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by Jayant Sathaye and Henry Ruderman
Lawrence Berkeley Laboratory
University of California, Berkeley, CA 94720

1 Iatvoduction

Having no fossll fuel vesources of its own, the State of Hawailil is
almost totally dependent on external sau%cgg of energy. More than
ninety percent of the state’s enevgy is idmported in the form of crude
01l or petroleum products. The rest comes from hydroelectric plants and
from burning bagasse at the sugar wills. Hawall is therefore extvremely
vulnerable to disvuptlons In the world oill mavket. Any decrease In the
availabilicy of oil or increase in its price has serious consequences to

the state’ s economy

The gtate goverument recognizing the Island”s precarious position,
has made one of its prime objectives increasing the level of energy self
sufficienecy while malntaining a dependable, efficient and econoumic
enefgy supply system. The state’s indigenocus resources will play a
major role in displacing oll as the primasry source of energy. To what
extent ©il can be replaced is the focus of the Hawail Iontegrated Energy
Assessment, a jéint study by the Hawali Department of Planning and
Economic Development (HDPED) and the Lawrence Berkeley Laboratory (LBL).
This report describes some of the methodology and results of the study.
It concentrates on how we lavestigated alternative future enexrgy supply
systems foy Hawéiia Other elements of the study examined future demand
for energy, what indigenous resources are available, what technologiles

will be sufficiently developed to exploit them, and what will be thelr

*This work was supported by the U.S. Dept. of Energy, Office
of Alternative Fuels, Secretary for Resource Application, and by the
Office of Strategic Analysis and Integration, Secretary for Conservation

and Solar Energy under Contract No. W-7405-ENG-48.
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social, economic and envirommental consequences. A couplete discription
of the study and discussion of the results will be found in a forthcom—

ing multi-volume report [1].

As Shupe and Weingart [2] point out, Hawalil could play a pioneering
role in the development of renewable and geothermal resources. Due to
the state”s geographic and geological chavacteristice, it 1is endowed
with a variety of energy sources. The Hawaiian Islands are a series of
shield volecancs that rise steeply from the sea floor. They ave located
in the belt of northeast trade winds that blow for most of the year.
This consistent wind pattern, combined with the Island”s topographic
features, provides the state with many nearly ideal locations for wind
machines. Extensive high temperature geothermal resources found on the
Island of Hawali can be used to generate electricity, while lower tem—
perature resources on Oahu and Maui can supply hot water for domestic
and industrial use. Hawali also enjoys a higher average insolation than
the mainland states, so that solar energy for water heating and electri-
city generation could become widespread. The large temperatuve gra-
dilents and absence of a continental shelf make Hawaili a prime location
for ocean thermal energy conversion (OTEC). The use of crops and trees

to supply electricity and possibly liquid fuels can also be expanded.

Bach of the four counties in the state appears to have enough
natural vesources to supply nearly all its energy needs. The question
arises to what extent each of these resources should be developed during
the mnext twenty-five vyears to provide the state with a reliable and
economic energy system. In order to examine the role of renewables in

supplying energy, we have constructed aniintegrated energy supply-demand
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model for the state.

Fnergy demand 18 dntdmately related to the levels and types of
geonomic activity pursued by comsumers Iin each county. Projecticns of
energy demand arve closely tied to the projected pattern of econonmic
activity. An increase in tourism would have very different consequences
than an Increase In manufacturing. However, the strongest influence on
the future economic activity, and hence energy demand, may well be the
world price of oil. World oil prices have been vising rapidly, and at
times evratically, over the past several years, with the end to these
increases nowhere in sight. It is prudent to examine the consequences
of a range of world oil prices for future energy demand and for alterna-

tive energy supply options.

To examine the effect of oil prices on energy demand and supply, we
have analyzed three potential enexrgy futures for the state of Hawaii.
For each future, we analysed both the energy demand and supply projec~
tions and their economic consequences. The three futuves were based on
the same projection of economic and demographic growth. The first two
differed in that the second future assumed a wmore vapid increase in
world o1l price (104 per year compared to 3% per year). The first and
third futures differed in that greater levels of conservation were
assumed in the latter. The Incr:ased conservation led to significantly

lower levels of energy demand. The asgumptions that went into con~

structing the futures are summarized in Table 1.

Energy is currently supplled to Hawaiian consumers in two major
forms, electricity and petroleun based liquid fuels (gasoline, aviation

fuel, etc.). Liquid fuels may be substituted or at least supplemented
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by a single souvrce, biomass derived alcohol or gasoline. Electricity,
on the other hand, can be provided by several new renewable technolo-
gles: wind, OTEC, geothermal, solar thermal and photovoltaics. Sone
biomass such as bagasse and wood is also sultable for proéucing.electriw
city. We considered only energy consumed by civilians in Hawaiil; energy
for the military and petroleum products refined in the state and then

exported were not included in our analysis.

The maximum extent to which each technology can ultimately contri-~
bute to the electricity supply will be limited by the availability of
natural resources at each site and by the conversion efficiencies of the
technologies used to exploit them. Economic and environmental con~
sidevations will no doubt constrain the development of these resources
to levels below their ultimate availability. Factors affecting the
integration of each technology in the existing energy resource base will

further reduce the potential utility of the resource.

Electricity genevation and supply is a complex activity. Questions
of capital costs, veliability of operations, generation and fuel costs,
matching load requirements and envirommental constraints reqmiré an
interdependent system of genevation technologies, each with its unique
characteristics designed to best meet the fluctuations in electricity
demands. Tne renewable technologies will have to mature in this complex

environment.

The complexity of the energy futures increases vapidly with each new
supply or demand option. The possible use of inter-island submarine
transmission cables, for example, is being seriocusly examined by the

utilities as well as private firms in Hawaiil. The choice of electricity
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genevating technologlies will be strvongly influenced by the technical
feasibility, costs and timing of inter-island cables. A computer—based
model was developed to evaluate these possibilities for all three energy
futures. The model analyzed the least cost supply system that would
meet the projected demand for each future. The capital costs and labor

requirements, both direct and indirect, were computed for the optimal

mix of supply technologies.

In the following sections we first present the analytical methodol-~
ogy and the basic assumptions common to our analyses. At this time we
have not completed our analysis of the three futures. For illustrative
purposes we will present our preliminary results for one energy supply-
demand projection for the County of Honolulu. A complete analysis of

the three futures will be published at a later date in Reference 1.

2 Methodology

Overview

o

The methods and data we used for determining energy futures for
Hawaili and their impacts on the state’s economy are summarized in Figure
1. The Hawail Energy Demand Forecasting Model provided energy demand
projections for each of the counties by vear up to 2005. We made three
forecasts which differed in their assumptions about energy prices and
the level of energy conservation. The energy prices used in these fore~

casts were dependent oun world oil prices.

Because of the wide variety of technologies that will become avail-

able duving the next twenty-{ive years, the projected electricity
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demands can be met in many ways. The technologies will differ in their
costs, vellability, the year they first become commercially available,
and the amount of electricity they can ultimately supply. To facilitate
the electriecity supply-demand integration, the Supply Optimization Model
was used to find the supply mix that meets the electricity demand and
generating capacity demand at the lowest prices. In addition to deter-
mining the supply mix, the Supply Optimization Model also calculated the
electricity prices for each county. 1In general, these prices were lower
than those projected by the demand forecasting model. The new prices
were fed back into the demand forecasting model, and a revised set of
demand forecasts was obtained. We repeated this procedure until a con-

sistent set of energy demands and prices was found.

The resulting supply scenarios were analysed for their dirvect and
indirect economic dimpacts. Direct impacts Include the materials, man-
power and equipment required to construct, operate and maintain the new
enevgy facilities. Indirect impacts incliude the income and employment
in secondary industries within the state brought about by the expendi-
tures on construction of the new facilities. We used the Supply Cost
Model and the technology characterizations described below to caleculate
the direct impacts in each county. The indirect impacts were estimated
for the state as a whole using an input-output model of the state’s

economy .

Uemand Forecasts

The three energy futures were based on different demand forecasts.

A11 three used the same economic and demographlc projections character-
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ized by wmedium growth in population, income and wvisltor arrivals [3].
They differed in energy prices and the level of conservation. The
federally mandated automobile gasoline mileage standards were assumed in
each future. In addition, in the third future we incorporated estimates
of electricity savings vesulting from the Impementation of proposed
gppliance effilciency standards. TInitially, we based the energy prices

used in forecasting demand on projections of world oil prices. The

final prices were determined by balancing supply and demand.

We used the baseline demand forecast for the first energy future,
In this forecast we assumed a three percent per year escalation in world
01l price and that federally wmandated automobile efficiency standards
will be dmplemented. This will lead to a growth in energy consumption
in Honolulu of about two percent per year. FElectricity sales in the
county will nearly double during the next twenty-five vears, while gaso-
line sales will decline by a factor of two. The use of other fuels will

increase more slowly than electricity.

The second energy future is the high price case. We assumed that
0il prices would increase in real terms by ten percent per year. Such
large price increases could occur if there are major disruptions in the
world oil market. This scenarioc exhibited the lowest growth in overall
demand. Both diesel fuel and gasoline sales decrease, while electricity

sales remaln nearly constant, and aviation fuel consumption increases.

The third energy future emphasizes conservation and i1mproved effi-
ciencies. The baseline forecast of demand for electricity was reduced
by our estimate of the awount of energy saved due to improved appliance

efficiencies. This forecast was intermediate between the baseline and
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high price cases. 1t had the game liquid fuel consumption as in the

fivst future, and electricity sales were greater than in the second.

A complete deserlption of the demand forecasting wmodel and the

forecsts for each energy type and county are given in Reference 1.

Supply Forecastis

Ligquid fuels and electricity are the two major forms of energy
currently used in Hawaii. Liquid fuels are used primarily for transpor-
tation and electricity generation. For each future we have projected

the expected demand for fuels and electricity to the year 2005.

GCasoline used for transportation can be substituted or supplemented
by indigenous alcohol production. Apart from using electrlc vehicles,
there are no other easy substitutes for gasoline. Alcohol suppliles were
assumed to be ten percent of projected gasoline consumption limited only

by the forecasted production of alcohol.

Flectricity may be generated by several types of power plants.
Steam, hydro, gas turbines and internal combustion engines are currently
used to generate electricity. Steam genevators burn oll and bagasse.
On Oahu these may be supplemented by wunicipal solid waste (MSW)
incineration during the next five years. Gas turbines and internal

combustion engines use diesel fuel.

Several renewable technologies have the potential to contribute sig-
niflcantly to electricity generation. Wind, geothermal, ocean thermal
(OTEC), solar thermal (STEC), and photovoltaics (PV) can all be used to

genervate electricity. Hydro—electric and pumped storage also have
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limited potential in Hawaii.

Due to the nature of thelyr resource, geothermal and ocean thermal
energy ave available continuously and hence with a higher reliability.
These technologies are primavily sulted for providing base load electri-
city generation. We assumed that the solar thermal power plant would
include & thermal stovage system. This would permit extended use of
stored solar energy for generating electricity at night. The solar
thermal plant could then provide electriclty to meet the base oy inter-
mediate loads. No storage was assumed for the photovoltaic system which
can be used to meet intermediate electricity loads during the day only.
Wind d4s essentially an unrellable resource; severe fluctuations have
been observed at a site from season to season and year to year. From an
electricity generation standpoint, the resource can be harnessed only if
the generated electricity can be stored or 1f backup capacity is avail-
able. In Hawaiil, the oil- and blomags~fired generating capacity can be

used as backup if wind generation costs less than burning oil.

In this analysils we chose economic optimality as our major objective
in deciding the mix of generating technologies. We have attempted to

express all other significant criterias through economic means.

The mix of future technologies was selected with the ald of a linear
programming (LP) model. The Supply Optimization Model was run for 5
five-year time periods stavting with the mix of generating capacity in

place in 1980. The optimal mix of technologles was found separately for

each county.
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The objective was to minimize the sum of Jlevelized cost and the
operations maintenance and fuel cost. The levelized cost was based on
the capital cost and the fixed charge rate allowed for amortizing the
capital investment. The fixed charge rate in our formulation was depen—
dent on the taxable 1life of each plant, the cost of capital, and the tax
vate. Since the cost of capital changes with time, it was important
that the proper time horizoun be used for caiculatingbthe cost of plants

coming on line during different time periods.

Each technolegy‘will operate jointly and singly under a set of con-
straints. The constralnts ensured that an adequate amount of energy
will be available to meet the base, intermediate and peak components of
demand. Base period lasts full 24 hours a day, intermediate varies from
15 to 17 hours a day depending on the county, and peak varies from 2 to
3 hours a day. Peak demand in Hawalil generally occurs around 7 pm,
after the sun has set, so that solar energy is not directly available
during the peak hours. The constraints ensured that sufficient capacity
will be availlable to meet peak power demand after sunset. The peak
demand in each county was derived from the electricity demand and the

utilities” projections of peak power to electricity sales.

The amount of energy that can bé generated from a power plant
depends on the plant availability and on vresource availability.
Resource availability for wind is limited compared with OTEC or geother-
mal power plants. We placed limits on the total generstion from each
type of power plant and on the genevating capacity of each type avail-
able to meet the base, interﬁediate; and peak demands. The availability

of each type of plant depended upon the number of hours it was required
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to be in service each day.

Since wind 1s an Intermittent source of energy, it 1s necessary to
engure that the system rveliability 1s not affected when wind generation
is intvoduced. Studies have shown that vreliability decreases rapidly
when wind generation exceeds twenty pevcent of the installed capacity
[47. A constraint to limit wind generation to this level was incor-
(orated in the model. Furthermore, we did not include wind generation

when calculating the capacity avallable to meet the power demands.

The total capacity of each type of genevating unit is limited by
constraints oﬁher than costs. Most of the renewable technologies are
not yet available commerclally. A rapid introduction of these technolo~
glies will not and should not be attempted under normal circumstances
until the technologies are proven. Several time tables have been con-
structed to show the limits to which each technology may be exploited
over the next twenty-five years. From thils range of possibilities, we
have selected one set to establish the limit to which each technology
may be developed in each time period. We assumed that the OTEC plant
included in the Matsunaga bill will be built off Oahu, and that there
will be an MSW plant using municipal solid waste from Honolulu along
with some bagasse from Oahu plantations. OTEC plant will be a 40 MWe

plant, and the MSW plant is assumed to be rated at 45 MWe.

Supply-Demand Integration

The linear program was used to select the optimal mix of technolo-

i

gles for each county required to meet the forecast demand in each energy

future. Avervage electriclty costs were determined for each of the six



November 18, 1980 Role of Renewables Page 12

years 1980, 85, 980, 95, 2000 and 2005. Average electricity costs
depended on the capital and operation and maintepance costs assumed for
each technolegy. These costs can be very different from the prices used
in the demand model which were related dirvectly to world oil prices.
Average electricity costs, a measure of electricilty prices, estimated in
the Supply Optimization Model were determined by both world oil prices
and the costs of renewables. Generally, these were lower than average
electricity prices based on world oil prices alone. When these lower
prices were introduced into the demand model, the demand for electricity

was higher than originally projected.

Since costs and prices were based on different assumptions, they
were not identical. We modified the prices in the demand model so that
their rate of change corresponded to the cost changes calculated by the
supply model. The demand for electricity was estimated again on the
basis of these new prices. The Supply Optimization Model was then used
to calculate the %ew supply mix and average costs. If necessary, the
whole process was ilterated until the average costs between successive

iterations showed no significant difference.

An inter-island (ransmission cable system 1s a crucial step in
Hawali”s progress towards greater rellance on renewables. It is evident
that the major resource for which technology is already commercialized,
geothermal energy, is available on the Big Island. This resource may be
sufficiently large to meet the entire base load demand on Hawaii, Oahu
and Maul in the long run. Development of geothermal energy can be pro-
moted only if transmission cables link it with major demand centers in

Oahu and in Maui. Due to its critical nature, we assumed that such a



November 18, 1980 Role of Renewables Page 13

cable system will be built by the 1990-95 period. Geothermal energy
could then be shared by Hawaiil, Maui and Oahu. Since the Big Island can
use geothermal energy without the cable system and hence at cheaper
rates, we assumed that geothermal energy would be available first to
Hawail to meet lts projected base load demand. The remaining energy was
assumed to be allocated to Maul and Oahu in proportion to their base

load demands.

New Technologies

The technologies included in our analysis and their capital costs
are shown in Table 1. Capital costs of conventional technologies were
assumed to remain constant over the next twenty-five years, while those
of renewables were assumed to decline for reasons mentioned earlier.
Costs shown for 1980 reflect the cost of old power plants already on
line, or they veflect the capital cost after depreclation for existing
plants. We used a cost of $65/KWe for old oil plants based on data in
HECO”s annual report [5]. An analysis of utility finances would be
necessary to get a better estimate of averape plant costs for 19580,
Costs of geothermal plants were assumed to include cable costs between

Hawali and Oshu and/or Maul. Geothermal plant costs on the Big Island

were therefore lower by $800/KWe after 1990,

The costs that we have assumed for renewables are generally on the
conservative sgide. Photovoltaic costs, for example, exceed the goals

gset by DOE by a factor of two.

Operating and wmaintenance costs of fossil fuel plants ranged from 9

mils/KWh for oil to 15 mils/KWh for diesel peaking wunits. For
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renewables, they ranged from 5 mils/KWh for OTEC to 2 mils/KWh for other
technolegies. TFuel costs for diesel were assumed to be fifteen percent
higher than for vresidual oil. Electricity genevrated by bagasse-fired

genervators was assumed to cost 70 percent of oil-fived generation.

The limits to which each resource may be exp;oited in each year werve
based on general knowledge of the resource, availability of potential
sites, the rate at which each technology may be developed, and general
gocial and political considerations. The limits on geothermal energy
were based on a USGS rveport [6] which estimates the potential vesource
around the Puna Well at about 250 MWe. We estimated that the area of
geothermal activity along the Kilavea Lower East Rift is four times as
large and thus could yield up to 900 MWe. This figure is smaller than

another estimate of 1600 MWe made by HDPED [7].

Wind generation is limited to 20 percent of total installed capacity
or to the resource limit of 432 MWe on Oahu, whichever is smaller. The
20 percent figure 1s based on studies which limit the maximum generation
bacause of a system reliability considerations [4]. The 432 MWe limit

is based on cholce sites in Oahu [8].

The limits on OTEC, STEC and photovoltaics (440 MWe, 180 MWe, and
116 MWe, respectively in 2005) are based on rates at which technologies
might be commercialized. There are no limits placed on the addition of
conventional fossil-fired generators other than those dictated by the

system locad configuration.
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Feconomic Impacts

The demand and supply models provided for each future the mix of

©

generating technologies and the amount of liquid fuels necessary

e

for
transportation, heating, and electricity genevation. To calculate the
direct economic iImpacts assoclated with the energy futures, we have
estimated capltal costs and opevation and maintenance costs for each
technology. We broke these costs down into thelr manpower, materials

and equipment components.

A key assumption in our analysis was that renewable technologies
have declining costs. Costs of conventional generating technologies such
as o1l and coal=fired steam generation were assumed to rvemain constant.

All costs were expressed in constant 1980 dollars,

The manpower, materials and equipment components of capital costs
will all decline but probably not at the same rate. The costs of onsite
materials as opposed to manufactured equipment will not decline as
rapidly as onsite labor and equipment costs since there will be greater
scope for improving labor productivity than materials costs. FEquipment
costs may decline because of dwproved mamufacturing techniques and

because of competition from other manufacturers.

The divect costs and labor rvequirements for the technologies in each
future were computed on the basis of these assumed unit costs. The
materials and equipment costs werve disaggregated by industrial sector.
The detailed cost breakdown was formulated on the basis of data from the
Energy Supply Planning Model {9] and the Technology Assessment of Solar

Energy Study [10}. The lead time required for construction and the
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scheduling of resources during construction was also considered to pro-
vide an annual breakdown of capital and labor requirewents. This break-
down of capltal requirements aggregated over six S5-year periods was used

for estimating the indirect impacts.

We estimated indivect impacts using an input-output model of the
Hawaiian economy specifically designed for the purpose. The core of the
model is an input-output table constructed by HDPED which describes the
structure of the state economy duving 1977. HDPED developed input-
output tables for each of the four counties by updating earlier tables
[11]. Special attention was paid to the petroleum importing and refin-
ing sectors as well as the electric and gas utilities in order to exhi-

bit the energy flows within the state.

The starting point for calculating indirect impacts was the expendi-
tures for the materials, equipment and manpower used in constructing the
new power plants and other energy facilities. The Supply Cost Model
provided a detailed breakdown of the annual materisls and equipment
costs by industrial sector plus the annual manpower costs. The latter
were also broken down by industry assuming the same proportions as held
for household expenditures in 1977. The next step was to estimate what
«raction of the purchases in each sector was produced in Hawaii and what
fraction was imported. Using the input-output model and our estimates
of the purchases of locally produced commodities, we then calculated the
increase in industrial activity needed to furnish these commodities.
Finally, from the industrial activity we estimated the annual income and

employment generated in each industry.
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Assumptions and Limitations

The basic assumption we made in using™he demand forecasting model

was that energy consumevs widl respond to future changes in price and

income in the same way they did in The past. Thig does not mean that
past consumption trends will continue, only that consumers” behavior
will remain constant. We thevefore assumed that no wajor technological
or structural changes to the economy would occur that would affect
energy consumption patterns. In particulay, the widespread use of vehi-

cles powered by electricity or synthetic fuels was not envisioned.

This assumption of behavioral constancy means that conservation pro-
grams, mandated efficiency standsrds, and emerging energy use technolo~
gies are not endogenous to the model. To rvemedy this deficiency, in
each future we assumed that the curvently mandated gasoline mileage
standards will be ilmplemented. In addition, in the third energy future
we decreased the electricity forecasts by our estimates of the amount of

energy saved through improved appliance efficiencies.

Also idmplicit in our demand forecasts was that fuel and electricity
prices arve dirvectly related to world oil price. If renewable resources
in Hawali furnish a major part of the enevrgy, this would no longer be
true, By feeding the electricity prices calculated by the Supply Optim-
ization Model back into the demand forecasting model, we were able to
determine a consistent set of prices, demand levels and supply technolo~

gies.

The Supply Optimlization Model, by using a linear program formula-

tion, had many of the agsumptions and limitations inherent in this
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method. A major assumption was that costs are proportional to generat-
ing capacity or to the amount of electricity generated. For many of the
technologlies generating wnlis are built in standard sizes, and unit
costs decrease as more units are dinstalled. Unlt costs may start

increasing when the most favorable sites have been used up.

A second set of assumptions that influenced the supply mix forecast
iavolved the costs and commercialization schedules for the renewable
technologies. Since some of these technologies are gtill in the proto-
type stage, the figures we used were our best estimates within the range
over which experts differ. In addition to costs, we had to make several
assumptions regavrding utility financing and tax rates over the next
quarter century. These assumptions affect each technology equally, so

their major effect will be on electricity costs.

It is characteristic of LP s that they find extreme solutions. If,
for example, two technologies differ only in that one is slightly less
expensive than the other, then the solution would show the first used to
the maximum extent while the second may not be used at all. These limi-
tations were overcome by setting an uppeyr limit on the the development

of each technology.

The dnput-ouiput model we used for estimating dindirect economic
impacts gave us a static picture of the Hawailan economy. It can not
tske into account structural changes in the economy such as new indus-
tries moving Into the state or existing iIndustries changing their pro-
cess or product mix. This effect could be significant during the next
twenty—-five years if new industries are attracted by the lower prices of

electricity generated from renewable rvresources. Tt would be in the
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direction of greater dincome and employment in the state than we

egtimated.

SWWResu1t§

In thie section we discuss our rvesults for the County of Honolulu of
which Oahu Island is the principal part. Honolulu has about eighty per~
cent of the state’s population and accounts for more than eighty percent
of its energy consunption. We present our projections of energy demand,
the electricity genertion mix, and electricity prices for the first
future to illustrate the methods we developed to analyse the supply and
demand options for the state, We are presently analysing the three
supply-demand cases for the other counties. These results, along with
the direct and dindirect economic impacts in Honolulu County, will be

published in Reference 1.

Energy demand

Table Z shows the energy demand on Oahu for the baseline case. The
demand for electricity in Honolulu County will more than double during
the next twenty-five years. Demand is heavily influenced by electricity
prices, which rvreach a plateau in 1995 as the fraction of electricity
supplied by renewables becomes significant. Since electricity prices
will no longer depend on ever increasing oill prices, the demand for

electricity will increase as prices decline or increase marginally.

The demand for imported petroleum will also reach a peak in 1995,
then it will decline slightly In 2000 before increasing again in 2005.

The non-electric portion of this demand will increase steadily; by 2005
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it will be forty pevcent higher than its present level. 011 required
for electricity generation, however, will peak in 1990 .ud then decline
to its lowest level by 2000. This decline is due to the rapid penetra-
tion of the renewables into the electricity supply mix after 1990.
Although renewables will continue to increase their share after 2000,
the use of o0i1l will also increase because the nmaximum penetration by
renewables 1is 1imited to a level insufficient to meet the increasing
demand. 0il used for generation on Oshu will drop to 37 percent of

renewables,
Supply mix

Imported petroleum has been the predominant source of electricity in
Hawaii for many vyears. Bagasse combined with oil and hydropower have
also contributed to the electricity supply, especially on the Neighbor
Islands. Their contribution on Oahu has been velatively small. Figures
2 and 3 show the forecasts of generating capacity and the amount of
electricity generated by each type of power plant for the ngxt twenty-
five years. The peak loads and reserve margins are indicated on the
hars in the figure that shows generating capacity. The capacity demand
includes a twenty percent reserve margin. We assumed that all the oil
generating capaclty available in 1980 will remain on line through 2005
to serve as a backup. The proposed 45 MWe MSW and 40 MWe OTEC plants
have been included starting in 1985 and 1990, respectively. Additional
generation from OTEC was included if it could compete favorably with the

other technologies.

Oahu will continue to use its oil-fired power plants for base load

generation until about 1995. As OTEC and geothermal plants come on line
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for base load, oll generation will mainly be used for intermediate and
peaking loads. At the same time, wind and solar will also make major
contributions. About 140 MWe of gas turbines will be bullt by 1990 1o
meet peaking loads. The largest capacity dncrements will occur between
1995 and 2000 when 830 MWe of new wind, solar thermal, OTEC and geother-

mal plants will be constructed.

Electriclty prices

Electricity prices ave related to the price of oil and to the cost
of generating capacity. It is not surprising that as the price of oil
increases, so does the price of electricity. Electricity prices will
increase rvapidly up to 1990. After this date, as lower cost renewables
become available, prices will decline or show a slight increase. TFor
Honolulu County, by 1990 the average electricity price will go from 86
to 109 wils/KWh, a 27 percent increase. During the subsequent fifteen
yvears, prices will dncrease by only five percent. The lower prices
result in a larger demand than originally forecast assuming electricity

would be generated primarily from oil.
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Figure Captions
Figure 1 Assessment Methodology

Figure 2 Generating Capacity in Honolulu County, Future 1

Figure Electricity Generation in Honolulu County, Future 1
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f“nergy Futuves

S

Summary of

Demographic
Forecast

Conservation

1

"Most Likely” 3% per year Mandated automobile
mileage standards

2 "Most Likely” 107 per year  Mandated automobile
mileage standards
3 "Most Likely” 3% per year  Improved appliance

efficlencies and
mandated automobile
mileage standards

From the Hawaii Macroeceonomic Model simulation, 1977. See Refer-
ence 3.



TABLE 2

SIGNIFICANT ASSUMPTIONS

1980 1985 1990 1995 2000 2005
Honolulu Population Projections (103 persons) 805.6 866.0 917.6 965.7 986.2 1831.5
Honolulu Per Capita Personal Income (13967 $) 4842.3 5469.7 6032.8 5698.3 7384.0 81492
State Visitor Arrivals (10% Persons) 4133 527% 6418 7440 7820 8218
Capital Costs (1980 §|Kwe) |
Wind 2500 1580 10060 700 700 700
Otec 8000 8000 8000 4000 2600 2600
Geothermal ' 3000 2800 2000 2000 2000 2000
Solar Therm 3000 3500 2500 2500 2000 2000
Photovoltaic 18000 8000 3000 3500 2000 2000
MSW 2222 2222 2222 2222 2222 2222
011 65 800 800 800 800 800
0il Bagasse 65 800 800 200 800 800
Diesel Base 400 650 650 650 650 650
Diesel Peak 300 500 500 500 500 500
Gas Turbine 200 400 400 400 400 400
Hydro 50 800 800 800 800 800

egy wldeq
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1980 1985 1990 1995 2000 2005

Flectvicity
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20t 1.4 4.5 9.9 38.8 91.2 104.1

Generation (10° KWh) 5,230 5,940 6,900 8,410 10,250 12,760

Liquid Fuels

Gasoline 25
Regidual and Diesel 18
LPG and Utllity Gas 4,3
Subtotal 48

Aviation Fuel 65.8 80.7
Total 114.7 124.3

Total 0il Dewand 171.8 186.0 204.1 206.3 178.8 19
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9 21.3 24.2 27.6
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011 Demand without

Renewables 170.6 186.6 210.4

257.3 280,72

]
fox}
N

LT

World 0il Price
{1980 dollave/barrel) 30 35 L0 47 54 63

Notes:

The figures for 1980 are estimates of demand, not actual consump-
tion data.

Alechol could substitute for at least ten percent of gascline
consumption bevond 1990.
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