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FORECASTING THE ROLF OF RENEWABLES IN HAWAII * 

J Sa and Henry Ruderman 
Lawrence Berke Laboratory 

Univer~i of California, Be • CA 94720 

1 Introductior1 

Having no fossil fuel resources of its own, the State of Hawaii. :ts 

almost: total dependent on external sotn:ces of energy. More than 

percent of the state's energy is ed in the form. of cr~ud 

oil or petroleum ts. The rest comes from hydroelectrf.c ants 

from seat the sugar mills. Hawaii is therefore extremely 

vulnerable to disruptions in the world oil market. decrease in the 

availability of oil or increase in its price has serious consequences to 

The state government ous position, 

has made one of its prime objectives increas the level of energy self 

sufficiency while ma efficient and economic 

energy supply system. resources will ay a 

r role in di on as the source of energy. To what 

extent oil can be is the focus of the Hawaii Int 

Assessment, a joint s the HawaH nt of and 

Economic Development (HDPED) and the Lawrence Berke Laboratory (LBL). 

This report describes some of the methodology and sults of the s 

It concentrates on how we invest ed alternative future energy sup 

systems for Hawaii. Other ele.m.ents of the study examined future demand 

will be sufficient 

Fuels, Secretary 
Ana is and 

1t them, and what will be their 

of 

ion, 
by the 

Conservation 

and Solar Contract No. W-7405-ENG-48. 
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social, economic and environmental consequences. A complete discription 

of the study and discussion of the results will be found in a forthcom-

multi-volume 

As Shupe and Weingart [2] point out, Hawaii could play a pi.oneering 

role i.n the development of :renewable and geothermal resources. Due to 

the state's geographic and geologi.cal characteristics, it is endov1ed 

vJi. th a varie of energy sources. The Hawaiian Islands are a seri.es of 

shield volcanos that rise steeply from the sea floor. They are located 

in the belt of northeast trade winds that blow for most of the year. 

This consistent wind pattern, combined with the Islandps topograph:tc 

features, provides the state with many nearly ideal locations for wind 

machines. Extensive high temperature geothermal resources found on the 

Island of Hawaii can be used to generate electricity, while lower tem

perature resources on Oahu and Maui can supply hot water for domestic 

and industrial use. Hawaii 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 temperature gra~ 

clients and absence of a continental shelf make Hawaii 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. 

Each of the four counties in the state appears to have enough 

natural resources to supply nearly all its energy needs. The question 

arises to what extent each of these resources should be developed during 

the next twenty~five years 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 an integrated energy supply~demand 
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model for the state, 

emand is :int:imatE_,ly related to the levels and types of 

eonomic a ivtty pursued consumers in ach county. Projections of 

energy demand a clos tied to the cted of economic 

activity. An increase in tourism would have very different consequences 

tha an 1nc e J manufact However, the strongest influence on 

the future economic act 1 v:i. and hen.ce energy demand, may weLl be the 

world ce of oil. World oil have been rising rapidly, and at 

times erratically, 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 ef feet of oil prices on energy demand and supply, \ve 

have analyzed three potential energy futures for the state of Hawait, 

For each future, we analysed both the energy demand and supply pr c~

tions and their economic consequences. The three futures were based on 

the same ct:i.on of economic and d growth. The ftrst two 

differed in that the second future assumed a more increase :ln 

world oil e (10% per year c 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 significant 

lower levels of energy demand The ass ions that went into con~ 

struct the futures are summarized in TabL~ 1, 

Energy is cu supplied to Hawaiian consumers in two major 

forms, electric:!.ty and petroh-!um based liquid fuele> (gasoline, aviation 

fuel, etc,). Liquid fuels may be substituted or at least supplemented 
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a s source, biomass derived alcohol or gasoline. Electricity, 

on the other hand, can be provided several new n~ne11mble technolo--

>uind, OTEC, 

biomass such as 

:t1llal, solar thennal and photovoltaics. Some 

se and wood is also suitable for producing electri~ 

city. We considered only E::nergy consumed by civilians in Hawaii; energy 

for the military and petroleum 

were not included n our 

ts refined i.n the state and th<~n 

is. 

The maximum extent to vlhich each t can ultima contr:!.~~ 

bute to the electrid. 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·~ 

side rations will no doubt cons train 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 generation and supply is a complex activity. Questions 

of c tal costs, reliability of operations, generation and fuel costs, 

load requirements and environmental constraints re an 

system of ion technologies, each with its unique 

characteristics designed to best meet the fluctuations in elect:rlci ty 

demands, Toe renewable technologies wlll have to mature in this complex 

environment, 

The complexi 

or demand 

of the energy futures increases rapidly with each new 

lon, The possi.ble use of i.nter~island submarine 

transmission cables, for example, is seriou examined by the 

utilit:i.es as well as private firms in Hawaii. The chotce of elect:rici 
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generat t es wi 11 be strong influenced by the technica1 

feas:lb:i. ty, costs and timing of intE: island cables, A computer··· based 

model was deve to fcvaluate possibilities for all three energy 

futures, The model the least cost supply system that would 

meet the projected demand for each future, The capital costs and labor 

requirements, both direct and ind:l.rect, were computed for the optimal 

m:l.x of 

In the fol sections we first present the leal methodoJ .. 

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 

demand project Jon for the County of Honolulu, A complete sis of 

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

Overview 

The methods and data vH?. used for detenn:i energy futures for 

Hawaii. and thetr s on the stateRs economy are summarized Jn Figure 

1. The Hawaii Ene:rgy Demand Forecast Hodel ded energy demand 

projections for each of the counties by year up to 2005. We made three 

forecasts wh:ich differed Jn their assumptions about energy prices and 

the level of energy conservation, The energy prices used Jn these fore·~ 

casts were ndent on world oll 

Because of the wide var of technologies that wlll become ava:!l~, 

able the next twe flve years, the ed electricity 
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demands can be met in many \>lays, The technologies will differ in their 

ts, reHabiH ty, the year 

and the amount of elect ric.i 

first b.;;comE, commercial avatlable, 

can ult supply. To facilitate 

the elt'!ctric:t ty rat:lon, the :tmiza tion Model 

was used to find the m:tx that meets the electr:!.ci ty demand and 

ty demand at the lowest es. In addition to deter-

the mix the Supply lmization Model also calculated the 

electric ty ces for each county. In , these prices were lower 

than those projected by the demand forecasting modeL The new prtces 

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 result supply scenartos were analysed for their dtrect and 

indirect economic impacts. Direct impacts tnclude the materials, man~ 

power and eq utpment required to construct, operate and maintain the new 

energy facilities. Indirect impacts include the income and employment 

in secondary industries within the state about by the expendi~ 

tures on construction of the new facilities. 'ltle used the Supply Cost 

Model and the technology characterizations described below to calculate 

the dtrect s in each county. The tndirect 

for the state as a whole ustng an 

economy. 

Demand Forecasts 

s were estimated 

model of the statep s 

The three energy futures were based on different demand forecasts. 

All three used the same economtc and demographic projections character~ 
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ized by medium grm.;rth in populat:lon, income and visitor arrivals [ 3] . 

They differed in energy ces and the level of conservation., The 

fed('"ral mandated automobile gasol:fne m:l_ standards were assumed in 

each future. In addition, in the third future we inco ed estimates 

of electricity savings result from the impementation of proposed 

a :iance efficiency standards. Initial we based the energy 

used in foreeast demand on projections of world oil prices. Th 

final pri.cE:s we determined and demand. 

Vle used the baseline demand forecast for the first energy future. 

In this forecast life assumed a three percent per year escalation in world 

oH price and that federally mandated automobile effic:tency standards 

will be implemented. This will lead to a growth in energy consumption 

in Honolulu of about t\vo percent per year. Electricity sales :in the 

county will double during the next twenty~five years, 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 price case. We assumed that 

oil prices would increase :in real terms by ten 

large price increases could occur if there are major di 

per year. Such 

ions in the 

world oil market. This scenario exhibited the lowest growth in overall 

demand. Both diesel fuel and gasoline sales decrease, while electricity 

sales remain constant, and aviation fuel consumption increases. 

The third energy future emphasizes conservation and improved eff:l-

ciencies. The baseline forecast of demand for electricity was reduced 

by our est:ima te of the amount of energy saved due to improved appliance 

eff:lciencies" This forecast was intermediate between the baseline and 
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price eases, It had the same liquid fuel consumption as in the 

irs future, and electricity sales were er than in the second. 

A e description of the demand forecas model and the 

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

Forecasts 

L uid fuels and electric1ty are the two ma r forms of energy 

cur y used in Hawaii. fuels are used for t ranspor~, 

tat1on and electricity generation. For each future we have projected 

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

Gasoline used for transportation can be substituted or supplemented 

by alcohol production. Apart from us electr1c vehicles, 

there are no other easy substitutes for gasoline, Alcohol supplies were 

assumed to be ten percent of projected gasoline consumption limited only 

the forecasted production of alcohol. 

Electricity may be generated by several types of power plants. 

Steam, 

used to 

ro, gas turbines and internal combustion are currently 

e electricity. Steam burn oi1 and bagasse, 

On Oahu these may be supplemented by municipal solid waste (MS~V) 

i.ncineration during the next five years. 

combustion engines use diesel fueL 

Gas turbines and internal 

Several renewable technologies have the potential to contribute s 

to electricity generation. Wind, geothermal, ocean thermal 

(OTEC), solar thermal (STEC), and photovoltaics (PV) can all be used to 

generate electricity. Hydro~electr1c and pumped s also have 
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1im1ted potential in HawaiL 

Due to the nature of their resource, geothermal and ocean thermal 

energy are available continuously and hence with a higher reliability, 

These technologies are prima suited for providing base load electri-

city generation, We assumed that the solar thermal power plant would 

include a therma.l storage system, This would permit extended use of 

stored solar energy for generating electric:lty at nlght, The solar 

thennal ant could then provide electricity to meet the base or inter-

mediate loads, No storage was assumed for the photovoltaic system vlhich 

can be used to meet intermediate electricity loads during the day onlyo 

Wind is essentially an unreliable 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 if backup capacity is avail

able. In Hawaii, the oil~ and biomass~fired generating capacity can be 

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

In this is tve chose eeonomic optlmall as our major objective 

in deciding the mix of technologies. We have attempted to 

express all other significant er:iteria through economic means. 

The mix of future t 

(LP) model. The 

f ti.me s start 

ies was selected with the aid of a linear 

Optimization :Model was run for 5 

with the mix of generating capacity in 

in 1980. The opti.mal mix of technologies was found s y for 

eaeh county. 
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The objective was to minimize the sum of levelized cost and the 

ions ma:i.ntenance and fuel cost, The levelized cost was based on 

the cost and the fixed rate allowed for amortizing the 

capital investment, The fixed charge rate in our formulation was 

dent on the taxable life of each plant~ the cost of capital, and the tax 

rate, Since the cost of capital changes w:tth time, it was important 

that the proper time horizon be used for cal 

coming on line during different time periods, 

the cost of plants 

Each technology will operate jointly and singly under a set of con~ 

straints. The constraints 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 Hawaii 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 available to meet peak power demand after sunset. The 

demand in each county was derived from the elect rid ty demand and the 

utilitiesp projections of peak power to electricity sales, 

The amount of energy that can be generated from a power plant 

depends on the plant availability and on resource availability, 

Resource availabUi ty fo wind is limited with OTEC or geother-

mal power plants. We placed limits on the total ion from each 

type of power plant and on the generating capacity of each ava:n~ 

able to meet the base~ intermediate, and peak demands. The availability 

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

Since vJind is an intermittent source of energy, it is necessary to 

ensure that: the system reliab:UJ is not affected when wind tion 

i introduced. Studies have shown that reliability decreases rapidly 

when wind genera t:Lon exceeds twenty percent of the installed capacity 

A const:ra:l.nt to l:Inli t wind ion to this level was incor-

,_orated in the modeL Furthermore, we did not include vJind ion 

tvhen c:alculat the ty available to meet the power demands. 

The total of each type of ing unit is limited by 

constraints other than cost:s. Most of the renewable technologies are 

not yet available commercially. A rapid introduction of these technolo

gies 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 years. From this range of possibilities, we 

have selected one set to establish the limit to which each technology 

may be developed in each ime period. We assumed that the OTEC t 

included in the Matsunaga bill will be built off Oahu, and that there 

will be an MSW plant us municipal solid waste from Honolulu 

with some sse from Oahu plantations. OTEC plant will be a t,o MVJe 

, and the MS~v plant is assumed to be rated at 45 MWe. 

:!.on 

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

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

futurE2. e e1£~ctrici c.os s V>Jere determined for each of the six 
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years 1980, 85, 90, 95, 2000 and 2005. electricity costs 

depended on the capital and operation and maintenance costs assumed for 

each technology. These costs can be very different from the prices used 

in the demand model which were related di to world oil prices. 

electricity costs, a measure of electricity , estimated in 

the Supply Optimization Model were determined by both world oil prices 

and the costs of renewables. Generally, these were lower than average 

elect rici. ty es based on -.10rld oil prices alone. When these lower 

prices were introduced into the demand model, the demand for electricity 

was higher than originally projected. 

S:l.nce costs and prices were based on di.fferent assumpti.ons, they 

were not ident:I.cal. We modified the pr:l.ces 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 new supply mix and average costs, If necessary, the 

whole process was iterated until the average costs between successive 

i.terations showed no significant difference. 

An :l.nter~island .. ransmission cable system is a crucial step in 

Hawaiips progress towards greater reliance on renewables, It is evident 

that the major resource for which technology is already commerci.alized, 

geothet~al energy, i.s available on the Big Island. This resource may be 

suffic:l.ently to meet the entire base load demand on Hawaii, Oahu 

and Maui i.n the long run. Development of geothermal energy can be pro~ 

moted only if transmission cables link it with major demand centers in 

Oahu and i.n Maui. Due to its critical nature, we assumed that such a 
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cabL;; system tv:ill be built Geothermal energy 

could then be shar~d Hawaii, Maui and Oahu. Since the Big Island can 

us geothe:tmal enE':tgy w:i. thou t the cabL~ sys tern and hence at cheaper 

rat we as l!l!H:'d tha geothermal energy would be available first to 

Hawaii to meet its cted base load demand. The remaining energy was 

assumed to be llocated to Maul and Oahu in proportion to the:lr base 

JocHi dentH:ods Q 

New Techno 1es 

The t:echnolog:t es included in our analysis and their tal COBtS 

are shown in Table 1. tal costs of convent :tonal technologies \vere 

assumed to remain constant over the next twenty~five years, whfle those 

of renewables were assumed to decl:Lne for reasons mentioned earl:Ler. 

Costs shown for 1980 reflect the cost of old power plants already on 

line, or they reflect the capital cost after ciation for ex:Lst 

plants. We used a cost of $65 for old oil s based on data in 

HECO~s annual report [5] . An analysis of u till ty finances would be 

necessary to g{~t a better estimate of average costs for 1980. 

Costs of geothermal plants were assumed to include cable costs between 

Hawaii and Oahu and/or Maul. Geotherma 1 costs on the Island 

were therefore lower by $800/KWe after 1990. 

The costs that we have assumed for renewables are generally on the 

conservative s:Lde, Photovoltaic eos ts, for example, exceed the 

set by DOE a factor of two. 

and maintenance cos s of fossil fuel plants ranged from 9 

mils/KWh for oil to 15 m:Lls/KW'n for d:Lesel un:Ltso For 
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renewables, from 5 mils/KWh for OTEC to 2 mils/KV.Th for other 

te es. Fuel costs for diesel were assumed to be fifteen 

than for res:i.dual oiL Electrici ed by bagasse~fired 

was assumed to cost 70 ion. 

The limits to which each resource may be oited in each year were 

based on knm.Jl of the resource, avaHabtl:i. of ial 

sites, the rate at which each technology may be developed, and 

social and poH tical cons iderati.ons. The limits on geothermal energy 

were based on a USGS [ 6] wh:l.ch estimates the potential resource 

around the Puna Well at about 250 r1We. We estimated that the area of 

activity the Kilauea Lower East Rift is four ttmes as 

large and thus could yield up to 900 MWe. Th:i.s figure is smaller than 

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

Wind ion is ltmited to 20 percent of total installed capactty 

or to the resource limit of 432 MWe on Oahu, whichever ts smaller. The 

20 is based on studies which ltmit the maximum generation 

because of a system reliaMli ty comdderations [ !~]. The 432 MWe limt t 

is based on chotce sttes tn Oahu [8]. 

The limits on OTEC, STEC and photovoltaics ( 440 MWe ~ 180 MWe, and 

116 MWe, respect in 2005) are based on rates at which technologtes 

might be commercialized. There are no limits on the additton of 

convenUonal fossil~fired generators other than those dtctated by the 

system load conf ton. 
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Economic ts 

The df;mand and models ded for each future~ the mix of 

tech ies and the amount of li.quid fuels necessary for 

transportation, heat 

direct economic 

and electri generation. To calculate the 

s associated with the energy futures, we have 

estimated capHal costs and ion and maintenance costs for each 

t We broke these eosts down into their manpmver, materials 

and s. 

A key ion in our is was that renewable technologies 

have declining costs. Costs of conventional generating technologies such 

as oil and coal~fired steam generation were assumed to remain constant. 

All costs were expressed in constant 1980 dollars, 

The manpower, materials and equipment components of capital costs 

\vill all decline but probably not at the same rate, The costs of onsite 

materials as opposed to manufactured equipment will not decline as 

rapid as onsite labor and costs since there will be greater 

scope for ng labor than materials costs. 

costs may decline because of roved manufacturing techniques and 

because of compet:ition from other manufacturers. 

The direct costs and labor rements for the technologies in each 

future were on the basis of these assumed unit costs. The 

rna terials and equipment costs were disaggrega ted 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 S [ 10] 0 The lead time red for construct ion a.nd the 
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scheduling of resources during construction was also considered to pro

vide an annual breakdown of capital and labor requirements. This break

down of capital requirements aggregated over six 5-year periods was used 

for estimat the indirect impacts. 

We estimated indirect 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 1977' HDPED developed input-

output tables for each of the four counties by updating earlier tables 

[11] o Special attention was paid to the petroleum importing and refin

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 facillties. The Supply Cost Model 

provided a detailed breakdown of the annual materials 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 o The next step was to estimate what 

braction 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. 

, from the industrial activity we estimated the annual income and 

employment generated in each industry, 
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Th basic ssumption we made in us he demand forecasting model 

\cJas that energy onsume:rs respond to future changes in ce and 

income :In the same way they d:l.d in past. This does not mean that 

consumption trends will continue, only that consumersp behavior 

w:L11 rema:Ln constant. We therefo assumed that no major t 

or structural to the economy would occur that would affe t 

energy c ion patterns. In icular, the widespread use of vehl-

cles powered by electricity or synthetic fuels was not envisioned. 

This assumption of behavioral cons means that conservation pro--

grams, mandated ff.iciency standards, and emerging energy use technolo~~ 

es are not endogenous to the model. To remedy this deficiency, in 

each future we assumed that the currently mandated gasoline mi 

standards will be implemented. 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 icit in our demand forecasts was that fuel and electricity 

are direct related to world oil If renewable resources 

in Hawaii furnish a ma of the energy, this would no longer be 

true. By feeding the electrici 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 techno1o·--

The Optimization Model, by using a linear program formula--

tion, had many of the sumptions and limi tat:!.ons inherent in this 
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method. A major assumpt:ton was that costs are proportional to generat~ 

or to the amount of elect r:! ci For many of the 

ec.hno units are buJlt in standard sizes, and unit 

costs decrease as more units are installed. Unit costs may start 

increasing when the most favorable sites have been used up. 

A second set of assumptions that influenced the supply mix forecast 

nvolved the costs and commercialization schedules for the renewable 

es. Since some of these technologies are still 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 regarding utility financing and tax rates over the next 

er century. These assumptions affect each technology equally, so 

their major effect will be on electric costs. 

It is characteri.stic of LP#s that they find extreme solutions. If, 

for example, two technologies differ only in that one i.s slightly less 

expensive than the other, then the soluti.on would show the first used to 

the maximum extent while the second may not be used at all. These limi·-~ 

tat ions were overcome by setting an upper limit on the the development 

of each technology. 

The model we used for estimating indirect economic 

s gave us a stat:l.c of the Hawaii.an economy. It can not 

take into account structural changes in the economy such as new indus~ 

tries moving into the state or exlsting industr:i_es changing their pro-· 

cess or mix. This effect could be s ficant during the next 

twe ive years if ne~<J. industries are attracted by the lower of 

elect :ricity generated from renewable resources, It would be in the 
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direction of greater income and employment in the state than \ve 

estlmatedo 

3 Results 

In this section we discuss our results for the County of Honolulu of 

which Oahu Island s the nc5 part. Honolulu has about e 

cent of the stateps 

of its energy cons 

the electric:!_ 

ation and accounts for more than e percent 

ion. We present our ections of energy demand, 

ion mix, and electricity prices for the first 

future to illustrate the methods we developed to analyse the supply and 

demand options for the state. l~e are presently analysing the three 

cases for the other counties. These results, along with 

the direct and indirect economic impacts in Honolulu County, will be 

published in Reference 1. 

demand 

Table 2 shows the energy demand on Oahu for the baseline case. The 

demand for electrlci in Honolulu County will more than double during 

the next ive years. Demand :is heavi :influenced by electricity 

prices, which reach a in 1995 as the fraction of electricity 

supplied by renewables becomes s:!gnificant. Since electric:! ty prices 

will no on ever inc oil prices, the demand for 

electr:lci will :increase as prices decl:!ne or increase marginally. 

The demand for imported petroleurn will also reach a in 1995, 

then it will decline sl:l in 2000 before increasing again in 2005. 

:!.on of this demand will increase steadily; by 2005 
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it will be forty percent higher than its level. Oil :required 

for electricity ion, however, will peak in 1990 wud then decl:tne 

to :[ ts lowest level by 2000. This decline is due to the rapid penet:ra~ 

tl.on of the rene-vmbles into the elect:rid supply ml.x after 1990. 

Although :renewa bles wUl continue to increase the:! r share after 2000, 

the use of oil will also increase because the maximum penetration by 

renewables is limited to a level insufficient to meet the increas :tng 

demand. Oil used for generation on Oahu w:tll drop to 37 of 

:renewables. 

Supply mix 

Imported petroleum has been the predominant source of electricity in 

Ha"~<Jaii for many years. Bagasse combined with oil and hydropower have 

also contributed to the electricity supply, 1y on the Neighbor 

Islands. Their contribution on Oahu has been relatively small, Figures 

2 and 3 show the forecasts of generat capac:i.ty and the amount of 

electricity generated by each type of power plant for the next twenty~ 

five years. The peak loads am1 reserve margins are indicated on the 

bars in the figure that shows generating capacity, The ty demand 

includes a twenty percent reserve marg:tn. We assumed that all the oil 

ing capacity avaHahle 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 

:ton 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 

ion unti.l about 1995. As OTEC and geothermal plants come on line 
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for base load, ol1 ion will mainly b<~ used for intermediate and 

loads. At the same ti.me, wind and solar will also make major 

contributions. About 140 MWe of gas turbines will be built by 1990 to 

meet loads. The increments will occur between 

199'5 and 2000 when 830 HWe of ne~,.;r wind, solar thermal, OTEC and her·· 

mal ants will be constructed. 

Elect e:t prices 

Electricity prices are related to the price of oil and to the cost 

of ty. It is not surprising that as the price of oil 

increases, so does the of electricity. Electricity wHl 

increase ly up to 1990. After this date, as lower cost renewables 

become available, prices will decline or show a slight increase. For 

Honolulu County, by 1990 the average electricity price will go from 86 

to 109 mils /KWh, a 2 7 percent increase, During the subsequent fifteen 

years, ces wi 11 lncrease by only five The lower prices 

result in a larger demand than inally forecast assuming electricity 

would be y from iL 
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Forecast 

1 "Most Like 

2 "Nos Like 

Role of Renewables 

Table 1 

Enf:;rgy Future.s 

c ~\lorld O:t 
Pr e Gro-~;:rth 

3% per y~~ar 

10% per year 

3% per yea 

Conservat:Lon 

Nandated automobile 
mi standards 

Mandated automobile 
mileage standarrls 

:l.ance 
efficiencies and 
mandated autornob:tle 
mi e standards 

* From the Hawaii Macro~~conomic Hodel simulation, 1977. See Refer~ 
ence 3. 
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TABLE 2 

SIGNIFICANT ASSUMPTIONS 

1980 '1985 1990 ·1995 2000 2005 --

Honolulu Population Proiections (1 805.6 866.0 917.6 965.7 996.2 103LS 

Honolulu Per Capita Personal Income (1967 4842.3 5469.7 6032.8 6698.3 7384.0 8 49.2 

State Visitor Arrivals ( Persons) 4133 5275 6418 7440 7820 8219 

Costs (1980 $/ 
Wind 2500 1500 1000 700 700 700 
Otec 8000 8000 8000 4000 2600 2600 
Geothermal 3000 2800 2000 2000 2000 2000 
Solar Therm 3000 3000 2500 2500 2000 2000 
Photovoltaic 18000 8000 3000 3500 2000 2000 
MSW 2222 2222 2222 2222 2222 2222 
Oil 65 800 800 800 800 800 
Oil 65 800 800 800 800 800 
Diesel Base 400 650 650 650 650 650 
Diesel Peak 300 500 500 500 500 
Gas Turbine 200 400 400 400 400 400 

50 800 800 800 800 800 
'Ci 
ilJ 

(JQ 

tll 

N 
'-'' 
ilJ 
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Electridty 
Restdual 
Dienel 

1 tal 

Ene 

at 
l(~nt 

Generat:!.on (l 

Fuels 
Gasoline 

K\\fh) 

Residual and Diesel 
LPG and Utili Gas 
Subtotal 

Av:l.at:i.on Fuel 
Total 

Total Oil Demand 

0:!.1 Demand w:t thout 
Rene\vable 

Wo ld Oil Prj .. ce 
(1 80 doJ ) 

Role of Renewables 

Table 

j 
land Ca 

illions of Btu- ] 

l 80 ] 98 990 1995 

57.1 60.9 65.3 5!.; '6 
0.0 0.8 0.3 

38.8 

26 

2000 2005 

23.2 31.8 
0.0 0 'l} 

9L2 

5,230 5, 40 6,900 8,410 10.250 12,760 

2 ,. 7 
:J ' ' 

18.9 
13"2 
27.6 

65.8 80.7 94.1 105.7 

171.8 186.0 204.1 206.3 

170.6 186.6 210.4 238.5 

30 35 

12.6 

107.0 

178.8 

257.3 

12.5 
3l}" 7 

63 

Notes: The for 1980 a.re (ostimates of demand, not actu<I1 e:onsump~ 

Alcohol eou] d subs fo lt~ast en percent: of g::1s :tne 
199(L 
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