent with the
updated transportation projections.

The potential effects of conservation and the potential for petroleum dlsplacement are
discussed in Chapters 3 and 4,

2.3 AIR TRANSPORTATION

Of the three transportation sectors, air transportation has consistently been the largest fuel
consumer from 1981 to 1993 (see Table 2-1).

Table 2-3 tabulates fuel use in the state’s aviation sector from 1981 to 1993 based on
Department of Taxation data.' Approximately 80 percent of the demand derives from
outbound overseas flights, with the balance fueling interisland activity. From 1981 to 1990,
growth occurred at an annual average rate of almost 4.87 percent. Between 1990 and 1993
demand decreased at an average annual rate of 7.22 percent.

Tables 2-3 and 2-4 show the aviation fuel demand calculations. Details of the projection
method are discussed in Appendix A-1. The projection is primarily based on forecasts of
interisland and overseas passenger and cargo volumes contained in Wilson Okamoto &
Associates, Inc. (1990) adjusted by projected improvement in energy efficiency. The
forecasts were prepared in 1990 during a period of rapid growth in passenger and cargo
volumes. Actual data in subsequent years do not reflect the growth in the aviation section
projected by Wilson Okamoto & Associates, Inc. (1990). Figure 2-7 plots both historic data
and the projected level of demand for aviation fuel in the state.

Aviation fuel demand for fuel subject to taxation is projected to be about 17 million barrels by
1999 and about 21.6 million barrels by 2014, an annual growth rate of two percent. Outbound
overseas flights are projected to represent over 80 percent of the total aviation fuel demand.
Since these projections were developed based on taxed aviation fuel, these projections do not
include aviation fuel which is not taxed, such as bonded fuels for international operations sold
through duty free operations such as Hawaii Fueling Facilites Corporation (HFFC).

¥ Department of Taxation data was the approved data set for this analysis.
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Aviation Passenger Volumes, Fueling Records and Projections

Table 2-3

No. of Passengers (1) Fueling Ratio {2)
Interisland Outbound
Overseas
{Plus Interisland Overseas
Transit)
Gallons/ Gallons/ Total Average
Year| Passenger Passenger Total (Barrels) Passenger (Barrels) Passenger (Barrels) of total
1981 6,724,113 5,192,195 11,916,308 | 838,064 5.23 10,817,909 87.51 11,655,973 41.08
19821 7,327,447 5,504,919 12,832,366 | 1,316,110 7.54 9,980,971 76.15 11,297,081 36.98
1983 | 7,037,687 5,536,425 12,574,112} 1,183,650 7.06 10,760,349 81.63 11,943,999 39.90
1984 | 7,632,239 6,076,368 13,708,607 | 1,728,097 9.51 9,838,817 68.01 11,566,914 35.44
1985 | 7,878,598 6,193,741 14,072,339 | 3,598,561 19.18 9,212,266 62.47 12,810,827 38.23
1986 | 8,340,048 7,001,547 15,341,595} 3,952,177 19.90 10,408,933 62.44 14,361,110 39.32
1987 | 8,802,594 7,394,116 16,196,710 | 4,699,276 22.42 11,818,391 67.13 16,517,667 42.83
1988 | 8,964,928 7,985,884 16,950,812 3,389,180 15.88 13,314,516 70.02 16,703,696 41.39
19891 9,634,077 8,320,820 17,963,897 | 3,961,060 17.27 13,488,543 68.01 17,449,603 40.80
1990 | 9,907,154 8,606,627 18,513,781 | 4,104,317 17.40 13,771,630 67.21 17,875,947 40.55
1991 | 9,368,576 8,235,787 17,604,363 | 3,473,227 15.57 13,892,910 70.85 17,366,137 41.43
1992 | 9,568,432 8,405,467 17,973,899 | 3,042,090 13.35 13,896,051 69.44 16,938,141 39.58
1993 | 9,345,320 8,205,920 17,551,240 | 2,855,673 12.83 11,422,691 58.46 14,278,364 34.17
Forecast, 1995 to 2010 Average Fueling Ratio for 1989 to 1993
{Gallons/Passenger)
15.3 66.8 39.3

19985 | 9,676,490 8774322 18,450,812

2000 | 10,556,674 10,373,593 20,930,267

2005 | 11,516,920 12,264,360 23,781,280

2010 | 12,564,511 14,499,751 27,064,262

Sources:

1) 'Hawaii Statewide Airport System Plan’, DOT/Airports Division, December 1990.

2) Depa

rtment of Taxation Data.




Table 24

Aviation Fuel Efficiency and Fuel Demand Forecast

1. Fueling Ratio’

Gallons / Passengers
Outbound
Year Intrastate Overseas
Average 1989 to 1993 15.3 66.8

2. Aviation Fuel Efficiency: Annual Rate of
Change in Fuel Demand Projected by Others, 1985 - 201 0?

ANL FAA EIA Average
-1.61% | -1.73% | -1.88% | -1.74%
3. Projected Fuel Efficiency
Gallons / Passengers
Outbhound
Year Intrastate Overseas
1996 fuel efficiency 14.520 63.370
rate
19909 fuel efficiency 13.770 60.120
rate
2004 fuel efficiency 12.610 55.070
rate
2014 fuel efficiency 10.580 46.200
rate
4. Passenger Forecast®
Outbound
Year Intrastate Overseas Total
1996 9,846,451 9,073,121 18,919,572
1999 10,374,454 10,031,967 20,406,421
2004 11,318,125 11,860,446 23,178,571
2014 13,470,787 16,578,036 30,048,823
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Table 2-4

Aviation Fuel Efficiency and Fuel Demand Forecast
(Continued)

5. Fuel Demand Forecast (Barrels)

Outbound
Year Intrastate Overseas Total
1996 3,404,059 13,689,611 17,093,670
1999 3,401,339 14,360,044 17,761,383
2004 3,398,132 15,551,304 18,949,436
2014 3,393,355 18,235,840 21,629,195

6. Aviation Fuel Demand Forecasts by Others (Barrels)

Outbound
Year Intrastate Overseas Total
1995 N/A N/A 21,754,000 *
2010 N/A N/A 31,645,500
2010 N/A N/A 33,000,000 °
Notes:

1) Based on Department of Taxation Data and Department of Transportation passenger counts.

2) Based on Argonne National Laboratory (ANL) report: FAA = Federal Aviation Administration;
EIA = Energy Information Administration, Department of Energy.

3) Projected in "Hawaii Statewide Airport System Plan,” adjusted to future analysis years.

4) "Energy Emergency Preparedness,” Ed Noda Associates, August 1992.
5) "Phase |l Report on a Relocation Program and Development Plan for Petroleum-Qil-Lubricants (POL)
Facilities in the Oahu Waterfront," Williams Brothers, November 1992.
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These amounts are substantial.

This study’s reliance on existing transportation plans as the primary “driver” of future
transportation energy demand is intentional, since it is not the purpose of this project to
independently estimate future transportation activity. Linking transportation and energy
demand enables revisions of the energy demand projections whenever the underlying
transportation projections are updated.

Since a study performed in 1990 was used to drive the projection, demand could be
overestimated. Air transportation activity has slowed substantially between 1990 and the date
of completion of this study.

2.4 MARINE TRANSPORTATION

Table 2-5 shows historical data on marine transportation fuel consumption based on DBEDT -
Energy Division records, and Figure 2-8 plots this data along with the projected future
demand. The records show an overall increase of about 183 percent from 1983 to 1990, the
biggest percentage increase of the three transportation sectors. This corresponds to an
annual growth rate of over 12.27 percent. In 1990, about 93 percent of the demand was for
outbound overseas vessels, and the rest was for interisland purposes.

Although there are issues associated with information on petroleum product sales provided to
DBEDT under Chapter 486E of the Hawaii Revised Statutes,? much of this dramatic growth is
believed to have occurred and not be an artifact of the data. Local oil refiners increased
sales of marine fuels to foreign fishing fleets and others through active marketing during this
period. Because of the range that vessels may travel before refueling, merchant vessels
employed in overseas trade can often continue beyond Hawaii without refueling. This option
allows marine fuel procurement to be affected by such factors as:

¢ the energy cost differential between Hawaii and other ports of call, including the effects of
changes in exchange rates;

e local marketing efforts in the marine bunkers market; and

¢ changes in actual levels of shipping activity.

Table 2-6 shows the calculations estimating future marine fuel use. The projections shown
here are based on cargo tonnage projections. In subsequent studies, the factors identified
above could be added to the analysis. Details of the approach are described in
Appendix A-1. Total fuel demand is projected to increase from 4.1 million barrels in 1990 to
6.8 million barrels in 2014, including small recreational boats. However, since the types of
factors listed above will continue to affect the local marine bunkers market, projections are

'2 State of Hawaii, DBEDT (1993) discusses some of the issues associated with this data in more detail.
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Table 2-5

Intrastate and Outbound Overseas Cargo Tonnage and Fuel Bunkering Data

Cargo Tonnage'

Marine Fuel Bunkering?

Outbound Grand Average
Calendar % of Outbound % of Intrastate Gallons/ Overseas Gallons/ Total Gallons/
Year Intrastate Total Overseas Total Total {Barrels) Cargo Ton (Barreils) Cargo Ton (Barrels) Cargo Ton
1983 5,367,994 69.89% 2,312,916 30.11% 7,680,909 510,158 3.99 663,614 12.05 1,173,772 6.42
1984 5,206,745 70.06% 2,224,602 29.94% 7,431,347 520,909 4,20 858,956 16.22 1,379,865 7.80
1985 5,161,665 68.50% 2,373,638 31.50% 7,535,203 418,241 3.40 622,417 9.24 940,658 5.24
1986 5,382,155 68.80% 2,440,370 31.20% 7,822,525 574,316 4.48 517,961 891 1,092,277 5.86
1987 6,272,667 71.65% 2,481,469 28.35% 8,754,136 670,425 4.49 998,580 16.90 1,669,005 8.01
1988 7,091,952 72.80% 2,649,390 27.20% 9,741,342 338,871 2.01 2,466,124 39.09 2,804,995 12.09
1989 7,269,413 72.90% 2,701,904 27.10% 9,971,317 275,208 1.59 3,562,519 55.38 3,837,727 16.16
1990 8,195,157 76.48% 2,620,700 23.52% 10,715,857 296,913 1.52 3,824,987 63.73 4,121,900 16.16
Annual Average: 3.21 27.69 9.72
1989 - 1990 Average: 1.56 59.55
Intrastate and Overseas Cargo Tonnage Forecast® Marine Fuel Demand Forecast®
Outbhound Grand
Interstate Gallons/ Overseas Gallons/ Total

{Barrels) Cargo Ton (Barrels) Cargo Ton (Barrels)

1996 11,138,209 78.52% 3,047,207 21.48% 14,185,415 413,705 1.56 4,295,111 69.20 4,708,816

1999 12,683,916 79.69% 3,231,658 20.31% 15,915,574 465,077 1.54 4,541,248 59.02 5,006,325

2000 15,260,095 81.17% 3,639,077 18.83% 18,799,172 555,903 1.53 4,948,809 58.73 5,504,712

2014 20,412,453 83.09% 4,163,916 16.91% 24,566,368 738,736 1.52 5,750,205 58.14 6,488,941

Sources:
1) "DOT/MD Cargo Statistics -- Tonnage in Short Tons, Summary by Port and Fiscal Year," 01/30/92.

2) State of Hawali, Depariment of Business, Economic Development & Tourism, Energy Division,
3) PB projections based on regression analysis.

4) See Table 2-6.




Table 2-6

Marine Fuel Demand Forecast

1. Fuel Utilization on Rate (average of 1989 and 1990)
(Sources: State of Hawaii, DBEDT, Energy Division; State of Hawaii, DOT, Harbors Division)

Gallons / Cargo Ton
Outbound
Intrastate Overseas
1.56 59.56

2. Fuel Efficiency Improvement Factor
(Source: Argonne National Laboratory, 1991)"

Average annual percentage change from 1985 to 2010: 0.10%

3. Forecast of Fuel Utilization Rate (from step 2)

Gallons / Cargo Ton
Outbound
Year Intrastate Overseas
1996 1.55 59.20
1999 1.54 59.02
2004 1.53 58.73
2014 1.52 58.14

4. Marine Cargo Forecast (PBQD Projections)

Cargo (Tons)
Outbound
Year Intrastate Overseas Total
1966 11,138,209 3,047,207 14,185,416
1999 12,683,916 3,231,658 15,915,574
2004 15,260,095 3,539,077 18,799,172
2014 20,412,453 4,153,915 24,566,368

5. Fuel Demand Forecast (from steps 3 and 4)

Fuel (Barrels)
Outbound Recreational
Year Intrastate Overseas Boating Total
1996 413,705 4,285,111 84,000 4,792,816
1999 465,077 4,541,248 84,000 5,090,325
2004 555,903 4,948,809 84,000 5,588,712
2014 738,736 5,750,205 84,000 6,572,941

Note:
1) *Forecast of Transportation Energy Demand Through the Year 2010," Argonne National Laboratory (1991).
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likely to be imprecise, and continued volatility in this consumption sector should be expected
as foreign exchange rates and shipping activities change.

2.5 MILITARY TRANSPORTATION

Accurate and comprehensive information on fuels used by the military for transportation and
other uses is not readily available. The Department of Taxation data does not address military
consumption separately, and although information was requested from the military, complete
information for all branches of service and all installations in the state could not be obtained.
The only remaining data source is DBEDT - Energy Division records fuel sales, as reported
under Chapter 486-E of the Hawaii Revised Statutes (HRS 486-E). These reports include
separate categories for sales of fuel to the military. However, a substantial amount of in-state
military fuel use could occur without being reported through this mechanism, which only
tabulates purchases made on the local market and therefore excludes significant interstate
and international shipments.

The data suggest that military fuel purchases on the local market have declined steadily from
about 6.6 million barrels in 1981 to 2.6 million barrels in 1990, an overall decrease of 62
percent which corresponds to an average annual decrease of 9 percent. Possible reasons
for this decrease are many, and could include:

¢ actual decreases in military transportation activity;

e reductions in military forces;

e changes in refueling patterns; and/or

e less procurement of fuel through channels that report fuel sales under the HRS 486-E
system.

2.6 SUMMARY

2.6.1 HISTORICAL TRENDS

The total amount of petroleum used by all sectors (transportation and non-transportation) in
the State of Hawaii increased from about 42.6 million barrels in 1981 to about 48.9 million
barrels in 1991, This represents a compounded annual rate of increase over the period of
approximately 1.68 percent.

Fuels consumed by the ground, marine and air transportation sectors increased from about
20.7 million barrels in 1981 to about 31.5 million barrels in 1990. The average annual rate of
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change over this period was approximately 4.78 percent, a substantially greater rate of
increase than total energy consumption in the state.

Average annual increases for the three modes between 1981 and 1990 were:

e ground: 2.53 percent
e air: 4.87 percent

e marine: 12.27 percent

However, since 1990, growth in demand has moderated substantially, and demand even
decreased by 7.22 percent in the air sector between 1990 and 1993.

Demand by the military for transportation fuels from vendors that report under the HRS 486-E
system decreased at an annual average rate of 9.1 percent between 1981 and 1990.

2.6.2 THE “FUTURE NO-ACTION BASELINE”

Total ground, air and marine transportation fuel demand is projected to increase to 40 million
barrels by 2014, which corresponds to an annual rate of increase of 1.75 percent (see Table 2-
7 and Figure 2-8). The aviation sector is projected to continue as the dominant sector.

Projected annual increases in energy demand for the three modes between 1992 and 2014
are:

e ground: 1.05 percent

e air: 2 percent

e marine: 2.37 percent

It is possible that the transportation studies underlying these projections overestimate future

travel, which would cause an overestimation of energy demand. In the ground and air sectors

(but not the marine sector), the relevant studies are being updated and should be available in
1995.
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Table 2-7

Energy Demand Projections

(Barrels)
Year Ground Air Marine Total
1983 9,748,605 | 14,278,364 | 4,021,117 28,048,086
1996 10,058,922 | 17,093,670 | 4,792,816 31,945,408
1999 10,379,116 | 17,761,383 | 5,090,325 33,230,824
2004 10,935,584 | 18,949,436 | 5,588,712 35,473,732
2014 12,139,621 | 21,629,195 6,572,941 40,341,757
Compounded Annual Growth Rates:
1993-2014 1.05% 2.00% 2.37% 1.75%
Sources: Parsons Brinckerhoff, 1994
Figure 2.8
Projected Energy Demand
(Barrels)
Historical : Projected
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CHAPTER 3

ENERGY SAVING POTENTIAL IN HAWAII'S
TRANSPORTATION SECTOR







3.1 INTRODUCTION

Chapter 2 projected future fuel demand in the ground, air and marine sectors based on
existing transportation plans. These projections illustrate possible energy demand if present
trends continue. This chapter explores possible energy conservation and efficiency
improvements which could reduce energy demand in the state's transportation sector to below
the levels projected in Chapter 2.

The analysis begins with an overview of energy conservation measures applicable to Hawaii's
air and marine sectors. However, because Hawaii units of government have few means to
actually encourage or impose conservation practices in these sectors, the focus of this
chapter then shifts to the ground sector, where the opportunities for state and local
implementation of efficiency improvements are greater.

Within the ground sector, this chapter begins with an examination of improvements in vehicular
fleet energy efficiency. While a discussion of the means by which increased average fleet
efficiency could be achieved is deferred to Chapter 11, it will be shown that, if implemented,
increased fuel efficiency would have a significant effect on ground sector energy demand.

The discussion then moves to transportation control measures (TCMs). TCMs initially focused
on low-cost improvements to better accommodate transportation demand. Initially, most of the
specific measures were transportation system management (TSM) measures that emphasize
improving the operating efficiency and maximizing the capacity of the existing transportation
system. They usually address localized concerns. Examples of these TSM measures are one-
way streets, reversible (contra-flow) lanes, additional bus service, signal timing and
synchronization, and similar actions. TSM measures focus on the “supply side” of
transportation service.

As system efficiency improves, one might expect that, all other factors remaining constant,
transportation energy usage would decrease because of a decrease in traffic congestion.
However, the actual situation is not quite this simple for two principal reasons.

First, as transportation system efficiency improves, other factors change. For example, it has
been shown repeatedly that there is a latent demand for transportation service. As system
efficiency improves and level-of-service (LOS) for travelers improves, additional trips are
typically generated. Previously, before the system improvements, these trips would have been
foregone.

Second, energy efficiency of internal combustion engine vehicles varies in a complex fashion
with vehicle speed. Vehicle efficiency decreases dramatically at speeds below 15 miles per
hour. Results of one study indicate that fuel consumption (in miles per gallon, mpg) increases
by 30 percent when average speeds drop from 30 to 20 miles per hour. A decrease from 30
to 10 miles per hour results in a 100 percent increase in fuel consumption (California Energy
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Commission, 1992b). At lower speeds, various frictional losses predominate.’ At higher
speeds, friction from aerodynamic drag predominates. Somewhere in the middle, at a speed
specific to each vehicle but often around 25-35 mpg for a passenger car, maximum fuel
efficiency is attained. Therefore, if average speeds increase through transportation system
efficiency improvements, depending on the initial speed and the amount of its subsequent
change, average fuel efficiency could increase or decrease.

A method developed by the Texas Transportation Institute and used in a report on congestion
for the Federal Highway Administration (FHWA) was used to estimate the impact of congestion
on energy usage (Schrank, et. al. 1993). The report estimates fuel wasted due to congestion
for the years 1986 through 1990 for the City and County of Honolulu. Based on these
estimates and state data on fuel consumption in the ground sector for these years, energy
wasted from congestion increased from approximately eight percent to ten percent of the total
ground sector transportation energy demand on Oahu in those years. The method of Schrank,
et. al. (1993) was used to develop estimates of future energy waste from congestion, as
reported in Chapter 2.

During the 1980s, the analysis of TCMs expanded to programs that could reduce travel
demand, as measured by vehicle trips in congested areas during peak travel periods.
Importantly, reducing vehicle trips during the peak periods and in areas of congestion does
not necessarily imply reducing person trips. Examples of these transportation demand
management (TDM) measures includes enhancing and promoting, and in some cases
mandating:

s shifts in transportation mode from single-occupant vehicles (SOVS) to high-occupancy
vehicles (HOVs) which are characterized by higher utilization efficiencies (occupants per
vehicle), such as commuter vans, buses, car-pools, rail transit vehicles or jitneys;

¢ shifts to travel during less congested periods (“spread the peak period of travel”);

¢ shifts in choice of travel mode away from motorized vehicles to such modes as bicycling or
walking; and

s elimination of the need for travel.

As used in this report, the term TCM encompasses both TSM measures and TDM measures.
These two categories are not rigid, however. Also, synergies among TCMs are frequent, and
several TCMs are often proposed as a package. Common goals of most of them are to
encourage modal shifts from SOVs to some form of HOV, shift the time of travel, and/or reduce
the need for travel.

This chapter reviews a large number of TCMs that have been discussed for possible
implementation in Hawaii. Over the long term, however, fundamental land use patterns are
perhaps the most important factor controlling transportation requirements and the form of the
transportation network. With much of the state still not developed in an urban fashion, and with
redevelopment opportunities (such as Kakaako), the implementation of wise land use planning
practices could provide a future land use pattern in some areas which could then be served

! It should be noted that, with standard automobile engines, if the engines are running but the vehicles are-net-traveling (for
example, when stopped in stop-and-go traffic conditions) the vehicles are burning fuel with an efficiency of zero miles per
gallon. Electric vehicles consume little or no energy when stopped. Thus, electric vehicles offer superior energy efficiency in a
congested environment.
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by an energy-efficient transportation network that, among other characteristics, facilitates
bicycling and walking. This chapter discusses some of the current land use planning
concepts which could have the effect of reducing transportation energy demand.

Finally, some concluding remarks are offered about the potential of energy conservation in
Hawaii's ground transportation sector.

3.2 ENERGY EFFICIENCY IN THE AVIATION AND MARINE
SECTORS

3.2.1 COMMERCIAL AVIATION

Spurred on by the petroleum price shocks of the past decades, air transportation has doubled
its energy efficiency since the early 1970s. Higher load factors, increased aircraft size,
changes in the usage of existing aircraft, selective retrofitting of existing aircraft, and the
introduction of more energy-efficient turbofan aircraft have all been implemented. Passenger
load factors (the percent of available seats occupied by paying passengers) increased from
50 percent in 1970 to 60 percent in 1980, and stood at 64 percent in 1989 (Davis and Morris,
1992). Average available seats per aircraft increased from 111 in 1970 to 163 in 1985, but
declined to 168 in 1989 (this slight, recent decline could be a result of providing more frequent
service to hub airports). The provision of more fuel-efficient turbofan planes (rather than the
conventional turbo jet) also brought about dramatic improvements in energy efficiency.

Energy efficiency of air transportation in the U.S. has waned in the last few years despite
increases in load factors between 1984 and 1989. One factor could be the increase in air
traffic congestion, compounded by greater “hubbing” by airlines, which has resulted in greater
delays and ground time. Another factor could be that fuel prices have generally stabilized
since the late 1980s. In 1970, kerosene jet fuel cost $0.30 (1989 $) per gallon. This doubled
to $0.61 per gallon in 1975 and peaked at $1.37 per gallon in 1981. Prices dropped in the late
1980s to around $0.60 per gallon. Cheaper fuel reduces the pressure for airlines to convert to
more fuel efficient, but expensive, turbofan engines.

The current U.S. commercial fleet has an average efficiency of about 48 seat-miles per gallon
(SMPG). Future gains in commercial aviation energy efficiency could be obtained through
technological improvements to engines and airframes,? technological and procedural

2 Since the 1980s, the jet engine has evolved from the turbojet technology to turbofans and then high-bypass turbofans. This
progression has produced a 40 percent increase in efficiency. Current high-bypass engines achieve their efficiency by
sending 5-6 times as much air around the core as the original straight turbojet engines. This by-pass flow is then accelerated
by fans which are driven by the turbine engine. This technology results in greater thrust per pound of fuel consumed than
turbojets,

A major propulsion efficiency advanpce could be realized with ultra-high-bypass engines that boost the bypass ratio from
current levels of 6 to 7 up to 15 to 20. Another promising technology is the advanced unducted, or propfan, engine. This
technology uses twin counter-rotating propellers, which can achieve a 30 percent increase in fuel-economy over the best
current turbofan engines. Their high cost (they cost about twice as much) and concerns about noise, vibration, and
maintenance are delaying their acceptance.
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improvements to the air traffic control system, and improvements in the use and deployment of
planes® (Greene, 1992). Average fleet efficiencies of 58 SMPG by the year 2000 and 65
SMPG by 2010 (Greene, 1992) have been discussed, which would represent 20.8 percent and
35.4 percent increases, respectively, over the current average SMPG.

3.2.2 MARINE SECTOR

Energy saving strategies in the marine sector include fuel-efficient operating procedures,

manufacturer engine exchange programs, and engine downsizing (Argonne National
Laboratory, 1991).

Improvements in operating procedures could save energy. Crew training would be required
and financial incentives for fuel-efficient operations could be offered (Argonne National
Laboratory, 1991).

Marine engines, especially those found in tugs, are typically two-stroke diesels with long
operating lives. Four-stroke diesels, with higher stroke-to-bore ratios, are available and their
use would reduce fuel consumption by 5 to 10 percent or more. The longevity of marine

engines slows their replacement rate, however. Manufacturers' exchange programs could be
implemented.

Replacing existing engines with less powerful ones could also achieve energy savings since
diesels operate most efficiently at full power, and marine engines typically operate well below
full power. However, use of this technique would depend on specific details of each vessel.

Another technological advance expected to bring increased fuel efficiency is in the field of advanced, high-temperature
materials that will permit an increase in ignition and combustion temperatures, and reduce engine weight (Greene, 1992).
Advanced light-weight ceramic and metal composite materials could allow an increase in turbine inlet temperatures to over
2500°F while reducing engine weight. At present, the brittleness and sensitivity to flaws of these materials inhibit their use
(Greene, 1992).

Energy-efficiency improvements may also be achieved by reductions in aerodynamic drag and airframe weight. At low
speeds, air flows over an airfoil (wing) in smooth streamlines (laminar flow). As speed increases, a greater fraction of the air
flow becomes turbulent, greatly increasing drag. Advanced supercomputer simulations are being used to help design wings
that maintain laminar flow at high speeds. Design concepts include the "smart wing,” which would automatically change shape
during flight. Another concept would be a wing with grooves or microscopic holes towards the front (through which air would
be drawn to reduce turbulence) and ultra-smooth wing surfaces behind to maximize natural laminar flow.

It is not presently feasible to achieve laminar flow over fuselages because of the turbulence they create. Large-eddy breakup
(LEBU) devices (inserting small grooves aligned with the direction of airflow and thin plates suspended in the turbulent layer
around the fuselage) have been shown in wind tunnel tests to reduce frictional drag by as much as 10 percent (Greene, 1992).

New composite lightweight materials could reduce airframe weight by 30 percent while achieving equal or better structural
strength (Greene, 1992). The next century may see planes of 80 percent composite materials in contrast to today's commercial
planes, which are 97 percent metal. Lighter airframes require smaller engines, lighter engines allow reductions in an airframe's
mass, and both reduce energy requirements.

3 Airport congestion will necessitate the use of increasingly large planes. Boeing expects that more than half the seats that it will
produce after 1995 will be in aircraft of 350 seats or more, and two thirds of the aircraft that it expects to sell would have more
than 170 seats (Greene, 1992). Larger planes are generally more efficient in terms of SMPG. Therefore, the trend towards
larger planes should increase overall fuel economy.

Greater airport congestion will also require improved tools for controlling airport operations (Greene, 1992). Increasing the
number and size of airports has been the historic means of combating air traffic congestion. However, given the scarcity of
land in many metropolitan areas, and the environmental impacts associated with airport development, the viability of this option
is decreasing in most places. Capacity-building measures must be implemented, such as reducing radar scan frequency to
0.5 seconds (short scan), reducing aircraft stagger or lateral separation to 1.5 miles, reducing-aircraft spacing from 4,300 to
2,500 feet on parallel runways, and shortening converging runway requirements (Argonne National Laboratory, 1990).

However, given the expected increases in air traffic, improvements to airport operations may only maintain present levels of
service.
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New engine technologies, such as turbo-compounding and rankine bottoming cycles, have
demonstrated fuel savings of 5 to 7 percent and 12 percent, respectively (Argonne National
Laboratory, 1991).

3.2.3 LOCAL CONTROL OVER ENERGY USE IN AIR AND MARINE
TRANSPORTATION

While it appears that there are significant energy-saving opportunities in both the air and
marine sectors, the opportunity for government in Hawaii to accelerate the implementation of
these measures is limited. The ability of any state to regulate aircraft and merchant vessels
involved in international or interstate commerce is small. Hawaii is also a small market, and
not in a position to affect the offerings of engine, plane and ship manufacturers, or influence
owner purchase requirements.
(

Because of the limited scope for Hawaii's government to affect energy conservation in the air
and marine sectors, the rest of the discussion focuses on Hawaii's ground sector.

3.3 ENHANCED GROUND TRANSPORTATION VEHICLE
FUEL EFFICIENCY STANDARDS

One means of decreasing energy demand in the ground sector would be to increase the
average fuel efficiency of the vehicles. The production of more fuel-efficient vehicles is not
technically difficult. In 1994, the Environmental Protection Agency (EPA) rated five
subcompacts as having fuel efficiencies greater than 47 mpg. Car manufactures argue that
the more fuel efficient vehicles are hard to sell given current, relatively low gasoline prices.
Technology exists, however, to substantially increase fuel economy. Before discussing
implementation mechanisms and issues, it is informative to estimate how much energy could
be saved through fleet efficiency improvements. The discussion of implementation
mechanisms and issues is deferred to Chapter 11.

It is important to note that the efficiency improvements assumed in the Chapter 2 estimates
become quite dominant by 2014, when efficiency is projected to be 38 percent higher than in
1992. Such improvement would start to cause energy demand to decrease even as
transportation activity increases. However, achieving such improvement is speculative. The
fundamental point is that efficiency has a powerful effect on energy demand, and the
efficiency improvements assumed in Chapter 2 would, of themselves, save much energy.

The federal Corporate Average Fuel Economy (CAFE) standards law* preempts (prohibits)
states from setting their own fuel efficiency standards. However, it is not inconceivable that
this could change. What would be the effect if Hawaii were to improve upon the efficiency
improvements in Chapter 2? Large effects would indicate that it could be desirable to amend
the federal law or approach fuel efficiency indirectly. The approach taken here was to use a

4 Title V of the Motor Vehicle Information and Cost Savings Act, 15 U.S.C. 2001-2013.
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fuel efficiency factor that was either 5 or 10 percent above the baseline energy efficiency
improvements that were assumed in the initial projections (see Appendix A-1 for a more
complete discussion of the calculation method). The future baseline calculations were based

on projected average fleet efficiencies as reported in The Forecast of Transportation Energy
Demand Through the Year 2010 (Argonne National Laboratory, 1991).

Projected energy savings through increased fleet efficiency are shown in Table 3-1. If Hawaii
were to implement fuel efficiency standards higher than the nation, energy would be saved.
The estimates in Table 3-1 are somewhat high because fleet turnover has not been
considered. The savings are large enough to suggest that the state could consider means of
influencing the fuel efficiency of vehicles in the state.

In summary, modifying fuel efficiency is a powerful means of controlling energy demand.

3.4 GROUND TRANSPORTATION CONTROL MEASURES
(TCMS)

3.4.1 BACKGROUND

TCMs (defined above in Section 3.1) are currently much discussed because of public
frustration with growing traffic congestion problems. On Oahu, given the loss of funding for
Honolulu's rail transit program in 1993, and the prominent position that the rail system had in
Oahu transportation plans, government leaders and citizens' groups are re-examining a wide
array of TCMs to deal with congestion problems.

TCMs that have been discussed for application on Oahu are summarized in Table 3-2, and
include the following:

¢ Operational modifications to improve traffic flow;

¢ Intersection and roadway modifications;

e Freeway operation modifications;

¢ Roadway enforcement and management;

¢ Vehicle use limitations;

e High occupancy vehicle (HOV) facilities;

¢ Intelligent Transit, (“smart street/vehicle concepts™);
¢ Bicycle and pedestrian facilities;

¢ Pubilic transit expansion;

¢ Operational improvements in transit service;

o Park-and-ride facilities;



Table 3-1

Energy Savings with Hawaii Vehicle Efficiencies
Higher than National Average

National 5% Improvement Over 10% Improvement Over
Year Baseline National Baseline® National Baseline'
(MPG) {Barrels of Gasoline) (Barrels of Gasoline)
1996 19.00 511,726 1,023,451
1999 19.60 527,758 1,055,515
2004 21.00 549,090 1,098,179
2014 22.40 590,190 1,180,379

Note:

1) National baseline is the vehicle efficiency projected for the nation in the Forecast of Transportation Enerqy Demand through

the Year 2001 (Argonne National Laboratory, 1991).
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Table 3-2

Summary of Transportation Control Measure Effectiveness

8-¢

Effective Measure of Level of Observed
Measure Period Effectiveness Effectiveness’ Locations
1. Operational Modification to Improve various on Oahu
Traffic Flow
Conversion of a street pair to one-way operations vehicular capacity 10-20% increase
Reversing one lane on a six-lane roadway peak hours vehicular capacity 33% increase
Conversion of on-street parking to one lane vehicular capacity proportional to number of fanes
Traffic signal coordination travel time at least 10-20% reduction
Traffic signal coordination vehicular capacity small increase
2. Intersection and Roadway Modifications
Prohibition or separation of left-turn vehicles peak hours vehicle queuing & 20-30% reduction various
delays
3. Freeway Operations Detroit, Los
Ramp metering peak hours travel volumes 10-20% increase Angeles,
Ramp metering travel speeds 30-40% increase Minneapolis &
Ramp metering travel time 10-40% reduction numerous other
Ramp closures travel time increase for some drivers metropolitan
areas
4. Roadway Enforcement and Management
incident management systems congestion 30% decrease major urban
highway
Non-stopping zones, parking restrictions peak hours travel speed increase Boston
Non-stopping zones, parking restrictions peak hours travel time >30% reduction Boston
Non-stopping zones, parking restrictions peak hours vehicular capacity 30-40% increase Boston
Incident patrol peak hours congestion <60% decrease Chicago
5. Vehicle Use Limitation
Auto licensing scheme In Central Business District inbound vehicle trips | 50% reduction Singapore
Auto restrictions iin Central Business District traffic volumes 5% reduction Boston
6. High Occupancy Vehicle {HOV) Facilities
HOV lanes with other TSM measures auto trips 10-15% reduction California

T —
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Table 3-2

Summary of Transportation Control Measure Effectiveness

(continued)
Effective Measure of Level of Observed
Measure Period Effectiveness Effectiveness’ Locations
7. Intelligent Transit {(“Smart Street/Vehicle
Concepts”)
Automated message signs traffic volume 5-10% diversion in advance New York State
Controlled segments traffic accidents 5% decrease New York State
8. Bicycle and Pedestrian Facilities
Bicycle use participation 3-11% increase national study
Walking participation 3-16% increase national study
Effect on auto travel mode switch 1% from auto to non-auto Callifornia -
9. Public Transit Expansion
Expansion of trunk and collector bus route ridership 0.3-0.8% increase per 1% increase
service in bus service
Reduced headwaysf/increased frequency of ridership capacity 0.5% increase per 1% increase in
service frequency
10. Operational Improvements in Transit Service
Removing selected stop signs ; travel time 5-15% reduction San Francisco
Parking and traffic enforcement time passing 30% reduction San Francisco
intersection
Bus pre-emption number & duration of | 75% - 90% and 6 to 11 seconds San Francisco
delays reduction ’

11.Park-And-Ride Facilities

Parking-and-ride facilities

vehicle mile traveled

1-4% reductions

Texas and
Connecticut
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Table 3-2

Summary of Transportation Control Measure Effectiveness

(continued)
Effective Measure of Level of Observed
Measure Period Effectiveness Effectiveness' Locations
12. Public-Transit Marketing
Fare structurefpricing transit ridership 0.3% increase per 1% and decrease
in fare
Voucher programs transit ridership up to 17% increases
Regional transit guides transit ridership 15-20% increases New York City
13. Paratransit - Premium Subscription Express
Bus Service
Premium subscription express bus service travel times competitive with the auto
14. Paratransit - Jitneys
Jitneys services daily traffic volume 0.15% decrease Oahu (studied)
Jitneys services peak hour traffic volume 0.5% decrease
15.Paratransit - Shared Ride Taxi
Shared ride taxi services rider trips 50-100% increase than single ride
taxi
16. Guaranteed Ride Home
Guaranteed Ride Home solo driving trips 71% reduction (in trips made by the | Bellevue,
8.5% solo drivers in study) Washington
Guaranteed Ride Home bus trips 12% increase Bellevue,
Washington
Guaranteed Ride Home carpool trips 2% reduction Bellevue,
Washington
Guaranteed Ride Home vanpool trips 64% increase (mostly carpool Bellevue,
participants switching to van Washington

pools)
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Table 3-2

Summary of Transportation Control Measure Effectiveness

(continued)
Effective Measure of Level of Observed
Measure Period Effectiveness Effectiveness’ Locations
17.Areawide Rideshare Program ‘
Vanpool programs total VMT 0.05-0.28% reduction
Vanpool programs work trip VMT 0.14-0.10% reduction
18.Controls Affecting Parking Supply
Parking constraints traffic volume in the | >5% reductions Downtown
area Honolulu

Charge options

Charge options

Cash out

Cash out

Charge with travel allowance
Charge with travel allowance

commuting trips
commuting trips
commuting trips
private sector trips
commuting trips
commuting trips

11% reductions
16-20% reductions
7% reductions
7.5-12.4% reductions
9% reductions
13-16% reductions

financial district
C&C, State of HI
financial district
various-Oahu

financial district
C&C, State of HI

Parking options commuting trips 10-15% reductions Kakaako
19.Pricing Actions Affecting Parking
Doubled long-term parking rates parking volume long-term parking decreased
Doubled long-term parking rates parking volume short-term parking increased
20. Employer Parking Pricing and Supply
Actions
Cash out solo driving 24% reduction Los Angeles
Charge federal employees for parking commuting trips 1-10% reductions central city
areas
Charge federal employees for parking solo driving 21% reduction Ottawa
Charge market rates for parking solo driving 12% reduction
Parking pricing solo driving 17% reduction Bellevue City
Hall
Parking pricing solo driving 25% reduction CH2M Hill
Parking pricing solo driving 25% reduction 20th Century

Corp.
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Table 3-2

Summary of Transportation Control Measure Effectiveness

{continued)
Effective Measure of Level of Observed
Measure Period Effectiveness Effectiveness' Locations
Parking pricing solo driving 55% reduction U.S. West Bell
Parking pricing solo driving 34% reduction Commuter
Computer
21. Employer-Based Rideshare Programs solo driving various reduction rates various U.S.
locations
22.Variable Work Hours
Staggered hours travel time 10% reduction downtown
Honolulu
Compressed work week solo driving 5% reduction Ventura County
23. Telecommuting
Telecommuting programs daily work trips 30% reduction State of
) California
Telecommuting programs fuel consumption 29% reduction? C&C Honolulu
24. Transportation Management Associations (TMA)
TMA actions solo driving 3% reduction Hartford
TMA actions solo driving 5% reduction Irvine, Orange
County
TMA actions peak time solo driving 35% reduction Hacienda
Business Pk.
25. Trip Reduction Ordinances solo driving various reduction rates various U.S.
locations
26. Actions by Educational Institutions
travel time to Primary | 15-20% reduction Hawaii

Starting school day 1 hour later

Urban Center (PUC)
areas
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Table 3-2

Summary of Transportation Control Measure Effectiveness

{continued)
Effective Measure of Level of Observed
Measure Period Effectiveness Effectiveness’ Locations
27.Pricing or Other Control of Automobile Use
Road pricing peak time traffic volume 40% reduction Singapore
Road pricing traffic volume 20% reduction Hong Kong
Road pricing auto trips 28% reduction to Stockholm
Cit
Road pricing auto trips 6% reduction Sto{:kholm
County
Road pricing vehicular speeds 30% increase Stockholm C&C
Road pricing traffic volume 37% reduction London
Road pricing auto trips 10-20% reductions Boston, NYC
Road pricing auto trips 10-20% reductions SCAG
28. Land Use Patterns and Energy
Good accessible design vehicle mile traveled | 30% reduction New Jersey

Source: Wilbur Smith Associates, May 1992,

Notes:

1) Effectiveness is typically restricted to a travel corridor or other locations. Effectiveness is also highly specific to the details of the program being evaluated typically.

2) Inone office.




o Public transit marketing;

e Paratransit-premium subscription express bus service;
e Parafransit-shared ride taxi;

e Guaranteed ride home;

s Areawide rideshare programs;

e Controls affecting parking supply;

¢ Pricing actions affecting parking;

e Employer parking pricing and supply actions;

e Employer-based rideshare programs;

¢ Variable work hours (includes variable work weeks);
e Telecommuting;

e Transportation management associations;

e Trip reduction ordinances;

o Actions by educational institutions;

¢ Pricing or other control of automobile use;

e Land use patterns; and

e Energy-saving effectiveness of the identified TSM measures.

When considering the energy consequences of TCMs, several factors must be recognized.
First, TCMs were not developed to reduce energy demand. In general, they were developed
to increase mobility and reduce air pollutant emissions. Other goals of TCMs are to increase
capacity or reduce fraffic congestion. While relieving congestion could intuitively suggest
decreasing energy demand by decreasing travel time and affecting average speed (for a
more complete discussion of the effects of congestion on energy demand, see Section 3.1),
some TCMs could actually increase energy demand. For example, bus priority measures (see
Section 3.4.2.10) could decrease levels of service for SOVs by increasing their waiting times at
intersections. Net energy effects could be positive or negative, depending on the specifics of
the situation.

Even when a TCM does not work directly against energy conservation, TCMs couid indirectly
increase energy demand by improving system operations, thereby encouraging SOV use and
generating additional trips.

Since congestion is frequently caused by localized traffic choke points, many TCMs are
designed to address the bottleneck. Their effects are spatially and/or temporarily localized
and they have no effect on total regional vehicle miles traveled (VMT). For example, measures
to decrease peak travel demand, such as staggered work hours, have no effect on total
regional VMT over a 24-hour period, and therefore have a minimal impact on energy demand.
However, if the TCM succeeds in reducing localized congestion over the long term, some
energy savings may be achieved.



In summary, TCMs were designed to affect travel performance. Energy saving could be a by-
product, but is not usually a primary goal.

The effectiveness of TCMs is best predicted by running traffic models that incorporate
detailed, accurate, validated input parameters. There are very few such modeling studies for
Hawaii that are readily available, regionally applicable and produce data that could be directly
entered into an energy saving calculation. Therefore, the approach followed in this project is
primarily to qualitatively discuss TCM effectiveness, and where possible, summarize
quantitative estimates from selected studies. (See, for example, section 3.5 which reports
some results based on traffic modeling for combinations of TCMS.)

The Oahu Metropolitan Planning Organization (OMPQ), a state and County organization
responsible for coordinating transportation planning efforts on Oahu, began a study to develop
TCM recommendations for Oahu in November, 1991. The first phase of the study, an initial
screening of both supply-side (TSM) and demand-side (TDM) actions, concluded with the 28
TCMs listed at the beginning of this section in the Transportation Systems Management Study:
An Interim Working Paper [nitial Screening of Actions (Wilbur Smith Associates, 1992). In July
1992, 6 of the 28 actions were chosen by the OMPO Policy Committee to be more closely
studied. These six TCMs were:

o preferential bus treatments;

e private premium bus service;

o jitney serviceé;

e parking supply controls;

¢ alternatives to employee parking subsidies; and

e educational system actions.

In January 1994, 17 of the originai 28 actions were endorsed by the OMPO Policy Committee.
Currently, these 17 actions have been forwarded to the appropriate state, City and County,
and private agencies for review. The 17 that have moved forward are:

e HOV lanes;

e expansion of TheBus service capacity;

e control of parking supply;

¢ reduction of employee parking subsidies;

¢ educational system actions;

¢ telecommuting and teleconferencing;

o park-and-ride facilities;

e guaranteed ride home;

¢ variable work hours;

¢ transportation management associations;

e areawide rideshare program;
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e jitneys;

¢ land use provisions;

e premium subscription bus services;
e road pricing;

e trip reduction ordinance; and

* vehicle use limitations.

Starting in December 1992, the Transportation Committee of the City Council also sponsored a
planning process of TSM measures through its Transportation and Traffic Management Task
Force. This Task Force has produced a report which focuses on increasing the efficiency of
present transportation facilities through expanding public transit and TSM measures. This
report recommends increasing the use of HOV lanes, especially in the urban area. The energy
consequences of the TSM measures are not explicitly addressed in this report, however.

3.4.2 TRANSPORTATION CONTROL MEASURES PROPOSED FOR
OAHU

The purpose of this section is to describe in more detail many of the measures that have been
suggested to help alleviate Honolulu's traffic congestion problems. An attempt is made to
close the discussion of each TCM with an assessment of its potential to affect regional VMT,
and thereby achieve energy savings.

3.4.2.1 Operational Modifications To Improve Traffic Flow

Operational modifications increase capacity, thereby alleviating congestion, improving traffic
flow, reducing travel times and, to some degree, reducing energy wasted in congestion. Such
improvements could be implemented without the impacts or costs associated with major
reconstruction or widening projects. Such actions include:

e Conversion of two-way streets to one-way operation: Under specific circumstances, this
technique has increased capacity 10 to 20 percent above two-way operations (Wilbur Smith
Associates, 1992). Conversion could increase VMT slightly due to the more circuitous
routes which are sometimes required when utilizing a network of one-way streets.

e Reversible and contra-flow lanes: The increase in capacity resulting from reversible or
contra-flow operation is generally proportional to the change in number of lanes.

e Curb lane parking restrictions: This technique could provide increased capacity equivalent
to the increase in the number of lanes. Parking restrictions also improve bus travel times.

e Traffic signal interconnection and coordination: This measure could improve travel times by
10 to 20 percent or more on the favored streets, and could also produce small increases in
vehicular capacities. Services could deteriorate on streets which are not favored by the
synchronization.

State Department of Transportation (SDOT) and Department of Transportation Services (DTS)
have implemented many such roadway operational improvements, such as contra-flow lanes
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on Kalanianaole Highway and Kapiolani Boulevard, one way operation on Punchbowl and
other downtown streets, signal synchronization of 290 intersections in the Downtown area and
curb lane parking restrictions on several streets.

Because each of these actions generally improve traffic flow and reduce delays, they can
actually encourage SOV usage and stimulate additional trips. Energy conservation effects
could thus be offset by additional travel induced by improved system performance. In
addition, with these types of measures, improvements are highly localized. Adjacent areas
could actually experience deterioration in service when some street system modifications are
implemented.

The effect of this TCM on regional VMT and therefore energy demand would be minimal.

3.4.2.2 Intersection And Roadway Modifications

Intersection geometries and traffic characteristics sometimes produce operational problems.
Some could be mitigated by localized physical or operational modifications. For example:

e Addition of left-turn lanes to provide a stacking area; prohibition of left-turn movements; and
separate left-turn phases at signals. These measures could reduce queuing and delays by
20 to 30 percent for left-turn vehicles that would otherwise experience long waits for gaps in
opposing traffic.

e Construction of raised islands and corner rounding: This technique could improve
intersection capacity by increasing speeds through the intersection.

o Modified traffic signal phasing and timings to most efficiently accommodate traffic patterns:
This technique is similar to one described in Section 3.4.2.1., but adds variation in the
synchronization pattern where traffic characteristics change substantially through the day.

o Pullouts at bus stops so that stopped buses do not block through traffic: This geometric
improvement could eliminate delays caused by stopped buses blocking traffic lanes,
significantly increasing the vehicular capacity of the roadway. Buses could experience
delay in reentering the travel lanes.

Localized roadway modifications such as those described above are numerous in Honoluiu
and are regularly implemented through City and state programs, and traffic impact mitigation
requirements placed upon developers. As only one example, bus pullouts recently installed
on Kapahulu have substantially increased the capacity of this road.

The effect of this TCM on regional VMT and energy demand would be minimal.

3.4.2.3 Freeway Operations

Several operational strategies could be implemented to maximize existing highway capacity.
For example:

e Ramp Metering: This measure improves traffic flow on freeways by relocating delays to the
on-ramps, and discouraging use of the freeway for short trips. Effectiveness depends on
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the severity of congestion and specifics of the metering program. Ramp metering could
result in 30 percent increases in peak period travel speeds, 20% increases in traffic
volumes and 10 to 40 percent decreases in travel times (Wilbur Smith Associates, 1992).

e Ramp Closures: As an extreme form of ramp metering, entry prohibitions to the freeway
could be implemented on a selective basis, such as during peak periods. The closure of
heavily used ramps during peak periods, which could result in increased travel time and
inconvenience for affected motorists, could be highly effective in increasing transit use.
Partial closures, which limit ramp use to buses or other HOV, are also very effective.

e Use of Shoulder Lanes: This technique is a low cost measure to quickly increase highway
capacity during an interim period. Such lanes are created from the existing paved
shoulder. Additional lanes can also be provided in some situations by reducing the width of
the through lanes. Although travel speeds and safety could be adversely affected, these
aspects could be partially mitigated by proper signage, enforcement, and the construction
of turnouts to store disabled vehicles.

With federal approval, state government could implement improvements in freeway operations.
The feasibility of ramp metering-in Honolulu was studied for the H-1 Freeway in the late 1970s
as part of a state-sponsored evaluation of traffic surveillance and control systems, geometric
modifications, intersection improvements, signal system improvements, and preferential
treatments for bus transit. However, ramp metering has not been implemented because of
concerns about adequate queuing areas at on-ramps, and insufficient capacity to
accommodate the traffic diverted from the freeway on alternate routes.

The effect of this TCM on regional VMT and energy demand would be minimal.

3.4.2.4 Roadway Enforcement And Management

Roadway enforcement and management inciudes not only freeway operation strategies (ramp
metering, ramp closure and use of shoulder lanes) that were discussed above, but also
incident management systems, diversion and advisory signage, surveillance, control and
enforcement. The emphasis here is on unpredictable incidents caused by accidents or bad
weather. Reducing delays caused by such incidents could save energy.

Incidents are managed by such measures as:

e pre-positioned or roving tow trucks;

o closed circuit TV at key intersections and freeway sections;

e variable message signs advising the use of alternate routes;

¢ aerial surveillance (traffic helicopters);

e roadside call boxes; and

¢ a control center staffed to provide traffic engineering and police coordination for quick
incident response.

These strategies help maintain capacity through the timely clearance of the capacity-limiting
incident, and/or by controlling and rerouting traffic during the incident. A 1986 FHWA study



(Wilbur Smith Associates, 1992) indicated that incident management systems could reduce
congestion on approximately 30 percent of major urban area highway mileage. For example,
a program in Boston produced an increase in speeds on the affected arterial, and
corresponding travel time reductions of over 30 percent. VMT were not reduced, but vehicle
hours of travel was reduced by 5 percent. Such a reduction in vehicle hours might save
energy.

State and City agencies have enforcement and incident management programs (e.g., Capt.
Irwin), and additional programs are being implemented, such as the variable traffic message
signs proposed for deployment at 50 locations around Oahu.®

Types of traffic enforcement that maintain flow include:

¢ enforcement of intersection blockage restrictions to avoid gridlock;

¢ enforcement of “no parking” and “no standing or stopping” restrictions;
¢ enforcement of left-turn restrictions; and

s enforcement of HOV lane usage.

Such measures help prevent and ease congestion.

The effect of this TCM on regional VMT and energy demand would probably be minimal.

3.4.2.5 Vehicle Use Limitations

Vehicle use limitations are designed to discourage vehicles, particularly SOVs and trucks, from
entering congested areas during peak periods by increasing costs and decreasing
convenience. The desired public response would be shifts to alternative travel modes, like
HOVs, walking, bicycling or avoidance of the peak period. Because these measures are
disincentives and decrease traveler convenience, their implementation could be controversial.
Examples include:

e Auto-restricted zones: Such zones restrict traffic from certain streets or precincts
temporarily or permanently. Singapore's Area Licensing Scheme (ALS), which limits the
automobiles entering the Central Business District (CBD), is a well-known example of a
vehicle use limitation strategy. Morning peak access to the CBD is restricted to vehicles
with special licenses purchased at a premium fee, and vehicles with three or more
occupants. The program resulted in a significant shift of travelers from auto to transit. The
measure has also resulted in staggered work hours so that some portion of the commuters
avoid the peak period. Similar programs in Boston reduced traffic volumes in the downtown
restricted zone by 5 percent, mainly due to a shift in travel mode (Wilbur Smith Associates,
1992).

e Pedestrian malls: Street closures in downtown Honolulu have been implemented to create
pedestrian and transit malls (e.g. Fort and Hotel Street malls).

5 Deployment of the signs is causing controversy for several reasons, such as perceptions of visual intrusion and lack of options
in response to certain messages.
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e Time restrictions on truck deliveries: Such measures prohibit truck deliveries during peak
periods.

e Gas rationing: This severe measure would regulate VMT by regulating the supply of
energy.

e Restricted travel days: This measure restricts travel on certain days (e.g., odd-, even-
travel days).

To maximize effectiveness and political palatability, these disincentives must be accompanied
by enhancing alternatives to SOV travel, such as preferential treatment for transit, express
buses, park and ride lots, and other measures that enhance HOVs.

Government could implement restricted zones on Oahu. The areas most commonly
mentioned for implementation of an ALS are Downtown and Waikiki. Implementation issues
include the adequacy of transportation alternatives, provisions for residents’ vehicles and
tourist rental cars, the days and hours that the restrictions would be in effect, details of the
cost structure, and the logistics of revenue collection.® However, because of the controversial
nature of such a restriction” and difficulties associated with enforcement, this TCM is generally
viewed as a last resort.

The effect of this TCM on regional VMT and energy demand could be substantial, depending
on details of implementation.

3.4.2.6 High Occupancy Vehicle (HOV) Facilities

Such facilities provide priority to HOVs (e.g., buses, car-pools, and van-pools) by designating
lanes, ramps, parking and other facilities for the exclusive use of HOVs during selected hours.
HOV facilities increase a travel corridor's people-moving (versus vehicle-moving) capacity.
Such facilities improve the service provided by HOVs to make them more competitive with
SOVs. Sometimes the HOV improvements are made at the expense of SOVs (e.g. turning
mixed traffic lanes into “diamond” lanes).

HOV facilities could be located on freeways or other roads, and can also be dedicated
transitways or busways. A recent suggestion is “electric bus flyovers,” HOV ramps dedicated
to electric buses (Hendrickson, 1993).

The effectiveness of HOV lanes is typically measured by travel time savings. Recent studies
(Wilbur Smith Associates, 1992) indicate that the most successful HOV lanes carry three times
as many people as a conventional lane. HOV lanes are most effective in dense urban cores
with high levels of existing transit/car-pool use, and are much less effective in less densely

6 Under the original scheme in Singapore, automobiles entering the CBD went to booths where licenses were purchased. Such a
technique requires the deployment of collection booths with sufficient queuing area. A *high-tech’ improvement to this scheme
could be feasible wherein automated detectors would individually identify vehicles passing a checkpoint, and a monthly bill for
access to the restricted area would be generated periodically. Such a system would enable implementation of a complex,
time-of-day-sensitive rate structure.

7 Implementation of an ALS in Honolulu is currently a heated topic in the press and elsewhere. ALSs can be viewed as highly
regressive, a concern that has spawned numerous rebate schemes to lessen their regressivity. The adequacy of viable
transportation alternatives in Honolulu, should an ALS be implemented, is also a concern. However, the most recent Waikiki
master plan includes a people-mover system, which would provide an alternative to vehicles for trips made within Waikiki.
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developed areas. The nature of the enforcement (keeping SOVs out of HOV facilities) also has
an impact on HOV usage and effectiveness.

HOV lanes could reduce fuel consumption and emissions. However, if SOV use increases as
an indirect effect of HOV incentives, these reductions could be nullified.

The Oahu Regional Transportation Plan (RTP) (OMPO, 1991) describes major expansion plans
for the HOV network, from the existing 14 miles in 1991 to 35 miles by the year 2005. SDOT is

widening the H-2 Freeway between Mililani and the Wahiawa Interchange to add an HOV lane
in each direction, and is also planning for HOV facilities on Nimitz Highway between Keehi
Interchange and Pacific Street.

The effect of this TCM on regional VMT could be significant, but resultant improvements in
SOV service could generate additional travel.

3.4.2.7 Smart Transit (Smart Street/Vehicle Concepts)

The purpose of Intelligent Transit, also known as Intelligent Vehicle/Highway Systems (IVHS), is
to improve roadway performance through state-of-the-art electronic technology and control
software. There are four basic categories of IVHS, each with a different application.

¢ Advanced Traffic Management Systems (ATMS): These systems allow quicker incident
response through the use of real-time traffic monitoring techniques, areawide surveillance
and detection, and integration of a humber of freeway operation techniques and increase
efficiency of the highway system.

s Advanced Traveler Information Systems (ATIS): These systems provide drivers with audio
or visual information on congestion, alternate routes, navigation, and roadway conditions.

s Commercial Vehicle Operations (CVO): These systems improve the safety and productivity
of commercial vehicles through faster dispatching, more efficient routing, hazardous
material tracking, and reduced administrative costs.

s Advanced Vehicle Control Systems (AVCS): These systems improve safety and increase
highway capacity by providing information about changing road conditions, and then using
that information to adjust the vehicle's movement.

Each of these technologies is currently under various stages of development and testing.

Some major vehicle manufacturers are proposing to install ATIS systems in just a few model

years,

Based on a Smart Corridor demonstration project in Los Angeles, it was estimated that the
combined use of ATMS/ATIS might reduce congestion and delay times between 20 and 40
percent (Wilbur Smith Associates, 1992).

Application of IVHS-type technology on Oahu is under discussion, and ATMS are being
implemented as part of the H-3 project. A project to develop a master plan for IVHS on the
island of Oahu is underway. Funding of additional IVHS applications is being sought.

The effect of this TCM on regional VMT is probably minimal.
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3.4.2.8 Bicycle And Pedestrian Facilities

Programs promoting bicycles and walking as alternative transportation modes typically include
the following:

s a clearly designated circulation network linking residential areas with major destinations,
such as employment centers, universities, or transit centers;

» safe storage facilities for bicycles at destinations;
e access to convenient, comfortable showers and clothing lockers at destinations; and

¢ safety amenities such as lighting, barriers, grade-separations, signal preemption, etc.

Bicycle facilities have been constructed throughout the country. Bicycles and walking as

alternative transportation modes are particularly popular in university or college-oriented
communities.

The ability to transport bicycles on transit vehicles or other HOVs can also be important.

If a system of connected bike paths and sidewalks were available that would be separated
from streets, people would be more willing to walk or bike to work, transit stops or shops.
Providing facilities for pedestrians, such as paths, crosswalks, benches, landscaping, and
fountains, would encourage more trips to be taken by walking rather than by driving.
Furthermore, people generally walk farther in a quality pedestrian environment.

On a national average, sixty percent of all vehicle trips are less than five miles (Wilbur Smith
Associates, 1992). If 5 percent of these trips could be diverted from cars to bicycles, 3
percent of all personal vehicle trips and 1 percent of all personal VMT and gasoline consumed
could be eliminated. Nationally, 7 percent of vehicle trips to work and 11 percent of non-work
vehicle trips are less than 1/2 mile (Wilbur Smith Associates, 1992). If 20 - 50 percent of these
trips were made by walking rather than driving, overall vehicle trips could be reduced by 2-5
percent, and gasoline consumption reduced by about 1 percent. For every 100 short trips that
could be diverted from a car to walking or bicycling, 5-26 gallons of gasoline could be saved,
assuming an average of 19 miles per gallon and trips ranging from 1 to 5 miles long.

Certain urban areas in other countries have much greater bicycle use than is typically found in
the United States.

Bicycles and walking could also serve as a home and/or work-based feeder mode to a transit
stop or center.

Although State of Hawaii, Department of Transportation's 1977 Bikeplan Hawaii: A State of
Hawaii Master Plan proposed a 248-mile long bikeway system on Oahu, only about 40 miles
have been implemented to date. SDOT revised the bicycle plan in 1994.

In spite of bicycling's potential, the impact of increased bicycle use on automobile travel is
viewed as limited due to longer travel times, limited travel range, safety concerns, weather and
geographic restrictions, and other factors. Studies in Phoenix, Detroit, and Los Angeles have
indicated that about 1 percent of all trips between 1 and 3 miles in length might shift to a
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bicycle mode in response to inducements (Wilbur Smith Associates, 1992). Depending on the
success in implementing a much more extensive bikeway system in Hawaii, the level of
interest in bicycling in this state suggests that Hawaii could achieve a greater degree of modal
shift to bicycles than areas on the mainland. Consequently, from an energy perspective, the
state should pursue its bikeway program. However, the effect of this TCM on regional VMT
and energy demand is probably limited.

3.4.2.9 Public Transit Expansion
Qahu
Major transit improvements proposed for Oahu have included:

o expansion of TheBus system; _
¢ a fixed-guideway rapid transit system (Honolulu Rapid Transit); and

o development of a water transit system with terminals along the south shore of Oahu
between Hawaii Kai and Barbers Point.

Each of these will be discussed in turn.

Existing transit service on Oahu consists of two systems: TheBus and the Handivans. Both
are under the administration of the Honolulu Public Transit Authority (HPTA), which contracts
with private firms to operate each system. TheBus greatly exceeds the HandiVan in terms of
fleet size, total route miles, passenger miles, and energy consumption. At present, TheBus
consists of 493 buses which travel an islandwide network and are maintained and serviced at
two facilities, the Halawa facility, which has capacity for 200 buses, and the Kalihi Palama
facility, which has capacity for 250 buses. Local and express services are provided. Annual
system ridership is about 73 million unlinked rides, and the system is one of the most highly
utilized in the country with 18.2 riders per system mile.

Expansion of the system is largely financially constrained. A study is presently underway
which is defining the 5-year capital improvement program for the system. Developing a third
bus maintenance facility is.the major constraint to system expansion. TheBus recently
received 93 new buses, but most of these were used to retire old equipment rather than
increase the size of the fleet.

As an immediate response to the demand for additional bus service, HPTA has contracted
with private companies for a number of express bus routes to Central and Leeward Oahu.

Expansion of TheBus is consistent with a future rail transit system. If a fixed-guideway system
were built, bus routes could be reconfigured to support the fixed guideway system.

‘En‘ergy savings associated with one scenario of improvements to TheBus system are
discussed below. However, apart from energy demand considerations, TheBus is already
playing a role addressing Hawaii's energy issues through its participation in the Hawaii Electric
Vehicle Demonstration Project (HEVDP). TheBus will be operating a hybrid electric/propane
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vehicle on the No. 4 route. It should also be noted that the HandiVan system, the smaller
existing transit system on Oahu, uses propane.

Energy savings associated with one scenario of improvements to TheBus system are
discussed below. However, apart from energy demand considerations, TheBus is already
playing a role addressing Hawaii's energy issues through its participation in the HEVDP.
TheBus will be operating a hybrid electric/propane vehicle on the No. 4 route.

Planning for a fixed-guideway rapid transit system on Oahu has been ongoing, with some
interruptions, for the past 30 years. The system was initially known as Honolulu Area Rapid
Transit (HART). Planning of HART occurred from 1977 to 1981, but ceased during the 4-year
administration of a rail transit opponent. Planning resumed again in 1986, when the system
was renamed Honolulu Rapid Transit (HRT). The HRT proposal had successfully completed
the environmental review process, and over $700 million in federal funds were committed to
the $1.9 billion project, when the City Council was unable to agree on a local funding source.
The project is at present stalled, but attempts to resurrect it could be expected.

Recent studies (1991 and 1992) conducted for the HRT provide data that may be used to
analyze the energy consequences of two scenarios of transit improvements. These two
scenarios have been analyzed against a future baseline condition that assumes no
improvements are made to the transit system on Oahu.

The first scenario assumes that improvements are limited to TheBus. The specific
improvements are:

e a bus fleet of 964 vehicles;
e 803 vehicles operating during peak travel periods;
¢ 8 park-and-ride lots (about 250 parking stalls each);

e express service from park-and-ride lots to activity centers, such as Downtown/Kakaako, the
University of Hawaii, and Pearl Harbor; and

¢ 4 to 6 bus maintenance and/or storage facilities.

The second scenario assumes that the HRT system is built, including the provision of a feeder
bus system to the transit stations.

Table 3-3 shows a very approximate comparison of the energy consequences of these two
transit options in the year 2005. Table 3-3 shows that both transit improvement scenarios
would decrease automobile and passenger truck VMT substantially. The rail transit alternative
would be over twice as effective as the all-bus option in reducing this category of VMT.
Reductions in energy use would be proportionate.

Savings, however, would be somewhat offset for the all-bus alternative by increases in bus
VMT, and for the rail transit alternative, the energy required to run “TheTrain.” For the all-bus
alternative, the energy required for increased bus VMT would be slightly less than the energy
saved through reduced auto and passenger truck VMT, indicating that the all-bus alternative
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Table 3-3

Changes in 2005 Energy Consumption Due to
Transit System Improvements on Oahu

Transit System Improvements
Future Rapid
Baseline All-Bus Transit/Bus
Change in Annual Auto and Passenger N/A -57,400,000 -162,000,000
Truck VMT
Change in Annual Auto and Passenger N/A -63,900 -180,000
Truck Gasoline Consumption (barrels)
Change in Annual Auto and Passenger N/A -310 -870
Truck Energy Consumption (billion
BTUs)
Change in Annual Bus VMT N/A 6,130,000 -2,810,000
Change in Annual Bus Diesel N/A 37,400 -17,200
Consumption (barrels)
Change in Annual Bus Energy N/A 200 -92
Consumption (billion BTUs)
Rail  Transit  Electrical  Energy N/A N/A 670
Consumption (billion BTUs)
Annual Ground Transportation Energy 72,000 71,000 71,000
Consumption (billion BTUs)
Change in Annual Ground N/A -110 -300
Transportation Energy Consumption
(billion BTUs)
Percent of Future Baseline Ground 100% 99.8% 99.6%
Transportation Energy Consumption

Sources: City and County of Honolulu, Department of Transportation Services, July 1992; Parsons Brinckerhoff Quade and
Douglas, inc., 1994.

Notes:

1) Auto and passenger truck VMT reductions calculated from data presented in the Honolulu Rapid Transit Program
Transportation Impacts Results Report, July 1992.

2) VMT reductions taken from automobile and passenger truck classes in proportion to the VMT in each class.

3) Bus VMT changes from Honolulu Rapid Transit Program FEIS, Table 4.1, with the Future Baseline defined as the No-Build
Alternative designed to accommodate peak-load-point demand with the same vehicle load standards as the other
alternatives (see Footnote 1, Table 4.1). Annual revenue vehicle miles are multiplied by 1.147 to account for non-revenue
mileage.

4) Rail transit energy consumption taken from Honolulu Rapid Transit Program FEIS, Section 5.9.

5) Gasoline energy consumption converted to BTUs at a rate of 115,000 BTUs per gallon.

6) Diesel energy consumption converted to BTUs at a rate of 128,000 BTUs per gallon.

7) Electrical energy consumption converted to BTUs at rate of 11,097 BTUs per kilowatt hour.

would save energy, though not a lot. For the rail transit alternative, the energy demand of
TheTrain would also be less than the energy saved through reduced auto, passenger truck
and bus VMT.
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Therefore, based on energy balance calculations, both all-bus and bus-rail transit would save
energy, but only slightly. It is important to note that, because of the large power demand of
TheTrain, the energy balance resuits are quite sensitive to the assumed energy consumption
efficiency rates. An increase in electrical energy production and transmission efficiency from

an assumed current level of 30 percent to a future level of 35 percent would increase energy
savings.

However, in contrast to the above analysis which suggests that transit has little impact on
gross energy demand, other analyses performed by OMPO suggest that transit, in
combination with some roadway improvements to “core” transportation corridors in Honolulu,
could produce an energy savings by the year 2020 on the order of eight percent. This
analysis, which is based on a combination of transit and roadway improvements, is discussed
in more detail in Section 3.5.

In spite of limited energy savings, however, TheTrain alternative could substantially reduce the
use of liquid fuel, and replace it with electric energy which could be produced by a variety of
fuels. In fact, the very approximate match of “TheTrain's” power requirement and the capacity
of Honolulu Project of Waste Energy Recovery (H-POWER) resource recovery facility, plus the
observation that the H-POWER facility would be dispatched to meet only peak requirements
during the commuting period led to the concept that TheTrain would be “powered by
garbage,” thereby displacing petroleum. While somewhat misleading, this phrase does point
out that, even though rail transit may not generate substantial energy savings, it could
potentially displace petroleum in favor of other fuels which could be utilized to make electricity.
Such fuel substitution alone would help to achieve Hawaii energy goals. A similar effect could
occur with the use of electric buses.

Transit is also almost unique among the TCMs (along with land use patterns) in being able to
have market share in all travel markets (home to work, home to school, home to shopping,
home to recreation, etc.), thereby providing an alternative to SOVs.

In summary, expanding ground transit on Oahu would substantially reduce regional VMT for
autos and passenger trucks to levels below where it would otherwise be at in the absence of
the improvements. The bus/rail transit improvements would be over twice as effective in
reducing auto and passenger truck VMT as the all-bus improvement option, but either option
would have substantial effects. However, the energy requirements of either improvement
would require much of the energy saved, although transit expansion would save energy. in
addition, the rail transit option (and electric buses) could produce substantial petroleum
displacement, depending on the fuel utilized to produce the electricity to power the train or
buses. It would be in the state's energy interest, then, to promote rail and electric buses,
because the effect could be a substantial reduction in petroleum requirements.

Initial planning for a water transit system consisted of seven ferry terminals stretching from
Barbers Point Harbor, along the south shore of Oahu, to Hawaii Kai. Because of issues
associated with implementation, the sole link implemented to date has been the one between
Barbers Point Harbor and Downtown Honolulu, the link that was projected to have the lowest
ridership of any in the total system. Limited service was provided on this route in the summer
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and fall of 1992. The ferry, Sea Jet |, was operated during peak periods. Actual ridership was
even lower than the low ridership that was expected, and the service was discontinued.

The ability of a water transit system to attract SOV users and thereby affect fuel consumption is
not known. Net energy effects would depend heavily on ridership, and high velocity ferries
with relatively small passenger capacities could be more energy intensive per passenger-mile
than ground-based modes.

Neighbor Islands

Ground transportation systems on the neighbor islands are different from those on Oahu in
several respects, such as:

¢ the size of the urban center;

the distance of travel;

the existing transportation infrastructure; and

the population density and distribution.

Hawaii and Kauai Counties operate small bus systems at present. The situation for each
County is summarized as follows:

e Hawaiii The County of Hawaii Mass Transportation Agency (MTA) administers the Hele-On
public bus system. This transit system utilizes ten 42-passenger buses and offers seven
routes. The frequency of service is quite limited, with service provided Monday through
Friday, one route operating on Saturdays, and no service on holidays. The largest of the
two primary providers of specialized transportation services for the elderly and the
handicapped is the Hawaii County Economic Opportunity Council, which operates twenty-
one vans and mini-buses on a fixed schedule. The other is the Elderly Activities Division of
the Hawaii County Department of Parks and Recreation which operates seventeen vans on
a demand basis. In addition, State Department of Accounting and General Services
(DAGS) contracts with private bus companies to provide school transportation presently
utilizing 175 buses. There are also numerous visitor transportation services on the Big
Island, such as tour buses, airport shuttles and limousines, and hotel and resort shuttles.
Service expansion options are under consideration by MTA for the future, as well as a
rideshare program in East Hawaii.

e Mauii There is no County-operated public transit on Maui. Most of Maui's HOV
transportation services are private or non-profit and primarily serve visitors, the elderly and
the handicapped, and students. Currently, Maui Economic Opportunity, Incorporated
(MEO), a non-profit organization, operates twenty buses. In addition, the DAGS contracts
with private bus companies to provide school transportation utilizing ninety-five buses.
There are four major tour bus operators on the island. Airport shuttles are also available.
Many hotels, separately and cooperatively, offer shuttle and trolley services to their
employees from remote parking areas, and other transportation services for workers from
Molokai. Based on existing travel demand, plans for future transit on Maui consist of six
additional transit routes and four alternative systems.

e Kauai. Before Hurricane Iniki, the County provided two transit lines. One route served
employee transportation for the Kilauea Agronomics and Esakai Farms, and the other
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served a commuter route between Kapaa and Lihue. The County Office of Elderly Affairs
operated an islandwide system on a demand basis for the elderly and the handicapped.
The program consisted of ten vehicles, two with wheel chair lifts. However, six days after
Hurricane Iniki struck, four separate bus companies began emergency services utilizing 10
buses between the primary communities on the island. The temporary bus system, called
the “Iniki Express”, now operates 13 buses serving 12 residential communities. It also
provides a feeder service that connects the line haul routes centered in Lihue. Based on
travel demand projections, eight additional bus routes and six transit system alternatives
have been developed.

Based on the Oahu analysis reported above, improvements to the transit systems on the
neighbor isiands would not generate an appreciable energy savings at the state level.

3.4.2.10 Operational Improvements In Transit Service

Efficient and reliable operations increase productivity, cost-effectiveness and attract riders.
Operational improvements are generally characterized as service-oriented, roadway-oriented
or management actions.

Service-oriented improvements include:

¢ route and schedule modifications (limited stop and skip/stop operation, altering headways,
turn backs, split routes, etc.);

¢ placement of stops to minimize traffic signal impacts (nearside to farside);

o after-hours “sweeper” services;

e timed transfer hubs to enhance transfer coordination; and
¢ reduction in number of bus stops.

Roadway-oriented improvements include:

¢ bus-only lanes which allow buses to bypass congestion;
¢ elimination of curb parking along bus routes during peak periods; and

e bus-activated signal preemption to improve schedule reliability. (Bus-activated signal
preemption is a technology wherein the approach of a bus is detected by the control
system of an intersection's signalization — the control system then adjusts signal timing to
give the bus “the green.”)

An example of a management action to improve transit operations is prepaid fare collection
systems.

Improvements in operations can have an impact on corridor-level congestion. Effectiveness
depends on a number of factors, including the extent of modal shift from SOVs.

Adjustments and refinements to TheBus' service are ongoing. The transit improvement
program for fiscal year (FY) 92 through FY 97 includes an automated vehicle monitoring
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system, radio system enhancement, and management and information system (MIS)
improvements to enhance operations.

The effect of this TCM on regional VMT.is not likely to be significant because TheBus is already
quite efficient.

3.4.2.11 . Park-And-Ride Facilities

The City and County of Honolulu operates four park-and-ride facilities located in Hawaii Kai,
Wahiawa, Haleiwa, and Mililani. The Hawaii Kai park-and-ride facility opened for service in
August 1988. The park-and-ride facility in Wahiawa is shared with the National Guard Armory.
The Haleiwa park-and-ride is also a shared-use facility with the Waialua Association Gym. The
Mililani facility, completed in January 1994, is located near the Mililani Interchange. A new
exclusive-use park-and-ride facility is presently being constructed on land mauka of Royal
Kunia subdivision, in central Oahu. The facility opened in December of 1994. The HPTA is the
lead City and County agency responsible for developing park-and-ride facilities. The Capital
Improvement Program for TheBus includes development of some suburban park-and-ride lots
on land dedicated by developers. Plans for the Honolulu Rapid Transit project also included
park-and-ride facilities at selected stations.

Park-and-ride lots could greatly enhance HOV options by providing a central rideshare
collection point. Park-and-ride lots could be dedicated exclusively for commuter use (Hawaii
Kai) or have a shared use, such as a parking lot for a shopping center. (Under limited parking
conditions, shopping center management could object to park-and-ride utilization of its lots.
Such a position ignores joint development possibilities--see Section 3.4.2.28.)

It is difficult to isolate the effectiveness of park-and-ride lots since they are often implemented
synergistically with other TCMs. Park-and-ride lots, in conjunction with HOV lanes, could result
in travel time savings, reduced congestion, increased transit patronage, and increased HOV
market share.

The effect of this TCM alone on regional VMT and energy demand is probably limited.

3.4.2.12 Public Transit Marketing

A transit marketing plan is cost-effective, encourages new ridership, makes service information

easier to obtain, improves transit's public image, and satisfies other goals provided there is
unused transit capacity.

A marketing program is one of the most important programs undertaken by a transit agency.
In New York City, a regional transit guide increased ridership and decreased auto use among
those who used the guide (Wilbur Smith Associates, 1992).

The Island-Wide Comprehensive Bus Service Plan (Wilbur Smith Associates, 1988) included a
detailed marketing plan. It was recommended that TheBus' marketing budget be increased
by 80 percent to fund an expanded marketing program. Currently, TheBus sponsors the
Bonus Program, which enables companies to subsidize monthly bus passes for their
employees.
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The effect of this TCM on regional VMT could be significant but only if it is accompanied by
system expansion.

3.4.2.13 Paratransit - Premium Subscription Express Bus Service

Paratransit is generally used to describe a broad range of transportation services other than
conventional public-sponsored fixed-route transit services. Paratransit strategies are often

applied to lower density travel corridors, areas with dispersed travel patterns, or special travel
markets.

Premium subscription express buses (also buspools and club buses) typically provide service
between suburban communities and large employers or employment centers. This service
differs from conventional express buses in that it is private and serves an identified group of
riders who generally subscribe to long-term service. Amenities could also be offered.
Premium subscription express service could be coordinated with the service being provided
by conventional express buses, or provide a “premium” service in a high-demand corridor that
already has conventional express buses.

Premium subscription express bus services could increase HOV market share at the expense
of SOVs. Premium subscription express bus service could achieve travel times that are
competitive with the auto, particularly if HOV lanes could be used to bypass SOV congestion,
and could cost less than auto usage. Premium bus service (and ridesharing in general) could
reduce expensive peak demands on public bus systems, energy consumption and poliution,
and pressure to expand fixed routes into low density areas.

TheBus provides express routes to many outlying residential communities on Oahu from
Downtown and/or the U. H. Manoa area. Supplemental express routes are being provided by
private contractors, for example, the TransHawaiian Commuter Express, a luxury commuter
bus offering service to residents of Leeward and Central Oahu.

The effect of this TCM on regional VMT and energy demand is probably limited.

3.4.2.14 Paratransit - Jitneys

Jitneys provide an urban transportation service with characteristics common to both shared-
ride taxis and local fixed route buses. Private operation, small vehicles and flat fares are its
defining characteristics. Jitneys typically operate along fixed routes in high density urban
areas at unscheduled (usually short) service frequencies. They are typically small vehicles (5-
20 passengers) and stop when hailed. Jitneys should not be confused with shared-ride taxis,
which have distance-based fares.

Jitney service is a paratransit strategy that meets specialized needs. Jitneys could work
effectively in lower density interurban areas. Applications include areas without bus service, a
substitute service on routes marginal for buses, and a supplemental service along shorter,
high-demand segments. :
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Provided jitneys operate on short headways, they could significantly improve overall travel
times. Case studies in the United States indicate that jitneys could provide more frequent and

faster services than public transit, in the limited market that they serve (Wilbur Smith
Associates, 1992).

A recent OMPO-sponsored study on jitney service on Oahu (Wilbur Smith Associates, 1993c)
estimated that if extensive jitney service were established on Oahu, with service being
provided only during the peak commuting periods, a vehicle occupancy rate of 1.2 could be
obtained. This would be about 0.15 percent of the daily traffic, and 0.5 percent of the peak
hour traffic on Oahu. This level of potential benefit, which does not include the additional
volumes that would be associated with new jitney movements, would probably not yield
perceptible energy savings.

Jitney service in Waikiki has been discussed. The high frequency of stopped jitney vehicles
pulling into traffic is perceived as an adverse rather than positive effect on overall traffic flow.
Jitney services in Waikiki would compete with transit.

Because jitneys could serve only a limited share of the total travel market, the effect of this
TCM on regional VMT and energy demand is probably limited.

3.4.2.15 Paratransit - Shared Ride Taxi

Shared-ride taxis provide a demand-responsive service where two or more unacquainted
individuals on different trips share a common vehicle. The concept makes more efficient use
of the vehicle which can be passed on in the form of lower passenger fares. The principal
difference between shared-ride taxis and jitneys are in the nature of the passenger interface
and routing flexibility.

Shared-ride taxis operate on a flexible schedule, as opposed to car-pooling or van pooling,
which are scheduled. Shared-ride taxis may be used to provide feeder service to transit
stops.

Depending on the specific circumstances, the productivity of a shared-ride taxi can be from
50 to 100 percent higher than a single ride taxi. Shared-ride taxis are significantly more fuel
efficient and economical on a per passenger basis than underutilized buses.

A small-scale shared-ride taxi service was initiated in Hawaii around 1990 under the
Entrepreneurial Services Program of the Urban Mass Transportation Administration. The one-
taxi operation provided collection and distribution service between Mililani Town and a park-
and-ride lot. The service was short-lived due to lack of patronage.

The total impact of shared-ride taxi services on regional VMT and energy demand is likely to
be small.

3.4.2.16 Guaranteed Ride Home

Guaranteed Ride Home (GRH) programs provide carpool and van-pool patrons with a ride
home or to other destinations in an emergency. The intent of the program is to overcome a
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barrier to ridesharing — the need to get to home, to school, to a day-care center or to another
location in an emergency.

The guaranteed trip could be provided through fleet vehicles, short term auto rentals or taxi
services. The program is most often offered by employers synergistically, as part of a
program encouraging car-pooling, transit, walking and cycling.

Effectiveness of GRHs depends on how much the GRH is pivotal in affecting mode choice. It
could promote SOV to HOV switching. It could cause some transit users to shift to car-pools,
since the program removes the uncertainty car-pool patrons could have about getting to
emergencies. Reduction in energy use would depend on the effectiveness of the program in
increasing HOV market share, and reducing regional VMT.

The Leeward Oahu Transportation Management Association (LOTMA) provides a GRH
program. LOTMA's GRH program had 124 registered participants in March, 1994. To register
for the GRH program, the applicant must be a monthly subscriber of a premium subscription
bus service. If an emergency arises, the participant of the GRH program contacts their
supervisor, who calls a cab company affiliated with the GRH program to drive the participant
to the desired location. The cab company is paid with a GRH program voucher. Three
vouchers per year per participant are allowed. The program appears successful in that it has
attracted to transit commuters who would otherwise most likely be using SOVs. It is expected
o continue.

The effect of this TCM on regional VMT and energy demand is unclear, but probably small.

3.4.2.17 Areawide Rideshare Programs

Areawide rideshare programs encourage regional car-, van-, and bus-pooling through
computerized matchlists of potential participants, personalized matching services, and
focused informational and marketing campaigns. Rideshare programs have taken many
forms. They are staffed, funded and/or coordinated by transportation agencies, planning
organizations, transit operators, government agencies, and non-profit agencies.

Areawide ridesharing programs best address trips between home-and-work in urban areas of
50,000 or more. Because ridesharing programs target the commuter market, which accounts
for about one-quarter of all trips made in urban areas, the impact on regional VMT could be
significant. However, recent studies suggest that the market penetration of areawide
ridesharing may be relatively limited (Wilbur Smith Associates, 1992).

SDOT's Rideshare Hawaii Program promotes ridesharing during peak hours. Participants
contribute to gas and parking expenses, or take turns driving their own cars. The SDOT
ridesharing program currently has fifty participants on the database. However, due to a larger
number of interested riders than drivers, the majority of program participants cannot be
matched to drivers. LOTMA and the County of Hawaii have also been matching carpools for a
number of years. The University of Hawaii's Commuter Office, the Waianae Good Neighbor
Share-A-Ride program, and Vanpool Hawaii are other carpool matching and vanpool
programs on Oahu. The small number of actual participants ridesharing together is expected
to have a minimal impact on VMT.
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Through FHWA, software and hardware will be purchased to be used by organizations on
Oahu and the Counties of Hawaii, Maui and Kauai which organize carpool matching. The
software program will enable the organizations to match carpool partners according to their
work schedule, place of work or destination, residence and other locations. The software will
be hooked up to a mapping program allowing interested people to find out whether co-
workers or community members have signed up for carpooling. The software will also make it
possible to register and match car-poolers to such events as public meetings or trade shows.
As soon as the software equipment is installed, Kauai and Maui will begin providing carpool-
matching services to their communities.

The effect of this TCM on regional VMT and energy demand is probably minimal.

3.4.2,18 Controls Affecting Parking Supply

Parking supply controls are designed to discourage SOVs, but sometimes conflict with
economic goals. Because of their controversial nature, pricing and supply controls on parking

are typically proposed for implementation later, if other strategies have not achieved desired
results.

Parking is a critical factor affecting mode choice. Constrained supply and higher prices
encourage HOVs., Parking management is most effective when supported by other TSM
measures (good ftransit service, regional rideshare matching, etc.). Because parking
strategies are often implemented in concert with other TSM measures, their effectiveness
alone is not clear. Cities implementing parking supply reductions in concert with other TSM
measures have achieved significant reductions in SOVs.

Parking strategies are best applied in CBDs and other high density areas where land is both
costly and scarce, and the parking supply is already constrained. These strategies are less
effective in areas of dispersed development and ample parking.

Parking strategies are often implemented with Trip Reduction Ordinances (TROs), which
encourage HOV modes (see Section 3.4.2.25).

A recent OMPO study analyzed the effect of establishing maximum parking stall ratios
applicable to new office development Downtown and in the Ala Moana-Kapiolani Area (Wilbur
Smith Associates, 1993d). The study assumed that limited parking would force commercial
institutions to choose between employee and visitor parking. It was assumed that the
institution would maintain visitor/customer parking, and forego some employee parking. As a
result, when lower parking ratios were applied to proposed new office space, the percent of
employees using SOVs was projected to decline marginally during peak hours. The study
projected a very slight cumulative impact on area traffic. Under the most severe parking
constraint (1 stall to 2,000 square feet), projected traffic in the area could decrease by less
than five percent, although it may also result in people driving farther to outlying locations with
better parking, thereby increasing VMT.

The effect of this TCM on regional VMT and energy demand is not clear.
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3.4.2.19 Pricing Actions Affecting Parking
Parking pricing strategies to discourage SOVs include:

e new or increased fees for solo drivers or long-term parkers;
e pricing preferences given to car and van-pools; and

e taxes on parking providers.

The effect of parking pricing on vehicle travel depends on many factors. Case studies
suggest municipal parking pricing could be effective in reducing SOVs (Wilbur Smith
Associates, 1992). However, pricing strategies could merely divert parking to different times
and locations, or foster switching between HOV modes. While peak period surcharges and
increases in long-term parking rates reduce commuter auto use, these measures also free
parking for short-term parkers, facilitating shopping trips. Net VMT and energy reduction
might be less than the proportion of commute trips reduced. When the City of Honolulu
doubled long-term parking rates in 1981, the number of long-term parkers declined, but short-
term parking increased. The total number of cars parked increased by six percent, and the
number of available lunch hour spaces doubled (Di Renzo, 1981).

Pricing for municipal parking is set by City ordinance. Given the small proportion of downtown
parking that is under municipal control, modifying pricing on municipal facilities could have
very little effect on regional VMT.

The effect of this TCM on regional VMT and energy demand is probably minimal.

3.4.2.20 Employer Parking Pricing And Supply Actions

Employers could influence employee travel mode choice through parking strategies.
Relatively small increases in parking prices in Honolulu, where prices are already high, could
influence travel behavior. Reducing or ending parking subsidies could affect employee travel

mode choices. The Alternatives to Employee Parking Subsidies (Wilbur Smith Associates,
1993a) evaluated three pricing options:

e Charge parking: Employees are charged at or near market rates.

e Cash out: The employer gives employees eligible for discounted parking a choice between
the subsidized parking or the subsidy in cash.

e Charge parking with travel allowance: The employer charges at or near market rates for
employee parking, but also offers a travel allowance on HOVs.

The study estimated possible effects of the three options on morning peak hour traffic to the
Financial District, Kakaako, and Waikiki. The estimated reduction in weekday vehicle trips to
the three areas varied from 3.6 to 9.9 percent under the different options. The highest
reduction would occur in Waikiki under the Charge Parking option. The lowest reduction would
occur in Kakaako under the Cash Out option.
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Energy savings through parking pricing would depend on the amount of parking that would be
displaced, and on the proportion of parkers diverted to new locations, compared to those
diverted to HOVs.

The effect of this TCM on regional VMT and energy demand is probably minimal.

3.4.2.21 Employer-Based Rideshare Programs

Employer-based rideshare programs are strategies carried out by employers to reduce solo
driving among employees. Programs include:

e encouragement of HOV use;
e guaranteed ride home;

e variable work hours;

e telecommuting; and

¢ encouragement of cycling and walking.

Successful employer-based programs usually include parking pricing strategies. Employers
could carry out these strategies on their own, or in collaboration with an association of other
employers, such as a Transportation Management Association (TMA).

Reductions in energy use under employer-based programs would depend on the
effectiveness of the programs in reducing VMT. Employer-sponsored TSM measures affect
employee commuter trips and not traffic bound for other sites. The size of the employer also
appears to play a role in TSM program effectiveness since larger employers have more
resources to devote to implementation, and larger numbers of employees facilitate
implementation.

Some form of government regulation may be necessary for lasting implementation of employer
based programs. Government could require that a certain level of an employer's commutation
requirement be provided by non-SOV modes, as arranged and coordinated by the employer.
The South Coast Air Quality Management District (SCAQMD) required employers of more than
100 people at a job site to implement a plan to encourage their employees to rideshare to
work. The typical ridesharing target is 1.5 average vehicle ridership. This measure has been
quite unpopular among employers.

The effect of this TCM on regional VMT and energy demand is probably minimal.

3.4.2.22 Variable Work Hours
Variable work hour programs manage travel demand by:

s shifting commuters away from the maximum periods; or

. reducing the number of work trips by extending the hours worked each day, thereby
decreasing the number of days worked. Compressed work week schedules allow
employees to work four days per week, ten hours per day.
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The three principal forms of variable work hour programs are: staggered hours; compressed
work weeks; and flextime.

Variable work hours relieve traffic congestion by shifting commuting out of the peak, thereby
reducing travel time. Staggered hours and flex-time would also relieve congestion at parking
access points. Variable work hours indirectly affects travel mode choice and non-work trips,

making ride-sharing more difficult to implement. Compressed work weeks appear to reduce
total VMT.

The evaluation of the 1988 Staggered Work Hours Demonstration Project in Honolulu (Guliano
and Golob, 1989) indicated that spreading the peak travel demand period had a beneficial
effect on traffic conditions. However, the effect was small and distributed unevenly. It was
concluded that the potential benefits of staggered hours did not outweigh the costs of a
mandatory program, and that future programs should therefore be voluntary.

Government could promote variable hour programs in the private sector and implement them
among their own workers.

The effect of this TCM on regional VMT and energy demand is probably limited.

3.4.2.23 Telecommuting

Telecommuting reduces home-to-work trips by allowing employees to work at home or at
telework centers in outlying residential districts. There could be computers, faxes and
modems at the telework center. Telework centers may be run by single or multiple employers.
Telecommuting could significantly reduce work trips. It affects the working environment and
culture of an employer, however, and the degree to which telecommuting would gain
widespread acceptance remains to be determined. Telecommuting is more easily
encouraged in some industries than others. Telecommuting could affect off-peak and non-
work trips.

Government could facilitate telecommuting programs by providing and encouraging
telecommuting infrastructure. Government could demonstrate telecommuting for its own
employees, as it is doing at the telework center at the Mililani High Technology Center, and
develop guidelines for consideration by the private sector.

The effect of this TCM on regional VMT is not clear.

3.4.2.24 Transportation Management Associations (TMAs)

TMAs are groups of public and private parties that address local transportation problems.
They typically consist of employers, developers, building owners, officials of transit districts
and/or rideshare organizations. They attempt to build consensus for transportation solutions,

and political and monetary support for action. They often sponsor transportation services such
as:

e car-pool matching;
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e shuttle buses to transit lines and/or shopping areas;

e sale of transit passes;

e guaranteed ride home programs;

e promotional events in support of transit, cycling and ridesharing; and
e information on TSM programs.

In 1991, there were about 110 TMAs operating or forming in the United States. Evaluations of
TMAs are relatively -rare, and it is difficult to quantify changes in travel behavior from TMA
implementation. Reductions in energy use would depend on decreases in SOV use.

Government could encourage formation of TMAs. Most TMAs are initiated through informal

and voluntary interactions between developers, local governments, employers and transit and
rideshare agencies.

The LOTMA, Hawaii's first TMA, was formed as a voluntary non-profit organization in 1990. It
contains representation of private landowners and public agencies, and focuses on
transportation issues in the Ewa-Central region of Oahu. LOTMA is providing ridesharing and
other services, and could provide more services with additional support, an option for state
consideration. The state could also initiate other TMAs on Oahu and the neighbor islands.

The effect of this TCM on regional VMT and energy demand could be significant.

3.4.2.25 Trip Reduction Ordinances {TROs)

TROs require employers and/or developers to implement TSM programs. The ordinances
typically require:

¢ an on-site transportation coordinator responsible for implementing TSM programs (e.g.,
ridesharing, transit pass distribution, variable work hours, parking management, and
alternative mode information);

e a periodic survey of employee travel patterns to monitor program effectiveness and
employee perspectives; and

¢ a periodic report to be filed with a public agency to demonstrate effective implementation of
TSM strategies.

TROs often specify a goal that must be reached, usually a reduction among employees in the
proportion of solo drivers or peak period auto trips.

In 1990 there were at least 23 communities nationwide with trip reduction ordinances, and
about 12 others considering their adoption (Urban Land Institute, 1980). Effectiveness
depends on many factors. TSM meastres tend to be more successful at larger companies.
Reduction in energy use would depend on the effectiveness of the programs in reducing VMT.

The Honolulu City Council's Committee on Transportation and Government Operations
developed a draft TRO in 1992, but it was not enacted.
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The effect of this TCM on regional VMT is not clear.

3.4.2.26 Actions By Educational Institutions

Schools are major contributors to travel demand and congestion on Oahu, particularly in the
morning. The University, colleges and private schools generate most school-related vehicle
trips. A 1986 OMPO study (Kaku Associates and Barbara Sunderland & Associates, 1986)
estimated that school-related trips represent about 30 percent of the total trips to the primary
urban center on Oahu, and that private school-related trips were more likely to be made by car
than public high school trips.

Educational institutions could implement:

e school hour changes;

¢ an expanded school bus program; and

e program activities at branch locations.

A more recent study sponsored by OMPO (Wilbur Smith Associates, 1993c) recommended the
following TSM measures for the University of Hawaii's Manoa Campus:

e establish a Transportation Task Force, set a program goal, and secure funding; and

e initiate TSM measures, such as ridesharing, flexible class hours, and school bus services.
The effectiveness of these TSM measures was not, however, presented in the study.

The effect of this TCM on the regional VMT and energy demand could be significant.

3.4.2.27 Pricing Or Other Control Of Automobile Use
Road pricing and control strategies include:

e Road Pricing: Road users would be charged for some trips. Pricing could vary by time of
day, location and vehicle occupancy. Road pricing could be applied to expressways,
principal arteries within a congested travel corridor, congested bridges or tunnels leading
into central areas, and surface streets within congested zones. IVHS techniques could be
employed to detect trips and generate periodic billings to vehicle operators.

e VMT and/or Emission-Based Vehicle Fees: Annual charges could increase with miles
driven. The fee could replace other vehicle registration fees. It could be imposed at
vehicle safety checks, or registration renewal.

e Fuel Tax Increases: Fuel tax’increases have been used in the past to enhance revenues.
Because such taxes are so general in scope and broad in their impact, their use as a TSM
is highly controversial.

e Tradable Travel Permits: Travel permits for certain congested road facilities or zones at
designated times could be allocated up to an allowance. Drivers would be allowed to buy
and sell permits.
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e Car ownership controls: Some have suggested the establishment of a requirement to trade
in a used car for each purchase of a new car (Mattheson, 1994). Other possible restrictions
could be placed on the number of vehicles per family or per household. These ownership
controls would present many implementation issues.

Road pricing could potentially produce the most targeted traffic reductions because it could
be made highly location and time specific. In areawide applications, road pricing could be
significantly more effective than parking measures because road pricing would affect through
trips, as well as trips originating or ending in the CBD. Through trips constitute a significant
proportion of trips in most urban areas.

Road pricing is viewed by some as highly regressive because low income groups have
legitimate travel needs to zones that would be priced, and often live furthest away. There are
various mechanisms for exempting certain population groups or rebating revenues.

Case studies suggest that the effects of road pricing strategies would depend on the level of
congestion, level of charges, travel characteristics and alternative travel opportunities. |f
implemented as a severe disincentive to SOVs, it could be highly effective in reducing vehicle
trips and congestion.

Effects of road pricing on energy consumption would depend on how commuters shift
between alternative travel routes, and modes and times of travel. “Downtown” areawide road
pricing programs could produce ten percent or greater reductions in energy use associated
with travel in the area (Wilbur Smith Associates, 1992). Regionwide road pricing programs
have the potential to produce a 5 percent or more reduction in energy use (U.S. Environmental
Protection Agency, 1990).

Automobile pricing strategies have not been used as TSM measures on Oahu. There was

discussion of applying for a federal grant to initiate a pilot program, but there was no local
consensus..

Requiring that a used car be traded in for each new car purchase, or establishing some other
form of car ownership restriction, does not appear to have much political support at the
present time.

The effect of this TCM on regional VMT could be significant, depending on details of
implementation.

3.4.2.28 Land Use Patterns And Energy

Treatises have been written about the relationship between land use, energy and lifestyle (see
for example Cervero, 1989; Cervero, 1993; Douglas, 1992). All agree that land use patterns
profoundly affect transportation energy demand. Across the United States, low-density
suburbanization has essentially been designed around a premise of inexpensive use of the
automobile, one of the more energy-inefficient transportation modes. Many suburban
communities developed when the nation was rather uncritically enraptured by SOVs. Of
political interest, SOV disincentives would be particularly linked to lifestyle changes in these
types of communities.
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Land use patterns that create higher population and workplace densities, and multi-functional
neighborhoods, are much more compatible with non-automobile modes of travel. In concept,
higher densities and a greater mix of uses could create communities where residences were
located closer to workplaces and services. This would decrease VMT and facilitate transit.
The best opportunity to create communities amenable to energy-efficient transportation is
before the land is developed, since redevelopment is more expensive, problematic and
uncertain. Because the state still has extensive open areas that are planned for residential
development, there is an opportunity to control this future development by adopting land use
policies that encourage non-automobile transportation, and reduce the need to fravel.
Appropriate land use patterns, zoning, and building codes,® the most fundamental way to
affect transportation energy demand over the long term, must be implemented over decades.

Table 3-4 summarizes some land use concepts currently being discussed that could reduce
transportation energy demand. In general, the land use concepts on Table 3-5 reduce the
need to travel, and help transit, car-pooling, walking and bicycling to become viable
alternatives to SOVs. The fourth column shows just a few examples of these concepts as they
have been or could be applied in Hawaii. Several of the examples highlight Hawaii
redevelopment efforts, such as Kakaako.

Many concepts in Table 3-4 consist of mixing land uses, such as residential and workplace.
Energy savings could materialize by enabling people to live closer to their workplace. This
proximity could encourage walking, biking, and transit, and reduce VMT on those trips which
could not be converted from SOVs. In suburban employment centers, higher proportions of
- workers walked or bicycled to work when on-site housing was available (Cervero, 1989).
However, energy savings would not materialize if housing prices did not match the jobs
provided nearby, since workers would then need to commute from affordable housing some
distance away.

The Kakaako Community Development District is a governmental attempt to redevelop a
deteriorating industrial-commercial area into a mixed-use residential-office-commercial-light
industrial area where people could live, work, shop and recreate without leaving the area.
Kakaako is also less than a mile away from downtown Honolulu, enabling Kakaako residents
working downtown to have many transportation alternatives.

Another significant mixed use development on Oahu is Kapolei, a secondary urban center now
being constructed in the Ewa district, approximately 20 miles from downtown. There is much
local interest in whether this experiment actually achieves its potential to assist in attaining
many state goals, beyond those pertaining to energy. Efforts to support Kapolei are evident:

e Government agencies have relocated workers to Kapolei, and more relocations are
planned;

e |Improvement to Barbers Point Harbor are occurring and planned;
¢ Road infrastructure improvements are occurring;

¢ Many of those involved in Kapolei construction have opened branch offices there; and

8 Building codes are included because they affect parking ratios and other design aspects with energy implications.
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Table 3-4

Selected Innovative Land Use Planning Concepts with
Potential for Transportation Energy Savings

Description

Consequences for
Energy Savings

Potential for Hawaii

Source

Mixed residential and
employment land uses

Energy savings could occur when people live
and work within walking or biking distance

1) Kaka'ako Community
Development District

2) Kapolei Secondary Urban Center

3) Resort provision of housing for
employees

Shops and services
within walking distance
of residential areas

If half of 1/2 to 5 mile vehicle trips for shopping
and personal business were reduced to below
1/2 mile, total vehicle trips might decline by
5%, and gasoline savings could be between 1-
2%

1) Kaka'ako Community
Development District
2) Kapolei Secondary Urban Center

Shops and services
near employment
centers, transit shops,
and park-and-ride lots

If one in ten personal vehicle trips were made
on foot as a result of this land use concept,
energy consumption due to personal travel
could decline by 3%

1) Kaka'ako Community
Development District
2) Kapolei Secondary Urban Center

—

Locate housing units
and increase their
density near transit

Nationwide, in 1983, 10.3% of people living
within 1/4 mile of transit used transit to get to
work

1) Kaka'ako Community
Development District
2) Kapolei Secondary Urban Center

—

Locate and increase
employment near
transit

Increase transit patronage

1) Kaka'ako Community
Development District
2) Kapolei Secondary Urban Center

-

Design land uses with
transit access in mind

Increase transit patronage

1) The Villages of La'i Opua
2) Kapolei Secondary Urban Center
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Table 3-4

Selected Innovative Land Use Planning Concepts with
Potential for Transportation Energy Savings
(continued)

Description

Consequences for
Energy Savings

Potential for Hawaii

Source

Diverse and compact
housing

1) More economically accessible to transit and
bus services

2) Shops and services could be provided
within walking distance

3) Carpools and vanpools easier to implement

1) Kaka'ako Community
Development District
2) Kapolei Secondary Urban Center

Grid street system

1) A grid system instead of a cul-de-sac,
collector street system could reduce VMT
within a neighborhood by 50-60%

2) For every 100 short trips diverted from a car
to walking or bicycling, 5-26 gallons of
gasoline could be saved

1) Kapolei Secondary Urban Center

b

Bike fanes and paths

At least half of all trips are 5 miles or less in
length. If 5% could be diverted to bicycles, a
1% reduction in gasoline consumption could
be the result

1) Kapolei Secondary Urban Center

Bike parking and
facilities

Same as above

1) Kapolei Secondary Urban Center
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Table 3-4

Selected Innovative Land Use Planning Concepts with
Potential for Transportation Energy Savings

(continued)
Consequences for
Description Energy Savings Potential for Hawaii Source

Pedestrian facilities If 20-50% of vehicle trips under 1/2 mile could | 1) Kapolei Secondary Urban Center 1

be diverted to walking, overall vehicle trips

would be reduced by 2-5%
Creating pedestrian Studies indicate that residents in more 1) Kapolei Secondary Urban Center 1

compact, mixed use developments use half 7

and transit oriented

communities the gasoline for transportation than
comparably sized suburban tower-density
development

Sources:

1) California Energy Commission, May 1992,

2) Cervero, 1989,

3) U.S. Department of Transportation, November 1986.
4) U.S. Department of Transportation, August 1991,

5) Holtzclaw, April 1990.
6) Kulash, March 1990.

7) Real Estate Research Corporation, 1974.




o Other Kapolei projects to be started include:

a) Kapolei Regional Park;

b) Bank of Hawaii building;

c) Consolidated Theaters, 16 Screens;
d) Zippy's Restaurant;

e) Kapolei Power Center;

f) Seagull School's child care facility;
g) Kapolei Police Station;

h) First Hawaiian Bank building; and

i) State Public Library.

Fulfilment of Kapolei's promise would depend on its success in developing employment
centers, and the actual ability of workers in Kapolei to live in Kapolei.

Opportunity for energy savings also exists in the urban design of this community. However, it
appears that provisions have not been made for such measures as higher density housing
around fransit stops, station placement near homes, and bicycle and pedestrian facilities.

Other major land developments, such as Ewa Marina on Oahu and the Villages of La'i ‘Opua
on the Island of Hawaii, present an opportunity like Kapolei's to develop energy saving
communities, but they also face important urban design issues to be resolved during
implementation.

Some of Hawaii's resorts could provide housing for their employees’ families close to the
workplace. Such company-sponsored residential areas would reduce gasoline consumption
by reducing VMT, create an opportunity for efficient HOV shuttie services, and help alleviate
the scarcity of affordable housing in Hawaii.

Locating shops and services within walking and bicycling distance of residences is another
form of land use mixing that could result in significant transportation energy savings. As an
example, higher residential densities near malls could be encouraged. Nationally, 38 percent
of all vehicle trips and 29 percent of total VMT are for shopping and personal business, with 60
percent of these trips being between one-half and 5 miles (U.S. Department of Transportation,
1992). If half of these trips could be shortened to under one-half mile, and half of these trips
made by walking instead of automobile, reductions in VMT and gasoline usage could be from
1 - 2 percent (U.S. Department of Transportation, 1992). While these figures are based on
national averages, this land use combination could save energy in Hawaii.

Another land use combination listed in Table 3-4 involves locating shops and services near
work sites, transit stops, and park-and-ride lots. If one in ten of all vehicle trips made for
shopping and personal business were made by foot or bicycle, from workplace origins, or
while commuting, energy consumption for personal travel could be reduced by 3 percent (U.S.
Department of Transportation, 1992). For example, park-and-rides, kiss-and-rides, and transit
centers could be located in or adjacent to shopping centers. (For example, Ala Moana Center
is both a shopping center and a transit center). Locating restaurants, banks, services,
daycare centers, and convenience stores near employment centers could encourage more
walking trips, make it easier to combine trip purposes, facilitate ridesharing (since one of the
barriers to car-pools is that their home to work routing does not allow for running errands), and
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encourage transit. Downtown Honolulu succeeds in providing many shops and services within
walking distance of workplaces and transit centers, like the Hotel Street Bus Mall.

Locating shops, services and park-and-rides near transit stops could encourage transit use by
enhancing convenience. Certain land use practices listed on Table 3-4 could also facilitate
the effectiveness of transit. For example:

¢ Increasing the residential density within one-quarter or one-half mile of express transit
stops, which could boost transit ridership at the expense of SOVs. In one study,

approximately 10 percent of all people living with 1/4-mile of a station used transit to get to
work (U.S. Department of Transportation, 1992).

¢ Locating employment centers near transit stations.

¢ Encouraging building designs that facilitate transit, such as providing inviting pedestrian
access to the building from a transit stop; eliminating barriers to pedestrian flow around
transit stops such as walls, roads and large parking lots; designing transit stops within
building complexes; and placing structures closer to transit stops and routes.

The term “joint-development” is used to describe the co-development of commercial and
residential uses with a transit station. Commercial/transit joint developments are now quite
common. Examples include the World Trade Center (WTC) in New York City. This is an office
building where 50,000 people are employed which is served by no less than nine rail transit
routes. Battery Park City, a residential development of 7,000 people, is immediately adjacent
to the WTC. This joint development complex succeeds in replacing millions of VMT by
pedestrian travel.

Private developers could pay for joint development rights,’ and with appropriate financial
arrangements, revenues from joint-development opportunities could be used to support the
transit system. Honolulu's rail transit proposal included joint development plans at several of
the stations.

Developing higher density residential communities would also result in transportation energy
savings. Compact communities are more efficiently served by transit services, have more
neighborhood shops and services within walking and bicycling distance of homes, and
facilitate the formation of car-pools and van-pools. A study of five San Francisco Bay Area
neighborhoods showed that as residential density increased, annual VMT (and therefore fuel
consumption per capita) decreased (Holtzclaw, 1990). A 1974 study (Real Estate Research
Corporation, 1974) compared communities of approximately 10,000 housing units and found
that those living in more compact, mixed-use developments used half the gasoline for
transportation of those living in less dense suburban developments.

By providing a network of fully connected streets, such as a grid system, shorter, more direct
routes are facilitated. For example, in comparison to a pattern of cul-de-sacs with collector
streets, a grid system could reduce VMT generated within a neighborhood by 50 to 60
percent, thereby reducing energy consumption (Kulash et. al, 1990). Terrain features could
make such a road network impractical in some areas of the state, however.

9 Joint development rights can be quite valuable. Tenants and owners will pay a premium to reside or work near a well-designed
transit station with a good mix of shops and services. Retail establishments are attracted by the volumes of potential
customers that would pass by their door.
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In spite of the available land use patterns, it is instructive to examine the experience of
Portland, Oregon. Portland’s Land Conservation and Development Commission set a goal of
zero VMT per capita growth for 10 years (VMT growth would equal population growth), a 10
percent decrease in annual per capita VMT within 20 years, and within 30 years, a 20 percent
decrease in annual per capita VMT. Although these policies have been in place for 10 years,
VMT growth per capita continued, and was at four percent per annum between 1980 and 1990
(meaning that VMT grew substantially faster than the population), higher than the decade
before the policies were put into place.

The effect of land use on regional VMT and transport energy demand is significant.

3.4.3 ENERGY-SAVINGS EFFECTIVENESS OF THE IDENTIFIED TCMS

Many of the TCMs (though not all) attempt to influence the choice of a transportation mode.
Table 3-5 compares average energy intensities for different travel modes on a national basis,
and because information was readily available, parameters for Honolulu's TheBus are also
shown. Figure 3-1 graphically compares average energy intensities for the different travel
modes. ‘

From Table 3-5, it is apparent that, from an energy perspective, the state should be pursuing
inducements and disincentives to shift travelers away from SOVs and onto TheBus, except that
capacity is limited. It may be noted that TheBus is 2.2 times more energy-efficient (BTU per
passenger-mile) than the average U.S. transit bus system, but at the cost of overcrowding on
certain routes at peak times. Service enhancements would be needed for the capacity of the
system to handle appreciable numbers of those who could be diverted from their SOVs.

As discussed above in Section 3.1, determining the effectiveness of TCMs is quite difficult. A
California attempt is shown in Table 3-8, but these results are based on specific studies done
for Los Angeles and San Francisco, and are not applicable to Hawaii. However, within the
transportation planning field, an aggressive package of TCMs is typically estimated to have at
most a 10 percent impact on regional VMT. Improvements to OMPO's traffic model, new travel
demand surveys, and other improvements in the basic transportation planning tools on Oahu
are occurring, however, and some results based on new traffic modeling are presented in
section 3.5. It is notable that a recent California analysis of ground sector energy demand
(California Energy Commission, 1994) also stressed the improvement of transportation
planning tools, and did not express confidence in existing numerical estimates of TCM
effectiveness.
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Passenger Travel and Energy Use in the United States, 1990

Table 3-5

Energy Intensities

Number of Vehicle Passenger (BTU Per (BTU Per
Vehicles Miles Miles Load Factor Vehicle- Passenger- Energy Use
Travel Mode (Thousands) (Millions) {Millions) | (Persons/Vehicle) Mile) Mile) (Trillion BTU)
Automobiles 143,549.6 1,515,370 2,424,592 1.6 5,983 3,739 9,0663
Personal Trucks 27,161.9 296,151 444,227 1.5 9,063 6,042 2,684.0
Motorcycles 4,259.5 9,672 13,401 1.4 2,497 1,783 23.0
Buses 588.7 6,944 18,327 17.0 23,334 1,376 23.9
Transit 59.8 2,163 21,127 9.8 36,647 3,735 162.8
Intercity 20.6 991 23,000 23.2 220,010 944 78.9
School 508.3 3,800 74,200 19.5 419,677 838 21.7
TheBus (Honolulu) 0.472 17.5 335 22.0 31,427 1,666 62.2
Air L 8,161 358,763 44,0 220,010 5,605 0.69
Certified Route (domestic) ! 3,964 345,763 87.2 419,677 4,811 1,795.5
General Aviation 212.2 4,197° 13,000 3.1 31,427 10,146 1,663.6
Recreational Boats 10,134.0 246.7
Rail 17.9 1,075 25,310 23.5° 73,581 3,126 79.1
Intercity 2.14 301 6,057° 20.1° 52,492 2,609 15.8
Transit 11.3 561 12,046 21.5° 74,153 3,453 41.6
Commuter 4.5 213 7,207 33.8° 101,878 3,011 21.7

Source: Transportation Energy Data Book: Edition 13, March 1993 and Oahu Transit Service, 1994,

Notes:

1) Data are not available.

2) Nautical miles.

3) Based on passenger train car-miles.

4) Sum of passenger train cars and locomotive units.

5) Passenger train car-miles.
6) Revenue passenger miles.

7) Large system-to-system variations exist within this category.
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Table 3-6

Estimated Energy Effects of

Selected TCMs in San Francisco and Los Angeles

Policy Type . Effect on Fuel Consumption at Full Implementation
Rail Transit System | 800-1000 fewer gallons per day per mile of fixed rail
Expansion
Rail Transit Access | 0.2-0.4 percent reduction in fuel use from extensive subsidy of:
Service 1) station-area on-call services
2) employer shuttles
3) activity center shuttles
Bus Transit Headway | 0.2-0.6 percent reduction in fuel use for a doubling of existing bus
Improvements frequencies (subject to a threshold average load factor)
Fuel Price 20-25 percent reduction in fuel use for the first $1.00 (1990%) increase in

fuel price; about 10-15 percent reduction for the second $1.00 increase

Employee Parking Price

2-3 percent reduction from a $3.00 per day employee parking floor

Congestion Pricing

5-8 percent reduction in fuel use from elimination of all recurring delay

Pedestrian-Oriented
Development (POD)

0.04-0.08 percent reduction in total regional fuel use for each 1 percent
of new residential development in PODs

Increased Density Near
Transit

0.02-0.1 percent reduction in total regional fuel use for each 1 percent of
new residential development in higher-density conditions

Source:

Callifornia Energy Commission, February 1994.
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3.5 CONCLUSIONS

This section has presented several strategies for reducing energy demand in the state's
transportation sector. While it is of interest to note energy-saving trends in the air and marine
sectors, there is little opportunity for state or local governments in Hawaii to effect change in
those sectors. Consequently, the state should focus its transportation energy-saving efforts on
the ground sector.

The conservation option most powerfully and most easily quantified is improving vehicle fuel
efficiency. Regardless of whether VMT could be reduced by other means, substantial
amounts of energy would be saved with vehicle fuel efficiency improvements. Implementing
vehicle efficiency improvements is discussed in Chapter 11.

It is quite difficult to determine the energy effectiveness of the many TCMs that have been
presented in this section, either individually or working in synergistic combinations. Those
measures that show the greatest energy-saving potential in the short- and mid-term operate by
reducing total regional VMT through travel mode shifts away from SOVs, or by decreasing the
need for travel. Different strategies work best on different sectors of the travel market. For
example, home to work trips are perhaps best addressed by measures that encourage non-
automobile travel models (e.g. transit), and higher utilization rates of automobiles (e.g.
rideshare, HOV facilities). Shopping and errand trips are perhaps best addressed through
encouragement of non-automobile modes (e.g. transit, walking) and appropriate land use
patterns. Home to school trips could be addressed by other options (e.g. HOVs, educational
institution actions). Therefore, a complete package to reduce VMT must take into account
various trip purposes, the many implementation issues associated with each measure, and the

synergies between TCMs. |t is notable, however, that transit has a role in almost every travel
market.

In addition, if measures are taken to reduce SOVs, alternatives with sufficient capacity and
service must be available to satisfy the demand. Therefore, TCM measures must be
implemented with a systems perspeciive.

Because of the update of the Oahu Regional Transportation Plan presently being conducted
by OMPO, it is possible to estimate the energy savings associated with certain combinations
of TCMs. Estimates of future regional VMT and also data suitable for the method of Shrank, et.
al. (1993), which estimates energy waste associated with congestion, have been produced.
This analysis indicates that by the year 2020, as much as an 18 percent energy savings could
result from an aggressive suite of TCMs, including road pricing. Therefore, aggressive TCMs
could substantially affect energy demand.

Improved transit service in association with some roadway improvements could yield a savings

of around eight percent, and a rail/bus or electric bus system could displace a substantial
amount of petroleum if non-petroleum fuels were utilized to generate the electric power.
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Regional VMT has been identified as the key parameter for assessing a transportation
project’s impact on energy demand. It appears from this analysis that the following offer the
most opportunity for decreasing regional VMT and energy demand:

Public transit expansion;

Transportation management associations;
Actions by educational institutions;

Land use patterns;

HOV facilities; and

Automobile use limitations.

Therefore, from an energy perspective, these TCMs should be encouraged. A discussion of
whether it is sufficient to merely enhance the attractiveness of HOVs, without also providing
disincentives for SOVs, is deferred to Chapter 11.

In conclusion, fleet efficiency improvements, and particular TCMs, including appropriate land
use patterns, should all be part of a balanced approach to energy savings. DBEDT should
continue to work with SDOT, OMPO and the counties to evaluate the energy impacts of
proposed transportation improvements. Also, since fuel prices have an effect on trip
generation and/or mode choice, further analysis on the possible impact of fuel price increases
on travel behavior and energy demand would be of interest.
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CHAPTER 4

AN INTRODUCTION TO ALTERNATIVE
TRANSPORTATION FUELS







4.1 INTRODUCTION

As discussed in Chapters 2 and 3, even with energy conservation transportation energy
demand is expected to increase.! However, this demand need not be satisfied with
petroleum. Alternative fuels? have the potential to satisfy some of this energy demand, and
appear to offer some advantages over petroleum including:

e increased security of supply for alternative fuels made from local resources;
o lower air emissions; and

¢ beneficial effects on the local economy by retaining more energy dollars in Hawaii and
creating jobs rather than exporting these funds to the countries that control the oil supply.

Because of their potential, alternative fuels merit a more detailed evaluation. This chapter
introduces the alternative fuels that have been considered in this project,® describes past
governmental efforts to support alternative fuels, and estimates the potential for substituting
petroleum with alternative fuels.

4.2 ALTERNATIVE TRANSPORTATION FUELS

This study addresses the following alternative fuels:

¢ alcohols: methanol and ethanol;

e natural gas and synthetic natural gas;
e propane (LPG);

o electricity;

¢ biodiesels; and

In the long term, increases in corporate average fuel economy (CAFE) standards could produce a decrease in demand
compared to levels of the 1990's, but this is speculative.

As used in this report, “alternative fuel” refers to any non-petroleum source of power appropriate for motor vehicle operation.
This includes liquids and gaseous fuels as well as electricity. Consistent with the Energy Policy Act of 1982, propane is
considered as an alternative fuel in this report as well. An “alternative fuel vehicle,” as used here, refers to any vehicle
specifically designed to run largely on an alternative fuel. More specific definitions can be found in the Energy Policy Act of
1902,

The selection of which particular alternative fuels best satisfy Hawaii's energy goals and circumstances is deferred to
Chapter 5.




e hydrogen.

Tables 4-1 and 4-2 summarize some key characteristics of the alternative fuels, and Tables
4-3, 4-4, and 4-5 list some alternative fuel vehicles (AFVs) which were built or were in
production in mid-1993. Offerings of AFVs change quickly, so this information is provided only
to give an example of AFV availability.

4.2.1 METHANOL

4.2.1.1 Introduction

Methanol, CH3OH, is a liquid at room temperature. Since methanol was formerly produced
from wood, it was commonly referred to as “wood alcohol.” Most methanol is now produced
from natural gas (methane), although it can also be produced from biomass or by gasifying
coal. At present, natural gas-based methanol is cheapest.

Total world production of methanol is currently about five billion gallons per year. This amount
could power approximately five million automobiles. However, most methanol is used as a
feedstock for plastics, copier fluid, windshield wiper fluid, antifreeze, model airplane fuel, and
octane enhancer.

Methanol is an excellent motor vehicle fuel and has been used for many years in selected
applications such as racing.* Its high octane value (over 100) permits its use in high
compression, high output engines.

As a transportation fuel, methanol is used in the following forms:

e M100 (100 percent methanol);
e M85 (85 percent methanol, 15 percent gasoline);

o Methyl Tertiary Butyl Ether (MTBE), an oxygenate which can be blended in small amounts
with gasoline and used in conventional vehicles to reduce emissions and enhance octane;
and

e small amounts of pure methanol as an oxygenate in gasoline (typically five percent
methanol).

Manufacturers have produced automobile, truck and bus engines that use methanol. M85 is
commonly used in spark ignition automobile engines while M100 is used in compression
ignition heavy-duty engines.

The Pacific International Center for High Technology Research and the Hawaii National Energy
Institute are developing a demonstration-scale biomass gasifier on Maui to produce a fuel gas
mixture from biomass, ultimately resulting in the production of methanol. A project funded
primarily by the U.S. Department of Energy National Renewable Energy Laboratory and the
State of Hawaii seeks to produce methanol from indigenous biomass.

4 lts high heat of vaporization provides air cooling that resuits in a “turbocharger” effect.
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Table 4-1

Properties of Transportation Fuels

No. 2 CNG
Property Gasoline Diesel Fuel Methanol Ethanol MTBE Propane {(Methane) Hydrogen
Mixture of Hydrocarbons

Chemical Formula Csto Cyp Csto Cas CH40H CoHsOH (CH3)COCHS3 CaHs CHa Ha
Density, Ib/gal @ 60°F 6.0-6.5® 6.7-7.4@ 6.63® 6.61® 6.19™ 4.22 1.070 -
Boiling temperture, °F 80-437® 370-650' 149 1720 131 -44 -259 -4,230
Reid vapor pressure, psi 8-15® 0.2 4.6© 2.3 7.8 208 2,400 =
Octane no.

Research octane no. " 90-100¥ - 107 108 1160 112 = 130+

Motor octane no. " 81-90® - 92 92 1010 97 = -

(R+M)/2 86-94© N/A 100 100 108® 104 120+ =

Blending octane ™ = - 1157 111@® 110@ o= - -
Latent heat of vaporization

Btu/gal @ 60°F 900 (approx.)® 700 (approx.)® 3340® 2378® 863 775 - -

Btu/lb @ 60°F 150 (approx.)® 100 (approx.) 506® 396® 138% 193.1 219 192.1¥

Btu/lb air for stoichiometric

mixture @ 60°F 10 (approx.)® 8 (approx.) 78.4®) 44®) 11.8 = - -
Heating value @

Lower (liquid fuel-water

vapor) Btu/lb 18,000-19,000  18,000-19,000 8,570® 11,500 15,100" 19,800 21,300 51,532

Lower (liquid fuel-water

vapor) Btu/gal @ 60°F 115,000 128,400 56,800% 76,000% 93,500 84,500 19,8001 -

Adapted from U.S.DOE, Energy Information Administration, Alleratives {o Traditional Transportation Fuels: An Overview.

Notes:

M Octane values are for pure components, Laboratory engine Research and Motor octane rating procedures are not suitable for use with neat oxygenates. Oclane values obtained by
these methods are not useful in determining knock-limited compression ratios for vehicles operating on neat oxygenates and do not represent octane performance of oxygenates when

blended with hydrocarbons. Similar problems exist for cetane rating procedures.
@ since no vehicles in use, or currently being developed for future use, have powerplants capable of condensing the moisture of combustion, the lower heating value should be used for practical comparisons between fuels.

O Calculated.

“ pour Point, ASTM D 97 from Reference (c).

¢} Based on Celane.

© For compressed gas at 2,400 psi.
™ At 5% in gasoline

@ At 10% In gasoline

19 At 15% in gasoline

Sources:

) The basis of this table and assoclated reference was taken from : American Petroleum Institute, Alcohols and Ethers, Publication No. 4261, 2nd ed. (Washington, OC, July 1988), Table B-1.

®) *Alcohols: A Technical Assessment of Their Application as Motor Fuels,” APl Publication No. 4261, July 1976.

) Handbook of Chemistry and Physics, 62nd Edition, 1981, The Chemical Rubber Company Press, Inc.

(9 \Digsel Fuol Oils, 1987, Petroleum Product Surveys, National Institute for Petroleum and Energy Research, October 1987.




Table 4-1
Properties of Transportation Fuels
(Continued)

) ARCO Chemical Company, 1987.
O MATBE, Evalualion as a High Octane Blending Component for Unleaded Gasoline," Johnson, R.T., Taniguchi, B.Y., Symposium on Octane in the 1980's, American Chemical Society, Miaml Beach Meeting, Sept. 10-15, 1979.

9 *Status of Alcohol Fuels Utilization Technology for Highway Transportation: A 1981 Perspective,’ Vol. 1, Spark-Ignition Engine, May 1982, DOE/CE-56051-7.

™ American Petroleum Institute Research Project 44, NBS C-461.

® Lang's Handbook of Chemistry, 13th Edition, McGraw-Hill Book Company, New York, 1985.

® *Data Compilation Tables of Propetties of Pure Compounds,' Design Inslitute for Physical Property Data, American Instilute of Chemical Engineers, New York, 1984.

™ potroleum Product Surveys, Motor Gasoline, Summer 1986, Winter 1986/1987, National Institute for Petroleum and Energy Research.

® Based on Isoctane.

) Ap} Monograph Serles, Publication 723, ‘Teri-Butyl Methyl Ether,’ 1984.

©) gp America, Sohio Oll Broadway Laboratory.

) AP| Technical Data Book - Petroleum Refining, Volume I, Chapter I. Revised Chapter 1 to First, Second, Third and Fourth Editions, 1988.

©) Automotive Gasolines,” SAE Recommended Praclice, J312 May 1986, 1988 SAE Handbook, Volume 3.

(@ nternal Combustion Engines and Air Pollution,’ Obert, E.F., 3rd Edition, Intext Educational Publishers, 1973,

“ vatue at 80 degrees F with respect to the water at 60 degrees F (Mueller & Associates).

) National Institute for Petroleurn and Energy Research, Petroleum Product Surveys, Molor Gasolines, Summer 1992, NIPER-178 PPS 93/1 (Bartlesville, OK, January 1993), Table 1.

0 p, Dorn, A.M. Mourao, and S. Herbstman, ‘The Properties and Performance of Modern Automotive Fuels,” Soclety of Automotive Engineers (SAE), Publication No. 861178 (Warrendale, PA, 1986), p. 53.
® ¢, Borusbay and T. Nejat Veziroglu, *Hydrogen as a Fuel for Spark ignition Engines,’ Alternative Energy Sources Viil, Volume 2, Research and Development (New York: Hemisphere Publishing Corporation, 1989), pp. 559-560.
) Technical Data Book, Prepared by Gulf Research and Development Company, Pillsburgh, PA, 1962,

™) propertias of Alcohol Transportation Fuels, Prepared for U.S. Department of Energy by Meridian Corporation, 1991.



Table 4-2

General Comparison of Alternative Fuels

Fuel Advantages Disadvantages
Methanol | 1. Could be produced locally from Hawaii | 1. Not yet locally available as a fuel.
materials (“feedstocks”). 2. Price of methanol on a per-mile basis, in

2. Used for years in racing engines. Hawaii, would currently be more than for

8. California’s AFV program has focused on gasoline. New methods of fuel production
methanol; extensive data avaiiable. are expected to eventually make the fuel

4. Flexibly-fueled vehicles capable of operating price competitive with gasoline and diesel.
on M85 (85% methanol, 15% gasoline), 100% | 3. It takes 1.7 - 1.9 gallons of methanol to go as
gasoline, or any combination, are available far as 1 gallon of gasoline.
from major auto manufacturers for the same | 4. Imported methanol would predominantly be
price as gasoline vehicles. made from non-renewable natural gas.

5. Bus & truck engines which use 100%
methanol are available from major
manufacturers.

6. High octane.

7._Burns cleaner than gasoline.

Ethanol 1. Could be produced locally from Hawaii [ 1. Not yet locally available as a fuel.
materials (“feedstocks™). 2. In order for ethanol to be blended (10%) in

2. Can be blended (up to 10%) with gasoline gasoling, the base fuel may need to be
and used in existing cars. Blending gasoline adjusted and blending equipment may need
with 10% ethanol raises fuel octane about 3 to be installed.
points. 3. Current market price of ethanol is more than

3. Flexibly-fueled vehicles capable of operating for gasoline and diesel. New methods of fuel
on E85 (85% ethanol, 15% gasoline), 100% production from biomass are expected to
gasoline, or any combination, are available eventually make the fuel price competitive
from major auto manufacturers for the same with gasoline and diesel.
price as gasoline powered vehicles. 4. It takes 1.3 - 1.5 gallons of ethanol to go as

4. Bus & truck engines which use 100% ethanol far as 1 gallon of gasoline.
are available from major manufacturers.

5. Burns cleaner than gasoline.

6. High octane.

7. Non-toxic.

8. Made from renewable sources.

Propane 1. Has been used in Hawaii as a transportation | 1. Fossil fuel based (refinery byproduct or
fuel for over 25 years; infrastructure in place. natural gas reserves); non-renewable.

2. Conversions of existing vehicles and | 2. Must be stored under pressure.
technical support are available locally.

3. Light-duty trucks warranted for use with
propane are available from  major
manufacturers.

4. Reduced carbon monoxide emissions.

5. High octane.

Natural 1. Could be produced locally from Hawaii | 1. Fuel not locally available, and not economic
Gas materials (“feedstocks”). to import to Hawaii.

2. Bus and truck engines capable of operating | 2. Compressed natural gas (CNG) has to be
on natural gas are available from major stored at very high pressure (2500 psi).
engine manufacturers. 3. Refueling equipment is expensive; refueling

3. Burns cleaner than gasoline. may take several hours.

4. Liquefied natural gas (LNG) must be stored
at very low temperatures, requiring special,
insulated tanks (-260°F).

5. It takes 3.6 gallons of CNG or 1.6 gallons of
LNG to go as far as 1 gallon of gasoline.

Hydrogen | 1- Extremely low emissions. 1. In the research and development stage.

2. Renewable; can be made from many different | 2. Not yet commercially available.

materials, including water.
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Table 4-2 (continued)

3.

4.

5.

materials (“feedstocks”)
cooking oils.

including waste

May be blended with regular diesel and used
in existing diesel engines with minimal
modification.

Biodiesel blends reduce emissions of

particulates and smoke.

One gallon of biodiesel will go as far as one
gallon of regular diesel.

Made from renewable sources.

Fuel Advantages Disadvantages
Electricity 1. Electricity could be produced locally from | 1. Currently available vehicles have range of
Hawaii materials including biomass, solar or less than 200 miles between charges.
wind power. . Standards and infrastructure for battery
2. A major part of the necessary infrastructure charging and vehicle servicing are still under
(electrical distribution system) is already in development.
place. . Electric vehicles cost more than their
3. Fuel cost is less per mile than gasoline or gasoline counterparts; although higher
diesel. volumes of production would reduce this
4. Electric power plants and electric vehicles difference.
are more energy-efficient than internal- { 4. Current electric-only vehicle technology is not
combustion engines. appropriate for long distance heavy-duty
5. No tailpipe emissions, and reduced overall truck and bus applications.
emissions. . Disincentives to daytime charging from the
6. Charging at night (off-peak) would provide grid must be put into place to avoid
operational benefits to electric utilities which increasing demand for electricity during peak
currently have a nighttime energy demand demand periods.
below their optimum minimum.
Biodiesel | 1. Could be produced locally from Hawaii { 1. Still undergoing testing and certification.

. Not a gasoline replacement. For use in diesel

engines only.

. Retail price of biodiesel is much more than for

regular diesel.

Source: State of Hawaii, DBEDT, 1993.

Note:
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For more information refer to the Hawaii Energy Strategy Project 2 (State of Hawaii, DBEDT, 1993).




Table 4-3

Alternative Fuel Vehicles
(listed vehicles have been built or were in production as of mid-1993)

Light- and Medium-Duty Internal Combustion Engine

Fuel Vehicle Type Manufacturer Model'
Methanol? Minicompacts Nissan NX1600 g
Subcompacts Toyota Corolla
Compacts Ford Escort
Mazda Protege
Nissan Stanza
Volkswagen Jetta(‘92)
Mid-Size Sedans Chrysler Concorde
Dodge Intrepid
Dodge Spirit ('92, ‘93)
Eagle Vision
Plymouth Acclaim (‘92, '93)
Ford Taurus (91, ‘93)
General Motors Chevrolet Corsica
Chevrolet Lumina ('91, '92, '93)
Mitsubishi Galant
Volvo 940
Luxury Sedans Mercedes 300S
Station Wagons Ford Crown Victoria (‘89, ‘90)
Vans Chrysler Plymouth Voyager
Ford Econoline ('92)
Natural Gas Passenger Cars Chevrolet Caprice (conversion-ready)
Station Wagons Chrysler Dodge B-Series
Ford Crown Victorias
Vans Chrysler Dodge B-Series
Ford Forthcoming
Pick-Up Trucks Chevrolet C1500-Series
Chevrolet C2500-Series
Ford Ranger
GMC Sierra 1/2 ton
GMC Sierra 3/4 ton
Medium Duty Trucks | Ford F-Series
Propane Station Wagons Chevrolet Suburban 5.7L
Vans Chevrolet 5.7L engine
Ford Econoline E150/E250
Pick-up Trucks Chevrolet 3/4 and 1 ton
Medium Duty Trucks | Chevrolet 366/427 CID engines
GMC 366/427 CID engines
Ford 429 CID engine

Notes:

1) Model Year information is shown for vehicles which have been produced in volumes of 100 or more.
2) Vehicles are marketed as methanol vehicles.
adjustments, GM, Ford and Volkswagen have completed necessary testing for calibration.

4-7
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Table 4-4

Electric Vehicles
(listed vehicles were under development,
have been built, or were in production as of Mid-1 993"2)

Class of Manufacturer

Vehicle Type Manufacturer Model
These Original Equipment Passenger Cars BMW E1 (Europe), E2 (U.S.)
Manufacturer (OEM) Chrysler EPIC EPIC
vehicles are under Fiat Panda Elletra, Cinquescent
development and some are Ellectra
expected to be available for
sale to the public around
1998
Ford Commuter Car | No model yet identified
General Motors Impact
Mazda Miata
Nissan Cedric, FEV
Peugeot Model 106 size
Renault Zoom, Master, Express,
Electro-Clio
Volkswagen Chico, Golf/Jetta
Volvo Gas turbine hybrid concept
car
Vans Chrysler TEVan
Ford Ecostar
GM Conceptor G-Van
Peugeot small van
Renault Express Van
Small EV Producers Passenger Cars AC Propulsion ELX (converted Honda
CRX)
California Electric | 2-person sports car
Cars
Solar Car Corp. Festiva Electric
Solectria Converts new & used

U.S. Electricar

Force (converts new 2 & 4
seaters)

Pick-Up Trucks Solar Car Corp. Converts mainly Ford
Shuttle Buses Bus Manufacturing | Forthcoming
USA
Clean Air Transit 22-passenger
Nordskog 22- and 26-passenger
Manufacturing 22-, 26-, and 31-passenger
Eldorado
Three-Wheelers or | Cushman 500 lb capacity
Other Small | Nordskog Various
Specialty Vehicles | Sebring Auto-Cycle | Zzipper
Taylor-Dunn Various
Suntera

Notes:

1)  Prototype electric versions of models other than those listed here may have been developed at one time. (e.g. Mazda has

developed over 70 prototype EVs since the 1970s.)

2) This is not a complete list. Virtually all major manufacturers have EV programs and a large number of small manufacturers or
converters exist of which only a few are represented here. In addition, many component manufacturers exist and are not listed

here.
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Table 4-5

Medium- and Heavy-Duty Alternative Fuel Engines

(listed vehicles were available as of mid-1993 as production models,
or were expected to be in production in the next several years
in the absence of specific regulatory or economic impetus')

Fuel Manufacturer Engine Typical Application
Methano!? DDC BV-92TA, 253HP* Urban Bus, Some Off-Road
BV-92TA, 277HP* Urban Bus, Some Off-Road
B6L-71TA Primarily Off-Road
4L-71TA Primarily Off-Road
Ethanol (E95) DDC BV-92TA, 253HP* Urban Bus, Some Off-Road
BV-92TA, 277HP* Urban Bus, Some Off-Road
Natural Gas Caterpillar 3306, 250HP
3406, 350HP
Cummins L10, 240HP
L10, 270HP
6B, 195HP
DDC B6V-92TA, PING 253HP
B6V-92TA, DING 253HP
B6V-92TA, PING 277HP
BV-92TA, DING 277HP
6V-92TA, PING 300HP
6V-92TA, DING 300HP
GM 8.2L., 175HP
Tecogen/GM 4.27, 213HP
Hercules 3.7L, 130HP
5.6L, 190HP
Mercedes-Benz M 366G, 148HP
Navistar 7.3L, 210HP
Tecogen TecoDrive 7000
Volvo Bus Corp. 9.9L, 250HP
Propane Ford 429 CID Truck
F-600
F-700
GM 366/427 CID Truck
5.7L, pick-ups, vans,
suburbans,
Convert on delivery
lveco 240HP
Mercedes 220HP
Notes:

1) Based on conversations with OEMs, only DDC will supply alcohol heavy duty engines in the absence of large demand. DDC
has essentially no lower production limit. Caterpillar and Navistar, the two other OEMs well positioned to offer methanol
engines, are not yet certified and would only respond to a large demand, on the order of thousands of sales per year.

2) DDC engines certified on M100, M85, and M99 with 1% avocet.

bl

Engines are fully certified and available for sale.
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In addition, since methanol can be produced by the gasification of coal, the Hawaiian Electric
Company (HECO) has studied the installation of a coal gasifier at the Kahe Point station which
could produce methanol using Babcock and Wilcox technology.

Technology for the commercially successful production of methanol from biomass may be
ready in the near- to mid-term. The production scale of commercially feasible biomass to
methanol facilities is expected to be relatively large (on the order of 100 million gallons per
year) to spread the cost of the necessary equipment over a relatively large volume.

4.2.1.2 Methanol Vehicle Availability by Sector

4.2.1.2.1 Ground Sector

In the 1980s, manufacturers began to deploy small numbers of methanol cars, particularly in
California where interest in very low emission vehicles encouraged a detailed look at clean
alternative fuels. Methanol appeared to have a chance of becoming an acceptable substitute
for gasoline based on its performance and projected cost. However, as these vehicles were
“dedicated” vehicles which could not operate on gasoline, they did not attract much user
interest due to the limited number of methanol refueling stations and their reduced range.®

The adoption of the Alternative Motor Fuels Act credits in 1988 (the Alternative Motor Fuels Act
is discussed in Section 4.3.1) added impetus to interest in methanol. Flexible-fuel® technology
developed as a response to limited methanol availability at refueling stations. In 1988, the
Department of Business, Economic Development and Tourism (DBEDT) and the Hawaii
Natural Energy Institute (HNEI) began a demonstration of seven M85 vehicles. Ford deployed
210 flexible-fuel Crown Victorias in California and elsewhere in 1989 and 1990 and 180 1991
flexible-fuel Taurus sedans. GM placed 200 1991 Chevrolet Luminas. Volkswagen placed
slightly more than 300 flexible-fuel Jettas. In 1992, Ford provided 200 flexible-fuel Econoline
vans or Club Wagons, and Chevrolet placed 1,200 flexible-fuel Lumina sedans. Other
manufacturers provided small numbers of vehicles as well.

In 1993, Chrysler won a major contract with the General Services Administration (GSA) under
the Alternative Motor Fuels Act for 2,500 fiexible-fuel Plymouth Acclaim and Dodge Spirit
sedans, of which 500 were to be deployed in California. Ford also accepted orders for 2,500
1993 Taurus sedans, and Chevrolet and Chrysler had campaigns to place as many Luminas,
Acclaims, and Spirits as possible. Orders for these cars may have amounted to roughly 1,000
vehicles. Prior to these introductions, about 8,000 methanol fuel flexible vehicles (FFVs) were
operating in California. Also in 1993, DBEDT and HNEI began another methanol FFV
demonstration program.

In the 1995 model year, Ford offered the Taurus in both ethanol-and-methanol-flex fueled
versions. Chrysler offered the Dodge Spirit, Plymouth Acclaim and Dodge Intrepid.
Manufacturers have been vague about future plans. Privately, they indicate that the need to
demonstrate flexible-fuel technology has been met, and that customer responses have been
studied to an extent sufficient to plan future marketing strategies. Continued manufacture of

5 Unless the manufacturer supplies a larger fuel tank, methanol vehicles tend to have a reduced range because the energy
density of methanol is about half that of gasoline.
§ A flexible-fuel (or variable-fuel) vehicle is one that can burn variable blends of two or more fuels.
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2,000 to 4,000 FFVs per year is not economical. Thus, although manufacturers could supply a
substantial number of methanol/gasoline light-duty vehicles, they will not be likely to do so
except to meet the Energy Policy Act (EPACT) requirements which began in the 1993 model
year. Given these observations, it is the conclusion of most observers that the automakers
would devote themselves to preparing for the government fleet sales requirements of EPACT.

Methanol engines and vehicles are also available in the heavy-duty sector. Detroit Diesel
Corporation (DDC) produces methanol 6V-92TAs. The 253 horsepower (hp) and 277 hp
versions are emission-certified on M85, M100, and M99 with one percent Avocet.” This engine
dominates the urban bus market® DDC has stated it would sell even small numbers of
methanol 6V-92TAs each year because its development costs have been spent and its
strategy is now to sell such engines even in small numbers (Miller, 1993).

Vehicles are less available between 6,000 pounds and 26,000 pounds (classes 3 through 6).
This may be rectified to some degree by DDC's recent development of a methanol/Avocet
version of their 4-71 engine which, as part of a demonstration program, will be installed in
10,000 pound to 12,000 pound school buses in Sacramento.® DDC has stated that suitable
methanol engines could be commercialized quite easily with sufficient demand (Miller, 1993).

Other manufacturers such as Caterpillar and Navistar® have developed to near-commercial
stages methanol versions of heavy-duty engines that serve a large segment of the truck
market. However, they do not expect to make these engines commercially available because
they do not see a growing market for heavy-duty methanol vehicles and need an annual
deman1<11 of thousands of engines before committing to production (Baranescu, 1993; Gove,
1993).

4.2.1.2.2 Aijr And Marine Sectors

Ship engines could be designed to operate on methanol, but since alcohols are miscible with
water, there is concern that, on-board a ship, water would contaminate an alcohol fuel and
introduce salt into the engine. In addition, regulations have not been established nor are
expected which would require alternative fuel engines for marine applications. With respect to
alcohol-fueled aircraft, the focus is on ethanol (see Section 4.2.2).

Avocet is a proprietary additive package that includes an ignition improver, a lubricating additive, and a corrosion inhibitor.

The 6R-92TA engine is appropriate for Class 7 and Class 8 trucks. However, it is not currently sold into the truck market. DDC

is attempting to break into the truck market with this methanol engine and has 300 hp and 350 hp versions of the methano! 6V-

92TAs operating in the current California Energy Commission (CEC) heavy-duty truck demonstration in Southern California.

DDC is also demonstrating a methanol 300 hp 6L-71 engine as part of the CEC program, but this engine series is not typically

found in trucks either. Both engines are used to power off-road equipment.

The 4-71 is typically used in off-road equipment.

10 Methanol versions of the diesel 3306 and 3406 DITA engines have been developed and demonstrated. A methanol DT-466
has been developed and demonstrated.

" There have been difficulties reported during the Los Angeles County Metropolitan Transportation Authority’s methano! transit

bus demonstration program, the nation’s most ambitious methano! bus program. However, a staff assessment has concluded

that the mechanical difficulties associated with the introduction of the methano! buses were not substantially different or more

serious than mechanical difficulties experienced in the past with the introduction of a new diesel bus design. Few of the

problems were fuel-related.

9
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4.2.1.3 Conclusions

For the purpose of this analysis it is assumed that enough methanol flexible-fuel light duty

vehicles will be available through the 1990s to satisfy fleet demands under the AFV purchase
requirements of EPACT."

4.2.2 ETHANOL

4.2.2.1 introduction

Ethanol, CH3sCH,OH, is produced from ethylene or biomass. Ethylene is derived from natural
gas or petroleum in large volumes worldwide. Biomass has been fermented to produce
ethanol for thousands of years. Any substance which contains sugar or can be converted to
sugar (such as starch or cellulose) may be used as the biomass feedstock. In addition to
being used as a fuel and as a beverage, ethanol can be used as a solvent or in the
manufacture of drugs, plastics, lacquers, perfumes, and other products (Encyclopedia_of
Chemical Toxicology, 1980).

Like methanol, ethanol is well suited to be a motor fuel. lts high octane permits its use in high
compression engines, resulting in increased efficiency and power output. Ethanol can be
used in motor vehicles in a number of forms, including:

e Gasohol or E10 (ten percent ethanol, 90 percent gasoline);
e “Diesohol” or E30 (30 percent ethanol, 70 percent diesel);™

e EB85 to E95 (“neat ethanol”) (85 percent to 95 percent ethanol, five percent to 15 percent
gasoline or other hydrocarbon); and

e Ethyl Tertiary Butyl Ether (ETBE), an oxygenate made from ethanol which can be blended
in small amounts with gasoline to reduce emissions and enhance octane.

The United States produced about 875 million gallons of fuel ethanol in 1991 and has been
exporting fuel ethanol to Brazil since 1989."

One inoperative ethanol plant now exists in the state on Maui. The facility was originally built
for rum manufacture but has been inoperative since 1985. The capacity of the plant is about
one million gallons of ethanol per year. A two million gallon per year facility, originally built for
ethanol production but later used to make rum from molasses, was built in 1985 at Campbell
Industrial Park on Oahu. This facility was recently dismantled (Shigeta, 1993).

12 These purchase requirements are considered to be modest, and are discussed in more detail in Section 4.3.1.

'3 Diesoho! is not yet a proven fuel. Preliminary work indicates that a blend of 30 percent ethano! and-76& percent diesel, including
some additives, could be used directly in an unmodified diesel engine (Holland et. al., 1992).

4 |n 1975, Brazil embarked on a large program to displace petroleum in their ground transportation sector by ethanol, and has
been able to achieve 50 percent substitution. There are now more than four million ethano! vehicles in Brazil.
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Prospects for ethanol production in Hawaii may now be brighter because of such factors as
the following:

¢ Since sugar cane is a good feedstock for ethanol, the infrastructure for cane production
already exists, and gasoline blended with low levels of ethanol may be used in unmodified
gasoline engines, ethanol production is seen by some as a near-term way to.support the
agriculture industry.

¢ Grants from the National Renewable Energy Laboratory were recently awarded to the
Pacific International Center for High Technology Research in association with others™ to
evaluate new technology for ethanol production from bagasse in Hawaii.

s Entrepreneurs continue to approach the state for support in developing ethanol facilities.

The commercial feasibility of ethanol production is related to the price of petroleum and

technological improvements to increase yield. Policy aspects of state support for ethanol
production are discussed further in Chapter 10.

4.2.2.2 Ethanol Vehicle Availability by Sector

4,2.2.2.1 Ground Sector

The vehicle technology for methanol and ethanol is essentially the same, differing only in the
calibration of the fuel delivery system and fuel composition sensor (Barnes, 1993).%

In fact, converting a methanol vehicle to run on ethanol would only involve essentially software
changes. The conversions could potentially be performed at a dealer's shop."”

General Motors (GM), Ford and Volkswagen have completed the testing necessary to optimize
their FFVs to run on E85. GM provided 50 flexible-fuel Chevrolet Luminas calibrated for
ethanol operation that are being demonstrated in the Midwest, and converted two M85
vehicles for the California program. Volkswagen produced 1992 Jettas that would run on E85.
Ford’s 1995 Taurus is available with methanol and ethanol flexible fuel options. In 1996, GM
will offer ethanol flexible-fuel pickup trucks.

Gasoline blended with low levels of ethanol (gasohol) can be used in unmodified engines.
Gasohol use has been widespread since the oil crisis of the 1970's, and all major vehicle
manufacturers include gasohol under their warranty coverage (State of Hawaii, Department of
Business, Economic Development and Tourism, 1991). Another way to incorporate relatively
low levels of ethanol into unmodified engines is through-ETBE, a fuel oxygenate that satisfies
air quality requirements on the mainland.

5 AMOCO, Cargill, C. Brewer, HELCO, HEI, Hawaii County, UH, HNEI and the Hawaii Agricultural Research Corporation.

'8 Three-way FFVs (methanol, ethanol and gasoline) could perhaps be developed. SAAB has performed research, but efforts
have been frustrated by the need for a fuel composition sensor capable of measuring relative amounts of ethanol, methanol,
and gasoline (Barnes, 1993).

17 The conversion would include changing the “chip” that integrates the signal from the alcoho! sensor with engine performance.
The manufacturer's cost of conversion may be $40, especially if large numbers of vehicles were being converted.
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Preliminary indications are that a blend of 30 percent ethanol and 70 percent diesel
(“diesohol”) could be used in unmodified diesel engines." Full-scale durability and field testing
has not yet occurred, however (Earle, 1993).

DDC has certified its 253 hp and 277 hp 6V-92TA for E95. Fourteen transit buses using this
engine are in operation in Peoria, lllinois. Little ethanol development of heavy-duty truck
engines has occurred, however.

4.2.2.2.2 Air And Marine Sector

Ethanol engines for marine vessels are not expected for the reasons described in
Section 4.2.1.2.2. Recently, however, an aircraft engine series was certified on ethanol.” It is
not expected, however, that aircraft regulations would encourage the production of alternative
fuel aircraft engines on a significant scale.

4.2.2.3 Conclusions

Because of the basic convertibility of methanol and ethanol FFVs, the availability of ethanol
FFVs could match the availability of methanol FFVs. However, a petroleum substitution
strategy has to adapt to the vehicles that manufacturers provide, and of the two alcohols, most
FFVs are being manufactured for methanol.

4.2.3 NATURAL GAS AND SYNTHETIC NATURAL GAS

4.2.3.1 Introduction

Commercial natural gas is a blend of gases, mostly methane (CH,) but also ethane, propane,
butane and small amounts of other gases.

Most natural gas is produced from oil and gas-producing wells. Methane is also produced by
the anaerobic decomposition of biomass, such as occurs in landfills and sewage treatment
plants. Sometimes this methane is recovered and used.

Natural gas is an excellent vehicle fuel, burning very cleanly with a high octane value
permitting efficient high-compression engines. However, it is difficult to store enough natural
gas on a vehicle to provide adequate range. Since the amount of energy in a cubic foot of
natural gas at ordinary pressure is very low, the gas must either be stored as compressed
natural gas (CNG) at very high pressures (generally between 2,400 pounds per square inch
and 3,600 pounds per square inch), or as liquefied natural gas (LNG) at very low
temperatures. Therefore, natural gas appears best suited for medium-duty and heavy-duty
trucks and buses, where fuel storage volume is more easily provided than in smaller vehicles.

18 Greenbranch Enterprises has performed testing of this blend, which includes a proprietary additive, with favorable results.

9 Researchers at Baylor University in Waco, Texas, certified an aircraft engine series on ethanol in March, 1990. FAA certification
is required for an engine to be used in civil commercial applications. The engine used for testing was a 260 horsepower (2,700
rpm) Avco Lycoming AE1I0-540 D4A5 engine with 6 cylinders, parallel valves, and fuel-injection (Ninth International
Symposium on Alcoho! Fuels, Volume 2).
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Hawaii does not have natural gas. Oahu has a fuel gas locally known as “synthetic natural
gas” or SNG. This gas is distributed by pipeline to a relatively small number of customers in a
limited area of Honolulu.

The chemical composition of local SNG is highly variable, being a blend of refinery byproducts
in stock at the time mixed to achieve a relatively constant energy content. This SNG could not
be used as a motor fuel. Although some methane could be produced from landfills and
sewage treatment plants, volumes would be small and the methane would not have the
competitive pricing with petroleum that it has on the mainland. Natural gas on a commercial
scale would need t6 be imported, and the development of infrastructure to support the
importation of natural gas is not expected (State of Hawaii, DBEDT, 1993).

4.2.3.2 Natural Gas Vehicle Availability by Sector

4.2.3.2.1 Ground Sector

Manufacturers believe that on the mainland, natural gas will be a formidable competitor of
petroleum outside of the light-duty passenger automobile category.® Therefore, the
manufacturers are beginning to offer a fairly wide range of buses, vans, wagons, and pick-up
trucks. Hundreds of transit buses around the nation are now operating on natural gas.?
Chrysler plans to supply natural gas vans and wagons in the B250/B350 series and Chevrolet
will supply C1500 series pick-up trucks (gross vehicle weight 6,100 pounds). Cummins has
recently certified in California a natural gas version of its L10 engine.

Ford has shown several natural-gas versions of the Crown Victoria sedan, and Chevrolet will
also supply several thousand natural gas versions of the compact Corsica sedan.?2 However,
the ability to store sufficient fuel onboard is a significant problem for passenger cars. Ford
recently announced a $50 million program to develop dedicated natural gas passenger cars
by the mid 1990s, but these cars would not go into production for several years (New Fuels
Report, 1993).

4.2,3.2.2 Air And Marine Sector

A few natural gas vessels are or will soon be operating around the U.S.: an LNG supply boat
and CNG crew boat are in construction in Santa Barbara, California, and a CNG ferry boat is
in operation on the Chesapeake Bay. However, no factors are motivating the production of
natural gas-fueled marine engines. There are rumors of an LNG-fueled U.S. military jet (Spy in
the Sky, 1992).

2 |t appears likely that EPACT requirements for fleet purchase requirements in the light-duty truck sector from about 4,000
pounds gross vehicle weight (GVW) to the EPACT upper limit of 8,500 pounds GVW will be met primarily by natural gas and
propane. EPACT's requirements are described in Section 4.3.1.

21 For example, Sacramento Regional Transit recently acquired 75 new buses powered by Cummins L10 CNG engines. Houston
Metro currently operates 60 LNG transit buses (Houston Metropolitan Transit Authority, 1993). The Metropolitan Transit
Authority in New York City operates CNG buses.

Each Corsica will have, in addition to the conventional gasoline tank, a storage capacity for natural gas equivalent to four
gallons of gasoline. This apparently illogical product, having such a limited onboard storage capacity for natural gas, is
interpreted as a response to GSA desires to fill out the orders in the 1993 EPACT procurement with natural gas vehicles.
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4.2.3.3 Conclusions

Natural gas vehicles will be available in increasing number and model lines in weight classes
around 6,000 pounds and over from now through 2014. However, with no natural gas supply
system likely to be developed in Hawaii, natural gas AFVs do not appear feasible here. The
lack of a role for natural gas vehicles in Hawaii is a significant difference from the alternative
fuel picture that is developing on the mainland.

4.2.4 PROPANE

4.2.4.1 Introduction

Commercial LPG, a blend of propane (CsHg) and other liquid hydrocarbons, is commonly
referred to as simply “propane”. Hawaii consumes about 30 million gallons of commercial
propane each year, most of which is produced as a refinery byproduct, but some of which is
imported (Freeman, 1992). Imported propane is also a refinery byproduct but can also be
produced from liquids obtained from gas and oil wells. In Hawaii, propane is trucked to
storage tanks for pipeline distribution for cooking, water heating, and other uses. Propane is
also dispensed in small containers to serve other fueling needs, such as barbecue grills. |f all
of this propane were used as a vehicle fuel, it could power about 50,000 light-duty vehicles.

Propane is an excellent motor fuel. It is clean burning and has a high octane value. Although
it is a gas at room temperature and normal pressure, it condenses to a liquid at pressures
around 100 pounds per square inch and is therefore readily storable in simple metal bottles. [t
has an energy density similar to that of gasoline, and therefore does not produce a significant
range penalty compared with an equal volume of gasoline. In contrast to the mainland,
propane in Hawaii is slightly more expensive than gasoline per unit of energy.

Vehicles can be built to use propane, or gasoline vehicles can be converted to burn propane.
The cost of a propane conversion is about $1,200 to $2,000 per vehicle.

There are roughly 400,000 propane vehicles in the U.S., and perhaps as many as 3,000 in
Hawaii (Freeman, 1992) including school buses, Handi-Van vehicles, cars, trucks, airport
support vehicles and forklifts. The City and County of Honolulu has 30 years of experience
with propane in transportation, and presently there are 139 city vehicles, or 11.5 percent of the
City's fleet, using propane.

In the drafting of the Alternative Motor Fuels Act, propane was regarded as primarily a
petroleum product rather than a true alternative fuel. This interpretation was changed in the

1992 National Energy Policy Act and propane was made eligible for the incentive treatment in
the calculation of corporate average fuel economy (CAFE).
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4.2.4.2 Propane Vehicle Availability by Sector

4.2.4.2.1 Ground Sector

Original equipment manufacturers® (OEMSs) offered a few models of propane-ready light
trucks in the 1970s because of the economic advantages of propane in some high-mileage
applications. When oil prices fell in the 1980s, OEMs ceased to offer propane-ready vehicles,
although many conversions of gasoline and diesel vehicles by aftermarket converters
continued to take place.®

Presently propane is used to fuel vehicles such as pick-ups, vans, medium duty trucks and
buses, and forklifts. Many of the older vehicles are converted from gasoline, but
manufacturers are now offering some propane-ready vehicles for upfitting. The vehicles would
be covered by OEM warrantees and service plans.

Both natural gas and propane are well suited to aftermarket conversions, which have provided
by far the greatest number of these vehicles. In the U.S., future conversions will be
complicated by greatly elaborated requirements for emissions certification. If the California
proposal is a model, certification will require durability testing, as well as the acceptance of
responsibility for warranties and potential recalls for defects related to emissions control
components. Future conversions may be done in close conjunction with the original vehicle
manufacturer, if at all. Therefore, conversions may not play a long-term role in the production
of AFVs, although they are likely to be important in the near term.

4.2.4.2,2 Air And Marine Sectors

No developments in propane use in the air or marine sectors have been identified.

4.2.4.3 Conclusions

A variety of propane vehicles are available, either through conversion or as OEM vehicles.
There is long experience with the technology worldwide, and Hawaii has experience with
propane vehicles, most of which were produced through conversions. In fact, the City and
County of Honolulu are proposing to convert 364 additional propane vehicles over the next
seven years to help satisfy their National Energy Policy Act requirements (National Energy
Policy Act requirements are described in Section 4.3.1).

Increased propane demand in the ground transportation sector would need to be satisfied by
increasing imports of propane, increasing local refinery production (which would require
increased importation of petroleum), or a redirection of the fuel away from current non-
transportation consumers.

2 OEMs describe the vehicle as produced at the manufacturing plant.
2 Aftermarket conversion is the process by which independent parties not associated with the original vehicle supplier instail
equipment to enable the vehicle to operate on other fuels.
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4.2.5 ELECTRICITY

4.2.5.1 Introduction

“Electric vehicles” (EVs) are broadly defined as those which are propelled by electric motors.
EVs come in many forms, such as:
e battery-powered vehicles (“battery-electric vehicles”);

e ‘“hybrid” vehicles that use more than one form of energy storage and/or more than one form
of propulsion;

o fuel cell vehicles that convert chemical energy directly to electric power; and

o vehicles powered by on-board solar cells.

EVs would allow transportation energy to be obtained from any fuel capable of producing
electricity, such as fossil fuels, organic wastes, wind, solar, geothermal, and others. Which
fuel would actually be used to power EVs is complicated, affected by such factors as:

o the time of day at which the recharging occurs;

o fuel prices;

e purchase agreements with independent power producers (IPPs); and

o the island on which EV recharging is proposed.

At present, much of the increased electricity would come from petroleum. On Oahu, some
portion of the power could come from municipal solid waste (the H-POWER facility) and coal,
and on the neighbor islands, some portion could come from biomass (such as bagasse-fired
power generation units), hydroelectric, wind, and geothermal sources. Non-petroleum energy
sources are currently under-utilized on Oahu and Hawaii during early morning hours when EV
recharging is expected to occur.

In addition to their flexibility in fuel, EVs offer other advantages including:

e they can recover and store energy “wasted” during braking (regenerative braking);

e the power demand of an EV is greatly reduced when the vehicle is not traveling (stuck in
traffic congestion);

e EVs do not emit air pollutants, a significant feature in downtown areas with poor air
quality:® .

e EVs are extremely quiet in comparison to internal combustion (IC) vehicles;®
e EVs are expected to have reduced maintenance in comparison to an IC vehicle; and

2 While combustion and resultant air emissions may have occurred to produce the electricity, the pollutants are emitted from the
power plant stack which may be located in an area where air quality is not as great a concern as in a downtown location. It is
also feasible and effective to place air pollution controls on the generating station stack.

28 EVs are so quiet, in fact, that this may be a safety concern since people are accustomed to using a vehicle's sound as a cue to
its approach.
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e EVs may be amenable to small-scale manufacturing, since they are much simpler than an
IC vehicle.?
Current barriers facing EVs include:

e their cost:®

o lack of standardization of such items as recharging systems, components, and batteries;
o lack of trained users and mechanics;

e public and fleet manager perceptions;

e issues associated with battery recycling;

o the lack of recharging’infrastructure; and

o the poor ability to store sufficient energy on-board to provide both long range and
peripheral features consumers want, such as air conditioning.

Battery-electric vehicles held significant U.S. market share in the earliest days of the
automobile, but after the invention of the electric starter system for gasoline vehicles, the
electric vehicle receded into small niche applications.

Vehicle applications appearing most likely for battery-powered EVs® include:

e small vehicles used in a localized area, such as Cushman three-wheelers used for parking
enforcement or vehicles used in “new village” layouts,* industrial/commercial parks or
retirement communities;

e ‘“station cars” (cars that shuttle between home and a transit station);

e short-range commuter cars, vehicles used for short trips, shopping, short home-to-work
commutes, etc.;

e delivery vans which experience substantial “stop-and-go” operation; and
e shuttle buses.

These are appropriate applications for initial EV deployment because range would not be a
serious limitation, and the vehicle would return to a home base where a recharging station
could be provided.

Hybrid vehicles combining electric drive and internal combustion engine systems show
promise, and several vehicles of this type are being deployed in Hawaii as part of the Hawaii
Electric Vehicle Demonstration Program (HEVDP). The engine on a hybrid vehicle (typically
called an auxiliary power unit or APU) is operated over a narrow range of speeds, allowing

2 For example, EVs are being made on the Big Island (see footnote 33) and a Japanese firm, ltochu Corporation, has invested in
U.S. Electricar, Inc., which expects to open a facility to convert conventional vehicles to EVs in Hawaii as part of the HEVDP.

28 EVs are currently much more costly than conventional vehicles. EV offerings from major manufacturers in the late 1980°s may
be as much as $10,000 more than conventionally fueled counterparts (Nichols, 1993). The pace at which costs will fall is a
matter of intense disagreement between EV advocates and detractors. Additional EV cost information is provided in Chapter 6.

22 Although many golf carts are electric, they are not legally classified as “motor vehicles” and, therefore, are not included in any
of the proposed alternative fuel vehicle programs or incentives.

30 New village land use planning concepts are discussed in Chapter 3.
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optimization of performance and emissions characteristics compared to conventional IC
engines. APUs could use gasoline, diesel or alternative fuels. For example, the 40-feet transit
bus being deployed as part of the HEVDP is a hybrid electric equipped with a propane-fueled
rotary engine. The range extension and performance boost provided by the on-board engine
on hybrids may greatly enhance consumer acceptance of electric vehicles.

Hybrid-electric vehicles could have appeal in relatively heavy duty applications such as transit
buses and trucks.

Fuel cells that combine gaseous or liquid fuels with oxygen in a chemical reactor to produce
electric energy are currently in use as stationary power generators, and the U.S. Department
of Energy (U.S. DOE) has researched fuel cells in transportation since 1987. In common with
internal combustion (IC) vehicles, fuel cell systems require that chemical energy be stored on
the vehicle. Gasoline, alcohol or propane are all suitable for fuel cells. Size and weight
constraints, in addition to infrastructure and economic obstacles, need to be addressed before
fuel cells can become a viable transportation technology. The U.S. DOE's program aims for
sales of “first-generation” fuel cell vehicles by 2005 and sales of “fully competitive” fuel cell
vehicles by 2011 (U.S. DOE, 1992c).

Some of the most “visible” electric vehicles are those powered by on-board panels of solar
cells. These vehicles are often hand-crafted and designed to compete in solar car races.
These vehicles have much to contribute to research and development, but they are not
designed to meet the needs of commuters or fleets.

4.2.5.2 Electric Vehicle Availability

Much research, funding, and enthusiasm is being devoted nationally and locally®' to
developing practical electric vehicles, and the technology is developing rapidly with
substantial government support. For example, areas of active research include:

e enhancing range;

e decreasing the time required to recharge;

e increasing battery life;

e increasing battery storage capacity;

¢ developing “flywheel” energy storage devices;

e developing full-featured vehicles;

e decreasing maintenance; and

e improving battery recycling technology.

OEMs have developed a few prototype or limited production vehicles, and are working to
develop marketable production vehicles to satisfy the EV sales requirement in California of

31 PBEDT and the Department of Education started sponsoring solar vehicle competitions in 1988, and Hawaii hosted the national
“EV ‘93" conference, which included the Pali challenge, a road rally of EVs over the Pali.
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two percent of all light-duty sales beginning in 1998 (ihis requirement is discussed in
Section 4.3.2). There are also many EVs being produced by specialty car companies.®?

There are several governmental programs investing in EV research and development, such as
the HEVDP sponsored by the Advanced Research Projects Agency (ARPA) of the U.S.
Department of Defense. ARPA provided $5 million of federal funds and other project
participants provided $5.5 million in matching funds in the first year to demonstrate 37 EVs on
Kauai, Oahu, Maui, and the island of Hawaii, including such vehicles as transit buses, pick-up
trucks, vans and sedans. This program is funding the establishment of the National EV Data
Center at the University of Hawaii, and an electric vehicle facility on Cooke Street. In addition,
the U.S. DOE has devised a multi-year program to assist industry to develop hybrid vehicles
which meet consumer demands to the extent sufficient to make production financially
worthwhile. According to this plan, production hybrid vehicles would be available by 2001
(U.S. DOE, 1992b).

4.2.5.3 Conclusions

Hawaii has a mild climate that favors battery performance, limited vehicle range requirements,
and a large supply of renewable energy resources capable of producing electricity. High
levels of traffic congestion such as found in Honolulu also favor electric vehicles because they
consume only the energy required to run peripheral devices (such as air conditioning) while
stopped in traffic. Thus, Hawaii may offer more opportunities for electric vehicles than any
other state. The promise of EVs is so attractive, and the governmental support of research
and development is so strong, that future EVs may well compete successfully with IC vehicles
in at least some applications. In the near term, however, issues such as vehicle cost and
potential consumer concerns about the availability of opportunity charging remain significant
barriers to deployment.

4.2.6 BIODIESELS

4.2.6.1 Introduction

Biodiesel is a vegetable-oil or tallow-based fuel with properties similar to diesel. The oils are
typically obtained from oil seed crops such as rapeseed (in Europe) or soybeans (in the US),
although other oil sources may be used, such as waste oil from fast food restaurants, fats from
meat processing operations, and tropical oils. Several proprietary names exist, such as
SoyDiesel, the product associated with the Missouri Soybean Merchandising Council, and
Diesel-Bi, a product of the Ferruzzi-Montedison Group subsidiary, Novamont.

Biodiesel manufacturers recommend that it be blended with petroleum-derived diesel fuel in a
blend of about 20-30 percent. This blend can be used in unmodified diesel engines, but
biodiesel can erode rubber so rubber fuel lines are typically replaced, and injection timing
should be adjusted (Ayers, 1993). In the U.S,, trucks, buses, and a boat have all been
operated on biodiesel. In Europe, Mercedes-Benz warrantees its heavy-duty engines on
biodiesel (Missouri Soybean Merchandising Council and Missouri Soybean Association, 1992).

32 Such as U.S. Electricar and the Suntera Solar Chariot Company of the Hamakua District of the Big island. Suntera recently
received state support for a bond issue. Suntera and U.S. Electricar are members of the HEVDP.
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Biodiesels from non-waste oils are considerably more expensive than diesel. Biodiesel from
used cooking oils could be considerably less expensive, although quantities would be limited.

4.2.6.2 Biodiesel Fuel Use in the Ground and Marine Sectors

Field tests to date have shown good performance, and have included the use of biodiesel in
transit buses, utility vehicles, and trucks in Sioux Falls, South Dakota and St. Louis, Missouri.
The Sunrider, a SoyDiese!l powered marine vessel, completed a round-the-world expedition in

September, 1994. Some use of biodiesel has been achieved in Europe through incentives and
mandates.

4.2.6.3 Jet Fuel From Biomass

Biodiesel is a possible candidate for petroleum substitution as a commercial jet fuel. Its high
cetane number (less than 50), low sulfur (reflecting the absence of sulfur in most biomass
feedstock) and low aromatics content (resuliing in low particulate emissions) makes it an
attractive alternative to petroleum.

4.2.6.4 Conclusions

Biodiesel appears to be a very feasible substitute for diesel in both the ground and the marine
sectors, requiring minimal engine modifications. The main barrier to biodiesel is its high cost,
which depends in large measure on the feedstock price. The Honolulu Public Transit Authority
(HPTA) has determined that a 25 percent biodiesel blend would increase their fuel costs by 33
percent.

4.2.7 HYDROGEN

Hydrogen powered vehicles have been built, but they are not expected to be commercially
available soon.

4.3 FACTORS PROMOTING ALTERNATIVE FUEL USE IN
MOTOR VEHICLES

4.3.1 FEDERAL POLICIES, PROGRAMS AND LEGISLATION

Because of the economics of petroleum-based fuels in the U.S., the free market alone has not
produced much use of alternative fuels in the transportation sector. During periods of very
high oil prices and uncertainties about oil supply, propane and natural gas have made slight
inroads. When oil prices decline, interest in alternative fuels also declines, except in a few
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niches.®® Therefore, in the U.S., legislation has been used to promote development and use of
alternative fuel technologies.

Oil price and supply uncertainties of the 1970s stimulated passage of the Energy Policy and
Conservation Act of 1975. This Act established a roll-in of fuel economy standards beginning
with the 1978 model year (the Corporate Average Fuel Efficiency, or “CAFE” standards) with
the intent of reducing oil imports. The fuel economy standard is now at 27.5 miles per gallon,
and has slowed growth of oil use in transportation.

The Alternative Motor Fuels Act (AMFA) of 1988 allowed vehicles using alternative fuels to
compute their fuel economy on the basis of gasoline consumed. The computation procedure®
results in these vehicles having a gasoline fuel economy of 80 miles per gallon or more. The
Alternative Motor Fuels Act was an explicit use of the fuel economy standards to encourage
manufacturers to build AFVs. The Act was expected to be influential in shaping manufacturer
choices because, at the time, the fuel economy standard appeared difficult to meet, especially
for domestic manufacturers who had many customers who expected large vehicles. The
Alternative Motor Fuels Act also required that federal fleets purchase AFVs to provide some
market demand, and to serve as an example in fuel substitution. In some cases, Executive
Orders exceeded the Alternative Motor Fuels Act requirements.

Financial incentives have been offered since the early 1980s for ethanol to be used as a motor
fuel.®® Incentive payments between 1987 and 1992 ranged from $445 miillion to $540 million
per year. With these incentives, ethanol has captured about one half of one percent on an
energy basis of the national consumption of motor fuel.

In 1992, Congress passed the EPACT, the strongest national statement ever made in support
of alternative fuels. The EPACT sets national goals of replacing with alternative fuels
10 percent of conventional fuels by 2000, and 30 percent by 2010. The EPACT had a further
goal that half the substitute fuels be of domestic origin.*®

To meet this goal, the EPACT requires certain fleets, including those in Hawaii, to purchase
AFVs in increasingly large numbers. The requirements, summarized in Table 4-6, target
centrally fueled fleets of light duty vehicles up to 8,500 pounds (federal and state fleets and
the fleets of businesses producing alternative fuels). Municipal and private fleets of light-duty
vehicles may be targeted if national goals are not being met at certain milestones. The fleet
requirements could yield about three percent substitution of petroleum fuels by 2010, although
exemption provisions make a definitive estimate difficult.

3 Propane continues to hold a small market share in high mileage fleet vehicles, including some taxi and van fleets, even during
periods of low oil prices.

34 The alcohols were assumed to be used in the form of 85 percent alcohol and 15 percent gasoling, and flexible-fuel and dual-
fuel vehicles were treated as running on alcohol half the time.

35 Currently the incentive is a waiver of 5.4 cents of the federal excise tax on gasoline for blends of ten percent ethanol and
90 percent gasoline (“gasohol”). Alternatively, an income tax credit of 54 cents per gallon of ethanol can be claimed. Small
producers (less than 30 million gallons per year) can claim an additional ten cents per gallon income tax credit.

38 Defined to include nations with which the U.S. has free trade agreements.
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National Energy Policy Act Fleet
Purchase Requirements for New and

Table 4-6

Replacement Vehicles Which Must Be AFVs

Fuel Provider

Private and

Federal Fleets' | State Fleets? Fleets® Municipal Fleets®
1993 5,000
1994 7,500
1995 10,000
1996 25%° 10% 20%
1997 33% 15% 50%
1998 50% 25% 70%
1999 75% 50% 90% 20%
2000 75% 75% 90% 20%
2001 75% 75% 90% 20%
2002 75% 75% 90% 30%
2003 75% 75% 90% 40%
2004 75% 75% 90% 50%
2005 75% 75% 90% 60%
2006+ 75% 75% 90% 70%
Source: National Energy Policy Act, 1992.

Notes:

1) Section 303(a); years = fiscal years.

2) Section 507(0); years = model years; conversions may be used instead.

3) Section 510(a); business or units whose principal business is to provide alternative fuels, or a producer of electricity, or an oil
refinery, importer, or producer of at least 50,000 bpd if a substantial portion of the business is producing alternative fuels;
year = mode! year; two year slip available for electric utilities purchasing electric vehicles.

4) Section 507(a); goals may be adjusted downward or slipped; invoked only if goals of 10% substitution by of 2000 and 30%
substitution of 2010 are not projected to be met and practical and if fuels are available; alternative schedule starting in 2002

can be involved later if needed; years = model! years.
5) Percentages refer to portion of new and replacement vehicles which must be capable of using alternative fuels.

The fleet purchase requirements are “fuel neutral” since they do not specify particular

alternative fuels.

The EPACT also includes some financial incentives, summarized in Table 4-7, for vehicles up
to 26,000 pounds and buses carrying 20 or more passengers. These incentives focus on
offsetting initial capital expenditures for AFVs and fuel storage and dispensing equipment.
These incentives appear to favor propane and natural gas over alcohol.

The intermodal Surface Transportation Efficiency Act (ISTEA) was adopted in 1991 and
continues the practice of the Federal Transit Authority (FTA) in assisting with the incremental
costs of alternative fuel buses and fuel storage and dispensing equipment. The EPACT also

authorizes funds for alternative fuels in transit applications.
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Executive Order 12844 was signed on April 21, 1993 and increases by 50 percent the AFV
purchase requirements for federal fleets as required by EPACT for 1993, 1994 and 1995.

Another federal program, the “Clean Cities Program,” is a voluntary program whose goal is to
increase the number of AFVs throughout country and encourage the development of refueling
infrastructure for alternative fuels. Cities wanting to be designated a “Clean City” are required
to execute a Memorandum of Understanding signed by “stakeholders® and develop an
implementation plan to increase the number of AFVs in the city. As of early 1994, there were
six designated “Clean Cities.” While not yet designated a “Clean City,” Honolulu has an active
program® which is working to meet the designation criteria.

4.3.2 ENVIRONMENTAL REGULATION AS A STIMULUS FOR
ALTERNATIVE FUELS

Occasional attempts were made in the 1980s to require the use of clean alternative fuels to
reduce pollutant emissions. These efforts eventually led to “fuel neutral” emissions standards
that were challenging for gasoline and diesel engines. It is now believed that these standards
will not force the use of alternative fuels (with one exception), although they present challenges
for gasoline and diesel fuel.

The exception is that current California Air Resources Board (CARB) standards require that
two percent of a manufacturer's sales in California must be “zero emission vehicles, or ZEVs®
(electric vehicles) beginning in 1998. The fraction rises to ten percent by 2003. This provision
has stimulated an intense effort by major manufacturers to develop commercially attractive
electric vehicles that offer performance and costs similar to gasoline vehicles. California
recently reaffirmed its ZEV requirement in the face of strong lobbying by major OEMs.

4.3.3 LOCAL PROGRAMS

Some states have adopted incentives promoting alternative fuels prominent locally, primarily
ethanol and natural gas. They include excise tax exemptions, vehicle incentives, and
sometimes fleet mandates keyed to specific fuels. These programs can be important in
affecting local choices of alternative fuel technologies, and can effectively preclude gasoline
and diesel fuel from competing in certain applications.

In Hawalii, incentives to promote alternative fuel use exist. For example, gasohol fuel is exempt
from the state excise tax. There are also state deductions similar to EPACT for clean-fuel
refueling facilities (Hawaii Revised Statutes, Chapter 235).

37 Those involved in the program include the City and County of Honolulu, HPTA, USDOE, USGSA, DBEDT, HNEI, PICHTR,
HECO, BHP, and U.S. Electricar.
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Table 4-7

Financial Incentives in National Energy Policy Act
for Alternative Transportation Fuels

Description

Amount of Credit or Deduction

income tax credit against the total cost of any electric
vehicle

Maximum credit $4,000

Tax deduction for vehicles using methanol, ethanol,
natural gas, or propane
Gross vehicle weight:
<T10,000 DS .evevieeiiiecreeeieer ettt e
Trucks/vans between 10,000 lbs and 26,000 Ibs ......
Truck/vans greater than 26,000 ibs and buses
seating at least 20 passengers........cvveeneerineeeen.

Maximum amount of deduction'*

$2,000
$5,000

$50,000

Tax reduction for alternative fuel storage (at the point of
dispensing) and dispensing facilities (not including
buildings)

Maximum amount deductible® $100,000

Tax credit for electricity produced from wind and
“closed-loop” (dedicated) biomass

Amount of credit*
1.5 ¢/kWhr if sales price is 8 ¢ or less in 1992
terms; declines to zero at a sales price of 11¢

Source: National Energy Policy Act, 1992.

Notes:

1) Credits and deductions apply through 2001, then phase out at 25% per year for vehicles placed in service after 12/31/01.
2) Applies to entire vehicle cost for dedicated vehicles; applies to incremental costs for bi-fuel, dual-fuel, and flexible-fuel

vehicles.
3) Expires 12/31/04; may be spread across several years.

4) For facilities placed in service between 12/31/93 (12/31/92 for closed-loop biomass) and 2/1/99, for a 10-year period of

production.
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4.4 THE DISPLACEMENT OF PETROLEUM THROUGH
ALTERNATIVE FUEL USE IN THE GROUND
TRANSPORTATION SECTOR

4.4.1 INTRODUCTION

The following analysis presents the resulting petroleum displacement of several possible
scenarios. The focus of these substitution scenarios is the ground sector since significant
substitution of aviation fuels is not expected during the period covered by this report.*

4.4.2 SCENARIOS

A "“zero alternative fuels” projection is developed for comparative purposes. Then, a
“baseline” scenario is considered, and variations are superimposed on the baseline. The
baseline includes all requirements of EPACT and Executive Order (EOQ) 12844 (see Table 4-6);
ethanol blending into gasoline at a statewide average rate of 7.5 percent; adjustment of state
and county fuel taxes to reflect the lower energy content of alternative fuels; reduced rates for
charging electric vehicles off-peak; and implementation of Administrative Directive 94-06. No
state or county mandates for alternative fuels, incentives for the production of alternative fuels,
or incentives for the purchase of alternative fuel vehicles are included in the baseline.

An “aggressive” scenario assumes, in addition to the baseline conditions, an increased rate of
purchase of alternative fuel vehicles which could be driven by a combination of state
mandates, incentives, or standards (individual measures, possible means of funding,
effectiveness, and costs are discussed in additional detail in later chapters).

An ‘“aggressive plus maximum gasohol and diesohol use” scenario assumes all of the
conditions of the aggressive scenario, plus ethanol blending into gasoline at a statewide rate
of 10% and ethanol blending into diesel at a statewide rate of 30%.

The default rate of vehicle population increase is the rate from Chapter 2. As described in
Chapter 2, this study’s reliance on existing transportation plans as the primary “driver” of future
transportation energy demand is intentional, since it is not the purpose of this project or
independently estimate future transportation activity. Development of a Hawaii-specific link
between transportation and energy demand enables revisions of the energy demand
projection whenever the underlying transportation projections are updated. However, to show
the sensitivity of these estimates to a change in rate of vehicle population increase, a reduced

38 Although according to a Baylor University research team (Ninth International Symposium on Alcohol Fuels, Volume 2) certain
cost and operational advantages may be realized with alternative fuel use in aircraft, the current low level of activity in this
arena makes it difficult to propose any credible scenario which includes a significant penetration of alternative fuel use in
aircraft.
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rate is evaluated for both the “baseline” and “aggressive plus maximum gasohol and diesohol”
scenarios.

in summary, the following scenarios are examined:
1. Baseline, with default rates of vehicle population increase;
2. Aggressive, with default rates of vehicle population increase;

3. Aggressive plus maximum gasohol and diesohol use, with default rates of vehicle
population increase;

4. Baseline, with reduced rates of vehicle population increase; and

5. Aggressive plus maximum gasohol and diesohol, with reduced rates of vehicle population
increase.

Evaluating scenarios such as these brackets a range of petroleum displacements that could

occur. Assumptions may be altered and the results recalculated during the design of an
implementation plan.

4.4.3 CAVEATS
The following caveats apply to the analysis:

EPACT schedules for AFV purchases may be changed or delayed in rulemaking.®*® The
scenarios shown here assume full implementation of EPACT fleet purchase requirements.

Key limits to the aggressive scenario are the availability of alternative fuel vehicles (i.e. the
manufacturers' willingness to provide alternative fuel capability as an option in their various car
and truck lines)* and, most significantly, the rate at which available AFVs are purchased in
Hawaii. Experience shows that this rate will be heavily influenced by:

e AFV technology, cost, and other elements affecting the relative attractiveness of AFVs to
consumers;

¢ availability, accessibility, and cost of alternative fuels; and

o the level of public awareness and acceptance of AFVs as low-risk and/or socially-
conscious investments.

39 Especially susceptible are the requirements for private and municipal fleets which do not begin until 1999 or, if rulemaking is
delayed past 1996, until 2002. Further, start dates and roll-in percentages may be adjusted downward to account for
constraints on fuel availability or on the availability of suitable vehicle models. If rulemaking is delayed past 1999, no
requirements apply to these fleets.

“® Those required in addition to national EPACT requirements.
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4.4.4 THE BASELINE SCENARIO

In the baseline scenario (modeled for both default vehicle population increase and reduced
rate of vehicle population increase) it is assumed that fleets on Oahu meet their AFV purchase
requirements under EAPCT and EO 12844.

Only Oahu fleets are captured under EPACT because the requirements only apply to
Metropolitan Statistical Areas with a population of 250,000 or more in 1980. In addition, except
for non-tactical military vehicles leased from the federal GSA, military fleets on Hawaii are
excluded because they are considered “deployable” and therefore not required to be AFVs
(Lt. Col. Gavel, personal communication). Rental car fleets are also not included under EPACT
requirements.

The default rate of vehicle population increase is the rate from Chapter 2. The reduced rate of
vehicle population increase is roughly one-third the default rate.

4.45 THE “AGGRESSIVE” SCENARIO

In this scenario, it is assumed that state and other actions place AFVs in Hawaii beyond the
requirements of EPACT and EO 12844. The “aggressive scenario” assumes that most fleets in
Hawaii acquire AFVs. The differences between the aggressive scenario and the baseline
scenario are the following:

¢ fleets not captured under the National Energy Policy Act, such as rental car or small fleets,
are captured under a local program; and

¢ vehicle purchase incentives and fuel production incentives are included.

Variations in the retention in-state of resold rental vehicles are also modeled. In-state retention
is understood to be small (less than 20 percent) and variable. More precise figures could not
be obtained (Annalise McKean-Marcus, personal communication; Hardy Hutchison, personal
communication). Cases treated in this analysis include the baseline amount of 10 percent
retention, which we consider plausible and likely, 50 percent retention, which we consider to
be a high case, and 100 percent retention, shown to illustrate the maximum conceivable
introduction rate from rental fleets. The impact of rental fleet retention rates on the results of
the “aggressive” scenario is shown in Table 4-8.

44.6 THE “AGGRESSIVE PLUS MAXIMUM GASOHOL AND
DIESOHOL” SCENARIO

The effects of implementing maximum substitution strategies in conjunction with the
aggressive scenario are also estimated. These strategies are:

¢ all remaining gasoline vehicles are fueled by gasohol, a blend of 10 percent ethanol and
90 percent gasoline; and
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¢ all remaining diesel vehicles are fueled by diesohol, a blend of 30 percent ethanol and 70
percent diesel.

Another potential substitution strategy, the use of biodiesel (up to 20% vegetable oil or tallow-
based esters blended with diesel fuel) was not explicitly modeled due to lack of information on
the feasibility and costs of large-scale iocal production. This option may be revisited when
additional information becomes available.

4.4.7 RESULTS AND CONCLUSIONS

Table 4-8 shows projected displacement of gasoline and diesel in the ground transportation
sector. Results of the main scenarios are shown graphically in Figure 4-1. The baseline
scenarios displace approximately nine percent of gasoline plus diesel use by the year 2014.
The aggressive scenarios displace much more, especially with higher rates of retention of
rental vehicles. For the expected case of ten percent retention, the aggressive scenario
displaces about nineteen percent of gasoline and diesel use by the year 2014. If maximum
blend strategies are included, the displacement in 2014 is estimated at about twenty-two
percent of the total ground sector consumption.

Due to the slow roll-in of AFVs even in the aggressive scenario, gasoline demand grows to
about the year 2000 before a decline begins, which gradually reduces gasoline use to the
1995 level by 2004. Thus, using the default rate of vehicle population increase, even the most
aggressive measures are not expected to take gasoline volume away, but simply capture the
expected growth in gasoline demand.

However, if the rate of vehicle population increase is significantly less than the default rate,
both the “baseline” and the “aggressive plus maximum gasohol and diesohol” scenarios show
a decline in demand for gasoline and diesel. This indicates the importance of transportation
projections to energy demand forecasting and alternative fuel demand estimates.

4.5 THE DISPLACEMENT OF PETROLEUM THROUGH
ALTERNATIVE FUEL USE IN THE MARINE SECTOR

Figure 4-2 shows the displacement of fuel used in the marine sector that would occur if all
diesel was replaced with a 20 percent biodiesel blend. This analysis assumes that engines
operating on residual oil would not use a biodiesel substitute, if only because residual oil is
even less expensive than diesel, so that biodiesel-for-diesel substitution would occur first.
These assumptions result in the displacement of about 700,000 barrels of diesel from the
marine sector in 2014, with about 200,000 barrels of this displacement occurring in inter-island
consumption.
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Table 4-8

AFVs in Operation in Hawaii and
Gasoline and Diesel Potentially Displaced

Scenario

AFVs in Operation

Alternative Fuels: Total
Demand in Millions of
Gasoline Equivalent Gallons,

by Year by Year
(and Percent of Total Ground
Transportation Fuel Consumption)
1996 | 1999 | 2004 | 2014 | 1996 | 1999 | 2004 | 2014

Using default rate of vehicle population increase...

BASELINE 205| 993| 14,036| 56989| 19 20 26 44
(4.8%) | (4.9%) | (6.2%) | (9.6%)
AGGRESSIVE 662 | 8477 | 44,395 | 167,019| 19 23 39 89
(4.9%) | (5.9%) | (9.5%) | (19.3%)
AGGRESSIVE
g 663 | 9,352 51,497 | 210588 | 19 24 42 | 106
RETENTION
(4.9%) | (6.0%) | (10.3%) | (23.1%)
AGGRESSIVE
. 1009% RENTAL CAR| 663 | 10445 | 60,376 | 265,057 | 19 25 46 | 128
RETENTION .
(4.9%) | (6.1%) | (11.3%) ] (27.8%)
AGGRESSIVE
+ MAXIMUM 662 | 8477 | 44,395 | 167,019 | 31 36 52 | 102
GASOHOL &
DIESOHOL

(7.9%) | (8.9%) | (12.6%)| (22.2%)

Using reduced rate of vehicle population increase...

I\WPTEAMENERGY\CH-A\TABLE4-8.XLS

BASELINE 205 | 930| 12,422 45762| 18 18 22" | 33
(4.8%) | (4.9%) | (6.2%) | (9.2%)
AGGRESSIVE
+ MAXIMUM 640 | 7,808 39,511 | 133,413 | 30 33 45 75
GASOHOL &
DIESOHOL
(7.9%) | (8.9%) | (12.4%) | (21.1%)
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Figure 4-1

Statewide Gasoline and Diesel Fuel Consumption by Scenario
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Figure 4-2

Replacement of Marine Diesel by Biodiesels
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CHAPTER 5

A SCREENING OF ALTERNATIVE FUELS FOR
POSSIBLE USE IN HAWAII'S GROUND
TRANSPORTATION SECTOR







5.1 SCREENING CRITERIA

5.1.1 INTRODUCTION

This Chapter assesses fuel options for Hawaii in the context of state energy goals. It is
important to note that in this analysis, the alternative fuels are not being compared with
conventional fuels. The purpose of this screen is to compare the alternative fuels to each other
to assess which appear, given what we know at this time, to best meet the state's energy
objectives. Fuels that pass the screen are examined in more detail in this study.

5.1.2 DESCRIPTION OF THE SCREENING CRITERIA

In cooperation with the Department of Business, Economic Development and Tourism
(DBEDT), criteria were developed for the various alternative fuel options' in order to assess
their relative consistency with Hawaii's transportation energy goals. These criteria combine
formal goals of the state with the understanding of DBEDT staff, based on the history of

legislative, agency, and public efforts to define state energy goals. The criteria are now
described.

Criterion 1.  Offers energy security to Hawaii

A relatively large displacement of petroleum fuel, on the order of 40 percent, would afford
some energy security fo the State of Hawaii (Kaya, 1993). Alternative fuels provide some
energy security through petroleum displacement, but the fuels may be further distinguished as
either possible to produce from local resources or requiring importation.

Fuels that may be produced in substantial volumes from local resources at competitive prices
(perhaps with government subsidy as justifiable based on economic benefits to the state) best
satisfy this criterion. Local production at “competitive prices” implies that imports are not likely
1o capture substantial market share.

Non-petroleum imported fuels may provide increased supply security and price stability.
Methanol, natural gas, and LPG (liquified petroleum gas) could be imported from either the
mainland or from a number of other sources that may be more politically stable than the
Middle East, which dominates oil markets. However, non-petroleum imported fuels rank lower
under this criterion than fuels which may be produced from local resources.

1 References to “fuels’ and “fuel options" also include technology options, such as electric and hybrid-electric vehicles.
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Criterion 2.  Offers environmental benefits (including safety)

Vehicles utilizing alcohols, biodiesels, electricity, hydrogen, natural gas, and LPG may be
designed to achieve lower rates of pollutant emissions than vehicles fueled with gasoline or
diesel. One of the primary reasons for manufacturers to market alternative fuel vehicles (AFV)
is increasingly stringent air quality regulations. In designing, building, and operating low- or
zero-emission AFVs, manufacturers are preparing to meet requirements for AFVs imposed by
Federal, state, and municipal governments across the nation. AFVs have reduced (sometimes
o zero) evaporative and tailpipe emissions compared to conventionally fueled vehicles.

Many alternative fuels offer other benefits as well. For example, spill hazards are greatly
reduced or eliminated with many alternative fuels in comparison to gasoline and diesel. The
safety codes that apply to alternative fuel production, distribution and on-board systems are
generally more than sufficient to assure that public safety is no more threatened by any
alternative fuel than by conventional fuels, when the fuels are handled in accordance with
appropriate standards and practices.

Although comparing the relative environmental, health, and safety effects of each fuel option is
a complicated task, in general, all of the alternative fuel options being discussed in this study
have the potential to offer environmental, health, and safety benefits compared with gasoline
and diesel fuel use (Del.uchi, 1989; Jones & Stokes Associates, Inc., 1993; Nowell, 1992; U.S.
Department of Energy, 1991; U.S. Environmental Protection Agency, 1990).

Criterion 3.  Potentially benefits Hawaii economy

Any fuel that may be produced locally from indigenous resources satisfies this criterion, insofar
as the production requires local labor and expertise. Additionally, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>