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Hawaii Hydrocarbon Outlook

Executive Summary

This study examines the important global, regional, and local trends that will

affect Hawaii’s energy horizon over the next several decades.  Its main focus is to

examine the potential for expanding the use of alternative hydrocarbon fuels, such as coal

or natural gas in Hawaii, in an effort to diversify away from oil.  The major points and

findings of the study are presented below.

Background

• In comparison to other states, Hawaii is heavily oil-dependent—it relies on oil for

almost 90 percent of its primary energy.  If the utilities’ current plans are followed,

the State’s reliance on oil looks set to continue through at least 2020.

• Oahu dominates the State’s energy scene, accounting for over three-fourths of

primary energy consumption.  Aside from oil, coal plays a role in electricity

generation on Oahu, substantial amounts of biomass are used on Kauai and Maui, and

geothermal energy has a place on the Big Island.

• The 1981 Hawaii Integrated Energy Assessment (HIEA) projected that in 2005 the

price of oil would be between $64 and $334 per barrel and oil-fired power generation

would comprise only 6.4 to 20.5 percent of total generation—why were these

projections so far off?

• The HIEA projections were based on mistaken premises and ignored two key points

that must be kept in mind: (1) Inertia—Because capital outlays are often enormous in

the energy sector, the time horizon is long and change comes relatively slow.  (2)

Price Incentives—Although planning horizons are long, production and technology

do respond to prices over time.  Assuming that prices will increase without a
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corresponding supply response, has long been a source of erroneous projections in the

energy sector.

• Hydrocarbons are a relatively inexpensive and concentrated source of energy that is

easy to store and use, albeit polluting.  With ample supplies and new technology that

is driving increases in recoverable reserves, the average price of hydrocarbons will

not rise substantially over the next few decades.  As a result, the price of alternative

forms of energy will have to come down to compete with hydrocarbons—the price of

hydrocarbons will not rise to make alternatives competitive.

Petroleum Outlook

• The world will not run out of oil at any point in the foreseeable future, as global

reserves of conventional oil are vast.  There are also huge reserves of unconventional

oil (heavy oil, tar sands) which can yield very large volumes of synthetic oil for

decades.  Advances in technology have radically reduced the cost of synthetic oil.

• The Middle East will increasingly dominate the oil export market, and prices are

likely to remain volatile, but most analysts project that the average price will remain

in the $20-30/bbl range over the next several decades.  Sustained higher prices bring

massive supplies of unconventional oil into play, which effectively acts as a ceiling

on oil prices.

• Partly due to proximity and partly because of Hawaii’s need for low sulfur crudes to

produce low sulfur fuel oil for power generation, the State is heavily dependent on

Asian crude imports (which tend to be low in sulfur).  Hawaii also relies on crude

from the Alaska North Slope.  Unfortunately, production of these crudes is generally

stagnant or in decline at the same time that the region’s thirst for crude continues to

grow.  Thus there are clear signs that the relative price of the crudes traditionally

favored by Hawaii refineries will increase in the future, which could affect future

refining plans.  The State’s refineries are already pursuing West African crudes when
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opportunities arise.  Regardless of how they respond, Hawaii’s refineries will most

likely have to pay a growing premium for the State’s crude imports.

• On the petroleum product side, the State’s consumption is dominated by jet fuel.  Jet

fuel is probably the most international of all petroleum products, in that product

specifications are standardized globally.  This is to Hawaii’s advantage, as it can draw

on a wide array of markets to satisfy its demand for jet fuel imports.  In contrast,

gasoline consumption dominates U.S. mainland markets.  Gasoline is subject to

widely varying product specification requirements, which effectively cuts off regions

from alternative supply sources and contributes to price spikes.  Similarly, product

specifications for diesel fuel are different in Asia than those that are allowed by the

U.S. Federal and State environmental agencies.

Coal Outlook

• Since 1993 the State of Hawaii has been relying on coal to satisfy approximately 15

percent of its electricity needs.  The majority of the coal is from Indonesia (imported

by AES).

• Coal is a relatively inexpensive fuel source, and the price paid by AES Hawaii is set

to decrease in the future, as the contract it signed in 1990 is almost double the current

world market price (the contract will be renegotiated in 2007).  Looking forward, coal

prices are projected to remain flat through 2010,then very slowly trend upwards.

• Among the advantages of coal is that global reserves are ample and generally located

in relatively stable areas such as the United States (the world’s largest reserves) and

Australia (the world’s largest exporter).  Among the disadvantages, is that it is

generally the most polluting fuel source, especially if pollution controls are not used,

as is often the case in developing countries such as China and India.
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• It should be noted that even if certain pollutants are reduced through pollution control

technology, the combustion of coal releases approximately 20 percent more carbon

dioxide than oil and 80 percent more CO2 than natural gas per unit of energy.

Worldwide, coal accounts for 31 percent of CO2 emissions.

• Coal-fired power plants that implement one of several “clean coal” technologies are

capable of reducing emissions of key pollutants (SOx and NOx) and particulates to

meet very stringent environmental standards, but the costs associated with

construction, operation and maintenance of such plants are relatively high.  Thus

when comparing fuel alternatives the choice is often between high capital costs and

low fuel costs (coal) versus low capital costs and relatively high fuel costs (gas).   

• Looking forward, integrated gasification combined cycle (IGCC) generation units are

a promising technology.  As the name suggests, coal is gasified and the primary

pollutants are removed before the gas is burned.  These systems are much more

efficient than conventional coal-fired units and have the added benefit of delivering a

pure stream of waste CO2 that is relatively easy to capture.  Coal-fired IGCC plants

are expected to be competitive with gas-fired plants within the next 15 years as the

technology becomes commercially viable for large-scale power generation.

Natural Gas Outlook

• Natural gas consumption is growing the fastest among the hydrocarbons on a global

basis.  Various factors account for this, including: advances in gas-fired power

generation technology, developments in areas like liquefied natural gas (LNG)

technology that has allowed natural gas to penetrate new markets, and a growing

environmental consciousness, which has led to increased demand for clean-burning

gas.

• In the past, LNG was considered to be a relatively expensive energy source, but

technological advances and the entry of several key suppliers into the market in the
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1990s has driven prices down— it is now clearly a buyer’s market.  China’s

Guangdong project recently signed a path-breaking agreement with Australia LNG, in

which the gas price is much lower than in previous contracts.  The gas price also has a

reduced linkage to the price of oil, i.e., the price is more stable.

• While Hawaii is a relatively small market, it could import LNG for use in power

generation and utility gas on Oahu.  The neighbor island markets are too small for

direct LNG imports to be feasible.

• Because it is a small market, Hawaii is not in a position to secure as advantageous a

contract as China’s Guangdong project, but it can take advantage of the fact that LNG

is a buyer’s market.  Hawaii is also in a good position because there is a great deal of

interest in bringing LNG from Asia into the U.S. West Coast—Hawaii could be part

of a larger scheme to import LNG.

• Looking forward, LNG could enable Hawaii to reduce its dependence on oil.  It can

also be sourced from relatively stable countries, such as Australia and Malaysia,

which could help enhance energy security.  Among the concerns is that such a large

interfuel substitution project would disrupt the current energy balance, and possibly

weaken the position of Hawaii’s refineries.

The Future of Hydrocarbons in Hawaii Electricity Generation

• Power generation is the sector wherein petroleum products could most viably be

substituted with non-traditional hydrocarbon-based fuels, such as coal and natural

gas.  Interfuel substitution is much more difficult in other sectors, such as

transportation.

• Hawaii’s residential electricity rates are among the highest in the nation, at roughly

twice the national average.  The high cost of living, the high costs associated with

electricity generation in a multi-island state, the need for large amounts of excess
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capacity due to the State’s remote location far away from other electricity grids, and

the lack of competition are most often cited as reasons for the high prices.

• According to its “Integrated Resource Plan 1998-2017” (IRP-97) HECO plans to add

180 MW of coal-fired capacity by 2016.  This is in marked contrast to HECO’s

earlier IRP, which called for the retirement of current baseload capacity and the

construction of a 190 MW coal-fired unit to replace it in 2005.  The planned

retirements were put off in IRP-97 and the construction of the coal-fired unit was

moved back.  Among the disadvantages of a coal-fired unit is its relatively high

capital costs, which entails a very long break-even period, compared to an oil-fired

unit.  Calculations of the viability of a coal-fired plant are of course sensitive to

projections of the relative price of oil and coal.

• Several of the State’s energy stakeholders have been approached about the possibility

of bringing LNG into Oahu.  This would require the development of new

infrastructure, including a regasification/receiving terminal. 1  The gas could be

sourced from a variety of areas, but existing projects are most likely to be more

competitive than new (Greenfield) projects.

• Because there are substantial economies of scale in LNG, bringing LNG into Oahu

would entail displacing a large amount of the low sulfur fuel oil that is currently

produced by the State’s refineries.  At the very least, approximately half of Oahu’s

fuel oil would be displaced.  In the long run, LNG could replace all of Oahu’s fuel oil

and possibly make inroads into the transport sector through compressed natural gas

(CNG) and/or fuel cells.

• While safety concerns are often voiced related to the importation of LNG, most

officials, including the U.S. Coast Guard, feel that it is very safe.  Extensive safety

related research and an excellent safety record back this up.  LNG is certainly safer

                                                
1 El Paso is developing LNG carriers that regasify LNG, which is an option Hawaii may want to explore.
This is referred to as the Energy Bridge.
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than some petroleum products, such as LPG, and it is much safer in an environmental

sense, as in the event of a spill it would simply evaporate.

Market Interactions and the Future Viability of the Refining

Business in Hawaii

• Hawaii’s two refineries were built several decades ago.  One is less complex, with

little upgrading capability, and both are rather small and may not always be able to

capture economies of scale.  In spite of these challenges, Hawaii’s refineries are run

efficiently and compete effectively with refineries on the mainland.  Hawaii refineries

benefit from the fact that it costs more to transport petroleum products than crude oil.

This tanker rate differential provides a natural protection for Hawaii refineries and is

an important driver of refinery profitability.  As long as the refineries can closely

match their output slate to the local market, they should be able to sell their products

for a decent return.

• Hawaii’s refineries face a tough demand structure that is heavily biased toward jet

fuel and other transport fuels.  To satisfy the low sulfur environmental specifications

for power supply, they import Asian crudes that are heavy and sweet (low sulfur).

Consequently, they produce a great deal of fuel oil.  If they cannot sell their fuel oil in

Hawaii, the refineries could face serious economic consequences.

• If LNG is introduced into the State, Hawaii’s refineries would have to either upgrade

to produce less fuel oil or export excess fuel oil.  In either case they would probably

alter their crude import slate to more costly crudes that yield less fuel oil.  Upgrading

would be costly and it would raise the new dilemma of how to dispose of the

additional excess products (e.g., gasoline).  As a result, it is likely that the refineries

would simply export the excess fuel oil to Asia, albeit at a lower rate of return.

• Importing LNG does not necessarily mean that the long-run viability of the refineries

is threatened.  Even under the most extreme example of interfuel substitution, they
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may find it possible to survive by changing their crude slate. In addition, when the

Asia-Pacific refining outlook improves (as predicted) Hawaii exports would generate

higher margins and increased profitability.  Still, with the loss of a major consumer of

fuel oil, the overall economic attractiveness of doing business in Hawaii will decline

for the refiners.

• While the introduction of LNG could have a negative impact on refinery profitability,

the development of alternative markets for the fuel oil could lessen its impact.  A

possibility worth investigating is the market for naval bunkering.  If policies were

altered so that Hawaii becomes a major refueling base for the 7th fleet, it could

provide an outlet for excess fuel oil.

Impact of New Technology in the Transport Sector

• Hybrid gasoline-electric or diesel-electric vehicles appear to be poised to make

inroads into U.S. mainland and the Hawaii market.  Among the advantages of hybrids

is that they rely on the existing fuel distribution infrastructure.  The cost of hybrids

should continue to come down as production runs increase.

• In contrast to hybrids, fuel cell powered vehicles appear to be much further off.

Among the major challenges is developing a hydrogen distribution network and

finding a way to effectively store hydrogen in vehicles.  Efforts to reform gasoline

into hydrogen and thus rely on existing infrastructure have been disappointing, as

they have yielded minimal increases in mileage when compared to hybrids and the

vehicles are still extremely expensive.  Other alternatives are also not as yet close to

being economic.

• Purchases of alternative fueled vehicles, especially hybrids, will grow substantially in

Hawaii over the next several decades.  This is starting from a very low base (just over

100 vehicles in 2002), so the absolute number of sales may remain somewhat low and

the impact on overall gasoline consumption may be limited.  However, as the number
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of hybrid vehicle models increases and the appeal spreads, hybrids will play an

increasingly important role in limiting growth in gasoline consumption.  This will

especially be the case if tax incentives for owning alternatively fueled vehicles are

maintained and/or increased.

Hawaii’s Fuel Tax Structure

• Although Hawaii’s fuel taxes are relatively low by international standards (i.e., the

OECD nations), when all of the various taxes are added together, the State’s total tax

on fuels is among the highest in the United States.  For gasoline, Hawaii ranks

second to Illinois in terms of state and local taxes, at just under 40 cents/gallon.

• Hawaii is one of the few states to place a general excise tax on fuel, which acts to

exacerbate the negative impacts of fuel price volatility on consumers and the

economy as a whole—i.e., a doubling of the price of fuel doubles the tax collected on

a volume basis, which is good for the State’s coffers but disruptive to the economy.

Most states rely solely on volume based taxes.

• Like many states, Hawaii has enacted tax incentives to encourage the adoption of

alternative energy.  It is important to remember that while these tax incentives are

generally created with the best intentions in mind, they can distort incentives and be

very costly to society as a whole.  Most economists feel, and numerous studies have

shown, that imposing taxes on “dirty” fuels and then allowing consumers to reduce

consumption of these fuels in their own way is superior and less disrupting than

targeting particular technologies with tax incentives.
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Hawaii Energy Security

• Although some take comfort in the fact that Hawaii seldom draws on Middle East

crudes, a disruption in supply from a major petroleum exporting country, including

those located in the Middle East, would impact Hawaii through increased prices and

possibly supply interruptions, since oil markets are closely interconnected.  As long

as it is pursued in a economically sensible manner, the goal of diversification through

increased interfuel substitution in the power sector—e.g., through coal or LNG, may

be the best way to enhance the State’s energy security.

• For many years Hawaii lobbied unsuccessfully for a Regional Strategic Petroleum

Reserve to be established in Hawaii and managed by the federal government.  It was

never granted, but in 1998 Hawaii was granted priority access to the U.S. Strategic

Petroleum Reserve (SPR).  Access to the SPR could play an important role in the

event of a short-term supply disruptions.

• There is no easy fix for energy security.  Since Statehood, different Administrations

governing Hawaii have promised to tap Hawaii’s natural resources to diversify away

from oil.  These promises were not fulfilled—not because of lack of political will or

money, but because it is simply very difficult to accomplish.  Technology has its own

pace and it cannot be rushed.  Moreover, economics must be an underlying factor

behind all considerations, and the fact is, it is difficult to compete with relatively

inexpensive fuels such as oil.  Overall, energy security is best achieved through

transparency and market based initiatives.
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Chapter 1 

Introduction

What will Hawaii’s energy horizon look like over the next several decades?  It is

obviously very difficult to make this type of forecast, but it is instructive to examine the

shortcomings of past projections to inform our analysis.  The 1981 Hawaii Integrated

Energy Assessment (HIEA) projected that in 2005 the price of oil would be between $64

and $334 per barrel and oil-fired power generation would comprise only 6.4 to 20.5

percent of total generation.  Geothermal production was projected to account for between

32.2 and 36.9 percent of total power generation.  These projections were obviously way

off, but the important question to answer in the context of this study is, why were they so

far off?  The HIEA projections ignored two key points that we feel should be kept in

mind in the context of an evaluation of Hawaii’s long-term energy outlook:

• Inertia—Change comes relatively slowly in the energy sector.  New developments

are constantly pushing forward technology that is incorporated into new projects, but

once an investment is made it is often difficult and/or cost prohibitive to adopt

technological updates.  Because capital outlays are so large and the time horizon is so

long (Hawaiian Electric Company, Inc. [HECO] still has power plants in operation

that were built in the 1950s and Hawaii’s refineries first opened shortly afterwards)

there is a large amount of inertia in the energy sector.  Assuming that production

patterns would shift radically away from oil and toward geothermal power, they did

not take this characteristic of the market into account.

• Price Incentives—Although planning horizons are long, production and

technological innovation do respond to price incentives over time.  Assumptions that

prices will continue to increase without a supply response, has long been a source of

erroneous projections in the energy sector.  In hindsight it appears obvious that oil

prices in the range of $64 to $334 would induce additional exploration which would
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lead to a decline in prices.  In the same vein, assuming that industry players will adopt

new (e.g., environmentally friendly) technology without a corresponding price or

regulatory incentive, is also unrealistic.

These points imply that in the absence of radical shifts in the energy pricing

structure and/or technological landscape, change is likely to come slowly to Hawaii’s

energy sector.  This observation may be unpopular among those that favor a rapid shift

toward alternative fuel sources, and in fact this study examines the potential impact of

such scenarios, but we feel that it is the most realistic starting point for an examination of

the future of Hawaii’s hydrocarbons market.  This is not to say that we are against moves

away from hydrocarbons, but rather that we tend to be skeptical about new developments

that supposedly will radically alter the market overnight.

It must be remembered that hydrocarbons are a relatively inexpensive and

concentrated source of energy that is easy to store and use, albeit polluting.  With ample

supplies and new technology that is driving increases in recoverable reserves, the average

price of hydrocarbons will not rise substantially over the next few decades.  As a result,

the price of alternative forms of energy will have to come down to compete with

hydrocarbons—the price of hydrocarbons will not rise to make alternatives competitive.

Now that we have revealed our bias, let us briefly summarize the approach and

findings of the study, chapter by chapter.  Overall, the study aims to give the reader a feel

for the direction of the hydrocarbons market and the trends that are likely to impact the

State in the future.  Please note that this is not intended to be an exhaustive study of

Hawaii’s hydrocarbons market, which is obviously large and multi-faceted.  The

coverage and order of presentation is in line with the terms of reference and the proposal

presented to the Hawaii Energy Forum.  As outlined below, Chapters 2 through 4

evaluate the global and regional markets and the major factors that will influence the

supply of hydrocarbons to Hawaii over the next several decades.  Chapters 5 through 10

focus on key issues in the Hawaii hydrocarbons market, including such issues as interfuel

substitution, the impact of new technologies, energy security, and tax policy.

Chapter 2 begins by addressing a critical question that has been on people’s minds

for decades—when will the world run out of oil?  It shows that supplies of conventional
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and unconventional oil are vast, and it is likely that environmental concerns will drive

any reduction in the growth of oil consumption, not declining reserves.  In the future the

Middle East will increasingly dominate production, but while prices may be volatile,

most project that the average price will remain in the $20-30/bbl range over the next

several decades.  At this point, in response to questions from members of the Hawaii

Energy Forum, a section is included that discusses the prospects of gas-to-liquids (GTL)

technology.  The final section of the chapter discusses the Asia-Pacific and U.S. West

Coast (USWC) markets.  It notes that Hawaii is located in a region that is characterized

by rapid economic growth and stagnant oil production.  As a result, in the future, the

State will most likely have to pay a premium for its traditional crude sources or seek

crude from other areas.

Chapter 3 evaluates world and regional coal production and consumption and

demonstrates that global coal reserves are ample.  It also discusses clean coal technology,

ranging from flue gas desulfurization to coal gasification, and other efforts to address the

pressing environmental concerns related to coal use.  It closes with a discussion of trends

in coal pricing in the context of Hawaii, highlighting the fact that coal prices have

declined considerably over the past decade.  Prices are projected to remain flat through

2010, and then rise slowly through 2030.

Chapter 4 discusses the global gas market, including the rapidly growing market

for liquefied natural gas (LNG).  It documents the environmental advantages of gas,

which is among the reasons that natural gas consumption is growing the fastest among

the hydrocarbons.  The chapter then evaluates the LNG market in detail, highlighting the

fact that it is now a buyer’s market, which could be advantageous if Hawaii chooses to

pursue the LNG option.  It closes with a discussion of trends in natural gas use in Hawaii.

Chapter 5 sets the stage for later chapters by providing a brief overview and

breakdown of hydrocarbon consumption in the State.  As is well known among those

interested in energy issues in Hawaii, the State is extremely oil dependent.

Chapter 6 explores issues in interfuel substitution in the State’s power sector.  It

begins by dissecting the power sector and examining issues like consumption, capacity

and pricing—including island-by-island comparisons.  A number of factors discussed in

the chapter show that, Hawaii’s electricity prices are among the highest in the U.S.  The
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chapter then evaluates the possibility of diversifying away from oil and towards coal or

gas in the power sector.  Both are intriguing possibilities, with definite costs and benefits

that are outlined in the chapter.  Among the most pressing concerns is that large-scale

interfuel substitution could be extremely disruptive to the State’s energy system, and

some stakeholders are likely to be seriously impacted.

Chapter 7 evaluates the impact of new technologies on Hawaii’s road transport

sector, including hybrid-electric and fuel cell vehicles.  In the near term, prospects for

high mileage hybrid vehicles appear promising.  Fuel cell powered vehicles look to be

farther off.  Overall, although the adoption of hybrids may slow the growth of gasoline

consumption somewhat, it is unlikely that there will be a radical shift in purchase patterns

over the next several decades.

Chapter 8 examines market interactions in the energy sector and the future

viability of refining in Hawaii in the face of potential interfuel substitution.  The chapter

asks why oil is refined in Hawaii and explains how transport costs act as a natural

protection for Hawaii’s refineries.  It then dissects the key factors that affect refinery

profitability and shows why it is important that Hawaii’s refineries try to match local

production to local consumption, in that the return on product exports is much lower.

This leads into an examination and approximation of refinery profitability under

alternative interfuel substitution scenarios.  The findings indicate that LNG has the

potential to have a large negative impact on refinery profitability, and unless other local

outlets (e.g., marine bunkers) are found for excess fuel oil, the long-term viability of the

refineries could be threatened.

Chapter 9 discusses the concept of energy security and what it means in the

context of Hawaii.  The pre-requisites for energy security are: a reliable supply of energy,

reliable transportation of supply, dependable distribution and delivery of supply to the

end-user, and finally, the delivery of energy at a reasonable price over a continuous

period.  The chapter documents the State’s efforts and progress in each of these areas, as

well as offering suggestions and evaluating alternatives.  It closes with a discussion of

Hawaii’s priority access to the Strategic Petroleum Reserve (SPR), which could play an

important role in the event of short-term supply disruptions.
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Chapter 10 concludes the study with a discussion of Hawaii’s fuel taxes.  It shows

that while Hawaii’s fuel taxes are relatively low by international standards (i.e., OECD

nations), they are among the highest in the U.S.  It also points out that Hawaii is one of

the few states to levy a price-based excise tax on fuels, which tends to exacerbate price

volatility.  The State may want to consider moving toward a volume-based tax.  The

chapter closes with a discussion of alternative fuel tax schemes.
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Chapter 2  
 

Oil Outlook1 
 
 
Introduction–Looking into the Crystal Ball 

 
Throughout most of the 20th century, progress and economic growth were closely 

linked with increased oil usage.  Oil proved to be a relatively cheap and convenient 

source of energy that helped to fuel economic growth.  Oil’s role in the 21st century is 

much less clear.  In most cities of the industrialized world, ground- level air pollution 

linked to oil is falling with tighter product specifications and superior combustion 

systems.  However, the global warming effect of carbon dioxide released into the 

atmosphere when fossil fuels are burnt looms on the horizon.  Environmental concerns, 

coupled with the ever-present worry that the world will eventually run out of oil, are 

behind the drive to move away from oil as a source of energy in the 21st century.  It is 

important to remember, however, that the world has an incredible amount of capital 

invested in its oil-based infrastructure.  As such, even if public policy and technological 

change act to speed the movement away from oil as an energy source it is likely that large 

amounts of oil will be in use at the end of the time horizon of this report—2030.  

This section of the report sets the stage for discussion about the future role of 

petroleum in Hawaii.  The State is obviously a very small player in an enormous market 

and consequently it is important to begin with an overview of the key issues that will 

affect global and regional petroleum supplies in the coming decades.  This analysis leads 

with a pressing question that pervades almost any discussion of long-term energy 

policy—when will the world run out of oil?  To address this question we examine key 

trends and technological developments in the global crude markets.  We then proceed to 

evaluate trends in the supply and demand of petroleum produc ts in the Middle East, 

Asia-Pacific region and the U.S. West Coast—interconnected markets that will have a 

                                                 
¹This chapter draws on the U.S. Energy Information Admin istration International Energy Outlook 2002, 
the International Energy Agency World Energy Outlook 2002, The New Economy of Oil, edited by John 
Mitchell (2001), conversations with various contacts, and FACTS database. 
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large impact on the future of petroleum in Hawaii.  The Hawaii market itself is examined 

in detail in Chapter 8. 

 

Global Crude Supplies—Assessing the Future 
 

To begin, it is critical to address a question that has been on people’s minds for 

decades—when will the world run out of oil?  Some analysts have examined the situation 

illustrated by Figure 2.1 below, where production now exceeds new discoveries, and 

raised the alarm.  In spite of their concern, the short answer to the question when will the 

world run out of oil is never.  Quite simply, if oil is ever in short supply, the price will 

increase, triggering additional exploration and the application of alternative technologies 

to produce liquid fuels as discussed below.  If the price continues to increase, consumers 

will shift to other energy sources well before the last drop of oil is consumed.  In the 

context of this study a much better question is—when will the world run out of relatively 

cheap oil, leading to a substantial increase in price?   
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Addressing this question in a satisfactory manner depends in part on an 

understanding of remaining conventional reserves.  Unfortunately, this number cannot be 

known for sure as it is essentially a moving target.  To begin, the problem is in part 

definitional.  ‘Remaining reserves’ is defined as the quantity of in-place resource that can 

be recovered economically.  Unfortunately, the definition of in-place resources varies 

across countries and is subject to the political manipulation of governments and the 

commercial considerations of companies.  For example, in the late 1980s many OPEC 

governments restated their reserves for the purposes of negotiating OPEC quotas.  In 

1987 alone, world proven reserves increased from 700 to 900 billion barrels as a result of 

OPEC revisions.  

It is also important to note that reserves are largely dependent on oil prices.  As 

the price of oil fluctuates, the amount of oil that is economically viable varies, leading to 

revisions of reserve estimates.  In the long term, price projections also affect exploration, 

which in turn affects available reserves.   

A final factor driving estimates of future reserves that is changing over time is 

recovery factors.  In recent years cheap and powerful computers and developments in 

drilling technology have enabled dramatic increases in recovery factors.  This is 

important because if a typical primary recovery factor of 30 percent increases by, say, 0.3 

percent annually over 25 years to reach 38 percent, which is well within the bounds of 

past increases, 500 billion barrels are added to reserves.  Some North Sea field recovery 

factors are already in the 50-60 percent range.   

In spite of the difficulties in defining remaining reserves, the general consensus is 

that the world is not destined to run out of relatively inexpensive conventionally 

produced oil anytime soon.  In its most recent assessment of oil's long-term production 

potential the U.S. Geological Survey identified at least 3 trillion barrels of ultimately 

recoverable conventional oil worldwide.  Because less than one third of this oil has been 

produced, rough estimates place the peak in worldwide conventional oil production at 

some point beyond 2020.  

An oddity that is worth mentioning is that the world is generally producing its 

hard to reach, costly oil first.  The OPEC countries of the Middle East hold over 60 

percent of the world’s proven reserves; their development costs are comparatively low, 
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and their marginal cost of production is generally around $2/bbl or less.  In spite of these 

cost advantages, due to the market restrictions it imposes on itself, OPEC supplies less 

than 40 percent of total production from less than 1 percent of the world’s producing 

wells.  Most analysts believe that it is inevitable that OPEC’s share of global production 

will increase as non-OPEC oil production growth slows in the future, as reflected in the 

projections in Table 2.1.  While estimates vary, it is fair to say that OPEC’s share of the 

global market is projected to grow to about half of the overall market in 2020.   

 

Table 2.1 
Comparison of World Oil Production Forecasts

Forecast OPEC EE/FSU

Other
Non-
OPEC OPEC EE/FSU

Other
Non-

OPEC Total
Percent of World Total Million Barrels per Day

History
2001 39          10         50         30.1      8.8        37.9      76.8      

Projections
2005

EIA 42          12         46         35.3      10.3      39.8      84.9      

DRI-WEFA
a

39          9           48         33.3      7.5        40.9      85.4      
PEL 39          10         48         32.9      8.8        40.4      84.0      
PIRA 36          12         52         30.3      10.0      43.4      83.7      
DBAB 40          13         45         32.3      10.6      36.9      81.1      

2010
EIA 44          13         43         42.1      12.4      41.2      95.7      

DRI-WEFA
a

39          9           48         37.0      8.8        45.2      90.3      

IEA
b

46          11         38         44.1      10.3      36.6      95.9      
PEL 43          10         44         40.2      9.4        41.1      92.8      
PIRA 38          13         49         35.0      12.1      45.1      92.2      
DBAB 42          15         41         38.0      13.2      36.9      90.3      

2015
EIA 46          13         41         49.4      14.0      43.8      107.2    

DRI-WEFA
a

41          9           47         42.7      9.8        49.1      104.9    
PEL 51          10         37         52.4      9.8        37.7      102.2    
PIRA 41          13         46         41.0      13.3      45.7      100.0    
DBAB 44          15         39         43.4      15.3      38.4      99.5      

2020
EIA 48          13         39         57.2      15.3      45.8      118.3    

DRI-WEFA
a

43          9           44         50.6      10.8      51.5      117.2    

IEA
b

54          11         29         61.8      12.3      33.8      114.7    
DBAB 45          16         37         49.4      17.7      40.5      110.3    

a
In the DRI-WEFA projections, EE/FSU includes only Russia.

b
IEA total supply numbers include processing gains and unconventional oil.  As a result, regional

percentages do not add to 100. 
Note: IEA, DRI-WEFA, PEL, and DBAB report processing gains separately from regional production
numbers.  As a result, the percentages attributed to OPEC, EE/FSU, and Other Non-OPEC do not
add to 100.
Sources: EIA: Energy Information Administration, DRI-WEFA : DRI-WEFA, IEA : International
Energy Agency, PEL : Petroleum Economics, Ltd., PIRA: PIRA Energy Group, DBAB: Deutsche
Banc, Alex Brown.  
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Unconventional Oil 

With technological advances that continue to reduce costs, the world’s vast 

reserves of unconventional oil are set to play an increasingly important role in the world’s 

energy markets.  Unconventional oil is generally described as oil that does not flow from 

reservoirs using traditional technology.  Within this grouping it is estimated that there are 

more than 3.3 trillion barrels of heavy oil and tar sands worldwide.  Together, future 

reserves of Canadian bitumen and Venezuelan heavy oil alone could be over 1 trillion 

barrels, exceeding the sum of all of the oil consumed in the world to date.   

In spite of this huge volume of reserves, the world’s current unconventional 

production is only 1.5 million b/d, or about 2 percent of total petroleum production.  Most 

unconventional oil comes from steam injection and the mining of tar sands in Canada and 

from Orinoco heavy oil in Venezuela.  In these countries, production methods are 

competitive with conventional oil when oil prices are in the low $20/bbl range.  Shell’s 

Muskeg River project in Canada is said to be economic even with crude prices as low as 

$10/bbl.  Costs will continue to decline with technological advancement and thus 

production from heavy oil and tar sands looks set to increase.  It is important to note, 

however, that processing unconventional oil emits substantial quantities of CO2 and thus 

it is coming under pressure in Canada, which is a signatory to the Kyoto agreement. 

Global shale oil resources are also vast, with estimated deposits of 15 trillion 

barrels.  Shell estimates that the most promising deposits amount to approximately 3.8 

trillion barrels in place with recovery factors as high as 50-80 percent.  Much of it is 

concentrated in basins in the central United States.  Unfortunately development costs are 

still high, even for the best deposits, amounting to well over $20/bbl.  In general shale oil 

beds are buried deeply and only a few are thick enough to mine efficiently.  Shale oil 

does not flow like oil, it needs to be drilled and blasted, and it is not chemically oil.  

Essentially it has not been ‘cooked’ naturally to form petroleum.  Once shale oil is 

extracted it must be transported to a processing plant, crushed and heated.  Missing 

hydrogen molecules must also be added, requiring large quantities of water before the 

standard refinery process can make the petroleum products that people want.  There is 

also a waste disposal problem.  This whole process cuts into the net energy gain.  Overall, 

although wide-scale development of shale oil is not promising in the near term, pilot 
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projects are in the works.  In addition, it acts as an important backstop on long-term oil 

price increases as a combination of technological development and sustained higher 

prices would act to make the world’s vast shale oil deposits viable.   

 

Crude Price Outlook 

Some have pointed to OPEC’s increasing market power and deduced that oil 

prices will rise sharply over the coming decades.  This ignores the growth of alternative 

supplies, including unconventional oil, which will add to the supply of petroleum 

products and act to keep prices in check.  It is difficult to justify projections of sustained 

oil prices in the $30-$40/bbl range because a whole range of supplies, both conventional 

and unconventional, would flood the market and depress prices.  Table 2.2 illustrates the 

consensus view of prices over the next two decades.  The projections by Petroleum 

Economics, Ltd. (PEL) are an outlier, but for the most part the consensus view is that 

prices will remain in the low to mid $20/bbl range over the coming decades.  

 

Table 2.2 
Comparison of World Oil Price Projections, 2005-2020

(2000 Dollars per Barrel)

Forecast 2005 2010 2015 2020
IEO2002 22.73             23.36             24.00             24.68             
DRI-WEFA (October 2001) 19.39             20.32             21.81             23.12             
IEA (November 2000) 20.41             20.41             -                27.83             
PEL (June 2001) 13.53             14.77             13.38             -                
PIRA (October 2001) 24.31             24.21             27.75             -                
GRI (March 2001) 18.70             18.70             18.70             18.70             
NRCan (April 1997) 21.79             21.79             21.79             21.79             
DBAB (December 2001) 17.68             17.58             17.95             18.30             
FACTS (Fall 2002) 22.25             27.25             27.50             -                

Notes : IEO2002 projections are for average landed imports to the United States.  S&P, GRI, WEFA, and
DBAB projections are for composite refiner acquisitions prices.  PEL and FACTS projections are for 
Brent crude oil.  PIRA projections are for West Texas Intermediate crude oil at Cushing.
Sources: IEO2002 :  Energy Information Administration, DRI-WEFA : U.S. Energy Outlook, IEA: International
Energy Agency, PEL : Petroleum Economics, Ltd., PIRA: PIRA Energy Group, GRI: Gas Research Institute,
NRCan : Natural Resources Canada, DBAB: Deutsche Banc, Alex Brown, Inc.,
FACTS: FACTS, Inc.  

 

It is important to note that the long-term price projections presented in Table 2.2 

do not account for short-term price volatility.  Although it is in the interest of both 

producers and consumers of crude to have relatively stable oil prices, shocks occur which 

result in price swings.   
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In the last few years, oil prices have fluctuated widely, from as low as $10/bbl to 

as high as $30/bbl, as illustrated by Figure 2.2.  Prices were relatively stable prior to the 

price slump in 1998, which was the result of OPEC increasing its production ceiling by 

2.5 million barrels per day (mmb/d) at the same time that Iraq doubled its exports over 

the previous year.  The situation was exacerbated by weak demand in the Asia-Pacific 

region due to the 1997-1998 Asian financial crisis.  OPEC used successive production 

cuts to combat the dropping prices, reducing production by almost 4.3 mmb/d.  As a 

result, prices surged between the beginning of 1999 and the third quarter of 2000 and 

they have remained relatively high on the back of the threat of conflict in the Middle 

East.  With weak demand, strong non-OPEC production growth, and OPEC producing 

well above quota, the market fundamentals suggest that crude prices should fall in the 

near future.  Overall, because it takes oil supply and demand some time to adjust to price 

changes, this type of volatility should persist into the future. 

 

Figure 2.2
 Price of Dubai Crude
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Gas-to-Liquids: Old Technology, New Developments 

Another promising area of development that could affect the future supply of 

liquid hydrocarbons is gas-to- liquids (GTL) technology.  GTL has attracted a lot of 

attention and during the interview stage of this project we fielded a number of questions 

related to GTL from participants in the Hawaii Energy Forum.  As a consequence, we are 

including a brief section focusing specifically on GTL. 

In general, we feel that the current excitement surrounding GTL is somewhat 

overblown.  While projects have been proposed in all corners of the world, the projects 

that are most likely to move forward in the next several decades are all located in the 

Middle East, where the fields are large and gas costs are low—specifically Iran and 

Qatar.  GTL should have a relatively minor impact on the Hawaii market because the 

premium for high quality diesel, which is generally the target fuel for GTL projects, is 

likely to be higher elsewhere.  In addition, GTL’s poor cold weather properties limit its 

usefulness as jet fuel.     

The gas-to-liquids process is a catalytic process that chemically converts natural 

gas into high-value commodity liquid fuels, specialty chemicals, and waxes that are 

relatively easy to store and transport.  GTL technology has been available since the 

1920s, yet commercial production has largely been limited to pilot projects or special 

situations (e.g., sanctions on South Africa) due to economic constraints.  In recent years 

technological improvements, such as more efficient catalysts, have achieved improved 

methane conversion.  This in turn has led to lower production costs, thereby making the 

internal rate of return (IRR) on specific projects more attractive, spawning a large number 

of proposed projects.  Table 2.3 outlines the development of GTL.   

 

1920s Fischer-Tropsch chemistry first developed

1930s German Plants/liquid fuels from coal for WW-II

1930s-40s Plants in Texas (Hydrocol) and S. Africa (Sasol)

1980s Mobil GTG (gas to gasoline), New Zealand

1990s Plants in S. Africa (Mossgas), Bintulu, Malaysia (Shell SMDS), Baton Rogue, La (Exxon ACG-21), and Syntroleum Process

2000s Proposed projects in: Qatar, Nigeria, Bangladesh, Indonesia, Venezuela, Iran, Australia, and others

GTL History

Table 2.3 
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The conversion of natural gas into liquid fuels involves three steps: (1) synthesis 

gas production, (2) Fischer-Tropsch synthesis, and (3) product upgrade, as illustrated by 

Figure 2.3.  After gas purification, which involves removing impurities that may poison 

the various catalysts while at the same time extracting oxygen from the air, the two 

streams—natural gas and oxygen—proceed to the synthesis gas reactor where steam is 

introduced.  In the first stage of the process, natural gas, oxygen, and steam are converted 

into synthesis gas through steam reforming, partial oxidation, or a combination of these 

processes.  The second stage is Fischer-Tropsch synthesis, where the synthesis gas flows 

into a reactor containing a proprietary catalyst that converts it into hydrocarbon liquids, 

otherwise known as syncrude.  The final stage involves processing the products from the 

Fischer-Tropsch reactor into the desired end products—often high quality diesel fuel. 

 

Figure 2.3 

Basic GTL Process
Step 1 2 3

CH4 H2 Crude Hydrocarbons
+ n(-CH2-) (wax)

H2O

Syngas 
Production 

Occurs
+

Syngas is Converted 
using an FE or CO 

catalyst (the Fischer-
Tropsch Process) +

Product 
Upgrading

Various 
GTL 

Products

+ H2O and CO2
O2 CO

Feedstocks:Natural Gas or Coal

Steps: 1-Create Syn Gas
2-React in FT process over a catalyst, forming desired hydrocarbon chains

3-Upgrade the raw products to form a combination of the following: syn diesel, syn 
naphtha, kerosene, naphtha, methanol (CH3OH), dimethyl ether (C2H6O), alcohols  (-
OH), and/or waxes with H2O and CO2 as byproducts

 

 

Currently there are two commercial operating GTL plants that use natural gas as a 

feedstock—run by Mossgas in South Africa and Shell SMDS in Malaysia.  Their capacity 

is relatively small, at 30 kb/d and 12.5 kb/d, respectively.  In contrast, many of the 

proposed projects reflect economies of scale that can be captured with increased size—

several are over 100 kb/d.  Two of the super majors, Shell and ExxonMobil, are 

considering plants in Argentina, Iran, Malaysia and Qatar, and Sasol is close to 

announcing an EPC for a 34 kb/d plant in Qatar.  An array of other companies, including 

Syntroleum, Sicor, PDVSA, Conoco, Sasol/Chevron, Ivanhoe Energy, and others, have 

also proposed projects, as indicated by Table 2.4. 
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Existing Projects
Output Capacity (b/d)

Mossgas Gasoline and diesel 30,000
Shell Bintulu (original-destroyed by fire) Primarily diesel 10,000
Shell Bintulu (replacement) Primarily diesel 12,500
Sub-Total 42,500

Possible Projects by 2010
Output Capacity (b/d)

Sasol Chevron Nigeria Primarily diesel 34,000
Ivanhoe Energy Qatar Primarily diesel 185,000
Shell Iran Primarily diesel 75,000
ExxonMobil Qatar Primarily diesel 100,000
Sasol Qatar* Primarily diesel 34,000
Conoco Qatar Primarily diesel 120,000
Sub-Total 548,000

Other Proposed Projects
Output Capacity (b/d)

Shell Malaysia Primarily diesel 75,000
Shell Argentina Primarily diesel 75,000
Drake Synergy Nigeria Primarily diesel 20,000
GTL Bolivia Primarily diesel 10,000
Ivanhoe Energy Egypt Primarily diesel 45,000
Ivanhoe Energy Oman Primarily diesel 45,000
Rentech Indonesia Primarily diesel 15,000
Syntroleum Australia Lube oil 11,500
Syntroleum Chile Primarily diesel 10,000
Shell Australia Primarily diesel 75,000
Sasol Chevron Australia Primarily diesel 30,000
ANGTL Alaska Primarily diesel 50,000
Sasol Qatar (possible expansion of *) Primarily diesel 86,250
Shell Qatar Primarily diesel 102,000
Marathon Qatar Primarily diesel 80,000
Sicor Ethiopia Primarily diesel 20,000
PDVSA Venezuela Diesel and lube oil 15,000
Shell Indonesia Primarily diesel 75,000
Shell Egypt Primarily diesel 75,000
Shell Trinidad Primarily diesel 75,000
Statoil Iran Primarily diesel 60,000
Sub-Total 1,049,750

Table 2.4 
Gas-to-Liquids Projects: 

Current, Possible and Proposed as of Fall 2002

 
 

With in excess of 1.5 million b/d of GTL projects on the drawing board, the level 

of excitement is palpable and the promises are grand, but where is the action?  Out of all 

of the proposals listed in Table 2.4, only two are close to coming to fruition—Sasol’s 34 

kb/d project in Qatar and Sasol/ChevronTexaco’s 34 kb/d project in Nigeria.  There is a 

lot of talk about projects in Asia, but so far all of the action is in the pilot project range—



2-11 

there are no large-scale facilities in the works.  The combination of grandiose plans and 

limited action raises the question as to whether interested parties are seriously pursuing 

the large number of GTL projects under consideration, or whether they are simply 

attempting to block-off gas reserves so they can ensure access to it for future 

development.  This question is especially pertinent in the Asia-Pacific region, where gas 

costs are comparatively high and thus the prospects for a large number of GTL projects 

are dubious.  

To summarize, while recently GTL has received a lot of attention and several 

projects look set to come on line before 2010, the impact on the Asia-Pacific region and 

Hawaii should be fairly limited.  Because the cost of gas is so critical to the availability of 

a GTL project it is unlikely that a project will take off in the Asia-Pacific region, where 

the cost of gas is comparatively high.  It is also unlikely that large quantities of ultra-

clean GTL diesel will move into the region and/or Hawaii because premiums should be 

higher on the U.S. Mainland and in Europe.  In addition, GTL’s poor cold weather 

properties limit its usefulness as jet fuel, which is the key fuel in Hawaii. 

 

Global Crude Supplies—Summary 

 
In summary, conventional crude oil resources are finite.  Discoveries of new 

fields are not replacing what is currently extracted, but the fraction of discovered 

resources that is being extracted is increasing.  At some point in the life of a reservoir 

production will decline, and at some point in the life of a region the sum of these declines 

will outweigh the sum of the new discoveries and increases in recovery.  Eventually the 

world may replicate the declines of the United States, its most mature oil producing area.  

Exactly when this will occur is uncertain, but the International Energy Administration 

expects it to happen beyond 2020.  Unconventional oil reserves—heavy oil, tar sands, 

and shale oil are known to be very large, with quantities of oil in place many times those 

of conventional oil, and they could serve to replace some conventional oil.  Key questions 

relate to the environmental impacts and the economics of extraction and conversion to oil 

products or synthetic crude.  Gas-to- liquids technology is also becoming more cost 

competitive and could contribute ultra-clean fuels to the petroleum product supply mix. 
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Regional Crude Supplies—Assessing the Future 

 
While oil is traded on a global market, partly because of proximity and partly 

because of Hawaii’s need for sweet (low sulfur) crudes to produce low sulfur fuel oil for 

power generation, the State is heavily dependent on Asian crude imports from countries 

like Australia, China, and Indonesia (see Figure 2.4).  The State also relies on crude from 

the Alaska North Slope.  The fact that Hawaii rarely imports cargoes from the Middle 

East is a source of relief for some, but there are clear signs that the relative price of the 

Asian and Alaskan crudes favored by Hawaii refineries will increase in the future, which 

could affect future refining plans.  This section begins by examining trends in crude 

production and availability in the Asia-Pacific region, followed by a discussion of the 

outlook for Alaska North Slope production. 

 

 

Figure 2.4
 Crude Oil Imports to Hawaii, 2000
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The Asia-Pacific Crude Oil Market  

In recent years the Asia-Pacific crude market has been characterized by stagnant 

production coupled with rapid demand growth.  Between 1997 and 2001, regional crude 

production was up only 16 kb/d while total crude use (refinery runs plus direct crude 

burning) was up over 1.3 million b/d.  The increasing gap was met by rising crude 

imports into the Asia-Pacific region, primarily from the Middle East.  Over the next ten 

years the gap is expected to widen substantially, especially under the scenario where 

regional crude production is forecast to decline.  As a consequence, the export 

availability of sweet crudes from Asian producing countries is projected to decline, which 

could impact Hawaii’s refineries.   

 

Asian Production Outlook 

The trademark of Asian crudes is their low sulfur content.  In 2001 the Asia-

Pacific region produced 7.4 million b/d of crudes, slightly lower than production in 2000.  

Australia, China, India, Indonesia and Malaysia are the largest oil producers in Asia, with 

about 89 percent of the total regional crude production in 2001.  This is down from nearly 

95 percent in the mid 1980s.   

Regional crude oil production is expected to be stable through 2005, and then to 

decline to 7.1 mmb/d in 2010 under FACTS base-case scenario—owing to production 

decreases in Australia, Indonesia and Malaysia.  Base-case scenario projections are based 

on known fields in the region.  Assuming new discoveries, regional production could go 

as high as 9.1 mmb/d in 2010 under the high-case scenario.  However, if investment is 

insufficient to ensure enough recovery from the known fields, regional production could 

drop to as low as 5.9 mmb/d under the low-case scenario.  This range reflects large 

uncertainties in countries such as Australia, China, Indonesia, Malaysia and Vietnam.   

 

Crude Export Availability in Asia 

Crude oil export availability for an individual country is defined as the difference 

between crude oil production and the country’s use of its own crude.  The latter is also 

known as internal crude demand of that country.  Asia’s export availability is the sum of 

all crudes available for export from all countries in the region.  Over the course of this 
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decade the export availability from Hawaii’s major crude supplies is projected to decline 

substantially, as indicated by Figure 2.5.  Overall, the region’s export availability is 

projected to decline to 1.9 mmb/d in 2005 and less than 1.3 mmb/d in 2010. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Alaskan Crude 

The rise of Alaska North Slope (ANS) crude, with production peaking at over 2.0 

million b/d, led to the construction or modification of a number of refineries on the U.S. 

West Coast to run specifically on ANS.  Hawaii’s refineries are also set to run a large 

amount of ANS if it is available at a reasonable price.  The catch is that ANS production 

is in decline, as illustrated by Figure 2.6, and thus the competition for available cargoes is 

intense.  Hawaii’s refineries are increasingly turning elsewhere as the relative price of 

ANS is often prohibitive.   

 

Figure 2.5
 Export Availability, Asia-Pacific, 2001
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Figure 2.6
 Alaska North Slope Production-History and Forecast
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 It should be noted that in the event that the U.S. Congress passes controversial 

legislation that would allow drilling in the Arctic National Wildlife Refuge (ANWR), 

projected production in the range of 650,000 to 1.9 million b/d could be added 7 to 12 

years after the passage of the legislation.  The mean resource estimates for ANWR are 

10.3 billion barrels and peak production rates of 1.0 to 1.35 million b/d. 

 In summary, Hawaii’s crude import situation looks set to change in the coming 

decades.  The State is sitting in the middle of a rapidly growing region that is thirsty for 

oil and the production of crudes that the State’s refineries have traditionally depended on 

is either stagnant or in decline.  Like most of the refineries in the Asia-Pacific region, 

Hawaii’s refineries may be faced with a choice between paying an increasingly large 

premium for their traditional crude slate, paying high transport costs to import sweet 

crudes from West Africa, or importing lower quality crudes, and/or paying for refinery 

upgrades to enable them to refine high sulfur Middle East crude. 
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Regional Petroleum Product Supplies—Assessing the Future 
 
 

Hawaii’s petroleum product market is linked closely with the Asia-Pacific and the 

U.S. West Coast (USWC) markets.2  The majority of future imports will originate in 

these regions and any state exports will have to penetrate these markets, as discussed in 

detail in Chapter 8.  While it seems far removed from Hawaii, the Asia-Pacific product 

market is closely tied to the Middle East, so an examination of Hawaii’s regional market 

involves all of these markets in unison.  

 

The Demand Side 

 

Slow Growth from a Large Base in the US West Coast 

The USWC market is mature and growing slowly at rates of around 1.2 percent 

per year from 1981 to 1990 and 0.8 percent from 1990 to 2001.  The market is large, 

particularly given its population, with demand averaging a little over 2.8 million b/d in 

2001.  The demand barrel is a high-value one.  Virtually no fuel oil is used, nor is there a 

large petrochemical industry requiring naphtha feedstocks.  Fifty-three percent of demand 

is gasoline, and around 86 percent of demand is for gasoline, aviation fuel, and diesel.  

Fuel oil accounts for less than 6 percent of demand.  Assuming a growth rate of 0.8 

percent per year, approximately 230 kb/d will be added to demand in the 2000-2010 

period, creating a market of around 3,050 kb/d. 

 

Spectacular Growth and Collapse in Asia 

In terms of petroleum product demand growth, Asia occupied the world’s 

spotlight throughout the 1990s—first because of the continuation (and in some cases 

acceleration) of the extraordinarily rapid growth rates that were born after the oil price 

collapse in 1985-86, and second because of the spectacular collapse and painful 

readjustment of the post-1997 period.  In 1981, Asian demand was 10.0 mmb/d, and grew 

                                                 
2The U.S. West Coast or Petroleum Admin istration for Defense District Five (PADD-V) comprises 
California, Arizona, Oregon, Washington, Nevada, Alaska and Hawaii. 
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at 1.1 percent until 1986, when oil prices hit record lows.  From 1986 until 1997, demand 

grew at 5.5 percent per year, reaching 19.1 mmb/d in 1997.  Demand slumped in 1998, 

then began to recover gradually, but we estimate that growth rates from 1997 to 2001 

were only 1.7 percent. 

 

The Supply Side 

 

Refinery Capacity Expansions 

Figure 2.7 traces the development of refinery capacity in the Middle East, Asia, 

and the U.S.  The Middle East began expansion of export-oriented refining in the mid-

1980s, as the figure illustrates, and by the year 2000, capacity was twice as large as it was 

in 1980.  Much of this new capacity targeted the Asia-Pacific market.  At the same time, 

Asian capacity was over 1.8 times as large as it was in 1980.  Although the Asia-Pacific 

market was growing rapidly over this period, these capacity expansions overwhelmed 

growth and the Asia-Pacific region currently yields very low refining margins.  This 

situation looks set to continue, albeit with some improvement, for the foreseeable future.   

In contrast to the Middle East and Asia, the U.S. industry suffered from over 

capacity in the 1980s.  U.S. crude capacity surpassed demand by as much as one million 

b/d.  Refinery closures soon closed this gap, and by 1987 the U.S. was a net importer of 

nearly 2.3 mmb/d.  Net imports peaked at nearly 4.4 mmb/d in 1997 before subsiding to 

around 3.0-3.2 mmb/d thereafter. U.S. capacity remains still at around 92 percent of its 

1980 peak, and the opportunities for future refinery buildup are limited. 
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Figure 2.7
 Crude Refining Capacity Expansions in Asia and the Middle East, Contraction 

in the U.S., 1980-2001
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As a consequence, even modest U.S. demand growth would translate into an 

increase of product imports, and in this respect the U.S. is playing a role in alleviating 

Asian over-capacity and absorbing Middle Eastern output. 

It is important to keep all of these trends in mind when considering potential 

import/export markets for Hawaii’s petroleum products.  The implications of these trends 

are examined further in Chapter 8. 

 It should be noted that product quality remains a major barrier to expanded Asian 

and Middle Eastern product exports to the U.S.  A large number of Mideast and Asian 

projects are related to product quality and upgrading, but they still lag far behind the 

USWC.  The sophistication of the U.S. West Coast refining industry is demonstrated by 

its output slate, which is pictured in Figure 2.8 along with output from the Asia, Middle 

East, and Hawaii industries.  Half of USWC output is gasoline, compared to 15 percent in 

the Middle East and 20 percent in Asia.  Moreover, USWC fuel oil output is only 7 

percent, while it is 16 percent in Asia and 25 percent in the Middle East.  In contrast to 

the USWC, Hawaii’s output is weighted heavily toward jet fuel (29%) and fuel oil (25%). 
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Figure 2.8
 Comparison of Refinery Output: Asia, Middle East, 

U.S. West Coast, and Hawaii
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Regional Product Trade Patterns 

 
Comparison of Net Trade – Asia and the Middle East 

 Figure 2.9 compares net trade for the Middle East and Asia.  The Middle East is a 

net exporter of all fuels save gasoline, and gasoline exports are forecast to commence 

within the next few years.  Asia is an exporter of gasoline and jet fuel, and though its fuel 

oil imports are compatible with Middle East and USWC exports, it now requires only a 

fraction of Middle East (and USWC) diesel.  Middle East middle distillate export 

availability is forecast to jump from around 700 kb/d in 2000 to 1,260 kb/d in 2005—an 

increase of over half a million barrels per day.  In 1995, Asia’s diesel imports averaged 

over 540 kb/d, yet this plummeted to 8 kb/d in 2001—a sudden loss of a half-a-million 

barrel per day market.  While Asia’s diesel imports are forecast to rise to around 114 kb/d 

in 2005, this is less than 20 percent of what we expect the Middle East to be exporting.  
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Figure 2.9
 Mideast Net Exports/Asia-Pacific Net Imports*
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Overall, these trends bode well for Hawaii as it appears that ample quantities of 

its major import, jet fuel, will be ava ilable on the market in the future.  At the same time, 

the regional export market will be quite saturated, so if Hawaii refiners encounter a 

situation where they have to export large volumes they will have to enter a market that is 

already saturated, as discussed in Chapter 8. 

 

Role of the USWC and U.S. in Asian and Middle East Exports 

 The rise in product output in the Middle East and Asia, coupled with weak Asian 

demand, has resulted in changing patterns of regional trade.  With Middle East products 

shipped east to Asia, Asian products are being squeezed into the U.S. West Coast market.  

Figure 2.10 shows the dramatic increase in Middle East and Asian product exports to the 

USWC following the collapse of Asian demand in 1997.  From 1990 to 1997, the USWC 

imported around 18 kb/d of Asian products and 9 kb/d of Middle Eastern products. From 

1998 to 2001, Asian product exports to the USWC had risen over four-fold to 87 kb/d 

while Middle Eastern product exports had risen to 49 kb/d, over five times the earlier 

figure.  Asian products accounted for around 49 percent of USWC imports in the first 

part of 2001, while imports from the Middle East accounted for 17 percent of the total.  

(Note: the official import figures do not capture certain volumes of jet fuel, so these 

figures may even be slightly higher.) 
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Figure 2.10
 Growth in Middle East and Asian Product Exports to the US West Coast, 1990-

2001
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Figure 2.11
 Comparison of Net Trade for Main Fuels, 2001
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The structure of USWC imports is shown in Figure 2.11.  This serves to illustrate 

the importance of product quality: the main products imported are MTBE for gasoline 

blending and jet fuel, the last fungible transport fuel.  Moreover, imports of gasoline 

blending components (GBC) are nearly as high as finished gasoline imports (though both 

are low).  And, of the small volume of diesel imported, close to 90 percent contains less 

than 500-ppm sulfur.  All of the USWC’s diesel imports came from either Canada or Asia 

(Australia, Korea, Malaysia, Singapore, and Taiwan).  

 While Asia and the Middle East accounted for around 49 percent and 17 percent 

respectively of U.S. West Coast product imports, the role that these exporters played in 

the U.S as a whole was much more limited.  This underscores the importance of the U.S. 

West Coast in relation to Asia and the Middle East, but it may also suggest the potential 

for an expansion of product exports to other U.S. regions.  The U.S. Department of 

Energy/Energy Information Administration (USDOE/EIA) conducts an annual 

forecasting exercise called the Annual Energy Outlook, or AEO, which creates a twenty-

year forward look at the U.S. energy market.  In the most recent AEO, the USDOE/EIA 

forecasts an increase in U.S. crude refining capacity of 1.4 mmb/d between 2000 and 

2010, and another increase of 0.28 mmb/d between 2010 and 2020.  This type of increase 

is quite modest in light of the market size; for comparison, China and India will be 

adding 1.6 million b/d between 2001 and 2005.  As a result, product imports will be 

growing.  The AEO forecast envisions an increase in U.S. product imports of 1.1 mmb/d 

between 2000 and 2010, and another increase of over 2.0 mmb/d between 2010 and 2020.  

All of these trends are worth noting, as they will impact Hawaii refiners in the future, 

especially if changes in Hawaii consumption patterns force them to play a larger role in 

the import/export markets. 

 

Summary and Conclusion 

 
To conclude, Hawaii is a very small player in an enormous petroleum market.  As 

long as the State is dependent on oil, it will have to behave as a price taker and react to 

changes in the market place.  Hawaii is located in a region that is characterized by rapid 
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economic growth and stagnant oil production.  As a result, the State will have a difficult 

time securing its traditional crude sources.  It will be left with three options: 

1. Pay more for traditional sources. 

2. Upgrade refineries to take higher sulfur oil from the Middle East. 

3. Bring in oil from non-traditional sources (West Africa). 

Based on our conversations with refiners it appears that option 2 is definitely not 

under consideration.  Hawaii’s refiners are, however, pursuing West African crude when 

opportunities arise and transport costs are not prohibitive, as suggested by option 3.  

Regardless of the option chosen, Hawaii’s refineries will most likely have to pay a 

growing premium for their crude inputs.  

 

 

 



 3-1 

Chapter 3   

Coal Outlook1 
 

 

Introduction 

 

Beginning in 1993, the first full year of operation of AES Hawaii’s 180 MW coal- fired 

power plant on Oahu, the State of Hawaii began importing at least 550,000 tons per year of 

Indonesian coal for power generation.  For the past 10 years, coal has been used to satisfy 

approximately 15 percent of Hawaii’s electric ity needs and 5 percent of the State’s primary 

energy.  The increased use of this relatively abundant and inexpensive hydrocarbon is a 

substantial stride in the direction of fuel diversification and, hence, a more secure supply of 

energy.  While further increasing use of coal in Hawaii will decrease the State’s reliance on oil in 

satisfying its growing energy demand, it will not decrease Hawaii’s reliance on hydrocarbons in 

general.  In an effort to better understand the factors that will influence the market should Hawaii 

choose to increase its reliance on coal, this section examines the role of coal in global energy 

supply and demand.   

 

World Coal Consumption 

 

World coal consumption totaled 2,255.1 million tons oil equivalent (mtoe) in 2001, an 

increase of 1.7 percent over consumption levels in 2000.  In 2001 coal accounted for the second 

largest share (24.7%) of world primary energy consumption, but from 1991 to 2001 it was the 

slowest growing primary energy source—posting an average annual growth rate (AAGR) of only 

0.17 percent during the 10-year period.  Through 2020, however, the U.S. Department of 

Energy’s, Energy Information Administration (EIA), forecasts an AAGR of 1.8 percent in 

worldwide coal consumption.  Annual consumption is projected to be 44.7 percent higher in 

                                                                 
1This chapter draws on FACTS database and sources, BP’s Statistical Review of World Energy June 2002, the International Energy Agency’s 
(IEA) World Energy Outlook 2002, the U.S. Energy Information Administration’s (EIA), International Energy Outlook 2002, the World Coal 
Institute’s, Coal – Power for Progress, the Australian Coal Association, the U.S. Department of Energy’s Office of Fossil Energy, the 
International Energy Agency’s Coal Research—The Clean Coal Centre, the U.S. Department of Energy’s Environmental Benefits of Clean Coal 
Technologies, Energy Argus – Asia Gas and Power.  
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2020 than it is today.  In comparison, oil and natural gas consumption is expected to grow 

faster—by 2.2 percent and 3.2 percent per year, respectively, over the next 20 years.   

As a result of its relatively slow growth rate, coal’s share of total primary energy 

consumption is projected to drop to 20 percent by 2020.  The expected decline in coal’s share of 

energy use would be even greater were it not for large increases in energy use projected for 

developing Asia, especially in China and India, as illustrated in Figure 3.1 below.  Increases are 

also expected in the U.S. and Japan.  In contrast, coal use is expected to decline in both Western 

and Eastern Europe, as well as the former Soviet Union.   

 

Figure 3.1
World Coal Consumption by Region: 1990, 2005, 2020
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The power sector accounted for two-thirds (66%) of world coal consumption in 2000, 

while industry consumed the next largest share (18%), followed by other sectors (12%), and the 

residential/services sector (4%).  By 2030, the power sector is projected to increase its share to 

nearly three-fourths (74%) of world coal demand as each of the other sectors’ shares decreases, 

as demonstrated in Figure 3.2. 
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Figure 3.2
World Coal Demand by Sector
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World Coal Reserves 

Total recoverable reserves of coal around the world are currently estimated at 1.09 trillion 

tons, enough to last more than 200 years at current consumption levels.  As demonstrated in 

Figure 3.3, 60 percent of the world’s recoverable coal reserves are located in three regions:  the 

United States (25%), the countries of the former Soviet Union (23%), and China (12%). 

 

Figure 3.3
World Recoverable Coal Reserves
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An additional 29 percent of the world’s recoverable reserves are located in Australia, 

India, Germany, and South Africa.  It is important to note that the quality and geological 

characteristics of coal deposits are more important to the economics of production than the actual 

size of a country’s reserves.  For example, low-BTU lignite is not traded in significant amounts 

in world markets because its low heat content is not “worth” the cost of its transportation (on a 

BTU basis).  Australia, Canada, and the United States have high quality coking coal.  Australia, 

China, Colombia, India, Indonesia, Russia, South Africa, and the United States all have very 

large reserves of steam coal. 

 

Physical Characteristics and Utilization of Coal 

 

Coal is a combustible, sedimentary, organic rock formed from ancient vegetation which 

has been trapped between other layers of rock and transformed by the effects of microbial action, 

pressure, and heat over hundreds of millions of years.  Found in seams ranging from less than 

one millimeter to several meters thick, coal is composed mainly of carbon (50%-98% on a 

weight basis), hydrogen (3%-13%), oxygen, and smaller amounts of nitrogen, sulfur, and other 

elements.  Coal also contains varying amounts of water and inorganic matter, the latter of which 

remains as ash when coal is burnt. 

The physical characteristics (and “quality”) of coal vary from one deposit to the next—

depending on the duration and degree of heat and pressure that were applied to a specific coal 

seam over many millennia.  For example, lignite (or “brown coal”), typically found in 

geologically “young” deposits, has a higher moisture level and lower carbon content and, 

therefore, a lower heat content than a more mature, harder coal such as anthracite.  Low rank 

coals, such as lignite and sub-bituminous, make up about 48 percent of the world’s proven 

reserves while harder coals, such as bituminous (51%) and anthracite (<1%) account for the 

remainder. 

Bituminous coals, (with carbon content ranging from 78%-91% and water content from 

1.5%-7%), are most commonly used in power generation and the manufacture of iron, steel, and 

cement.  Sub-bituminous coals have a carbon content between 71 and 77 percent and a moisture 

content of up to 10 percent, and are used for electricity generation or can be converted to liquid 

and gaseous fuels.  AES Hawaii’s 180 MW coal- fired power plant burns high quality sub-
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bituminous coal imported from Indonesia’s Kaltim Prima mine.  Coal-fired power plants are 

expected to generate almost 32 percent of the electricity consumed worldwide in 2020, a 

significant decrease from coal’s (estimated) share of more than 36 percent in 2001.  The primary 

reason for the drop in coal use for electricity is that natural gas is projected to grow to account 

for 27 percent of power generation in 2020 from less than one-fifth in 2001. 

 

Environmental Impact of Coal Use and Emerging “Clean Coal”  

Technologies 

 

Environmental factors are a key factor driving decision-making in the power sector.  The 

anticipated doubling of natural gas-fired electricity consumption over the next 20 years—while 

total world electricity consumption increases by only 50 percent—is in large part a result of 

developed countries seeking the environmental benefits of a clean fuel and high thermal 

efficiency, as well as the lower capital costs of combined cycle gas turbines.   

In general, a coal- fired power plant implementing one of several “clean coal” 

technologies and burning relatively low-sulfur, low-ash coals is also capable of reducing 

emissions of oxides of sulfur and nitrogen (SOX and NOX) and particulates to meet very stringent 

environmental standards.  However, the costs associated with construction, operation, and 

maintenance of such a unit can be more than double that of a “comparable” (in terms of electrical 

output and emissions) natural gas- or oil- fired power plant.  Depending on the situation, this can 

negate the advantage of using comparatively inexpensive coal as a fuel source (see Figure 3.4).   

Among older, existing plants, much of the focus has been on reducing emissions like 

sulfur dioxide (SO2).  SO2 emissions have been linked to acid rain, prompting many developed 

countries and a growing number of developing countries to impose limits on SO2 emissions.  

Coal users can accomplish this by burning lower sulfur fuels or investing in flue gas 

desulfurization (FGD) technology in which limestone is used to “scrub” out most (over 90%) of 

post-combustion sulfur and virtually all (95%) particulate matter.  Currently, just under 290 GW, 

or approximately 16 percent, of worldwide coal- fired electricity generating capacity is equipped 

with FGD or other SO2 control technologies. 

It must be noted that combustion of coal releases approximately 20 percent more carbon 

dioxide (CO2) than oil and 80 percent more CO2 than natural gas per unit of energy. Worldwide, 
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coal accounts for 31 percent of CO2 emissions.  Consideration of carbon dioxide emissions will 

play an increasingly crucial role in developed and, to a lesser extent, developing countries’ 

decision-making as to whether to use coal- fired plants to satisfy incremental demand—especially 

in light of the Kyoto Protocol’s implication of CO2 in global climate change. 

Increasing plant efficiency is the most practical method of reducing the power sector’s 

carbon dioxide and carbon monoxide emissions.  Coal’s fuel-to-electricity efficiency can be 

increased using a variety of measures, from improving combustion control of boilers, to 

rebuilding air heaters, to investing in new power generation systems collectively known as clean 

coal technology (CCT), including circulating fluidized bed combustion (CFB) and integrated 

gasification combined cycle (IGCC) generation units. 

AES Hawaii’s 180 MW coal- fired power plant utilizes circulating fluidized bed 

combustion technology to reduce emissions of SO2 and NOX by injecting a “sorbent” into the 

combustion chamber along with the coal.  Crushed coal mixed with the sorbent (usually calcium 

carbonate) is fluidized on jets of air in the combustion chamber, where released SO2 is captured 

by the sorbent to form a solid calcium compound that is removed with the ash.  CFBs operate at 

a much lower temperature than that of conventional pulverized-coal boilers, greatly reducing the 

amount of thermal NOX formed.  A power plant using CFB technology is generally as efficient as 

a conventional coal- fired unit (33%-35%), but its emissions are much lower.  According to AES 

Hawaii, the Kapolei power plant has a thermal efficiency rate of 34 percent.  There was rapid 

growth in the coal- fired power generation capacity using fluidized bed combustion during the 

1980s and 1990s, but it still represents less than 2 percent of the world total. 

An alternative to coal combustion for power generation is coal gasification.  IGCC 

systems bring coal into contact with steam and oxygen at high temperatures (up to 1600°C) 

whereby thermo-chemical reactions produce a fuel gas—largely carbon monoxide and hydrogen 

—which, when combusted, can be used to power gas turbines.  Residual heat in the exhaust gas 

from the gas turbine is recovered in a heat recovery boiler as steam, which can then be used to 

produce additional electricity in a steam turbine generator.  IGCC systems are among the 

cleanest and most efficient of the emerging clean coal technologies: sulfur, nitrogen compounds, 

and particulates are removed before the gas is burned in the gas turbine and existing systems 

achieve efficiencies close to 45 percent.  With recent advances in gas turbine technologies these 

systems are now capable of reaching above 50 percent.  An IGCC plant also has the added 

benefit of delivering a pure stream of waste CO2 that is relatively easy to capture.  As much as 99 
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percent of sulfur and other pollutants can be removed and processed into commercial products 

such as chemicals and fertilizers.  Unreacted solids can be collected and marketed as a co-

product such as slag (used in road building).  The primary product, fuel-grade coal-derived gas, 

rivals natural gas in environmental quality. 

Coal- fired IGCC plants are expected to be competitive with gas-fired plants within the 

next 15 years as the technology becomes commercially viable for large-scale power generation.  

By 2030, according to IEA’s World Energy Outlook 2002, commercially operated IGCC plants 

will achieve efficiencies of up to 52 percent while conventional combined cycle gas turbines will 

attain efficiencies of about 62 percent.  Capital costs of IGCC power plants are currently much 

higher than those of natural gas-fired combined cycle generators.  However, as the price of 

cutting-edge IGCC technology begins to drop, countries with the need to generate clean efficient 

electricity—particularly those with large steam coal reserves or those unwilling to import natural 

gas—will increasingly look toward coal gasification.  According to the U.S. Department of 

Energy, current gasification-based power plants are estimated to cost about $1,200 per kilowatt, 

compared to conventional coal plants at around $900 per kilowatt.  For now, demonstration 

plants are the focus of coal-based projects in the Asia-Pacific: Japan is making advancements in 

a pilot program and a new initiative is underway in Australia.  However, the U.S. has two 

commercially operating plants, the Netherlands has another, and Spain has the largest (335 MW). 

In summary, clean coal technologies reduce emissions, reduce waste, and increase the 

amount of energy gained from each ton of coal.  The potential for a binding international 

agreement, such as the Kyoto Protocol, to limit emissions of CO2 and other greenhouse gases 

will undoubtedly affect future consideration of CCT.  If Hawaii’s policymakers continue to place 

importance on diversifying Hawaii’s primary energy mix, emerging coal technologies will 

provide an opportunity to do so in a relatively environmentally sensitive manner.  An analysis of 

possible future hydrocarbon fuels for Hawaii electricity generation would not be complete 

without taking clean coal technologies into account. 
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Asia-Pacific Coal Market 

 

The countries of developing Asia accounted for more than 35 percent of world coal 

consumption in 2001.  By 2020, developing Asia’s share of total world coal use is expected to 

increase to 52.3 percent, driven primarily by substantial increases in coal consumption by China 

and India.  The large increases in coal consumption projected for China and India over the next 

20 years are based on an outlook for strong economic growth and the expectation that much of 

the increased demand for energy will be met by coal—particularly in the power and industrial 

sectors.   

Coal is the primary source of energy for China’s industrial sector, in part because China 

has limited reserves of oil and gas.  In China’s power sector, coal use is projected to grow by 2.2 

percent a year through 2020, from an estimated 10.5 quadrillion BTU in 2001 to 16.4 quadrillion 

BTU in 2020.  The expected growth in China’s use of coal for power, however, will not be seen 

into fruition unless large investments are made in additional coal- fired generating capacity.  In 

order to meet expected demand of 16.4 quadrillion BTU of electricity by 2020, China will need 

to increase its coal- fired capacity by about 50 percent over the next 20 years—from a current 

level of 201 GW of coal- fired capacity to approximately 301 GW of capacity in 2020. 

In India, projected growth in coal demand occurs primarily in the electricity sector which 

accounts for more than two-thirds of India’s total coal consumption.  Coal use for power 

generation in India is projected to rise 2.9 percent per year, from an estimated 4.7 quadrillion 

BTU in 2001 to 8.1 quadrillion BTU in 2020.  Like China, India will need to install additional 

coal-fired generating capacity to meet projected demand.  Currently, India has slightly more than 

60 GW of coal- fired capacity but would need to raise this to approximately 125 GW by 2020. 

In other developing Asian countries, a smaller but still significant rise in coal 

consumption is projected over the next two decades, based on strong growth in coal- fired 

electricity generation in South Korea, Taiwan, Indonesia, Malaysia, the Philippines, Thailand, 

and Vietnam.  Most Asian countries, aside from China and India, want to increase coal use as a 

means to diversify electricity generation.  To the dismay of environmentalists, this objective is 

prevalent even in countries that have abundant reserves of clean-burning natural gas, such as 

Thailand, Malaysia and Indonesia. 
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Among the developed Asian countries, Australia is the world’s leading coal exporter and 

Japan is the leading coal importer in the world.  In 2001, Australia exported 221 million short 

tons of coal to international consumers and another 134.9 million short tons were consumed 

domestically, mostly for electricity generation.  Although Australia only currently exports a 

small amount of coal each year to Hawaii (mainly for manufacturing cement and a small amount 

of electricity generation), Australia could potentially fulfill all of Hawaii’s steam coal needs for 

the foreseeable future.  Japan, the third largest coal user in Asia and the eighth largest in the 

world, imports nearly all of the coal it consumes from Australia.  Slightly more than one-half of 

the coal consumed in Japan is used by the country’s steel industry and the power sector uses 

most of the balance. 

  

Trends in Coal Pricing 

 

The amount of coal traded in international markets was only about 13 percent of total 

world consumption in 2000.  In recent years, international coal trade has been characterized by 

relatively stable demand for imports in Western Europe and increasing demand in Asia, led by 

Japan, South Korea, and Taiwan.   

Compared with the previous year, international coal markets were affected by several 

factors in 2000, including increased ocean freight rates, strong growth in coal import demand, 

and a recovery in coal export prices.  Ocean freight rates in 2000 were typically double those 

seen in 1999, resulting in a shift to shorter shipping routes for the year (for example, South 

Korea increased imports from China in 2000 and scaled back those from more distant sources 

such as Australia and South Africa) and a higher delivered cost of coal imports.  In 2001, coal 

import demand continued to grow and coal export prices rebounded from historical lows reached 

in 1999 and early 2000.  Ocean freight rates also dipped from the highs reached in 2000. 

Because Japan is the world’s leading importer of coal, accounting for 27 percent of world 

coal imports in 2000, Japan is influential in the international coal market.  Historically, contract 

negotiations between Japan’s industrial users of coking coal and their Australian and Canadian 

suppliers would establish a benchmark price that was used later in the year for setting contract 

prices for steam coal used by Japanese utilities.  Other Asian markets tended to follow the 

Japanese price in settling contracts.  Japan’s influence on international coal contract prices has 
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abated somewhat in recent years, however, as the benchmark pricing system was revised 

substantially in the mid-1990s.  The revisions moved away from a system which, in effect, 

averaged coal prices (with only minor adjustments for quality) to a system with a broad spectrum 

of prices (where higher quality coals receive a substantial premium relative to lower quality 

coals).  In spite of these changes, Japanese import costs remain of interest to Hawaii because an 

entity that decides to import coal into Hawaii (most likely from Indonesia or Australia) could 

expect to pay costs similar to Japanese costs.  Moreover, since Japan is such a large importer of 

steam coal, their CIF costs (cost, insurance and freight) are a key index with which to compare 

other steam coal prices in the Asia-Pacific region. 

It should be noted that when AES Hawaii signed its supply cont ract with PT Kaltim 

Prima Coal in 1990, Indonesian steam coal prices were at a peak, as indicated by Figure 3.4.  

When AES renegotiates its contract in 2007 it expects its fuel costs to drop by over 40 percent.  

Of course, this will depend on the market at the time, but given current projections (discussed 

below) it appears realistic. 

 

Figure 3.4
Japanese Steam Coal Import Costs in U.S. Dollars/short ton
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Historically, Japan has fulfilled 60 to 70 percent of its steam coal needs with Australian 

imports; hence the close relationship between the costs of Australian and total imports.  It is 

important to note that Japanese steam coal costs in 2000 were the lowest in over 15 years.  As 

demonstrated in Figure 3.4 above, in 1986, it would cost a Japanese importer just under $46.00 

per short ton of steam coal from Indonesia.2  In 2000, the Japanese cost of delivered Indonesian 

steam coal dropped to under $29/short ton—or 36 percent below 1986 costs.  In 2001, the cost of 

importing Indonesian steam coal into Japan increased by about 10 percent per short ton.  Total 

Japanese steam coal costs—including imports from Australia, China, Indonesia, Russia, South 

Africa, Canada, and the United States—have since dropped  8.5 percent in (year-to-date through 

October) 2002, compared with the prior year’s levels. 

Looking toward the future, international coal prices are expected to remain flat in real 

terms (in year 2000 dollars) through 2010 at about $35 per short ton.  This is roughly equal to the 

average between 1997 and 2001, so no major changes are projected.  After 2010, prices are 

expected to increase very slowly to about $40 per short ton by 2030.  This increase is in part 

related to the projected increase in oil and gas prices, which increases the relative value of coal. 

 

Conclusion 

 

As Hawaii seeks to diversify its primary energy fuel mix, coal will undoubtedly be 

further considered.  The combination of projected low coal prices and continuing technological 

advancements in CCT makes coal an attractive, non-traditional fuel source for satisfying 

Hawaii’s electricity needs.  Moreover, because the required infrastructure is largely in place, the 

investment required to increase coal- fired generation capacity would be much more limited than 

would be required for alternative fuels, such as LNG. 

 

 

                                                                 
2Indonesian imports are highlighted because this is the source of the majority of Hawaii’s coal imports. 
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Chapter 4  

Natural Gas Outlook1 

 

Overview 

 
The purpose of this chapter is to provide an overview of the natural gas market and to 

evaluate how various components of the industry coincide.  It is important to understand the 

dynamics of the market, as it will give policy makers in Hawaii a better understanding of the 

future of natural gas and the potential role that it could play in the State.  Hawaii is too small a 

market to have pricing power and therefore it relies on the world market to dictate at what prices 

it may be feasible to import natural gas into the State.  Of course, the price revolves around 

supply and demand, thereby making it important that one understands what is taking place in the 

rest of the world. 

The first section of the chapter begins with a brief description of natural gas, followed by 

a discussion of the various uses of natural gas, a look at natural gas in the world primary energy 

mix, and also a look at natural gas reserves.  The second section focuses specifically on 

Liquefied Natural Gas (LNG), which is the only viable natural gas option for Hawaii, and 

includes discussions about global LNG suppliers, worldwide LNG demand, the Asia-Pacific 

LNG market, and ends with an evaluation of trends in the LNG market.  The final section 

focuses on the gas market in Hawaii, specifically the utility and non-utility systems, with a brief 

discussion of The Gas Company’s 1999 Integrated Resource Plan.   

                                                 
1This chapter draws on FACTS database and sources, The International Energy Agency’s (IEA) World Energy 
Outlook 2002, the U.S. Energy Information Administration’s (EIA), International Energy Outlook 2002 , the text 
Natural Gas and Electric Power, by Ann Chambers, the text Annual LNG Market and Review Forecast, by Drewry, 
Energy Argus-Asia Gas and Power, and Page 3 in Framework for Integrated Resource Planning, as attached to the 
State of Ha waii Public Utilities Commission Decision and Order No. 11630, filed May 22, 1992. 
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Natural Gas 

 

Introduction 

Natural gas can vary widely in composition and quality.    It also has unique storage and 

transportation requirements compared to other fossil fuels because of its gaseous state. This 

section provides some general background information on natural gas and the natural gas 

markets. 

 

Natural Gas: A Brief Description 

When energy analysts use the term “natural gas,” they are often referring to pipeline-

quality gas: a combustible mixture of hydrocarbon gases. While natural gas is formed primarily 

of methane, it can also include ethane, propane, butane and pentane. In contrast, LNG is 

comprised of almost pure methane, and as a result the heat content of LNG is generally a little 

lower than pipeline gas.  Table 4.1 outlines the typical makeup of pipeline natural gas. 

 

 

 

 

 

 

 

 

 

 

 

 

Why Natural Gas? 

For a number of reasons, natural gas use has increased dramatically in recent decades.   

First of all, potential sources of natural gas have become more abundant through increased 

exploration and technological advancements.   For example, advancements in Liquefied Natural 

Gas (LNG) technology has allowed natural gas to penetrate markets that were in the past 

Methane CH4 70-90%

Ethane C2H6

Propane C3H8 0-20%

Butane C4H10

Carbon Dioxide CO2 0-8%

Oxygen O2 0-0.2%

Nitrogen N2 0-5%

Hydrogen Sulfide H2S 0-5%

Rare Gases A,He,Ne,X trace

 Typical Composition of Natural Gas

Table  4.1
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inaccessible because of distance barriers.  Increases in the size of both liquefaction facilities and 

LNG ships over the past 30 years have resulted in declining unit costs of LNG thereby making it 

more competitive with other fossil fuels such as oil and coal.  Second, governments are looking 

to reduce their dependence on Middle East oil imports and diversify their mix of national energy 

supply.  Finally, in the power sector, higher efficiencies and lower investment and operating 

costs have made natural gas a popular alternative to other fuels, despite its higher feedstock cost.  

This, coupled with the environmental benefits of burning natural gas for power, make gas a 

popular fuel.  Table 4.2 compares carbon emissions from coal and natural gas generation 

technologies. 

 

Coal-Fired Technologies
Heat Rate 
BTU/kWh

Carbon 
#/mmBTU

Emissions 
#/MWh

Existing Capacity 10,000 57 571
New Capacity 9,087 57 519
Advanced Coal Technology 7,308 57 418

Natural Gas-Fired Technologies
Heat Rate 
BTU/kWh

Carbon 
#/mmBTU

Emissions 
#/MWh

Conventional Turbine 10,600 32 336
Advanced Turbine 8,000 32 253
Existing Gas Steam 10,300 32 326
Conventional Combined-cycle 7,000 32 222
Advanced Combined-cycle 6,350 32 201
Fuel Cell 5,361 32 170
Source :Chambers, Ann. Natural Gas and Power . Penwell Publishing, 1999.

Table 4.2

Carbon Emissions from Fossil Fuel Generation Technologies

 

 

Table 4.2 shows that the carbon emissions from natural gas are lower than carbon 

emissions from coal.  Typical carbon emissions from coal- fired technologies are 57 lb/mmBTU 

while for gas-fired technologies emissions are only 32 lb/mmBTU.  More efficient technologies 

decrease total carbon emissions per Mega Watt Hour (MWh) for both fuels. 
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Natural Gas Uses 

Like oil, natural gas meets many of the requirements for fuel in a modern day industrial 

society.  Its efficiency and lower level of pollutants (carbon monoxide, nitrogen compounds, 

particulate matter, etc.) make it an attractive option.  Gas can be used in the commercial and 

residential sectors for space and water heating, as well as for cooking. In the industrial sector, 

natural gas can be used as an underboiler fuel for steam raising and heating applications, and for 

electricity generation as a fuel for base load and combined cycle/cogeneration plants.  Natural 

gas can also be used in the transport sector in the form of compressed natural gas (CNG) which 

is the cleanest burning motor fossil fuel.  Finally, it can be used in the petrochemical industry, as 

a variety of chemical products can be extracted from natural gas.   

 

Natural Gas in the Primary Energy Mix 

According to the EIA publication International Energy Outlook 2002, natural gas is 

expected to be the fastest growing component of world energy consumption from 2000-2020, 

averaging 3.1 percent annually.  Figure 4.1 charts the various growth rates of natural gas, coal 

and oil during this time frame. 

In 2020 consumption is projected to total 162 trillion cubic feet (tcf), nearly double the 

2001 total of 89 tcf.  Its share of total primary energy consumption is projected to increase from 

23 percent to 28 percent during this time frame.  The majority of the growth will be seen in 

developing countries, averaging 5.3 percent per year.  Much of the projected growth in 

consumption throughout the world is in response to rising demand for natural gas to fuel highly 

efficient new gas turbine power plants.  This translates into natural gas capturing approximately 

24 percent of the power generation market in industrialized countries and 21 percent in 

developing countries by 2020.  The increasing consumption of natural gas in the world energy 

mix will lead to increased international trade in this fuel and the rapid development of new LNG 

markets. 
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 Figure 4.1 

Growth Rates by Fuel,  World 2001-2020
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Natural Gas Regional Consumption and Production, 2001  

In 2001, world natural gas consumption was 89.1 tcf and production stood at 89.8 tcf.  

Figure 4.2 shows the relevant consumption and production figures for major regions. 

North America and Eastern Europe/The Former Soviet Union (EE/FSU) led all regions in 

consumption and production.  This is not surprising, as North America consumes more total fuel 

than any other region in the world and the EE/FSU has substantial gas reserves that it has been 

monetizing on the international market for decades.  North America, however, is in a precarious 

situation as their reserves are running thin and within the next 10-20 years it will be a major 

importer of natural gas.  This could have an effect on Hawaii as natural gas will reach the North 

American markets in the form of LNG.  Hawaii is a possible stop for LNG ships coming from 

Asia or Russia on their way to North American markets.  This will be discussed in more detail in 

Chapter 6. 
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Figure 4.2

 World Natural Gas Consumption and Production by Region, 2001
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Natural Gas Reserves 

Increased demand for natural gas has led to increased exploration for this fossil fuel.  

This in turn has had a direct impact on proven natural gas reserves, which have generally 

increased every year from the mid 1970s.  According to the Oil and Gas Journal worldwide 

natural gas reserves are 5,451 tcf.  The majority of these reserves are found in the Middle East 

and EE/FSU.  Figure 4.3 illustrates proven world natural gas reserves by region and Figure 4.4 

shows the top ten countries with the largest proven gas reserves.  These ten countries account for 

76 percent of proven worldwide gas reserves. 
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Figure 4.3
 Proven World Natural Gas Reserves by Region as of January 1, 2002
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 Figure 4.4
 Top Ten Countries with Proven Natural Gas as of January 1, 2002
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The figures above clearly demonstrate the importance of the Middle East and EE/FSU 

with respect to the natural gas market.  These regions have significant reserves and low 

consumption (relative to their reserves), thereby making them major players in the market.  Their 

reserve to production ratios (RP) are among the highest in the world, with the Middle East RP 

ratio exceeding 100 years and the FSU ratio at 80 years.  It should also be noted that a significant 

amount of natural gas remains to be discovered.  The U.S. Geological Survey (USGC) estimates 

in the World Petroleum Assessment 2000 that undiscovered gas is 5,196 tcf, nearly double 

current proven world reserves.  Throughout the 21st century natural gas will continue to play an 

important role in the world energy mix because of its flexibility, efficiency and plentiful 

worldwide reserves.   The challenge will be to bring the gas to the consumers, as the reserves are 

often located far from population centers.  This is where LNG is expected to play an increasingly 

important role. 

  

Liquefied Natural Gas (LNG) 

 
Introduction 

LNG is primarily methane that has been cooled to minus 160°C (minus 259°F) at 

atmospheric pressure and stored in insulated containers in a liquid state.  This liquefied gas is 

then shipped via tankers to receiving terminals for regasification and then transported through 

pipelines to the consumer market.  The creation of the international LNG business can be 

attributed to the technical and economical problems of running pipelines over long distances.  

Even if the technology warranted a gas pipeline from, say, the U.S. West Coast (USWC) to an 

isolated region such as Hawaii, the economics would not permit such a project to go forward.  

The emergence of LNG has allowed natural gas to reach destinations with no natural gas 

reserves, such as South Korea and Japan. 

 

Worldwide LNG Suppliers 

As recently as 1997, there were just eight LNG exporters in the world.  These exporters 

are Abu Dhabi, Algeria, Australia, Brunei, Indonesia, Libya, Malaysia and the U.S. (Alaska).  

The late 1990s saw four other entrants into the market, thereby raising the current number of 

LNG exporters to twelve.  In 1997 Qatar entered the market, followed by Trinidad and Tobago 
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and Nigeria in 1999, and Oman in 2000.  Other countries such as Iran, Russia (Sakhalin Island), 

Yemen, Bolivia, and Peru are currently building infrastructure to enter the market by the end of 

the decade, thereby raising the potential number of LNG exporters to seventeen. 

 The existing twelve LNG exporters in 2001, had a liquefaction capacity of 123.8 mtpa.  

Of this capacity, 42 percent was located in the Asia-Pacific region, with Indonesia leading the 

way at 28.75 mtpa.  The remaining 58 percent was located in other regions such as the Middle 

East, Africa, the Caribbean, the Gulf of Alaska, and Algeria.  Table 4.3 shows each exporting 

country’s 2001 liquefaction capacity. 

 
 

Source Exporter
2001 Liquefaction 

Capacity
Country Company mtpa

Abu Dhabi ADGAS 5.60
Alaska Kenai 1.60
Algeria Sonatrach 24.50

Australia Woodside 7.50
Brunei Brunei LNG 7.20

Indonesia Pertamina 28.75
Libya Sirte Oil 2.60

Malaysia MLNG 15.40
Nigeria NLNG 5.70
Oman Oman LNG 6.60
Qatar QatarGas 7.70
Qatar RasGas 7.60

Trinidad Atlantic LNG 3.00
World Total 123.80

Source: FACTS for East of Suez, Drewry LNG for the rest of the world

Table 4.3

2001 World Liquefaction Capacity

 
 
 
 
Worldwide LNG Demand 

Currently there are 9 countries that import LNG—Belgium, France, Italy, Japan, South 

Korea, Spain, Taiwan, Turkey, and the U.S.  The Asia-Pacific region dominates the market with 

Japan, South Korea and Taiwan accounting for 72 percent of worldwide LNG demand in 2001.  
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The region’s dominance can be traced to a high demand for natural gas, coupled with a limited 

pipeline infrastructure to transport natural gas.  Table 4.4 shows 2000-2015 worldwide 

contracted volumes for LNG as of October 2001. 

 
 

Source Exporter Destination 2001 2005 2010 2015

Country Company Country contracts contracts contracts contracts

Abu Dhabi ADGAS Japan 4.30            4.30            4.30            4.30            

Algeria Sonatrach Belgium 3.60            3.60            -                -                

Algeria Sonatrach France 7.57            6.40            6.40            -                

Algeria Sonatrach Italy 1.30            1.50            1.50            1.50            

Algeria Sonatrach Spain 3.00            -                -                -                

Algeria Sonatrach Turkey 3.00            3.00            3.00            -                

Algeria Sonatrach USA (Boston)  0.96            -                -                -                

Algeria Sonatrach USA (Lake Charles) 3.00            3.00            -                -                

Australia Woodside Japan 7.31            9.71            2.89            2.89            

Brunei Brunei LNG Japan 5.54            5.54            5.54            -                

Brunei Brunei LNG Korea 0.70            0.7              0.7              -                

Indonesia Pertamina Japan 18.73          15.21          15.21          1.45            

Indonesia Pertamina Korea 5.30            5.30            3.00            1.00            

Indonesia Pertamina Taiwan 3.40            3.40            3.40            1.90            

Libya Sirte Oil Spain 1.81            1.81            -                -                

Malaysia MLNG Japan 11.00          6.60            6.60            6.18            

Malaysia MLNG Korea 2.00            2.00            2.00            2.00            

Malaysia MLNG Taiwan 2.25            2.25            2.25            2.25            

Nigeria NLNG France 0.40            0.40            0.40            0.40            

Nigeria NLNG Spain 1.26            1.26            1.26            1.26            

Nigeria NLNG Turkey 0.84            0.84            0.84            0.84            

Oman Oman LNG Japan 0.70            0.70            0.70            0.70            

Oman Oman LNG Korea 4.06            4.06            4.06            4.06            

Qatar Qatargas Japan 6.00            6.00            6.00            6.00            

Qatar RasGas Korea 4.80            4.80            4.80            4.80            

Trinidad Atlantic LNG Spain 1.20            1.20            1.20            1.20            

Trinidad Atlantic LNG USA  1.80            1.80            1.80            1.80            

USA Kenai Japan 1.24            1.24            -                -                
World Total 107.1          96.6            77.9            44.5            

Source: FACTS for East of Suez, Drewry LNG for the rest of the world

  Total World Long-Term LNG Contracts 
Table 4.4
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Future LNG demand growth will in large part come from the U.S. West Coast (USWC), 

India and China.   China recently signed two LNG supply contracts, one with Australia LNG in 

the Guangdong province for 3.0 mtpa beginning in 2005, and another with BP-Indonesia in the 

Fujian province for 2.6 mtpa beginning in 2006.  The terms of the contracts were very favorable 

for China and have led to a change in the structure of LNG contracts, solidifying the fact that 

LNG is now a buyer’s market.  These changes will be discussed later in the chapter. 

India demand will be 3.5 mtpa in 2005 with 3 mtpa coming to the Dahej terminal on the 

west coast operated by Petronet LNG and .5 mtpa coming to the Hazira terminal also on the west 

coast, operated by Shell.  The recent large gas find of 7 tcf on India’s east coast has led some to 

question the viability of future LNG projects in India, but we believe that this gas find will not 

affect the feasibility of LNG projects on India’s west coast, namely the two mentioned above. 

The USWC is also looking to import LNG.  Due to environmental constraints and 

economics, the new gas reaching the USWC will come via Baja, Mexico.  Currently, there are a 

handful of potential candidates looking to build LNG import terminals in Baja, and then liquefy 

and pipe the gas to the USWC.  The amount of LNG to be imported into Baja is likely between 1 

to 2 mtpa and the terminals are proposed to come online sometime around 2006.  This proposal 

will be evaluated further in following sections as it may have an effect on the viability of LNG in 

Hawaii. 

 

Asia-Pacific LNG Market 

Based on economic growth, population growth, energy diversification policies, and the 

growing preference for a cleaner environment, the long-term Asia-Pacific LNG demand outlook 

is strong.  Table 4.5 shows projected LNG demand in the Asia-Pacific region from 2000-2015.  

Here we can see that Japan dominates LNG demand followed by South Korea.   We also see the 

emergence of new LNG markets in China and India. 

 Comparing LNG contracts from Table 4.4 with LNG demand in Table 4.5 yields some 

interesting results.  One notices that demand, especially in Korea, far exceeds contractual 

commitments for 2010 and 2015.  For 2010 Korea has 14.6 mtpa of contracts signed and a base-

case demand of 25.3 mtpa, leaving 10.7 mtpa of uncommitted demand.  In 2015 Korea has 11.86 

mtpa of contracts signed and a base-case demand of 30.2 mtpa, leaving 18.34 mtpa of 

uncommitted demand.  As a consequence of these large volumes of uncommitted demand, South 
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Korea is the critical market in the region and suppliers are aware of their market power.  Korea is 

in a good position to negotiate favorable contractual terms, as did the Chinese, and this in turn 

could lead to increased  flexibility and lower prices in the LNG market as others generally follow 

the market leaders. 

 

2000 2001 2005 2010 2015

Low Base High Low Base High Low Base High

Japan 53.6 55.2 55.6  57.0  61.0  55.1 59.1 67.5 56.2 63.7 68.5

S Korea 14.6 15.8 18.4  19.6  21.6  23.6 25.3 28.3 25.7 30.2 34.9

Taiwan 4.3 4.7 6.3  7.1  8.2  9.2 10.6  12.4  11.1 13.5 15.8

India 0.0 0.0 1.9  3.5  5.0  6.1 8.8  11.0  10.9 13.9 16.0

China 0.0 0.0 2.6  3.0  3.3  5.6 6.5 8.0 8.0 13.0 16.0

Total 72.5 75.7 84.8  90.2  99.1  99.6 110.3  127.2  111.9  134.3  151.2  

Source: FACTS Inc.; Note: 2005-2015 projections

mtpa
 LNG Demand in the Asia-Pacific Region

Table 4.5

 

 

Trends in the LNG Market  

 
New Suppliers and Expansion Projects 

There are plethora of plans for new LNG projects (also called Greenfield projects) and 

expansion projects throughout the world.  New projects are in the works in South America, the 

Atlantic Basin, Africa, the Middle East, and the Asia-Pacific region.  This section will focus 

primarily on LNG Greenfield and expansion projects in the Middle East and in the Asia Pacific.  

There are two reasons for this:  First, it is not currently economically feasible to transport LNG 

from exporting countries in the Atlantic Basin (Trinidad) or from Africa (Algeria) to the USWC 

or Hawaii because LNG tankers cannot pass through the Panama Canal.  It is illegal for these 

tankers to pass through the canal and instead they must go around the Cape Horn off of Chile.  

Secondly, and perhaps more importantly, the bulk of the growth in new supplies of LNG are 

coming from the Middle East and Asia-Pacific regions.  We are seeing a number of new projects 

in these parts of the world, especially the Middle East.  It should be noted that South American 

(mainly from Bolivia) LNG may offer strong competition to Asia-Pacific suppliers looking at 
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USWC markets, but they are still lagging in infrastructure development and will not be able to 

compete with Asia for a number of years.   

A whopping 106.1 mtpa of LNG is planned to come online in the form of Greenfield and 

expansion projects in the Middle East and Asia-Pacific regions between 2003-2009.  This is 

almost equal to the amount of LNG contracts that existed in the regions in 2001 (107.1 mtpa).  

Qatar and Iran alone are responsible for nearly half of planned LNG capacity.  About 53 percent 

of these projects are Greenfield and the remaining 47 percent are expansion projects.  Table 4.6 

shows a listing of all proposed LNG projects in both regions. 

 
 

Greenfield Projects

Country Train Onstream
Capacity 

(mtpa)
Australia Gorgon/NWS train 6,7 2007/08 8.0
Australia Northern Australia Sunrise 2007 5.0
Indonesia Tangguh 2006 7.0
Iran* South Pars: Phase I,II,III 2006 24.0
Russia Sakhalin-II 2006 9.6
Timor Sea Bayu Undan 2006 3.0
Sub-total 56.6
* Phase I expected to start by 2006; other phases will come online later

Expansion Projects

Country Train Onstream
Capacity 

(mtpa)
Australia ALNG train 5 2006 4.2
Brunei Brunei LNG train 6 2008 4.0
Indonesia Bontang  I 2006/07 3.0
Malaysia MLNG III 2003 6.8
Oman Oman LNG train 3 2006 3.3
Qatar Rasgas train 3 2003 4.7
Qatar Rasgas train 4 2005 4.7
Qatar Rasgas II train 1 2006/07 7.0
Qatar Rasgas II train 2 2009 7.0
Qatar Qatargas train 4 2005/06 4.8
Sub-total 49.5

Proposed LNG Projects: Greenfield and Expansion
Table 4.6
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Of all the countries that are proposing LNG projects, Qatar is the most intriguing.  If all 

of their projects go through, then total capacity will be 43.5 mtpa by 2010 (versus 15.3 mtpa in 

2001)!  Qatar is in a race to develop the huge gas field that they share with Iran.  It has been said 

that they are willing to sell gas at extremely cheap prices so that they can develop fields before 

the Iranians.  Although the distance from Qatar to the USWC and Hawaii is much farther than 

fields in the Asia-Pacific region, it could still be a potential supplier because of cheap feedstock 

prices.  The economics of Qatar and other countries exporting LNG to Hawaii will be examined 

more closely in Chapter 6. 

 

Changing Structure of LNG Contracts 

Table 4.6 shows that more LNG projects are being planned around the world today than 

at anytime in the past.  The result has been intense competition to secure commitments from 

buyers whom are in a position to bid for new LNG supplies.  This is putting increased pressure 

on suppliers to make offers that meet the needs of potential buyers, and this enabled China to 

secure a pricing formula that has changed the landscape of the Asian LNG market.  Japan and 

South Korea are likely to follow suit and request the type of pricing mechanism granted to the 

Chinese from the North West Shelf Consortium (NWS) in Australia.   

Natural gas is priced based on what it competes against and this varies in different regions of 

the world.  In Europe natural gas is priced off of oil products, in the USA it is priced off of 

Henry Hub gas prices, and in Asia it is priced off of JCC (Japanese customs clearing).  In the 

beginning the LNG trade in Asia revolved around fixed prices, but this changed through time as 

sellers and buyers wanted a mechanism to capture market movements.  This led to current LNG 

pricing, which revolves around a formula introduced by the Japanese.  The formula breaks down 

in the following manner: PLNG= A x PCrude Oil + B.  The variables are defined below: 

 

• PLNG = price of LNG in cents/mmBTU 

• PCrude Oil = price of crude oil in $/bbl 

• B = a constant in cents/mmBTU   

• A = slope of line (shows crude linkage) 
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Most contracts for LNG sold in Asia on a certified, insurance and freight (CIF) basis use 

this formula, where A=.1485 and B=70-90 cents.  The slope is critical because it shows the 

linkage between LNG prices and crude oil prices.  A slope of .1485 has an 85 percent crude oil 

linkage (JCC) thereby allowing the suppliers to capture profits at high oil prices and gas to be 

competitive at low oil prices (See Figure 4.5).  However, this price volatility concerns buyers.  

LNG buyers have been looking for a change in the contract structure but market conditions 

(mainly limited LNG supply) limited their choices.  With a slate of new project proposals, 

suddenly the tables were turned.  There was an opportunity for someone to attempt to change the 

landscape of the market, and that someone happened to be the Chinese. 

Because of their potential as a major LNG importer in the future and the over-supply 

situation, the Chinese were in a prime position to negotiate favorable contracts in September of 

2002.  Every LNG supplier wanted to be a “first mover” in the Chinese market and they were 

willing to negotiate very favorable terms to achieve this goal.  China’s new LNG contract with 

the North West Shelf Consortium for Guangdong has a new slope of .0525, or roughly a 30 

percent crude oil linkage.  This means that the LNG prices they face are much less volatile than 

the typical Japanese buyer.   Crude oil prices ranging from US$15/b-US$25/b translates into a 

maximum fluctuation of LNG prices equaling roughly US$0.50/mmBTU, whereas under the 

typical Japanese formula this fluctuation would be as high as US$1.16.  In the Chinese 

Guangdong contract the constant is higher than in the Japanese formula, but the lower slope 

enables them to not only get less volatility in their LNG prices, but also to achieve a lower 

overall price.  Figure 4.5 depicts how LNG prices change with crude oil prices under both 

formulas.  For comparison, low sulfur fuel oil and diesel prices are included because they are 

competitive fuels for LNG in Hawaii. 

Figure 4.5 shows the great deal that the Chinese were able to achieve from Australia’s NWS 

Consortium.  At fuel oil prices of US$17/bbl and above LNG is cheaper than fuel oil.  

Comparing the Guangdong contract and the Japanese contract shows a price difference of 

US$0.44/mmBTU for LNG at US$15/b of crude and a price difference as high as 

US$1.08/mmBTU at US$25/b of crude.  Under every scenario examined in this chart, the 

Chinese contract is superior from a buyer’s point of view than the typical Japanese contract.   

The new Chinese contract has the potential to make LNG a much more attractive fuel for 

consumers.  Other suppliers are aware of the concessions the NWS Consortium offered the 
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Chinese and are now more likely to offer similar or better terms to buyers.  This contract 

restructuring will create the environment for increased demand for LNG.  

 

 Figure 4.5
 Asian LNG Prices, Delivered
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A Possible Spot Market 

Due to their huge cost and complexity, LNG projects have historically been developed 

within a conservative framework.  Projects are generally built up in the form of LNG chains that 

incorporate all stages through production, liquefaction, transportation, regasification, and end-

user consumption.  Typically, contracts are for 20-30 years to ensure profitability for the 

suppliers and also to ensure financing from banks.  The concept of the LNG chain continues to 

dominate the market with most LNG carriers still employed on long-term contracts, however 

other transportation options have started to emerge, such as cross trading, cargo swapping, and 

transport sharing.  Also, a small spot market began to emerge in the 1990s.  A variety of factors 

contributed to this small spot market, inc luding: ships that had completed 20-25 year contracts 

but still had 10-15+ years trading life remaining, a small pool of inactive middle-aged vessels 
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seeking employment, new projects with long-term LNG supply contracts that have yet to build 

up to maximum volumes looking to service short-term interim LNG supply contracts, and 

increased LNG price competitiveness with crude oil due to the rise in oil prices.  The spot market 

has seen recent growth, but a key question for small consumers, such as Hawaii that might 

consider getting supply from the spot market is, will its size increase or remain a relatively small 

part of LNG trade? 

The best chance for the spot market to develop further is with contract renewals.  We 

believe that future contracts will be more flexible, with shorter duration periods and less 

emphasis on destination clauses, thereby allowing cargoes to be allocated more freely.  When the 

rising volume of available flexible LNG contracts is large enough (15-30 million tons) a strong 

spot market will develop.  We estimate that a respectable spot market could develop by 2005 and 

be in full fledged operation by 2010. 

 

New Technologies 

Cost reductions brought about by new technology in upstream, liquefaction, shipping and 

regasification—as well as the economies of scale made possible by new larger train projects— 

appear set to make LNG even more competitive in the coming years.   El Paso’s Energy Bridge 

concept, whereby LNG carriers regasify LNG and pump it ashore through dedicated offshore 

buoys, is an example of technology that should allow LNG to compete more effectively with 

other sources of gas and other fuels.  This is also an option that Hawaii may want to consider 

pursuing.   

Currently, El Paso Global LNG has three ships on order.  The first ship is due to be 

delivered in 2004.  These ships will allow LNG to compete in new markets where there are no 

land-based options.  The plan is for LNG tankers with onboard regasification to be moored to the 

seabed.  The seabed mooring would be equipped with a flexible riser pipeline, capable of 

discharging gas from the ship.  On the seabed, the flexible riser would link to fixed pipelines that 

would transport the gas to shore.  The ships can produce up to 400 mmscf/d of vaporous natural 

gas.  Excluding ships, cost of siting could range from US$160 million for the proposed New 

York offshore scheme, where longer pipes and dual buoys would be required, to US$30 million 

for the proposed Gulf of Mexico project.  The LNG ships are estimated to cost US$175-180 

million plus another US$40 million for the regasification tank on the ship.   
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Emergence of the U.S. West Coast LNG Market 

 
Possible Effect on U.S. Natural Gas Prices and Hawaii LNG Prices 

The planned USWC and Baja, Mexico LNG terminals could affect Hawaii’s LNG 

options, both in terms of supply and pricing.  Under current supply/demand forecasts for the 

USWC, it is expected that the market can accommodate one, or maybe two, regasification 

terminals in the Southern California/Baja area, and possibly one serving the Northern California 

market.  The realized send-out capacity of the regasification terminals ranges from 750 to 1,000 

mmscf/d (approximately 6–8 mtpa of LNG).  Note that a northern California terminal will not 

directly influence plans for the Southern California/Baja terminals or natural gas markets.   

The use of these LNG import terminals will vary according to the level of California 

natural gas prices.  If prices are high, it is likely that LNG will be imported up to the 

regasification terminals’ capacity.  However, this could be enough volume to drive regional 

prices down, especially if there are two regasification terminals which would lead to lower 

volumes.  If California gas prices remain low, due to a slow economy or increased domestic U.S. 

natural gas production, the regasification terminals will be used less frequently, as a minimum 

price needs to be obtained to make LNG imports economical.  Potential terminal builders are 

taking on significant risk in assuming that California natural gas prices will consistently remain 

high enough to justify long-term LNG imports. 

Overall, while LNG imports into the USWC and Baja, Mexico can potentially depress 

California natural gas prices, they will have little overall effect on U.S. natural gas prices.  The 

bottom line is that the U.S. gas market is much more fluid than in Asia and LNG only plays a 

small role.  The effect of USWC LNG imports on the overall U.S. natural gas market is expected 

to be minimal, as in 2001 LNG accounted for only 1 percent of U.S. natural gas supply, and 

averaged less than one half of one percent of supply annually over the previous decade.  Even if 

a northern California terminal and two southern California/Baja terminals are constructed and 

used to their maximum capacity, their total portion of existing U.S. natural gas supply would still 

be less than 5 percent.   

The theoretical affect of U.S. natural gas prices on Hawaii gas prices is difficult to 

determine as the Hawaii price basis is not determined.  If Hawaii natural gas prices were to be 

linked to U.S. natural gas prices, the overall effect of the new LNG projects would be minimal, 
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as stated above.  If, however, potential Hawaii natural gas prices were linked to Southern 

California’s natural gas prices then Hawaii’s prices would be subject to the price fluctuations 

experienced in the California market, and the planned LNG projects would affect the Hawaii 

market. 

Gas Use in Hawaii 

 
Introduction 

Gas consumption in Hawaii is somewhat unique in that the gas consumed in the State is 

actually a derivative of crude oil.  Hawaii consumes two types of gas, namely liquefied 

petroleum gas (LPG) and synthetic natural gas (SNG), which are provided mainly by the local 

refineries with a small portion of LPG imports coming into the State.2  Natural gas, in the 

traditional sense, is not consumed in the State because of the lack of local reserves.  As discussed 

previously, there is the possibility of importing natural gas in the form of LNG, which will be 

explored further in Chapter 6. 

In an effort to provide an overview of the Hawaii gas market, this section will begin by 

looking at trends in the gas market, followed by a brief evaluation on Hawaii gas prices.  The 

next section will focus on the current gas market in Hawaii and the various sectoral breakdowns 

of the utility and non-utility gas systems.  The final section of this chapter will include a brief 

examination of The Gas Company’s Integrated Resource Plan which includes a course of action 

and a gas demand forecast. 

 

Hawaii Gas Market: Structure & Trends 

As mentioned above, the two main types of gas consumed in Hawaii are LPG and SNG.  

These gases are oil products that are supplied by the local refineries, Chevron and Tesoro.  Both 

refineries provide commercial and engine-grade LPG to the three major wholesalers and 

retailers.  SNG is produced from a low-octane hydrocarbon feedstock provided by the Tesoro 

refinery.  These wholesalers/retailers are The Gas Company (TGC), Oahu-Maui Gas, and Aloha 

Gas, with TGC being by far the largest wholesaler/retailer in the State.  TGC sells SNG and LPG 

throughout the State in the utility and non-utility gas sectors, though SNG is solely provided on 

                                                 
2In the U.S. LPG is comprised largely of propane. 
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Oahu in an area stretching from Kapolei to Hawaii Kai.  Oahu-Maui Gas and Aloha Gas also sell 

LPG in the non-utility sector throughout the State.  The utility and non-utility gas sectors will be 

looked at more closely in the following sections. 

Figure 4.6 illustrates Hawaii’s total consumption of SNG and LPG from 1990-2001.  The 

figure illustrates the increased consumption of LPG in Hawaii’s gas market.  In 1990 the 

consumption of SNG led the gas market, but by 1997 LPG consumption, driven mainly by the 

demand on all the outer islands, had caught up.  In 2001 more LPG was consumed in the State 

than SNG. 

 

Figure 4.6
 Hawaii Gas Consumption, 1990-2001
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Hawaii Gas Prices 

 

Overview 

Figures 4.7 and 4.8 compare Hawaii’s residential and commercial gas prices with other 

states in the PADD-V region.  These states include Alaska, Arizona, California, Hawaii, Nevada, 

Oregon, and Washington. 
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Figure 4.7: PADD-V Price of Natural Gas Delivered to Residential Consumers
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Figure 4.8: PADD-V Price of Natural Gas Delivered to Commercial Consumers
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As can be seen in the figures above, Hawaii paid an average of $13.58 more than the rest 

of the PADD-V states for residential gas and $10.22 more for commercial gas in 2001.  The high 

price differential is often traced to the high cost of doing business in the State of Hawaii and the 

fact that the gas is derived from imported petroleum. 

 

A Note on Price Elasticity of Gas and LNG in Hawaii 

In Hawaii gas competes directly with electricity. The majority of electricity generated by 

the local utilities is from fuel oil, and in the case of AES, coal.  If LNG were brought into the 

State it is likely that the price of gas would drop more than electricity—the infrastructure 

upgrades required by TGC would be minimal and the current price of gas is far above potential 

LNG costs.  TGC believes that if the price of gas dropped by, for example, 25 percent relative to 

the cost of electricity, there would be a significant increase in the demand for gas.  However, 

TGC does caution that the potential demand would not be immediate as customers often wait to 

make sure that the price reduction is not a temporary phenomenon.  In addition, because there 

may be capital costs associated with purchasing new equipment, some customers may wait until 

their current equipment reaches the end of its life expectancy.   

Among the specific sectors that TGC believes would see a boost in demand is in the 

market for commercial water heating among customers using electric heat pumps or diesel 

powered boilers.  In addition, a reduction in price would improve the economics of gas-fired 

Combine Heat and Power Systems (CHP).  TGC also believes that a relative price reduction 

would allow them to effectively compete in the market for gas-fired air conditioning and would 

help to reduce the electricity utility’s peak demand during the summer months. 

 

Hawaii Gas Market: Current Status 

 
Gas Contribution to Hawaii Energy Use 

Table 4.7 shows Hawaii’s gas consumption (mmBTU) and as a percentage of total energy 

in 2001.  As the table shows, gas consumption is only 1.93 percent of primary energy 

consumption in the State, a relatively minor share.  This figure is split almost equally between 
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SNG demand and LPG demand, with the former making up 0.96 percent of primary energy 

consumption and the latter 0.97 percent of primary energy consumption. 

 

mmBTU Hawaii Honolulu Kauai Maui State
Utility SNG none 2,912,941     none none 2,912,941       
Utility LPG 212,555        194,495        8,489         87,738       503,277          
Non-Utility LPG 571,168        846,276        316,332     731,725     2,465,502       
LPG Subtotal 783,723        1,040,771     324,821     819,463     2,968,778       
Gas Subtotal 783,723        3,953,713     324,821     819,463     5,881,720       
Total Energy 26,519,642 234,472,529 11,286,036 32,497,681 304,775,888   

Utility SNG none 1.24% none none 0.96%
Utility LPG 0.80% 0.08% 0.08% 0.27% 0.17%
Non-Utility LPG 2.15% 0.36% 2.80% 2.25% 0.81%
Total LPG 2.96% 0.44% 2.88% 2.52% 0.97%
Total Gas 2.96% 1.69% 2.88% 2.52% 1.93%

Table 4.7
Gas Contribution to Total Hawaii Energy Use, 2001

Percent of Total Energy Used

Source: DBEDT  
 

Utility Gas Supply 

Utility gas is provided only by TGC, which is the largest gas company in the Hawaii 

market.  TGC is regulated by the Public Utilities Commission (PUC) and provides both SNG and 

LPG to its customers on Oahu (note that SNG is solely consumed on Oahu).  Overall, SNG 

accounted for 94 percent of all utility gas consumed on the Island of Oahu and LPG accounted 

for the remaining 6 percent in 2001 (Table 4.7). 

The SNG grid on Oahu services most of urban Oahu through pipelines originating at 

TGC’s plant in Campbell Industrial Park.  The SNG is manufactured from light ends provided by 

the Tesoro refinery. The Campbell SNG plant has a maximum output of 15 billion BTU a day.  

In 2001 the SNG plant operated at 53 percent of its capacity (2,912 billion BTU) and the amount 

of SNG production can easily be increased if needed.  According to TGC, an advantage of the 

SNG plant is that it utilizes a refinery by-product that would be shipped out of the State if not 

used by TGC.   

LPG utility gas, services areas of rural Oahu that are not on the SNG grid and the islands 

of Hawaii, Kauai, Maui, and Molokai.  Consumers receive LPG through pipeline networks that 
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are connected to storage tanks.  In 2001 utility LPG demand was 503 billion BTU statewide.  

According to TGC, there are 30 LPG utility systems on Oahu, four on Hawaii, four on Kauai, 

four on Maui, and two on Molokai. LPG is shipped to the neighbor islands via two barges that 

TGC owns. 

 

Utility Gas Demand 

Over the period 1990-2001, total utility gas demand in the State has remained relatively 

steady.  The low year of utility gas consumption was 1997 at 3,298 billion BTU, due largely to a 

decrease in SNG demand.  In 2001, statewide utility gas demand was 3,416 billion BTU, a 1.9 

percent decrease from 2000. Table 4.8 illustrates the make-up of Hawaii’s utility gas 

consumption over the last decade. 

 

Year SNG* (Billion BTU) LPG (Billion BTU) Total (Billion BTU)

1990 3,051 430 3,481
1991 2,965 423 3,387
1992 2,877 489 3,366
1993 2,828 498 3,327
1994 2,904 497 3,401
1995 2,887 487 3,374
1996 2,860 493 3,353
1997 2,807 491 3,298
1998 2,811 499 3,309
1999 2,901 482 3,383
2000 2,969 510 3,479
2001 2,913 503 3,416

    *SNG is used only in Honolulu County
     Source: DBEDT

Table 4.8
Utility Gas Service in Hawaii, 1990-2001

 
 

Utility gas demand in Hawaii is dominated by the commercial/industrial sector, with an 

84 percent market share in 2001.  The primary customers are hotels and restaurants who use the 

gas for cooking, water heating, drying and lighting.  Emerging uses of gas in the 

commercial/industrial sector include air conditioning and combined heat and power systems 

(CHP).  The remaining 16 percent of utility gas demand is used by residential customers, 

primarily for cooking and water heating.   
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New Technologies for the Commercial Market: CHP 

Combined Heat and Power (CHP) systems generate both thermal energy and electrical 

power from a single fuel such as LPG or SNG, which is highly efficient and can yield substantial 

energy cost savings.  The efficiency of CHP is a result of capturing and using waste heat that is 

otherwise vented to the environment, as is the case with conventional central electric generation 

plants.  According to TGC, in the last three years, more than six gas powered CHP systems have 

been installed—most of them at no cost to the customer.  Vendors will typically finance the 

equipment installation, and customers benefit from energy cost savings arrangements.  The 

largest system currently in operation in the State, is at the Orchard Resort at Mauna Lani.  CHP 

systems have also been installed at Ft. Shafter, the Hale Pauahi multifamily building downtown, 

and the Regency at Hualalai in Kona.  Honolulu Hale is also planning to install a CHP system by 

year-end. 

Not all buildings can take advantage of a CHP system, but most hotels, hospitals and 

other institutional facilities are ideal candidates.  The attraction of CHP to the customer is energy 

cost savings, power reliability and environmental benefits.  CHP can also benefit the economy as 

it has the potential to create a new industry that provides well paying engineering, design, 

construction and service jobs. 

 

Non-Utility Gas Demand 

The non-utility gas sector, unlike the utility gas sector, is largely market oriented and uses 

only LPG distributed in small tankers and bottles.  In 2001, TGC, Oahu-Maui Gas, and Aloha 

Gas distributed 2,466 billion BTU of LPG to the non-utility system statewide.  Over 1990-2001 

LPG demand in the non-utility system has increased steadily, from a low of 2,043 billion BTU in 

1990 to a peak of 2,466 billion BTU in 2001.  Figure 4.9 illustrates the growth of non-utility 

LPG demand during this time-frame. 

In 2000, non-utility sectoral demand was dominated by the commercial/industrial sector, 

with a market share of 82 percent.3  The residential sector had a market share of 17 percent and 

the transportation sector accounted for 1 percent.  LPG is used in the transport sector for a small 

number of vehicles owned by tourist companies, governments and corporations.   

                                                 
3The latest sectoral data available is from 2000. 
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Figure 4.9
 Hawaii Non-Utility Gas Consumption, 1990-2001
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Future Utility Gas Consumption: The Gas Company’s IRP 

 
In 1999, TGC filed an Integrated Resource Plan (IRP) with the Public Utilities 

Commission.  According to the IRP framework document, the goal of integrated resource 

planning in the State of Hawaii 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.”  The planning period to be covered in the IRP is a 20-year period 

starting the year after the plan is filed. 

Hawaii’s utility gas demand growth is directly tied to the tourism industry because the 

majority of gas demand comes from hotels and restaurants.  Figure 4.10 shows the forecast 

presented by TGC in their 1999 IRP. 
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Figure 4.10
 The Gas Company Forecast of Statewide Utility Gas Demand, 2000-2020
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The 20-year forecast presented by TGC has base-case, low-case, and high-case scenarios.  

The base-case scenario sees utility gas consumption rising to 3,583 billion BTU by 2020 and the 

low-case scenario sees consumption decreasing to 3,058 billion BTU by 2020.  The high-case 

scenario sees utility gas consumption rising to 3,950 billion BTU by 2020.  Note that TGC’s 

forecast does not account for the possibility of LNG which could radically alter TGC cost 

structure and demand projections, as discussed earlier. 
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Chapter 5  

A Brief Overview of Hawaii Hydrocarbons1 
 

 

Introductory Remarks 

 

By almost any measure it is evident that the State of Hawaii is hugely oil-dependent—

relying on oil for almost 90 percent of its primary energy in 2001, as illustrated in Figure 5.1.  

Coal, another hydrocarbon-based fuel, accounts for about 6 percent of Hawaii’s primary energy 

while renewable fuels satisfy approximately 5 percent of the State’s primary energy demand.  In 

an effort to lay the groundwork for later discussions, this chapter provides a brief overview of 

Hawaii’s energy situation.  It evaluates the State’s energy use in terms of fuel-use, county-by-

county use, and sectoral use. 

 

Figure 5.1
State of Hawaii Primary Energy Fuel Mix: 2001

Oil, 89.1%

Coal, 5.6%

MSW, 1.5%

Biomass, 1.5%

Solar*, 1.3%

Hydro, 0.3%

Geothermal, 0.7%

*Note: Solar includes wind and solar heated water.
Source: DBEDT estimate for 2001.  

                                                                 
1This chapter draws on DBEDT information including but not limited to DBEDT’s  “State of Hawaii Data Book 
2001.” 
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Hawaii’s Primary Energy Consumption in Detail 

 

Over 300 trillion BTUs of primary energy were consumed in the State of Hawaii in 2001, 

with the City and County of Honolulu accounting for more than three-fourths (76.9%), or over 

230 trillion BTUs, of the State’s primary energy consumption.  As demonstrated in Table 5.1, 

Maui County (10.7%), Hawaii County (8.7%), and Kauai County (3.7%) each consumed 

significantly less primary energy than Oahu.  This is obviously due to the fact that the neighbor 

islands have smaller populations, and lower levels of industrial output and electricity demand. 

 

Kauai Honolulu Maui Hawaii State
Motor Gasoline 3,233,138    33,094,929     7,254,214    8,275,708       51,857,989    
Diesel Fuel Oil 4,580,153    20,265,708     10,066,919  3,748,005       38,660,785    
Aviation Gasoline 1,090           135,019          29,243         16,658            182,011         
Jet Fuel Kerosene 885,648       83,331,049     5,979,508    2,373,439       92,569,645    
Residual Fuel Oil -               69,822,293     3,579,732    4,394,882       77,796,907    
Naphtha* -               1,630,370       -               2,812,786       4,443,156      
Propane 325,207       4,095,162       823,463       793,421          6,037,253      
Total Petroleum 9,025,236    212,374,529   27,733,081  22,414,900     271,547,746  

Biomass 1,670,000    -                  3,053,000    -                  4,723,000      
Coal -               14,578,000     1,400,000    1,145,000       17,123,000    
Geothermal -               -                  -               2,140,000       2,140,000      
Hydro 510,800       -                  11,600         352,095          874,495         
MSW -               4,520,000       -               -                  4,520,000      
PV -               -               10,000            10,000           
Solar WH 80,000         3,000,000       300,000       300,000          3,680,000      
Wind -               -                  -               157,647          157,647         
Total Non-Petroleum 2,260,800    22,098,000     4,764,600    4,104,742       33,228,142    
Grand Total 11,286,036  234,472,529   32,497,681  26,519,642     304,775,887  
*Note: Naphtha includes light oils used in refinery CTs
Source: DBEDT estimate for 2001

Primary Energy Consumption: 2001 (million BTU)
Table 5.1

 

 

Trends in Hawaii’s Primary Energy Fuel Mix 

 

As shown in Figure 5.2, oil has always played a dominant role in Hawaii’s primary 

energy mix.  Up until the 1990s, biomass (primarily bagasse from Hawaii’s sugar industry) was 

the second most widely used source of primary energy, accounting for approximately 10 percent 

of the energy mix.  In the early 1990s, however, coal would take over the number two position 
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when the AES Hawaii coal- fired power plant came online at the same time that sugarcane  

production was declining, as indicated by Figure 5.3.  

 

Figure 5.2
State of Hawaii Primary Energy Consumption by Fuel: 1960-2001

0

50

100

150

200

250

300

350

19
60

19
62

19
64

19
66

19
68

19
70

19
72

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

**

T
ri

lli
o

n
 B

T
U

Oil Biomass Hydro Geothermal Solar* Coal MSW

*Note: Solar includes wind and solar heated water.  **Note: 2000 data is preliminary; 2001 data is estimated
Source: DBEDT  

 

Figure 5.3
Primary Energy Consumption by Fuel Share: 1990-2001

80%

90%

100%

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000** 2001**

Oil Coal MSW Biomass Solar* Hydro Geothermal

*Note: Solar includes wind and solar heated water.  **Note: 2000 data is preliminary; 2001 data is estimated
Source: DBEDT
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At present, there is no indication that the State will attempt to wean itself away from oil 

over the next several decades.  Hawaiian Electric plans to install additional coal- fired electricity 

generation capacity—but not until 2016.  Unless HECO dramatically alters its plans for the 

future or significant advances and changes are made in the transport sector, oil—and refined 

petroleum products—will continue to dominate Hawaii’s primary energy mix. 

 

A County-by-County Overview 

 

While oil is the largest source of energy in each of the four counties, a look at Figure 5.4 

below reveals that the City and County of Honolulu (Oahu) draws the highest percentage of its 

primary energy from oil (over 90 percent) and the other counties’ oil shares range from 

approximately 80 to 85 percent.  It is interesting to note that both Kauai County and Maui 

County continued to use significant amounts of biomass as a primary energy source in 2001— at 

around 15 percent and 10 percent of their primary energy totals, respectively.   

 

Figure 5.4
Primary Energy Consumption by Fuel by County: 2001
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Hawaii’s Sectoral Energy Consumption 

 

The latest data available indicates that primary energy consumption by end-use sector 

was relatively flat in the 1990s, except for the transportation sector, which declined, as illustrated 

in Figure 5.5.  The transportation sector dominated all other sectors, reflecting Hawaii’s 

dependence on transport fuels such as gasoline and most importantly, jet fuel.  Consumption in 

the transportation sector decreased in the early 1990s, and then again in the late 1990s, largely 

due to a decline in jet fuel. 

 

Figure 5.5
Primary Energy Consumption by End-Use Sector: 1990-1999
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Chapter 6  

The Future of Hydrocarbons in Hawaii Electricity Generation1 

 

 

Introduction 

 

Given the State’s physically remote location and its dependence on oil for approximately 

89 percent of its primary energy needs, it is no wonder that Hawaii’s policy makers—as well as 

their constituents—have long called for diversification and the development of non-traditional 

fuels to drive the State’s economy.  Power generation is the sector wherein petroleum products, 

notably low sulfur fuel oil (LSFO) and diesel, (the most widely used fuel sources for electricity 

in the State), could most viably be substituted with non-traditional hydrocarbon-based fuels, such 

as coal and natural gas.  It should also be noted that the power sector has more potential than 

other sectors to increase its use of renewable energy sources, such as bagasse, geothermal, or 

hydropower—simply because alternative energy is more suitable in most cases for use in the 

power sector.  However, even under optimistic scenarios, renewable sources of energy will 

continue to play a marginal role in fulfilling Hawaii’s energy demands for decades to come.   

Although this assessment may be disappointing to some, it is difficult to escape the fact 

that hydrocarbons are a relatively inexpensive store of energy and a hydrocarbon infrastructure is 

already in place at a global, regional, and local level.  Improved technology, energy security 

issues, and environmental concerns will spur the development of fuel alternatives, especially in 

the power sector, but hydrocarbons will be an integral part of Hawaii’s energy future.   

Of the hydrocarbons, the importance of oil in future power generation is highlighted by 

the Hawaiian Electric Company’s plans for the next 15 years, as discussed in its Integrated 

Resource Plan 1998-2017 (IRP).  The plan calls for expanded oil- fired generation capacity 

                                                                 
1This chapter draws on FACTS database and sources, HECO’s 1997 IRP, the US Energy Information Administration (EIA), 
www.heco.com, DBEDT’s Hawaii Energy Strategy 2000, DBEDT’s draft, “A Proposed Assessment of LNG Options in Hawaii,” 
DBEDT “State of Hawaii Data Book 2001,” and Cedigaz. 
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before coal- fired capacity is added in 2016.  The neighbor island plans have a similar oil oriented 

focus.   

Oil- fired electricity generation has several advantages, including the fact that it offers 

flexibility in terms of satisfying fluctuations in electricity demand.  It also is an inevitable 

byproduct of Hawaii’s refineries (in the absence of substantial refinery upgrades), and thus it 

uses a fuel that might otherwise have to be exported for a very low return.  Obvious 

disadvantages include the fact that depending so heavily on one fuel exposes the State to price 

and supply shocks.  

Overall, while the goal of fuel diversification has merit, it obviously cannot be pursued at 

any cost.  The benefits and costs of non-traditional hydrocarbons for Hawaii’s electricity should 

be carefully weighed before advocating one fuel over another.  Coal, for instance, offers 

Hawaii’s electricity producers the opportunity to diversify their fuel sources as well as the 

possibility of reducing fuel costs.  There are also abundant domestic supplies of coal, as well as 

ample supplies in the Asian countries that currently supply Hawaii (including Australia and 

Indonesia).  On the down side, traditional coal- fired power plants release higher levels of 

emissions (including carbon dioxide, one of the major greenhouse gases) than comparably sized 

oil- fired power plants.  Emerging clean coal technologies can significantly lower these 

emissions—albeit at a cost.  In contrast, liquefied natural gas (LNG) is a much cleaner fuel than 

both coal and oil, but it would require a large infrastructure investment, among other challenges.  

It might also have a devastating impact on the refiners, as it would substantially reduce the 

demand for fuel oil.  These effects could ripple throughout other sectors and the neighbor 

islands. 

 This chapter of the report begins by examining the current and future structure of 

Hawaii’s power industry.  It then discusses the future prospects of using non-traditional 

hydrocarbon-based fuels for power generation in Hawaii.  The benefits and costs and other trade-

offs presented in this chapter also serve as a basis for discussion in other sections.  
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Overview of Hawaii’s Power Sector 

 

The power sector accounts for over one-third of Hawaii’s primary energy consumption, 

with Hawaiian Electric Company, Inc. (HECO) and its subsidiaries, Hawaii Electric Light 

Company, Inc. (HELCO) and Maui Electric Company, Inc. (MECO), providing electricity to 95 

percent of Hawaii’s resident population.  The remaining five percent of residentially consumed 

electricity is produced and distributed by the Kauai Island Utility Co-op, providing service to 

Kauai County.  It is worthwhile to note that HECO (serving the City and County of Honolulu), 

HELCO (Hawaii County), and MECO (Maui County) do not generate all the electricity that they 

distribute to the end-users in their respective grids.  Each of these utilities, purchases electricity 

from one or more independent power producers (IPP) and resells it to their residential, 

commercial, and industrial customers.  Hawaii’s IPPs use a variety of different fuels to generate 

electricity—including residual fuel oil, coal, municipal solid waste, geothermal, and biomass—

while the 13 HECO-, HELCO-, and MECO-owned and operated power plants exclusively burn 

residual fuel oil and/or diesel. 

 

Hawaii’s Electricity Generation Capacity 

Excluding electricity produced by the Kauai Island Utility Co-op, the State of Hawaii has 

an electricity generating capacity of 2,207 MW.  This number includes electricity generated by 

HECO, HELCO, MECO as well as the individual power producers.  If “non-firm” (or “as-

available”) capacity is added, total capacity rises to 2,267 MW.  Of HECO’s 1,669 megawatts 

(MW) of firm electricity generating capability on Oahu, nearly one-fourth (24.1%) comes from 

three IPPs:  the City and County of Honolulu’s “Honolulu Program of Waste Energy Recovery” 

or “H-POWER,” (180 MW generating capacity fueled by municipal solid waste); Kalaeloa 

Partners, L.P., (180 MW generating capacity, fueled by residual fuel oil); and AES Hawaii (180 

MW coal-fired generating capacity).  HECO distributes an additional 31.6 MW of electricity, as 

available, which is generated by the Tesoro (up to 18.5 MW) and Chevron (up to 9.6 MW) 

refineries, as well as the Kapaa Generating Partners (up to 3.5 MW). 

The six HELCO-owned and three IPPs on the Big Island have a generating capability of 

265 MW.  Non-firm generating capability (primarily wind and hydroelectric) includes a 
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maximum 27 MW of additional electricity for Big Island end-users.  MECO is capable of 

distributing 273 MW of electricity—16 MW of which is generated by IPPs.  Up to 2 MW of 

capacity can be added to MECO’s power grid as electricity produced by a single Hana-based 

non-firm generator becomes available. 

 

Hawaii’s Electricity Consumption 

In 1991, Hawaii’s electric utilities sold 8,524 gigawatt hours (GWh) of electricity (which 

includes both utility-generated and IPP-generated power sold to residential and non-residential 

customers).  During the next 10 years, the total amount of electricity sold by the State’s electric 

utilities would rise by 14.7 percent to 9,776 GWh in 2001.  As illustrated by Figure 6.1, Oahu 

accounted for nearly three-fourths of utility-sold electricity in the State in 2001.  Customers on 

Maui (11.0%), Hawaii (9.8%), Kauai (4.2%), Molokai (0.4%), and Lanai (0.3%) purchased the 

remainder of the electricity sold by Hawaii’s electric utilities in 2001. 

 

Figure 6.1
 Hawaii Utility Electricity Sales by Island, 2001

Oahu
74.4%

Hawaii
9.8%

Kauai
4.2%

Lanai
0.3%

Maui
11.0%
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Source: DBEDT, "State of Hawaii Data Book 2001"
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Of the 9,777 GWh of electricity sold by the State’s utilities in 2001, Hawaii’s commercial 

and industrial sector purchased the largest share (71%), while residential customers purchased 

the remaining 29 percent as illustrated in Figure 6.2.  Over the past decade, this ratio has 

remained relatively steady. 

Figure 6.2
 Hawaii Utility Electricity Sales by Sector, 2001

Residential
29%

Commercial / Industrial
71%

Source: DBEDT, State of Hawaii Data Book 2001

 

 

The average statewide residential rate for electricity was $0.163 per kilowatt hour (kWh) 

in 2001.  This represents an increase of 54.9 percent over the statewide residential rate of 

$0.105/kWh ten years earlier—or an average annual growth rate of nearly 4.5 percent from 1991 

to 2001.  The number of residential customers of the State’s electric utilities grew 14.3 percent 

from 1991 (328,899 residential customers) to 2001 (376,054). Following a similar growth 

pattern, the amount of residential electricity sold during this period increased 17.5 percent.  

During the same period, the utilities’ revenues from residential customers climbed by 82.0 

percent (from $251.6 million in 1991 to $457.8 million in 2001).  Utilities sold a total of 9,776.9 

GWh of electricity in 2001.  Overall, utilities’ revenues increased by 74.5 percent between 1991 

and 2001, and reached $1.37 billion in 2001.  
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Hawaii’s electric utilities charged the highest residential rates in the nation in 2000 

(statewide average rate of 16.41 cents/kWh vs. U.S. average of 8.24 cents/kWh), as 

demonstrated in Figure 6.3.  Lack of competition, the high cost of living (compared with other 

states), and the high costs associated with electricity generation in a multi- island state (fuel 

transportation, labor, land, power plant operation and maintenance) are the most commonly cited 

reasons for Hawaii’s high electricity rates.   

 

Figure 6.3
Comparison of U.S. Average Annual Electric Utility 

Residential Rates: 2000
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It is interesting to note that, in general, the higher a state’s residential electricity rate, the 

lower its average annual electricity consumption (in kWh/year per utility customer).  As seen in 

Figure 6.4, seven of the 10 lowest (state and/or island) users of electricity, including every 

Hawaiian island except Oahu, also rank among the top 10 states and/or islands with the highest 

residential rates. 

 

Figure 6.4
 Comparison of U.S. Average Annual Residential Electricity 

Consumption: 2000
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Island-by-Island Overview of Consumption and Costs 

As discussed earlier, Hawaii’s electric utilities’ residential and “other” rates have climbed 

significantly over the past decade.  In 1990, the statewide average residential rate for electricity 

was a little over 10 cents per kWh.  By 2001, the same rate category would grow to over 16 cents 

per kWh as illustrated by Figure 6.5. 

 

Figure 6.5
State of Hawaii Utility Electricity Rates 1990-2001
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HECO’s average resident ial rate was the lowest of the State electric utilities in 2001 

($0.143/kWh vs. a statewide average of $0.163/kWh).  In contrast, the average residential rate 

for each of the neighbor islands was significantly higher than the statewide residential rate as 

illustrated in Figures 6.6 and 6.7.  By island, the highest residential rate was for Lanai ($0.244 

per kWh), followed by Kauai ($0.237/kWh), Molokai ($0.236/kWh), Big Island ($0.219/kWh), 

and Maui ($0.187/kWh). 
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Figure 6.6
Hawaii Electric Utility Residential Rates 1990-2001
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Figure 6.7
Hawaii Utility Electricity Rates by Island: 2001
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It should be noted that electricity consumption per capita has increased over the past 10 

years.  The 8,564.0 GWh of electricity sold by the State electric utilities in 1991 translates into 

6,868 kWh per capita (based on estimated de facto population).  In 2000, the amount of 

electricity sold statewide (9,690.6 GWh) equaled 7,243 kWh per capita (see Figure 6.8 and 

Figures 6.9-6.12 for respective Islands).  Interestingly, while per capita electricity consumption 

posted an AAGR of 0.59 percent from 1991-2000, the AAGR of primary energy consumption 

during the same period was negative 0.70 percent.  In 2000, Hawaii residents consumed less 

primary energy per capita than in 1991, but they simultaneously used more electricity. 

 

Figure 6.8
State of Hawaii Utility Electricity Sales 1990-2001
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Figure 6.9
Oahu Utility Electricity Sales 1990-2001
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Figure 6.10
Big Island Utility Electricity Sales 1990-2001
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Figure 6.11
Kauai Utility Electricity Sales 1990-2001
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Figure 6.12
Maui County Utility Electricity Sales 1990-2001
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Forecast of Hawaii’s Electricity Consumption 

In the coming years electricity sales are forecasted to grow on all of the Hawaiian Islands.  

Of each of the islands, Maui is projected to post the greatest increase in electricity consumption 

during the next five years (+13.8%), from sales of 1,093 GWh in 2002 to 1,243 GWh in 2007, 

according to a MECO forecast in 2002.  During the 2002-2015 period, Maui electricity sales are 

forecast to jump by over 43 percent.  HECO’s electricity sales are forecast to increase by about 8 

percent from 2002 (7,418 GWh, including DSM) to 2007 (8,008 GWh), while HELCO’s sales 

are set to grow by almost 9 percent over the same period.  During the 2002-2015 period, 

electricity sales on the Big Island are expected to rise 31 percent.  Electricity sales on Molokai 

and Lanai are forecast to grow by six percent and four percent, respectively, from 2002 to 2007, 

according to MECO.   

 

Fuel Mix of Hawaii’s Power Sector 

In 2001, petroleum was the fuel source for 78.4 percent of Hawaii’s electricity.   This is a 

major change.  As recently as 1991, more than 90 percent of Hawaii’s electricity was petroleum-

based as demonstrated by Figure 6.13.   

Figure 6.13
Hawaii Utility Electricity Generation Fuel Mix: 1990-2001
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A look at Figure 6.14 below reveals that over 15 percent of Hawaii’s electricity was coal-

fired in 2001.  In each year since 1993, the first full year of operation of AES Hawaii’s 180 MW 

coal-fired power plant in Kapolei, Oahu, coal has been the source of about 15 percent of 

Hawaii’s electricity.  Municipal solid waste was the third largest fuel source of Hawaii’s 

electricity, accounting for 2.7 percent of total generation in 2001, followed by geothermal 

(2.0%), hydroelectric (0.9%), bagasse/biomass (0.5%), wind (0.1%), and landfill methane 

(0.1%). 

Figure 6.14
Hawaii Electricity Production by Fuel: 2001
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The mix of electricity fuel sources varies by island, as demonstrated in Figure 6.15.  In 

2001 over 95 percent of the electricity that MECO distributed to its customers on Maui, Molokai, 

and Lanai was produced by oil.  Meanwhile, close to one-fifth (19.2%) of the island of Hawaii’s 

electricity was geothermal-based, allowing it to rely on petroleum for less than 70 percent of its 

power generation.  Statewide, renewable energy sources (including municipal solid waste) 

accounted for about six percent of Hawaii’s electricity in 2001. 
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Figure 6.15
Electricity Generation Fuel Mix by Utility: 2001
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Hydrocarbon Interfuel Substitution in Hawaii’s Power Sector 

 

Whether or not Hawaii will come to rely more on “non-traditional” (or non-petroleum) 

hydrocarbons  such as coal or LNG in fulfilling future electricity demand is dependent on several 

variables including, but not limited to:  Asia-Pacific oil prices (versus prices of other potential 

fuels for electricity); federal and state legislation regarding energy and/or electricity consumption 

and/or fuels; increases in overall electricity demand; the emergence of new energy, electricity, or 

refining technologies; potential increased competition within Hawaii’s power sector; and 

environmental issues.  This section presents some background on industry structure and costs, 

followed by a discussion of the prospects for increasing coal usage or introducing LNG into the 

Hawaii market. 
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In the 1990s, the percentage of HELCO- and HECO-generated electricity that was 

purchased from IPPs increased while the utility-produced share shrank.  In 2001, only 40.7 

percent of HELCO’s generation was produced by utility-owned power plants, down from 80.0 

percent in 1991.  Over the same period the utility-produced share of total HECO generation 

dropped from 81.3 percent to 58.7 percent.  Conversely, growing shares of electricity in Kauai 

and Maui County are produced by the utilities themselves (from 75.1% in 1991 to 90.9% in 2001 

on Kauai and 86.8% to 95.1% in Maui County).  The overall growth of IPPs in Hawaii (and, 

largely, across the nation) results from the Public Utility Regulatory Policies Act of 1978 

(PURPA), a federal law requiring utilities to buy electricity from qualifying facilities (small 

power producers and cogenerators) at rates not to exceed a utility's avoided cost2. 

HECO’s electricity generation costs depend on the different capital costs, operation and 

maintenance costs, and fuel costs for each power plant in the system.  For the three power plants 

it owned and operated in 2001—Honolulu Power Plant, Waiau Power Plant, and Kahe Power 

Plant—capital costs were nil as their respective installations occurred in the past.  However, the 

costs of operation and maintenance and fuel for each HECO-owned plant varied significantly, as 

illustrated in the table below.  A per-year capital cost is built into each of the power purchase 

agreements between HECO and its three supplying IPPs, and a fixed operation and maintenance 

cost is paid to AES Hawaii by HECO each year.   

 

Net MW 
Capital Costs 

($)
Fixed O&M 
Costs ($)

Variable O&M 
Costs ($/MWh)

Avg. Fuel 
Costs ($/bbl)

Fuel Costs 
($/MWh)

Existing Generation
Honolulu Power Plant 107                 -                 5,243,834       0.51                $35.7 (LSFO) 80.96              
Waiau Power Plant 379                 -                 15,585,861     0.44                $32.8 (LSFO) 56.26              
Waiau Combustion Turbines 102                 -                 510,724          0.77                $41.4 (Diesel) 208.56            
Kahe Power Plant 621                 -                 19,535,309     0.42                $31.4 (LSFO) 50.75              
AES Hawaii 180                 70,482,537     23,455,034     0.70                N/A 23.81              
Kalaeloa 180                 29,583,000     -                 14.87              N/A 42.20              
H-POWER 46                   5,868,804       -                 -                 N/A 66.70              

Future Generation*
Simple Cycle CT 107                 51,483,000     1,298,107       20.49              $26.1 (Diesel) 52.86              
*Note: Future generation costs are from HECO's 2002 Electric Utility System Cost Data Filing of July 2002.  

The costs reflect a unit that will be installed in 2009.  Fuel costs for future unit are based upon HECO's 1998 Fuel Price Forecast.

HECO Generation Data: 2001
Table 6.1

 

 

 

                                                                 
2PURPA Reform Group, web site, “Overview of PURPA and Rationale for Reform.” 
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Use of Coal in Hawaii for Electricity 

As noted previously, in recent years Hawaii has become significantly less dependent on 

oil for its electricity generation—having found a suitable (yet partial) substitution in coal.  It is 

important to make the distinction that, while this move specifically reduces dependence on oil, it 

does not reduce dependence on hydrocarbons in general.  In spite of the fact, coal certainly has a 

place in a discussion of what combination of fuels will meet future electricity demands in the 

most efficient, economical, and environmentally-friendly way.  Please note that the coal market 

and coal- fired electricity generation are discussed extensively in Chapter 3. 

Coal in Hawaii has a long and varied past—from the late nineteenth century to the 

present, it has been used on a periodic basis to power steamships and locomotives, to heat sugar 

plantation and industrial boilers, and to produce electricity and cement.  Today, Hawaii’s single 

largest user of coal is the power sector, though it is still used in smaller amounts by the sugar and 

cement industries.  In 2001, Hawaii imported 779,934 short tons of coal, 85 percent of which 

was used by independent power producer, AES Hawaii, to generate electricity for sale to HECO.  

Since 1993, the first full year of its 180 MW coal- fired power plant, AES Hawaii has imported at 

least 550,000 short tons of coal per year.   

Construction of AES Hawaii’s coal- fired power plant in Kapolei, Oahu’s Campbell 

Industrial Park, began in 1990 and the plant became operational in September 1992.  AES 

Hawaii signed a 30-year power purchase agreement with HECO to supply a minimum of 63 MW 

and a maximum of 180 MW of electricity per day to the Oahu utility.  In addition, HECO agreed 

to give AES Hawaii “first consideration for providing up to 9 MW of additional dispatchable 

firm capacity (up to 189 MW from the declared 180 MW committed capacity)” subject to 

demonstrated need for and availability of the additional capacity.  AES Hawaii also signed a 15-

year contract to import coal from PT Kaltim Prima Coal in Indonesia.  Kaltim Prima coal is 

characterized by relatively high heat content (11,000 BTU per pound), very low sulfur (0.3%), 

and low ash (5%).  In 2007, AES Hawaii will have the opportunity to renegotiate its contract 

with PT Kaltim Prima Coal.  It should be noted, that in 1990—the year AES Hawaii signed its 

supply contract with PT Kaltim Prima Coal—Indonesian steam coal prices were the highest they 

had been in the past 16 years.  In 1990, Japanese import costs (which largely drive the Asia-
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Pacific coal market) were $49.87 per short ton of Indonesian steam coal.  By 2001, this cost 

would drop by over 36 percent, to $31.91 per short ton.   

Aside from coal, AES Hawaii’s plant is also configured to burn locally produced fuel 

sources and waste products.  Currently, over one percent of the power plant’s fuel is in the form 

of alternative fuels such as shredded tires and spent activated carbon from the Board of Water 

Supply.  It should also be noted that, in fulfillment of its “qualifying status” under PURPA, five 

percent of AES Hawaii’s output is in the form of co-generated steam (30,000 pounds per hour) 

for the neighboring Chevron oil refinery. 

The amount of coal that AES Hawaii imports from Indonesia per year (and hence its 

electricity output) is dependent on HECO’s day-to-day demand.  HECO’s demand of AES 

Hawaii’s coal- fired power is in turn largely based on the rise and fall of low-sulfur fuel oil 

(LSFO) prices, primarily Singapore LSFO.  According to AES, coal use rises considerably when 

the price of LSFO climbs above $21/bbl.  In contrast it drops off when the price falls below 

about $18/bbl. 

There are two main reasons why coal is an attractive non-traditional, hydrocarbon-based 

fuel for electricity production in Hawaii:  1) it is abundant and, 2) it is cheaper than oil 

($/mmBTU).  The main drawback to increasing coal use in Hawaii is the fact that coal produces 

about 20 percent more CO2  per unit of energy than oil.  However, greenhouse gas emissions may 

be negated by “carbon sequestration projects,” such as AES Hawaii’s funding of a Paraguayan 

forest reserve, which will sequester twice as much CO2 as the AES Hawaii plant will emit over 

its expected 50-year lifetime. Moreover, clean coal technologies—including AES Hawaii’s use 

of circulating fluidized bed (CFB) technology—can reduce SO2 and NOx emissions to levels 

lower than those of a comparably sized oil- fired power plant.  For more detailed discussion on 

clean coal technologies, please see Chapter 3 of this report.   

In the “preferred plan” of its “Integrated Resource Plan 1998-2017” (IRP-97), submitted 

to the state of Hawaii Public Utilities Commission in January 1998, HECO does not add any 

coal-fired capacity (in the form of a 180 MW atmospheric fluidized bed combustion coal unit) 

until 2016.  HECO’s preferred plan calls for the first supply-side unit, (a 107 MW simple cycle 

diesel- fired combustion turbine), to be added in 2009 as the first of three units (of a 318 MW 
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diesel fired 2-on-1 combined cycle unit).  Phases 2 (107 MW) and 3 (104 MW) of the combined 

cycle unit would be installed in 2013 and 2016, respectively. 

According to the preferred plan in HECO’s IRP-97, installing a coal- fired unit would not 

be appropriate because it would not be a cost-effective selection compared to other supply-side 

options.  HECO states that addition of the coal unit as the next unit would necessitate higher 

revenue requirements in the near term.  HECO also concludes that the coal unit (as the “next” or 

“first” unit) would have a very long breakeven period (19 years) compared to an oil- fired 

combined cycle.  The capital cost (per kW) of a coal- fired plant is indeed significantly higher 

(over twice as high, according to HECO) than that of an oil- fired combined cycle, contributing, 

in part, to the 19-year breakeven period.  However, another factor contributing to the length of 

the breakeven period is HECO’s fuel price forecast.  As HECO notes in its IRP-97, one of the 

conditions under which a coal unit could become attractive as the next generating unit would be 

if the differential between coal and oil prices increases substantially.  This could be the case, as 

coal prices have dropped and are expected to remain flat.  Another possible scenario conducive 

to adding coal- fired capacity sooner rather than later in the 1998-2017 period would be if capital, 

operating, or maintenance costs were reduced.  While coal- fired capacity may come to the 

forefront in future plans, it is important to remember that a key advantage of the 318 MW 

combined cycle unit (with the last of its three phases scheduled for completion in 2016) is that it 

affords the greatest operational flexibility, as combined cycle units can be installed to burn a 

variety of fuels. 

It is worthwhile to note that in HECO’s previous IRP, IRP-93 (covering the 1994-2013 

period), a 190 MW atmospheric fluidized bed combustion coal unit was scheduled for 

installation in 2005, as the first new generating unit of the 20-year planning period.  However, 

the previous plan differs substantially from the current IRP in that it calls for retirement of the 

107 MW Honolulu Power Plant in 2004 and the retirement of a total of four Waiau generating 

units by the end of 2011.  The coal- fired unit would  supply 190 MW of displaced base load 

demand resulting from the aforementioned retirements.  In contrast, in HECO’s current IRP, 

there are no generating unit retirements to speak of during the planning period, allowing 

installation of the coal- fired unit to be delayed until the end of the Kalaeloa contract in 2016.   
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Another consideration in pushing back the installation of a coal- fired unit from 2005 (as 

planned in IRP-93) to 2016 (IRP-97) was the difference between the two IRPs’ respective fuel 

price forecasts.  The forecasted fuel price spread between diesel and coal is much greater in the 

fuel price forecast of IRP-93 (done in August 1992) than in the fuel price forecast of IRP-97 

(done in May 1995).  For instance, in IRP-93, the forecasted fuel price spread between coal and 

diesel in 2005 is $6.41 per million BTU (mmBTU), whereas in IRP-97 the spread shrinks to 

$3.51/mmBTU.  Since the price of coal is much closer to (but still less than half of) the price of 

diesel in HECO’s latest IRP (as measured in dollars per million BTU), coal becomes 

correspondingly less attractive as a potential fuel source—but only in light of the fact that capital 

costs for a coal- fired unit are more than double those for an oil- fired unit of equal capacity.   

Although fuel prices for electricity generation are more difficult to forecast than the 

capital costs associated with installation of electricity generating units, both variables are 

essential to mapping out Hawaii’s future generating capacity needs.  Increasing use of coal in 

Hawaii would allow the State to diversify its future primary energy mix and rely less on oil.  In 

addition, since a wide range of potential suppliers exists—and exports from Hawaii’s two main 

sources of coal, Indonesia and Australia, are expected to grow—coal offers Hawaii the 

opportunity to increase its energy security.  The site of the existing AES Hawaii 180 MW coal-

fired plant has enough space to accommodate the construction of a second 180-200 MW unit, 

according to AES Hawaii.  Moreover, it is likely that the new plant would use AES Hawaii’s 

existing coal transport equipment to move the coal 1.6 miles from Barber’s Point Harbor to the 

power plant site, as well as its existing storage facilities. 

 

Possible LNG Use in Hawaii and Market Displacement Issues  

 
Introduction 

Chapter 4 of the Hawaii Hydrocarbon Outlook discussed the LNG market in general.    

Now that we have developed an understanding of LNG supply issues, we can look more closely 

at the LNG supply chain and the infrastructure necessary to import this fuel.  Specifically, we 

will focus on the relevant costs of bringing LNG into the State of Hawaii, as well as important 



 6-21 

topics related to this task, such as security of supply, safety concerns and market displacement 

issues. 

 

Natural Gas in the Power Sector 

Natural gas has gained increased popularity in the power sector in Asia and in the U.S   

According to the Energy Information Administration (EIA), in 2000, natural gas accounted for 

16 percent of total electricity generation in the U.S.  In Asia natural gas accounted for 15 percent 

of electricity generation.  If we exclude India and China, who are major coal consumers in the 

power sector in Asia, this figure jumps to 25 percent in 2000.  Why is natural gas gaining ground 

on generally cheaper fuels (in terms of $/mmBTU) such as coal and oil?  The answer can be 

found in lower investment and maintenance costs, increased efficiencies, and perceived 

environmental benefits.  In Chapter 4 of this study we saw how natural gas emits less carbon 

than coal in power generation.  Figure 6.16 illustrates the lower capital and operating costs 

associated with natural gas consumption in the power sector when compared to coal. 

 

Figure 6.16
Electricity Generating Costs
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Figure 6.16 shows that at an 80 percent load factor and using a 10 percent discount rate, 

natural gas for power generation is cheaper than coal, even at a gas cost of $4/mmBTU.  This, 

coupled with lower emissions than coal, makes gas an attractive fuel for power generation. 

 

Market Displacement Issues 

Supply is only half the equation concerning LNG use in Hawaii.  It is important to 

examine the demand side of the equation to evaluate what fuels LNG could replace (Chapter 8 

will look at the ramifications of this replacement).  LNG is used in direct combustion, which puts 

it in competition with fuel oil, gasoline, coal, liquefied petroleum gas (LPG), and synthetic 

natural gas (SNG).  The focus here is only on LNG substitution on the island of Oahu, as overall 

fuel demand is greatest on this island, and the economics of LNG would not warrant building 

infrastructure on outer islands.  Table 6.2 lists the potential interfuel substitution and its LNG 

equivalent, as discussed in DBEDT’s draft of “A Proposed Assessment of LNG Options for 

Hawaii.”   

 

LNG Application
Fuel Type 
Displaced Billion BTU

LNG equivalent 
(tonnes)

Power Sector
HECO Steam Generation Units LSFO 46,668 906,343
Kalaeloa Partners LSFO 12,503 242,824
HECO Combustion Turbine Units Diesel 132 2,567
AES Hawaii Coal 13,930 270,534
Sub-Total 1,422,269

Utility Gas Sector
Utility SNG and Propane SNG and Propane 3,107 60,350
Sub-Total 60,350

Highway Transportation Sector
LPG Highway Vehicles LPG 27 530
Diesel Highway Vehicles Diesel 2,619 50,869
Gasoline Highway Vehicles Gasoline 33,009 641,085
Sub-Total 692,484
Total LNG Demand 2,175,103
LSFO=Low Sulfur Residual Fuel Oil; SNG=Synthetic Natural Gas; LPG=Liquefied Petroleum Gas
1 Tonne of LNG=51.49 million BTU

Source: FACTS update of DBEDT's draft, "A Proposed Assesment of LNG Options for Hawaii"

Potential Fuel Substitution for LNG on Oahu (Fuel Use 2001)

Table 6.2
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Under this scenario, which might be considered a “Dream Scenario,” LNG would replace 

the fuels above in the power sector, the utility gas sector, and the highway transportation sector.  

The utilities chosen in the power sector are ones that generate the majority of electricity on Oahu 

through fuel oil, diesel and coal.  If all of their 2001 output where to be converted to LNG, then 

total demand would be about 1.42 million tonnes, with the majority of demand stemming from 

HECO’s steam generation units. 

The utility gas sector uses SNG and LPG (propane).  This sector would account for about 

60,000 tonnes of LNG if 2001 demand was converted into LNG.  TGC would need only minor 

upgrades to carry the natural gas in their existing pipelines.   

The highway transportation sector uses mainly gasoline, with a small amount of LPG and 

diesel that could be converted to LNG and eventually fuel cells.  Demand converted into LNG is 

approximately 690,000 tonnes in 2001.   

Under the “Dream Scenario” total LNG demand in 2001 would be about 2.2 million 

tonnes.  However, we view this scenario as unlikely because this level of interfuel substitution in 

the highway transport sector is a long way off (see Chapters 7 & 8 for further discussion).  The 

most probable scenario involves substitution in the power sector and the utility gas sector, as 

shown in Table 6.3.  In this scenario, LNG demand would be about 1.2 million tonnes in 2001 

and grow with electricity consumption in the future. 

 

LNG Application
Fuel Type 
Displaced Billion BTU

LNG equivalent 
(tonnes)

Power Sector
HECO Steam Generation Units LSFO 46,668 906,343
Kalaeloa Partners LSFO 12,503 242,824
Sub-Total 1,149,167

Utility Gas Sector
Utility SNG and Propane SNG and Propane 3,107 60,350
Sub-Total 60,350

Total LNG Demand 1,209,518
LSFO=Low Sulfur Residual Fuel Oil; SNG=Synthetic Natural Gas; LPG=Liquefied Petroleum Gas
1 Tonne of LNG=51.49 million BTU

Source: FACTS update of DBEDT's draft, "A Proposed Assesment of LNG Options for Hawaii"

Probable Fuel Substitution for LNG on Oahu (Fuel Use 2001)

Table 6.3
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The LNG Chain 

In assessing the feasibility of an LNG project each element of the chain which links the 

natural gas in the ground to the ultimate consumer of the natural gas must be considered. The 

LNG value chain is illustrated below. 

                                                                                              

 
 

The main links in the LNG value chain are natural gas production, liquefaction, shipping, 

receiving terminal (including regasification), distribution of the regasified LNG and finally, 

consumption of the gas.  In the majority of LNG projects the buyer takes responsibility at the 

receiving terminal so gas production, liquefaction, and shipping are the responsibilities of the 

seller.  This type of contract is known as a cost, insurance and freight (CIF) contract.  Under this 

type of contract, LNG is loaded on to the vessel or on the voyage to the receiving terminal and 

payment is made at the time that ownership transfers.  In this scenario, the seller remains 

responsible for the transportation and insures the cargo on behalf of the buyer.   

The buyer also has the option of a free on board (FOB) contract whereas the ship is 

owned by the buyer and all responsibilities after the lifting of the cargo from the liquefaction 

plant falls on the buyer’s shoulders.  If a buyer decides to purchase their own ship they will be 
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looking at spending roughly $175 million dollars for a ship that is between 135,000 to 145,000 

cubic meters plus operating costs of about $10,000 to $16,500 a day.  Through the years the cost 

of ships of this size has come down considerably, as shown in Figure 6.17. 
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 Figure 6.17
 Cost of Building LNG Ships (135,000 to 145,000 cubic meters)

Source: FACTS INC .

 
 

Fewer complications arise when a contract is on a CIF basis, hence the worldwide 

popularity of these types of shipping contracts.  In Hawaii’s case, LNG demand is relatively 

small (1.2 mtpa) so it would not make sense to buy a ship(s) unless other uses could be found for 

the vessel.  A CIF contract would cause less headaches and planning problems.  We believe this  

is the right choice for Hawaii if the State were to bring in LNG. 

 

The Economics of a Hawaii LNG Project 

LNG production costs and pricing are a mystery to many people, even those involved in 

the natural gas business!  We saw in Chapter 4 how LNG is priced in the Asia-Pacific region.  It 

is typically linked to crude oil and a constant to give what is seen as a “fair price” to the buyer 
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and the producer.  In the case of Hawaii there is currently no LNG price basis.  The price will 

have to be negotiated between the buyers and the suppliers.  Typically, suppliers will approach 

potential buyers and proceed with negotiations.  We understand that Shell has approached 

various contingencies in Hawaii to build an LNG regasification terminal here.  The LNG would 

come from their Greenfield project in Sakhalin, Russia. 

There are an infinite number of options for pricing the LNG.   Hawaii can ask for a crude 

oil linkage price as seen in Asia or even a fixed price as has been seen in the past.  Hawaii can 

also ask for tenders to supply LNG to the State, and see what types of price scenarios are offered.  

While there are a number of new supply projects coming online, Hawaii must understand that its 

demand is minimal and that we do not have the same type of leverage that, say, the Chinese did 

in their recent negotiations for LNG, as discussed in Chapter 4.   

 

LNG Costs from Various Suppliers 

We have identified eight LNG projects that could possibly supply Hawaii with LNG in 

the coming years.  They are in Indonesia (2 projects), Australia (2 projects), Malaysia, Oman, 

Qatar and Russia.  Four cost components were examined for each project: Feedgas, Liquefaction, 

Shipping, and Regasification.  These components would cover the cost of LNG delivered to 

Hawaii on a CIF basis.  Table 6.4 outlines these comparative costs.  Please note that all costs are 

estimates, as only the supplier knows its exact feedgas and liquefaction costs. 

 

Supply
Indonesia 
(Bontang)

Australia 
(NWS)

Malaysia 
(Bintulu) Qatar

Russia 
(Sakhalin)

Indonesia 
(Tangguh) Oman

Australia    
(Bayu-Undan)

Feedgas 0.50 0.30 0.70 0.50 0.95 0.70 0.70 0.90

Liquefaction 0.80 1.00 0.85 0.70 1.10 1.20 0.80 1.30

Shipping 0.75 0.85 0.80 1.25 0.50 0.70 1.20 0.75

Regasification 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60

Total $2.65 $2.75 $2.95 $3.05 $3.15 $3.20 $3.30 $3.55

*All costs are estimates; Hawaii port costs not included

 Estimated Comparative Costs for Delivery to Honolulu, Hawaii ($/mmBTU)
Table 6.4

 

 

The first cost component in Table 6.4 is feedgas.  In its simplest form it refers to the cost 

of extracting natural gas for production and is incurred by the suppliers.  Of course, as LNG 
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projects increase in size they are able to capture economies of scale which has led to lower 

feedgas costs for expansion projects such as Australia’s North West Shelf (NWS) consortium 

($0.30/mmBTU) and Indonesia’s Bontang field ($0.50/mmBTU).  On the other hand, Greenfield 

projects such as Australia’s Bayu-Undan ($0.90/mmBTU) and Russia’s Sakhalin Island  

($0.95/mmBTU) typically have higher incremental feedgas costs because these are new projects 

that have yet to build significant infrastructure to capture economies of scale.  On average for 

these eight projects, feedgas costs represent about 21 percent of the total cost to deliver LNG to 

Hawaii. 

The second cost component is liquefaction.  As is the case with feedgas, when comparing 

Greenfield and expansion projects, the latter is typically less costly.  Of the eight supply projects 

in Table 6.4 three are Greenfield projects—Sakhalin, Tangguh, and Bayu-Undan.  All three of 

these projects have significantly higher liquefaction costs than their competitor’s expansion 

projects.  The Greenfield projects have liquefaction costs between $1.10-$1.30 mm/BTU while 

the expansion projects have liquefaction costs between $0.70-$1.00 mm/BTU, a direct result of 

their ability to capture economies of scale.  On average for these projects, liquefaction costs 

represent 31 percent of the total cost to deliver LNG to Hawaii.  This represents the highest cost 

component of the four categories. 

The third cost component is shipping.  The cost of shipping on a CIF basis is directly 

correlated with the distance between the supply project and the final destination, in this case 

Honolulu, Hawaii.  The closest supply project is in Sakhalin, Russia (3,400 nautical miles) and 

the shipping cost from Sakhalin to Honolulu is about $0.50/mmBTU.   On the other hand, Qatar 

which has cheap feedgas prices, is 7,500 nautical miles from Honolulu and therefore has 

shipping costs of about $1.25/mmBTU, a $0.75/mmBTU difference.  Shipping costs can often 

“make or break” a project and buyers tend to receive natural gas from producers that are within 

their geographical region.  On average, shipping costs for these eight projects represent 28 

percent of the total cost to deliver LNG to Hawaii, second only to liquefaction costs. 

The final cost component evaluated in the table is regasification costs.  This estimate 

represents the cost to the supplier of building a regasification/receiving terminal for the buyer.  

Typically, a new LNG terminal with a throughput of 5 mtpa costs about $300 million and needs 

about $0.30-0.40 mm/BTU to cover its costs.  In Hawaii’s case the LNG throughput would be 
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about 1.2 mtpa, substantially less than the example above.  As a result of the inability to capture 

substantial economies of scale, regasification costs would be about $0.60/mmBTU.  On average, 

regasification costs for the eight projects represent 20 percent of the total cost to deliver LNG to 

Hawaii, the least of the four cost components. 

Hawaii is strategically well placed if ships start crossing the Pacific to deliver LNG from 

S.E. Asia and Australia to the West Coast of the United States. Also, cheap feedgas and 

liquefaction costs in Oman and Qatar make the Middle East a possible supplier.  Table 6.3 shows 

delivered costs to Hawaii ranging from $2.65-$3.55/mmBTU.  Note that this is the minimum 

cost of LNG delivered to Hawaii, and prices obviously vary depending on the structure of the 

LNG contract.  LNG prices can be based on U.S. natural gas prices, which are linked to Henry 

Hub, or can take the form of the traditional LNG contracts in Asia which are linked to crude oil.  

If LNG is linked to crude oil, the price of LNG will fluctuate with the price of crude as discussed 

in Chapter 4 of this study.  In a typical Japanese contract the crude oil linkage is 70 percent, 

therefore they pay higher prices for LNG when crude is expensive and lower prices for LNG 

when crude is cheaper.  On the other hand, the Chinese have a lower crude linkage (30 percent) 

and therefore receive more stable prices than their Japanese counterparts.   

The price of LNG to Hawaii has yet to be determined, but the table above gives us an 

idea of what the costs are for suppliers and therefore what the minimum price would be for 

Hawaii.  As mentioned earlier, Hawaii has a variety of options to price the LNG, depending on 

what the State wants and the suppliers are willing to offer.  If Hawaii wants a more stable price, 

then the State can take the route of suggesting a fixed price or lower linkage to crude oil prices.  

It should be noted, if suppliers are delivering their LNG to Hawaii on the way to the West Coast 

then it is likely that suppliers will offer terms which are on par with West Coast natural gas 

prices minus the shipping distance as Hawaii is closer than the USWC.   

 

Infrastructure Requirements 

The discussion above describes the major costs associated with delivering the LNG to 

Hawaii, including the receiving terminal and regasification plant.  Of course there would be other 

costs.  Typically LNG is delivered to the receiving terminal on ships that can carry 

approximately 120,000 to 145,000 cubic meters of LNG.  The LNG is then piped to storage 

tanks from where it is eventually piped again in liquid form to the regasification terminal.  Once 
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the gas is in a vaporous form it would be piped to either the power plants or into TGC’s SNG 

grid. 

The only location on Oahu suitable for building the necessary infrastructure is at Barber’s 

Point.  The cost of the land that would be required for an LNG project is at this time unknown 

and would have to be worked out with the State and the landowners.    The costs of storage tanks, 

pipelines from storage tanks to the regasification terminal, and pipelines from the regasification 

terminal to the consumers are also unknown.   A detailed engineering study is recommended to 

study these costs to help evaluate if the project is economically viable.  The scope of this study 

focuses on the deliverable costs of LNG to Hawaii, not the costs of building the relevant 

infrastructure, which would have to be determined by the relevant stakeholders, namely HECO 

and TGC. 

We can however, make a couple of observations about infrastructure costs/requirements 

for the receiving terminal.  First of all, the Barber’s Point area has relatively strong waves and 

currents that could cause some concern for LNG ships coming into port.  In our discussion with 

one of the potential suppliers, the possibility of building a breakwall was mentioned in an effort 

to alleviate this concern.  The price tag for the breakwall was estimated at $150 million.  Another 

option that was being explored was a winch/pulley system that could bring the ship into port.  

This would allow the ships to negotiate the current/waves easier.  The cost of the proposed 

winch/pulley system was said to be substantially less than building a break wall.  Also, it should 

be mentioned that the port at Barber’s Point is 38 feet deep.  A LNG ship (even one smaller than 

120,000 cubic meters) would need a depth of at least 42 feet to pull into the port.  The harbor 

would have to be dredged to accommodate these massive ships.  The cost of dredging is 

unknown at this time. 

 

Similar Small Scale Projects 

Intense competition is causing prospective suppliers to consider all opportunities to 

develop new markets, even if the markets are very small in scale.  In some cases new receiving 

terminals and power plants are developed jointly.  In Puerto Rico, Eco-Electrica developed an 

integrated power plant in the south of the island.  The power plant is 507 MW and consumes 93 

mmscf/d (of natural gas).  The LNG supply is 0.55 mtpa and total development costs were 
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around $530 million.  Gas prices are linked to Henry Hub.  The LNG terminal has one 160,000 

m3 storage tank that is reported to have cost around $200 million.  Eventually, the plant may be 

expanded to accommodate 2 mtpa.    The small-scale plant in Puerto Rico is one that could be 

studied in more detail to offer a blueprint for an LNG facility in Hawaii. 

 

Power Sector: LNG Costs versus Fuel Oil Costs 

Table 6.3 in the market displacement  issue section, estimated a probable annual offtake 

of 1.2 mtpa of LNG based on 2001 fuel consumption in the power and utility gas sectors.  In this 

case, 95 percent of the demand stems from the power sector, so it is important to compare the 

cost of fuel oil and LNG.  Table 6.5 compares the total cost of fuel oil for HECO steam 

generation units under different prices with the total cost of LNG under different pricing 

scenarios.  

 

Fuel Oil 
Avg Fuel Cost 

($/mmBTU) $/Bbl Fuel Type mmBTU Total Cost
$3.85 $22.00 LSFO 46,667,600  $179,670,260
$4.20 $24.00 LSFO 46,667,600  $196,003,920
$4.55 $26.00 LSFO 46,667,600  $212,337,580
$4.90 $28.00 LSFO 46,667,600  $228,671,240
$5.24 $30.00 LSFO 46,667,600  $244,538,224
$5.57 *$31.87 LSFO 46,667,600  $259,938,532

LNG
Avg Fuel Cost 

($/mmBTU)
Fuel Oil Equivalent 

($/Bbl) Fuel Type mmBTU Total Cost
$3.00 $14.70 Natural Gas 46,667,600  $140,002,800
$3.50 $17.15 Natural Gas 46,667,600  $163,336,600
$4.00 $19.60 Natural Gas 46,667,600  $186,670,400
$4.50 $22.05 Natural Gas 46,667,600  $210,004,200
$5.00 $24.50 Natural Gas 46,667,600  $233,338,000
$5.57 *$31.87 Natural Gas 46,667,600  $259,938,532

 Fuel Oil versus LNG in the Power Sector

*Average cost that HECO paid for fuel oil in 2001

Table 6.5

 
 

In 2001, the demand for fuel oil at the HECO steam generation units was 46,667,600 

mmBTU.  HECO paid on average $31.87 for a barrel of fuel oil, which is $5.57/mmBTU.3   

                                                                 
3Note this price includes taxes paid to the State of Hawaii. 
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Multiplying this cost by their total demand yields a total fuel cost of about $260 million.  

If HECO were instead purchasing LNG in 2001, any LNG price below $5.57/mmBTU would 

have provided an economic benefit.  However, it should be noted that this is simply the fuel costs 

and does not include the various costs of converting the generation units to gas and the 

infrastructure costs (e.g. pipelines) to bring the natural gas to the power plant.   

 

Security of Supply: LNG versus Oil 

When comparing the security of LNG supply versus oil supply there are advantages and 

disadvantages to each.  One of the advantages of LNG is that a number of the suppliers are 

located in stable countries such as Australia and Malaysia.  Even Indonesia with its recent 

problems, is generally considered to be a more stable supply source than countries in the Middle 

East, such as Qatar and Oman.  Another advantage of LNG supply is that it can be de- linked 

from oil prices or consumers can negotiate low crude price linkage.  The recent political turmoil 

in the Middle East stemming from the situation in Iraq and Israel has led to a spike in oil prices, 

causing uncertainty among oil consumers and producers.   

Among the disadvantages of LNG is that LNG supply usually comes from a single supply 

train.  If something were to happen to this train, it is possible that LNG consumers would have a 

difficult time securing LNG.  Currently, the LNG market is not a liquid market, as in the case of 

oil, so there is no major spot market to secure supplies in case of major disruptions.  Recently 

Korea scrambled to seek LNG cargoes as their demand increased in the fall and the spot market 

was short due to unexpected demand in Japan.  The Koreans ended up securing the cargoes, but 

paid extremely high prices of around $6/mmBTU.  It should be noted, however, that recent 

supply problems related to protests at a liquefaction plant in Indonesia caused minimal disruption 

as supplies were shifted from other areas.   

Another disadvantage on LNG is there will be only one regasification terminal, as 

building duplicate facilities does not make economic sense.  In the case of a malfunction or even 

a terrorist strike, the terminal could conceivably be shut down and natural gas would not be 

available for the State.  For a period, this would cause problems for HECO and TGC and also the 

end-users, the citizens of Hawaii.  Oil-based facilities are also susceptible to such problems, but 

possibly not to the same extent as LNG. 
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LNG Safety Issues 

Since 1980, over $100 million has been spent by regulators and industry players to fully 

understand the physical characteristics of LNG and the impact of accidental releases.  Field tests 

have confirmed that LNG will not explode in an open area.  Technical analysis has indicated that 

significant force would be required to breach a tank on a ship or offshore.  If a significant force, 

such as a missile, does breach the tank then there would be a fire in the tank.  However, the fire 

would be limited to the direct vicinity of the tank and there would be no vapor cloud.  Federal 

regulations mandate that LNG facilities must be designed and constructed in such a way that if a 

vapor cloud is accidentally released it will not impact any adjacent areas. 

Shell and Bechtel put together a LNG Safety Fact Sheet in order to ease Bay Area 

citizens’ concerns about a proposed LNG receiving terminal.  The facts sheet begins by looking 

at LNG’s safety record.  In the past 40 years there have been more than 35,000 LNG worldwide 

voyages and not one significant incident involving a loss of cargo.  The only significant incident 

involving LNG occurred in 1944, before tanks were designed for the cold temperatures of LNG.  

A tank in Cleveland, Ohio ruptured, spilling the uncontained liquid into storm drains, and was 

followed by a deadly fire.  Tanks have since been redesigned to prevent a reoccurrence of this 

incident and there have been no other LNG tank failures since 1944. 

The LNG Safety Fact Sheet also discusses safety regulations.  The Coast Guard monitors 

and enforces strict rules for LNG ship transit.  They maintain safety zones and examine incoming 

vessels for security risks and also monitor the identities of LNG ship crew members.  All of this 

is done to ensure the safe and reliable transport of LNG. 

In conclusion, increased regulation and scrutiny of the transport and storage of LNG 

since the 1944 incident has led to an impeccable safety record within the LNG industry.  LNG 

needs a vapor cloud to burn, so any explosion resulting from a bomb or missile could cause a fire 

in the immediate vicinity, but it would not spread to other tanks.  LNG transit is closely 

monitored by the Coast Guard, and the September 11th incident has led to even closer scrutiny of 

LNG operations.  Overall, LNG transport is generally considered to be safer than other 

hydrocarbon fuels (such as LPG) as seen through its safety record over the last forty years. 

 

 



7-1

Chapter 7  

Impact of New Technology in the Transport Sector1

Introduction

Issues such as global warming and dependence on fossil fuels generally took a backseat

when it came to an automaker’s design of the next ‘hot’ vehicle.  The gas guzzling Sports Utility

Vehicle (SUV) and the throaty V-8 sports car, have become a staple of the dealership’s

showroom.  In spite of this, tighter emission regulations are forcing automakers to take notice of

more fuel efficient vehicles and the technology that may be required.  There seems to be a

general consensus that fuel cells could be the answer to an automaker’s fuel efficient dream.

This chapter evaluates the issues surrounding fuel cell and hybrid technology, discussing

the potential future impact on Hawaii.  We will examine the varieties of fuel cells and evaluate

which type would be ideal for our power needs. We will also discuss the latest developments in

hybrid transportation, and what local auto dealers foresee as the next generation of transportation

in Hawaii.  Let us begin with a brief explanation of what a hybrid is.

Hybrid Vehicles

It appears the answer to our immediate fuel efficiency concerns may be hybrid vehicles.

A hybrid vehicle uses two types of engines, an electric motor and an internal combustion engine

(ICE).  Automakers have designed hybrid vehicles to use the two engines in concert. The ICE

powers the vehicle during normal everyday driving and the electric motor kicks-in when extra

power is needed.  This type of drive-train increases the driving range of a hybrid vehicle

considerably.

                                                                
1This chapter draws on FACTS database and sources, California Fuel Cell Partnership, the U.S. Energy Information
Administration’s (EIA), Annual Energy Outlook 2002 , Methanol Institute, Fuel Cells, and conversations with
various contacts.
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At present there are two distinct types of hybrid drive-trains in production.  The most

common is the parallel system where the electric motor and the ICE are linked to the vehicles

transmission, both powering the movement.  The second is referred to as a series drive-train.

This configuration uses the ICE as a type of generator to provide power to the electric motor.

Thus the electric motor is the only source of power connected to the vehicle’s transmission.

Figure 7.1 outlines the basic components that power a hybrid vehicle. It is a general

misperception that hybrid vehicles need to be plugged into an outlet to recharge their batteries.

The fact is gasoline is the only fuel required of a hybrid.  The batteries that power the electric

motor are recharged during braking, which is referred to as regenerative braking.  Basically the

energy produced while the brakes are applied is channeled back to the batteries.  This is why the

Toyota Prius obtains a higher fuel efficiency during city driving.  The constant stop-and-go

driving allows the batteries a greater chance to regenerate their power.

Figure 7.1

Source:  US Department of Energy

Basic Components of a Hybrid Vehicle
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Today’s Hybrids

Until recently hybrid auto sales in Hawaii and across the nation were relatively low.

Most of the early hybrid vehicles were ‘impractical’ due to small cargo space and limited seating

capacity.  In recent years automakers revamped existing popular vehicles, like the Honda Civic,

into hybrid vehicles (Ford also plans on releasing a hybrid SUV at the end of 2003).  Currently

there are only two automakers with hybrid vehicles on the market today.

Toyota was the first to mass produce hybrids with the introduction of the Prius in 1997.

Initial sales were restricted to Japan, but Toyota entered the US market in 2000.  In its first year

in the US, the Prius recorded sales of 5,500 nationwide, before jumping to 15,400 in 2001.

Honda introduced its hybrid Insight to the US in 1999.  Initial sales of the Insight were

relatively low compared to the Prius.  Several factors contributed to this, such as limited seating

capacity and a low load capacity, being able to effectively transport only 300 lbs.  Because the

initial costs to produce the Insight was about $40,000 a unit, Honda sold these cars at a loss. A

complete turnaround in sales arrived upon the release of its Civic hybrid.  Like its internal

combustion counterpart the Civic has four doors and has similar load bearing capabilities.

Savings

Using the Honda Civic hybrid vehicle as an example, it is interesting to evaluate the

amount of money owners save on fuel in a year.    The Civic hybrid (with manual transmission)

obtains a highway mileage rating of 51 miles per gallon (mpg) versus the ICE Civic (with

manual transmission) which obtains a highway mileage rating of 38 mpg. Over a distance of

7,000 miles traveled in a year, with an average gasoline price of $1.79 per gallon the Civic

Hybrid saves an estimated $100 in fuel each year.  Probably not enough for the typical consumer

to be willing to pay a substantial premium for a hybrid.

Hybrid Emissions

Hybrid vehicles offer a remarkable reduction in greenhouse emissions.  On average,

compared to an ICE vehicle, hybrids reduce CO2 emissions by half.  According to Toyota, sales

of Prius vehicles, have reached the 100,000 mark worldwide.  They estimate the average distance

Prius drivers travel a year is around 10,000 kilometers.  Based off of this Toyota estimates this
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translates into approximately 125,796 to 188,694 barrels (1 barrel=42 US gallons) less gasoline

consumed annually worldwide and a reduction of 50,000 to 70,000 tons in CO2 emissions.

Hybrid Sales

Since hybrid vehicles have been on the market for several years, we are now able to track

sales in Hawaii and the Pacific Region.  By following this data we will be able to provide some

insight on the future use of these vehicles.  Figure 7.2 illustrates the current sales of hybrid

vehicles in Hawaii.  Civic sales are slightly ahead of Prius sales for this year, due to a limited

supply of Prius shipments to Hawaii. The bulk of the vehicles are being sent to California to

meet a high demand for hybrid vehicles.
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Figure 7.2

Hawaii Hybrid Vehicle Sales

Insight
Civic
Prius

*Sales as of October 2002
Source:  Servco Pacific
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Hawaii’s Key Market Factors

To truly gain a sense of the Hawaii hybrid market we spoke to several local Honda and

Toyota dealers, specifically on the sales of hybrids in Hawaii.  Here are several key points they

brought to our attention on the factors that influence a Hawaii resident’s decision on the purchase

of their next vehicle.

• According to Toyota, the typical consumer of a Prius is a middle-aged Caucasian.

• Both Honda and Toyota dealers feel that the majority of local auto consumers are more

concerned with great gas mileage versus vehicle emissions.

• Several dealers pointed out to the need for additional government incentive to purchase

hybrid vehicles (currently there is a $2,000 Federal tax credit upon the purchase of a

Toyota Prius or Honda Insight/Civic).

• The dealers believe hybrids will continue to dominate Hawaii’s alternative fuel vehicle

market for the next two decades and have no plans for fuel cell powered vehicles.

Pacific Region Sales

Sales of hybrid vehicles in the Pacific region (including the following states: Alaska,

California, Hawaii, Oregon and Washington) are expected to leap beginning in 2004.  This jump

is largely associated with California, which has implemented a Low Emission Vehicle Program

(LEVP).  The program is designed to gradually implement lower emission standards for vehicles

in two stages.  The first stage runs from 1994 to 2003 setting partial emission standards for cars.

The second stage will be implemented in 2004 to 2010 and will include light duty trucks, a

category which includes sport utility vehicles.    As the state's passenger vehicle fleet continues

to grow and more sport utility vehicles and pickup trucks are used as passenger cars rather than

work vehicles, the new, more stringent Low Emission Vehicle II (LEV II) standards are

necessary for California to meet federally-mandated clean air goals.



7-6

Figure 7.3

Light-Duty Vehicle Sales Forecasts for the 
Pacific Region, 2000-2020
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Fuel Cells

After hybrids, fuel cell vehicles have been billed as the next evolutionary step toward a

greener environment because they offer the promise of zero greenhouse emissions.  A fuel cell

works much like a battery in that it converts chemical energy directly into electricity, by

combining hydrogen and oxygen.  The cell is made of three basic parts—an anode, cathode and

electrolyte membrane.  In simplest terms it works like this; hydrogen flows into the fuel cell

anode (a negative electrode that repels electrons) and as the hydrogen moves across the anode

the gas is separated into protons and electrons.  From the anode, the electrons and protons are

channeled to an electrolyte membrane in the center of the fuel cell.  The electrolyte membrane

acts as a filter, allowing only the protons to pass through.  The electrons left behind are directed

to an external circuit in the form of an electric current.  The cathode takes in oxygen and the

filtered protons and combines the two with the electrons.  The end result is energy that can power

a vehicle.
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Source: Department of Energy

Figure 7.4

Outline of a Fuel Cell

Fuel Cell Types

There are four basic types of fuel cells, each operating similarly to the description

mentioned above, yet each has distinct advantages and disadvantages.  Let’s begin with the

grandfather of the fuel cells, the Phosphoric Acid Fuel Cell.

Phosphoric Acid Fuel Cell

The Phosphoric Acid Fuel Cell (PAFC) is perhaps the most mature of the four cell types,

in that it has been under development for the past 20 years and receives the greatest amount of

funding.  The PAFC receives such attention because it showed the greatest tolerance to reformed

hydrocarbon fuels and thus, has widespread applications.  As the name suggests the PAFC uses

phosphoric acid as its catalyst.  The system operates at around 375ºF and at 40 percent

efficiency.  It is more suitable for stationary applications.
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Molten Carbonate Fuel Cells

The Molten Carbonate Fuel Cell (MCFC) evolved from research and development in the

1960s.  It was designed to operate directly on coal.  It was later found that this fuel cell could

also operate on coal-derived fuel gases or natural gases.  Because MCFCs operate at such high

temperatures (800ºF) they are more suitable for stationary applications.

Solid Oxide Fuel Cell

Like MCFCs, solid oxide fuel cells operate at high temperatures (1000ºF) and are also

suitable for stationary applications.  Solid oxide fuel cells could be applicable for small town or

factory power generation.  This fuel cell uses a prefabricated ceramic sandwich between

electrodes and has the ability to reform hydrocarbon fuels internally without a catalyst.

Proton Exchange Membrane Fuel Cell

The Proton Exchange Membrane (PEM) fuel cell operates at much lower temperatures

than the fuel cells listed above.  PEM fuel cells are exceptionally responsive to varying loads

(such as driving) and are becoming increasingly inexpensive to manufacture.  Because the PEM

operates at such low temperatures (80ºC) it allows for quick startup times and is being looked at

as the ideal fuel cell for automobiles.  PEMs also are the smallest and lightest of the fuel cells

allowing them to easily fit into most vehicles.

Today’s Fuel Cell Vehicles

The current problem researchers are facing is deciding on how to produce hydrogen to

use in fuel cells.  Hydrogen is the most abundant element in the universe, unfortunately it does

not exist in a free state on Earth.  Hydrogen, however, does exist in hydrocarbons, biomass and

water.  Billions of dollars are being invested in research and development of finding the most

economical fuel source for fuel cells.  There are several advantages and disadvantages to each

hydrogen source, yet two key factors will inevitably decide which fuel will be used—cost and

emissions.
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Water

From an environmental standpoint, water is perhaps the ideal fuel to power fuel cells.

This is accomplished by running an electric current through water to separate the hydrogen and

oxygen atoms.  In an ideal state, the electric current could be supplied by geothermal, solar or

wind energy, thus creating a true zero emission fuel cell.  Unfortunately, there are drawbacks to

this process.  Producing the amount of electricity necessary to create hydrogen is quite expensive

and is not economical.  Current photovoltaic systems and geothermal power plants are not

efficient enough to create the necessary energy for this process and must draw power from the

grid to make up the difference.

Methanol

Supporters of methanol powered fuel cells present a strong case.  Methanol can be

derived from natural gas and organic matter and is relatively benign to the environment.

Currently, it is also the cheapest fuel for fuel cells since it is a readily available (in the form of

natural gas) in the U.S.  Since methanol is a liquid at ambient temperatures it requires no special

storage and can be carried onboard a vehicle in a plastic tank (significantly reducing weight).

The current drawback is the cost of producing and using methanol fuel cells.  Originally a

methanol fuel cell stack large enough to power a vehicle rang up a price tag of about $5,000 a

kilowatt (kW), the equivalent of purchasing a $250,000 engine. Technical advances have brought

this figure down to $300/kW, yet to be cost effective for mass production the price would have to

fall even further to $50/kW.

Methanol fuel cells require a reformer, an apparatus that converts the methanol into

hydrogen.  The reformer is quite expensive, and like a gasoline reformer (discussed below) adds

a great deal of weight to a vehicle.

Gasoline

Companies like General Motors (GM) have decided to turn their attention toward

gasoline powered fuel cells.  GM believes this makes the most sense economically, since an

infrastructure for gasoline is already in place.  The problem with these fuel cells is that they

require a reformer to convert gasoline into hydrogen.
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Current gasoline fuel cells require sulfur-free gasoline.  This type of gasoline is at

present, not available in the U.S., although some petroleum companies are working to develop

this type of fuel. It is also interesting to note that, in terms of gas mileage, current hybrid-electric

vehicles are able to obtain greater gas mileage than a gasoline fuel cell vehicle and cost

considerably less to build—calling into question why this option is being pursued.

Natural Gas

Natural gases such as methane present the strongest case for being used as a fuel cell fuel.

Methane has four hydrogen atoms for every carbon atom, the greatest amount physically possible

for a hydrocarbon.  Methane also produces the least amount of greenhouse emissions of all the

hydrocarbon fuels.  Perhaps the biggest incentive to use this fuel is an existing infrastructure.

Natural gas is widely used and available in the U.S. and around the world (with the exception of

Hawaii).

Because this fuel is in a gaseous state it requires a heavy storage tank to keep it at a high

pressure.  As a result, automakers have turned a cold shoulder toward methane fuel cells and

their technology remains limited to large scale applications, such as providing stationary power

to hospitals and hotels.

Infrastructure

Since Hawaii uses synthetic natural gas and has no infrastructure for any of the fuels

mentioned earlier (aside from gasoline which has clear drawbacks as a fuel source) we are faced

with a bit of a conundrum.  Which hydrogen source should we turn to?

Hawaii sits in a favorable environment for renewable energy sources.  We have the

potential ability to harness geothermal, wind and solar energy, which could produce hydrogen

from water with zero emissions, but there are limitations to these technologies.  Currently the

Puna Geothermal plant on the Big Island is facing complications with its equipment, being able

to effectively supply less than a third of the power it was expected to produce.

Another project is a joint venture between the State and the U.S. Navy to construct the

largest solar photovoltaic field in Hawaii, projected to produce 2 to 3 MW of power.  The solar
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field will be linked to the Hawaiian Electric Company grid, but will also be used to research

hydrogen production and storage.  Construction of the site is expected to be completed in 2005.

Since the technologies mentioned above remain in the development stage, the next

closest alternative would appear to be natural gas (methane).  If you avert your eyes from the

obvious  need for an infrastructure, natural gas appears to be an attractive fuel for Hawaii.  Aside

from water, natural gas produces the lowest amount of greenhouse emissions of all the fuel cell

fuels and methane can be used to produce methanol (currently the cheapest fuel to produce

hydrogen).

Cost Comparison

As a hypothetical example, let’s say we have the ability to distribute methanol and use it

as a fuel cell fuel.  Reforming methanol requires approximately 60 kW/h of electricity to produce

1 kg of hydrogen.  Based on this, the average price of hydrogen produced from this method is

about $5 per kilogram.  The figure below compares the annual fuel costs of a hybrid-electric and

fuel cell vehicle.  Note that the data is derived using an annual distance traveled of 15,000 miles,

with an average gasoline price of $1.79/gallon and the current price of gaseous hydrogen of

$5.05/kilogram.

Figure 7.5

Comparison of Annual Fuel Costs for 
Hybrid and Fuel Cell Vehicles
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7-12

Under these assumptions fuel cell vehicles cost nearly three times as much to operate as

hybrids.  The hydrocarbon use of the two types of vehicles is also similar.  Of course, the cost of

fuel cells will come down with mass production, but extensive infrastructure development will

be required.

Fuel Cell Vehicle Costs

Currently, a fuel cell vehicle runs anywhere from $2 to 4 million dollars each (GM’s

latest prototype, the HyWire, costs an estimated $10 million).  Why the high costs?  These

vehicles are essentially hand built from the ground up and the equipment such as the fuel cells,

reformers (if applicable) and fuel storage tanks are quite expensive.  Like any other developing

technology the price will eventually come down with mass production.

Safety

Generally the public views hydrogen as a dangerous fuel.  Mention hydrogen and

memories of the German blimp Hindenburg exploding in a massive fireball come to mind,

though the technology for storing hydrogen has come a long way.  The fuel cell vehicles on the

road today run mainly off of compressed hydrogen.  Hydrogen in a gaseous state is stored in high

pressure tanks at about 3,600 to 5,000 PSI.  Studies conducted at the California Fuel Cell

Partnership have shown vehicles with pressurized hydrogen tanks have survived falls of 90 feet

with no explosion.  The danger of a hydrogen fires is even less of a concern.  Compared to

gasoline, a hydrogen flame contains considerably less heat and burns upward versus outward,

creating less damage to a vehicle’s structure.

Vehicle Emissions

It should be noted that the main point behind the development of fuel cells is to create a

greener environment.  Yes, by using alternative fuels your energy security is enhanced, but the

focal point of the research and development mentioned above is to reduce and eventually

eliminate emissions from essentially all vehicles on U.S. roadways.  The figure below highlights

the amount of carbon dioxide produced during the lifetime of each vehicle type.  It is interesting

to see that hybrid-electric vehicles produce similar amounts of carbon emissions as gasoline and

methanol fuel cells.
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Greenhouse Emissions of Various 
Alternative Fuel Vehicles

Vehicle Sales

Over the next several decades internal combustion engine vehicles will continue to

dominate the market.  It is interesting to note, however, that conventional (internal combustion

engine) vehicle sales are forecast to post a -.4% average annual growth rate (AAGR), this is

compared to alternative fueled vehicles posting an AAGR of 7.7% over the same period.
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*Data for conventional gasoline/diesel vehicles, includes personal and fleet sales.

Figure 7.7
Pacific Region Forecast of Conventional* 

Gasoline/Diesel and Alternative Vehicle Sales, 2000-
2020
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It depends on who you talk to, but the predictions of when fuel cell vehicles will truly

begin to penetrate the market varies.  Optimist generally say fuel cell vehicles will enter mass

production by the year 2010.  Pessimist (we would place ourselves in this group) say fuel cells

will become viable in 2015 and will enter the mass market by 2020.  Most predict that gasoline

fuel cells will be the first to take off.  The obvious is the presence of the existing infrastructure

and the fact that several automakers see gasoline powered fuel cells as a stepping stone to

hydrogen fuel cells.  It is felt that the first fuel cell vehicles will be in the form of fleet sales to

government agencies, allowing vehicles to refuel at specific onsite hydrogen refueling stations.
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Figure 7.8

Comparison of Projected Fuel Cell and Hybrid 
Vehicle Sales, Pacific Region, 2000-2020
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The Verdict

While in the long-run fuel cell vehicles may secure a place in the auto market, over the

next several decades they are unlikely to have much effect on Hawaii’s hydrocarbon use.  There

is the possibility of using gasoline powered fuel cell vehicles but the benefits are dubious.

Hybrid-electric vehicles currently obtain similar gas mileage and produce the same amounts of

greenhouse emissions at a much lower cost.

It appears hybrid vehicles have secured a strong position in Hawaii’s alternative fuel

vehicle market.  Automakers are continually improving the emissions and fuel mileage of these

vehicles and the cost continues to decline.  Perhaps the biggest advantage hybrid vehicles have in

Hawaii and elsewhere, is the ability to use the existing gasoline infrastructure.  In the context of

this report, however, we note that hybrids will not have a dramatic affect on the Hawaii

hydrocarbon market over the next several decades.  They will help limit growth in gasoline

consumption as they gain a larger share on new sales, but they will not radically alter the market.
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Chapter 8  

Market Interactions and the Future Viability of Refining

in Hawaii1

Introduction

Why is oil refined in Hawaii?  What are the key factors that affect refinery

profitability?  How might interfuel substitution in the power and/or transport sectors

influence the future of refining in Hawaii? This chapter of the report addresses these

questions and others in assessing the future viability of refining in Hawaii.

Why is Oil Refined in Hawaii?

Hawaii has had refineries in place for decades.  The startup of the Chevron

refinery in 1960 ended what had been a total reliance on petroleum product imports.  The

refinery now owned by Tesoro followed a little over a decade later, in 1972.  Each of the

refineries has been expanded and new units have been added to the point where total

crude capacity is just under 150 kb/d as shown in Table 8.1.

Type of unit and abbreviation: Chevron Tesoro Total Generic    Type of technology

Crude Distillation (CDU) 54,000   95,000   149,000         (Basic)
Vacuum Distillation (VDU) 30,000   40,000   70,000           (Basic)
Visbreaking (VBR) -         13,000   13,000           mild thermal cracking, conversion of heavy fuel oil
Fluid Catalytic Cracking (FCC) 21,000   -         21,000           Cracks heavy material into high-octane gasoline blendstocks
Hydrocracking (HDC) -         18,000   18,000           Cracks heavy material into high-quality jet fuel or diesel blendstocks
Catalytic Reforming (Catref) -         13,000   13,000           Converts low-octane heavy naphthas into high-octane gaoline blendstock
Naphtha Hydrotreating (Nap HDT) 3,000     11,000   14,000           Pretreats naphtha feeds to remove sulfur
Alkylation (Alky.) 4,000     -         4,000             Utilizes refinery gases to produce gasoline/aviatation gasoline blendstock
Polymerization (Poly.) 1,000     -         1,000             Utilizes refinery gases to produce high-quality gasoline blendstock
Butane Isomerization (C4 Isom) 1,200     -         1,200             Utilizes refinery gases to produce high-quality gasoline blendstock
Asphalt (ASP) 1,300     -         1,300             Converts heavy vaccuum bottoms into asphalt
Hydrogen Plant (H2, in mmcf/d) 2.0         15.0       17.0               Produces hydrogen for use in hydrotreating/hydrocracking

Source: Unit capacities as reported by Oil and Gas Journal, "Databook."

Table 8.1

Refinery Capacity and Upgrading Technologies Employed in Hawaii, 2000
(barrels/day)

                                                
1This chapter draws on FACTS database and conversations with industry contacts, data provided by
DBEDT, and DBEDT’s Hawaii Energy Strategy 2000.
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Because Hawaii’s land and labor costs are high, and because Hawaii’s refineries

are relatively small, which makes it difficult to secure the lower unit costs associated with

economies of scale, Hawaii’s refineries would generally not be considered ultra

competitive on an international scale.  While Hawaii’s refining costs may be higher, their

survival is based on a key fact: it costs more to transport petroleum products than it does

to transport crude oil.  Crude is generally shipped in larger ‘dirty’ tankers so the cost of

transport is relatively low—about 4 cents per gallon.  In contrast, petroleum products

must be transported in specialized tankers, e.g. LPG tankers, or ‘clean’ tankers where

special care is taken to ensure that the products are not contaminated.  This is expensive,

with tanker rates ranging from approximately 5 to 8 cents per gallon.  The tanker rate

differential provides a natural protection for Hawaii refineries and is an important driver

of refinery profitability. 2

Regional Refining Outlook

The regional refining outlook is important to Hawaii’s refiners because this is the

market in which they compete when they export, as well as where potential outside

competition comes from.  In Hawaii the relevant product market is generally the Asia-

Pacific region, as indicated by Table 8.2 later in this chapter.  To the extent that it is

possible, Hawaii’s refiners generally try to match refinery output to local demand.  There

is some flexibility in terms of adjusting output, but a major change to the State’s energy

landscape (e.g., LNG in Hawaii) could force Hawaii’s refiners into the export market.

In general, refining may be characterized as a boom and bust business.  Because

crude accounts for such a large portion of costs, refining profitability is often evaluated in

terms of ‘refining margins’ where the refining margin is equal to the ex-refinery price of

the petroleum products, also known as the gross product worth (GPW) minus the cost of

crude.  Refining margins vary widely with swings in the crude and product markets, but

in general refining margins have been depressed in recent years.  Surplus capacity,

mainly in the Asia-Pacific region, is weighing on refining margins and profits.

                                                
2As a caveat, please note that these tanker rates are rules of thumb that a contact at a Hawaii refinery uses.
Tanker rates are notoriously volatile and difficult to predict, so these are rough estimates.
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Since the 1997 economic crisis, Asia-Pacific demand has largely stagnated but

huge new refineries have been opened in countries like India and Taiwan.  Because of

this over capacity, it is currently cheaper to trade to satisfy incremental demand growth

than it is to invest in refineries.  New refineries cost roughly $1 billion per 100,000 b/d,

or over $3/bbl over 10 years.  In contrast, imports can be bought at marginal cost from

refiners with surplus capacity, and transport adds barely $2/bbl.

In the Asia-Pacific region, Singapore’s export oriented refineries, which are

considered indicative of the regional market, are running at only 65 percent of capacity.

A number of key players are not optimistic about the future state of the refining business

in the region.  There is concern that national priorities rather than profits will continue to

play a large role in refinery construction in the region, and thus margins will remain low.

ExxonMobil plans to close a 285,000 b/d Singapore refinery and BP is looking to sell its

stake in a 285,000 b/d Singapore refinery.  In the future we believe that margins will

recover in the region, albeit slowly, as indicated by Figure 8.1.  This relatively pessimistic

outlook implies that if Hawaii refiners export large volumes to the Asia-Pacific region,

the returns could be quite low.

Figure 8.1
Historical Projected Singapore Gross Refining Margins*
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Key Considerations in the Profitability of Refining in Hawaii

The profitability of Hawaii refineries has been a hot button political issue for

years.  For the purposes of this analysis we proceed under the assumption that Hawaii’s

refiners are operating in a competitive environment, with prices determined by market

forces.  While this assumption is helpful in establishing the analytical framework it is not

necessarily critical to the findings—readers should focus on the change in profitability

under alternative scenarios rather than the absolute level of profitability.

It is important to remember that Hawaii is a small market and in general the State

should be thought of as a price taker.  Changes in Hawaii consumption patterns will not

have a substantial impact on the price of crude or products, and thus the profitability of

Hawaii refineries is determined in large part by factors beyond its control: international

crude and petroleum product prices and the regional cost of shipping. 3  Hawaii refineries

are free to raise and lower their product prices, but they must contend with the reality that

if they raise prices too much others will be tempted to import petroleum products into the

State.4  Thus the threat of competition effectively limits prices.  For example, consider

the case of Japan.  In 1996 Japan deregulated its gasoline market to allow competition.  In

spite of the fact that minimal gasoline was imported, prices dropped immediately due to

the threat of competition.

This example provides useful insights into the pricing of petroleum products in a

local market.  Prices are often discussed in terms of import parity prices and export parity

prices.  The import parity price is the lowest priced alternative that could be imported into

the local market.  Thus it is equal to the price in the alternative market plus transport

costs.  In contrast, export parity price is equal to the highest return that could be attained

by selling the product in an alternative market, or the price in the alternative market

minus transport costs.  If an area is short of a product, import prices are the relevant price

marker because the marginal unit that the local refiner has to compete with is imported

from another area.  In contrast, if an area is long in a product, export prices are the

                                                
3Refineries can obviously reduce overhead to cut costs, but these costs are relatively small when compared
to crude costs.  Operation and maintenance costs typically account for only about U.S.$ 0.75 to 1.50 per
barrel of refined crude, depending upon the complexity of the refinery.
4The extent to which barriers to entry exist in the market is a topic of some debate which we will set aside
for the purposes of this study.
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relevant price marker as the marginal unit has to be exported outside the region.  In a free

market, competing local refiners bid down local prices until they equal export parity

prices.   Note that the difference between import and export parity prices can be large,

and thus local refineries’ ability to match refinery output to local demand can have a

major impact on profitability.  Table 8.2 depicts the current and likely import/export

markets for Hawaii’s petroleum products.

Fuel Relevant Import Market Relevant Export Market
Propane Asia Asia
Naphtha Asia Asia
Gasoline Asia or USWC** Asia or USWC**
Jet Fuel/Kerosene Asia USWC
Diesel USWC Asia or USWC
Residual Fuel Oil Asia Asia
*Based on conversations with industry contacts; USWC = U.S. West Coast.
**Depends on specifications.

Table 8.2
Actual and Likely Import/Export Markets for Hawaii Petroleum Products*

Potential Impact of Interfuel Substitution

It is clear that interfuel substitution has the potential to have a substantial impact

on Hawaii refinery profitability.  If energy use moves away from petroleum products,

e.g., to LNG, the State’s refiners would have several options:

• Shut down one or both refineries.

• Upgrade to reduce fuel oil output and increase the output of other products.

• Export excess fuel oil (almost certainly to Asia).

• Import crudes that yield less fuel oil (this option could be pursued in conjunction w/

option 2 or 3).

In our conversations with industry contacts, most feel that it is likely that

Hawaii’s refiners would turn to exporting fuel oil rather than upgrading (option 3 rather

than option 2).  If refiners upgrade, they would be forced to export large quantities of

high end products at a high transport cost because, with the exception of jet fuel, the
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Hawaii market is roughly in balance.  It is likely that the refiners would alter their crude

import slate to produce less fuel oil (option 4), but such crudes are priced at a premium so

the benefits of this change may be limited.  Overall, though it is unlikely, if it appears that

marginal costs will exceed marginal revenues in the long term, a refiner may even shut

down.

It is clear that each of the options outlined above has major implications for

Hawaii’s refining business, the State’s energy security, and the supply of fuel to the

neighbor islands.  The option that would be pursued hinges on profitability.  This section

develops a straightforward framework for examining the profitability of refining under

alternative scenarios.  Please note that the scenarios are based on consumption in 2001,

rather than projections over time.  Projecting refining profitability over time would

require a complex myriad of assumptions about refineries and consumer’s reactions

under alternative scenarios that we believe would serve to obscure the task at hand.  As a

consequence, we focus our efforts on quantitatively examining how margins would be

affected with the current refinery configuration under alternative scenarios.  Obviously

consumption patterns will shift somewhat in coming decades, but the impact of these

shifts will be relatively minor when compared to the impact that the introduction of LNG

could have on the local refinery industry.  Overall, we feel that this approach provides the

most useful framework for discussion about the possible impact of interfuel substitution

in the local market.

Developing the Framework for Analysis

Developing a framework for analyzing the possible impact of interfuel

substitution on Hawaii’s refining industry requires two key elements: petroleum product

balances and prices.  Obtaining recent petroleum product balance information for the

State is challenging.  Our estimates, which are based on DBEDT’s data and estimates, as

well as our conversations with the refiners, are depicted in Table 8.3.  Petroleum product

price information is obviously sensitive, so for the purposes of this analysis we choose to

rely largely on the assumption of competitive market prices, where product prices are

import or export parity prices, as discussed previously.  This information is used to

calculate the gross product worth (GPW) of all production from Hawaii refineries.
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Subtracting the cost of crude from this number yields the gross refining margin.  The

framework is used to examine profitability under various scenarios, as described below.

Fuel Imports Exports Production Consumption
Propane* 577 0 3,547 4,124
Naphtha 0 4,932 10,432 5,500
Motor Gasoline 1,553 335 25,829 27,047
Aviation Gasoline 0 0 99 99
Jet Fuel/Kerosene 7,365 0 37,365 44,729
Diesel 169 0 18,991 19,161
Residual Fuel Oil 2,618 0 35,962 38,580
  >1% sulfur** 0 0 12,800 12,800

  <=1% sulfur 2,618 0 23,162 25,780

Other 430 1,433 2,098 1,096
Total 12,712 6,700 134,323 140,335
*Includes SNG, **Includes Asphalt
Source: DBEDT and industry contacts.

Hawaii Petroleum Product Balance, 2001
Table 8.3

(barrels/day)

Base Case Scenario

The base case, or actual, scenario is outlined in Table 8.3 above.  The majority of

production goes to the Hawaii market, with the exception of naphtha.  Under this scenario

we estimate that the gross refining margin is approximately $3.96/bbl in 2001, which will

serve as the basis for comparison.  Note that this does not include any operating or

maintenance expenses, which are typically in the range of  $0.75-1.50/bbl.

All-Export Scenario

For the purposes of comparison, we also examine margins under the implausible

scenario where the refiners export their entire output slate, earning solely export parity

prices.  This represents the absolute low-case scenario, and is analogous to the situation

that Singapore’s export-oriented refineries face.  In this case gross refining margins are

$0.82/bbl, or 79 percent less than the base case.  Once operation and maintenance costs

are taken into account, the refineries would likely face a loss.  This scenario highlights

the fact that Hawaii refineries profitability is largely dependent on their ability to match

production to local demand.  The following scenarios examine profitability for cases that

lie between the Base Case and the All-Export Scenario.
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Scenario 1

The first scenario is the “probable” or “early” LNG substitution scenario

discussed in Chapter 6 (Table 6.3).  Under this scenario the low sulfur fuel oil used in

electricity generation on Oahu is replaced by LNG.  In addition, the synthetic natural gas

(SNG) in the utility gas system is replaced by LNG.  These changes are illustrated in

Table 8.4.  Exports increase to almost 32 kb/d and local consumption drops to about 112

kb/d.  Future incremental demand for electricity and/or utility gas on Oahu would be met

by LNG rather than petroleum products.

Under Scenario 1, a large amount of fuel oil (23,162 b/d) and some light ends

(included under the LPG category for the purposes of this analysis) are exported.  Gross

margins decline by approximately 27 percent from the Base Case, to $2.91/bbl.  This may

not seem like a large decline, but when one considers that operation and maintenance

costs must be subtracted from gross margins, it is clear that the negative impact on

profitability is substantial.  For example, if we assume that costs are $1.50/bbl, profits

decline by 43 percent, from $2.46/bbl to $1.41/bbl.

Of course, as discussed previously, Hawaii’s refiners would likely alter their

crude slate to produce less fuel oil in an effort to minimize exports of fuel oil.  However,

crudes with lower yields of fuel oil are more expensive, so the benefits of this move

would be somewhat limited.

Fuel Imports Exports Production Consumption
Propane* 577 1,907 3,547 2,217
Naphtha 0 4,932 10,432 5,500
Motor Gasoline 1,553 335 25,829 27,047
Aviation Gasoline 0 0 99 99
Jet Fuel/Kerosene 7,365 0 37,365 44,729
Diesel 169 0 18,991 19,161
Residual Fuel Oil 0 23,162 35,962 12,800
  >1% sulfur** 0 0 12,800 12,800

  <=1% sulfur 0 23,162 23,162 0

Other 430 1,433 2,098 1,096
Total 10,094 31,769 134,323 112,648
*Includes SNG, **Includes Asphalt

Table 8.4

Hawaii Petroleum Product Balance, Hypothetical Scenario 1
(barrels/day)
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Scenario 2

Scenario 2 is the “potential” or ‘further off’ LNG substitution scenario mentioned

in Chapter 6 (Table 6.2).  It includes interfuel substitution in the transport sector (through

CNG or fuel cells with hydrogen sourced from LNG).  In addition to the petroleum

products exported under Scenario 1, Scenario 2 entails the export of large volumes of

gasoline (16,880 b/d, or the equivalent of almost 2/3 of current use), as well as some

diesel (1,199 b/d), as depicted in Table 8.5.  Under this scenario gross refining margins

are 66 percent lower than the Base Case, or $1.36/bbl.  Obviously profits would be very

low, or even negative, under this relatively extreme interfuel substitution scenario.

Fuel Imports Exports Production Consumption
Propane* 577 1,907 3,547 2,217
Naphtha 0 4,932 10,432 5,500
Motor Gasoline 0 16,880 25,829 8,949
Aviation Gasoline 0 0 99 99
Jet Fuel/Kerosene 7,365 0 37,365 44,729
Diesel 0 1,199 18,991 17,792
Residual Fuel Oil 0 23,162 35,962 12,800
  >1% sulfur** 0 0 12,800 12,800

  <=1% sulfur 0 23,162 23,162 0

Other 430 1,433 2,098 1,096
Total 8,372 49,512 134,323 93,182
*Includes SNG, **Includes Asphalt

(barrels/day)

Table 8.5

Hawaii Petroleum Product Balance, Hypothetical Scenario 2

Scenario 3

Scenario 3 is a limited interfuel substitution case that merits consideration.  It is

analogous to the small scale Eco-Electrica LNG project in Puerto Rico, which imports

.55 mtpa of LNG.  If half of the low sulfur fuel oil used on Oahu were to be replaced by

LNG, LNG demand would be roughly .63 mtpa.  Note that, as in Scenarios 1 and 2, this

includes the replacement of SNG in the utility gas system (equivalent to .06 mtpa).

Scenario 3 is depicted in Table 8.6.

Under Scenario 3 gross refining margins are 19 percent lower than the Base Case,

or $3.20/bbl.  This option could provide a middle ground that would allow the State to

take advantage of LNG while having a more limited impact on the refineries.
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Fuel Imports Exports Production Consumption
Propane* 577 1,907 3,547 2,217
Naphtha 0 4,932 10,432 5,500
Motor Gasoline 1,553 335 25,829 27,047
Aviation Gasoline 0 0 99 99
Jet Fuel/Kerosene 7,365 0 37,365 44,729
Diesel 169 0 18,991 19,161
Residual Fuel Oil 0 11,581 35,962 24,381
  >1% sulfur** 0 0 12,800 12,800

  <=1% sulfur 0 11,581 23,162 11,581

Other 430 1,433 2,098 1,096
Total 10,094 20,188 134,323 124,229
*Includes SNG, **Includes Asphalt

Table 8.6
Hawaii Petroleum Product Balance, Hypothetical Scenario 3

(barrels/day)

Overview of Scenarios

Figures 8.2-8.5 depict the changes in the market under the alternative scenarios.

As exports increase, the products that are least likely to be subject to interfuel

substitution, as well as fuels that are consumed on the neighbor islands, dominate the

local market.  With Scenario 2, the share of jet fuel pushes up to close to half of the

market (as indicated by figures 8.2 and 8.3).

Figures 8.4 and 8.5 highlights the fact that fuel oil dominates exports under

Scenario 1.  With Scenario 2, which is much further off than Scenario 1, gasoline exports

play a large role.  Scenario 3 presents an alternative that is similar to Scenario 1, but less

dramatic, as only half of the low sulfur fuel oil produced in the State is exported.
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Figure 8.2
Local Consumption of Hawaii Refinery Output, 

Total Under Alternative Scenarios
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Figure 8.3 
Local Consumption of Hawaii Refinery Output, 

Share Under Alternative Scenarios
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Figure 8.4
Exports of Hawaii Refinery Output, 
Total Under Alternative Scenarios
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Figure 8.5
Exports of Hawaii Refinery Output, 
Share Under Alternative Scenarios
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Discussion of Findings

The hypothetical scenarios presented above are approximations, but they are

indicative of the fact that local refiners are likely to suffer if LNG is brought into Hawaii.

Under the extreme—albeit unlikely—example presented as Scenario 2, one or both of the

refineries might even consider shutting down, which would certainly have a negative

impact on the State’s long-term energy security.  This would be especially true for the

neighbor islands, which are projected to remain dependent on petroleum products for

everything from power to transport.

In all of this, it is important to remember that to some degree the refiner’s loss

could be the consumer’s gain.  If large quantities of products are exported, the market

price of many local products could be reduced to export parity prices, as the alternative to

local consumption is to export.  Of course, if the refineries shut down petroleum product

prices would increase to import parity prices, as all products would be imported.  Overall,

in the absence of the development of alternative local markets for petroleum products, it

is clear that major interfuel substitution in a market that is roughly in balance would have

a substantial impact on the existing players in the State’s energy sector.

Opportunities for Alternative Fuel Oil Markets—Marine Bunkers

If LNG were to enter the Hawaii market, it is clear that the State’s refiners would

bear a large burden in the absence of an alternative market for residual fuel.  An

alternative market that might be considered as a possibility for development is the market

for marine bunkers.  Most of the marine bunker fuel sold in the State is bonded fuel for

international shipping or international fishing.  Some is also loaded as cargo and exported

from the State.  In 2001 approximately 4,609 b/d of residual fuel was used or sold in

Hawaii, about three quarters of which was sold as bonded fuel.  If this market could be

developed, and more ships could be convinced to refuel in Hawaii, it could help provide

an alternative market for the State’s residual fuel.

A possibility worth investigating is the market for naval bunkering.  If policies

were altered so that Hawaii becomes a major refueling base for the 7th fleet, it could
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provide an outlet for excess residual fuel.  Navy vessels calling in Hawaii would refuel in

the State and the fleet of tankers which provides at-sea fueling could draw on a large

amount of residual fuel.  Of course, the logistics and ramifications of this option would

have to be studied further.
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Chapter 9   

Hawaii Energy Security1 
 

 

The Concept of Energy Security 

 

After the Gulf War in the early 1990s, concerns over energy security moved into the 

background due to a fairly long period of relatively stable oil prices.  The September 11th 

terrorist attacks changed everything, and energy security has returned as one of the main focuses 

of public policy.  The issue is of paramount importance to the global economy because energy is 

one of the key inputs into all economic processes.  It is a source of power, heating and cooling, 

and transport, all of which are indispensable for the normal functioning of a growing economy.  

Because Hawaii is the most geographically isolated and oil-dependent state in the nation—

relying on petroleum imports for over 89 percent of its primary energy—the concept of energy 

security demands the attention of the State’s public officials. 

When people refer to “energy security” they usually mean a guarantee against an 

interruption of supply between points A and B.  That is, energy security is usually thought of as a 

safeguard against a physical interruption (such as an oil embargo).  This is a real issue, but if we 

define energy security more broadly as “security of supply,” we see that energy supply could be 

affected by many means aside from the purely physical.  For example, an oil price shock, 

problems with transporting fuels, an overloaded power grid, or even a drastic lapse in demand 

for specific fuels could negatively affect security of supply.  To ensure security of supply, a state, 

country, or region should satisfy four prerequisites: 

 

• A reliable supply of energy. 

• Reliable transportation of supply.  

• Dependable distribution and delivery of supply to the end-user. 

• Delivery of energy at a reasonable price over a continuous period. 

                                                                 
1This chapter draws on FACTS database and conversations, “Security of Supply is Back on the Agenda” MEES, 
45:46, November 18, 2002, and other cited resources. 
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This chapter examines each of these issues in the context of Hawaii, followed by an 

evaluation of Hawaii’s role in the Strategic Petroleum Reserve (SPR).  It then examines security 

issues for coal, which is already in use in Hawaii, and gas, which could be imported in a 

liquefied form.  Because Hawaii is extremely oil dependent and oil is the fuel that is considered 

the most at risk of disruption, this discussion focuses primarily on oil security.  

 Overall, while Hawaii’s priority access to the SPR may help to alleviate concerns over 

short-term supply disruptions, and the State can certainly play a role in ensuring reliable 

distribution and transport, there is little it can do to minimize the disruptions associated with oil 

price spikes.  Numerous governments have tried to insulate their economies from oil market 

volatility through policies ranging from price ceilings to administered pricing mechanisms with 

limited success.  Hedging is an option that is widely used by the private sector to minimize price 

volatility, but it is largely untested in the public sector and presents administrative problems.  

Unfortunately, Hawaii’s only option may be to weather the storm when prices increase and to 

continue to diversify away from oil when the opportunity presents itself and it makes economic 

sense.    

  

Security of Supply 

A reliable supply of energy is usually viewed as the most critical or important criterion 

of security of supply.  Interruption of supply can result from geopolitical events (the oil embargo 

in 1973, the Gulf War in 1990), terrorist attacks (the recurrent guerrilla sabotage of pipelines in 

Colombia, the Al Qaeda-linked suicide bombing of a French supertanker off Yemen in October 

2002), social demonstrations or strikes, as well as natural disasters (drought, floods, hurricanes, 

typhoons, earthquakes, tsunami).  

Hawaii is increasingly reliant on foreign crudes, as illustrated by Figure 9.1; the State’s 

main source of crude is countries in the Asia-Pacific region, as indicated by Figure 9.2.  While 

some may take comfort in the fact that Hawaii seldom draws on Middle East crudes, a disruption 

in supply from any major petroleum exporting country, including those located in the Middle 

East, would impact Hawaii through increased prices. 
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Figure 9.1
Crude Oil Imports into Hawaii
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Figure 9.2
Crude Oil Imports to Hawaii: 2000
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Predicting the effects of a major world energy supply disruption on Hawaii is difficult 

because the chain of events that would likely follow a supply disruption is large and complex, 

but we can look to previous studies for guidance.  In a 1994 study by the East-West Center, 

Energy Vulnerability Assessment for the U.S. Pacific Islands, three different world oil supply 

disruption scenarios are discussed for the Pacific Islands.  In each scenario, a regional grouping 

(of Hawaii, Guam, the CNMI, Palau, American Samoa, the FSM, and the Republic of the 

Marshall Islands) is treated as a single economic entity and as part of the same oil supply system.  

In one scenario a major (6-month) disruption caused by political turmoil results in a net 

loss of production of 4.5 mmb/d from Middle Eastern and Asian producers (9.0 mmb/d 

production loss minus 4.5 mmb/d drawdown of global strategic petroleum reserves).  Under this 

scenario more than half (2.5 mmb/d) of the net loss would be from Asia oil producers, which 

would affect the various Pacific Rim markets very differently.  The U.S. West Coast would face 

only a 5 percent decline in supply.  Likewise, Australia and New Zealand would see a relatively 

modest 10 percent decline.  Singapore refiners, on the other hand, would see supplies plummet 

by 30 percent due to lost Asian supplies.  The decline in Middle East supplies would contribute 

another 20 percent to the losses, for an overall supply loss of 50 percent.  Hawaii’s situation 

alone is not examined in the study, but because it is so dependent on Asia-Pacific supplies it is 

safe to say that its situation would more closely resemble Singapore than that of the U.S. West 

Coast.  

It should be noted that the combined loss of 50 percent to Singapore supplies would 

seriously affect the regional island grouping, of which Hawaii is a part, both directly and 

indirectly.  Directly, many islands’ petroleum product supplies would be at risk with the decline 

in the Singapore market and they would be forced to compete for alternative sources.  An 

indirect impact of the supply disruption that would have a substantial impact on Hawaii is the 

price spikes that would take place on the Singapore market.  Because Hawaii prices some fuels 

off the Singapore market, e.g., fuel oil, Hawaii prices would rise in line with the Singapore 

market.  According to the report, price doubling or even tripling would be a likely outcome (the 

impact of oil price spikes on Hawaii is discussed later in this chapter). 

What can Hawaii do to ensure more reliable energy sources?  Clearly the goal of 

diversification should be considered—geographical diversification as well as a balance between 

various primary energy sources—as long as it is pursued in an economically sensible manner.  
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Power generation is the most promising area for interfuel substitution aimed at reducing the 

State’s dependence on oil, as discussed more extensively in Chapter 6. 

Another prerequisite for security of energy supply is reliable transportation of supply. 

Transportation networks must be physically available, well maintained, expanded in line with 

demand needs, and offer as many route options as possible.  Reliability of transportation is of 

great importance to Hawaii since over nine-tenths of Hawaii’s primary energy needs are met by 

ocean-freighted fuels.  Moreover, each of the neighbor islands is dependent on inter- island 

transport of fuels to satisfy its own energy needs, necessitating a reliable system of local 

transport once the fuels have been imported from international sources.   

The inter-island fuel transport infrastructure was put to the test after Hurricane Iniki 

damaged the harbor breakwater at Lanai’s Kaumalapau Harbor in 1992.  The breakwater was 

originally 400 feet long when it was constructed in the late 1920s, but erosion had left only 200 

to 250 feet when Iniki struck, causing further destruction to the island’s only harbor.  As a result, 

Chevron halted its fuel shipments to Lanai, citing the difficulty and potential liability issues 

related to docking and unloading its barges in the wave-exposed Kaumalapau Harbor.  Lanai Oil 

Co. eventually assumed the fuel transport service with a smaller barge but until $15 million of 

planned repairs are seen into fruition, strong surges and currents will continue to dictate exactly 

when vital fuel deliveries can be made.  According to Lanai Oil Co., on occasion deliveries have 

been delayed for several weeks because of rough ocean conditions. 

The possibility of an oil spill is one risk of ocean-based crude oil and refined product 

transport that Hawaii must constantly guard itself against.  A 1992 study by the University of 

Hawaii Sea Grant College Program, Oil Spills at Sea: Potential Impacts on Hawaii, set out to 

determine the effect of a major oil spill (in Hawaiian waters) on the State’s environment and 

economy.  The ana lysis was based on the U.S. Coast Guard’s worst case, not most probable, 

scenario of a (nearly) 10 million-gallon crude oil spill in the Kaiwi Channel during Kona 

weather.  It concluded that almost all of Oahu’s beaches and coastal areas would be oiled as a 

result of the spill, costing an estimated $210 to $305 million to clean up.  Moreover, the 

projected loss to tourism would be $640 million to $6.8 billion in direct revenue and 67,000 

workers would be furloughed for two months to two years.  According to the report, “Hawaii 

would not be able to recover readily or completely from a major oil spill.  The recession suffered 

by tourism would negatively affect all sectors of Hawaii’s economy but would increase the 

demand for governmental services at a time when resources are greatly reduced.”  The report 



 9-6 

concludes that the state needs to give the prevention of oil spills its highest priority.  Following 

the study, and in hopes of avoiding a major collision which could cause a spill, tankers began 

using the wider Kauai Channel to transport oil to Oahu instead of the narrower Kaiwi Channel 

between Oahu and Molokai. 

Dependable distribution and delivery of supply to the end-user is the third criteria of 

security of supply.  Energy has to be efficiently delivered to the final consumer according to 

particular time requirements and quality standards.  In this context, power generation 

immediately springs to mind as an area of concern, as a separate electricity grid services each of 

the Hawaiian Islands.  If for some reason an individual island’s electricity grid becomes 

inoperable there is no possibility of that island securing power from another island’s grid.  At 

least three different studies have been commissioned to review the technical and economic issues 

relating to the possibility of an electric cable transmitting electricity between two or more 

islands.  Results show that, while the technological capability is available to lay the inter- island 

power lines, the costs of such a project would outweigh its benefits to the utilities and their 

customers.  Quite simply, it is cheaper to build and maintain relatively large amounts of excess 

capacity on each island to ensure reliable supply, than it is to lay inter- island power lines.  

In terms of preparing for the effects of a local natural disaster, the State of Hawaii’s 

Energy Emergency Preparedness Program (EEP) was designed to address both market and 

natural disaster-related energy emergencies at the county and state levels.  According to DBEDT, 

EEP programs are designed to prepare for a wide range of conditions and scenarios involving 

reductions in available fuel supplies with the aim of decreasing the hardships and inequities that 

energy shortages could cause.  Based on the Federal Response Plan, the energy section of 

Hawaii’s Emergency Response Plan (ERP) assigns energy emergency support function 

responsibilities to specific government agencies.  The ERP calls for USDOE and DBEDT to 

coordinate restoration of Hawaii’s energy and fuel systems in the event of a natural disaster, a 

disruption of supply, or another similar situation. 

Finally, in order for security of supply to be realized, energy must also be delivered at 

“reasonable” prices over a continuous period.  In spite of the fact that oil supply security has 

been a concern for decades, there have been only a few isolated cases (during the 1974 Arab oil 

embargo) when a state or region was willing to pay market prices for, but was unable to secure it 

for a short period of time.  Hawaii’s priority access to the SPR helps limit the probability that 

serious supply shortages will afflict the State, but it does not eliminate the possibility of dramatic 
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price spikes.  In short, the State will most likely be able to locate supply even in a time of crisis, 

but it will have to pay the prevailing market rate, which could have a substantial negative effect 

on the economy.   

In DBEDT’s 1995 Hawaii Energy Strategy, the effects of an oil price spike (on Hawaii’s 

economy) were modeled based on a hypothetical situation in which 1996 oil prices climbed from 

a cost of $19.42 per barrel to $45.00 per barrel for a one-year period.  After one year, the oil 

prices drop back to normal levels.  This scenario, based on the actual oil price spike of 1979, 

results in near disastrous short-term economic fallout: employment drops 2 percent 

(approximately 15,000 jobs) and takes two years to recover while gross state product decreases 

by nearly $800 million in the spike year and is off by over $270 million the following year.  

Although the actual impacts of an oil price spike may vary somewhat from those produced by the 

model, DBEDT’s study effectively highlights the fact that Hawaii’s economy would recede 

significantly if exposed to such a price spike. 

As discussed in other chapters, further diversification of Hawaii’s energy sources and 

types is the best preventative measure the State can take against an unforeseen price spike.  An 

additional, albeit unusual in the public sector, an energy security strategy which Hawaii could 

adopt is trading in oil futures or “hedging.”  Active futures markets for crude oil could provide 

the State an opportunity to lock its anticipated expenditures on fuels.  Futures contracts would 

provide for the delivery (from one month to several years in the future) of crude oil at a specified 

price.  It is important to note that if spot market prices have risen by the time of delivery, the 

State would be saving money (the difference between the market price and the price specified in 

its futures contract).  If, at the time of delivery, crude prices have instead dropped below the level 

agreed upon in the futures contract, the State could not take advantage of the lower prices.  

Policy-makers may be leery of the potentially negative public reaction to the second scenario.  

In the United States in most instances it is private energy companies and investors who 

trade in crude futures.  However, in countries where the energy industry is at least partially state-

owned, governments are often indirectly involved in futures trading.  Alaska’s Department of 

Revenue recently studied the feasibility of initiating a government-run hedging program to 

guarantee state tax revenues.  So far Alaska has not opted to go down this path, and the challenge 

of organizing hedging would be even more daunting when dealing with private consumption 

rather than state tax revenues.  Some type of public/private relationship would probably have to 
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be formed with the refineries.  Nevertheless, hedging remains one of many arrows in the quiver 

of energy security that Hawaii could use to insulate itself from an oil price shock. 

 

Hawaii’s Access to the Strategic Petroleum Reserve 

Beginning in the early 1980s and lasting for over a decade, Hawaii’s congressional 

delegation campaigned unsuccessfully to have a 500,000 barrel Regional Strategic Petroleum 

Reserve established in Hawaii.  In 1998, however, through Congressional efforts led by Senator 

Akaka, Hawaii was granted priority access to the U.S. Strategic Petroleum Reserve (SPR).  

During an emergency drawdown of the SPR, the Akaka bill allows Hawaii to receive oil from 

the SPR at a price equal to the average of all successful bids during an emergency.  Without the 

bill, Hawaii’s refiners would face the risk that their bids for emergency supplies of SPR oil 

would be rejected.  Also, to assure emergency oil is delivered as quickly as possible, SPR tankers 

bound for Hawaii would be loaded on a “first preference” basis, but it would still be the 

responsibility of the state to arrange and pay for the transportation of the crude.  Alternatively, 

according to the statute, “The State of Hawaii may enter into an exchange or a processing 

agreement that requires delivery to other locations, if a petroleum product of similar value or 

quantity is delivered to the State of Hawaii.”  This provision allows Hawaii the option to “trade” 

its SPR-drawn crude for west coast crude (or refined petroleum products) which would take less 

time and money to ship to Hawaii. 

Decisions to withdraw crude oil from the SPR during an energy emergency are made by 

the President under the authority of the Energy Policy and Conservation Act.  In the event of an 

energy emergency, SPR oil would be distributed by competitive sale.  The SPR, located in more 

than 50 underground salt domes concentrated along the Gulf of Mexico, has the capacity to hold 

700 million barrels of crude oil, but the current inventory is below 600 million barrels.  It could 

supply the U.S. with approximately 4.1 million barrels per day of crude for about 53 days before 

production would taper off.  It would take about 15 days from Presidential decision to actual 

delivery of oil into the marketplace.  More than $20 billion has been invested in the SPR to date 

($4 billion for the facilities and $16 billion for the crude oil). 
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Table 9.1
A Brief History of the U.S. Strategic Petroleum 

Reserve (SPR)
•1973-1974:  Arab Oil Embargo cuts off oil flow from many Arab nations into the 
U.S.  Sends economic shockwaves through the country.
•1975:  Energy Policy and Conservation Act (EPCA) established – President 
Ford announces plan to establish a reserve of up to 1 billion barrels of 
petroleum.
•1977:  Government acquires Gulf of Mexico salt caverns and first shipment of 
412,000 barrels of Saudi Arabian light crude is delivered to the SPR.
•1980: U.S. Corps of Engineers Site Investigation for a Hawaii Regional
Petroleum Reserve (RPR).
•1982-1998:  Hawaii Congressional Delegation makes repeated efforts for 
Hawaii RPR and, from 1989 to 1998, for priority access to SPR.
•1990-1991:  First drawdown results from Gulf War price shock (4 million barrel 
test sale in August 1990; President Bush orders 17 million barrel drawdown in 
January 1991).
•1998:  President Clinton signs the “Emergency Petroleum Supply Act” authored 
by Senator Akaka, giving Hawaii priority access to the U.S. SPR in the event of 
a drawdown.
•2002:  Current inventory of approx. 600 mmb of crude in SPR, deliverable to 
market at a max. rate of 4.1 mmb/d within 15 days of Presidential order.

 
 

Conclusion   

 

In summary, the key question facing the State is, has Hawaii taken sufficient steps to 

ensure the security of its energy supply?  Securing priority access to the SPR is a useful step to 

insure against short-term supply disruptions, but the fact remains that the State depends on oil for 

approximately 90 percent of its energy needs.  Unless Hawaii moves away from oil it will be 

exposed to the price spikes that often impact the market, and the negative economic 

consequences that result.  Creative solutions such as hedging and efforts to diversifying away 

from oil to alternatives like LNG or coal could help alleviate the problem, but this type of 

adjustment obviously takes time and comes at a cost.  In addition, for some petroleum products, 

e.g, jet fuel, which Hawaii is heavily dependent on, replacement fuels are far off.  In short, while 

it may be able to make some progress in the coming decades, it seems that Hawaii will remain 

largely exposed to the vagaries of the oil market for the foreseeable future.  
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Chapter 10   
 

Hawaii’s Fuel Tax Structure1 
 

 
 
Introduction 
 
 

The amount of taxes placed on fuels varies state to state (not to mention globally) but one 

thing remains constant wherever you go, fuel taxes take a large chunk out of an oil/fuel 

company’s revenue and in the end, out of the consumer’s pocket.  In this section we will delve 

into Hawaii’s fuel tax structure,  giving a general overview of how the State’s fuel tax laws stack 

up to other major cities nationally and globally.  We will also provide insight into the possible 

future of Hawaii’s fuel tax structure based on conversations with current policy makers. 

 

The Three Main Taxes 

 

Hawaii’s fuel tax laws are broken down into three main parts; the state (license) tax 

(which is set forth by legislation), the county tax (varies from county to county and is set by 

county ordinance) and the environmental response tax, which is set at $.05 per barrel (1 barrel= 

42 U.S. gallons).  

 

License Tax 

Hawaii imposes a license tax on each gallon of fuel refined, manufactured, produced, or 

compounded by the distributor. The license tax covers the following fuels: diesel (on-highway 

use), aviation fuel, liquefied petroleum gas (LPG) (on-highway use), gasoline (on-highway use) 

and alternative fuels. From a national standpoint Hawaii is near the bottom in terms of fuel 

license tax per gallon.  However, the State imposes additional taxes on distributors, resulting in 

                                                                 
1This chapter draws on data from the Hawaii Department of Taxation, Department of Business and Economic 
Development, International Energy Agency Energy Prices & Taxes 2002, and conversations with various contacts. 
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much higher overall taxes (2nd highest in the nation), which we will get into later in this section.  

The following figure outlines the license tax rates for fuels used on- and off-highway.  

 

 

Figure 10.1

State Tax Rates
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In 2001, the Hawaii legislature passed a bill lowering license rates on alternative fuels 

(reflected in the figure above).  Alternative fuels contain less energy-per-gallon compared to 

conventional fuels.  Thus, vehicles operating on alternative fuels require more gallons of fuel to 

travel the same distance as a vehicle operating on, let’s say diesel.  Prior to the passage of this 

bill, alternative fuels were charged the same per gallon rate as diesel, creating a disadvantage to 

alternative fuel users. (It takes 2.9 gallons of methanol to equal the same energy content as a 

gallon of diesel.  Based on this, without the tax incentive, methanol would be levied a 37 cent per 

gallon tax.)     

Alternative fuel tax rates are now based on a percentage of diesel fuel taxes.  For 

example, the current rate of methanol is .29 times the tax rate of diesel, which is 16 cents per 

gallon, yielding a methanol license tax of 4.6 cents per gallon.  The following lists the 

conversion rates: 



 10-3 

• Ethanol - .29 times the rate for diesel 

• Methanol - .22 times the rate for diesel 

• Biodiesel - .50 times the rate for diesel 

• LPG - .33 times the rate for diesel 

• Others - For any other alternative fuel, the tax rate is based on the energy content of the 

fuels as compared to diesel fuel.  Using a heating value of 130 thousand BTU per gallon 

is used as the standard for diesel, so that the tax rate, on an energy content basis, is equal 

to half the rate for diesel fuel.2   

 

National Comparison 

As mentioned earlier Hawaii’s license tax is relatively low compared to other states 

nationwide.   In figure 10.2, we have compiled license tax rates on diesel and gasoline from each 

of the fifty states to give a general view of how the State compares.       

The national average for the two fuel tax rates combined is 40.12 cents per gallon.  

Hawaii sits well below this average with a total of 32 cents per gallon.  Funds collected from the 

license tax are funneled into the State highway fund.  These monies are used to repair and 

maintain public roadways, bridges, and tunnels within the State.  In 2001, the license tax revenue 

was more than 76 million dollars in the State of Hawaii.   

 

Environmental Tax 

The State levies an additional $.05 per barrel (or fractional part of a barrel) environmental 

tax on petroleum sold by a distributor to a retail dealer or end user.  Monies from this tax are 

funneled into the state environmental response revolving fund.  The original intent of the fund, 

was to set aside money to respond to chemical spills in Hawaii (water and land).  Over time, the 

fund evolved to address the following: 

• Oil spill planning, prevention, preparedness, education, research, training, removal and 

remediation. 

 

 

                                                                 
2The actual heating value of diesel is 130,000 BTU per gallon. 
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Figure 10.2

State-by-State Comparison of 
Diesel/Gasoline State Tax Rates
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• Direct support for county used oil recycling programs. 

• Concerns related to drinking water and underground storage tanks.  This includes support 

of the underground storage tank program and funding of the acquisition of a soil 

remediation site and facility. 

 

Currently, three programs within the Department of Health have access to this fund: the 

Hazard Evaluation and Emergency Response Office, the Solid and Hazardous Waste Branch, and 

the Safe Drinking Water Branch.  On average, the fund contains anywhere from $5-7 million and 

has a ceiling of $20 million.  Once the fund reaches this ceiling, the $.05 per barrel charge is 

temporarily suspended.  In fiscal year 2001 the environmental tax yielded more than 1.7 million 

dollars.    

 

County Tax 

This is where the State’s taxes begin to add up.  Hawaii is among a few states (14 to be 

exact) that incurs a county tax in addition to a state license tax.  The rate in Hawaii is determined 

by city ordinance and varies county to county (see Figure 10.3).   

Note that diesel oil (non-highway), LPG (non-highway) and aviation fuel are not charged 

a county tax and have been excluded from the figure.  The county tax is basically the twin 

brother of the state license tax.  Like the State, counties collect a per gallon charge on petroleum 

from distributors and collected monies are funneled into county specific highway funds to 

maintain public roadways.  To place a dollar value to this figure, combined county taxes alone, 

brought in more than 64 million dollars in fiscal year 2001.  
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Figure 10.3

 County Tax Rates
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Additional Taxes 

On top of the three taxes listed, Hawaii places a 4 percent general excise tax (GET) on 

the sale of fuel.  Hawaii is one of 5 states that does this.  The GET is first applied on distributor 

to wholesaler fuel sales at a discounted rate of .005 percent, also known as the wholesale GET 

rate.  The full 4 percent is then levied on wholesaler to consumer sales.   

 It is worth noting that by applying the GET to fuel, the State is acting to exacerbate price 

volatility.  For example, if the price of gasoline were $1.00, the GET would amount to 4 cents 

and the total price plus tax would be $1.04.  In contrast, if the price of gasoline rose to $2.00, the 

total price with the GET would be $2.08.  The tax increases to 8 cents per gallon.  By partially 

taxing fuel based on price rather than solely on volume, the State is accentuating the negative 

impact of fuel price increase on the economy, which is part of the reason most states avoid 

levying a GET on fuel. 

When you combine the state, county and environmental fuel taxes with the GET, Hawaii 

ranks second in the nation in highest combined fuel taxes.  Figure 10.4 illustrates a national 

comparison of combined state and local fuel taxes (GET is included in this figure, where 

applicable) applied on gasoline for on-highway use.   
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Figure 10.4

State-by-State Comparison of Combined State 
and Local Fuel Tax Rates
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Tax Exemptions 

 

It should be noted that there are several instances where state and county fuel taxes do not 

apply.  Fuel is beyond the State of Hawaii’s taxing authority when it remains in a foreign trade 

zone.  Fuels sold by a distributor to a federal government agency, are also allowed a fuel tax 

reprieve.  Distributor to distributor sales of fuel are also exempt from the state and county fuel 

taxes.  Sales of diesel or any other fuel used in off-highway applications, for instance, to operate 

agricultural equipment, are subject to a $.01 per gallon state license tax and no county fuel tax.      

 

International Comparison 

 

On a global scale, U.S. federal fuel tax rates are relatively low.  Among the countries 

listed in Figure 10.5, the U.S. boasts the lowest national gasoline tax rates, while the United 

Kingdom (UK) is the heavyweight, with the highest gasoline taxes of the countries listed.    
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Even if U.S. federal and Hawaii fuel tax rates are combined, the total remains well below 

countries like the UK and France.  National priorities differ, but overall countries with high fuel 

tax rates, like the UK, act to induce lower gasoline/diesel consumption.  In contrast, countries 

like the U.S., with comparatively low fuel tax rates, create an environment conducive toward 

higher transportation fuel use.     

 

Public Utility Company Taxes 

 

It is important to keep in mind that the State’s public utilities also face an array of taxes 

that filter down to the consumer.  The Hawaiian Electric Company (HECO) is highlighted as an 

example in Table 10.1 for this section, breaking down the major dues it pays each fiscal year.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Value

Percent of Total 
Revenues from 
Electricity Sales Cost per KWh

Federal
Income 21,077,330$          2.4% 0.0029$                
Unemployment 80,878$                 0.0% 0.0000$                
FICA 6,774,930$            0.8% 0.0009$                
Excise -$                       0.0% -$                     

Federal Subtotal 27,933,138$          3.1% 0.0038$                

State
Income 2,131,538$            0.2% 0.0003$                
Unemployment 172,685$               0.0% 0.0000$                
Public Service Company 51,624,635$          5.8% 0.0071$                
PUC Fee 4,386,120$            0.5% 0.0006$                
Use and Excise 947,063$               0.1% 0.0001$                

State Subtotal 59,262,041$          6.6% 0.0081$                

County
Franchise Fee 21,502,689$          2.4% 0.0029$                

Total Taxes 108,697,868$        12.2% 0.0149$                

Total Revenues 891,698,554$        100.0% 0.1219$                

KWh Sold 7,317,030,000       

HECO (Oahu Only) Taxes Paid (2001)

Source:  Hawaiian Electric Company
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Public Service Company Tax 

The State of Hawaii places a public service company tax on public utilities.  It ranges from a  

minimum of 5.8 percent to a maximum of 8.2 percent.  There is an interesting history behind this 

tax that will help to explain where the funds that are collected go.  Before the real property tax 

became a city tax it was handled by the State of Hawaii.  Public utility companies like HECO 

were exempt from real property taxes because they paid a substantial amount (to the State) for 

the public service company tax.   Upon turning the real property tax over to the City and County 

of Honolulu there was a slight oversight.  The state continued to collect monies on the public 

service tax and no revenues were being handed over to the City (in the form of a real property 

tax) from public service companies.  In July 2001, the public service tax was revised to split 

taxes collected from the public service tax with the City.  The rates are broken down as follows. 

• A rate of 5.8 percent will be paid to the State for public service companies who post a 15 

percent or less difference between their annual gross and net income. 

• 4 percent of this 5.8 percent is paid directly to the State as a general excise tax, monies 

are funneled to the general fund. 

• The remaining percentage (1.8 percent) is paid to the county in the form of a real 

property tax. 

• If the difference in the gross and net income goes up one percentage point (let’s say to a 

16 percent difference) an additional .2675 percent will be added on to the 1.8 percent 

paid to the county, up to a maximum of 4.2 percent.   

 

This tax specifically addresses the following;  

• Gross income from the production, conveyance, transmission, delivery or furnishing of 

light, power, heat, cold, water, gas or oil. 

• Gross income from the transportation of passengers or freight, or the conveyance or 

transmission of telephone or telegraph messages, or the furnishing of facilities for the 

transmission of intelligence by electricity, by land or water or air (originating or 

terminating within this state).         
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County Franchise Fee 

The County Franchise Fee is implied on electric light or power businesses operating as a 

public utility.  A rate of 2.5 percent of the company’s gross income is paid to the director of 

finance for each county.    

 

PUC Tax 

The PUC tax is collected at a rate of .5 percent of a public utilities’ gross income.  

Monies collected go to the Public Utility Commission to fund their operations.  The Public 

Utilities Commission is a three member body appointed by the governor, with the sole 

responsibility of regulating all chartered, franchised and certified public service companies that 

provide electricity, gas, telephone, telecommunication, private water and sewage and motor and 

water carrier transportation services in the State.     

 

Alternative Fuel Tax Schemes 

 

Looking forward it is clear that the future energy use in Hawaii will be heavily influenced 

by the taxes we applied on fuels.  Taxes can be used to steer consumers away from hydrocarbon 

consumption, as they are in much of Europe.  At the same time tax breaks can be used to steer 

consumption in the direction of clean energy.  For example, several U.S. states and countries are 

offering attractive incentives to encourage the use of solar photovoltaic, fuel cell and wind 

energy systems, as highlighted below.    

 

State Tax Laws 

The following are examples of the tax laws several U.S. states have implemented to 

encourage the use of renewable energy sources in the commercial and residential sectors. 

• The California Energy Commission offers tax rebates on the purchase of the following:   

small wind turbines (10 kilowatts or less), fuel cells using renewable fuels, photovoltaic 

systems and solar thermal systems.  The program offers a rebate of $4.50/watt or 50 

percent off the purchase price of the system. 

• In Texas, solar equipment manufacturers engaged in the sole business of manufacturing, 

selling or installing solar energy devices are exempt from the franchise tax.  
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• Virginia has passed a statute allowing any county, city or town to exempt or partially 

exempt solar energy equipment or recycling equipment from local property taxes (applies 

to residential, commercial or industry property).   

 

National Tax Laws 

The following are examples of tax incentives countries have enacted to encourage the use 

of renewable energy.   

• Denmark exempts electricity produced by wind or water power from its electricity tax. 

• Germany offers exemptions for electricity produced by hydro, deposit gas/biomass, 

geothermal and wind power from electricity taxation. 

• The Netherlands exempts electricity generated from renewable energy from its regulatory 

energy tax, based on a newly introduced certification system for green electricity. 

 

Hawaii is no stranger to these types of tax incentives.  For example, the State currently 

exempts the use of alcohol fuels from the 4% general excise tax on sales.  Looking forward, the 

State of Hawaii could see several bills passed in the 2003 legislative session granting tax 

incentives toward the use of hydrogen and renewable technology.  One such bill would be the 

issuing of bonds to fund the implementation of photovoltaic panels on State buildings to help 

alleviate the State’s average annual electricity cost of more than 80 million dollars.     

It is important to remember that while the tax incentives listed above were created with 

the best intentions in mind, numerous studies have shown that these types of tax breaks can 

distort incentives and be very costly to society as a whole.  As a consequence, it is important that 

the State consider proposals of this type very carefully to ensure that it gets the most bang for its 

buck.   

Many economist feel that imposing taxes on “dirty” fuels and then allowing consumers to 

reduce consumption of these fuels in as painless a way as possible is superior and less disrupting 

than targeting particular technologies with tax incentives.  In the meantime the State may want to 

consider altering existing policies, such as the GET on fuels, as discussed earlier.  A volume 

based tax would help limit the negative impact of fuel price volatility.   


