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CHAPTER 1 OVERVIEW AND

SUMMARY OF RECOMMENDATIONS

1.1

111

1.1.2

1.1.3

Introduction
Hawaii and Climate Change

Hawaii faces many potential negative consequences from globa warming and
climate change. Higher temperatures could make Hawaii less of a paradise, not
only due to the greater heat, but also due to potential effects on climate. Greater
heat may cause more heat-related mortality. Concentrations of ground-level ozone
could increase, causing respiratory illnesses. Warmer seas could enhance growth
of toxic algae and bacterial contamination of coastal waters. Warmer weather
could expand the habitat of disease-carrying insects to Hawaii.

Sealevd riseis occurring and could lead to coastal flooding, erosion of beaches,
and saltwater contamination of drinking water. During storms, additional areas
will become vulnerable to waves and storm surge. In addition, Hawaii can expect
negative effects on its water resources, agriculture, forests, and ecosystems.

Hawaii and Reduction of Greenhouse Gas Emissions

The Intergovernmental Panel on Climate Change (IPCC) established by the United
Nations Framework Convention on Climate Change has determined that "the
balance of evidence suggests a discernable human influence on globa climate’
(IPCC 1996). The IPCC notes the increased concentration of greenhouse gases,
including carbon dioxide (CO,), methane (CH,4), and nitrous oxide (N,O) since
pre-industria times largely due to human activity. These increased concentrations
have warmed the surface and tend to produce other changesin climate. Climate
change effects have aready been observed and will occur in the future.

It will be necessary to stabilize concentrations of greenhouse gases to prevent even
more dramatic changes in climate than are expected over the next century due to
greenhouse gases aready in the atmosphere. Hawaii can and should play arolein
reducing its greenhouse gas emissions that contribute to climate change. All states
and all nations will ultimately need to contribute to efforts to mitigate effects on
future climate change.

Hawaii's Climate Change Action Plan

Thisis Hawaii's first iteration of a Climate Change Action Plan.

It does not set specific goals. It isintended to be a catalyst for discussions by
Hawaii's people about their involvement in future efforts to reduce emissions and
to adapt to climate change. The maor recommendation of thisfirst planisto
develop consensus as to Hawalii's goals for greenhouse gas emission reductions.

Hawaii Climate Change Action Plan 11
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1.2

1.2.1

A Hawaii Climate Change Action Plan Workshop on October 30, 1997 was a
preliminary effort to obtain citizen input on Hawaii's goals and suggestions for
greenhouse gas emission reduction measures. About 100 citizens heard a report
on the state's efforts in the area of climate change action and provided their views
on way's to reduce future greenhouse gas emissions. A Workshop summary is
provided as Appendix D to this Plan.

Hawaii could become part of future national efforts to reduce greenhouse gas
emissions under the Kyoto Protocols signed on November 12, 1998. Should the
United States Senate ratify the Protocols, or should the Federal government set
some other goal, such agoal could serve as Hawali's goal. Hawaii's people may
not want to wait for such action to deal with the growing problem. Hawaii can set
its own goals for action now.

In addition, further work is needed to identify future effects of climate change on
Hawalii's people, environment, ecosystems, and economy in order to identify
changes to which the state must adapt. To assist in any goal setting effort that may
evolve, amore detailed discussion of goal setting is contained in Chapter 5.

About This Plan

Thisplan is Phase Il of the Program for Developing, Implementing, and Evaluating
a Greenhouse Reduction Strategy for the State of Hawaii conducted jointly by the
State of Hawaii Department of Business, Economic Development, & Tourism’'s
(DBEDT) Energy, Resources, and Technology Division; and the Department of
Health’'s (DOH) Clean Air Branch. This work was performed with the support of a
grant from the U.S. Environmental Protection Agency (USEPA) as part of the
State and Local Outreach Program. In addition, other State agencies, notably the
Department of Land and Natural Resources, the Department of Agriculture,
Department of Transportation and the Public Utilities Commission provided data,
technical assistance, and review. The four Counties, various federa agencies, and
many private companies made additional contributions. These contributions are
acknowledged in Appendix A.

Chapter 2: Hawaii and Global Climate Change

Chapter 2 discusses Hawaii and Globa Climate Change. It includes an overview
of the greenhouse gases that cause climate change and the potential impact of
climate change on Hawaii.

The Science of Climate Change

Chapter 2 provides an extract from Climate Change 1995: The Science of Climate
Change, Summary for Policymakers and Technical Summary of the Working
Group | Report (IPCC 1996), published in 1996 by the Intergovernmental Panel

1-2
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on Climate Change (IPCC). The key conclusions covered the Chapter include the
following:

Greenhouse gas concentrations have continued to increase;
Climate has changed over the past century;

The balance of evidence suggests a discernible human influence on
global climate;

Climate is expected to continue to change in the future; and
There are still many uncertainties (IPCC 1996).

1.2.2 Potential Effects on Hawaii

Chapter 2 also provides a summary of potential effects on Hawaii based upon the
Intergovernmental Panel on Climate Change (IPCC) Working Group 11's Summary
for Policy Makers. Scientific-Technical Analysis of Impacts, Adaptations and
Mitigations of Climate Change (IPCC 1995b) and the U.S. Environmental
Protection Agency's Climate Change and Hawaii (USEPA 19984). Mgjor effects
expected for Hawalii include:

Warmer temperatures,
Increases in heat-related deaths and illnesses;

Sealevel rise with resultant flooding, beach erosion, saltwater
contamination of drinking water, and damage to coastal property;

Increased vulnerability to storm damage;

Effects on water resources expected to become more variable;
Undetermined effects on agriculture and forestry; and
Stresses on ecosystems.

Hawaii Should Take Action to Deal with Climate Change

The fundamental recommendation of this plan is that Hawaii should take action to
reduce its emissions that contribute to global warming and climate change. Hawaii
should also identify the future effects on its people, environment, ecosystems, and
economy that will be caused by climate change aready occurring. Hawaii should
then develop along-range plan to adapt to such climate change.

1.3 Chapter 3: 1990 Hawaii Greenhouse Gas Emissions

Chapter 3 presents a summary of Hawaii’ s estimated emissions of the greenhouse
gasesin 1990. The summary is based upon the work done in Phase | of the
Program for Developing, Implementing, and Evaluating a Greenhouse Reduction
Strategy for the State of Hawaii which produced the Inventory of Hawaii

Hawaii Climate Change Action Plan 1-3
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1.3.2

Greenhouse Gas Emissions, Estimates for 1990 (State of Hawaii 1997a). The
Inventory was updated with additional information.

Estimated 1990 Hawaii Greenhouse Gas Emissions

An estimated 15,985,225 tons of CO,, 75,736 tons of CH,4, and 690 tons of N,O
comprised Hawaii greenhouse gas emissionsin 1990. These emissions were
produced by energy uses, industrial processes, and non-energy sources within the
state. The Hawali baseline estimate did not include about 29% of the fuels
imported, refined, or produced in Hawaii in 1990. These fuels were not used in
Hawaii, but were sold as fuel for aircraft for internationa flights, shipsinvolved in
overseas operations, sold to the military, or exported.

Estimated Global Warming Potential of Hawaii Greenhouse Gas

Emissions

Globa Warming Potential, or GWP, is used to compare the relative effects of each
of the different greenhouse gases on radiative forcing of the atmosphere over some
future time horizon. It trandates the level of emissions of CO,, CH, and N2O into
acommon metric -- their CO, equivalent.

Hawaii's GWP in 1990 was the equivaent of 18,784,299 tons of CO,. CO,
emissions produced 90% of Hawaii’s global warming potential, followed by CH,4
at 9%, and N,O at 1%. Energy use emissions dominated Hawaii's GWP at 89%.
Transportation energy use produced 42% of GWP, followed by electricity
generation at 41%, municipa waste management at 7%, industrial energy use at
4%, agriculture at 3%, and commercia energy uses at 1% were significant. The
remaining sectors, residential energy and industrial processes, each contributed less
than one percent to total global warming potential. This breakdown is useful in
focusing efforts to control greenhouse gas emissions on the major sources.

1.3.3 Comparison of Estimated Hawaii Greenhouse Gas Emissions with
Selected States

The global warming potential of the United States in 1990 was 5,567,000,000 tons
of CO, equivalent (USEPA 1994b, ES-5). Hawaii’s GWP of 18,784,299 tons of
CO; equivaent was 1/3 of one percent of the United States total.

In Section 3.6 of Chapter 3, Hawaii’s GWP in tons of CO, equivalent is compared
with the GWP of 17 other states that completed greenhouse gas inventories under
the EPA’s State and Local Outreach Program. The GWP in tons of CO,
equivalent per capita, based on 1990 resident population and in pounds CO,
equivalent per dollar of 1990 Gross State Product (GSP) were also presented for
comparison. Among this group of states, Hawaii produced the fourth-smallest
quantity of CO, equivalent emissions per capita and the third-lowest per dollar of
GSP (USDOE 19923, 224 and USEPA 1998k).

1-4

Hawaii Climate Change Action Plan



1.4

141

1.4.2

Jet fuel use for Hawaii's domestic air transportation (interisland and to/from the
United States Mainland) created 3.84 million tons CO,, or 21% of the total. This
was a greater percentage than for any other state. When the estimated CO,
emissions from jet fuel use were subtracted from each state's total GWP, Hawali
had the lowest GWP per capita and lowest GWP per dollar of GSP. These results
point out the relatively low impact of Hawaii's people on climate change, but also
emphasize the difficulty Hawaii faces in making significant reductionsin its
emissions. Jet fuel is essential to Hawalii's tourism-based economy and the well-
being of its people.

Chapter 4. Forecast of Hawaii's Greenhouse Gas
Emissions to 2020

Chapter 4 presents and compares forecasts of Hawaii's greenhouses gas emissions
to the year 2020. The ENERGY 2020 model was used for the energy portion of
the forecast. The generation units in the baseline scenario included current
operating units and future retirements and additions according to utility integrated
resource plans. It was assumed utility DSM plans were implemented for 20 years.
The effects of all federal appliance standards and the Hawaii Model Energy Code
were also modeled. A description of the ENERGY 2020 model is provided in
Appendix C.

Municipal waste management and agriculture baseline estimates were from
projections devel oped by the University of Hawaii Environmental Center. The
estimates included emissions from municipa solid waste management, wastewater
treatment, livestock, manure management, and fertilizer use.

Forecast Greenhouse Gas Emissions to 2020

The Basdline Forecast indicated that, without additional actions, Hawali's global
warming potential will increase by 20% over 1990 levels by 2010 and by 33% of
1990 levels by 2020. 1n 2010, it was estimated that Hawaii's global warming
potential could be 5,060,992 tons CO, equivalent, or 29% above the Kyoto target
of 17,574,758 tons CO, equivalent. Tota globa warming potential was estimated
to increase from 18,897,590 tons of CO, equivalent to 25,094,245 tons by 2020 --
7,519,487 tons CO, equivaent, or 43%, above the Kyoto target. Hawalii clearly
faces magjor challengesin its efforts to reduce greenhouse gas emissions.

Climate Change Action Plan Scenario

In the following chapters, a number of measures were identified that could
significantly reduce greenhouse gas emissionsin Hawaii. In thisfirst Climate
Change Action Plan, these measures were intended to offer a direction for future
action. Many will require significant changes over current practices. Whileitis
not clear which recommended measures will be implemented, it was useful to
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1.4.3

examine their aggregate effect on Hawaii's global warming potential. Together,
these measures were termed the " Climate Change Action Plan Scenario.”

The Climate Change Action Plan Forecast assumed actions under Scenario C3
were taken. C3, described in detail in Chapter 9, was intended to examine the
emission reductions under the control of various entitiesin Hawaii. The measures
proposed under the Climate Change Action Plan Scenario have the potentia to
reduce the growth of Hawalii's greenhouse gas emissions significantly. Only the
energy sector was projected to increase its emissions under this scenario.
Nevertheless, emissions from all sectors grew about 4% by 2010, which was
2,116,882 tons CO, equivalent or about 12% above the Kyoto target.

Hawaii Technical Potential Scenario

The Technical Potential Forecast added possible technical improvementsin the
energy sector such as the availability of more efficient aircraft and ground
transportation vehicles to the Climate Change Action Plan. The Technical
Potential Scenario resulted in aforecast global warming potential in 2010 that was
1,734,123 tons CO,-equivalent, or about 10%, greater than the Kyoto target.

Comparison of the Scenarios and Additional Measures

Figure 1.1, on the following page, provides a graphic comparison of the three
scenarios discussed above. It does not appear that Hawaii could meet the Kyoto
godls at any time by 2020 through a comprehensive deployment of currently
available greenhouse gas reduction measures. Although actions in the areas of
municipal waste management and agriculture can make significant contributions to
reducing Hawali's global warming potential, the energy sector creates the
overwhelming mgjority of Hawali's greenhouse gas emissions. Accordingly, it
should be the focus of continuing attention. New technologies may provide
greater energy efficiency that may change these forecasts in the future. Potential
technologies are summarized in Chapter 14.

Forestry in Hawali also offers amajor potential to offset Hawaii's emissions and
other areas of the world. As discussed in Chapter 13, Hawaii's forests already act
as acarbon sink for 126 million tons of carbon, or the equivalent of 457 million
tonsof CO,. Itisestimated that forestry projects identified have the potential to
sequester an additional 26 million tons of carbon (about 94 million tons CO,-
equivalent). The amount and type of reforestation that may be undertaken will
drive the amount of carbon that can be offset by Hawaii forestry projects. Further
analysisis recommended to develop a detailed plan to offset or help offset in
excess of whatever goals are adopted.

1-6
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Figure 1.1 Comparison of the Global Warming Potentials of Three Reduction Scenarios for Hawaii,

1.5

1990-2020

In addition, experimental work being conducted by the University of Hawaii on the
deep ocean sequestration of carbon dioxide may offer along-term solution to CO,
emissions from stationary sources in Hawaii and elsewhere if successful. Exports
of greenhouse gas emission reducing and mitigating technologies, and related
expertise and services from Hawalii to the Asia/Pacific region can produce
economic benefits to Hawaii, while decreasing emissions in the Asia/Pacific region.
These activities are described in Chapter 14.

Chapter 5: Greenhouse Gas Emissions Reduction
Goals and Criteria for Hawaii

As noted above, this document is Hawaii's first iteration of a Climate Change
Action Plan, but it does not set specific goals. It isintended as a catalyst for
discussion among Hawaii's people to stimulate their involvement in a future effort
to set specific goals. One of the major recommendations of thisfirst Planisto
develop consensus as to the goals that Hawali should seek to achievein
greenhouse gas emission reductions. Should the United States government ratify
the Kyoto Protocols, or set some other goal, a national goal could serve as
Hawaii's goa or as a basis for setting higher goals.

Chapter 5 suggests considerations for formal establishment of greenhouse gas
reduction goals for the State of Hawaii. It includes abrief discussion of the goals
of the Kyoto Protocol. A discussion of development of goals and criteriafor
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greenhouse gas emission reductions from the U.S. Environmental Protection
Agency's Sates Guidance Document, Policy Planning to Reduce Greenhouse Gas
Emissions (USEPA 1998) is provided to assist in developing Hawaii's goals.

Recommendations for Goal Setting in Hawaii

Based upon the discussion in Chapter 5, the following recommendations were
made regarding goal setting in Hawaii. Each is discussed in more detail in Chapter
5. The recommendations were:

Goal Setting Should Involve a Wide Range of Hawaii's People. Public input
should be solicited to help set any Hawaii-specific greenhouse gas reduction goals.
A Commission or Task Force charged with considering public input could lead this
effort. Educationa efforts to inform the population on the issues should precede
the goal -setting process.

Goals Should Focus on Emissions under Hawaii's Control. Hawaii should
focus only on those emissions that can be managed locally. This would exclude
emissions from overseas marine activities, all international aviation activities, and
military activities. In the near term, due to the high level of their contribution of
emissions, the focus should be on electricity generation, ground transportation, and
municipal waste management. Carbon offset forestry offers away to offset some
of Hawaii's emissions.

Goals Should Recognize Hawaii's Uniqueness. There are many geographic,
climatological, technological, economic, environmental, cultural, and other
considerations that must be considered. In particular, Hawaii's high level of energy
efficiency reduces emissions reduction options. At the same time, Hawaii offers
such resources as abundant sunshine for solar power and tradewinds for wind
power. These should be more fully devel oped.

Hawaii's tourism-based economy poses yet another unique challenge. For
example, the State economy is dependent on transoceanic air travel and interisland
air travel, thus alarge percentage of Hawalii's emissions are from jet fuel use. As
discussed above, there is little chance of reduction within Hawaii's control.
Significant reductionsin air travel would be an economic disaster.

Future Effects of Climate Change on Hawaii Should Be Identified and
Adaptation Measures Planned. Hawaii will experience various effects from
climate change caused by past and current greenhouse gas emissions (See
Chapter 2). Asglobal reductionsin emissions are likely to take many years, the
effects forecasted for the next century on temperature change, sealevel rise, and
other concerns will happen. Their specific effects on Hawaii should be further
explored and modeled. Adaptation measures may also take many years, if not
decades, to implement. The measures required must be identified and initiated
soon.
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1.6 Chapter 6: Transportation Energy Sector
Baseline and Forecast Transportation Energy Sector Emissions

Figure 1.2 shows the forecast of domestic transportation CO, emissions by
category under the Baseline assumptions. In 1990, emissions from Hawaii
transportation fuels uses produced the greatest amount (42%) of Hawaii's total
CO,-equivalent greenhouse gas emissions. Forecasted 2010 transportation CO,
emissions were 8,999,472 tons, or about 15.6% greater than 1990 levels.
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Figure 1.2 Estimated Hawaii Transportation Sector CO, Emissions (Tons)
1990 - 2020

1.6.2 Recommended Measures to Reduce Greenhouse Gas Emissions
through Ground Transportation Energy Demand Reduction

Greenhouse gas reductions in the transportation sector can be accomplished by
either reducing the demand for transportation energy or replacing current
transportation fuels with low or no emission aternatives. The following are
recommendations to reduce emissions in the ground transportation sector which
are described in more detail in Chapter 6:

Increase the visibility of driving costs,

Use an Environmental Impact Information Sheet to increase
awareness of the environmental costs of vehicle use;

Increase use of mass transit;

Improve the bicycle transportation system;
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Use land use planning to reduce congestion and need for
transportation;

Reduce congestion through transportation control measures
(TCM);

Develop an estimate of the energy- and emission-saving
effectiveness of TCMs;

Publicize incentives for alternate fuel vehicle (AFV) ownership;
Consider additional incentives for AFV ownership;

Encourage early production and sale of 10% ethanol-blend gasoline
in Hawali;

Encourage early deployment of electric vehicles in Hawaii;

Encourage electric vehicle manufacturers to offer electric vehicles
for sale;

Expand Hawaii Electric Vehicle Development Program;

Assist fleets in complying with EPACT requirements for aternative
fuel vehicles; and

Support Honolulu Clean Cities Program.

1.6.3 Air Transportation

Air transportation is vital to Hawaii’ s tourism-based economy, providing
transportation to millions of visitors and residents annually. Overseas
trangportation is the only regular passenger connection to the Mainland United
States and international destinations. Inter-island air transportation is equally
critical, asit isthe only passenger connection between Hawaii’ sislands for
residents and visitors alike.

Given the essential nature of Hawaii's domestic air transportation, and the amounts
of greenhouse gas emissions involved, efficient operation and efficient aircraft are
generaly the most effective measures for emissions reductions. The following are
recommendations that could contribute to reducing emissions.

Adopt operating measures for fuel efficiency;

Examine ways to increase load factors, especialy on inter-isand
flights;

Re-equip inter-idand airlines with newer, more efficient aircraft;
and

Encourage use of efficient aircraft on Hawaii to Mainland routes.

1-10
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1.7

1.7.1

Future gainsin commercial aviation energy efficiency could be obtained through
technological improvements to engines and airframes, and, in the more distant
future, new technologies for aircraft propulsion. These measures are beyond the
control of Hawaii, but will set the standard as to what may be achievable in future
reductions of greenhouse gas emissions from air transportation.

Recommendations for the long term include:
Support potential technological improvementsin aircraft;
Maintain high load factors; and
Be alert to possible aviation fuel substitution opportunities.

Marine Transportation

If inter-island air transportation of passengers can be described as analogous to the
mainland interstate highway system, inter-island marine shipping is the analog of
intrastate trucking and railroads. Inter-island marine transport, primarily using
towed barges, ships most of Hawaii’ s cargo between theisands. The following
are recommendations to reduce emissions from marine transportation:

Consider changes in operating procedures for energy efficiency;
Adopt technical improvements to ships; and

Improve data collection for use in estimating future marine fuel use.

Chapter 7: Electricity Sector

Hawaii’ s electricity sector includes electricity generated by the four electric
utilities, independent power producers and cogenerators, and the sugar industry
that is sold to consumers through the four utility systems. In 1990, emissions from
the electricity sector were the second greatest contributor to its global warming
potential. The sector produced a globa warming potential of 7,652,966 CO.-
equivalent tons or 41% of the total.

Baseline and Forecast Electricity Sector Emissions

In the first part of this decade, electricity sales and generation to meet that sales
growth resulted in greater increases in greenhouse gas emissions in the electricity
sector than any other source category. Figure 1.3 shows that the increasein
electricity use significantly outpaced growth in Hawalii's population and GSP from
1990 to 1997, growing by almost 13%. During the same period, defacto
population grew about 1.1%, while GSP grew only 3.8%.
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Figure 1.3 Hawaii Electricity Sales, De Facto Population, and Gross State Product, 1990-1997
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Figure 1.4 Estimated Hawaii Electricity Sector CO, Emissions, 1990 - 2000

Figure 1.4 shows the estimated increase in CO, emissions based upon the
projected growth in demand and sales. A line representing the Kyoto Protocol
goal of reducing greenhouse gas emissions 7% below 1990 emissions was
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1.7.2

provided for reference. It isnot intended to be a specific goal or to imply that
the electricity sector alone can or should meet the goal. Effortstoreduce
emissions will involve effortsin all sectors, but each sector will not necessarily
be able to reach a sector goal of 7% below 1990 levels.

Under current utility Integrated Resource Planning (IRP), it was estimated that
electricity sector emissions would be 26% higher at 9,860,634 tons CO, in 2010
than the 1990 base of 7,813,323 tons. Thiswould be 37% greater than the Kyoto
target.

Measures to Reduce Electricity Sector Greenhouse Gas Emissions

Crosscutting Actions. Crosscutting actions create a more efficient electricity
system by employing a combination of both demand-side measures and supply-side
measures. Crosscutting recommendations for the electricity sector included:

Continue IRP in Hawaii unless replaced by an alternate form of
planning;

Enhance utility participation in Climate Challenge Program,
Continue efforts to restructure Hawaii's electric utilities; and

Under arestructured system, establish a Renewable Energy
Portfolio Standard and set maximum greenhouse gas emission
standards.

Demand-Side Management. Demand-Side Management, or DSM, is defined as
any utility activity aimed at modifying the customer’s use of energy to reduce
demand. It includes conservation, load management, and efficiency programs.
DSM offers the potential for lower customer utility bills, deferral of major power
plant investments, reduced environmental impacts, and potential diversification of
resources (NEOS 1995, ES-1). The following list summarizes recommendations
discussed in detail in Chapter 7:

Continue and expand electric utility DSM programs;

Continue to increase State government efforts to improve energy
efficiency;

Expand State government energy performance contracting;

Continue and expand County government energy efficiency
programs,

Maintain and extend the Hawaii Model Energy Code;

Adopt Model Energy Code for Maui County (currently under
consideration) and adopt Residential Building Model Energy Code
in all counties;
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1.7.3

1.8

Encourage continued use of HiLight software program by lighting
designers to ensure Model Energy Code compliance;

Design and construct buildings appropriate to Hawaii's climate to
reduce energy use;

Continue and enhance Hawaii participation in U.S. government-
sponsored energy efficiency programs; and

Support Federal Energy Management Program in Hawaii.
Supply-Side Activities. Greenhouse gases can aso be reduced by activities that
improve the efficiency of electricity generation or provide electricity without or

with less greenhouse gas emissions. Chapter 7 discusses the following measuresin
more detail:

Establish carbon offset programs or permit trading systems;
Maximize cost-effective cogeneration;

Continue to encourage renewable energy through tax credits;
Increase use of solar water heating;

Implement recommendations of the Renewable Energy Resource
Docket;

Implement HES Renewable Energy Implementation Plan; and

Determine technical capability of electric utility systemsto use
intermittent renewable energy.

Electricity Sector CO, Emissions Savings

Chapter 7 concludes with a summary of CO, emissions savings from efforts
currently underway in Hawaii. By 2010, it was estimated that DSM efforts could
reduce emissions by almost 966,000 tons of CO, in that year alone. On the supply
side, cogeneration was expected to continue to reduce emissions by about 218,000
tons of CO,, and renewable energy use would avoid 800,000 tons of CO,
emissions. Additional renewable energy generation as discussed in Chapter 9's
Scenario E2 could avoid an additional million tons of CO, emissions by 2010.

Chapter 8: Residential, Commercial, and Industrial
Energy Sectors

Chapter 8 examines non-electricity greenhouse gas emissions from energy usesin
the residential, commercial, and industrial sectors. These sectors used utility and
non-utility gas, self-generation of electricity, non-highway vehicles, and oil-fired
water heating, kiln heating, and steam production.

1-14
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Together, these sectors produced about 8% of Hawaii's CO, emissions and about
7% of Hawaii's GWP in tons of CO, equivalent, or about 4.

Estimated Residential, Commercial, and Industrial Greenhouse Gas
Emissions to 2000

1.8.2

1.9

CO, emissions in these three sectors were forecast to grow by 2%, from 1.26
million tonsin 1990 to 1.28 million tonsin 2010. The commercial sector’s CO,
emissions were forecasted to increase by 34% to 362,000 tons. However, a 4%
decline in emissions was forecasted in the industria sector, primarily due to the
end of cement kiln operations and closure of several sugar plantations reduced that
total to 870,000 tons. Residential emissions were forecasted to decline to about
56,000 tons by 2010 if trends in reduced utility gas and L PG sales observed in the
early 1990s continue. This may not be the case and this estimate should be
reviewed carefully in the future.

Actions to Reduce Greenhouse Gas Emissions

Utility and Non-Utility Gas. Hawaii has no natural gas resources. Gas serviceis
provided using synthetic natural gas (SNG) and liquid propane gas (LPG).
M easures recommended to reduce emissionsin this areainclude:

Implement gas utility demand-side management programs,

Develop energy efficiency programs for non-utility gas customers,
and

Consider fuel-switching opportunities between electricity and gas.

Sugar Industry. CO, emissions from generation of electricity and steam for
internal use have declined significantly statewide (about 34%), mostly due to
closure of sugar mills since 1990. On Kauai, emissions from the remaining mills
were only 38% of 1990 levels. On Maui, however, emissions were up in 1997 to a
level 44% greater than 1990. Hawaii's sugar mills are already among the most
efficient in the world and continuing cost pressures are expected to result in high
efficiency levels. There were no specific recommendations for improvement.

Chapter 9: Energy System Scenarios

Chapter 9 examined a number of hypothetical energy sector scenarios designed to
reduce Hawaii’ s greenhouse gas emissions. The scenarios were run on the
ENERGY 2020 model of Hawaii’ s energy system in each of Hawaii’s four
counties. See Appendix C for additional information about ENERGY 2020.

The purpose of these model runs was to evaluate whether actions under
consideration could be effective in reducing emissions and to look at their
economic costs or benefits. The scenarios were compared to a Baseline scenario
designed to replicate the current energy system and known plans. While the
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options examined may not necessarily be possible to fully implement, the results
suggest areas in which actions could be pursued to reduce emissions.

In this study, four groups of scenarios were run on the model. These included
electricity generation scenarios, transportation scenarios, carbon tax scenarios, and
composite scenarios. Due to the complexity of the scenarios and their
presentation, the reader is referred to Chapter 9 for further details.

Scenario-Based Recommendations
The following recommendations were based upon ENERGY 2020 model runs:

Do Not Use Carbon Taxesin Effortsto Reduce Greenhouse Gas Emissions.
The model results suggest that the negative economic effects were most significant
in the scenarios with carbon taxes.

Consider Implementing Elements of Scenario C3. Since the options modeled in
Scenario C3 could be implemented at the state level, they are recommended for
consideration in an initial Hawaii Climate Change Action Plan for the energy
sector. They included E2 — Maximize Renewable Energy in the electricity sector,
and in the ground transportation sector, GT2 — 10% Ethanol-based Gasoline, and
GT3-50 Cents per Gallon Increase in Gasoline Prices. Theincrease in gasoline
pricesis not a recommended option, but is a possible scenario. Together these
options offer significant reductions in emissions but do not achieve the Kyoto
Protocol goal for the United States of 7% below 1990 levels.

Support Effortsto Increase Aircraft and Ground Vehicle Fud Efficiency.
Since jet fuel and ground transportation fuel use constitutes a mgjority of Hawaii’s
energy use, improvements in fleet efficiency would significantly help reduce CO,
emissions. Hawaii should support aircraft efficiency research and development
efforts at the national level, and encourage airlines serving Hawaii to use their
most efficient types of aircraft. Hawaii should also encourage auto manufacturers
efforts to develop and deploy aternative fuel vehicles and high-efficiency vehicles,
and to support increases in national CAFE standards. Hawali's citizens should aso
be made aware of the effects of vehicle use on climate change and should be
encouraged to purchase fuel-efficient vehicles and to operate them in an efficient
manner.

Maximize Renewable Energy and Demand-Side M anagement in the
Electricity Sector. Hawaii should continue efforts to maximize the use of
renewable energy and it should conduct research and devel opment and
demonstration projects. Hawaii’s utility DSM programs should be encouraged and
continue to be supported with appropriate tax credits. The utilities should evaluate
the full range of possible DSM programsin each IRP cycle to ensure that any
measure is included which may become cost-effective in the face of increasing
electricity prices. There should also be provisions to enhance renewable energy
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and DSM programs under any electricity restructuring that may occur. Possible
measures include the use of system benefit charges and/or renewable portfolio
standards.

1.10 Chapter 10: Industrial Processes

QOil refining and synthetic natural gas production were responsible for a very low
percentage of Hawaii's greenhouse gas emissions. The following were the
recommendations for future activitiesin this area.

Encourage refiners to carry out and report actions to reduce
greenhouse gas emissions; and

Encourage The Gas Company to implement and report actions to
reduce greenhouse gas emissions.

1.11 Chapter 11: Municipal Waste Management

Chapterll examines options for reduction of greenhouse gas emissions produced
by municipal solid waste (MSW) management and wastewater treatment in
Hawaii. Municipal waste emitted 189,684 tons of CO, and 53,490 tons of
methane in 1990. Municipa solid waste produced 98% of the globa warming
potential from municipa waste management in Hawaii in 1990. Together, these
emissions were the equivalent of 1,389,058 tons of CO, since methane emissions
are estimated to have 22 times the global warming potential of CO, emissions

Reducing Municipal Solid Waste Emissions

A variety of measures are examined in Chapter 11 to reduce greenhouse gas
emissions, principaly CH,4 and CO, from municipal solid waste in Hawaii. Figure
1.6, on the following page, compared three scenarios. The base recommendation
isthe forecast growth in emissions if no changes were made in current practices.
The priority recommendations and all recommendation scenarios both have the
potential of reducing emissions below the Kyoto Protocol goal, contributing to
Hawaii's overdl efforts.

Pre-Consumer Sour ce Reduction. Source reduction is perhaps the easiest and
most straightforward method of reducing methane emissions in Hawaii. Source
reduction can occur either prior to the sale of goods to the consumer, or when the
consumer discards that refuse. It is estimated that product packaging takes as
much as 30% of landfill space nationwide (State of Hawaii 1991, 5-8). Pre-
consumer source reduction measures include:

State and County government leadership in pre-consumer source
reduction; and

Encourage consumer actions in pre-consumer source reduction.
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Figure 1.6 Estimated Methane Emissions from Solid Waste Management Comparing Alternative
Mitigation Measures (Tons/Year), 1990-2020

Post-Consumer Source Reduction. After goods have been used by the consumer
and are ready to be discarded, there are severa options for reducing the amount of
solid waste that goes to landfills, including

Support county recycling programs and improve coordination
efforts and internal programs of state government offices; and

Provide incentives for private recycling, reuse, and
remanufacturing.

Construct and Operate Waste-to-Energy Plants. H-POWER (Honolulu
Program of Waste Energy Recovery), located in Campbell Industrial Park, Oahu is
an excellent example of a successful waste-to-energy plant. It is estimated that
through reductions in landfill CH, and CO,, H-POWER avoided about 229,000
tons of CO, equivaent emissionsin 1996, after including CO, emissions produced
by burning the waste. Chapter 11 discusses possible waste-to-energy facilities for
neighbor islands.

Reduce M ethane Emissions from Landfills by Flaring or Use as a Fuel.
Landfills produce methane and CO, in approximately equal volumes. Any landfill
containing more than a few thousand tons of MSW can continuously fuel a
methane flaring system. Options discussed in Chapter 11 could avoid emission of
up to 46,000 tons of CH,4 emissions annually, which is equivaent to just over

1 million tons of CO..
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1.11.2 Reducing Emissions from Municipal Wastewater Treatment

Municipal wastewater treatment produces both effluent and sludge (biosolids),
which in turn produce CH, and CO,. Emission of CO, islargely unavoidable, but
methane emissions can be reduced significantly at some cost. Chapter 11 offers
the following recommendations in this area for further consideration:

Use recovered CH, at sewage treatment plants;

Use directly applied dried sewage dudge as fertilizer and use
sawage effluent for nutrient-rich irrigation;

Compost sewage sludge for use on vegetables and other crops and
pastures;

Inject CO, and possibly CH, into sewage effluent being sent into
offshore outfall pipesif practice isfound to provide sequestration;
and

Use sewage effluent as reinjection fluid for geothermal wells.

1.12 Chapter 12: Agriculture

Chapter 12 suggests measures to reduce Hawaii’ s greenhouse gas emissions from
agricultura activities, including livestock and manure management, fertilizer and
compost, crop burning and bioenergy crops, and land use management.
Agriculture contributed only 3% to Hawaii's globa warming potential.
Recommendations discussed in more detail in Chapter 12 included:

Recover CH, from stored manure;

Improve the diet quality of ruminants;

Improve efficiency of livestock feed application;
Increase aerobic treatment of manure;

Promote expanded use of organic fertilizers,

Improve efficiency of fertilizer use;

Promote planting of cover crops which capture nitrogen;
Promote improved soil management; and

Consider measures involving crop burning and bioenergy crops.

1.13 Chapter 13: Forestry

Chapter 13 examines the contribution of forestry in Hawaii in taking up
greenhouse gas emissions from the atmosphere and reducing effects on climate
change. A low-cost way to reduce levels of CO, in the atmosphere is by planting
or preserving trees, which absorb the gas through their normal growth process.
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The State of Hawaii has a unique combination of attributes that make it an ideal
place to establish carbon offset forestry (COF) projects. These attributes include:

Thousands of acres of vacant sugar land and underutilized pasture
lands;

Tropica growth rates which sequester large amounts of carbonin a
short time period;

A developing forest industry supported by private sector investors,
and

The political stability of being a state of the United States to assure
long-term project success.

Carbon offsets through forestry may play a significant role in ameliorating global
environmental problems as well as helping Hawaii's economy. Opportunities for
carbon offset forestry in Hawaii are further detailed in Chapter 13 and include the
following recommendations:

Expand the State forest inventory to all forestlands to determine
existing timber resources and reforestation opportunities,

Assure that disposition of wood from State lands and future leasing
of forest lands add value and optimize carbon sequestration,;

The State should review its pasture leases to identify lands that
have the potential for reforestation and to determine which of these
lands could make the best contribution to a value-added forest
industry and COF projects;

The State should sponsor a COF conference to determine how COF
projects can help contribute to Hawaii's forestry sector.

The State's mgjor financial institutions should design the
appropriate investment platform such as " Certifiable Tradable
Offsets’ (CTOs) or "carbon bonds" or other forms of "carbon
banking" that could help encourage COF projects in Hawali.

1.14 Chapter 14: Research and Development, Future

Technology, and Technology Export

Most of the Hawaii Climate Change Action Plan focused on ways to reduce
greenhouse gas emissions by considering existing technologies in devel oping and
addressing options. Especidly in the energy sector, it was forecasted that it will be
very difficult, if not impossible, using existing technology, to reach the Kyoto
Protocol goa of reducing emissions to 7% below 1990 levels. Recommendations
discussed in Chapter 14 include:

Support deep-ocean carbon sequestration research in Hawaii;
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Conduct research and development and demonstration (RD& D) on
carbon sequestration and ocean thermal energy conversion at the
Natural Energy Laboratory of Hawaii Authority;

Conduct RD& D using Hawaii's abundant renewable energy
resources,

Conduct building efficiency RD&D in Hawali;

Conduct RD& D on clean energy and transportation energy
efficiency to reduce Hawaii's overdependence on ail;

Conduct RD&D on electricity system efficiency and clean energy
for electricity generation in Hawaii;

Emphasi ze sustainable development projects supporting reduction
of greenhouse gas emissions in the DBEDT Strategic Technology
Marketing and Development Program; and

Promote and support increased commercia exports from Hawaii of
technologies, expertise, and services that reduce or mitigate
greenhouse gas emissions, especialy to the Asia/lPacific Region.

In the Chapters that follow, the topics discussed and the recommendations
summarized in this Introduction, are covered in more detail. The ideas, practices,
and recommendations herein can be considered and combined into an effective
strategy to reduce Hawaii's greenhouse gas emissions and reduce Hawalii's effects
on climate change, while contributing to sustainable economic growth.
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CHAPTER 2 HAWAII AND GLOBAL CLIMATE

CHANGE

2.1

2.2

221
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Overview

This chapter presents an overview of the problem posed by greenhouse gas
emissions. It discusses greenhouse gases, their effects on climate change, and the
potential impact of climate change on Hawaii.

Greenhouse Gases and Climate Change
The Greenhouse Gases

This section is intended to provide the reader with background information on the
relationship of the greenhouse gases to global climate change. The primary focus
is on the greenhouse gases carbon dioxide (CO,), methane (CH,), and nitrous
oxide (N20). In addition, data on Hawaii emissions of the photochemically
important gases carbon monoxide (CO), oxides of nitrogen (NOx), and
nonmethane volatile organic compounds (NMV OCs) were collected and
summarized in the basdline Inventory of Hawaii Greenhouse Gas Emissions,
Estimates for 1990 (State of Hawaii, 1997a). The Inventory is summarized briefly
in the following Chapter. The remainder of this section, based closely upon the
U.S. Environmental Protection Agency's State Workbook (USEPA 1995, iii),
discusses the nature of each of the gases.

Description of Greenhouse Gases

Carbon dioxide. The combustion of liquid, solid, and gaseous fuels is the main
anthropogenic source of CO, emissions. Some non-energy processes, notably
cement production, municipa waste management, and sugarcane waste burning in
the fields aso produce CO..

In nature, CO; is cycled between various atmospheric, oceanic, land biotic, and
marine biotic reservoirs. The largest fluxes are between the atmosphere and land
biota, and between the atmosphere and the surface water of the oceans. There are
also terrestrial non-biotic sources (soils) and crustal (sedimentary rock) sources.

Methane. CH, is produced through anaerobic decomposition of organic matter in
biological systems. Enteric fermentation in animals, decomposition of animal
wastes, and decomposition of municipal solid waste produce CH,. CH,isaso
emitted in the production and distribution of natural gas (synthetic natural gasin
Hawaii) and ail, and by incomplete fuel combustion.

The major sink for CH, isitsinteraction with the hydroxy! radical (OH) in the
troposphere. Thisresultsin chemica destruction of the CH, compound as the
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hydrogen molecules in CH, combine with the oxygen in OH to form water vapor
(H20) and CHs;. After anumber of other chemical interactions, the remaining CHs
turnsinto CO which itself reacts with OH to produce CO, and hydrogen (H).

Nitrous Oxide. Anthropogenic sources of N,O of concern include use of
fertilizers, fossil fuel combustion, and biomass burning for energy production and
in the fields.

Halogenated Fluor ocarbons, HFCs, and PFCs. Halogenated fluorocarbons are
man-made compounds that include chlorofluorocarbons (CFCs), halons, methyl
chloroform, carbon tetrachloride, methyl bromide, and hydrochlorofluorocarbons
(HCFCs). All of these compounds not only enhance the greenhouse effect, but
also contribute to stratospheric ozone depletion (USEPA, 1995b, iii). While many
of these gases have been used in Hawaii, there is no information that they were
ever manufactured in the state.

In 1989, Hawaii was the first state to enact legidation to regulate and require
recovery and recycling of chlorofluorocarbons. The United States has phased out
production and use of all halons, CFCs, HCFCs, and other ozone depleting
substances under the 1987 Montreal Protocol and 1992 Copenhagen Amendments
(Cook 1996, 9). Perfluorinated carbons (PFCs) and hydrofluorocarbons (HFCs), a
family of CFC and HCFC replacements, not covered under the Montreal Protocol,
are also powerful greenhouse gases (iii).

Description of Photochemically Important Gases

The photochemically important gases play arole in increasing production of
tropospheric ozone (also known as urban smog). These gases— NOx, CO, and
NMVOCs -- are known as criteria pollutants and are regulated under the Clean Air
Act of 1970 and subsequent amendments. Ozone itself is both produced and
destroyed in the atmosphere through natural processes. Approximately 90 percent
reside in the stratosphere, where it controls the absorption of solar ultraviolet
radiation; the remaining 10 percent are found in the troposphere and could play a
significant greenhouse role.

Oxides of Nitrogen. Oxides of nitrogen, NO and NO,, are created from biomass
burning, fossil fuel combustion, and are generated in the stratosphere from nitrous
oxide. They contribute to formation of ozone.

Carbon Monoxide. CO is created when carbon-based fuels are burned
incompletely. CO elevates concentrations of CH, and tropospheric ozone through
chemical reactions with atmospheric constituents (e.g., OH) that would otherwise
assist in destroying methane and ozone. It eventually oxidizes to CO,.

Nonmethane Volatile Organic Compounds. NMVOCs include propane,
butane, and ethane. They participate, along with NOX, in the formation of ground-
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level ozone and other photochemical oxidants. VOCs are primarily emitted by
trangportation and industrial processes (USEPA 1995b, iii).

Climate Change: The Summary for Policymakers

The following section on climate change was extracted from Climate Change
1995: The Science of Climate Change, Summary for Policymakers and Technical
Summary of the Working Group | Report (IPCC 1996), published in 1996 by the
Intergovernmental Panel on Climate Change (IPCC). The IPCC wasjointly
established by the World Meteorological Organization and the United Nations
Environmental Programme to provide an authoritative international statement of
the current understanding of climate change (2). The Summary for Policymakers,
approved in detail at the fifth session of the IPCC Working Group | in Madrid, 27-
29 November 1995, represents the IPCC’ s formally agreed statement on the
current understanding of the science of climate change (7).

While there are many who disagree with elements or all of the IPCC statement, it
is supported by the United States government and is the basis for the actions taken
in the United States Climate Action Program. Asabasis for understanding the
need to inventory greenhouse gases, a major excerpt of the Summary for
Policymakers is presented here (including its use of British spelling). While the
summary also discussed CFCs, HCFCs, and other aerosols, those sections are not
included below, as Hawaii is not a manufacturer of such gases. Asnoted above, in
1989, Hawaii was the first state in the Nation to enact legidation to regulate and
require recovery and recycling of chlorofluorocarbons. The excerpt that follows
focuses on the principal greenhouse gases discussed in this report: CO,, CH,, and
N.O.

Summary for Policymakers

Considerable progress has been made in the understanding of
climate change science *

Greenhouse gas concentrations have continued to increase

Increases in greenhouse gas concentrations since pre-industrial
times (i.e., since about 1750) have led to a positive radiative
forcing 2 of climate, tending to warm the surface and to produce
other changes of climate.

' Climate change in the IPPC Working Group | usage refers to any change in climate over time whether
due to natural variability or as aresult of human activity. This differs from the usage in the Framework
Convention on Climate Change where climate change refers to a change of climate which is attributed
directly or indirectly to human activity that alters the composition of the global atmosphere and which is
in addition to natural climate variability observed over comparable time periods.

2 A simple measure of the importance of a potential climate change mechanism. Ratiative forcing isthe
perturbation to the energy balance of the Earth-atmosphere system (in watts per square metre [Wm?])
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The atmospheric concentrations of greenhouse gases, inter alia
carbon dioxide (CO,), methane (CH, ) and nitrous oxide (N,O)
have grown significantly: by about 30%, 145% and 15%
respectively (values for 1992). These trends can be attributed
largely to human activities, mostly fossil fuel use, land-use
change, and agriculture.

The growth rates of CO,, CH, and N,O concentrations were
low during the early 1990s. While this apparently natural
variation is not yet fully explained, recent data indicate that the
growth rates are currently comparable to those averaged over
the 1980s.

The direct radiative forcing of the long-lived greenhouse gases
(2.45 Wm®) is due primarily to increases in CO, (1.56 Wm™),
CH. (0.47 Mm™) and N,O (0.14 Wm®) (values for 1992).

Many greenhouse gases remain in the atmosphere for along
time (for CO, and N,O, many decades to centuries), hence they
affect radiative forcing on long time-scales. . . .

If carbon dioxide emissions were maintained at near current
(1994) levels, they would lead to a nearly constant rate of
increase in atmospheric concentrations for at least two
centuries, reaching about 500 ppmv [parts per million by
volume] (approaching twice the pre-industrial concentration of
280 ppmv) by the end of the 21% century.

A range of carbon cycle models indicates that stabilization of
atmospheric CO, concentrations at 450, 650, or 1000 ppmv
could be achieved only if globa anthropogenic CO, emissions
drop to 1990 levels by, respectively, approximately 40, 140 or
240 years from now, and drop below 1990 level s subsequently.

Any eventual stabilized concentration is governed more by the
accumulated anthropogenic CO, emissions from now until the
time of stabilization, than by the way those emissions change
over the period. This meansthat, for a given stabilized
concentration value, higher emissionsin early decades require
lower emissionslateron. . ..

Stabilization of CH, and N,O emissions at today’ s levels would
involve reductions of 8% and more than 50% respectively. . . .

Climate has changed over the past century

At any one location year-to-year variations in weather can be large,
but analyses of meteorological and other data over large areas and
over periods of decades or more have produced evidence for some
important systematic changes.
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Global mean surface air temperature has increased by between
about 0.3 and 0.6°C since the late 19™ century; the additional
data available since 1990 and the re-anayses since then have
not significantly changed this range of estimated increase.

Recent years have been among the warmest since 1860, i.e., in
the period of instrumental record, despite the cooling effect of
the 1991 Mt. Pinatubo volcanic eruption.

Nighttime temperatures over land have generally increased
more than daytime temperatures.

Regiona changes are aso evident. For example, the recent
warming has been greatest over the mid-latitude continentsin
winter and spring, with afew areas of cooling, such asthe
North Atlantic Ocean. Precipitation has increased over land in
high latitudes of the Northern Hemisphere, especidly in the cold
Season.

Global sealevel has risen by between 10 and 25 cm [3.9t0 9.75
inches| over the past 100 years and much of the rise may be
related to the increase in global mean temperature.

There are inadequate data to determine whether consistent
global changesin climate variability or weather extremes have
occurred over the 20" century. On regional scales thereis clear
evidence of changes in some extremes and climate variability
indicators (e.g., fewer frostsin several widespread areas; an
increase in the proportion of rainfall from extreme events over
the contiguous states of the USA). Some of these changes have
been toward greater variability; some have been toward lower
variability.

The 1990 to mid-1995 persistent warm-phase of the EI Nino-
Southern Oscillation (which causes droughts and floods in many
areas) was unusual in the context of the last 120 years.

The balance of evidence suggests a discer nible human influence
on global climate

Any human-induced effect on climate will be superimposed on the
background “noise”’ of natural climate variability, which results both
from internal fluctuations and from external causes such as solar
variability or volcanic eruptions. Detection and attribution studies
attempt to distinguish between anthropogenic and natural
influences. “Detection of change’ is the process of demonstrating
that an observed change in climate is highly unusual in a statistical
sense, but does not provide areason for that change. “Attribution”
is the process of establishing cause and effect relations, including
the testing of competing hypotheses.

Hawaii Climate Change Action Plan
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Since the 1990 IPCC Report, considerable progress has been made
in attempts to distinguish between natural and anthropogenic
influences on climate. This progress has been achieved by including
effects of sulfate aerosols in addition to greenhouse gases, thus
leading to more realistic estimates of human-induced radiative
forcing. These have been used in climate models to provide more
complete simulations of the human-induced climate change
“signal.” In addition, new simulations with coupled atmospheric-
ocean models have provided important information about decade to
century time-scale natural internal climate variability. A further
major area of progressis the shift of focus from studies of global-
mean changes to comparisons of modeled and observed spatia and
temporal patterns of climate change.

The most important results related to the issues of detection and
attribution are:

The limited available evidence from proxy climate indicators
suggests that the 20" century global mean temperature is at
least as warm as any other century since at least 1400 AD.
Data prior to 1400 AD are too sparse to allow the reliable
estimation of global mean temperature.

Assessments of the statistical significance of the observed global
mean surface temperature trend over the last century have used
avariety of new estimates of natural internal and externally
forced variability. These are derived from instrumental data,
palaeodata, simple and complex climate models, and statistical
models fitted to observations. Most of these studies have
detected a significant change and show that the observed
warming trend is unlikely to be entirely natura in origin.

More convincing recent evidence for the attribution of a human
effect on climate is emerging from pattern-based studies, in
which the modeled climate response to combined forcing by
greenhouse gases and anthropogenic sulfate aerosolsis
compared with observed geographical, seasona and vertical
patterns of atmospheric temperature change. These studies
show that such pattern correspondences increase with time, as
one would expect as an anthropogenic signal increasesin
strength. Furthermore, the probability is very low that these
correspondences could occur by chance as aresult of natural
internal variability only. The vertica patterns of change are also
inconsistent with those expected for solar and volcanic forcing.

Our ability to quantify the human influence on global climateis
currently limited because the expected signal is still emerging
from the noise of natural variability, and because there are
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uncertainties in key factors. These include the magnitude and
patterns of long-term natural variability and the time-evolving
pattern of forcing by, and response to, changesin
concentrations of greenhouse gases and aerosols, and land
surface changes. Nevertheless, the balance of evidence
suggests that there is a discernible human influence on global
climate.

Climate is expected to continue to changein the future

The IPCC has a developed a range of scenarios, 1S92a-f, of future
greenhouse gas and aerosol precursor emissions based on
assumptions concerning population and economic growth, land-use,
technologica changes, energy availability and fuel mix during the
period 1990 to 2100. Through understanding of the global climate
cycle and of atmospheric chemistry, these emissions can be used to
project atmospheric concentrations of greenhouse gases and
aerosols and the perturbation of natural radiative forcing. Climate
models can then be used to develop projections of future climate.

The increasing realism of simulations of current and past climate
by coupled atmosphere-ocean climate models has increased our
confidence in their use for projection of future climate change.
Important uncertainties remain, but these have been taken into
account in the full range of projections of global mean
temperature and sea level change.

For the mid-range |PCC emission scenario, 1S92a, assuming the
“best estimate’ value of climate sensitivity® and including the
effects of future increases in aerosol, models project an increase
in global mean surface air temperature relative to 1900 of about
2°C [3.6°F] by 2100. Thisisdue primarily to lower emission
scenarios (particularly for CO, and the CFCs), the inclusion of
the cooling effect of sulfate aerosols, and improvementsin the
treatment of the carbon cycle. Combining the lowest IPCC
emission scenario (1S92c) with a“low” vaue of climate
sengitivity and including the effects of future changes in agrosol
concentrations leads to a projected increase of about 1°C

[1.8°F] by 2100. The corresponding projection for the highest
IPCC scenario (1S92e) combined with a“high” value of climate
sensitivity gives awarming of about 3.5°C [6.3°F]. Inall cases
the average rate of warming would probably be greater than any

®In IPCC reports, climate sensitivity usually refers to the long-term (equilibrium) change in global mean
surface temperature following a doubling of atmospheric equivalent CO, concentration. More generally,
it refers to the equilibrium change in surface air temperature following a unit change in radiative forcing
(CIwm®).
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seen in the last 10,000 years, but the actual annua to decadal
changes would include considerable natural variability.

Regiona temperature changes could differ substantially from
the global mean value. Because of the therma inertia of the
oceans, only 50-90% of the eventual equilibrium temperature
change would have been redlized by 2100 and temperature
would continue to increase beyond 2100, even if concentrations
of greenhouse gases were stabilized by that time.

Average sealevel is expected to rise as aresult of thermal
expansion of the ocean and melting of glaciers and ice-sheets.
For the 1S92a scenario, assuming the “best estimate” values of
climate sengitivity and of ice melt intensity to warming, and
including the effects of future changes in aerosol, models
project an increase in sealevel of about 50 cm [19.5 inches|
from the present to 2100. This estimate is approximately 25%
lower than the “best estimate” in 1990 due to the lower
temperature projection, but also reflecting improvements in the
climate and ice melt models. Combining the lowest emission
scenario (1S92c) with the “low” climate and ice melt
senditivities and including aerosol effects gives a projected sea
level rise of about 15 cm [5.85 inches] from the present to
2100. The corresponding projection for the highest emission
scenarios (1S92e) combined with the “high” climate and ice melt
sengitivities gives a sea level rise of about 95 cm

[37.05 inches] from the present to 2100. Sealevel would
continue to rise a asimilar rate in future centuries beyond 2100
even if concentrations of greenhouse gases were stabilized by
that time, and would continue to do so even beyond the time of
stabilization of global mean temperature. Regional sealevel
changes may differ from the global mean value owing to land
movement and ocean current changes.

Confidence is higher in the hemispheric-to-continental scale
projections of coupled atmosphere-ocean climate models than in
the regiona projections, where confidence remains low. There
is more confidence in temperature projections than hydrological
changes. . ..

A genera warming is expected to lead to an increase in the
occurrence of extremely hot days and a decrease in the
occurrence of extremely cold days.

Warmer temperatures will lead to a more vigorous hydrological
cycle; thistrandates into prospects for more severe droughts
and/or floods in some places and |less severe droughts and/or
floods in other places. Several models indicate an increase in
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precipitation intensity, suggesting a possibility for more extreme
rainfall events. Knowledgeis currently insufficient to say
whether there will be any changes in the occurrence or
geographic distribution of severe storms, e.g., tropical cyclones.

Sustained rapid climate change could shift the competitive
balance among species and even lead to forest dieback, atering
the terrestrial uptake and release of carbon. The magnitudeis
uncertain, but could be between zero and 200 GtC [giga-tonnes
of carbon] over the next one to two centuries.

Thereare still many uncertainties

Many factors currently limit our ability to project and detect future
climate change. In particular, to reduce uncertainties further work
is needed on the following priority topics.

estimation of future emissions and biogeochemical cycling
(including sources and sinks) of greenhouse gases, aerosols and
aerosol precursors and projections of future concentrations and
radiative properties,

representation of climate processes in models, especialy
feedbacks associated with clouds, oceans, seaice and
vegetation, in order to improve projections of rates and regional
patterns of climate change;

systematic collection of long-term instrumental and proxy
observations of climate system variables (e.g., solar output,
atmospheric energy balance components, hydrological cycles,
ocean characteristics and ecosystem changes) for the purposes
of model testing, assessment of temporal and regional variability
and for detection and attribution studies.

Future unexpected, large and rapid climate system changes (as have
occurred in the past) are, by their nature, difficult to predict. This
implies that future climate changes may also involve “surprises.” In
particular these arise form the non-linear nature of the climate
system. When rapidly forced, non-linear systems are especialy
subject to unexpected behavior. Progress can be made by
investigating non-linear processes and sub-components of the
climatic system. Examples of such non-linear behavior include
rapid circulation changes in the North Atlantic and feedbacks
associated with terrestrial ecosystem changes. (8-13)
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Potential Effects of Global Climate Change on
Hawalii

In 1995, the Intergovernmenta Panel on Climate Change (IPCC) Working Group
I1 completed a“review of the state of knowledge concerning climate change on
physical and economic systems, human health and socio-economic sectors’ (IPCC
1995b). The Summary for Policy Makers. Scientific-Technical Analysis of
Impacts, Adaptations and Mitigations of Climate Change is available on the
Internet at www.unep.ch/ipcc/wg2.html.

The IPPC report discussed a wide range of potentia vulnerabilities to climate
change faced by human societies. The report noted that the stresses posed by
human-induced climate change add an important additional stress to ecological and
socio-economic systems already affected by pollution, increasing resource
demands and nonsustai nable management practices. It addresses effects on
agriculture and food security; sealevels, oceans, and coastal areas; biological
diversity and ecosystems; water resources, human health; infrastructure, industry,
and human settlement; and climatic disasters and extreme events (IPCC 1995b).

In addition, the U.S. Environmental Protection Agency has produced an analysis of
the effects of climate change on each state of the United States. Climate Change
and Hawaii (USEPA 1998a) was published in September 1998.

Hawaii, directly or indirectly, is potentialy vulnerable to negative effects from
climate. The remainder of this section was extracted from Climate Changein
Hawaii.

Local Climate Changes

In Honolulu the average temperature has increased 4.4 degrees F over the last
century, and precipitation has decreased approximately 20% over the last 90 years.
It is not clear whether these trends will continue in the future (2).

Over the next century, climate in Hawaii may change even more. For example,
based on projections made by the Intergovernmental Panel on Climate Change and
results from the United Kingdom's Hadley Centre's climate model , amodel that
accounts for both greenhouse gases and aerosols, by 2100 temperatures in Hawalii
could increase by 3 degrees F (with arange of 1to 5 degrees F) in al seasons,
dightly morein fall. Future changesin precipitation are highly uncertain because
they depend in part on how El Nino might change, and reliable projections of
changesin El Nino have yet to be made. It is possible that quite large precipitation
increases could occur in summer (particularly) and fall. Other climate models may
show different results, especially regarding estimated changes in precipitation. The
impacts described take into account estimates from different models. The
frequency of extreme hot days in summer would increase because of the general
warming trend. It isnot clear how the severity of storms such as hurricanes might
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be affected, although an increase in the frequency and intensity of summer
thunderstorms is possible (2).

Human Health

2.3.3

Higher temperatures and increased frequency of heat waves may increase the
number of heat-related deaths and the incidence of heat-related illnesses. The
elderly, particularly those living alone, are at greatest risk. These effects have been
studied only for populations living in urban areas; however, even those in rural
areas may be susceptible (2-3).

Climate change could increase concentrations of ground-level ozone. For
example, high temperatures, strong sunlight, and stable air masses tend to increase
urban ozone levels. Although Hawaii isin compliance with current air quality
standards, increased temperatures could make remaining in compliance more
difficult. Ground-level ozone is associated with respiratory illnesses such as
asthma, reduced lung function, and respiratory inflammation. Air pollution isalso
made worse by increases in natural hydrocarbon emissions such as emissions of
terpenes by trees and shrubs during hot weather. 1f awarmed climate causes
increased use of air conditioners, air pollution emissions from power plants will
also increase (3).

Warmer seas could enhance the growth of toxic algae, and can lead to harmful
algal blooms, that is, red tides. The increased intensity, duration, and extent of
harmful algal blooms can damage habitat and shellfish nurseries. These blooms can
be toxic to humans and can carry bacteria like those causing cholera. Viral and
bacterial contamination of shellfish has repeatedly caused illness, and warmer
waters could contribute to these illnesses. Future warming combined with local
pollution most likely would continue to damage fish and shellfish and thus affect
human hedlth (3).

Warming and other climate changes may expand the habitat and infectivity of
disease-carrying insects, increasing the potential for transmission of diseases such
as maariaand dengue fever. Although dengue fever is currently uncommon in the
United States, conditions already exist in Hawalii that make it vulnerable to the
disease. Warmer temperatures resulting from climate change could increase the
risk. Developed countries such as the United States should be able to minimize the
impacts of these diseases through existing disease protection and control methods

(3.
Coastal Areas

Sea levd rise could lead to flooding of low-lying property, loss of coastal
wetlands, erosion of beaches, saltwater contamination of drinking water, and
decreased longevity of low-lying roads, causeways, and bridges. In addition, sea
level rise could increase the vulnerability of coastal areas to storms and associated
flooding (3).
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The 1,000 mile tidally influenced shorelines of the Hawaiian Idands contain some
of the world's most famous white-sand beaches as well as steep cliffs. Hawaii's
beaches are generally not subject to erosion by waves because of the protective
influence of offshore climate reefs. The coral reefs, which are the source of the
with sand, could provide sufficient natural nourishment to the beaches under sea
level rise. However, the effects of accelerated sea level rise on cora reef
ecosystems are poorly understood, and these beaches may require additional sand
replenishment (3).

At Honolulu, Nawiliwili, and Hilo, sealevel already isrising by 6-14 inches per
century, and it islikely to rise another 17-25 inches by 2100. Possible responses to
sea level rise include building walls to hold back the sea, alowing the seato
advance and adapting to it, and raising the land (e.g., by replenishing beach sand,
elevating houses and infrastructure). Each of these responses will be costly, either
in out-of-pocket costs or in lost land and structures. For example, the cumulative
cost of sand replenishment to protect the coast of Hawali from a 20-inch sea level
rise by 2100 is estimated at $340 million to $6 billion. However, sand
replenishment may not be cost-effective for all coastal areasin the state, and costs
may be lower (although some coastal areas would be inundated) (3).

Water Resources

In awarmer climate, runoff and water availability in Hawaii would be influenced
primarily by higher temperatures, increased evaporation, and changesin rainfall.
Increased rainfall and runoff could recharge aquifers and ease water supply
problems; however it could aso increase flooding. In Hawaii, hurricanes, severe
storms, storm runoff, and high surf (including tsunamis) cause flooding, extensive
property damage, and loss of life. Although the effect of a warmer climate on the
frequency and severity of tropical cyclonesis uncertain, the combination of rising
sea level and increased rainfall could exacerbate flooding. The northern and
western coasts of each idand are particularly vulnerable to high surf, which often
damages homes, roads, and resort complexes. The extensively developed coasts of
Oahu are particularly susceptible to costly damage (3).

Additionaly, in awarmer climate, heavier rains are expected. The resulting
increase in runoff could also impair water quality by increasing sediment and
pollutant runoff from agricultural lands, overgrazed pasturelands, and urban
areas (3).

Hawaii's water resources are very susceptible to prolonged droughts. During these
periods, low rainfall and streamflow often lead to increased usage of groundwater,
which causes groundwater levels to decline and increases the likelihood of salt-
water intrusion. Severe droughts also result in crop damage, livestock losses, and
water-use restrictions. Under warmer conditions, the variability of climateis
expected to increase, which could lead to more frequent and intense droughts (3).
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2.3.6

Agriculture

The mix of crop and livestock production in a state is influenced by climatic
conditions and water availability. As climate warms, production patterns could
shift northward. Increasesin climate variability could make adaptation by farmers
more difficult. Warmer climates and less soil moisture due to increased
evaporation may increase the need for irrigation. However, these same conditions
could decrease water supplies, which aso may be needed by natural ecosystems,
urban populations, industry, and other users (4).

Understandably, most studies have not fully accounted for changes in climate
variability, water availability, crop pests, changesin air pollution such as ozone,
and adaptation by farmers to changing climate. Including these factors could
change modeling results substantially. Analyses that assume changesin average
climate and effective adaptation by farmers suggest that aggregate U.S. food
production would not be harmed, although there may be significant regional
changes (4).

In Hawaii, production agriculture is a $500 million annual industry, 80% of which
comes from crops. Almost one-half of the farmed acres are irrigated. The major
cropsin the state are sugarcane and pineapple. Climate change could increase
their yields by about 10%. Farmed acres could remain fairly constant (4).

Forests

Trees and forests are adapted to specific climate conditions, and as climate warms,
forests will change. These changes could include changes in species composition,
geographic range, and health and productivity. If conditions aso become drier, the
current range and density of forests could be reduced and replaced by grasslands
and pasture. Even awarmer and wetter climate could lead to changes; trees that
are better adapted to these conditions would thrive. Under these conditions,
forests could become more dense. These changes could occur during the lifetimes
of today's children, particularly if the change is accelerated by other stresses such a
fire, pests, and diseases. Some of these stresses would themselves be worsened by
awarmer and drier climate (4).

The native Hawaiian tree 'ohi'a appears to be strongly influenced by long-term
changes in climate, and older trees are particularly sensitive to both drought and
heavy rains. 'Ohi‘aisawidely distributed speciesthat is essential habitat for many
important Hawaiian animals, especially the endangered Hawaiian honey-creeper
found in old growth 'ohi‘aforests. Native Hawaiian forests are being reduced and
in some cases eliminated by competition by non-native trees and plants. Changes
in climate could cause further stress because the non-native species are more
tolerant of temperature and rainfall changes than native species (4).

Climatic stress on trees aso tends to make them more vulnerable to fungal and
insect pests. For example, one fungus, Phytophthora cinnamomi, is a widespread
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cause of declining forests in Hawalii, and is often triggered by unusual climate
conditions that stress trees (4).

Warmer conditions could alter the extent and composition of the unique forests
surrounding the taller mountains.. . . of Hawaii. Worldwide, tropical cloud forests
are one of the rarest of natural habitats, and may be among the most sensitive to
climate change. At present this cloud forest is one of the wettest ecosystems on
earth. Even small changesin climatic conditions could cause magjor changesin the
cloud cover and precipitation regimes that maintain the rainforests of Haleakala.
The upper limit of the cloud forest zone is determined by the altitude of the upper
cloud zone ( afunction of climate). Climate change could cause a shift in
distribution of cloud forest species (4).

The increased possibility of forest fire under drought conditionsis especially
damaging in tropical forests, where species are not adapted to this type of
disturbance. Fireistypically a primary mechanism whereby non-native species
invade ecosystems. Increased frequency or intensity of hurricanes will exacerbate
the problems associated with fire and invasive species. An increase in the severity
or frequency of hurricanes and tropical storms could alter forest composition [in
theidands] (4).

Ecosystems

Hawaii is surprisingly diverse geographically, from atolls to snow capped peaks
more than 12,000 feet high. The remote and unpopul ated outer islands are home
to some of the largest seabird coloniesin the world -- up to 10 million albatrosses,
frigatebirds, shearwaters, boobies, sooty and fairy terns, and petrels breed here.
The diversity of environments and the extreme isolation of the state have resulted
in a spectacular variety of species, many of which are endemic to theidands. An
estimated 91% of flowering plant species, 81% of birds, and 99% of terrestrial
snails and anthropods are found only here (4).

At the same time, Hawaii is the world's capital for species extinction and
endangerment. Of the known U.S. extinctions, 70% have occurred here. Since
1778, the year of European contact, 263 species are known to have become
extinct, including 50% of the bird fauna and perhaps 50% of plants and 90% of
native land snails. Currently, there are more endangered species per square mile
on these idands than any other place on the planet. Twenty-five percent of U.S.
endangered species are found here, including 2 mammals, 30 birds, 5 reptiles and
amphibians, 1 snails genus, and 279 plant taxa. Important contributions to this
wave of loss and endangerment are habitat |oss, introduced diseases, and impacts
from introduced organisms, especially pigs, goats, sheep, and cattle (4).

The estimated increases in temperature and changes in precipitation due to climate
change adds another threat to this onslaught of human created problems. One of
nine endemic bird species in the Hawaiian honeycreeper family found in the cloud
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forests of east Maui, the endangered i'iwi has survived in the higher forests of
Haleakala National Park because mosquitos that transmit deadly avian malaria
cannot breed at higher elevations because of the cooler temperatures. A warmer
climate might allow the mosqguito to move further up the mountain (4).

RECOMMENDATION: Hawaii Should Take Action to
Deal with Global Climate Change

Hawaii Should Take Action at Home

Thisis the fundamental and principal recommendation of the Hawaii Climate
Change Action Plan. As noted above, significant climate change will occur
regardless of whatever local, statewide, national, or international actions may be
taken in the next few decades. The people of Hawaii cannot stop climate change
by themselves. However, due to the significance of the potential effects, Hawaii
should take action to reduce its contribution of greenhouse gases that contribute to
climate change. The remainder of this report identifies Hawaii's emissions and
recommends ways to reduce or mitigate these emissions.

In addition, Hawaii must continue efforts to identify future effects of climate
change, which isin the process of occurring, on the people, environment,
ecosystems, and economy. Based upon these estimated future effects Hawaii can
begin necessary efforts to adapt.

Hawaii Can Contribute to Reducing Greenhouse Gas Emissions Overseas

U.S. and Hawaii technology and expertise can be commercially exported to the
developing nations of the AsialPacific region. This can help reduce greenhouse
emissions from aregion whose emissions are forecast to grow at a greater rate
than the rest of the world. Thistype of commercia activity can help these nations
achieve significant greenhouse gas reductions and substantial economic benefits for
Hawaii and the United States as a whole.
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CHAPTER 3 1990 HAWAII GREENHOUSE GAS
EMISSIONS

3.1 Overview

This chapter summarizes Hawalii’ s estimated greenhouse gas emissions in 1990.
The summary is based upon the work done in Phase | of the Hawaii Climate
Change Action Program and the Inventory of Hawaii Greenhouse Gas Emissions,
Estimates for 1990 (State of Hawaii 1997a). The methods used in the calculation
of these estimates was detailed in the Inventory.

The values summarized below, however, are an increase over the estimate made in
1997 for the Inventory. Since then, more complete information became available
about the use of jet fuel by civil aviation in Hawaii. In the Inventory, previously
reported data on interisland aviation use was included in the Hawaii share while
the remaining overseas and military uses were not included.

The new data provided the amounts of fuel used by domestic flights and bonded
fuel for international flights. Domestic flights include interisland flights and flights
between Hawaii and other statesin the United States. Bonded international fuel
was used for flights between Hawaii and international destinations and also
included flights between mainland United States and international locations that
stopped in Hawali.

The use of emissions estimates from fuel used for domestic flights better fits the
reporting requirements under the Framework Convention on Climate Change.
Accordingly, the baseline for 1990 Hawaii Greenhouse Gas Emissions was revised.
The revised estimate of Hawaii’ s global warming potential was 18,784,299 tons of
CO,-equivalent compared to the previous estimate of 17,302,113 tons.

3.2 Estimated 1990 Hawaii Greenhouse Gas Emissions

As depicted on Table 3.1, on the following page, Hawalii 's anthropogenic
greenhouse gas emissions in 1990 were estimated at 15,985,225 tons of CO,,
75,736 tons of CH,4, and 690 tons of N,O. These emissions were produced by
energy uses, industrial processes in the oil and cement industries, and non-energy
sources within the state. CO, emissions from the burning of bagasse, macadamia
nut shells, and wood chips to generate electricity and process heat are not included
in thistotal as those fuels sequestered similar amounts of CO, as they are grown
and were assumed to be replanted.

The Hawali basdline estimate did not include exports, international, or military uses
of fuels sold, distributed, or refined in Hawaii. An estimated total of 322,981,982
million Btu of various fuels was imported, refined, or produced in Hawaii in 1990.
Of that amount, 29%, or 92,874,783 Btu was not used in Hawaii. It was sold as
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fuel for aircraft for internationa flights, shipsinvolved in overseas operations, sold
to the military, or exported as cargo. However, the emissions from these fuels
were calculated and reported separately to provide a complete record.

Table 3.1 Estimated Greenhouse Gas Emissions in Hawaii, 1990

(Tons)
Sector/Fuel Net CO, CH, N,O
Energy Use
Residential Sector 94,760 2 N/A
Commercial Sector 278,767 6 13
Industrial Sector 836,667 42 6
Electricity Sector 7,647,046 109 13
Transportation Sector 7,763,422 857 454
Subtotal 16,620,662 1,015 486
Non-Energy Sources
Oil Industry N/A 237 N/A
Cement Industry 109,274 N/A N/A
MSW Management 189,684 53,490 N/A
Wastewater Treatment N/A 1,027 N/A
Domestic Animals N/A 13,368 N/A
Manure Management N/A 6,056 N/A
Sugarcane Burning N/A 543 8
Fertilizer N/A N/A 196
Changes in Biomass (415,158) N/A N/A
Abandoned Lands (519,237) N/A N/A
Subtotal (635,437) 74,721 204
Total 15,985,225 75,736 690

Fuel not included in the baseline includes jet fuel used for international flights by
U.S. and foreign airlines. Distillate and residual bunker fuel oils excluded from the
Hawaii totals were primarily sold to vessels engaged in international or overseas
trade, or to fishing vessels from foreign nations. High-sulfur residual fuel oil was
also exported.

The fud purchased by the armed forces in Hawaii was not included in this
accounting. In addition to being home to many military bases, Hawaii is a key
logistics center. Data was not available on the amounts of the fuel purchased from
Hawaii refiners that may be used on naval vessels refueling in Hawaii or otherwise
used outside of Hawaii. The large fluctuations in the amounts of fuels purchased
from Hawaii sources noted in the available data suggested that additional fuels
were brought into Hawaii by military logistics agencies. Datawas not available to
determine the amounts of these fuels or whether they were used by forces
stationed in Hawali, used at sea, or if they were shipped to forces overseas.
Nevertheless, as this report will serve as the basis for developing mitigation
measures, it should also be noted that military fuel useis not subject to State
influence or direction.

Emissions from fuel used in fixed military boilers and generators are included in
this report since data was available on most of thisuse. In addition, it should be
noted that the Department of Defense is the largest electricity customer in the
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state, so significant emissions from the electricity sector result from generation of
electricity for military use. These emissions, produced by Hawaii's electric utilities,
were included in the Inventory and mitigation measures are discussed in Chapter7.
A summary of emissions from overseas and military usesis provided in Section
3.4.

Table 3.2 summarizes the percentage contribution of each source to Hawaii's
estimated greenhouse gas emissions. Hawaii’s energy sectors clearly dominated
production of CO, and N,O, while non-energy sources led in CH,4 production.

CO, was taken out of the atmosphere by changes in biomass and by abandoned
lands as shown on Table 3.1. However, these were not included in this table as the
focus of thisreport is on identifying ways to reduce CO, and other greenhouse gas
production by human activitiesin Hawaii. While such measures as carbon offset
forestry may increase Hawaii's uptake of CO,, such offsets have not yet been
accurately quantified.

Table 3.2 Percent Contribution to Estimated Greenhouse Gas
Emissions in Hawaii, 1990

Sector/Fuel CO, CH, N.O
Energy Use
Residential Sector 1% 0.003% N/A
Commercial Sector 2% 0.01% 2%
Industrial Sector 5% 0.06% 1%
Electricity Sector 45% 0.1% 2%
Transportation Sector 46% 1% 66%
Subtotal 98% 1% 70%
Non-Energy Sources
Oil Industry 0.3%
Cement Industry 1%
MSW Management 1% 71%
Wastewater Treatment 1%
Domestic Animals 18%
Manure Management 8%
Sugarcane Burning 1% 1%
Fertilizer 28%
Subtotal 2% 99% 30%
Total 100% 100% 100%

Note: CO, uptake was not included in the computation of percentage GHG emissions

3.3 Estimated Global Warming Potential of Hawaii
Greenhouse Gas Emissions

Globa Warming Potential, or GWP, is a measure used to compare the relative
effects of each of the different greenhouse gases on radiative forcing of the
atmosphere over some future time horizon. To alow such comparisons, an index
is needed to trandate the level of emissions of each gas into a common metric.
The index used in this report converted CH, and N,O emissionsinto their CO,-
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equivalent using the methodology of the Intergovernmental Panel on Climate
Change (IPCC) as recommended by the State Workbook (USEPA 1995b, vii).

The IPCC method compares the radiative forcing effect of the concurrent emission
into the atmosphere of an equal quantity of CO, and another greenhouse gas.

Each gas has a different instantaneous effect and the atmospheric concentration of
each gas declines at a different rate over time. In genera, other greenhouse gases
have a much stronger instantaneous radiative effect than CO,, but CO, has a
longer atmospheric lifetime and slower decay rate. The atmospheric
concentrations of some greenhouse gases may decline due to atmospheric chemical
processes, which in turn create other greenhouse gases or contribute to their
creation or longevity. These indirect effects are uncertain and will not be included
in caculating the Hawaii GWP (vii).

GWP is defined as “the time-integrated commitment to climate forcing from the
instantaneous release of 1 kilogram of trace gas expressed relative to that from 1
kilogram of carbon dioxide” (viii). The valueistime sensitive and, for the
purposes of this report, a 100-year time horizon was used. Over this time period,
CH,4 has 22 times the radiative forcing direct impact as CO,, and N,O has 270
times the direct impact (viii). Thus, to calculate GWP in tons CO, equivalent,
emissions CH, in tons were multiplied by 22, and N,O emissions in tons were
multiplied by 270.

Table 3.3 Global Warming Potential of Greenhouse Gas Emissions in
Hawaii, 1990 (Tons CO,-Equivalent)

Sector CO, CH, N,O Total
Energy Use
Residential Sector 94,760 44 N/A 94,804
Commercial Sector 278,767 124 3,522 282,412
Industrial Sector 836,667 932 N/A 837,599
Electric Utility Sector 7,647,046 2,396 3,524 7,652,966
Transportation Sector 7,763,422 18,846 136,350 7,918,618
Subtotal 16,620,662 22,341 143,396 16,786,399
Non-Energy Sources
Oil Industry N/A 5,214 N/A 5,214
Cement Industry 109,274 N/A N/A 109,274
MSW Management 189,684 1,176,780 N/A 1,366,464
Wastewater Treatment N/A 22,594 N/A 22,594
Domestic Animals N/A 294,096 N/A 294,096
Manure Management N/A 133,232 N/A 133,232
Sugarcane Burning N/A 11,946 2,160 14,106
Fertilizer N/A N/A 52,920 52,920
Subtotal 298,958 1,643,862 55,080 1,997,900
Total 16,919,620 1,666,203 198,476 18,784,299
Percent 90% 9% 1% 100%

Table 3.3 presents the GWP of CO,, CH,4, and N,O emissionsin Hawaii in
1990 -- the equivalent of 18,784,299 tons of CO,. This value was not reduced by
the estimated amount of CO, uptake from changes and biomass and uptake by
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abandoned lands since the focus of this Hawaii Climate Change Action Plan is on
emissions as a basis for future consideration of mitigation measures. The GWP of
each of Hawaii’s emission sources isimportant as it alows comparison of sources
which emit different greenhouse gases and will assist in identifying areas for focus
in devel oping greenhouse gas mitigation measures.

Figure 3.1 compares relative GWP contribution of the three major greenhouse
gases emitted in Hawaii in 1990. CO, emissions were 90% of Hawaii’s global
warming potential, followed by CH, at 9% and N,O at 1%.

Nitrous Oxide
1%

Methane
9%

Carbon Dioxide
90%

Figure3.1 Global Warming Contribution of Hawaii Greenhouse Gas Emissions, 1990

Figure 3.2 shows a comparison of the relative GWP by source category. Energy
use emissions dominated at 89%. Waste management, which includes municipal
solid waste management and wastewater treatment, was in second place at 7%.
The various agricultural sources, including domestic animals, manure management
systems, sugarcane burning, and fertilizer use together contributed 3% to GWP.
Finally, industrial processesin the ail refining and cement industries created about
1% of Hawaii’s GWP.
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Figure 3.2 Global Warming Contribution of Hawaii Greenhouse Gas Emissions by Source Category,
1990

Residential Energy

Agriculture 1%

Waste Management
g 3%

7% Commercial Energy
Industrial 2%
Processes

Industrial Ener
1% ay

4%

Electricity
41%
Transportation
Energy
42%

Figure 3.3 Global Warming Contribution of Hawaii Greenhouse Gas Emissions
by Sector, 1990

In Figure 3.3, above, amore detailed view of GWP is presented by sector. In this
breakout, transportation energy use produced 42% of GWP, followed by
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electricity generation at 41%, waste management at 7%, industrial energy use at
4%, agriculture at 3%, and commercial energy uses at 1%. The remaining sectors,
including residential energy use and industrial processes each contributed less than
one percent to total global warming potential (rounded to 1% on chart).

Figure 3.4 summarizes the relative contribution to CO, emissions by sector.
Again, the transportation and electricity sectors clearly dominate; they produced
46% and 45% of CO, emissions, respectively. Industrial energy accounted for 5%
and commercia energy was 2%. Other uses, including waste management, the
cement industry, and residential energy use combined contributed about 2% to
Hawaii’s total CO, emissions.

Commercial
Energy
2%

Transportation
Energy
46%

Electricity
45%

Industrial Energy
5%

Figure 3.4 Hawaii Carbon Dioxide Emissions by Sector, 1990

Figure 3.5, on the next page, summarizes the sources of methane emissions. Waste
management produced 72%, agriculture (primarily ruminant domestic animals and
manure management) emitted 26%, and transportation energy produced 1% and
other sources accounted for the remaining 1%.
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Figure 3.5 Hawaii Methane Emissions by Sector, 1990

The largest share of N,O emissions, as depicted on Figure 3.6, was produced by
transportation energy sources (65%). Agriculture sector (30%) emissions were
also significant. The commercia energy sector and electricity sector each added
about 2% while the industrial sector accounted for about 1%.

Industrial Energy

Commercial Energy 1%

2%

Electricity
2%
Agriculture

30%

Transportation
Energy
65%

Figure 3.6 Hawaii Nitrous Oxide Emissions by Sector, 1990
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3.4

3.5

Estimated Greenhouse Gas Precursor Emissions

In the Inventory, emissions of nitrogen oxides (NOy), carbon monoxide (CO), and
non-methane volatile organic compounds were estimated. These are known as
photochemically important gases, or tropospheric ozone precursors. Although
these are not greenhouse gases, they contribute indirectly to the greenhouse effect.
They influence the rate at which ozone and other gases are created and destroyed
in the atmosphere. NO, contributes to the formation of ozone in the upper
atmosphere. CO elevates concentrations of CH, and atmospheric ozone through
chemical reactions with atmospheric constituents that would otherwise destroy
CH, and ozone. It eventually oxidizesto CO,. NMVOCs participate along with
nitrogen oxides in the formation of ground-level ozone and other photochemical
oxidants (USEPA 1995D, iii).

Table 3.4 Estimated Precursor Gas Emissions in Hawaii, 1990

Emissions in Tons Percent of Emissions
Sector/Fuel NOx CcO NMVOC [[ NO« CO NMVOC
Energy Use
Residential Sector 72 15 N/A 0.1% 0.01% N/A
Commercial Sector 15 a7 0.4 0.02% 0.03% 0%
Industrial Sector 7,314 1,915 225 10% 1% 1%
Electricity Sector 30,218 3,347 626 40% 2% 3%

Transportation Sector 37,041 121,605 19,263 50% 73.8% 96%
Subtotal 74,661 126,929 20,115 99.8% 77% 100%

Industrial Processes None Reported

Non-Energy Sources

MSW Management N/A 27,101 N/A N/A N/A N/A

Sugarcane Burning 140 10,857 N/A 0.2% 7%  N/A
Subtotal 140 37,958 N/A 0.2% 23%  N/A

Total 74,801 164,887 20,115 100% 100% 100%

Table 3.4 detail s the amounts of each gas emitted in tons and the relative
percentage contribution of each source. These values have been revised since the
origina Inventory was completed on the basis of new data as discussed in Section
3.1, above. These emissions were not included global warming potential as a
conversion factor was not available. Virtually al NO, and NMVOC emissions
came from Hawaii’ s energy sector. The energy sector also produced just over
three-quarters of CO emissions. In this Hawaii Climate Change Action Plan, the
emissions for these gasses will not be calculated or reported. Instead, the focus
will be on the three primary greenhouse gases — CO,, CH,4, and N,O.

Estimated Emissions from International, Overseas,
and Military Uses

As noted in Section 3.2, above, the estimate of Hawaii greenhouse and precursor
gas emissions did not include international, overseas, or military uses of aviation
and marine fuel or exports of fuel sold, distributed, or refined in Hawalii.
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International usesincluded jet fuel for overseas commercid airline flights.
Overseas uses included distillate and residual fuel oil used for bunkering shipsin
overseas operations in Hawaii ports, and distillate and fuel oil exported from
Hawaii. Military usesin mobile sources were excluded due to alack of dataon
location and amount of actual use. To provide a complete record of greenhouse
gas and tropospheric precursor gas emissions of all fuels sold, distributed, or
refined in Hawaii, the emissions from overseas and military uses were calculated
and are presented in Table 3.5.

Table 3.5 Estimated International, Overseas, and Military Emissions, 1990 (Tons)

Fuel CO; CHa N20 NOx CcO NMVOC
International and Overseas Use
Distillate 807,253 N/A 22 23,451 505 N/A
Jet Fuel 4,362,167 122 N/A 17,680 7,459 1,105
Residual 1,032,705 N/A 28 30,001 647 N/A
6,202,125 122 51 71,132 8,611 1,105
Military Use
Avgas 589 1 0.0 1 207 5
Distillate 388,078 22 11 6,439 2,041 486
Gasoline 26,416 2 1 451 143 34
Jet Fuel 676,704 19 N/A 2,743 1,157 171
Residual 69,349 N/A 1 2,676 40 N/A
1,161,136 43 13 12,309 3,588 696
International, Overseas, and Military Emissions by Fuel
Avgas 589 0.5 0.01 1 207 5
Distillate 1,195,331 22 33 29,890 2,546 486
Gasoline 26,416 2 1 451 143 34
Jet Fuel 5,038,871 140 N/A 20,423 8,616 1,276
Residual 1,102,054 - 29 32,677 687 180
7,363,261 165 64 83,442 12,199 1,981

The global warming potential was calculated for CO,, CH,, and N,O emissions
from overseas and military fuel use, as presented on Table 3.6 on the following
page. The total GWP was equivalent to 7,384,357 tons CO,. When added to the
18,784,299 tons of CO,-equivalent GWP of the emissions from in-state fuel use,
industrial processes, and non-energy sector activities, the total GWP from all fuels
sold, distributed, or refined in Hawaii was 26,168,618 tons of CO,-equivalent.

As Table 3.6 and Figure 3.7 show, international and overseas uses of Hawaii origin
fuels were 6,218,485 tons of CO,-equivalent, or 24% of total GWP. Military uses
produced 1,165,872 tons of CO,-equivaent, or 4% of GWP from all sources. All
Hawaii greenhouse gas emission sources produced a GWP of 18,784,299 tons, or
73% of the total.

3-10 Hawaii Climate Change Action Plan



Table 3.6 International, Overseas, and Military Greenhouse Gas
Emissions Global Warming Potential, 1990 (Tons CO,-Equiv.)

Fuel CO; CH, N20O Total
International and Overseas Use
Distillate 807,253 N/A 6,004 813,257
Jet Fuel 4,362,167 2,674 N/A 4,364,841
Residual 1,032,705 N/A 7,681 1,040,386

Subtotal 6,202,125 2,674 13,686 6,218,485
Military Use
Avgas 589 11 2 603
Distillate 388,078 484 2,970 391,532
Gasoline 26,416 44 540 27,000
Jet Fuel 676,704 415 N/A 677,119
Residual 69,349 N/A 270 69,619

Subtotal 1,161,136 954 3,782 1,165,872
Total GWP bv Fuel
Avgas 589 11 2 603
Distillate 1,195,331 484 8,974 1,204,789
Gasoline 26,416 44 540 27,000
Jet Fuel 5,038,871 3,089 N/A 5,041,960
Residual 1,102,054 N/A 7,951 1,110,005

Total 7,363,261 3,628 17,468 7,384,357
Military

International/
Overseas
24%

4%

Hawaii

72%

Figure 3.7 Contributions to GWP of Hawaii Sources and Hawaii-origin Fuels, 1990
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3.6 Comparison of Estimated Hawaii Greenhouse Gas
Emissions with Selected States

The global warming potentia of total United States emissions of CO,, CH,, and
N>O in 1990 was 5,567,000,000 tons CO,-equivalent (USEPA 1994b, ES-5).
Hawaii’s GWP of 18,784,299 tons CO,-equivalent was 1/3 of one percent of the
national total.

3.6.1 Comparing the States

Table 3.7, on the next page, compares Hawaii’s GWP in tons of CO,-equivaent
with the GWP of 17 other states that completed greenhouse gas inventories under
the EPA’s State and Local Outreach Program. GWP in tons CO,-equivalent per
capita, based on 1990 resident population and in pounds CO,-equivalent per dollar
of 1990 Gross State Product (GSP) are also presented for comparison.

Table 3.7 Comparison of the Global Warming Potential of Emissions Produced
in Selected States, 1990

HAWAII Alabama lllinois lowa Kentucky
Emissions (106 TCDE) 18.7 141.8 253.3 96.2 162.2
1990 Population ! 1,108,000 4,041,000 11,434,000 2,777,000 3,685,000
TCDE/Capita 16.9 35.1 22.2 34.6 44.0
1990 GSP (Billion $) z 29 70 272 56 67
Lbs. CO,.Equiv./$ GSP 1.3 4.1 1.9 3.4 4.8
Maine Mississippi Missouri New Jersey New York
Emissions (106 TCDE) 23.0 92.2 135.3 129.2 270.3
1990 Population ! 1,228,000 2,573,000 5,117,000 7,730,000 17,990,000
TCDE/Capita 18.8 35.8 26.4 16.7 15.0
1990 GSP (Billion $) z 23 40 104 208 467
Lbs. CO2-Equiv./$ GSP 2.0 4.6 2.6 1.2 1.2
N. Carolina QOregon Pennsylvania Tennessee Utah
Emissions (106 TCDE) 138.2 55.5 278.6 114.8 62.1
1990 Population ! 6,629,000 2,842,000 11,882,000 4,877,000 1,723,000
TCDE/Capita 20.8 19.5 23.4 235 36.1
1990 GSP (Billion $) z 141 55 245 95 31
Lbs. CO2-Equiv./$ GSP 2.0 2.0 2.3 2.4 4.0
Vermont Washington Wisconsin USA
Emissions (106 TCDE) 8.5 85.7 101.1 5,677.0
1990 Population ! 563,000 4,867,000 4,892,000 248,710,000
TCDE/Capita 15.1 17.6 20.7 22.8
1990 GSP (Billion $) z 11 109 101 5,499
Lbs. CO2-Equiv./$ GSP 1.5 1.6 2.0 2.1

TCDE = Tons Carbon Dioxide Equivalent (short tons). No credit was given for land use or other sinks

Data on States' emissions from EPA site at http://www.icf-infotech.com/ghg/ghg.nsf/ReportStateLookup/
Sources: " U.S. Department of Commerce 1994, 27; > U.S. Department of Commerce 1994, 449

It should be noted that Hawaii’s 1990 de facto population of 1,257,000, 114% of
its resident population of 1,108,000, contributed to the emissions produced in
many of the categoriesin this report. However, in the absence of comparable de
facto population data from other states, and recognizing that the emissions
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produced by visitors to Hawaii are an integral part of Hawaii’ s economy and
environment, it seems logical to evaluate per capita emissions on the basis of
resident population.

Among this group of states, Hawaii produced the fourth smallest quantity of
CO,-equivalent emissions per capita and the third lowest per dollar of GSP. New
Jersey, New York, and Vermont produced fewer emissions per capita. 1n 1990, all
three states used significant amounts of electricity produced by hydroelectric and
nuclear plants that do not emit greenhouse gases. In contrast, Hawaii’ s electricity
sector dominated its production of greenhouse gases and oil-fired generators
produced about 90% of Hawali's electricity in 1990. New Jersey and New Y ork
also emitted less CO,-equivalent greenhouse gas emissions per dollar of GSPin
1990 (USDOE 19923, 224 and USEPA 1998K).

3.6.2 Comparing the States Omitting Jet Fuel Emissions

Table 3.8 Comparison of the Global Warmina Potential of Emissions Produced

Hawaii Alabama lllinois lowa Kentucky
Emissions (10° TCDE) 14.9 140.9 251.5 95.8 159.6
1990 Population ' 1,108,000 4,041,000 11,434,000 2,777,000 3,685,000
TCDE/Capita 134 349 22.0 345 43.3
1990 GSP (Billion $)2 29 70 272 56 67
Lbs. COz-Equiv./$ GSP 1.0 4.0 1.8 34 4.8
Maine Mississippi Missouri New Jersey New York
Emissions (10° TCDE) 21.9 89.1 132.3 108.5 267.9
1990 Population ' 1,228,000 2,573,000 5,117,000 7,730,000 17,990,000
TCDE/Capita 17.8 34.6 25.9 14.0 14.9
1990 GSP (Billion $) 23 40 104 208 467
Lbs. COz-Equiv./$ GSP 1.9 4.5 2.5 1.0 1.1
N. Carolina Oregon Pennsylvania Tennessee Utah
Emissions (10° TCDE) 135.7 54.0 273.2 112.9 59.8
1990 Population ' 6,629,000 2,842,000 11,882,000 4,877,000 1,723,000
TCDE/Capita 20.5 19.0 23.0 23.2 34.7
1990 GSP (Billion $)° 141 55 245 95 31
Lbs. COz-Equiv./$ GSP 1.9 2.0 2.2 2.4 3.9
Vermont Washington Wisconsin USA
Emissions (10° TCDE) 8.4 75.7 100.5 5,539
1990 Population ' 563,000 4,867,000 4,892,000 248,710,000
TCDE/Capita 15.0 15.6 20.5 22.3
1990 GSP (Billion $)2 11 109 101 5,499
Lbs. CO»-Equiv./$ GSP 1.5 1.4 2.0 2.0

Notes: TCDE = Tons Carbon Dioxide Equivalent (short tons). Jet fuel use data from EIA 1997b. Data for lllinois, NJ, and

NY reflects sales; not use. Based on EIA data, it appears that much of lllinois jet fuel is purchased in Indiana,
and much of NY jet fuel is purchased in NJ. No credit was given for land use or other sinks.
Sources: ' U.S. Department of Commerce 1994, 27; 2us. Department of Commerce 1994, 449

Data on States' emissions from EPA site at http://www.icf-infotech.com/ghg/ghg.nsf/ReportStateLookup/

Of Hawaii's GWP, jet fuel for domestic air transportation (interisland and to/from
the United States Mainland) created 3.84 million tons of CO,, or 21% of the total.
Thisisagreater percentage than any other state. In Table 3.8, estimated CO,
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emissions from jet fuel use for each of the states were subtracted from the state's
total GWP. When this was done, Hawaii has the lowest GWP per capita and
lowest GWP per dollar of GSP compared to the other 17 states. These results
point out the relatively low impact of Hawaii's people on climate change, but also
emphasize the difficulty Hawaii faces significantly reducing its emissions. Jet fuel
is essential to Hawalii's tourism-based economy and the economic well being of its
people.

From these comparisons, we can see that Hawaii’ s greenhouse gas emissions are
relatively low compared to other states. Although fossil fuel use dominated
Hawali’ s energy sector, Hawaii’s system was relatively efficient. In 1990,
Hawaii’ stotal per capita energy use ranked 41st in the nation and was 83 percent
of the national average (USDOE 1992a, 11). Efficiency was aided by the lack of
major space heating requirements and the limits that island geography place on
driving. High energy costs also contributed to increased efficiency. Hawaii’'s
energy pricesin 1990 averaged $9.76 per million Btu, ranking 11th highest in the
nation. This amounted to $1,966 per capita, ranking 22nd in the nation (USDOE
1992b, 10-11). Additional cost rankings by fuel are depicted on Table 3-9.

Table 3.9 Hawaii Energy Cost National Rankings. 1990

Category Dollars per Million Btu Ranking
Average Energy Prices 9.76 11
Petroleum 6.42 50
Gasoline 11.71 1
Synthetic Natural Gas * 12.25

Coal 1.82 10
Electricity 26.53 7

1 SNG price as compared to Mainland US natural gas prices

Source: USDOE, 1992b, 10-16

While petroleum prices were relatively low, at the consumer level, petroleum
refined as gasoline and synthetic natural gas were the most expensive in the
Nation. Oil was used to produce about 90% of Hawaii’s electricity at a cost
seventh in the Nation. While coa was relatively inexpensive, in 1990 it was only
used in relatively small amounts by two sugar plantations and a cement kiln.

These costs help explain the structure of Hawaii’ s energy use and resulting energy
sector greenhouse gas emissions. They are also factors that must be considered in
future mitigation measures. The high costs make energy efficiency measures more
valuable. Thelow cost of fossil fuels compared to many alternatives, however,
makes substitution for those fuels less attractive.
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CHAPTER 4 FORECAST OF HAWAII'S

GREENHOUSE GAS EMISSIONS TO
2020

4.1

4.2

Overview

This chapter presents and compares forecasts of Hawaii's greenhouses gas
emissions through the year 2020. The forecasts include the Baseline Forecast, a
Climate Change Action Plan Forecast, and a Technical Potential Forecast.

Hawaii's Greenhouse Gas Emissions to 2020

The 1990 estimate of greenhouse gas emissions reported in Chapter 3 was based
upon avery detailed analysis of historical data. Estimates in this Chapter are
provided for CO,, CH,4, and N,O emissions. To alow direct comparison between
these different greenhouse gases, CH, emissions and N,O emissions were
converted to their global warming potential, or tons of CO,-equivaent. This
reflected the greater effect of these two gases on global warming and climate
change. CH, emissions have a globa warming potentia 22 times that of CO,, and
N,O emissions have 270 times the effect of CO..

The Baseline Forecast projected current trends for Hawaii's greenhouse gas
emissions into the future. The energy portion of the Baseline Forecast was the
Base or E1 Scenario produced by the ENERGY 2020 model. The generation
unitsin the E1 scenario included current operating units and future retirements and
additions according to utility integrated resource plans. It was assumed utility
DSM plans were implemented for 20 years. The energy-saving effects of federal
appliance standards and the Hawaii Model Energy Code were also modeled.
Ground transportation efficiency was assumed to be at observed fud efficiency
based upon current vehicle purchase patterns. Air transportation was assumed to
improve in efficiency at an average 0.7% per year based upon USDOE base case
forecasts. Marine fuel use was assumed to grow at a rate similar to population
growth.

Municipa waste management and agriculture base estimates were from projections
developed by the University of Hawaii Environmental Center. The estimates
included in the forecast included estimated emissions from municipa solid waste
management, wastewater treatment, livestock, manure management, and fertilizer
use.
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Table 4.1 Estimated Future Hawaii Global Warming Potential
by Category, 1990-2020 (Tons CO,-Equivalent)
Waste- _ Manure Fertilizer
Year Energy MSW water Livestock  Mgmt. Total
1990 17,028,284 1,366,464 22,594 294,096 133,232 52,920 18,897,590
1991 16,832,108 1,345,097 22,726 326,130 144,747 53,676 18,724,484
1992 16,884,460 1,374,627 22,814 292,343 126,180 53,487 18,753,910
1993 17,047,949 1,419,645 22,726 269,731 121,947 53,487 18,935,486
1994 17,692,212 1,391,730 23,144 253,753 120,195 53,676 19,534,710
1995 18,278,813 1,387,654 23,122 263,162 118,890 52,866 20,124,507
1996 18,658,900 1,388,064 23,430 262,790 117,722 52,353 20,503,259
1997 18,450,691 1,408,207 23,738 264,264 116,314 51,489 20,314,703
1998 18,612,061 1,430,469 24,046 264,880 116,402 50,139 20,497,996
1999 18,707,502 1,454,113 24,354 265,826 113,850 49,680 20,615,325
2000 18,630,158 1,477,796 24,662 268,400 115,302 48,924 20,565,242
2001 18,771,125 1,504,488 24,825 264,968 114,664 48,627 20,728,697
2002 18,898,136 1,533,152 24,979 260,788 113,432 48,087 20,878,573
2003 19,099,388 1,563,860 25,133 253,814 111,430 47,898 21,101,523
2004 19,251,200 1,596,686 25,485 256,476 112,926 47,628 21,290,401
2005 19,366,250 1,630,375 25,639 254,276 111,826 47,628 21,435,994
2006 19,413,258 1,667,103 25,793 258,676 111,584 47,115 21,523,529
2007 19,640,870 1,706,155 25,947 252,076 111,848 46,926 21,783,823
2008 19,869,817 1,747,617 26,101 249,876 111,342 46,710 22,051,462
2009 20,227,747 1,791,576 26,255 252,076 110,880 47,007 22,455,540
2010 20,367,549 1,836,851 26,290 247,676 110,242 47,142 22,635,750
% Change
1990-2010
2011 20,632,792 1,886,131 26,902 247,676 109,780 46,521 22,949,802
2012 20,836,255 1,938,193 27,518 247,676 110,726 46,845 23,207,213
2013 21,148,806 1,993,139 28,112 252,076 109,758 46,467 23,578,358
2014 21,388,751 2,051,076 28,706 247,676 109,098 47,682 23,872,988
2015 21,612,400 2,107,028 29,348 245476 108,856 47,439 24,150,547
2016 21,202,377 2,170,533 29,480 243,276 108,636 46,899 23,801,201
2017 21,484,478 2,237,351 29,656 245476 108,834 46,656 24,152,451
2018 21,706,798 2,307,605 29,833 245476 109,098 46,656 24,445,466
2019 21,979,101 2,381,423 30,011 245476 108,856 46,656 24,791,524
2020 22,206,929 2,456,358 30,190 245,476 108,636 46,656 25,094,245
% Change
1990-2020

20% 34% 16% -16% -17% -11% 20%

30% 80% 34% -17% -18% -12% 33%

While estimates for municipal waste management trended with growth in Hawalii's
defacto population, estimates for agricultural activities were based upon recent
activity. Agricultural activities of concern have been declining, thus emissions
from agriculture were forecasted to decline over the period. No correlation with
population, economic activity, or other variable was observed to provide a better
basis for such estimates. Market conditions could change in the future, reversing
this decline. However, agriculture represents arelatively small source of
emissions, especialy if recommended emissions reduction measures were followed.

Table 4.1, above, depicts the estimated global warming potential by sector for the
Basdline Forecast from 1990-2020. The forecast indicated that Hawaii's global
warming potential would increase by 20% over 1990 levels by 2010 and by 33% of
1990 levels by 2020. Without greenhouse gas mitigation measures beyond those
aready in place, total global warming potential was estimated to increase from
18,897,590 tons of CO,-equivalent to 25,094,245 tons by 2020 -- 7,519,487 tons
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CO-equivalent, 43%, above the Kyoto Protocol target. 1n 2010, it was estimated
that Hawaii's global warming potential could be 5,060,992 tons CO,-equivalent,
29% above the Kyoto target of 17,574,758 tons CO,-equivaent. Hawaii clearly
faces mgjor challenges in seeking to reduce greenhouse gas emissions.

Table 4.2 shows the percentage contribution to Hawaii's Global Warming Potential
of each sector in 1990 and as estimated for 2010 and 2020.

Table 4.2 Percentage of Hawaii Global Warming Potential by Sector

Change Change

Category 1990 2010 1990-2010 2020 1990-2020
Energy 90.1% 90.0% -0.1% 88.5% -1.6%
Landfill 7.2% 8.1% 0.9% 9.8% 2.6%
Waste Water 0.1% 0.1% -0.003% 0.1% 0.001%
Livestock 1.6% 1.1% -0.5% 1.0% -0.6%
Manure Mgmt 0.7% 0.5% -0.2% 0.4% -0.3%
Fertilizer 0.3% 0.2% -0.1% 0.2% -0.09%

As Tables 4.1 and 4.2 show, energy use, at around 90%, was forecasted to
dominate greenhouse gas emissions in Hawaii throughout the period. Energy
sector emissions were forecasted to be 20% higher than in 1990 by 2010, and 30%
higher than 1990 by 2020. Municipal solid waste management (landfill) emissions
were forecasted to grow at the most rapid rate if current practices were
maintained, accounting for 8.1% of Hawaii's emissions by 2010, and alevel 34%
higher than in 1990. By 2020, landfill emissions were forecasted to be 9.8% of the
total and to reach alevel 80% higher than 1990.

Although industria process emissions, sugar cane residue field burning, and
fertilizer use were included in the 1990 baseline presented in Inventory of Hawaii
Greenhouse Gas Emissions, Estimates for 1990 (State of Hawaii 1997a), they
were not included in the forecast. Emissions from ail refining were estimated at
5,214 tons CO,-equivaent in 1990, but information was not available for an
estimate of future emissions. 1n 1990, cement manufacture created 109,274 tons
of CO,-equivalent emissions, but cement production in Hawaii ended by 1996, so
that category was not included in the forecast. In the agriculture sector, CH, and
N>O emissions from sugarcane burning in the field created only 14,106 tons of
CO,-equivaent, and data was not available to project future emissions.

Climate Change Action Plan Scenario

In the following chapters, a number of measures are identified that could
significantly reduce greenhouse gas emissionsin Hawalii. Inthisfirst Hawaii
Climate Action Plan, these measures were intended to offer a direction for future
action within the control of Hawaii entities. Many will require significant changes
from current practices. Whileit is not clear which of the recommended measures
will be implemented, it is useful to examine scenarios combining their aggregate
effect on reducing Hawaii's global warming potential. Together, these measures
were termed the " Climate Change Action Plan Scenario.”
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The Climate Change Action Plan Forecast assumed all of the actions recommended
by this Plan that were under the control of Hawaii entities were taken. The energy
portion of the Climate Change Action Plan Forecast was Scenario C3 in the
ENERGY 2020 model. The scenario combined the E2 — Maximize Renewable
Energy Electricity Scenario, Ground Transportation Scenarios GT2 — 10%
Ethanol-based Gasoline, and GT3 — 50 Cents per Gallon Increase in Gasoline
Prices. (Note: The gasoline price increase is not recommended at thistime, but is
apossible scenario.)

Under Scenario E2, detailed in Chapter 9 on Table 9.3, a maximum amount of
renewable energy was used for electricity generation. Renewable energy resources
considered were based upon projects known to be under negotiation as of fall

1998 and projects recommended by the Hawaii Energy Strategy (see State of
Hawaii 1995 aand b). Intermittent renewable resources in this scenario were
added to the utility generation plans and were not assumed to displace fossil fuel
generation. Their main effect was to reduce fossil fuel use and consequent
emissons.

Several renewable units that provided firm capacity were included and avoided of
some fossil fuel. No firm capacity renewable generation was modeled for Oahu
and the HECO system. The 15 MW of additional geothermal power on the Big
Island was assumed to be installed in three MW increments and ultimately deferred
the installation of the 21 MW DTCC Phase 1 scheduled for 2017 on the HELCO
system. On Kauai, a25 MW refuse-to-energy plant (which could also burn
biomass) was added in 2005, as an analog for the proposed plasma-arc plant. It
offset the addition of the 24 MW coal steam plant scheduled for 2014. The 25
MW biomass plant modeled for installation on Maui was assumed to defer the
second phase 21 MW DTCC scheduled for 2013.

The ground transportation scenario, GT2 — 10% Ethanol-based Gasoline, assumed
that the use of a 10% ethanol/90% gasoline blend would begin in 2000. Initially,
most of the ethanol would be imported, but eventually all would be produced in
Hawaii from Hawaii-grown crops. Although the model depicted reaching the 10%
ethanol level in the first year, in practice, this could take somewhat longer.
However, if initiated in 2000, it was estimated that the full 10% level would be
reached before 2010.

Scenario GT2 could be implemented without major modifications to vehicles and
gasoline distribution infrastructure. The 10% ethanol component of the motor
gasoline fuel was considered to be without greenhouse gas emissions, as CO,
would be used in the growing cycle of the feedstock biomass.

4-4
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Table 4.3 Estimated Hawaii Global Warming Potential Under Climate Change Action
Plan Scenario for GHG Emissions Reduction, 1990-2020 (Tons CO, Equivalent)

Waste- _ Manure Fertilizer
Year Energy MSW water Livestock  Mgmt. Total
1990 17,028,284 1,366,464 22,504 294,096 133,232 52,920 18,897,590
1991 16,832,108 1,345,097 22,726 319,286 144,738 52,677 18,716,632
1992 16,884,460 1,374,627 22,814 287,012 126,170 52,488 18,747,570
1993 17,047,949 1,419,645 22726 264,462 121,946 52,488 18,929,216
1994 17,692,212 1,391,730 23,144 248,028 120,186 52,677 19,527,977
1995 18278813 1,378,660 23,122 257,664 118,888 51,894 20,109,041
1996 18,658,900 1,386,931 23,430 253,000 118,602 50,571 20,491,434
1997 18,450,691 1,395253 23738 248,600 114,400 49,680 20,282,362
1998 18,610,174 1,403,625 24,046 246,400 112,200 48,600 20,445,045
1999 18645428 1,453,815 23760 237,600 107,800 47,844 20,516,247
2000 17,932,124 1,486,238 22,880 233,200 104,500 46,521 19,825,463
2001 18,044,331 1,502,325 22,000 220,000 99,000 43,848 19,931,504
2002 18,081,044 1,485,000 20,900 213,400 96,800 42,525 19,939,669
2003 18,183,629 1,472,625 20,900 209,000 92,400 42,012 20,020,566
2004 18,253,308 1,447,875 20,790 206,800 88,000 41,445 20,058,218
2005 18,014,216 1435500 20,460 202,400 81,400 40,770 19,794,746
2006 17,775,994 1,348,875 19,800 198,000 80,300 40,257 19,463,226
2007 17,769,126 1,249,875 18,700 198,000 80,300 39,906 19,355,907
2008 17,954,503 1,200,375 18,480 195800 81,400 39,690 19,490,248
2009 18,093,738 1,188,000 18,260 195800 79,200 39,717 19,614,715
2010 18,222,476 1,138,500 18,040 195800 77,000 39,825 19,691,641
ﬁ,g&ggi’g 7% 17% 20%  -33% 42%  -25% 4%
2011 18,341,989 1,138500 17,600 193,600 81,400 39231 19,812,320
2012 18495922 1,138,500 17,160 193,600 83,600 39,528 19,968,310
2013 18775255 1,138,500 16,940 195800 77,000 38,880 20,242,375
2014 18,968,189 1,138,500 16,720 193,600 79,200 39,123 20,435,332
2015 19,194,824 1,138,500 16,720 195,800 77,000 38,907 20,661,751
2016 18,791,315 1,138,500 16,720 195,800 74,800 39,285 20,256,420
2017 19,039,106 1,138,500 16,720 193,600 74,800 39,879 20,502,605
2018 19,242,415 1,162,409 16,820 193,600 74,800 39,879 20,729,922
2019 19,488,954 1,186,819 16,920 193,600 74,800 39,879 21,000,972
2020 19,697,243 1211742 17,021 193,600 74,800 38,610 21,233,017
ﬁgg;ggg 16% 11% 25%  -34% 44%  27% 12%

Ground transportation scenario, GT-3 — 50 Cents per Gallon Gasoline Price
Increase was not an energy efficiency scenario; however it was developed to
examine the effects of a price increase on fuel use. The reasons for such an

increase could be additiona taxes or environmental fees, or as has been discussed

in Hawalii, a 50 cents per gallon pay-at-the-pump insurance premium. This

scenario was not developed as a recommendation, but to examine the effects of a

gasoline price increase as such an increase remains a possibility.

Further details on Scenario C3 are provided in Chapter 9. Measures for municipal
waste management and agriculture emissions reduction are described in Chapters
11 and 12. Figure 4.3, above, summarizes the estimated global warming potential
for Hawaii under the Climate Change Action Plan Scenario.

Measures considered in the Climate Change Action Plan Scenario have the

potential to reduce the growth of Hawali's greenhouse gas emissions significantly.

Hawaii Climate Change Action Plan
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Table 4.3 shows that only the energy sector was projected to increase emissions
under this Scenario. Asaresult, emissions grew about 4% by 2010, but this was
2,116,882 tons CO,-equivalent, or amost 12% above the Kyoto target. By 2020,
emissions were forecasted to grow by 12% compared to 1990, alevel 3,658,258
tons CO,-equivalent, or 21% above the Kyoto target.

Hawaii Technical Potential Scenario

The Hawaii Technical Potential Forecast added possible technical improvementsin
the energy sector, such as the availability of more efficient aircraft and ground
transportation vehicles, to the Climate Change Action Plan. Such improvements
were assumed to be beyond Hawaii's control, but possible. The energy portion of
the Hawaii Technical Potential Forecast was Scenario C1. Scenario C1 combined
the electricity scenario with the greatest CO, reductions, E2 — Maximize
Renewable Energy Electricity Scenario (described above and in Chapter 9), with
al of the transportation scenarios (see Chapter 9).

Table 4.4, below, summarizes the estimated global warming potential under the
Hawaii Technical Potential Scenario. As under the Climate Change Action Plan
Scenario, al sectors showed reductions of global warming potential except the
energy sector. However, since aircraft and ground transportation vehicle
efficiencies were assumed to be improved, energy sector emissions were reduced
in comparison to the previous two scenarios.

The energy portion of the Hawaii Technical Potential Forecast was Scenario C1.
In addition to Scenario E2, the Scenario included the following scenariosin
ENERGY 2020 model runs: GT2 — 10% Ethanol-based Gasoline; GT3 — 50 Cents
per Gallon Increase in Gasoline Price; GT4 — Improved Vehicle Efficiency
Standards; GT5 — Increased Alternate Fueled Vehicle Use and A2 — Aircraft
Efficiency Improvements.

Measures for municipa waste management and agriculture emissions reduction are
described in Chapters 11 and 12. These measures were the same as used in the
Hawaii Climate Change Action Plan Forecast. The Hawaii Technical Potentia
Forecast of global warming potential in 2010 was 1,734,123 tons CO,-equivaent,
or about 10%, greater than the Kyoto target. By 2020, the forecast projected a
globa warming potential 2,610,580 tons CO,-equivalent, or 15%, greater than the
Kyoto target.
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Table 4.4 Estimated Hawaii Global Warmina Potential Under Technical Potential
Scenario for GHG Emissions Reduction, 1990-2020 (Tons CO, Equivalent)
Waste- Manure . ilizer
Year Energy MSW water Livestock Mgmt. Total
1990 17,028,284 1,366,464 22,594 294,096 133,232 52,920 18,897,590
1991 16,832,108 1,345,097 22,726 319,286 144,738 52,677 18,716,632
1992 16,884,460 1,374,627 22,814 287,012 126,170 52,488 18,747,570
1993 17,047,949 1,419,645 22,726 264,462 121,946 52,488 18,929,216
1994 17,692,212 1,391,730 23,144 248,028 120,186 52,677 19,527,977
1995 18,278,524 1,378,660 23,122 257,664 118,888 51,894 20,108,752
1996 18,658,686 1,386,931 23,430 253,000 118,602 50,571 20,491,221
1997 18,442,687 1,395,253 23,738 248,600 114,400 49,680 20,274,358
1998 18,520,274 1,403,625 24,046 246,400 112,200 48,600 20,355,145
1999 18,482,183 1,453,815 23,760 237,600 107,800 47,844 20,353,002
2000 17,770,524 1,486,238 22,880 233,200 104,500 46,521 19,663,862
2001 17,878,425 1,502,325 22,000 220,000 99,000 43,848 19,765,598
2002 17,909,365 1,485,000 20,900 213,400 96,800 42,525 19,767,990
2003 18,002,648 1,472,625 20,900 209,000 92,400 42,012 19,839,585
2004 18,060,920 1,447,875 20,790 206,800 88,000 41,445 19,865,830
2005 17,806,040 1,435,500 20,460 202,400 81,400 40,770 19,586,570
2006 17,539,864 1,348,875 19,800 198,000 80,300 40,257 19,227,096
2007 17,502,538 1,249,875 18,700 198,000 80,300 39,906 19,089,319
2008 17,654,274 1,200,375 18,480 195,800 81,400 39,690 19,190,019
2009 17,755,592 1,188,000 18,260 195,800 79,200 39,717 19,276,569
2010 17,839,716 1,138,500 18,040 195,800 77,000 39,825 19,308,881
% Change
1990-2010
2011 17,909,684 1,138,500 17,600 193,600 81,400 39,231 19,380,015
2012 18,010,248 1,138,500 17,160 193,600 83,600 39,528 19,482,636
2013 18,231,926 1,138,500 16,940 195,800 77,000 38,880 19,699,046
2014 18,362,339 1,138,500 16,720 193,600 79,200 39,123 19,829,482
2015 18,520,744 1,138,500 16,720 195,800 77,000 38,907 19,987,671
2016 18,042,273 1,138,500 16,720 195,800 74,800 39,285 19,507,378
2017 18,205,186 1,138,500 16,720 193,600 74,800 39,879 19,668,685
2018 18,330,900 1,162,409 16,820 193,600 74,800 39,879 19,818,408
2019 18,506,139 1,186,819 16,920 193,600 74,800 39,879 20,018,158
2020 18,649,564 1,211,742 17,021 193,600 74,800 38,610 20,185,338
% Change
1990-2020

5% -17% -20% -33% -42% -25% 2%

10% -11% -25% -34% -44% -27% 7%

4.5 Comparison of the Scenarios and Additional
Measures

Figure 4.1, below, provides a graphic comparison of the three forecasts of Hawaii's
globa warming potential. It does not appear that Hawaii can meet the Kyoto
godls at any time through 2020 through a comprehensive deployment of currently
available greenhouse gas reduction measures. Although actions in the areas of
municipa waste management and agriculture can make significant contributions to
reducing Hawaii's global warming potentiadl, it is clear that the energy sector
creates the overwhelming majority of Hawali's greenhouse gas emissions.
Accordingly, it should be the focus of continuing attention. New technologies may
provide greater energy efficiency in particular that may change these forecasts in
the future (See Chapter 14).
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Figure 4.1 Comparison of the Global Warming Potentials of Three Reduction Scenarios

for Hawaii, 1990-2020

Forestry in Hawaii aso offers a major potential way to offset Hawaii's emissions
and those of other areas of the world. Asdiscussed in Chapter 13, Hawaii's forests
already act as a carbon sink for 126 million tons of carbon, or the equivalent of

457 million tons of CO.. It is estimated that the forestry projects identified have
the potential to sequester an additional 26 million tons of carbon (about 94 million
tons CO,-equivalent). The amount and type of reforestation that will occur will
determine the amount of carbon that can be offset by Hawaii forestry projects.
Further analysis is recommended to develop a detailed plan.

In addition, experimental work being conducted by the University of Hawaii on the
deep ocean sequestration of CO, may offer along-term solution to CO, emissions
from stationary sourcesin Hawaii and elsewhere if successful. The experiment is
described in Chapter 14.

Finaly, U.S. and Hawaii technology and expertise can be commercialy exported
to the developing nations of the AsialPacific region. This can help reduce
greenhouse emissions from a region whose emissions are forecasted to grow at a
greater rate than the rest of the world. Thistype of commercial activity can help
these nations achieve significant greenhouse gas reductions and substantial
economic benefits for Hawaii and the United States as awhole. Activity currently
underway in this areais also described in Chapter 14.
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CHAPTER 5 GREENHOUSE GAS EMISSIONS

REDUCTION GOALS AND CRITERIA
FOR HAWAII

5.1

5.2

Overview

This document isthe first iteration Hawaii Climate Change Action Plan. It does
not set specific goals. It isintended as a catalyst for discussion by Hawaii's people
about their involvement in future efforts to reduce emissions and to adapt to
climate change. The maor recommendations of thisfirst Plan isto develop
consensus as to Hawaii goals for greenhouse gas emission reductions.

Hawaii could become part of future national efforts to reduce greenhouse gas
emissions under the Kyoto Protocols to the United Nations Framework Climate
Convention signed on November 12, 1998. Should the United States Senate
ratify the Protocols, or should the federal government set some other goal, such a
national goal could serve as Hawaii's goal. Hawaii's people may not want to wait
for federal action to deal with the growing problem. Hawaii can set its own goals
for action now.

This chapter suggests considerations for establishment of greenhouse gas reduction
goals for the State of Hawaii. It includes a brief discussion of the goals agreed by
the United States delegation at the Kyoto Summit in December 1997. It
summarizes goals set by other states. A discussion of development of goals and
criteriafor greenhouse gas emission reductions, from the U.S. Environmental
Protection Agency's Sates Guidance Document, Policy Planning to Reduce
Greenhouse Gas Emissions (USEPA 1998)) is provided asaguideto assist in
developing Hawali's goals.

Reasons for State Action

The U.S. Environmental Protection Agency has involved individua statesin its
State and Loca Climate Program out of recognition that "although problems such
as global warming need to be addressed through cooperative national and
international efforts, many of the critical responses can be initiated locally. If the
adverse effects of climate change are to be avoided, states will need to take an
active and immediate role in addressing greenhouse gas emissions' (2-11).

Statesretain much of the policy jurisdiction over emissions sources. The
State of Hawaii has influence and authority over energy use, utility regulation, land
use, transportation, taxation, air pollution regulation, environmental programs,
permitting, and other areas. The State can also encourage action at the County
level. An example was the development of the Model Energy Code to improve
building energy efficiency, which was developed by DBEDT and has been adopted
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by three of the four counties. Maui County is currently considering adopting the
Code.

The state and counties are a so involved in municipa waste management with the
counties operating landfills and wastewater treatment centers which can be
managed to reduce greenhouse gas emissions. State and county agencies are also
involved in recycling efforts (2-12).

The United States Climate Change Action Plan (CCAP) creates new
opportunitiesfor States. The CCAP provides for opportunities and support to
state action. These are offered in the energy, transportation, agriculture, and other
sectors. The CCAP commits federal agencies to link their programs with state and
local efforts (2-12). Asthe federal government's efforts increase, there will likely
be opportunities for greater federal support of state programsin areas such as
renewable energy, energy efficiency, air pollution control, forestry, etc. These can
benefit Statesin related aress.

States have the capacity for enacting " low risk" policiesto address climate
change. Hawaii isinvolved in a number of actions that were developed for other
policy purposes that also have climate change mitigation benefits. For example,
energy efficiency programs intended to reduce energy use and energy costs also
reduce greenhouse gas emissions. Renewable energy programs intended to reduce
oil use, to reduce the danger of ail spills, and to diversify Hawalii's energy supplies
also reduce emissions. Integrated resource planning, mandated by the Public
Utilities Commission for Hawaii's utilities, seeks to ensure the most efficient
resource selection and consideration of environmental externalities. Air pollution
control programs tend to result in more efficient use of energy and lower
greenhouse gas emissions along with their intended purpose of reducing criteria
pollutants. These and other programs are in place and are discussed in detail in
subsequent chapters of this plan.

States will feel the impacts of climate change and will likely be called upon to
addressthem. Asthe USEPA points out, climate-related problems will ultimately
affect local and state economic resources. They cite growing environmental
consciousness on the part of voters and likely public and political pressureto
respond to climate change.

States are usually more in touch with local concerns than the federal government.
State approaches should be favored over one-size-fits-all federal approaches.
Hawaii in particular has a much different greenhouse gas emission profile than the
nation as a whole and in comparison to other states. Policies developed in Hawaii
can take this into account for greater effectiveness.

Hawaii should also begin planning to deal with the effects of climate change on the
economy, infrastructure, public health and safety, and other areas. Even if
greenhouse gas emissions can be reduced significantly on a global basis, changesin
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weather patterns, temperature rise, and sealevel rise that will still occur due to
past emissions could have significantly adverse impacts as discussed in Chapter 2.

5.3 Examples of Climate Change Action Goals
5.3.1 International Goals

531.1 United Nations Framework Convention on Climate Change

The United Nations Framework Convention on Climate Change (UNFCC) was
established in 1992 and entered into force in March 1994. Its objectiveisto
"stabilize greenhouse gas concentrations in the atmosphere at alevel that would
prevent dangerous anthropogenic interference with the climate system and to do so
within atime-frame sufficient to allow ecosystems to adapt naturally to climate
change" (4-2).

Under Annex |, most members of the Organization for Economic Cooperation and
Development (OECD), to which the United States belongs, and the nations of
central and eastern Europe committed themselves to returning their emissions to
1990 levels by the year 2000. Under Annex 1, the richest countries (the OECD
countries, including the United States) were to provide financial resources and
facilitate transfer of technologies to reduce emissions. Asof July 1998, 175
countries, including the United States, had ratified the UNFCC (11SD 1998). Itis
also clear that the United States will not reach the year 2000 objective.

The first meeting of the Conference of the Parties of the UNFCC, aso known as
COP-1, was held in Berlinin early 1995. COP-1 addressed a number of issues
regarding future implementation of the Convention and discussed the adequacy of
the commitments that made by the parties. An ad hoc group, called the Ad Hoc
Group on the Berlin Mandate (AGBM) began looking at actions beyond 2000.
One of these options was a protocol or other legal instrument to set legally binding
goals for greenhouse gas reductions (11SD 1998).

AGMB met eight times between August 1995 and COP-3 at Kyoto in December
1997. AGBM assessed possible policies and measures to strengthen the
commitments of Annex 1 parties, how they might share or distribute new
commitments, and whether the new commitments should be an amendment or
protocol. A negotiating text was prepared and reviewed at COP-2 in Geneva. In
addition, at COP-2 the parties issued the "Geneva Declaration”. The Declaration
endorsed the IPCC 's scientific conclusions and called for legally binding objectives
and significant reductions of greenhouse gas emissions (11SD 1998).
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5.3.1.2 Third Conference of the Parties (COP-3) and the Kyoto Protocol to
the United Nations Framework Convention on Climate Change

The Third Conference of the Parties to the United Nations Framework Convention
on Climate Change (COP-3) was held in early December 1997 in Kyoto Japan.
The Protocol agreed upon at the Session was called the Kyoto Protocol.

The Annex | parties to the Protocol (the developed nations) committed to reduce
their overall agreements of six greenhouse gas emissions (CO,, CH4, N0,
hydrofluorocarbons (HFCs), perflurocarbons (PFCs), and sulfur hexafluoride
(SFe)) by at least 5% below 1990 levels by the period 2008-2012. The United
States committed to a 7% reduction. Of the other Annex | parties, 27 committed
to 8% reductions, 4 committed to 6% reductions, and 6 were to be alowed to
maintain current levels or even emit greater amounts. Each was to demonstrate
progress by 2005 (UN FCCC 1997). The Kyoto Protocol will enter into force
once ratified by 55 parties. These parties must also have accounted for at least
55% of 1990 baseline emissions (I11SD 1998).

5.3.1.3 Fourth Conference of the Parties (COP-4) and the Buenos Aires Plan
of Action

COP-4 was held in Buenos Aires, Argentina, from November 2-14, 1998. The
delegates considered recommendations developed by subsidiary bodies related to
implementation and to scientific and technical advice. Following extensive
negotiations and a final plenary session on November 14, 1998, the delegates
adopted the "Buenos Aires Plan of Action." The Plan was intended to strengthen
the implementation of the UNFCCC and to prepare for the future entry into force
of the Kyoto Protocol (Carpenter 1998b, 1).

The Plan sets a year 2000 deadline for completion of work on a number of
important issues including:

Financial mechanisms -- to assist the devel oping nations in the
challenges of climate change;

Further work on policies and measures to ensure compliance;

Development and transfer of environmentally sound technologies to
developing nations;
Rules governing the Kyoto Mechanisms; and

An undertaking to discuss supplementarity, ceilings, long-term
convergence, and equity (Goree 1998).

In addition to the United States signing the Kyoto Protocol on November 12 in
New Y ork, one of the most noteworthy events was Argentina's commitment to
binding reductionsin emissions. Thiswas a precedent setting first commitment by
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5.3.2

5.3.3

anon-Annex | party to the Protocol. It could result in similar commitments by
other devel oping nations (Carpenter 1998a, 13).

The work on the Buenos Aires Plan of Action could ultimately affect the
international rules under which the United States would comply with provisions of
the Kyoto Protocol.

National Goals

In an effort to meet the commitment made in 1992 in the FCCC, the United States
Climate Change Action Plan set atarget of reducing greenhouse gas emissions to
1990 levels by the year 2000 with cost effective domestic actions (4-2). The
United States will not be able to meet that goal. The Kyoto goal of a 7%
reduction below 1990 emissions levels will not be afirm commitment by the
United States until ratified by the Senate.

In the Byrd-Hagel Resolution, passed 95-0 in 1997, the Senate stated that the
United States should not be a signatory to any protocol that excludes developing
countries from legally binding commitments or that causes serious harm to the US
economy (Carpenter 19983, 13). Now that the United States has signed the
Protocol with only Argentina and Kazakhstan among the devel oping countries
accepting legally binding commitments as of November 1998, it remains to be seen
if or when the Senate might ratify the Kyoto Protocol.

Western Governor’s Association

The Western Governors Association, to which the Governor of Hawaii belongs,
issued the Resolution 97-002 regarding Nationa Policies Regarding Global
Climate Change on February 4, 1997. The following is the text of the Governors
policy statement portion of the resolution:

The Western Governors' Association urges that the President,
Congress, the U.S. Department of State, and other federal agencies
include the interests and expertise of the states as part of any
national debate on the mitigation of greenhouse gases to ensure
fully coordinated policies.

The Western Governors Association supports afull and vigorous
discussion, including all stakeholders, and consideration of all
alternatives regarding the mitigation of greenhouse gases,
adaptation of policies and other global climate change measures.

The Western Governors A ssociation supports a coordinated
research effort on the effects of human activities on the
accumulation of greenhouse gases and their contribution to the
impact on global climate change.

The Western Governors' Association urges that the President and
the U.S. Department of State international negotiating team to
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proceed cautiously with regard to new aims and post-2000
commitments for greenhouse gas mitigation strategies that would
place an undue cost burden on energy consumers of the states while
supporting agreements for globally applicable provisions that will
significantly reduce the impacts of greenhouse gas emissions.

The Western Governors Association supports a nationa policy on
global climate change that is consistent with efforts to develop cost-
effective alternative energy sources and more efficient use of energy
(WGA 1997).

5.3.4 Goals of Other States

5.4

5.4.1

Wisconsin, Washington, Illinois, and Oregon have set greenhouse gas emissions
reduction goals and developed action plans. These goals were as follows:

Wisconsin: Stabilize greenhouse gas emissions to 1990 levels by
2010.

Washington: Emissions stabilization by 2010.
[llinois: Stabilize greenhouse gas emissions by 2000.

Oregon: Reduce emissions by at least 2 million tonsin 2015
compared to the "business as usual scenario” (USEPA 1998}, 4-2).

These goals were all established prior to the United States' signature of the Kyoto
Protocols. It is unknown whether signature or ratification of the Kyoto Protocols
will result in revision of the goals.

Establishing Goals and Evaluative Criteria

This section is based closaly upon the discussion of establishing goals and criteria
from the U.S. Environmental Protection Agency’ s Sates Guidance Document
(USEPA 1998)).

Definitions

Goals explicitly state the broad aims of the climate change action plan. This
provides afocal point for use in diverse situations, between state agencies, and
across sectors.

Criteria are standards for assessing alternative policy options. Criteria are based
on two types of state policy goals— (1) those that support the climate change
action plan; and (2) those that ensure the plan does not impede or negate other
state policy priorities or objectives. Criteria should be more specifically defined
and are frequently more directly measurable (4-1).
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5.4.2 Key Questions Related to Goal Setting

Should an emission reduction goal be relative measured against a
prior, current, or future year?

How do mitigation objectives relate to existing energy,
agricultural, and development policies?

What type of processes can be used to reach a decision on specific
mitigation objectives?

How can objectives be prioritized (4-1)?
5.4.3 Four Variable Aspects of Goal Setting Processes

The following four variables should be considered in light of Hawaii’ s economic,
geographic, environmental, and political circumstances.

5431 Goalswith Specific Time Frames ver sus Permanent or Perpetual
Goals

In addition to a primary objective for the climate change action plan, specific goas
and milestones can be set to provide guidance for policy development and
implementation. Near-term milestones can provide motivation toward meeting
long-term baseline goals. Different policy options will be appropriate in different
time frames. Near-term policy adoption may lower the costs of future actions.

For example, by focusing on development of technologies that reduce emissions or
by demonstrating early the cost-effectiveness of an option (4-3).

54.3.2 Quantitative Goals versus Qualitative Goals

“Programs my pursue specific numerical targets for emission controls, or they may
focus on qualitative issues, such as promoting the use of the most energy-efficient
technologies and processesin al economic sectors’ (4-2). Quadlitative goals can
help focus efforts across sectors. Qualitative goals may also make it easier to
assess the feasibility of aternative options and to monitor the progress of options.
A qualitative goal, such as a policy to evaluate the pros and cons of CO, reduction,
may not set atarget, but will likely prompt analysis of how existing and potential
new policies may affect projected emissions (4-4).

5433 Goals Based on Prescriptive Emissions Tar gets ver sus Goals Based on
Percelved Emission Reduction Capabilities

A goa may be set based on a scientific or technical prescription of emission levels
needed for mitigation of climate change (e.g., stabilization at 1990 levels). Actual
emissions or projections, state administrative and analytical capability to implement
and support programs, or other criteriamay be applied (4-4).
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5434 Broad versus Narrow Substantive Goals

Goals can cover all greenhouse gas emissions or they can emphasize specific
greenhouse gases or particular economic sectors. Many entities focus on carbon
dioxide emissions or fossil fuel use in electricity generation and transportation as
these source categories account for the majority of anthropogenic emissions.
Some focus on stationary sources rather than mobile sources since stationary
sources are often easier to monitor (4-4).

5.4.4 Time Perspectives

As pointed out in the States Guidance Document, time frame issues are relevant in
the climate change program design process. Time frame issues should also be
considered in goal setting. Issuesinclude cited in the States Guidance Document
include:

Greenhouse gas emissions today will affect climate change and its
impacts at the local level for many decades;

The capacity to reduce greenhouse gas emissions, especially
through long-range mitigation options, depends on anticipated
changes in science and technology;

One reason current emission forecasts are important is that they
provide a baseline for analyzing potential emission reduction
impacts from various policy options ranging across time frames;

Dynamic programs with goals and criteria that vary across time
frames may be more effective than programs adhering to one static
set of objectives; and

Policy evaluation, entailing predictions and measurements of
probable program impacts, depends heavily on time frame
considerations. Key time frame assumptions are critical for
conducting emissions analysis and economic impact analysis.
These same time frame assumptions may plan asignificant rolein
driving any formal emissions or climate change modeling efforts a
state may decide to pursue (7-1).

5.4.5 Complications in Goal-Setting

In setting goals, further consideration must be given to avariety of complications,
including scientific and technical uncertainties, uncertain impacts and interactions
of policy approaches, and questions of measurability.

5451 Scientific and Technical Uncertainties

Achieving permanent stabilization could require mgjor CO, emission reductions
from projected levels and significant reduction of other greenhouse gases. It is not
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clear what level of reduction is actually feasible. Uncertainties about climate
change processes, emissions estimates, and effectiveness of specific control
technologies remain (4-5).

545.2 Uncertain Impacts and Interactions of Policy Approaches

Some policies are effective in the short-term and others offer future benefits.

Some policies have collateral benefits beyond greenhouse gas reduction such as
energy diversity or security, local jobs, etc. At the sametime, political
unpopularity may make an option not feasible. Broader, more qualitative goals can
sometimes address such issues, but they can create complications, too (4-5).

5453 Measuring Results

It may be very difficult to forecast or measure the direct effects of climate change
policy actions. “For example, quantitative goals, while often politically and
analytically difficult to agree upon, are frequently much easier to assess and
communicate than qualitative goals. On the other hand, many qualitative and
inherently difficult-to-measure actions, like broad public education on climate
change and energy-efficiency issues, may offer some vary good opportunities for
achieving long-term climate stabilization” (4-6).

Short-term actions may be easier to measure than long-term policies because the
longer-term actions face more complications, interactions, and uncertainties. A
way to handle thisis to set specific near-term goals and broader, mid- or long-term
gualitative or quantitative goals (4-6).

5.4.6 Criteria for Evaluating Policies

The Sates Guidance Document further suggested the following criteria for
evaluating policies devel oped to achieve climate change action plan goals:

Effectiveness in reducing greenhouse gas emissions,
Private sector costs and savings,

Public sector costs,

Institutional capacity;

Enforceability;

Economic efficiency;

Social equity;

Political impact and feasibility;

Legal constraints; and

Ancillary benefits and costs (4-7 — 4-9).
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Further, two additional process-oriented criteria were recommended —
measurability and feasibility (4-9). Some additional practical considerations are
worthy of consideration:

Extent to which substitution among energy sources, energy
technologies, products, and production methods is possible;

Extent to which market and policy distortions create opportunities
for low-cost (or no-cost) improvements in energy efficiency;

Likely rate of technological innovation and the responsiveness of
such change to price signdls,

Availability and likely future cost of non-fossil, backstop energy
SOurces,

Potential for international ‘joint implementation’ of emissions
reductions; and

Possibility that carbon tax revenues would be recycled through the
reduction of economically burdensome tax rates’
(Repetto 1997, 5-7).

5.5 Recommendations for Goal Setting in Hawaii

RECOMMENDATION: Goal Setting Should Involve a Wide Range of
Hawaii's People

Public input should be solicited to help set any Hawaii-specific greenhouse gas
reduction goals. A Commission or Task Force, charged with considering public
input, could lead this effort. Educational efforts to inform the population on the
issues should precede the goal-setting process.

RECOMMENDATION: Goals Should Focus on Areas Under Hawalii's
Control

Hawaii should focus only on those emissions generating activities that can be
managed, at least in part, localy. Thiswould include most of the sources
discussed in the Inventory of Hawaii Greenhouse Gas Emissions, Estimates for
1990 and in this plan. 1t would specifically exclude emissions from overseas
marine activities, all aviation activities, and military activities. Emissions from
overseas marine and air operations were excluded from counting under the
UNFCC. While domestic aviation activities were to be considered in country
totals, at the present time, airline operations involving Hawaii appear to be at a
very high level of efficiency based on current technology. The efficiency should be
monitored to ensure the trend continues, but further improvements are likely to be
technology dependent. Finally, military operations are beyond the control of the
State and data is not available to determine mobile source use in Hawaii.
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In the near term, due to the level of their contribution of emissions, the focus of
greenhouse gas reductions efforts should be on electricity generation, ground
trangportation, and municipal waste management. Carbon offset forestry offers a
way to counter the effects of some of Hawali's emissions.

RECOMMENDATION: Goals Should Recognize Hawaii's Unigueness

There are many geographic, climatological, technological, economic,
environmental, cultural, and other considerations unique to Hawaii that must be
considered in goa setting. These further supports the recommendation for wide
input to ensure these are al identified and duly considered.

In particular, Hawaii's very low energy intensity compared to most of the Mainland
United States should be afactor. Hawaii, due to the many unique factors, is very
energy-efficient. Asthe energy sector accounts for about 90% of its emissions, the
high level of efficiency reduces emissions reduction options.

At the same time, Hawaii offers such resources as abundant sunshine for solar
power and wind for wind power. These should be more fully developed.
Attention must be paid, however to ensure eectricity system reliability when using
renewable resources since Hawaii's six separate systems are not connected.

Hawaii's tourism-based economy poses yet another unique challenge. Itis
dependent on transoceanic air travel and interisland air travel, which has resulted a
high percentage of Hawaii's emissions coming from jet fuel. As discussed above,
thereis little chance of reduction within Hawaii's control. Significant further
reductionsin air travel would be an economic disaster.

Another factor related to tourism that must be borne in mind when setting goalsis
that Hawaii's defacto population is about was 114% of its resident population in
1990. This meant that an average of 149,000 visitors were present in the islands
on any given day. Asconsumers of energy services, users of municipal waste
Mmanagement services, etc., they also contributed to Hawaii's greenhouse gas
emissions. If targets are set on a per capita basis, this should be factored in.

RECOMMENDATION: Future Effects of Climate Change on Hawaii Should
Be Identified and Adaptation Measures Planned

Hawaii will experience climate change caused by past and current greenhouse gas
emissions (See Chapter 2). Asglobal reductionsin emissions are likely to take
many years, the effects forecast for the next century in temperature change, sea
level rise, and other concerns will happen. These effects on Hawaii should be
further explored and modeled. Adaptation measures may also take many years, if
not decades, to implement. The measures required must be identified and put into
motion.
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CHAPTER 6 TRANSPORTATION ENERGY

6.1

6.2
6.2.1

Overview

This chapter examines transportation energy use in Hawaii and recommends
measures to reduce greenhouse emissions from ground, air, and marine
transportation energy use.

Hawaii's Transportation Sector
1990 Estimated Emissions Baseline

In 1990, emissions from Hawaii transportation fuels use were an estimated 42% of
Hawaii's global warming potential in tons CO,-equivalent, ranking just ahead of
electricity generation at 41%. Transportation energy produced 46% of CO,
emissions. CH, emissions from transportation were 1% of the total, after waste
management at 72% and agriculture at 26%. Transportation dominated N,O
emissions at 65%. These emissions estimates are summarized in Table 6.1.

CO; CH, N.0 NOX co NMVOC
Ground 3,731,987 713 444 13,069 107,711 17,679
Aviation 3,862,973 122 <1 15,610 12,370 1,104
Marine 154,517 N/A 2 6,440 97 N/A
Total 7,749,478 835 446 35119 120,178 18,783

Source: State of Hawaii 1997a

The numbers above are based upon new data and different criteria than were used
in the Inventory of Hawaii Greenhouse Gas Emissions, Inventory for 1990 (State
of Hawaii 1997a). The Inventory estimated emissions from inter-island, oversess,
and military jet fuel and aviation gasoline (avgas) use. The estimates were based
on reporting by energy producers, importers, and distributorsto DBEDT. An
element lacking from these reports was an identification of bonded fuel imported
and a breakout between bonded and domestic fuel sold by the refineries.

Subsequently, more complete data on domestic and bonded jet fuel used was
provided by the Hawaii Fueling Facilities Corporation, which handles virtually all
jet fuel on Oahu. Thisresulted in arevision to the categories reported and
estimates of total amounts used. Industry reporting, as required by Chapter 486j,
Hawali Revised Statutes, was used to identify the relatively small amounts used on
neighbor idands and fuel sold to the military by Hawaii refiners.

Based upon the new data, the estimates of jet fuel use were recalcul ated.

Domestic jet fuel use was defined to include civilian scheduled airline jet fuel for
domestic operations, including inter-island flights, and flights between Hawaii and
the Mainland United States. Unbonded fuel sold or distributed on neighbor islands
was included in the domestic category. Piston-engine aircraft operating in Hawaii
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6.2.2

used domestic aviation gasoline (avgas). Emissions from the fuel used by aircraft
in these categories were included in the total amount of greenhouse gases
attributed to Hawaii.

Bonded jet fuel is not subject to U.S. customs duty and is counted separately.
Bonded jet fuel use includes fuel used by foreign and domestic carriersin
international operations. Some flights between Hawaii and the Mainland qualify as
international as they originated at a foreign location, stopping in Hawaii, on the
way to the Mainland United States; or originated on the Mainland and continued
to aforeign destination after stopping in Hawaii.

Military transportation fuel included all fuel sold by Hawaii refiners or distributors
to the U.S. military. Asdiscussed in Chapter 4, datais not available to determine
how much of military mobile source fuels are actually used in Hawaii.

Estimated Transportation Sector Greenhouse Gas Emissions to 2020

The ENERGY 2020 model was used to estimate Hawali's transportation sector
greenhouse gas emissions through 2020. Although the model was aso provided
an estimate of CH, and N,O emissions, only the dominant CO, emissions will be
discussed in this chapter. See Appendix C for further information on the
ENERGY 2020 model.
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Figure 6.1 Estimated Hawaii Transportation Sector CO, Emissions (Tons) 1990 - 2020
Figure 6.1, on the preceding page, shows forecasted CO, emissions from Hawalii's
domestic transportation sector from 1990 to 2020. The ENERGY 2020 model
estimated emissions from 1998 to 2020. Domestic transportation emissions in this
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context included air, ground, and marine transportation. Domestic air
trangportation was defined as inter-island (intrastate) air transportation and flights
to and from the U.S. Mainland. Domestic marine transportation was defined as
inter-island marine fuel use as no separate breakout for shipping to and from the
U.S. Mainland was available.

A line representing the Kyoto goal of reducing greenhouse gas emissions 7%
below 1990 emissions was provided for reference. It isnot intended to bea
gpecific goal nor to imply that the transportation sector alone can or should
meet the target. Effortsto reduce emissionswill involve effortsin all sectors, but
each sector will not necessarily be able to reduce to 7% below 1990 levels.

As noted above, 1990 transportation emissions were estimated at 7,749,478 tons
of CO,. Most of the variation through 1997 was due to fluctuations in aviation
fuel use due to changesin visitor numbers and airline service. Forecast 2010
transportation CO, emissions were 8,999,472 tons, about 15.6% greater than 1990
levels. In 2020, the forecast was 9,872,458 tons of CO,, 27% greater than 1990.
Given the maor contribution of the transportation sector to Hawaii's overall
emissions, it is clear this sector should receive attention in seeking ways to reduce
greenhouse gas emissions.
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Figure 6.2 Estimated Hawaii Transportation Sector CO, Emissions by Category (Tons) 1990 - 2020

Figure 6.2, above, shows the forecast domestic transportation CO, emissions by
category under the Baseline assumptions. While ground transportation emissions
and air transportation emissions started out about equal, ground transportation
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emissions were forecast to grow more rapidly based upon the current trend of
declining ground transportation vehicle efficiency. Air transportation efficiency is
projected to improve at arate of 0.7% per year in the Baseline Scenario, based
upon U.S. Department of Energy forecasts. Marine fuel emissions growth was
estimated at the same rate as popul ation growth.

In the following sections, air transportation, ground transportation, and marine
transportation emission reduction measures are discussed separately.

6.3 Ground Transportation
6.3.1 Ground Transportation Energy Use
Table 6.2 Hawaii Hiahwav Vehicles. Vehicle Miles Traveled (VMT). and Fuel Use. 1990-1995
Change 90-
1990 1991 1992 1993 1994 1995 95
Registered Vehicles
Number 889,397 867,699 815,421 881,182 845,629 847,723 (0.05)

Vehicle Miles Traveled (VMT)
Miles (000) 8,063,579 8141691 8,062,945 7,887,266 7,924,880 7,944,590 -1%

Fuel Use (Bbl)

Gasoline

Diesel
LPG
Total

8,837,169 8,877,658 9,000,218 9,094,812 9,266,699 9,391,026 6%
582,452 595,024 625,929 595,167 706,952 652,643 12%
19,857 18,571 12,667 11,357 13,476 12,238 -38%
9439478 9491253 9638814 9,701,336 9,987,127 10,055,907 7%

Estimated Average Vehicle Efficiency
Miles per Gallon 20.34 20.42 19.92 19.36 18.89 18.81 -8%

Sources: State of Hawaii 1996b, 1997a; and City and County of Honolulu 1996

6.3.2

Table 6.2 depicts measurements of Hawaii ground transportation activity and
energy use between 1990 and 1995. Although there was a decline in the number
of registered vehicles and a dight decline in estimated vehicle miles traveled over
the period 1990-1995, highway fuel use increased. Gasoline use increased 6%,
diesdl use increased 12%, but LPG highway use declined 38%. The number of
registered diesel automobiles and light and heavy diesdl trucks increased, but their
total numbers remained relatively small.

Overadll, the estimated average fuel economy (mileage per gallon of gasoline,
diesdl, and LPG) of Hawaii’ s vehicles declined an estimated 8%. This was despite
the increased Corporate Average Fue Efficiency (CAFE) standards for newer
vehicles, which grew in numbersin relation to the total fleet of registered vehicles
each year. This suggests that new vehicles registered in Hawaii were, on average,
less efficient than the CAFE standard.

Ground Transportation Greenhouse Gas Emissions, 1990-1995

As aresult of apparent declinesin efficiency, Hawaii’ s globa warming potential
from ground transportation emissions increased by an estimated 7 percent between
1990 and 1995. Table 6.3 summarizes the increase in greenhouse gas emissions.
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CO; and N,O emissions increased by 7%. There were declinesin CH,4 and the
photochemically active gases due to the increasing effectiveness of emission
controls on newer vehicles entering the fleet since 1990.

Table 6.3 Greenhouse Gas Emissions from Hiahwav Vehicles in Hawaii (Tons). 1990-1995

Change 90
1990 1991 1992 1993 1994 1995 95

CO, 3,787,765 3,849,242 3,886,313 3,910,840 4,009,132 4,070,994 7%
CH, 715 682 689 647 631 620 -13%
N>0 446 461 472 476 475 479 %
NOx 13,644 13,242 13,054 12,392 12,826 12,762 -6%
CO 108,083 99,858 97,913 88,156 86,529 84,923 -21%
NMVOC 17,790 16,895 16,570 15,501 15,379 15,231 -14%
GWP 3,923,799 3,988,812 4,028,870 4,053,487 4,151,366 4,213,879 7%

The trends in ground transportation are summarized in Figure 6.3. Despite the
decline in number of vehicles and estimated VMT, fuel use increased at arate
greater than the nominal 2% defacto population increase, resulting in an increase in
globa warming potential (tons CO—equivaent).
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Figure 6.3 Hawaii Registered Highway Vehicles, Estimated VMT, Fuel Use, and GWP,
Compared to De Facto Population, 1990-1995

As mentioned above, the expectation had been that, due to higher CAFE
standards, Hawaii’ s vehicle fleet would become more efficient over time. It
appears that this was not the case. While projections suggested that future growth
in number of vehicles, VMT, and fuel used might be offset by increasesin vehicle
fuel efficiency associated with increasing percentages of newer vehicles on
Hawaii’ s roads, this now appears unlikely. Fuel use probably increased due to
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someincrease in VMT and adecline in vehicle fleet efficiency. Additiond
measures must be considered to reduce future greenhouse gas emissions from
ground transportation.

6.3.3 Measures to Reduce Greenhouse Gas Emissions through
Transportation Energy Demand Reduction

Greenhouse gas reductions in the transportation sector may be accomplished by either
reducing the demand for transportation energy or replacing nonrenewabl e sources of
transportation fuel with renewable sources of fuel.

This section focuses upon reducing emissions by reducing the demand for transportation
energy. These include improving the average efficiency of vehicles used in the state,
reducing the amount of energy "wasted" due to congestion, changing travel behavior, and
changing land use devel opment patterns to reduce the need for transportation.

6.3.3.1 Actionsto Improve Fuel Efficiency of Hawaii Vehicle Fleet

One means of decreasing energy demand and greenhouse gas emissions in the ground
transportation sector would be to increase the average fuel efficiency of vehicles
operating in Hawaii.

6.3.3.1.1 RECOMMENDATION to Increase Fuel Efficiency: Increase the
Visihility of Driving Costs

The federal Corporate Average Fuel Economy (CAFE) standards law (Title V of
the Motor Vehicle Information and Cost Savings Act, 15 U.S.C. 2001-2013)
preempts (prohibits) states from setting their own fuel efficiency standards.
However, states may encourage the purchase of more fuel-efficient vehicles
indirectly by increasing the proportion of driving costs paid through assessments
on fuels. For example, highway maintenance is partially financed via state fuel
taxes; highway law enforcement and liability insurance could also be financed via
pay-at-the-pump systems. Thiswould internalize these costs of driving in the
gasoline price. It would increase the apparent fuel cost (while possibly reducing
actual driving costs to insured motorists) and would make drivers more aware of
their own fuel use and they may become more likely to consider fuel economy in
the purchase of vehicles.

6.3.3.1.2 RECOMMENDATION to Increase Fuel Efficiency: Increase
Information on the Environmental Costs of Vehicle Fuel Use by Use of a New
Environmental | mpact I nformation Sheet

If the CAFE standards were effective, Hawaii’ s vehicle fleet would be more
efficient than it wasin 1990. Newer vehicles, overal, should have greater average
fuel economy, and this should be reflected in lower fuel use per registered vehicle.
Of course, if the more fuel-efficient vehicles are driven greater distances as a result

6-6 Hawaii Climate Change Action Plan



of lower per mile fuel costs, and there will be greater fuel use. Also, if Hawali’s
vehicle fleet had an increasing percentage of relatively fud-inefficient large
automobiles, sport utility vehicles, light trucks, and minivans, overall fleet
efficiency would be lower.

The Current Vehicle Fleet Does Not Meet CAFE Standards. Although
information was not available on vehicle sales by model in Hawaii, Table 6.4,
below, depicts the ten best-selling automobiles and light trucks nationwide in 1997.
These 20 models accounted for 43% of the 15,100,000 vehicles sold nationally.
Pickup trucks or minivans made up 54% of the top 20 (Camry 1998). Asaresult,
overall fuel economy of the national vehicle fleet did not improve. Since increased
fuel use per vehicle in Hawaii was also suggested by available data, it appears that
Hawaii vehicle sales may be following the national trend to less-efficient vehicles.

The CAFE standard in 1997 was 27.5 mpg for automobiles and 20.7 mpg for
trucks. To evaluate the fud efficiency of these models, it was assumed, based
upon estimated vehicle mileage traveled on Hawaii’ s roads, that the vehicles were
driven in urban conditions 76% of the time and highway conditions 24% of the
time (State of Hawaii 1996b). Since most vehicle types offered several
engine/transmission combinations which produced different fuel economy values,
an average between the high and low values was used. For trucks, fuel economy
values for two-wheel drive trucks were used, and for sport-utility vehicles, the
values for the four-wheel drive version were used.

If the top ten automobiles were driven in Hawali under the above assumptions,
their fuel economy would average 25.8 mpg, or 94% of the 27.5-mpg standard for
automobiles. In contrast, the top ten automobiles in 1996 would have averaged
27.4 mpg under these same assumptions. The top ten in the trucks, sport utility
vehicles, and minivans category would average 17.5 mpg well below the standard
of 20.7 mpg, but improving over the 1996 average of 17.2 mpg for this category.
In aggregate, the twenty top-selling vehicles averaged 21.7 mpg, an improvement
over the 1996 top twenty average of 20.4 mpg. The most efficient models, those
that had better fuel economy than the CAFE standard in their category, are listed
in bold type on Table 6.4.
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Table 6.4 Fuel Economy and CO, Emissions of Top Twenty Vehicles in Sales in U.S.,

1997
Vehicle Number Average Lbs CO,/ Tons CO,/ Percent of
Sold MPG Mile 10,000 mi  Standard

Ford F Series 780,838 15.0 1.30 6.49 72%
Chevrolet C/K 549,167 16.7 1.16 5.82 81%
Ford Explorer 402,663 17.1 1.14 5.69 83%
Ford Taurus 401,049 22.2 0.88 4.38 81%
Dodge Ram Pickup 383,960 15.0 1.30 6.49 72%
Honda Accord 382,298 23.6 0.82 4.12 86%
Toyota Camry 359,433 23.3 0.83 417 85%
Dodge Caravan 300,117 20.1 0.97 4.84 97%
Ford Ranger 288,393 20.8 0.93 4.67 101%
Honda Civic 286,350 32.1 0.61 3.03 117%
Ford Escort 284,644 28.6 0.68 3.40 104%
Jeep Gr. Cherokee 279,195 15.6 1.25 6.24 75%
[Chevrolet Cavalier 277,222 26.0 0.75 3.73 95% |
Chevrolet Blazer 246,307 17.7 1.10 5.49 86%
Chevrolet Lumina 237,973 20.7 0.94 4.70 75%
Pontiac Grand Am 222 477 24.2 0.80 4.02 88%
[Toyota Corolla 209,048 29.5 0.66 3.30 107% |
Ford Windstar 209,033 18.7 1.04 5.20 90%
[Chevrolet S10 Pickup 190,178 22.1 0.88 4.40 107% |
Auto Weighted Avg 2,451,446 27.4 0.71 3.54 100%
Truck/Van Weighted Avg 3,629,851 17.2 1.13 5.66 83%
Top 20 Weighted Avg 6,081,297 20.4 0.95 4.77

Source: AAMA 1997; USDOE 1996

Table 6.4 also shows the estimated CO, emissions per vehicle based upon driving
10,000 miles per year under the estimated Hawaii urban/rura split. The
performance of the vehicle relative to the standard for its classis also displayed.
Such information could be made available to vehicle shoppers to for possible
consideration in making their purchase decision.

The Current Fuel Economy Label. Vehicle shoppers may not consider relative
fuel efficiency between vehicle options beyond the cost of the fuel, which is now
relatively low. Currently, the EPA conducts tests used to certify that vehicles meet
federal emissions and fuel economy standards. The Fuel Economy Label now
includes estimates of gasoline mileage under city driving and highway driving
conditions, an estimated range of fuel economy that most drivers achieve with the
particular model, estimated annual fuel cost, and the range of fuel economy for
other models of the same vehicle size class. The Fuel Economy Label is required
to be placed on the window of a new vehicle for sale (USDOE 1996, 12).

The Proposed Environmental |mpact I nformation Sheet. Vehicle buyers could
be provided additional information regarding the greenhouse gas emissions of each
type of vehicle. Thisinformation coupled with supporting public information
programs may cause significant numbers of vehicle purchasers to consider the
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environmental implications of their purchase decision. The emphasis of the current
Fuel Economy Label ison fuel use and cost, but many purchasers are apparently
not concerned about the higher gasoline costs of aless efficient and less climate-
friendly vehicle.

The current Fuel Economy Label could be changed to become an EPA Environ-
mental Impact Information Sheet (EIlS). The EIl'S would include the current
information on vehicle fud efficiency and estimated annual fuel costs,
supplemented with information on the vehicles estimated contribution to global
warming. Thisinformation would globa warming potential in tons CO,-equivaent
per mile and for atypical year’'s operation. Thiswould be compared on the EIIS
against emissions based upon the current CAFE standard. In addition, since more
people purchase used vehicles than new vehicles, an EIl'S should be required for
used cars on dedler lots. This additional information would be intended to guide
automobile consumers towards choices that would more rapidly improve the fuel
efficiency of the U.S. and Hawaii vehicle fleets and reduce the ground
transportation vehicle contribution to greenhouse gas emissions.

6.3.3.2 RECOMMENDATION to Reduce Fuedl Use: Increase Use of Mass
Transit

Oahu's mass transit system consists of afleet of 525 buses, which carried over 74.4
million passengersin 1997 (State of Hawaii 1998d). The buses also have the latest
"smart bus technology,” including an on-board satellite positioning unit which will
eventually allow buses to be tracked in order to reduce irregularitiesin bus arrival
frequencies. By the end of 1998, all buses will be equipped with bicycle racks.

As part of the City and County's Oahu Trans 2K planning now ongoing with
solicitation of public input, the City recognizes the need for transportation
aternatives and proposes a high-capacity electric trolley system throughout the
primary urban center with easy access parking facilities serviced by the trolleys at
all periphera entrance points to downtown. Expanded fleets of express busesto
bring residents from Central Oahu and other outlying districts to downtown on
dedicated bus lanes would interface with the trolley system. Motorists driving
downtown would be able to park conveniently within the peripheral parking
structures and then transfer to a modern, efficient electric trolley that would take
them anywhere within the urban core (C& C 1998b).

In addition, based upon the earlier Oahu Regional Transportation Plan (Kaku
Associates 1995), the bus fleet would be enlarged to about 715 vehicles. TheBus,
as the Honolulu bus system is called, would be supplemented by 125 Handi-Vans.
New service types including jitneys, subscription bus services, shared-ride taxis,
and local circulator and shuttles would also be considered (Table A-3b). The bus
and trolley system would be a so supplemented by planned additiona vanpools and
water taxis and ferries under the Oahu Trans 2K Plan.
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6.3.3.3

RECOMMENDATION to Reduce Fudl Use: Improve the Bicycle
Transportation System

There is considerable interest in increased use of bicycles in the counties as well as
at the State level. Bicycles do not use fossil fuels and do not produce greenhouse
gas emissions. The bicycle racks recently added to city busesin Honolulu are
frequently used, indicating that the combination of individual mobility and mass
trangit is effective. However, bicycle lanes are limited statewide, making bicycling
difficult and/or dangerous in many cases. Therefore, the state and counties have
developed plans for increasing the number and safety of bicycle lanes and paths.
The tables below summarize current conditions and proposed improvements.

6.3.3.3.1 State of Hawaii Bike Plan Hawaii, 1994

In 1994, the State of Hawaii Department of Transportation Highways Division
developed Bike Plan Hawaii. Bike Plan Hawaii identified existing bikeways and
outlined plans for additional bikeways statewide as outlined below.

Existing Bikeway Facilities. Table 6.5 summarizes existing bikeway facilitiesin

the State of Hawaii in 1994. According to the table, there were atotal of 87 miles
of existing bikeways. Approximately 49.7 miles were under the jurisdiction of the
State, and 37.3 miles under the jurisdiction of the counties.

PP T

State County Total

Island (Miles) (Miles) (Miles)
Kauai 3.8 0 3.8
Oahu 21.2 34.2 55.4
Maui 17.8 1.8 19.6
Hawaii 6.9 1.3 8.2
Statewide 49.7 37.3 87

Source: State of Hawaii 1994b

Proposed Bikeway Facilities. Table 6.6 summarizes the proposed State of
Hawaii Bikeway System including estimated mileage and costs. A total of 1,309.6
miles of bikeway were proposed at an estimated cost of $233.5 million.
Approximately 762.6 miles were anticipated to be under the jurisdiction of the
state, and 414.1 miles would be under the jurisdiction of the counties.
Approximately 131.9 new bikeway miles were undefined as to jurisdiction and
were to be developed by state, county, or private sector interests

(State of Hawaii 1994b).
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Table 6.6 Bike Plan Hawaii Summary of Proposed Mileage and Costs

State Counties Undefined* Totals
Length Cost Length Cost Length Cost Length Cost
Island (Miles)  (Million $)  (Miles)  (Million $)  (Miles)  (Million $)  (Miles)  (Million $)
Kauai 103.3 $22.50 63.1 $15.20 6.6 $1.60 173 $39.30
Oahu 167.1 $37.60 113.4 $20.20 12.6 $3.30 293.1 $61.10
Maui 102 $18.20 79.6 $16.70 86 $20.30 267.6 $55.20
Molokai 435 $11.00 5.2 $1.30 0 0 48.7 $12.30
Lanai 11.2 $2.80 0.5 $0.10 0 0 11.7 $2.90
Hawaii 335.5 $39.80 152.3 $19.50 26.7 $3.40 514.5 $62.70
Statewide 762.6  $131.90 414.1 $73.00 131.9 $28.60 1,308.60  $233.50

* Undefined: Includes bikeways on private lands and on roadway systems for which jurisdiction needs to be determined.
Source: State of Hawaii 1994b

6.3.3.3.2 City and County of Honolulu Draft Honolulu Bicycle Master Plan, 1998

The City and County of Honolulu developed a Draft Honolulu Bicycle Master
Plan (C&C 1998a) in July 1998 and is currently seeking citizen input on the Plan.
The Plan describes a comprehensive set of projects, policies, and programs to
incorporate bicycles into Honolulu's future transportation system. The Plan has a
number of objectives including investing in "sensible alternative transportation
modes that are sustainable, that tread lightly on our natural environment, and
which yield significant health benefits’ (7). While reduction of greenhouse gas
emissions is not mentioned as an objective, it is certainly a component of treading
lightly on our natural environment.

The Plan outlines new bicycle routes and improvements to existing routes to be
built over a 20-year period at a cost of almost $80 million. It seeks to accomplish
the following goals:

To increase the mode share of bicycletrips.
To enhance cooperation between roadway users.

To encourage an promote bicycling as a safe, convenient, and pleasurable
means of travel (38-40).

Benchmarks under these goals include a doubling of commute mode share from
1.4% of commuter trips along major bike routes to 2.8% in the first five years,
another doubling from 2.8% to 5% by the tenth year; and reaching 10% of
commuter trips by the twentieth year. While sufficient data was not available to
estimate the greenhouse gas emissions savings that could result in achieving these
goals, it is expected that there would be a significant contribution.

6.3.3.3.3 Neighbor Island Bicycle Plans

The Long-Range Transportation Plans for each of the neighbor islands includes a
bicycle component. The Maui Long-Range Land Transportation Plan (Kaku
Associates 1997) and the Hawaii Maui Long-Range Land Transportation Plan

Hawaii
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6.3.3.4

(Harris 1998) were reviewed. Both incorporated their county's component of the
1994 State Bike Plan Hawaii discussed above. The Kauai Long-Range Land
Transportation Plan was not available for review.

RECOMMENDATION to Reduce Fuel Use: Use Land Use Planning
to Reduce Congestion and Need for Transportation

Mixed-use development plans, in which residential and commercia land uses are
allowed in the same neighborhood, can reduce the need for commuting from
"residential digtricts' to "commercial districts." The State of Hawaii and the City
and County of Honolulu appear to be moving in directions supportive of this
recommendation as outlined in Mayor Harris 21% Century Oahu - A Shared Vision
for the Future, Oahu Vision Presentation (Mayor Harris 1998). By reducing
congestion and the need for transportation, less vehicle fuel will be used and less
greenhouse gas emissions will occur.

The redevel opment of the Kakaako District (in Honolulu's urban core) and
development of a"second city" called Kapolei, on Oahu, include conscious efforts
to encourage mixed-use development, pedestrian paths, and bikeways to reduce
the need for motorized transport.

In Kakaako, the state seeks to create an appropriate land mixture of residential,
commercial, industrial, and other uses. It isintended that activities shall be located
so asto provide primary reliance on public transportation and pedestrian facilities
for interna circulation within the district (Mayor Harris 1998).

Kapole is an area intended to be "mixed use," but which has experienced
predominantly residential development. Mayor Harris stated in his 1998 " State of
the City" address that, "Kapolel must meet the full definition of a city, a place
where people live, work and recreate . . . . Kapolei cannot and will not become
our island's largest bedroom community and the source of commuters who move
daily between home and their jobs elsewhere on Oahu. Kapolel was meant to be a
solution to many of our island's problems, not an expansion of them"

(Mayor Harris 1998).

The Mayor envisions future devel opment that is less dependent upon the
automobile for transportation. He proposed "that we rethink the basic
assumptions of land use planning and go back to the original policies of the
Genera Plan. Instead of continuing to alow urban sprawl in Central Oahu, |
propose that we draw rigid and absolute urban boundaries and redirect al future
urban growth to the Second City and the Primary Urban Center. By redirecting
growth to these two urban areas, we'll stem the increased traffic coming from
Central Oahu" (Mayor Harris 1998).

The City is now seeking public input to develop neighborhood plans. The Mayor
seeks "plans for towns and neighborhoods that result in a safe pedestrian
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environment supported by a good public transportation system, centralized parking
and other measures to give us viable aternatives to our dependence on the
automobile" (Mayor Harris 1998).

6.3.3.5 RECOMMENDATION: Reduce Congestion Through the Use of
Transportation Control Measures

6.3.3.5.1 Transportation Control Measures

Transportation control measures (TCMs) are measures that improve the efficiency
of the transportation system and measures that reduce transportation demand.
Those measures that emphasize improving the operating efficiency and maximizing
the capacity of the existing transportation system often address localized concerns
and may help reduce congestion. These measures focus on the “supply side” of
transportation service (State of Hawaii 1995c, 3-1).

In theory, improved transportation efficiency should result in reduced fuel use
However, when congestion is reduced and the system performs better, additional
trips are typically generated. Previoudly, before the system improvements, these
trips would have been foregone. In addition, the energy efficiency of internal
combustion engine vehicles varies in anonlinear fashion with vehicle speed. At a
speed specific to each vehicle but often around 25-35 mph for a passenger car,
maximum fuel efficiency isattained. Therefore, if transportation system
management measures result in a change in average speeds, average fud efficiency
could increase or decrease (3-1 to 3-2).

In the Hawaii Energy Strategy's Transportation Energy Strategy, it was estimated
that 10% of the fuel making up the ground sector transportation energy demand on
Oahu was wasted due to congestion (3-2). In 1997, that would have resulted in
about 390,000 tons of CO, emissions as the idle vehicles burned gasoline and
diesd fudl.

Where the transportation control measures reduce the demand for transportation,
they can help reduce greenhouse gas emissions as fuels are not used to move
people or things, or they do not need moved as great adistance. Thisincludes
such measures as land-use planning, telecommuting, schedule changes (e.g., going
from afive-day week to afour-day week), etc.

6.3.3.5.2 Transgportation Control Measures in Hawaii

Transportation Control Measures in the 2020 Oahu Regional Transportation
Plan. The Plan considered a wide range of TCMs and adopted many of them.
(For amore detailed discussion of possible TCMs, please see the Hawaii Energy
Strategy's Transportation Energy Strategy). The measures planned for
implementation through 2000 were as follows:
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High Occupancy Vehicle (HOV) Facilities and Enforcement. These
include existing HOV lanes on the H-2 and H-1 freeways. The H-1
HOV lane was recently enhanced through the installation of a
zipper lane system that deploys a moveable barrier to separate the
HQOV lane from regular traffic. Additiona funds were
recommended to enforce the minimum occupancy requirements.

Park-and-Ride L ots were to be added to the existing system to encourage
bus use for at least part of each commuter's trip.

Rideshar e Programs, including matching services, preferential
vanpool/carpool parking, and guaranteed ride home programs were
suggested.

Work Behavior Changes would also reduce transportation demand.
These would include increased telecommuting, encouragement of
flexible work hours and compressed work weeks.

Public Transit Support programs would encourage commuters to switch
to TheBus from their cars through transit pass subsidies and public
transit marketing.

Trip Reduction Ordinance. While no such ordinance has been passed,
the objective would be to reduce demand by mandating preparation
and implementation of trip reduction plans by developers and
employers.

Bicycle Facilities, which would support the recommendation to improve
the bicycle system discussed above, were recommended. These
were new bike routes, bike lanes, and bike paths, and bicycle
lockers and showers at employment centers and public multi-modal
transit centers.

Pedestrian Facilities were also dated for improvement
(Kaku Associates 1995, Table A-1c, d)

Beginning in 2001, the TCM measures listed above were to be continued and many
were to be expanded. One additional measure was proposed. Parking
management measures could attempt to reduce the attractiveness of commuting by
automobile by making parking less available and more costly. Components of such
a program would include mandating a reduction of parking supply via code
changes, elimination of employee parking subsidies, mandating parking cash-
out/travel allowance, mandating parking pricing strategies aimed at discouraging
commuting, and aresidential permit parking program to preclude a shift of parking
to residential areas (Table A-2c, 3c).

The Oahu Plan was incorporated into the State of Hawaii Transportation
Departments plans. It should be noted that none of the measures were selected
specifically to reduce greenhouse gas emissions. However, one of the four goals
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was to "Develop and maintain Oahu's transportation system in a manner which
maintains environmenta quality and community cohesiveness' (1-4). Objectives
under this goal related to energy use included:

#14. Encourage . . . the development and maintenance of "low energy”
transportation facilities, including bikeways, walkways, and other
energy efficient elements which can be safely integrated with other
transportation modes.

#15: Ensure that energy availability and cost are considered . . . .
#16: Encourage energy conservation in transportation (1-4).

6.3.3.5.3 RECOMMENDATION to Reduce Fuel Use: Develop Estimates of the
Energy- and Emission-Saving Effectiveness of TCMs

TCMs were designed to affect travel performance. Energy saving could be a by-
product, but is not usually aprimary goal. It isquite difficult to determine the
energy effectiveness of the many TCMs included in the Plan. 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 single
occupant vehicles, 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., mass transit), and higher utilization rates of automobiles (e.g., ridesharing,
HOV facilities). Shopping and errand trips are perhaps best addressed through
encouragement of non-automobile modes (e.g., mass transit, walking) and
appropriate land use patterns. Home to school trips could be addressed by other
options (e.g., HOV's, 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.

The energy saving associated with certain combinations of TCMs was estimated in
the preparation of the Plan according to the Transportation Energy Strategy. The
analysisindicated that by the year 2020, as much as an 18% energy savings could
result from an aggressive suite of TCMs (State of Hawaii 1995¢, 3-50). No such
clam was made in the Plan, however. Additiona effortsto analyze and model the
measures finally adopted are recommended.

6.3.4 Measures to Reduce Greenhouse Gas Emissions Through the Use of
Alternative Fuels

The previous discussions have suggested ways of reducing greenhouse gas
emissions in the transportation sector may be accomplished by reducing the
demand for transportation energy. In this section, replacing nonrenewable sources
of transportation fuel with renewable sources of fuel that produce fewer or no net
emissions are proposed.
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6.3.4.1 Alternative Fuels
Alternative ground transportation fuels include alcohol fuels (methanol and
ethanol; propane; natural gas and synthetic natural gas, electricity; biodiesel; and
hydrogen. Of these fuels, propane, natural gas, and synthetic gas are fossil fuels
that offer little advantage over gasoline or diesel in terms of greenhouse gas
reduction. Asaresult, they will not be discussed here. Table 6.7 compares the
non-fossil fuel options. Electricity isincluded as it can be produced from
renewable energy. Evenif provided from fossil fuel sources, there would likely be
fewer emissions involved than through use of an equivaent amount of gasoline or
diesd.
Table 6.7 Comparison of Alternative Fuels
Fuel Advantages Disadvantages
Methanol Could be produced locally from Hawaii feedstocks. Not locally available as a fuel.
Used for years in racing engines. Extensive data Price of methanol, on per-mile basis in Hawaii,
available from California AFV program. currently would be greater than gasoline.
Flexible fuel vehicles that can operate on M85 (85% It takes 1.7 to 1.9 gallons of methanol to go as far
methanol, 15% gasoline) or any combination to as 1 gallon of gasoline.
100% gasoline are available. Imported methanol would predominantly be made
Bus and truck engines that can use 100% methanol  from non-renewable natural gas, reducing its
are available. greenhouse gas emissions mitigation value.
High octane. Burns cleaner than gasoline
Ethanol Could be produced locally from Hawaii renewable Not yet locally available as a fuel.
feedstocks. Price of ethanol, on per-mile basis, in Hawaii,
Can be blended (up to 10%) with gasoline and used  currently would be greater than gasoline or diesel.
in existing cars. Blend raises octane about 3%. It takes 1.3 to 1.5 gallons of ethanol to go as far as
Flexible fuel vehicles that can operate on E85 (85% 1 gallon of gasoline.
ethanol, 15% gasoline) or any combination to 100%  gase ethanol fuel may need to be adjusted and
gasoline are available. blending equipment may need to be installed to
Bus and truck engines that can use 100% ethanol blend 10% ethanol in gasoline.
are available.
High octane. Burns cleaner than gasoline. Non-
toxic.
Continued on next page
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Table 6.7 Comparison of Alternative Fuels (Continued)

Fuel Advantages Disadvantages

Electricity Electricity can be produced locally from Hawaii Vehicles now available have ranges of only 40 to
resources, including biomass, solar, geothermal, 200 miles between charges.
hydro, or wind power. Standards and infrastructure for battery charging
Distribution infrastructure in place. and vehicle servicing are only in early stages of
Fuel cost per mile is less than gasoline or diesel. development in Hawaii.
Electric power plants and electric vehicles are more  El€ctric vehicles cost more than their gasoline
efficient than internal combustion engines. counterparts. Higher volumes of production in the

o L future will reduce this.
No tailpipe emissions and reduced overall . ) )
emissions. Current electric-only vehicle technology is not as
) ) . appropriate for long distance heavy-duty truck and
Charglng at m_ght during qﬁ-peak hogrs \{v_o_uld bus applications.
provide operational benefits to electric utilities, R . . . .
which currently have an energy demand below their Disincentives to daytime charging from the electric
optimum minimum. utility grid must be put into place to avoid increasing
demand for electricity during peak demand periods.

Biodiesel Can be produced locally from Hawaii resources, Still undergoing testing and certification.
including wast(_e cooking oils, a renewable resource.  £qr use in diesel engines only; not a gasoline
In use on Maui. replacement.
May be blended with regular diesel and used in Retail price of biodiesel is higher than for regular
existing diesel engines with minimal modification. diesel.
Biodiesel blends reduce emissions of particulates
and smoke.
One gallon of biodiesel will go about as far as a
gallon of regular diesel.

Hydrogen Extremely low emissions. In research and development.

Renewable. Can be made from many materials,
including water

Not commercially available.

Source: State of Hawaii 1995¢, Table 4-2, 4-5.

As can be seen on the table, there are a number of very significant issues to
consider in looking at alternative fuel options. For the purposes of this Plan, the
focus will be on the near term.

6.3.4.2

6.34.2.1

Hawaii Laws Supporting Use of Alternative Fuels

RECOMMENDATION: Publicize I ncentives for AFV Ownership

There are three provisions of Hawali laws that make it easier for fleet managers
(and the general public) to own and operate AFVs:

1. The state fuel tax on propaneis 11¢/gallon (compared to

16¢/gallon for diesd).

2. Vehicleswith specia "electric vehicle" plates are allowed to park
for free at parking meters and use "High Occupancy Vehicle" lanes

a any time.
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3. "Clean fuel" dispensing equipment is dligible for income tax
deductions.

6.3.4.2.2 RECOMMENDATION: Consider Additional Incentivesto Encourage
AFV Use

Additional provisions should be identified and examined for recommendation to
the Legidature to further encourage use of alternative fuels and AFVs.

6.3.4.3 RECOMMENDATION: Encourage Early Production and Sale of
10% Ethanol Blend Gasolinein Hawaii

Alcohol fuels are not currently available in Hawaii. However, there has been a
great deal of discussion over the years about producing alcohol fuels (ethanol or
methanol) in Hawaii. Cost estimates for an aggressive acohol fuels program were
made as part of the Hawaii Energy Strategy's Project 5, Transportation Energy
Srategy (State of Hawaii, 1995c¢).

Based on that work, use of a 10% ethanol - 90% gasoline blend fuel (gasohol),
ultimately made in Hawaii from Hawaii biomass was modeled as Transportation
Scenario GT2 in the ENERGY 2020 model. This scenario was the fourth most
effective non-carbon tax scenario at reducing CO, emissions by 2010. Estimated
reductions would be 644,690 tonsin that year. By 2020, GT2 was the third most
effective non-carbon tax scenario, cutting estimated CO, emissions by 761,202
tons. (See Chapter 9 for details.)

The State Legidlature has aready acted to encourage 10% ethanol gasoline in
Hawaii. 1n 1994, legidation was enacted that stated that "gasoline in Hawaii shall
contain ten percent ethanol by volume" and designated that specific phase-in
schedules, provisions for exemptions, and other details be addressed via aformal
rulemaking process under the direction of the Department of Business, Economic,
Development, and Tourism (Hawaii Revised Statues, Chapter 486-J10). The
preliminary work is underway in preparation for the necessary formal rule making
(Tome 1998).

6.3.44 RECOMMENDATION: Encourage Early Deployment of Electric
Vehiclesin Hawaii

Honolulu will become the first "electric vehicle-ready" city in the United States
when Hawaiian Electric Company installs a network of up to 20 electric Rapid-
Charger stations where electric vehicles will be able to be recharged in less than
nine minutes. The network of rapid charger stations is a public-private partnership
with funding from the federal Defense Advanced Research Projects Agency and
contributions from HECO, AeroVironment, Inc., Electricore, and Hawaii Electric
Vehicles, Inc. The Hawalii Electric Vehicle Demonstration Project is the overal
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coordinator. The Rapid-Charger network was announced on October 27, 1998.
Thiswill be an important element of infrastructure to support deployment of
electric vehicles. Chargers will be deployed on neighbor idands in the future
(HECO 1998b).

Early deployment of electric vehicles will help reduce greenhouse gas emissions.
In addition, nighttime charging of electric vehicles could contribute to the
efficiency of the electric utility systems by increasing base load levels. Base load
utility operations produce less greenhouse gas emissions per kWh generated. The
Public Utilities Commission recently approved a nighttime rate of 7.5 cents per
kWh, about half regular residential rates, to encourage this practice. A 10 kWh
overnight EV charge would be about 75 cents (HECO 1998b).

6.3.4.4.1 RECOMMENDATION: Encourage Electric Vehicle Manufacturersto
Offer Electric Vehiclesfor Sale

In addition to soon being "eectric vehicle-ready," Hawali offers an idea place for
electric vehicle use. The temperate climate reduces thermal management problems
and the geographic limits of islands guarantee that no driver could ever stray
beyond a network of charging stations (HECO 1998b).

Hawaii residents could benefit from cleaner air through electric vehicle use. The
charging station network will make operation anywhere on Oahu possible. Most
commuter's round trips are within the range offered by current battery technology.
Without the need for a car capable of interstate vacation trips, Hawaii motorists
may purchase electric vehicles as their primary vehicle,

Hawaii also offers a potential marketing opportunity for rental car agencies and
electric vehicle manufacturers. Rental car agencies can offer a unique and exciting
vehicle option to vacationers. Manufacturers can gain exposure to new customers
(HECO 1998b).

Electric vehicle-related companies, such as those involved in the Rapid-Charger
network and the state should actively seek to encourage electric vehicle
manufacturers to offer their vehicles for sale or lease in Hawaii.

6.3.4.4.2 RECOMMENDATION: Expand Hawaii Electric Vehicle Development
Program

The Hawaii Electric Vehicle Demonstration Project (HEVDP) is a consortium
established initially through afederal grant from the United States Department of
Defense, Advanced Research Projects Agency (ARPA) to facilitate the devel opment of
electric vehicle technologiesin the state for both commercial and military applications.
The Hawaii Consortium was one of seven entities selected nationwide by ARPA to
participate in this program. The High Technology Development Corporation (HTDC)
manages HEVDP. HEVDP's mission isto:
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Energize the transportation technologies industries in Hawaii to
create high quality jobs and improve economic competitiveness;

Maximize the number of commercial and military electric vehicles
on the road;

Broaden the range of EV types and sizes to fit an increasing array
of applications,

Develop an electric vehicle infrastructure such as electric vehicle
centers and special charging stations;

Provide data acquisition and analysis such as vehicle component
sensors, data acquisition systems, and requisite software;

Enhance technical opportunitiesin the areas of electric vehicle
conversion and training; and

Support military and commercial electric vehicles by providing
warranties and service centers (HEVDP 1997).

HEV DP has deployed nearly 40 electric vehicles on Hawalii's roads. These were
operated primarily by the military, the state, and the electric utilities. Vehicles
include pickup trucks, automobiles, buses, and a specialized industria vehicle. In
addition, E Noa Tours operates an electric "Waikiki Trolley" (Quinn 1998).

As noted above, HEVDP is coordinating the Rapid Charger program. It may be
able to foster further deployments of electric vehiclesin other ways.

6.3.4.5 RECOMMENDATION: Assist Fleetsin Complying with EPACT
Requirementsfor Alternative Fuel Vehicles

In 1992, the National Energy Policy Act (EPACT) became law. Thislaw required
fleets of more than 20 centrally fueled light duty vehicles located in metropolitan
areas (in Hawaii, only Oahu is included) to purchase "dternate fueled vehicles."
Requirements (% of new vehicles purchased each year which must be adternative
fuel vehicles) were as shown on Table 6.8.

Table 6.8 EPACT Requirements for AFV Percentages in Fleets, 1997-2006

Municipal Gov't &
Private Fleets

Model Year Federal Gov't State Gov't Fuel Provider

1997 25% 10% 50%
1998 33% 15% 70%
1999 50% 25% 90%
2000 75% 50% 90%
2001 75% 75% 90%
2002 75% 75% 20% 90%
2003 75% 75% 40% 90%
2004 75% 75% 60% 90%
2005 75% 75% 70% 90%
2006 75% 75% 70% 90%
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The dternate fuels permitted by EPACT are acohol fuels, natural gas, liquefied
petroleum gas (also known as LPG or propane), hydrogen, biodiesel, coal derived
fuels, biological materials derived fuels, and electricity. EPACT aso provides tax
incentives for AFV purchases, conversions, and installation of "clean fuel"
dispensing equipment. (PL 102-486).

In addition to the vehicle purchase requirements listed above, there are reporting
requirements, provisions for exemptions, and provisions for "credits" if an agency
has purchased more than the required number of vehicles or has purchased
alternative fuel vehiclesin advance of the requirements. Each "covered fleet" is
required to submit reports to the Department of Energy on an annual basis.

Assisting fleets to understand and comply with the EPACT requirementsis
recommended since such compliance will increase the use and acceptance of
alternative fuels and infrastructure.

6.3.4.6 RECOMMENDATION: Support Honolulu Clean Cities Program

Electric, propane, and biodiesel-fueled vehicles are in use in federal, state, county,
and private fleets on dl idands. Although only severa hundred of these vehicles
are operating, they represent the basis from which information and confidence may
be developed for sharing with other fleet managers who may consider adoption of
alternative fueled vehicles.

Honolulu Clean Citiesis part of the nation-wide Clean Cities program sponsored
by the U.S. Department of Energy intended to promote the use of alternative
transportation fuels. The twenty-five organizations participating in the program
include county, state, and federal government agencies, fuel suppliers, fleets, and
industry and community organizations.
As stated in the Memorandum of Understanding, the objectives are to:

Develop local industry and create alternative-fuel related industry;

Develop reasonable cost aternative fuels and supporting
infrastructure;

Reduce operation and maintenance cost of vehicles;

Reduce state and national dependence on imported petroleum for
transportation fuel;

Reduce air pollution caused by transportation fuel;

Maintain records and statistics of alternative fuel vehicles to
determine best fudl, vehicle, and task fit;

Educate members and the public on alternative fuels and vehicle
technology; and

Hawaii Climate Change Action Plan 6-5



6.4

6.4.1

6.4.1.1

Promote efficient management and maximum utilization of existing
local energy resources (C&C 1997).

The primary activities of Honolulu Clean Cities include aternative fuel vehicle
displays at public events; ride-and-drive events for fleet managers, the media, and
decision-makers; publication and distribution of a quarterly newdetter;
development of programs to convert vehicles and share information from within
participants own fleets; development of joint fueling arrangements; and training.

Air Transportation
Overview

Air transportation is vital to Hawaii. Overseas air transportation is essential to
Hawaii’ s tourism-based economy, providing transportation to millions of visitors
annually. Overseas transportation is the only regular passenger connection to the
Mainland United States and international destinations for Hawaii’s citizens. Inter-
island air transportation is equally critical. It isthe only passenger connection
between Hawaii’ sidands for residents and visitors alike. 1nits 1996 10K filing
with the Securities Exchange Commission, Hawaiian Airlines aptly noted that,
“One-third of this market is represented by residents of Hawaii who rely on Inter-
island flights in much the same way as Mainland residents rely on a state highway
system” (Hawaiian Airlines 1997). Thisfact makes interstate air transportation
more critical for Hawaii than any other state, except, perhaps, Alaska.

The importance of air transportation in Hawaii is borne out by alook at its 1995
jet fuel usein relation to other states. Hawaii ranked 40" in the Nation in
population, but 8" in the amount of jet fuel used. On a per capita basis, Hawaii
(14.76 Bbl/capita) ranked second to Alaska (28.03 Bbl/capita) (State of Hawaii
1997c and EIA 1997D).

The significance of air transportation is further highlighted by the fact that four
Hawaii city-pairs ranked in the top 22 airline markets in the United States in 1996.
Honolulu-K ahului was ranked 2™, Honolulu-Lihue was 15", Honolulu-K ona was
21%, and Honolulu-Hilo was 22™. With regard to overseas routes, Honolulu-Los
Angeles was the 19" busiest domestic city-pair market (Lampl 1997, 48), while
Honolulu-Tokyo was the 6™ most traveled international market (188).

Inter-idand Airlines

In this decade, Aloha Airlines and Hawaiian Airlines have served as Hawaii’ s primary
inter-island carriers. Currently, Aloha operates 17 Boeing 737-200 aircraft (Ackerman
1997). Hawaiian uses 13 DC-9-50 aircraft in itsinter-island operations (Fujitani 1997).
In addition, Hawaiian has eight DC10-10 aircraft used in scheduled service to the
Mainland United States and South Pacific destinations. In addition, Mid-Pacific Airlines
operated nine Y S-11 turboprop airliners inter-island through 1993 and went out of
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business. Mahalo Air began operation in October 1993, operating six ATR-42 turboprop
aircraft, but went into bankruptcy in September 1997and ceased operations. In 1995, in
addition to Aloha, Hawaiian, and Mahal o, there were eight other small passenger carriers
operating relatively small aircraft (State of Hawaii 1997¢). One of these small carriers
was Idland Air, asubsidiary of Aloha Airlines, which offers daily scheduled flights to
Molokai and Kalaupapa, and the resort destinations of Lanai City, Hana, and Kapalua
with DeHavilland Dash-6 and Dash-8 turboprop aircraft.

As shown on Table 6.9, inter-island passengersin 1996 were up 7% over 1990
levels at 10,581,825 (State of Hawaii 1994 and Chun 1997). Additional detail is
provided on the two major carriers in the inter-island market, Aloha and Hawaiian.
Data was not available on Mid-Pacific Airlines, Discovery Airlines, and Mahalo
Airlines which operated during this period, but are no longer in service.
Table 6.9 Hawaii Interisland Airline Activity, 1990-1996
1990 1991 1992 1993 1994 1995 1996

Passengers 9,907,154 9,368,576 9,568,464 9,345,320 9,920,709 10,388,281 10,581,825
Aloha Airlines and Hawaiian Airlines

ASM (000) 1,978,493 1,849,059 2,029,999 1,817,291 1,915,300 2,032,080 2,002,095
RPM (000) 1,134,404 1,063,201 1,102,609 1,077,184 1,158,940 1,186,409 1,204,002
Load Factor 57.3% 57.5% 54.3% 59.3% 60.5% 58.4% 60.1%
Estimated

Fuel Used 1,800,249 1,636,393 1,781,460 1,489,651 1,578,553 1,696,847 1,747,129
(Bbl)

ASM/Gallon 26.2 26.9 27.1 29.0 28.9 28.5 27.3

Sources: Ackerman 1997; Chun 1997; Fujitani 1997; HAL 1994, 1995; State of Hawaii 1994)

The two major airlines provided 1% more available seat miles (ASM in thousands)
in 1996 than in 1990. Their overall operation was more efficient, however, in that
6% more revenue passenger miles were flown (RPM in thousands). The load
factor on the two principal inter-island carriers was estimated by comparing total
available seat milesfor their inter-island flights with revenue passenger miles on
those flights. Thus, the aggregate load factor for the two airlinesin inter-isand
operations increased from 57.3% in 1990 to 60.1% in 1996, a 5% increase.

Based upon extrapolations of fuel use data provided by the two airlines, it is
estimated that about 3% less fuel was used to provide the increased service,

increasing the average available seat miles per gallon (ASM/gallon) to 27.3,

ad% increasein fudl efficiency.

While Mainland airlines with newer equipment and longer routes may achieve over
twice the ASM per galon, the shorter flights of the inter-island carriers are
inherently less efficient. These short flights require high fuel use for takeoff and
climb to cruising dtitude that is not amortized by long cruise and descent segments
which characterize many longer Mainland routes operating similar equipment. As
Table 6.10 shows, the lengths of inter-island flights range from 54 to 214 statute
miles (State of Hawaii 1997c). As noted above, the 98-mile Honolulu-Kahul ui
city-pair had the second highest volume of all city-pairsin the United States
(Lampl 1997).
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6.4.1.2

Table 6.10 Great Circle Distances
[ | ) LA

Airnort Statute Miles
Hilo Airport, Hawaii 214
Kona Int'l Airport, Hawaii 168
Kahului Airport, Maui 98
Lanai Airport, Lanai 72
Molokai Airport, Molokai 54
Lihue Airport, Kauai 103

State of Hawaii 1997¢c

Oversaas Airlines

As of 1995, there were 26 carriers conducting overseas operations, including
Hawaiian Airlines. Twelve were domestic carriers and fourteen were foreign
carriers (State of Hawaii 1997c).

Overseas air carriers operating between Hawaii and the Mainland United States
and avariety of international destinations appeared to have made dramatic
improvementsin efficiency in the first half of this decade as shown on Table 6.11.
The number of available seats between overseas destinations and Hawaii declined
21% from 1990 to 1996, but passenger arrivals grew 5% in the period, resulting in
a33% increase in load factor. At the same time, the relative percentage of
eastbound flights grew from 37% in 1990 to 43%. It should be noted that two
different sources of data were used to estimate available seats and there may be
inconsistencies in data collection methodology.

Table 6.11 Estimated Scheduled Airline Overseas Seat Capacity, Arrivals, and Load Factors, 1990-1996
Westbound Westbound Westbound Eastbound Eastbound Eastbound Average
Year Seats Arrivals Load Factor Seats Arrivals Load Factor Load Factor
1990 7,367,305 5,692,950 7% 4,412,297 2,814,380 64% 72%
1991 7,157,210 5,444,070 76% 4,694,690 2,882,690 61% 70%
1992 6,362,440 5,295,770 83% 5,062,160 3,109,970 61% 74%
1993 5,882,450 5,039,640 86% 4,870,130 2,839,310 58% 73%
1994 5,551,880 5,197,640 94% 4,694,950 2,711,610 58% 7%
1995 5,214,698 5,056,770 97% 3,841,255 2,900,450 76% 88%
1996 5,408,371 5,078,740 94% 3,888,992 2,971,240 76% 87%

Seats 1990
Seats 1995

-1994, State of Hawaii 1996, Table 18.38, 459, from HVB estimates
-1996, Hawaii Visitors and Convention Bureau, Reed Travel Group, 1.

Arrivals 1990-1996, State of Hawaii 1997c, Table 7.01, 197

6.4.2

Air Transportation Greenhouse Gas Emissions, 1990-1996

As noted above, in the Inventory of Hawaii Greenhouse Gas Emissions, Inventory
for 1990, estimated emissions from inter-island, overseas, and military jet fuel were
reported. Based upon the availability of new data, estimates of jet fuel use were
recalculated in this plan on the basis of domestic, bonded, and military use.
Domestic jet fuel use includes civilian scheduled airline jet fuel used in domestic
operations, including inter-idand flights, and flights between Hawaii and the
Mainland United States. Piston-engine aircraft operating in Hawaii used domestic
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aviation gasoline (avgas). Bonded jet fuel includes fuel used by foreign and
domestic carriersin international operations. Military jet fuel and avgas includes
all aviation fuel sold by Hawaii refiners or distributors to the U.S. military. For the
purposes of this report, only domestic jet fuel and aviation gasoline were used in
calculating total Hawaii greenhouse gas emissions. Table 6.12 reports estimated
jet fuel use or salesin each of these categories for the years 1990-1996.

Table 6.12 Estimated Aviation Fuel Use and Sales from Hawaii Sources (Bbl), 1990-1996

Fuel 1990 1991 1992 1993 1994 1995 1996
Domestic Jet 8,592,397 7,948,266 7,950,386 7,359,913 8,220,593 8,203,185 8,635,095
Bonded Jet 9,744,361 9,855,053 9,966,179 9,411,294 8,691,605 9,025,344 8,846,322
Military Jet 255,579 33,912 1,223,252 1,219,115 1,434,394 1,233,902 252,056
Military JP-4 1,329,953 1,760,963 118,299 none none none none

Jet Fuel Total 19,922,290 19,598,194 19,258,116 17,990,322 18,346,592 18,462,431 17,733,473
Domestic Avgas 43,278 44,000 40,154 35,730 37,176 37,291 31,692
Military Avgas 1,546 1,533 1,136 1,247 913 none none

Avgas Total 44,824 45,533 41,290 36,977 38,089 37,291 31,692

During the period 1990-1996, domestic jet fuel use increased 0.5% while bonded
jet fuel use declined 9.2%. Overdl, civilian jet fuel use declined by 4.6%. It
should be noted that military jet fuel salesvaried greatly from year to year as some
of the military’ s needs were met from sources outside Hawaii. Data on such
importsis not available. In addition, the fuel sold to the military by Hawali refiners
was not necessarily used for military air operations originating in Hawaii.

Figure 6.13, on the following page, depicts the greenhouse gas emissions from
aviation gasoline and jet fuel sold or distributed in Hawalii. For the purposes of
this plan, the focus will be on emissions from domestic operations. As pointed out
in Michaelis (1997a), alocation of aviation emissions under the Framework
Convention on Climate Change is ambiguous. Under IPCC guidelines for
producing national inventories of greenhouse gas emissions, international aviation
and marine bunker fuel were to be recorded as separate categories and were not
included under the national total (20). This Plan follows that practice.
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Table 6.13 Estimated Greenhouse Gas Emissions from Aviation Fuels
from Hawaii Sources (Tons), 1990-1996

1990 1991 1992 1993 1994 1995 1996

Domestic Jet Fuel

CO, 3,846,478 3,558,126 3,559,075 3,294,744 3,680,036 3,672,243 3,865,592
CH, 107 99 99 92 103 102 108
Domestic Aviation Gasoline

CO, 16,495 16,770 15,304 13,618 14,169 14,213 12,079
CH,4 15 15 13 12 12 13 11
N,O 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Domestic Subtotal

CO, 3,862,973 3,574,897 3,574,379 3,308,362 3,694,206 3,686,457 3,877,671
CH,4 122 114 113 104 115 115 118
N,O 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Bonded (International) Jet Fuel

CO, 4,362,167 4,411,719 4,461,467 4,213,066 3,890,890 4,040,292 3,960,151
CH, 122 123 124 117 108 113 110
Military Jet Fuel

CO; 676,704 759,700 597,618 545,750 642,122 552,369 112,836
CH, 19 21 17 15 18 15 3
Military Aviation Gasoline

CO; 589 584 433 475 348 - -
CH, 1 1 0.4 0.4 0.3 - -
N,O 0.01 0.01 0.01 0.01 0.005 - -
Total

CO; 8,902,434 8,746,900 8,633,897 8,067,653 8,227,565 8,279,118 7,950,658
CH, 263 259 254 237 242 243 232
N.O 0.2 0.2 0.2 0.2 0.2 0.2 0.2

6.4.3 Current Activities That Reduce Air Transportation Greenhouse Gas
Emissions

6.4.3.1

Airlines have considerable incentive to reduce fuel use. Fuel amountsto
approximately 15% of total operating expenses, the second largest operating
expense. Asaresult, airlines and aircraft manufacturers have made increased fuel
efficiency atop industry priority for many years (ATA 1997).

Improved Load Factors

As discussed above, airlines in Hawaii operations improved load factorsin the
1990s. During the period, the number of flights to and from Hawaii decreased as
airlines streamlined operations. By filling higher percentages of available seats
with passengers, overall efficiency improved. The load factor for inter-island
flights improved about 3% from 1991 to 1996, reaching 60%. A more dramatic
improvement was seen in the increase in load factor on overseas flights from 72%
in 1990 to 87% in 1996. Higher load factors reduced fuel use and emissions from
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levels that would have been produced if the flights had carried similar numbers of
passengers at the lower load factors seen earlier in the decade.

6.4.3.2 Operational Changes

Aloha Airlines provided information that its flight operations department began a
fuel efficiency programin 1993. The flight plans between all idands were changed
to incorporate a parabolic profile. Aloha s aircraft climb to higher atitudes and
begin descent earlier at lower airspeed to conserve fuel. An aircraft washing
program aso minimizes dirt on the aircraft removing a source of drag (Ackerman
1997). Apparently, this program, coupled with increased load factors, has
improved Aloha s fuel efficiency. Alohaimproved its 1996 load factor by just over
2% in comparison to 1990, increasing revenue passenger miles by 11% while fuel
use increased only 2.8% over 1990 levels. Thisyielded an average fuel efficiency
of 17.6 revenue passenger miles per gallon, an 8.5% improvement (Based on
Lampl 1997 and Ackerman 1997). Thisfuel efficiency for 1996 can be aso
expressed as 27.8 available seat miles per galon. The current U.S. commercia
fleet has an average efficiency of about 48 seat-miles per gallon (SMPG).
Hawaiian Airlines did not provide information as to any operational changes that it
may have made.

As noted above, the short lengths of inter-island flights and the less efficient
engines used on their older aircraft reduce both Aloha' s and Hawaiian Air's
operating efficiency. Available information on Hawaiian Airlines aggregated inter-
island and overseas fuel use, making a comparison between difficult. The
estimated fuel use data presented in Table 6.12, above, was based upon ASM at a
fuel efficiency rate assumed to be similar to Aloha's. The two airlines operate
different types of aircraft, but both types used in inter-island service are equipped
with similar engines and are of smilar vintage.

6.4.4 Potential Measures to Reduce Emissions from Air Transportation

6.4.4.1 Near-term Measuresfor Hawaii’s Airlines

To the extent that some of the following measures may not be used by Hawali's
airlines, they are recommended for consideration as means to reduce greenhouse
gas emissions.

6.4.4.1.1 RECOMMENDATION: Adopt Operating Measures for Fuel Efficiency

Generally, measures that reduce fuel use will reduce greenhouse gas emissions.
Measures generally in use by U.S. airlines which could be considered by Hawaii’s
airlines, to the extent that they have not aready been implemented, include:

Reducing cruising speeds,
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Determine optimum fuel loads and select atitudes and routes that minimize fuel
burn;

Using flight simulators rather than real aircraft for pilot training;

Holding aircraft at gates, with engines shut down, when wesather or other problems
delay takeoff;

Using only one engine to taxi;
Keeping aircraft exteriors clean to minimize aerodynamic drag (ATA 1997).
Reduce auxiliary power unit use; use ground (utility) electrical power instead; and

Convert airport vehicle fleets and ground service equipment to alternative fuels
(NRDC 1996).

6.4.4.1.2 RECOMMENDATION: Examine Waysto I ncrease Load Factors on
Inter-island Flights

The nature of competition in the inter-island market reduces the opportunity for
increased efficiency through higher load factors. One of the competitive factorsis
flight availability and schedule frequency.

Load factors in overseas operations are at such high levels that increases may not
be practical. Since availability of flightsto Hawaii for visitorsis critical to
Hawaii’ s economy, there is some concern that lack of available flights may have
reduced visitor counts over the past few years. Higher load factors could have
serious negative economic effects.

6.4.4.1.3 RECOMMENDATION: Re-equip Inter-island Airlines with Newer,
More Efficient Aircraft

Using newer aircraft on inter-island routes could make a major improvement in
fuel efficiency. The average age of Aloha' s Boeing 737-200 fleet is 16 years
(extrapolated from Lampl 1997, 34), the average age of Hawaiian's DC-9-50 fleet
is 20 years, and the DC10-10s on Hawaiian’' s overseas routes are 25 years old
(extrapolated from HAL 1997, 4).

Both Aloha and Hawaiian currently enjoy an exemption from federal legidation
passed in 1990 that required phasing out the use of Stage 2 aircraft on the
Mainland by December 31, 1999, with certain waivers until December 31, 2003,
when afull phase out isrequired. “Congress provided an exemption for air
carriers operating in Hawaii . . . to operate as many Stage 2 aircraft of a certain
weight as they operated on November 5, 1990” (Hawaiian Airlines 1997). The
Stage 2 standard most directly relates to aircraft engine noise, but Stage 2 aircraft
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are older than Stage 3 aircraft and use engines which are not only noisier, but less
fuel-efficient.

According to the Air Transport Association of America, “The McDonnell-Douglas
MD-80, Airbus A-320, and Boeing 737-300, for example, transport twice as many
passengers per gallon of fuel than the DC-9 and earlier versions of the 737. In
addition, they emit smaller amounts of the gases of concern to scientists studying
globa warming and other environmental trends’ (ATA 1997). Inresponseto a
query, Aloha Airlines suggested that the fuel savings which would result from
conversion to newer Stage 3 aircraft may be on the order of “about 8 to 10
percent” (Ackerman 1997), perhaps reflecting the short lengths of inter-island
flights.

As Hawaiian Airlines pointed out in their 1996 Annual Report, there are important
financial and competitive considerations involved in replacing the current inter-
isand fleet. “Because Stage 2 aircraft are less expensive to acquire than Stage 3
aircraft, this exemption provides limited protection against the entry of another
carrier [into the inter-island market], which would be required to operate an all
Stage 3 fleet” (7). At the same time “this advantage is partially offset by the fact
that Stage 3 aircraft are generally less expensive to operate and maintain, as well as
the fact that in any event over time, carriers will move toward having an al Stage 3
fleet” (7). Stage 3 aircraft are also about 50% quieter (ATA 1997).

Both airlines will face equipment replacement decisions early in the next decade.
Alohaindicated that it is studying a number of potential aircraft to replace its
current fleet of Boeing 737-200s. However, it expects to operate them until
approximately 2004 (Ackerman 1997). Hawaiian reported that it owns two of its
DC-9s, leases seven under operating leases, and four under capital |eases that
expire at various times through the year 2004 (Hawaiian Airlines 1997). While the
airlines could enjoy improved fuel efficiency and reduced maintenance costs, they
must meet the capital requirements necessary to replace their current fleets.

It is recommended that Hawaii’ s inter-island carriers, and any other carriers that
may enter the inter-island market, give maximum consideration to reducing fuel
costs and maximizing reduction of greenhouse gas emissions through selection of
the most fuel-efficient aircraft available. Such new equipment should offer more
economical operation while reducing the effects of inter-isand air travel on the
global climate.

Near-term Measuresfor Domestic Overseas Airline Operations

6.44.2.1 RECOMMENDATION: Encourage Use of Efficient Aircraft on Routes
between Hawaii and the Mainland

While Hawaiian Airlines also operates to Mainland and overseas destinations,
other carriers provide the bulk of the travel between Hawaii and the Mainland.
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6.4.4.3

These carriers operate a variety of aircraft of varying vintage. The details of the
overseas domestic fleet were not collected for thisreport. Generally, however, the
operating measures discussed above can improve fuel efficiency. Operation of
newer equipment can aso reduce fuel requirements. Carriers should be
encouraged to use the most efficient aircraft available on Hawaii routes.

The Natural Resources Defense Council suggests differential landing fees based
upon emissions of aircraft to encourage airlines to use their least-polluting aircraft
as one possible action (NRDC 1996).

Longer Term Measures Reducing Emissions from Air Transportation

Future gainsin commercial aviation energy efficiency could be obtained through
technological improvements to engines and airframes, and, in the more distant
future, new technologies for aircraft propulsion. Much of the following discussion
is based upon Chapter 10, Commercia Air Transport Energy Use and Emissions:
Is Technology Enough?’ in Transportation, Energy, and Environment: How Far
Can Technology Take Us? (DeCicco 1997), by David Green of the U.S.
Department of Energy’s Oak Ridge National Laboratory. These measures are
beyond the control of Hawaii, but will set the standard as to what may be
achievable in future reductions of greenhouse gas emissions from air
transportation.

6.4.4.3.1 RECOMMENDATION: Support Potential Technological | mprovements
in Aircraft

Since the first commercial jet aircraft were introduced in the 1950s, fuel use in the
cruising mode for short- to medium-range flights decreased by 65%, and by 55%
for long-range aircraft. Seat miles per gallon increased from 26.2 to 48.6
nationally. The main factors behind these improvements are technol ogical
improvements in aircraft, a 30% increase in load factors, and an average 40%
increase in aircraft size (DeCicco 1997, 210).

In 1992, the National Academy of Sciences set agoa of reducing fuel burn per
seat mile by 40% over the next two decades compared to current aircraft. The
Academy forecast a 25% reduction from improved engine performance and 15%
from aerodynamic and weight improvements (211).

Propulsion Technology | mprovements. Since the 1960s, commercia aircraft
engines progressed from turbojet to turbofan to high-bypass turbofans. Turbojets
produced al of their thrust by means of the expanding hot air passing out of the
core combustor. Current high-bypass turbofans augment the combustor by
accelerating five to six times the volume of air around the core engine using fans
driven by the core engine. The bypass ratio of an engineisthe ratio of the volume
of air passing around the engine compared to the amount passing through the core
combustor. Current bypass-ratios are 5-6. The goal for 2005 is 8-10 reducing fuel

6-14

Hawaii Climate Change Action Plan



consumption by 15-10%, and 15-20 by 2015, reducing fuel burned by 30%. Such
engines will require new materials and designs to offset weight and drag penalties
posed by increasing the diameter of jet engines to increase the bypass ratio.

Another 10% improvement may be achievable using unducted propfan propulsion
systems. These are similar to turboprop aircraft, but advances in propeller design
could alow higher speeds. Higher costs, noise, vibration, and maintenance
concerns have thus far prevented commercialization (211-212).

Advanced Aerodynamics. “Aerodynamic efficiency can be represented by the
ratio of lift (the force pushing an aircraft directly upward) to drag (the force
opposing its forward motion). Reductions in aerodynamic drag on the order of
35% are possible by various improvements to the L/D ratio of current aircraft”
(212). Most of thisimprovement could be achieved by using a higher aspect ratio
wing (with anarrow chord, or width, of the wing relative to its span, or length).
Additional efficiencies could come from improved airfoils, laminar flow control,
turbulence control, and reductions in induced drag (213).

Weight Reduction. Asarule of thumb, a 1% reduction in the gross weight of an
empty aircraft will reduce fuel consumption by 0.25 to 0.5%. Weight reduction
has a synergistic effect as lighter aircraft require less wing area, thus less structure,
and do not require as large engines as a heavier aircraft. Asaresult, ainitial 1-1b.
decrease in structural weight might result in an ultimate 2- to 10-|b. decrease in
aircraft empty weight. Commercial aircraft are currently about 97% metallic with
lightweight composite materials used for only afew components. In the next
century, it is forecast that they will be up to 80% composite with an overall 30%
reduction in aircraft empty weight for equivalent range and payload. Asaresult,
fuel consumption could decrease by 7.5 to 10% (214-215).

Technological Potential for Reducing Emissions In addition to emissions
reduction through fuel savings, there is a possibility of the reduction of the
photochemically active precursor greenhouse gases, including NOy, CO, and
NMVOCs. CO, and CO emissions are directly proportional to fuel use, so their
reduction will come through efficiency improvements. On the other hand, NOy
emissions depend on atitude, thrust level, engine design, and combustor type.
Fuel-efficient engine designs tend to increase formation of NO,. NASA’s
Experimental Clean Combustor program has demonstrated that about a 25%
reduction of NOy could be achieved thorough design changes in future engines.
As discussed above, however, the main source of reduction will be through
improvementsin fuel efficiency per passenger mile (217).

6.4.4.3.2 RECOMMENDATION: Maintain High Load Factors
Greene cites forecasts of improved load factors and increased use of larger aircraft

to deal with problems of airport congestion nationally. He notes that conventional
wisdom used to hold that load factors could not practically be increased beyond
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67% nationally. Major aircraft manufacturers project 0.24-0.30% increases in load
factors per year over the next two decades (216). As reported above, in 1996,
inter-island airlines were operating at about 60% and overseas airlines to Hawali
were at avery high 87% load factor. There may be some improvement in inter-
island load factors through schedule refinement, but the competitive value of
frequent flights tends to mitigate against great increases unless fuel pricesrise
significantly to inflict amajor cost penalty for low load factors. It isdifficult to
imagine much greater improvement on overseas flights. As noted above, lack of
available seats could be part of the reason behind slow growth in tourist traffic to
Hawali since 1991.

6.4.4.3.3 RECOMMENDATION: Be Alert to Possible Alternative Aviation Fuels
Substitution Opportunities

As Greene points out, “High energy density, in terms of both weight and volume,
together with ease of handling and storage, is critical to the practicality of afuel
for commercial jet aircraft. Kerosene jet fuel has among the highest volumetric
densities of petroleum-based liquid fuels’ (218). Propane and butane are next at
75% the energy content per gallon of jet fuel. Alcohol fuels have only 45-60% the
energy density on the basis of weight or volume. He cites the example of a
conventional jet airliner carrying 775,000 Ibs. of kerosene jet fuel as needing
1,760,000 Ibs. of methanol, compromising both design and payload (218).

Gaseous fuels, such as hydrogen and methane would have to be stored
cryogenically in liquid form to achieve any reasonable energy density. Methane
(natural gas) is 60% the energy density of jet fuel on a volume basis and hydrogen
isonly 25%. On aweight basis, however, methane has 10% more energy density,
and hydrogen has 250% of the energy density of jet fuel. The problems of
cryogenic storage and handling, and the greater volume necessary, create major
technical problems. The National Academy of Sciences believes these fuels would
not be available for aircraft before 2020 (219).

Cryogenic Hydrogen Aircraft Fuel and Hawaii. Of aternative fuels under
consideration, European work on hydrogen and liquefied natural gas as jet aircraft
fuels may offer the two most promising alternatives for possible use beginning
sometime between 2020 and 2040. Hawaii offers some potential as alocation for
establishment of a hydrogen fueled inter-idand airline operation.

Sixteen European aerospace companies, including aircraft manufacturers Airbus
Industrie and Daimler-Benz, along with the Russian aircraft company, Tupelov,
and engine manufacturer, Trud (formerly Kuznetsov), are currently working
together on a*“ Cryoplane” project. Tupelov began work in this areain 1986 and
the bi-national program began in 1990. The program expectsto fly amodified
Dornier 328JET technology demonstrator by the year 2000 (Braybrook 1997,
281).
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The consortium believes that a combination of declining reserves of oil and
concerns about greenhouse gas emissions will require an alternative fueled airliner
by 2020 to 2040. In considering the various possibilities, it was decided that
alcohol does not provide a viable amount of energy per mass. Natura gas and
hydrogen meet requirements in that respect but gaseous storage would require
unacceptably large or heavy tanks. Liquefied forms of hydrogen at very low
temperature appear to be the solution (282).

Liquefied natural gas (LNG) is stored at —160 degrees C and provides 20% more
energy per weight than jet fuel. Thisfuel isespecially attractive to Russia, where
there are ample reserves. The Russians have conducted flight trials with a testbed
engine mounted on an experimental aircraft modified to run on LNG, hydrogen, or
methane since 1988. Russiais converting three Tul54M aircraft into LNG
freighters that were expected to fly in 1997 or 1998 (282). No further information
has been found as to the outcome of these tests.

Liquid hydrogen provides 2.8 times the heat value of jet fuel per weight, but
increases fuel volume by afactor of four. Designs for amodified Airbus A310
place the cryogenic fuel above the full length of the cabin in a bulbous housing.
Burning hydrogen in ajet airliner will produce only water vapor and a small
amount of nitrogen oxide. In part due to engine design, it appears that a hydrogen
airliner would produce about 5% of the amount of N,O produced by a current
turbofan jet-fueled engine (284).

The use of hydrogen fuel may cause concerns about safety among some, however,
leaking liquefied hydrogen burns off rapidly and the flame raises quickly due to the
low density of the gas. A hydrogen fire burns with little heat radiation, and it is
believed that an aluminum airframe would be able to withstand a hydrogen fire and
would protect the passengers (284).

A magjor challenge in using liquefied hydrogen as a jet fuel would be infrastructure.
The proposal isto first convert intra-European wide-bodied airliner operations to
hydrogen, ultimately involving about 500 aircraft and 70 airports. Thiswould
require an increase in hydrogen production by afactor of 200-300. The fuel would
be produced by electrolysis, ideally using renewable energy sources. One proposa
isto use about 100 MW of hydroelectric power produced by Hydro Quebec in
Canada and to transport the fuel to Europe in container vessels similar to those
used to transport liquefied natural gas (284).

Liquefied hydrogen currently costs several times more than jet fuel, but estimates
are that there will be a crossover in costs in the 2010 to 2020 period. Jet fuel
prices would rise due to reductions in production rates and possible imposition of
carbon taxes. It isnot clear when such a system would be cost-effective for
Hawaii.
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Hawaii’ sinter-isand air system might offer an excellent potential for aliquefied
hydrogen-fueled system. Its hub and spoke operation and relatively short flight
distances would contribute to making application of liquefied hydrogen fuel
possible. The fuel itself could be produced by avariety of renewable energy
sources, especialy wind, solar, and geothermal energy on the Big Island. Since the
inter-isand air hub would likely remain at Honolulu International Airport, it would
be necessary to transport the fuel to Oahu. The necessary transfer and storage
infrastructure would need to be constructed. Once the necessary aircraft and
engine technology is fully developed, the main obstacle to implementing such a
system would appear to be the cost of constructing the infrastructure, the costs of
anew or modified inter-island aircraft fleet, and potentia problemsin transitioning
from ajet fuel system to aliquefied hydrogen system.

Other Alternative Fue Prospects. Another possibility for aternative fuel use
would be for hypersonic aircraft flying at more than four times the speed of sound
(Mach 4). Greene reports that higher speeds require fuels with greater thermal
stability, faster combustion rates, and greater ability to absorb heat than traditional
jet fuel. Specially processed hydrocarbon fuels may be usable up to Mach 4, but
above that speed to Mach 5, cryogenic methane may be useable. Above Mach 8,
only cryogenic hydrogen is an option (DeCicco 1997, 219). Such aircraft will not
likely be seen until well beyond the period covered by this plan.

6.4.4.34 Prospects for Greenhouse Gas Emissions Reduction in Air
Transportation through Technology

Greene summarized the expected continuing growth in air travel through 2015 on
aworldwide basis. Under his high efficiency scenario, he projected passenger mile
increases of 4.2% per year from 1992-1999, and 3.6% annually from 1999-2015 in
the U.S., and 5.4% and 4.5% respectively in the rest of the world. Efficiency was
estimated to increase by 2.5% annually, while load factors increased by 0.24%
annualy in the U.S,, and 0.30% in the rest of the world.

Under these assumptions, U.S. air travel was projected to more than double and
world air travel to triple. Even the most rapid rate of efficiency improvements
would be unable to return greenhouse gas emissions to 1990 levels let alone
reduce the emissions below that level (224). Without going into further detail on
the national and international levdl, it is clear that Hawalii air transportation faces
similar limitations in reducing greenhouse gas emissions.

Greene concluded his chapter by stating, “ Even under the most optimistic
assumptions about energy efficiency improvement, air passenger transport will not
meet the 2015 sustainability goals with technological advancesadone. . . .
Nonetheless, this exercise serves to underline the critical importance of
technological advances in determining the level of environmental impacts. . .. Oil
use and CO, emissions are more than 50% higher in the low-efficiency scenario
than when maximum technological progressis achieved” (226-227).
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Market forces, especially fuel prices, will be important in determining the efficiency
of the future air transport fleet. Currently, fuel prices are at very low levels.
Higher fuel prices create an incentive to retire obsolete, less-efficient aircraft in
favor of newer, more-efficient aircraft. Higher fuel prices would aso increase the
price of tickets, reducing the demand for air travel (227). This latter consequence
is clearly undesirable for Hawaii’ s tourism-based economy and for its airline-based
inter-island transportation system.

6.4.4.3.5 RECOMMENDATION: Oppose Carbon Taxes on Air Transportation
Fuels Due to Negative Economic Effects

Carbon taxes are often discussed as potential measures for reducing fossil fuel use
and greenhouse gas emissions by increasing the cost of fossil fuel use. Carbon
taxes may make sense in those energy sectors where there are currently non-fossil
fueled options or where there are further efficiency measures that would become
cost-effective at the resulting higher energy price. However, in the air
transportation sector, the use of carbon taxes would likely have major negative
consequences on Hawaii’ s economy.

The Annex | Expert Group on the United Nations Framework Convention on
Climate Change conducted an analysis of the effects of carbon taxes on
international aviation fuel published in March 1997 (Michaelis 1997a). The study
was part of abroad assessment of the relative potentia of arange of cost-effective
policies and measures for consideration by international policy-makers. The study
compared aviation with a variety of transportation alternatives and noted that it
had high CO, intensities in comparison to various aternatives such as automobiles,
buses, and trains (5). In the context of Hawaii, it must be stressed again that
aternatives to both short-haul inter-island and long haul air travel do not exist and
more than partial replacement by the only aternative, inter-island marine passenger
transportation, is unlikely.

Michaelis modeled carbon taxes at $5, $25, and $125 per tonne of carbon (One
tonne is ametric ton equal to 2,200 Ibs.). These charges equated to roughly 2%,
10%, and 50% of current jet fuel prices. The increased fuel costs were expected
to be passed through to airline customers resulting in lower demand for air
trangport and, thus, lower emissions. It was aso expected that airlines would
attempt to mitigate the effects as much as possible by reducing non-fuel costs,
reducing fuel consumption through more efficient operation, and by re-equipping
with more efficient aircraft or replacing less efficient engines with more efficient
engines (7).

The estimates produced by the model were acknowledged as highly uncertain
because estimates of price elasticity for air travel vary by more than a factor of
three. Table 6.14 shows the estimate of the effects or globally applied fuel charges
on international air passenger traffic.
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Table 6.14 Estimated Effect of Carbon Tax on Air Passenger Traffic
Charge on Carbon Emissions

25 125
($/tonne C) 5
Percent Increase in Ticket Prices 0.28 1.4 7
Percent Change in Traffic -0.2t0-0.6 -0.9t0-29 -4.41t0-13.3

(Michaelis 1997, 8, 26)

In the past, as noted above, energy intensity reduction in air transportation was
highly responsive to fuel price. Michagelis suggests that an international
commitment to raise fuel prices at a moderate rate each year (e.g., 2% per year
starting in 2000 would reach $125 tonne by 2020) could lead to energy intensity
reductions of 3.5% per year, reducing emissions by 30% relative to baseline
estimates. Thiswould still be an absolute increase in emissions for air travel.

In Hawaii, increasing the cost of air travel would not have the desired effect of
switching passengers to more efficient modes of travel since there are no
aternatives. The aternative would be to not travel. Consequently, it is strongly
recommended that Hawali not be subject to any carbon taxes on aviation fuels due
to its dependence on air transportation for inter-island, interstate, and international
passenger travel. If anationa carbon tax is enacted, air travel to, from, and within
Hawaii should be exempted. Alternative means of increasing the efficiency of air
travel within Hawaii and overseas should instead be fostered as outlined above.

6.4.4.3.6 RECOMMENDATION: Consider Other Long-Term Measures

6.5
6.5.1

Some additional measures that could help reduce greenhouse gas emissions should
also be considered at the national level:

Long-term energy intensity targets for stabilizing greenhouse gases, including NO
linked to an airline emissions permit trading system;

Energy efficiency or emissions standards for aircraft (smilar in concept to current
noise standards);

Eco-labeling of air tickets;
Funding and incentives for R&D on energy efficiency and NOy reduction; and

Improved air traffic control (Michaelis 19973, 31).

Marine Transportation
Marine Transportation and Hawaii

If inter-island air transportation of passengers can be described as analogous to the
Mainland interstate highway system, inter-isand marine shipping is the analog of
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intrastate trucking and railroads. Inter-island marine transport, primarily using
towed barges, ships most of Hawaii’ s cargo inter-island.

Interstate transportation of cargo from the Mainland is primarily provided by
containerships. International cargo is also primarily seaborne. The only aternative
air cargo with itsinherent cost, weight, and bulk limitations. Air cargo is currently
primarily used for high value, time-sensitive, or perishable items.

6.5.2 Marine Transportation Greenhouse Gas Emissions, 1990-1996

Available data indicates that most fuel used or sold in the marine transportation category
was bonded fuel for use in international shipping or international fishing operations or
loaded as cargo and exported from Hawaii. Table 6.15 depicts available data on marine
fuel use. It appears from the absence of datafor in-state residual fuel oil usein 1992 and
1993 that reporting entities may have reported this fuel in other categories. In addition,
the great increase in in-state residual fuel usein 1995 and 1996 compared to earlier years
was not explained by other information available at this time.

Table 615 Marine Fuels Used or Sold in Hawaii (Barrels). 1990-1996

Fuel/Use 1990 1991 1992 1993 1994 1995 1996
Distillate
In-State 322,175 424,904 421,700 367,174 266,691 207,498 258,859
Overseas 1,735,339 1,568,259 1,672,255 1,655,316 1,444,687 1,506,093 1,063,268

Subtotal 2,057,514 1,993,163 2,093,955 2,022,490 1,711,378 1,713,591 1,322,127
Motor Gasoline

In-State 3,879 1,238 1,143 833 1,429 1,190 1,380
Subtotal 3.879 1,238 1,143 833 1.429 1,190 1.380

Residual Fuel Oil

In-State 6,789 17,216 - - 5114 191,841 143,337

Overseas 2,056,854 3,598,180 2,573,210 2,019,376 2,303,229 1,992,753 1,838,106

Subtotal 2,063,643 3,615,396 2,573,210 2,019,376 2,308,343 2,184,594 1,981,443

Source: State of Hawaii 1998a

Based upon reported marine fuel use and sales, Table 6.16 on the following page,
summarizes estimated greenhouse gas emissions from marine fuels during the years

. 1990-1996,
CO, 1,639958 2,536,103 2,069,864 1,783,915 1,828,451 1,701,132 1,417,492
N.O 23 32 26 22 23 21 18

6.5.3 Potential Measures to Reduce Greenhouse Gas Emissions from
Marine Transportation

6.5.3.1 RECOMMENDATION: Consider Changesin Operating Procedures
for Energy Efficiency

Improvements in operating procedures could save energy.
Require crew training in efficient operations,

Financial incentives for fuel-efficient operations (Argonne
National Laboratory, 1991 cited in State of Hawaii, 1995b);
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6.5.3.2

6.5.3.3

Regular propeller maintenance can reduce fuel use by 5% or more;

Use of anti-fouling paint to ensure hull smoothness and reducing
drag can reduce fuel use by 3-4%;

Routing shipsto avoid heavy weather can save 4% in fuel use;

A 10% reduction in average speed can save 5% in fuel use on
older vessels, and

An adaptive autopilot can reduce fuel use by 2.5%
(Michaelis 1997hb, 22).

RECOMMENDATION: Adopt Technical | mprovementsto Ships

A number of technical improvements could be made to future ships engaged in
oversess trade or inter-island operations.

Replacement of two-stroke diesel engines with modern four-stroke
diesels would reduce fuel consumption by 5 to 10 percent or more;

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;

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
cited in State of Hawaii, 1995b);

Improved hull form on new ships could save up to 3% in fuel use;
Improved propeller designs could save small amounts of fuel;

Wind assistance through installation of auxiliary sails could reduce
fuel use by 10-20%;

Doubling ship size for similar routes could save up to 30% of the
fuel otherwise used by two ships of the current size;

Fuel switching to biofuels could save up to 80% in greenhouse gas
emissions compared to asimilar fossil fueled ship
(Michaelis 1997b, 22).

RECOMMENDATION: Oppose Carbon Taxeson Marine
Transportation Fuels Due to Negative Economic Effects

As noted above in the section on air transportation, carbon taxes are often
discussed as potential measures for reducing fossil fuel use and greenhouse gas
emissions by increasing the cost of fossil fuel use. The Annex | Expert Group on
the United Nations Framework Convention on Climate Change conducted an
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analysis of the effects of carbon taxes on international aviation fuel published in
March 1997 (Michaelis 1997b). The study was part of a broad assessment of the
relative potential of arange of cost-effective policies and measures for
consideration by international policy-makers. The main rationale for carbon
charges would be to internalize the costs of greenhouse gas emissions from marine
transport. Asthe Expert Group study notes, “a carbon charge on bunker fuel
would only be feasible, fair and economically efficient in a context where such a
charge is globally imposed, and where other transport modes pay their full social
costs’ (6). Infact, if the fuel prices of other modes were not raised
proportionately, a maritime fuel carbon tax could lead to increased cargo shipment
by less fuel-efficient modes with consequent increases in greenhouse gas emissions

(7).

A carbon tax on marine fuels might reduce demand and associated greenhouse gas
and other emissions by stimulating energy efficiency improvements in ship engines
and ship design; changes in operating practices, switching to a different vessel
type; switching to aternative fuels; and reductions in maritime traffic (17-18).

In the case of Hawaii, it is unlikely increased airfreight shipments could replace
significant amounts of marine shipping due to the very large differencesin price.
Rail or truck shipments are not an alternative as they would be for Mainland states.
The mgjor likely effect would be increased costs for goods brought in by ship from
overseas and those shipped inter-idand. Increasesin efficiency could lag by many
years due to the long life of shipsin service. Consequently, use of a carbon tax on
marine transportation fuel is not recommended. Should such atax be enacted
nationally, Hawaii should be exempted due to the lack of aternatives.

6.5.3.4 RECOMMENDATION: Consider Alternative M easures

These include aternative charges or fees such as port fees related to ship energy
efficiency, regulations on ship technology, voluntary agreements with ship-builders
and operators, best practice programs, technology prizes, and support for RD&D
(Michadlis 1997b, 6).

6.5.3.5 RECOMMENDATION: Improve Data Collection for Usein
Estimating Future Marine Fuel Use

Future marine fuel sales are difficult to predict. According to planners at the
Harbors Division, during the next 20 years, each of the current inter-idand carriers
expectsto add aweekly voyage. These cargo vessels can be expected to buy fuel
wherever it is cheapest, most likely on the Mainland. While cruise ship stopovers
in Hawali are on the increase, cruise ships do not necessarily need to refuel in
Hawaii and can take on fuel at locations offering the best prices. Foreign flag
cargo vessals have similar flexibility.
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Inter-island barge companies plan to add three tugs and two large barges. The
tugs would be fueled in Hawali. Fishing vessal use of Hawaii as afueling stop is
dependent on relative pricing. The Harbors Division notes that at |east two
organizations have indicated that they are interested in basing two 15-ship fleetsin
Hawaii, but the necessary facilities are not available (Soma 1998).
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CHAPTER 7 ELECTRICITY

7.1 Overview

Hawaii’ s electricity sector includes electricity generated by the four electric
utilities, independent power producers and cogenerators, and the sugar industry
that is sold to consumers through Hawaii’ s four utility systems. Hawaii’s four
utility systemsinclude Hawaiian Electric Company, Inc. (HECO) serving the City
and County of Honolulu (Oahu); Hawaii Electric Light Company, Inc. (HELCO)
serving Hawaii County; Kauai Electric Division of Citizens Utilities (KE) serving
Kaua County, and Maui Electric Company, Ltd. (MECO) serving Maui County
(Maui, Lanai, and Molokai).

Independent power producers also generate electricity and sell power to a utility.
Cogenerators produce electric power and process heat for their own or contracted
use and sall surplus power to a utility. Hawaii's sugar plantations generate
electricity for their use and sell surplus power to a utility. Some have firm power
contracts with their local utility. Asaresult, "electricity sector” and "electric
utility sector” throughout this document refer to all elements of the system
involved in producing electricity ultimately sold to the customers of Hawaii's
regulated electric utilities.

Emissions from the generation by the sugar industry and other cogeneration not
sold to a utility, but used for industrial purposes, are covered separately in
Chapter 8.

In 1990, emissions from Hawaii's el ectricity sector were the second greatest
contributor to its global warming potential. Electricity generation produced an
estimated 45% of CO, emissions, 0.14% of CH, emissions, and 1.8% of N,O
emissionsin Hawaii. Global warming potential combines the relative effects of
CO,, CH,, and N,O emissionsinto a value expressed in the equivalent effects of
tons of CO,. The sector produced a global warming potential of 7,652,966 CO»-
equivalent tons, or 41% of the total.

The following discussion examines current and potentia actions to reduce
greenhouse gas emissions in the electricity sector. Most of the recommended
actions have already begun and are recommended for continuation. With the
exception of HECO's Climate Challenge Program and the AES Hawaii carbon
offset program, none of the current activities was specifically designed to reduce
greenhouse gas emissions. Nevertheless, activities that reduce the demand for
electricity and those that reduce emissions in supplying e ectricity contribute to
overal effortsto reduce greenhouse gas emissions.

The chapter first discusses the Hawaii’ s Electricity Sector, the 1990 Baseline
Estimate, and changes in the sector since 1990. Thisis followed by three sets of
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7.2

7.2.1

recommendations of ways to reduce Hawaii’s greenhouse gas emissions. Thefirst
set isfor crosscutting actions, that is, those that affect both electricity demand and
electricity supply. The second set seeks to reduce electricity demand, which cut
emissions due to decreased requirements for generation. The third set is intended
to reduce greenhouse gas emissions per kWh generated through greater generation
efficiency and the use of renewable energy technologies.

Hawaii’'s Electricity Sector
1990 Estimated Emissions Baseline

Table 7.1 displays the estimated electricity sector baseline 1990 greenhouse gas
emissions calculated for the Inventory of Hawaii Greenhouse Gas Emissions:
Estimates for 1990 (State of Hawaii 1997a). Electricity sector emissions were
86% of al stationary source CO, emissions (4-1) and 41% of Hawaii CO,
emissions (2-7).

Table 7.1 Estimated Hawaii Electric Utility Emissions, 1990 (Tons)

Fuel/Source CO, CH, N,0

Distillate

Engines 473,815 27 13

Combustion Turbines 301,800 23 N/A

Landfill Methane

Combustion Turbine 7,441 1 N/A

Municipal Solid Waste (MSW)

Boiler 238,008 N/A N/A

Residual

Boilers 6,625,982 58 N/A
Total 7,647,045 109 13

Source: State of Hawaii, 1997a, 4-14

Changes in Hawaii’s Electric Industry

Since 1990, there have been major changes in the sources of electricity production
in Hawaii. In 1990, Hawaii’s utilities produced 90.7% of the electricity sold to
customers while independent power producers (IPPs) and sugar industry
cogeneration aimost equally accounted for therest. AsFigure 7.1 shows, by 1997,
the utility share declined by 22% to 62% of the total and sugar’ s contribution was
down by 62% to 1.5% of the total as several sugar plantations closed, including all
on Oahu and the Idland of Hawaii. Major power purchase agreements by HECO
and HEL CO raised the | PP share of net generation by 769% to 36.5% of the
statewide total.

In the Inventory, 1PP, cogeneration, and sugar industry generation for sale to the
electric utilities were reported separately in the industrial sector. At that time,
those sources produced arelatively small amount of total electricity generation.

7-2

Hawaii Climate Change Action Plan



12,000,000

10,000,000 e

S 8,000,000

<

()

&

® 6,000,000 Total

2 —m— Utility

K

S 4,000,000 - ——PP

+Sugar/‘/‘/k A —A
2,000,000

N

— ¢
T T

1990 1991 1992 1993 1994 1995 1996 1997

Source: Utility FERC Forms 1 and Annual Reports, 1990-1997
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Due to the significant increase in independent power production as a source of
electricity for sale to utility customers since 1990, al production of power for sale
to utility customers was included in the electricity sector in this report.

Growth of electricity sales and increased generation to meet that growth resulted
in agreater increase in greenhouse gas emissions in the electricity sector than from
any other Hawaii source category. Figure 7.2 shows that increases in electricity
sales significantly outpaced growth in Hawali's population and GSP from 1990 to
1997. By 1997, electricity sales were amost 13% greater than in 1990.

During the same period, defacto population grew about 1.1%, while GSP grew
only 3.8%. There was an 11.3% growth in electricity sales per capita and an 8.4%
growth in electricity sales per real dollar of GSP. This sharp increase in eectricity
intensity of Hawaii's economy was exaggerated by the slowing of GSP growth
since the beginning of the decade. Hawaii's electricity intensity remains at less than
0.3 kWh per dollar of GSP, approximately half the national average (O'Connell
1998). Nevertheless, in the context of this Hawaii Climate Change Action Plan,
our focus is on developments since the base year 1990.
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Source: Utility FERC Forms 1 and Annual Reports, 1990-1997
Figure 7.3 Electricity Sales by Hawaii Utilities (MWh), 1990-1997

Figure 7.3 shows sales for each of the four utility systems for the period 1990-
1997. MECO sales grew most rapidly over the period, increasing from 781,342 to
1,028,768 MWh, again of 32%. HELCO salesincreased 25%, from 715,751 to
894,110 MWh. Kauai Electric salesrose 13%, from 342,857 to 387,737 MWh in
1996, but dropped to 382,112 MWh in 1997 for an 11% gain over the eight-year
period. Meanwhile, HECO sales increased 10%, from 6,470,857 to
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7,091,147 MWh in 1996, but declined in 1997 to 7,049,777 MWh, representing a
9% net increase for the seven-year period.

Figure 7.4 depicts the growth in electricity demand by rate classification from 1990
to 1997 in an effort to determine where to focus electricity demand reduction
measures designed to mitigate greenhouse gas emissions. Unfortunately, the rate
classifications used by Hawaii utilities only allow a general analysis of the source of
demand by residential and commercial/industrial sectors. Some residential use,
such as master metered apartments or condominiums, may be included in the
commercial/industrial sector as large power users.
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Source: Utility FERC Forms 1 and Annual Reports, 1990-1997
Figure 7.4 Growth in Electricity Demand by Rate Classification, 1990-1997

Tota statewide electricity demand grew 13% between 1990 and 1997. The 15%
growth in residential demand statewide outpaced the 12% increase in
commercial/industrial demand. Demand growth was slowest on Oahu at 9%.
Growth was greatest on Maui, where overall demand increased 32%, paced by
33% growth in commercial/industrial demand. While residential demand grew
faster than commercial/industrial demand on Oahu, commercial/industrial growth
was greater than residential on all of the neighbor islands. Overal demand
increased 25% on the Big Island, but Hurricane Iniki and its residual effects
resulted in amore modest 11% growth on Kauai. As noted above, electricity
demand growth significantly outpaced population growth.

Looking at electricity demand in 1997, Figure 7.5 shows the percentage demand
by rate classification and electric utility system. Asindicated, despite the more
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rapid growth in demand on the neighbor islands, HECO on Oahu dominated
statewide demand and commercial/industrial sector demand was greater than
residential demand for al four utility systems. Clearly, energy efficiency measures
should be focused on these areas.

Percent of Total Sales

80%

70%

60% OResidential [
Bcomm/ind
OTotal

50%

40%

30%

20%

—

I_i.—ﬁ_ll_.

HECO HELCO KE MECO

10%

0%

7.2.4

Source: Utility FERC Forms 1 and Annual Reports, 1997
Figure 7.5 Percent of Electricity Demand by Utility and Rate Classification, 1997

Electricity Sector Greenhouse Gas Emissions, 1990-1997

As expected, greenhouse gas emissions grew as electricity generation increased to
meet the growth in demand. As noted above, while the Hawaii Inventory
separately accounted for utility generation and generation of purchased power, the
"electric utility system" as depicted in Table 7.2 and elsewhere in this document
includes emissions from each utility’s own generators. Table 7.2 also includes IPP
and sugar industry generators. For sugar industry generation, only emissions from
fossil fuel used to produce eectricity sold to the utilities were included. Fossil fuel
emissions from sugar industry generation used by the plantations were included in
industrial sector emissions and are discussed in Chapter 8.

From 1990 to 1997, CO, emissions from all generators providing electricity to the
utility system grew statewide by 10%. MECO system emissions grew 30%,
HECO'’s grew 8%, HELCO's grew 10%, and KE's declined by 1 percent.
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Table 7.2 Estimated Hawaii Electric Utility System CO, Emissions (Tons), 1990-1996

1990 1991 1992 1993 1994 1995 1996 1997
HECO 6,411,392 6,173,841 6,357,849 6,774,326 6,527,165 7,237,811 7,361,436 6,909,736
HELCO 800,570 856,322 737,523 734,115 728,755 841,962 882,577 879,730
KE 271,361 298,531 269,935 272,295 271,129 290,350 246,942 267,502
MECO 742,826 805,816 798,638 871,292 830,958 942,520 957,863 969,239

Statewide 8,228,140 8,136,500 8,165,937 8,654,021 8,360,001 9,314,638 9,450,813 9,028,204

Table 7.3 displays estimated CO, emissions in pounds per kWh of sales for each
utility system and statewide over the 1990-1997 period. This measure provided a
comparison of the relative contribution of each utility and its sources of purchased
power to CO, emissions. Since it was based upon electricity sales, it accounted for
station use and losses in transmission and distribution. 1t included utility-owned
generation, independent power producers, and the portion of sugar industry
generation sold to the utilities.

Table 7.3 Estimated Hawaii Utility System CO, Emissions (Lbs/kWh Sales), 1990-1996

1990 1991 1992 1993 1994 1995 1996 1997
HECO 1.98 1.89 191 2.05 1.92 2.08 2.08 1.96
HELCO 2.24 2.20 1.87 1.83 1.74 1.99 2.02 1.97
KE 1.58 1.61 1.61 1.64 153 1.52 1.27 1.40
MECO 1.90 1.93 1.79 1.90 1.73 1.89 1.87 1.88
Statewide 1.98 1.91 1.88 2.00 1.87 2.03 2.02 1.93
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Figure 7.6 Hawaii Electric Utility CO, Emissions I ndexed to 1990 (Ibs./kwWh), 1990-1997

Figure 7.6 depicts CO, emissionsin pounds per kWh sales indexed on 1990
(1990 = 1). Asthe Figure shows, in 1997 all of Hawaii's utilities reduced CO;
emissions in pounds per kilowatt hour (kwWh) sales compared to 1990.
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The HECO system produced greater emissions per kWh of salesthanin 1990 in
1993, 1995, and 1996. Due to the size of the HECO system, this pulled up the
statewide average. The HECO system's emissions grew starting in 1993
concurrent with purchases of 180 MW of power from the AES Hawaii coa plant
and declining sugar industry and wind energy contributions to the Oahu power
mix. Asdiscussed in section 7.3.4, below, AES Hawaii voluntarily offset its CO,
emissions by establishing aforest preserve in Paraguay that serves as asink for
greater quantities of CO, than emitted by the plant. However, this offset was not
credited in calculating emissions from the HECO system.

By the end of 1996, all Oahu sugar mills were closed and wind energy production
by Makani Uwilaalso ended. However, the H-POWER MSW generation plant
and the Kapaa landfill methane generator contributed to the HECO system, also
reducing potential CH, emissions from MSW landfills. In 1997, HECO sdesfell
and there was areduction in No. 6 fuel oil burned in HECO generators and by
Kaaeloa Partners I PP plant, which helped reduce emissions per kWh.

HELCO's CO, emissions as measured in Ibs./kWh sales went down in 1992 as
30 MW of geothermal energy and the Wailuku hydro project were added to the
system. However the closure of sugar plantations in 1995, the use of coal in a
former sugar boiler, and a narrowing reserve margin combined to increase CO,
emissions from the HELCO system. Nevertheless, they remained below 1990
intengity.

KE and MECO system CO, emissions were reduced by the contribution of bagasse
and hydro-produced electricity from the sugar industry. It should be noted that the
utility-only CO, emission values presented in the Climate Challenge section below
were based upon gross generation and are consequently lower values.

7.2.5 Estimated Electricity Sector Greenhouse Gas Emissions to 2020

The ENERGY 2020 model was used to estimate electricity sector greenhouse gas
emissions in Hawaii through 2020. Although the model also estimated CH, and N,O
emissions, only the dominant CO, emissions will be discussed in this chapter. See
Appendix C for an explanation of the ENERGY 2020 model.

7.25.1 Projected Growth in Electricity Generation and Sales

Greenhouse gas estimates were driven by estimated growth in electricity demand and
generation to meet that demand. The estimates were for greenhouse gas emissions
produced by fossil fuels, MSW, and landfill methane generators. Emissions from
bagasse-fired generation were not included as equivalent CO, is taken up during the
sugar cane growing cycle. Emissions from fossil fuel used by sugar plantation generators
wereincluded. Figure 7.7 depicts estimated demand and planned generation. Future
generation was based upon current utility integrated resource plans. Since the utility
plans do not cover the entire period, the ENERGY 2020 model added fossil fuel
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generation of atype appropriate for the scenario under examination, if needed, for the
years not covered. It appears that currently planned generation was sufficient to meet

forecast demand through 2020. ENERGY 2020 used its own forecast of energy
demands.

Peak demand was projected to increase by 39% from about 1,490 MW to
2,070 MW over the thirty-year period (an average annual increase of 1.1%).
Based upon utility plans, ENERGY 2020 estimated that there would be a 60%

increase in generation capacity to meet the projected demand from 1,862 MW in
1990 to 2,292 MW in 2020 (an average annual increase of 1.6%).

3500

3000

2500

2000
<

MW

1500

1000 - —8— peak Demand
—+— Capacity
500
O T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
o N < © © o I < © © o o~ < © © o
oy o o o) o o o o o o e o o e o I
o o o o o o o o o o o o o o o o
— — - - - I3 I3 I3 « « « « « « I3 «

Figure 7.7 Estimated Growth in Peak Electricity Demand and Capacity in Hawaii, 1990-2020

Figure 7.8, below, depicts projected electricity sales for the period. Electricity
sales are expected to grow by 42%, from about 8,100 GWh in 1990 to 11,500
GWhin 2020. This represents an estimated average growth rate of 1.2% per year.
Projections by sector were calculated by ENERGY 2020 and do not correspond
exactly to the rate classifications used by the utilities. They do, however, reflect
the moddl’ s estimate of end uses by sector. Residential uses were projected by the
model to grow at the most rapid rate, 1.7% per year, followed by commercial uses
at 1.1%, industrial uses at 0.9%, and other at 0.2%. The ENERGY 2020 model
differs from the historical experience using utility rate categories for 1990-1997
because it includes single metered multi-unit residential facilities such as

apartments and condominiums in the residential category. These units are usually
in utility commercia rate classifications.
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Figure 7.8 Estimated Electricity Salesin Hawaii by Sector, 1990 - 2020

7.25.2 Estimated Growth in CO, Emissions

Figure 7.9 shows the estimated increase in CO, emissions based upon the
projected growth in demand and sales. A line representing the Kyoto goal of
reducing greenhouse gas emissions 7% below 1990 emissionsis provided for
reference. It isnot intended to be a specific goal for the electricity sector
alone. Effortsto reduce emissionswill involve effortsin all sectors, but each
sector will not necessarily be able to separately reach a goal 7% below 1990 levels.

The ENERGY 2020 model estimated that electricity sector emissions under
current plans would be 26% higher at 9,860,634 tons CO, in 2010 than the 1990
base of 7,813,323 tons. Thiswould be 37% greater than the Kyoto target. Year
2020 emissions were estimated to be 37% greater than 1990, at 10,682,224 tons
CO,, alevel 47% greater than the Kyoto target.
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Figure 7.9 Estimated Hawaii Electricity Sector CO, Emissions, 1990 - 2000

7.3 Cross-Cutting Actions to Reduce Greenhouse Gas
Emissions

Crosscutting actions help create a more efficient electricity system by employing a
combination of both demand-side measures and supply-side measures. These
include integrated resource planning, HECO' s participation in the U.S.

Department of Energy’ s Climate Challenge Program, and possible improvementsin
electricity system efficiency should the current Hawaii Public Utilities
Commission's Docket to examine possible electricity competition ultimately result
in such a system.

7.3.1 Actions Under Continued Integrated Resource Planning (IRP)

IRP is an approach to regulated utility planning which evaluates al potential
energy options, including supply-side (energy-production by conventional fuels and
renewable energy resources) and demand-side management (energy conservation,
efficiency and load management) as well as the social, environmental, and
economic costs of these options. The goal isto meet consumer energy needsin an
efficient and reliable manner at the lowest reasonable cost. While reduction of
greenhouse gas emissions was not a specific goal of IRP, effective IRP will tend to
reduce greenhouse gas emissions through greater electric and gas utility efficiency,
possible increased use of non-fossil, renewable fuels, and demand-side
management (DSM) programs.
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7.3.1.2

7.3.1.3

Although €electric industry restructuring may eventually replace IRP with some
other planning mechanism, it should be continued in its present form until such
restructuring may occur.

The Public Utilities Commission Decision and Order No. 11630

In May 1992 the Commission issued Decision and Order No. 11630 in the
Proceeding to Require Energy Utilities in Hawaii to Implement IRP (Docket No.
6617) (State of Hawaii 1992a). Appended to this order was A Framework for
Integrated Resource Planning which detailed the goal, governing principles,
responsibilities, and requirements for IRP in Hawaii. The Framework stated the
goal asfollows:

The goal of integrated resource planning is the identification of
the resources or the mix of resources for meeting near and long
term consumer energy needs in an efficient and reliable manner at
the lowest reasonable cost (3).

The stress on efficiency isthe basis of the IRP contribution to greenhouse
gas emission reduction.

Implementation of IRP in Hawaii

Thefirst cycle of utility IRP planning under the new framework began with the
PUC’ s May 1992 order. In 1993, the utilities filed their first IRPs for PUC
approval. Each utility was to conduct a major review of its IRP every three years,
adopting a new 20-year time horizon. Annual evaluation reports were also
required. The second round of IRPs was delayed for a variety of reasons, but the
second IRP for KE was submitted in April 1997. HECO filed its second IRP in
January 1998, HEL CO completed its second IRP in September 1998, and MECO
will complete its second IRP in September 1999.

Each plan details the utility’ s needs over the next twenty years to meet the
forecasted energy demand for its service area. The plan includes a forecast,
supply-side options, demand-side options, a description of the analysis and basis
for the plan, and afive-year action plan.

IRP and Opportunitiesfor Greenhouse Gas Emissions Reduction

Demand Side Management Programs I nitiated. Demand-side management, or
DSM, refersto any utility activity aimed at modifying the customer’ s use of energy
to produce desired changes in energy demand. DSM programs under IRP have the
effect of reducing greenhouse gas emissions. DSM also offers the potential of
lower utility billsfor customers over the long term and deferral of magjor plant
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investments. DSM plans developed by the utilities under IRP are discussed in
Section 7.4 of this chapter.

Renewable Energy Options Were Considered but Not Adopted. One of the
hopes of the State and some other IRP Docket intervenors was that IRP would
lead to a greater role for renewable energy in Hawaii. Thiswould comply with
Framework goals of comporting with state plans and reducing impacts on the
environment (4). While the utilities examined supply options that included
renewable energy in their initial IRPs, renewable supply options were not selected
due to utility evaluations of cost, operationa factors (the intermittent nature of
some renewable technologies, penetration limits, off-peak limits, etc.), reliability,
technical, and permitting issues.

The three electric utilities, which have completed their second round of IRPs,
considered renewable energy optionsin their planning, but decided that they would
not be cost effective. The utilities remained open to negotiating power purchase
agreements with renewable energy developers. For example, HECO, as part of its
second IRP, stated that it will issue a renewable request for proposals "to invite
renewable energy developers to provide energy to the HECO system in return for
payments at or below HECO's avoided energy cost” (HECO 1998, 12-15). HECO
will also explore establishing a " Green Pricing” program where consumers are
offered energy from renewable resources at an additional cost (12-15).

Carbon Dioxide Emissions Examined. One of the requirements of the
Framework was for the utilities to consider external costs and benefits in their
planning process (4). In the first round of IRP, HELCO used California Energy
Commission (CEC) proxy values for carbon dioxide and other air emissionsin the
process of nominating renewable resources for candidate plans. They were not,
however, used as a basis for selecting plans (HELCO 1993b, 4-35). The MECO
IRP used similar values, but found the resulting plan incorporating wind and
biomass generation was more expensive and that renewable energy use “increases
technological risks and decreases flexibility” (MECO 1993, 10-17). HECO used
Bonneville Power Authority and CEC adders as proxiesin plan nomination and in
evaluating a sengitivity analysis (HECO 1993, 5-22; 3-9). The utilities ultimately
did not factor external costs and benefits into their resource selection and deferred
such treatment until completion of separate studies of externalities.

The Hawaii Externalities Workbook was completed by consultants to the HECO
companiesin June 1997 and submitted to the Commission. The Workbook
addressed a wide range of external costs and benefits of electricity generation, but
expressed uncertainty about the effects of climate change and did not attempt to
guantify external costs of greenhouse gas emissions. Moreover, the authors stated,
that “because of the global nature of the issue, changes in emissions from a small
entity (such as a state) will have virtually no impact on global climate, and only a
tiny fraction of whatever change in damages occurs will be borne by the residents
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7.3.2

of that entity. Asaresult, it makes little sense for states to develop their own
policies' (HECO 1997c, 5-6).

In oral and written comments, made as members of the Externalities Study
Advisory Group, DBEDT disagreed with this argument. Asdiscussed earlier in
this report, Hawalii residents may be serioudly affected by climate change and
certainly not just in proportion to local emissions. While Hawaii’ s portion of
overall greenhouse gas emissionsis small on a global scale, the potentia effects on
Hawaii argue for a significant contribution to global emission reduction efforts.
Moreover, future greenhouse gas emission control methods could involve
increased costs for emission-producing resource options which should be
considered in IRP development. Such costs could be in the form of a carbon tax
or a need to purchase emissions permits on a nationa or international market.

In devel oping subsequent IRPs, HECO and HEL CO determined the expected CO,
emissions of each plan option and considered these values along with many other
criteriain making their plan selections. There is no evidence, however, that CO,
emissions were amajor factor in final plan selection and plans with the least CO,
emissions were not selected over less costly plans with greater CO, emissions.

RECOMMENDATION: Continue IRP in Hawaii Unless Replaced by
an Alternate Form of Planning.

Overdl, however, IRP is a positive step towards greenhouse gas emission
reduction through the contribution of DSM programs and planning to improve the
efficiency of Hawaii’ s utility systems. It isaready clear that the utilities have
developed active DSM programs, have more efficient resource plans, and at least
formally consider renewable energy options, and determine the amounts CO,
emissions under various resource options in their planning.

Given the contributions of IRP to the creation of a more efficient electricity
system, IRP should be continued until replaced by some other form of planning for
future electricity needs. Should wholesale or retail competition be introduced, a
new form of planning would likely be required.

U.S. Department of Energy Climate Challenge Program

On March 19, 1997, the Hawaiian Electric Company, Inc., (including its
subsidiaries, HELCO and MECO) signed a Climate Challenge Participation
Accord with the U.S. Department of Energy. The Participation Accord outlined
the voluntary commitments made by the companies to reduce, sequester, or avoid
greenhouse gas emissions (HECO 19973, 1). The HECO companies are also
participating in an industry greenhouse gas reduction initiative and a variety of
company activities as outlined below.

HECO' s “greenhouse gas emission control strategy focuses on three magjor areas.
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improving the efficiency of fossil fuel generating units;
reducing energy demand; and

using renewable energy resources (2).”

7.3.21 Improving Fossil Fuel Generating Unit Efficiency

HECO committed to limiting CO, emissions from fossil fuel generating units to
1.76 Ibs. CO./kWh, calculated as a weighted system average. HECO calculates
these emissions on the basis of gross generation by company-owned units. This
value does not reflect losses of eectricity in transmission and distribution nor
emissions from |PPs and cogenerators selling power to the HECO utilities. As
noted in Section 7.2.4.1, DBEDT calculated utility system emissions on the basis
of kWh sold and included utility and non-utility generator emissions to more fully
capture the effects of electricity use on Hawaii’ s greenhouse gas emissions.

HECO stated in its Accord that higher efficiency, new combined cycle turbine units
will be phased in to replace older, less efficient units, and that the three utilities will
work to reduce fuel use in existing units through control system and
instrumentation improvements. These efforts were to be accompanied by a move
towards increasingly automated monitoring of unit operat