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THE ROLE OF RENEWABLES IN HAWAII”S ENERGY FUTURE

by Jayant Sathaye and Henry Ruderman

Staff Scientists
Energy and Environment Division
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

ABSTRACT

The Hawaii Integrated Energy Assessment was an investigation of
possible energy futures for Hawaii with emphasis on using indi-
genous sources of energy. The analytic methodology included an
interconnected set of models to forecast the demands for various
forms of energy, to select an optimal mix of supply technolo-
gies, and to estimate the economic impacts of constructing and
operating the state”s energy system. The analysis indicates
that almost all of the petroleum based electricity generation
could be replaced by renewable and geothermal sources during the
- next twenty-five years. Gasoline consumption will show a con-
siderable drop as a result of higher prices, more efficient
automobiles, and the use of ethanol to extend gasoline supplies.
The major use of petroleum will be for aviation fuel, for which
there appears to be no short-term substitute. By 2005, Hawaii“s
economy will be much less dependent on imported petroleum than
it is today.

August 3, 1981
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THE ROLE OF RENEWABLES IN HAWAII“S ENERGY FUTURE*

by Jayant Sathaye and Henry Ruderman

Staff Scientists
Energy and Environment Division
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

INTRODUCTION AND SUMMARY

The State of Hawaii is extremely vulnerable to disruptions in the
world oi1l market. Over 90 percent of the state”s energy comes from
imported petroleum, most of which is from foreign sources. Petroleum
also has an indirect impact because of the large role that tourism plays
in thg Hawaiian economy: During 1978, nearly four million visitors
spent over_$2 billion in Hawaii. Higher passenger fares and fewer visi-
tors resulting from a rapid rise in petroleum prices would have serious

consequences throughout the state.

As Shupe and Weingart [1] point‘out, Hawaii could play a pioneering
role in the development of remewable and geothermal resources. Due to
the state”s geographic and geological characteristics, it 1s endowed
with a variety of energy sources. The Hawaiian Islands are a series of
shield volcanos that rise steeply from the sea floor. They are 1located
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 locatiomns for wind

* This work was supported by the U.S. Department of Energy, Office of
Alternative Fuels, Secretary for Resource Applications, and by the Of-
fice of Strategic Analysis and Integration, Secretary for Conservation
and Solar Energy under Contract No. W-7405-ENG-48.
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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 high average insolation, so
that solar energy for water heating and electricity generation could
become widespread. The large temperature gradients and the 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.

The state government, recognizing the Island”s precarious position,
has made one of its prime objectives increasing the level of energy self
sufficiency while maintaining a dependable, efficient and economic
energy = supply system. To what extent oil can be replaced by indigenous
resdurces over the next twenty-five years was the focus of the Hawaii
Integrated Energy Assessment (HIEA), a joint study by the Hawaii Depart-
ment of Plaﬁning and Economic Development (HDPED) and the Lawrence
Berkeley Laboratory (LBL). The HIEA examined what the future demand for
energy might be, which indigenous resources would be available, which
technologies would be developed sufficiently to exploit the resoufces,
how the technologies could be combined into an efficient energy supply
system, and what - would be their social, economic and environmental
consequences. A complete description of the study and discussion of the

results may be found in a six volume report [2].

This paper discusses the three major analytic portions of the HIEA
-~ the energy demand foregasts, the energy supply mix, and the economic
impacts. The demand forecasts and the supply mix are determined for
each county, whereas the economic impacts are determined statewide. The
paper begins with a description of the data, methods and models used in
the analysis. Then we present the‘results of applying the models to one
of several alternative futures that were examined. In the final sec-

tion, we summarize the conclusions of the study.

- The emnergy future for Hawailil discussed here is predicated on a set
of demographic and economic projections prepared by the state government

[3]. Two additional assumptions had a strong influence on the energy
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demand forecasts —— that world oil prices would rise at three percent
per year, and that the federal gasoline mileage standards would be met.
The characterizations of the costs and availability of alternative tech-
nologies were common to all cases. A critical factor in these futures
is the economic and technical feasibility of an undersea' transmission

cable to carry électricity from Hawaii to Oahu.

Our results indicate that by 2005 indigenous resources could supply
nearly 80 percent of the state”s electricity, even thoughvthé demand
almost tripleé. The ma jor sources of the édditional supply would be
geothermal and OTEC plants. Constructing these plants would place a
severe finaﬁcial strain on the state’s utilities unless innovative
methods of raising capital are found. Gasoline coﬁsumption will'decline
because of higher prices and more efficient automobiles. Alcohol
derived from domestic biomass could replace ten percent of the gasoline
consumed. - The consumption of aviation fuel will continue to increase,

however, as tourism continues to grow.

In addition ﬁo the scenario discussed above, we considered two

~alternative cases. In one there 1is additional energy conservation

quught'about through improved appliance efficiencies and the wuse of
heat pumps for_ﬁater heating. 1In the'second, we postulated that world
oil prices would increase at a rate of ten percent per yeat rather than

three percent. The major difference in the high price case is that the

. timetable for introducing alternative technologies 1s accelerated by

five years because they become competitive with oil that much sooner.
The higher conservation case requires fewer new facilities, thus reduc-

ing the financial burden of the state”s utilities.

Several other possibilities were examined. As long as petroleum
remains the primary source for electricity, electric vehicles will not
reduce the state”s dependence on imports. Coal-fired power plants might
be the quickest way to reduce oil consumption, but there would be prob-
lems with air pollution and solid waste disposal. Furthermore, a large
infrastructure would have to be built up to import, distribute, and
store coal. Nuclear power plants of the size appropriate for Hawaii

(200 MW) are not now being built commercially.
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Although complete energy independence for Hawaii does not appear to
be possible within the next twenty-five years, indigenous resources
could significantly reduce the state”s dependence on imﬁprted petroleum.
Most of its electricity could come from geothermal and.renewable plants.
Improved vehicle mileage, the use of biomass derived fuels, and eventu-
ally electric vehicles could further reduce petroleum demand. Substan~
tial decreases in aviation fuel consumption will have to await dimprove-
ments 1in aircraft technology. These changes, along with greater
emphasis on conserving energy, would. make the state”s econoﬁy far less

vulnerable to disruptions in its petroleum supply than it is now.

L
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METHODOLOGY

The methods and data used to determine energy futures for Hawaii and
their impacts on the state”s economy are summarized in Figure 1. The
Hawaii Energy Demand Forecasting Model (HEDFM) provided energy demand
projections by year up to 2005. The HEDFM is a macroeconomic model

designed to forecast the annual consumption of seven forms of energy in

' each of the four counties.. It was driven by exogenous projections of

démographic and economic variables as well as >energy prices. The
economlic and demographic projections were derived from official state
sources. The energy prices used in these forecasts were derived from

projections of world oil prices.

Because a wide variety of technologies will become available during
the next 25 years, the projected electricity demands could be met in
many ways. The technologies will differ in their costs, reliability,
the yéar they first become commercially available, and the amount of
electricity they can ultimately supply. The Supply Optimization Model
was developed to identify the supply mix that meets the electficity and
generating capacity demands at the lowest cost. In addition to deter-
mining the supply mix, the model also qalculated the electricity prices
for each county. In general, Ehese'prices were lower than those used in
the demand forecasting model. The new prices were fed back into the
HEDFM, and a reviéed set of demand forecasts was obtained. This pro-
cedure was repeated until a consistent set of energy demands and prices

was found.

The resulting supply scenarios were analyzed for their direct and
indirect economic impacts. Direct impacts include the materials, man—
power and equipment required to coﬁstruct, operate and maintaiﬁ the - new
energy facilities. Indirect impacts include the income and employment
in secondary industries within the state generated by construction
expenditures for the new facilities. The Supply Cost Model and the
technology characterizations described in Reference 2 were used to cal-
culate 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.
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DATA MODELS AND QUTPUTS

World Oil Prices - HAWAII ENERGY DEMAND
- Population, Income, [P <t

Visitor Arrivals FORECASTING MODEL

Energy Demand Projections - Electricity Prices
by County . by County
Capital, Operation and l

Mamtgnance, ‘Fuel Cos.ts, — SUPPLY OPTIMIZATION >
Capacity Credit, Capacity MODEL

Expansion Limits . l

Electricity Supply Technologies
Liquid Fuels Technologies
by County

Capital Costs and '
——g-t SUPPLY COST MODEL

Skil]s by-Technologyl :

Direct Capital Requirements
Direct Labor Requirements

HAWAIL INPUT-
OUTPUT MODEL

l

Indirect Labor
and Income

Figure 1. -- Integrated Assesment Methodology
’ XBL 811-43
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*
The Hawaii Demand Forecasting Model—

The HEDFM is an econometric model designed to provide detailed
annual consumption forecasts for various fuel types up to the year 2005.
The model provided projections of demand for each qf the four counties
in Hawaii and for the state as a whole. Combining the demand forecasts
V-Qith supplyiééenarios furnished by other elements of the integrated
assessment permit;ed quantitative analyses of a range of possible energy

futures for Hawaii.

Demand forecasting for the HIEA was performed in two phases. First,
a model was comnstructed to quantify the relationship between the con-
sumption of enmergy in various forms and the economic and demographic
characteristics. of the state, such as population, ipgggg_;nd'pr;pesf
The form of the model is based on economic theory, and iﬁs structure is
determined from historically observed relationships. Once the model was
conétructed, exogenous projections of the economic ‘and demographic
characteristics were used td calculate future energy consumption. - Dur-
ing the simulation phase, several forecasts were made to examine the
_ iﬁpacts that different economic and demographic futures would have on

energy consumption in Hawaii.

Forecasts of consumption were made for seven types of energy use——
electricity, gasoline, diesel fuel, residual fuel, aviation fuel, LPG
and utility gas—for all four counties. Electricity consumption was
broken down into residential and non-residential uses. The forecasts
are presented in physical units. Total enmergy consumption was calcu-
lated by converting the physical consumption values of their fossil fuel
Btu equivalents and summing. The statewide consumption was calculated

by summing the county values.

* ' v
This section is based in part on work performed. by Dr. PingSun Leung of
the Hawaii Department of Planning and Economic Development.



. =10-

Structure of the Model

The HEDFM follows a very_widely used dynamic flow adjustment model
structure [4-8]. Its general form can best be represented by the follow-

ing two equations:

Dt* = F(Xt) : (1) .
D - Dt—l =k (Dt* - Dt—l)’ 0<k(«<1 (2)
where ‘
Dt* = desired or equiiibrium démand for a given energy product
Dt = actual deﬁand for a given emnergy product
Xt = vector of variables affecting demand (e.g., prices,
income outpufs,_climate and population)
k = adjustment coefficient.

t = current period

The first equation'simply defiﬁes the desired or equilibrium demand
in a static environment. It is assumed here that consumers partially
adjust to the equilibrium demand according to equation (2). The adjust-
ment would probably be partial because of some frictions such as inertia
or lack of information. In the case of energy demand, this lagged
ad justment of actual demand to desired deménd could be the result of two
factors: 1) the exiéting stock of energy consuming devices that cannot
be replaced 'immediately; and/or 2) the unwillingness of consumers to

view the changes as permanent until they have continued for some time.

The adjustment coefficient k measures the proportion by which the
difference between the equilibrium demand Dt* and the realized value

Dt-l is reduced during period t. The adjustment is total whem k = 1 or

Dt* = Dt' The smaller k is, the smaller the adjustment. By replacing

Xy in equation (1) with specific variables, equation (1) can be

expressed using a log—linear relationship as:

r
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In Dt = 1n kBo + kB1 1n Yt + sz 1n Pt + (1-k) 1ln Dt-l + k lnvEt(3)
where

Dt = actual'per capita demand for a given energy product

Yt = real per capita pe:sonél income

P_ = real energy price
E, = random disturbance

Bl’ B2~ = constants

The advantage of using the log-linear form is that the coefficients
of the independent' variables provide direct estimates of elasticities.
In equation (3), B, and kB, are the long-rumn and short-run income elas-

ticities while 32 ind sz ire the long-run and short-run price elastici-
ties. Economic theory also tells us that kBp< O and kBj> 0 because
demand for energy 1is inversely related to price (hence, kBy< 0) and
directly related to income (henéé kBy> 0). It should be noted that

underlying this log-linear form is the assumption of constant elasti-

'dity, i.e., the response of energy demand to a small percentage' change

in each of the independent variables is the same regardless of their
levels. The assumption may be invalid when there are very wide varia-

tions in the independent variables.

The HEDFM Data Base

The data used in developing the model came from a number of sources.
Consumption and prices of electricity and utility gas were obtained from
the Public Utility Division of the Hawali State Department of Regulatory
Agencies. Data on liquid fuel use were obtained primarily from the
Hawail State Department of Taxation. There 1s no readily available
source of residual fuel consumption besides that used for utility elec~
tricity generation. The detailed historical data are reportéd in Volume

4 of Reference 2, "Hawaii Energy Data Base".
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Consumption data were converted to a common unit, the British Ther-v
mal Unit (Btu) for ease of comparison. Figures 2 and 3 present the
total energy uses by county from 1963 through 1977. Table 1 shows the
energy use by fuel type for each of the four counties and the state as a
whole. Aviation fuel includes jet fuel and aviation gasoline. Gas
includes utility gas and LPG. Data on diesel and residual fuel ‘in Table
1 exclude that used for generating electricity. Also, the historical
figures on residual fuel consumption other than for electricity genera-

tion were estimated.

TABLE 1.

Statewide Energy Consumption by Fuel Type: 1963 to 1977
[Trillions of Btus]

' Aviation : Elec- Diesel Residual
Year Total Fuel Gasoline tricity Gas Fuel Fuel
1963 77.7 16 .6 19.0 23.2 3.1 5.3 10.2
1964 86.2 20.5 . 20.1 25.5 3.2 6.0 10.9
1965 93.2 24.3 21.2 - 27 .3 3.3 6.0 11.0
1966 107.8 34.6 22.2 29.4 3.5 6.2 11.8
1967 123.0 45.4 23.6 31.6 3.7 6.3 12.4
1968 133.2 - 50.2 24.7 34.7 3.9 6.6 13.1
-1969 154.0 62.2 27.9 38.2 4.2 7.8 13.7
1970 159.9 60.2 29.5 41.9 4.5 - 8.8 14.4
1971 171.9 66.1 31.3 46.5 4.8 8.8 14.4
1972 179.7 65.8 - 33.2 50.9 5.1 9.8 14.7
1973 190.4 69.1 35.2 54.3 5.4 11.0 15.5
1974 184.4 62.6 33.8 ‘ 56.1 5.5 10.8 15.6
1975 188.5 62.4 .- 35.6 59.5 5.6 9.8 15.6
1976  193.1 61.7 37.0 62.6 5.6 10.4 15.8
1977 200.4 63.8 39.0 65.0 5.6 10.7 16.2
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Figure 3. -- Total Energy Consumption, Neighbor Islands: 1963 to 1979
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Empirical results of the HEDFM

Two models——an individual county model and a pooled time-series and
cross-sectional model-—were used to investigate demand for each énergy
category except for residual and aviation fuels. Consumption data for
the fifteen year period 1963 to 1977 (in physicél units) were used in
estimating the demand equations for the individual fuels. The equations
for the county models were estimated using ordinary least squares within
the single equation dynamic flow ad justment framework discussed previ-
ously. The pooled time-series and cross-sectional models were estimated
using ordinary least squares with cross—sectional dummy variables within
the same dynamic flow ad justment framework. By using dummy variables,
this model éssumes the same response for all counties to income and
prices, but allows for differences between counties which are not expli-

citly included in the model.

Most of the estimated demand equations were well fitted with an R2

of 0.80 or higher. Except for aviation fuel, none of the equations had
serial correlation problems as indicated by the Durbin-Watson statis-
ties. Also, most of the elasticity estimates fell within the ranges
indicated by other studies [9]. Other than for the aviation fuel demand
equations, which depended mainly on visitor arrivals; the equations tell
us that price is an important factor in the demand for energy. Fore-
casting .by extrapolating past trends of energy consumption would be

misleading without considering this important factor because of the past .

history of declining prices.

The demand elasticities summarized in Table 2 indicate that the
short-term price elasticities for electricity, gasoline and diesel fuel
are fairly small. The long-term elasticities are substantially higher
as would be expected from the slow turnover in appliances and automo-
biles. This means that over the long run, price will have an important
effect on reducing consumption levels in Hawaii. The long-term price
elasticity for residential electricity is larger than for non-
residential. Increasing the price, therefore, would be a less useful

tool for decreasing non-residential consumption than for residential.
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TABLE 2. -— Demand Elasticities

Short Termv ‘ - Long Term
Sector Price Income Lagged Price Income
Residential electricity -0.103 0.101 0.888 -0.920 0.902
. Non-residential electricity -0.162 .619 724 -0.587 2.243
- Total gasoline sales -0.155" .230 .642 -0.433 0.642

Total diesel'fuel ' -0.201 .525 609 -0.514 1.343

Forecasting Energy Demand

The choice of a particular empirical equation for forecasting
depends on three types of criteria: economic, statistical and predic?
tive. The economic criteria require that the signs and - magnitudes of
the estimates have to be conformab;e to economic theory (or to the
theoretical specification of the model). Whenever this economic cri-

teria was violated, the equation was considered to be misspecified and

" hence rejected. The statistical criteria pertain primarily to the

goodness~of-fit  and the significance of the estimates. The goodness-

of-fit 1s measured By the coefficient of determination, Rz, and the sig-

nificance of an individual estimate is measured by the respective t-
statistic. In addition, multi-colinearity and serial correlation prob-
lems are also detected in the course of estimation. The economic and
statistical criteria provide the base for selecting the appropriate
equations. These equations were then put to test for thelir predictive
behavior. Equations with unexpected patterns of predictive behavior
were discarded and replaced. This was done entirely in a subjective

manner.

The pooled crbss-sectional time-~series equations were used in fore-
casting residential and non-residential electricity sales, total gaso-
line sales and non-electric diésel fuel use. Aviation fuel was forecast
with a model that was linear in visitor arrivals and passenger load fac-

tor. The demand for utility gas was assumed to remain constant [10].

"The data on price and consumption of LPG and non-electric¢ residual oil

were not good enough for statistical analysis.  For foreéasting purposes

a simple growth model in proportibn ‘to the change in real personal
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income was used. The latter three fuels amounted to only about ten per-

cent of the total state energy consumption in 1977.

The projections of economic and demographic variables used in the
forecasts were adopted from the Hawaii Macroeconometric Model [3]. This
model of the state”s economy, constructed by the Hawaii Department of
Planning and Economic Development, was run to produce several forecasts
based on different assumptions concerning thé growth in the economy. It
forecasts population, civilian jobs, and personal income for each of the
counties and visitor arrivals for the state. Their “most likely”
scenario was selected to drive the demand fdrecasting model. As shown
in Table 3, this écenario shows state population increasing from 970,000
in 1977 to 1,475,000 in 2005. Visitor arrivals nearly double over the
same period, while per capita income increases by 70 percent, taking
inflation into aécount. The largest percentage increase in population

and income in the scenario occurs in Maui County.

TABLE 3. —— Economic and Demographic Forecasts

Total :
Personal’ Per Capita _

De Facto Income Personal Visitor

Population (Millions of Income Arrivals
Year (Thousands) 1967 dollars) (1967 dollars) (Thousands)
1977 973 3,975 4,505 3,434
1980 1,032 4,381 - 4,770 4,133
1985 1,133 5,368 5,386 5,275
1990 1,230 ' 6,304 5,911 ' 6,418
1995 1,325 _ 7,403 ‘ 6,504 7,440
2000 1,395 8,504 7,088 7,820
2005 1,475 9,768 7,716 8,219

Source: Hawaii Econometric Model Simulation, 1977. See Reference 3.

Fuel and electricity prices for the demand forecasts were derived
from projections of world oil prices. Actual oil prices in constant
dollars for the period 1977 to 1980 were used. Starting with §$30 per
barrel in 1980, oil prices were escalated at three percent per year in
the Baseline Case. This rate of increase gave prices close to those
projected by the Energy Information Administration in its high price
forecast [11] |
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It was assumed that liquid fuel prices would increase at the same
rate as the world oil price. Moreover, these prices were assumed to be
the same in all four counties. Separate projections of residential and
non-residential electricity rates. were made for each of the counties.
These were based on tﬁe historical relationship between electricity
rates and world oil price derived from the 1963 to 1977 data. The model
also has a provision for using other projections of electricity rates.
This 1is especially important if much of Hawaii”s electricity comes from.
alternative sources in the future, in which case generating costs would

be freed from oil prices.

Demand Reduction Through Conservation aﬁd Improved Efficiency

. The relationships in the HEDFM were derived from historical data for
‘the years 1963 to 1977. Thus any projections based on this model assume
that the relationships that were valid during this period will still
hold in the future. Because of the récent sharp increaées in world oil
price as well as mandated and proposed energy efficiency étandards for
automobiles, buildings and appliances, it is unlikely_ﬁhat historical

consumption patterns will continue.

To account forlanticipated Changes in energy consumption, we have
intfoduced ad hoc demand reduction factors in the forecasting model.
These factors represent the percentage reduction in consumptioh for
various end-uses brought about by improved efficiencies and comservation
measures. They were applied to the projections of gasoline and electri-
city consumption to reduce the projected levels of consumption. The
factors were based on demographic changes, mandated automobile mileage
standards, appliance efficiency improvements, and behavioral changes in
response to price increases or exhortations to conserve energy. Some of
them differ from island to island. (See Volume I, Chapter 3 of Refer-

ence 2, "Issues in Energy Use and Conservation in Hawaii").

The reduction factors for gasoline consumption were derived from
estimates of the national average automobile fleet fuel efficiency.
These estimates, which were obtained from the Department of Energy, were

based on the mandated automobile mileage standards in the Energy Policy
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-and Conservation Act of 1975. They are shown in Table 4. We assume&
that the same percentage improvement in efficiency will prevail for each
of the counties. The annual gasoline consumption figures projected by
the model were reduced by these factors to give the revised consumption

forecast.

TABLE 4. —— National Average Automobile Fleet Fuel Efficiency

Miles per Percentage Change

Year ' ‘Gallon from 1978
1978 13.10

1980 14.26 8.85
1985 17.66 34.81
1990 - - 19.79 : 51.07
1995 20.49 56.41
2000 20.90 59.54
2005 21.11. 61.15

To estimate the reductions in electricity consumption,  the
econometric forecasts for the residential and non-residential sectors in
each county were disaggregated by end-use. The proportions wused for
disaggregating come from utility data for .1977.  Major end-use
categories are water heating, cooking, refrigeration, 1lighting, and
clothes drying. For each end-use and year these factors were applied to
the projections, and the resulting consumption figures were summed to
give the residential and non-residential totals. These savings were
assumed to occur only in Future 2; they have not been incorporated in

the results for Future 1 presented in this paper.

Supply Optimization Model

In investigating alternative energy futures for Hawaii, we have to
congsider the two major forms in which energy is consumed ~- electricity
and liquid fuels for traﬁsportation. The HEDFM described‘in the previ-
ous section projected the demand for fuels and electricity to the year

2005. 1In this section we describe the Supply Optimization Model used to
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select from among many competing technologies the mix of energy facili-

ties that would meet the projected demands at the least cost.

The analysis of Hawaii”s transportation fuel supply is fairly simple
because there are few alternatives. There appears'to ‘be no replacement
.for aviation fuel during the next twenty-five years. Alcohol from indi-
genous Biomass could substitute for or supplement gasoline used for
transportation. Apart from electric vehicleé, there are no other near-
term substitutes for gasoline. We assumed that alcohol would replace up
‘to ten percént of projected gasoline consumption, limited only by the

forecast production of alcohol.

Electricity gemeration is much more complex because of the wide
varieﬁy of technologies presently available or under development.
Steam, hydroelectric, gés ‘turbines and internal combustion engines - are
currently used in Hawaii. Steam generators burm oil or an oil-bagasse
.mixture, whereas gas turbines and intérnal combustion engines burn
diesel fuel. On Oahu there are plans to supplement these by muniéipal

-s0lid waste (MSW) incineration within the next five years.

Several renewable téchnologies have the potential to contribute sig-
nificantly to- elect:icity'_generation. Wind, geothermal energy, ocean
thermai (OTEC), solar thermal (STEC), and photovoltaics (PV) can all be
used to generate electricity. Hydroelectric and pumped storage also

have a limited potential in Hawaii.

Due to the nature of their resources, geothermal and -ocean thermal
energy are available continuously and hence are highly reliable. These
technologies are suited primarily for baseload electricity generation.
It was assumed that solar thermal power plants would include a thermal
storage system. This would permit extended use of stored solar energy
for generating electricity at night. The solar thermal plant could then
provide electricity to meet either base or intermediate 1loads. No
storage was assumed for the photovoltaic system; it can be used to meet
intermediate electric loads during the day only. Wind is essentially an
unreliable resource; severe fluctuations have been observed at a given
site from season to season and year to year. From a generation stand-

point, this resource can be harnessed only if the electricity cam be



- -20-

stored or 1f ©backup capacity is available. In Hawaii, o0il- and

biomass—-fired capacity can backup wind generation.

‘A supply forecast could, to some extent, include all of these tech-
nologies. Several criteria may be used to decide on the appropriate mix
of technologies for each supply projection. Thé cost and reliability of
the energy supply system are usually major considerationms. Other cri-

teria include environmental, health and social impacts.

In this analysis, economic optimality was chosen as the major objec-
tive 1in deciding  the mix of generating technmologies. The analysis
attempts to express all other significant criteria through ecohomic
means. Of course, this introduces subjective biases, but it also pr04
vides a common measure for evaluating all ﬁhe technologies that form
part of the‘supply system. Reliability considerations were incorporated
by allowing for a reserve margin. During the discussion of the futures,
specific assumptions which have strongly influenced the resulté will be

noted.

The mix of future technologies was selected with the aid of a linear
programming (LP) model. This technique aided in selecting the optimal
mix of techmologies subject to several constraints. The Supply Optimi-
zation Model. was run for five five-year time periods starting with the
mix of generating capacity in place in 1980. The optimal mix of techno-

logies was found separately for each county.’

Structure of the Model

The objective and the constraints are expressed in a mathematically
linear form. The objective was to minimize the sum of the levelized
capital costs and the operation, maintenance and fuel costs for each
technology. The levelized cost was calculated by averaging the capital
cost and the fixed charge rate allowed for amortizing the capital
investment over the 1life of each plant. The fixéd charge rate in our
formulation was dependent on the taxable life of each plant, the cost of
capital, and the tax rate. Since the cost of capital changes with time,

it was important that the proper time horizon be used for calculating
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the cost of plants coming on-line during different time periods. The

following values were used:

Taxable life 20 years
Cost of capital 13 percent
Tax rate 40 percent
Investment tax credit 0 percent
Other taxes 2 percent
Insurance 0.25 percent

The fixed charge rate amounts to 0.226 using thése values for the vari-

ables. The cost of capital is expressed in constant 1980 dollars.

bEach technology will operate jointly and singly under variéus con-
straints. The constraints ensure that an adequate amount of energy will
- be available to meet the base, intermediate and peak compoﬁents of
demand . Base period lasté'a full 24 hours a day, intermediate varies
from 15 to 17 hours a day, depen@ing on the county, and peak varies from
two to three hours a day. Peak demand in Hawaii generally occurs around
7 PM, after the sun has set, so that solar energy is not directly avail-
able during the peak hours. Another constraint ensures that sufficient
capécity would be available to meet peak power demand during the day.
The peak demand in each county was derived from the electricity demand
and.thé utilities” projections of the ratio of peak power to electricity

sales. A reserve margin of at least twenty percent was required.

The amount of energy that can be generated from a power plant
depends on the plant availability and on the availability of the
resource. Resource availability for wind is limited compared with OTEC
or geothermal power plants: We limit the total generation from each
type of power plant. Since the availability of a power plant depends on
the number of hours it is in service per day, we constrain the total
capacity of each type of plant available to meet the base, intermediate

and peak demand.
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The total capacity required to meet base, intermediate and peak
loads 1is  also constrainéd; - These constraints ensure that sufficient
generating capacity of -thé right type 1is available to meet the
prescribed demands. Wind, as mentioned earlier, is an unreliable source
of energy. It would be prudent to ensure that the system reliability is
not affected beyond critical limits when wind genération is introduced.
Studies have shown that this 1imit is reached when wind generation
approaches - twenty percent of the installed capacity [12], hence we limit

wind capacity to at most twenty percent of the peak demand.

The total capacity of each type.of generating unit 1is limited by
other factors than costs. The amount of energy that can be generated
from a power plant depends - on  plant and resource availability. For
example, resource availability for wind is limited compared to OTEC or
geothermal power plants. In addition, most of the reﬁewable technolo-
gles are not yet available commerciélly, and their.rapid intrdduétion
will not and should not be attempted under normal circumstances until

the technologies are proven.

Several timetables were constructed to show the limits to which each
technology may be exploited over the next 25 years. From this range of
possibilities, one set was selected to establish the 1limits to which
technologies may be developed - in each time period. These limits, in
turn, constrain the amount of base, intermediafe and peak energy that

can be generated by each technology.

A utility”s ability to raise capital depends to a large extent on
its current assets. One frequently noted problem is the high.capital
burden which utilities will face in introducing alternative technolo-
- gles. Hence we limit the utilities” ability to borrow net capital to a
fixed fraction of its existing assets. '

It was assumed that the OTEC plant included in the Matsunaga bill
will be built off Oahu, and that there will be an MSW plant using muni-
cipal solid waste from Honolulu, along with some bagasse from sugar
plantations. We force the model to comstruct a 40 MW plant OTEC plant
and a 45 MW MSW plant.
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Supply~Demand Integration

The linear program was uséd to select the optimal mix of technolo-
gies for each county that was required to meet the forecast demand in
each energy future. 'Average electricity costs were determined at five-
year inﬁervals from 1980 to 2005. Avérage electricity costs are a func~-
tion of the leveliéed capital costs,‘ the operation and maintenance

‘costs, and the fuel costs assumed for each technology. These costs can
be very different from the prices used in the demand ﬁodel, which were
derived from projections of world oil prices. The average electricity
costs (a measure of electricity prices) estimated in the Supply Optimi-
zation Model were determined by both world oil prices and the costs of
renewables. Generally, these were lower than were average electricity
prices based on world oil prices aione. 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 assumptionmns, they are
not identical. The prices in the HEDFM were modified 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 calcu—
late the new supply mix and average costs. When necessary, the whole
process was iterated until the average costs between successive itera-

tions showed no significant difference.

. Economic Impacts

v For each future the demand and supply models provided the mix of
generating technologies and the amount of liquid fuels necessary for
transportation, heating, and electricity generation. To calculate the
direct economic impacts associated with the energy futures, capital
costs and operation and maintenance costs were estimated for each tech-
- nology wusing the Supply Cost Model. These costs were broken down into

manpower, materials, equipment and other components. Labor and capital
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costs are given in detail in Volume III of Reference 2.

A key assumption in the analysis was that new energy technologies
have declining costs. The first few renewable power plants will bebpro—
totypes of commercial plants to come on line later. Prototype plants
can cost as much as ten times more than a commercial plant of the same
size. Plant costs usually decline because of improved management, more
efficient construction practices, competitive bidding on the part of
suppliers, mass production of components, and more efficient use of
materials. However, costs might increase as a result of unforeseen cirF
cumstances, stricter health and safety requirements or environmental
regulations,- and more expensive on-site resources of land, water and
labor. It wés assumed that for renewable technélogies, since they are
relatively benign, unit costs will decline over the next 25 years. The
.decline was assumed to be fairly rapid during the first 10 to 15 years
as the first plants are commercialized, after which it slows down as
unit costs stabilize. Costs of conventional .generating technologies
such as 0il- and coal-fired steam geﬁeration were assumed td remain con-

stant. 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 on-
site materials, as opposed to manufactured equipment, will not decline
as rapidly as on-site labor and equipment costs because there will be
greater scope for improving labor productivity than for lowering materi-
als costs. Equipment costs may decline because of improved manufacturing

techniques and because of competition from other manufacturers.

Learning curves shbwing the decline in costs for eaéh componeht are
difficult to estimate. Historical records for similar products provide
some clue, but these are usually complicated by other factors whose
influence on costs 1is difficult to isolate. 1In this analysis, it is
assumed that labor and equipment costs will decline at twice the rate at
which materials costs change, limited by the assumed decline in total

costs.
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The direct costs and labor requirements for the technologies in each
future were computed on the basis of these assumed unit costs. The
materials and equipment costs were disaggregated by industrial sector.
The detailed cost breakdown was formulated on the basis of data from the
Energy Supply Planning Model [13],v and the Technology Assessment of
Solar Energy Systems [l4]. The lead time required for conétruction and
the scheduling of resource acquisition during construction were also
considered to provide an annual breakdown of capital and labor require-
ments. This breakdown of capital reqﬁirements'was used for estimating

.the indirect impacts.

The indirect employment and income were estimated using an input-
output (I—O) model of the Hawaiian economy specifically designed for the
purpose (see Volume III, Part III of Reference 2). The core of the
model 1is an input-output table constructed by the Hawaii Department of
Planning and Eéonomic.Development which describes the‘étructure of the
- state  economy during 1977. HDPED developed tables for each of the four
~counties by updating earlier tables [15]. Special attention was paid to
the petroleum importing énd refining sectors as well ‘as to electric and
gas utilities in order to exhibit the energy flows within the state.
HDPED circulated preliminary versions of the I-O tables to the couﬁties
for comments . After revision, the county tables were combined - to form
the state table. HDPED also made estimates of employment in each indus-
try.

The starting point for calculating indirect impacts was the expendi-
.ture 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 materials and equipment
costs by industrial sector, as well as the annual manpower costs. The
latter, which represent the income to the construction workers, were
assumed to be spent in the same way as household expenditures were dur-
ing 1977.  The next step was tovestimate what fraction of the purchases
in each sector was produced in Hawaii and what fraction was imported.
The input-output model and estimates of the purchases of locally pro-
duced commodities were then used to calculate the increase in industrial

activity needed to furnish these commodities. Finally, from the
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industrial activity an estimate was made of the annual income and

employment generated in each industry.

Assumptions and Limitations

The basic assumption in usingvthe‘Demand Forecasting Model was that
energy consumers will respond to future changes in price and income in
the same way they did in the past. This does not mean that past ' con-
sumption trends will continue, only that consumers” behavior will remain
constant. It was therefore assumed that no ma jor technological or
structural changes 1in the economy that would affect energy consumption
patterns would occur. 1In par;icular, the widespread use of vehicles

powered by electricity or synthetic fuels was not envisioned.

We ha#e éssumed that the shape of the electricity load curve would
not change."Utility load management schemes may reduce the peak to base
ratio, thus reducing the need for expensive peaking equipment. Cogen-
eration of electricity, if practiced by local commercial and industrial
establishments, could also reduce the demand for new power generation
facilities.

Also implicit in our demand forecasts is that fuel and electricity
prices are directly related to world oil price. If renewable resources
in Hawéii were to furnish a major part of ‘the energy, this would no
longer be true. By feeding the electricity prices calculated by the
Supply Optimization Model back into the Demand Forecasting Model, we
were able to determine a consistent set of prices, demand levels and

supply technologies.

The Supply Optimization Model, by using a linear program formula-
tion, contained many of the assumptions ahd limitations inherent in this
method. A major assumption was that costs are proportional to generat-
ing capacity or to the amount of electricity generated. For many of the
technologies, generating units are built in standard sizes, and ﬁnit
costs decrease as more units are installed: Unit costs may start

increasing when the most favorable sites have been used.
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A second set of assumptions that influenced the supplyvmix forecast
involved the costs and commercialization schedules for the renewable
technologies. Because most of these techno1ogies are still in the pro-
totype .stage, the figures used were the best estimates within the range
over which experts differ. In addition, calculating costs required mak-
ing ‘several assumptions regarding the taxable -life of each type of
plant, the cost of. capital, and the tax rates over the next quartér cen-

tury.

Building an interisland transmission cable system will be a crucial
step in Hawaii's progress towards greater reliance on renewables. The
ma jor resource for thch technology is already commercialized,. geother-
mal energy, vis‘ available on the Big Island. In the long rum, this
resource may be sufficiently large to meet the entire baseload demand
on Hawaii, Oahu and Maui. Development of geothermal energy can be pro-
moted only 1if transmission cables link it with major demand centers in
Oahu and - in Maui; Becauée of the critical nature of the .cable, it was
assumed that‘enough resources would birected toward overcoming the
technical barriers . to enable such a cable system to be builtvby the
mid—1990s; Geothermal energy could then be shared by Hawaii, Maui and
Oahu. Since the Big Island can use geothermal energy without the cable
system, and hence at presumably cheaper rates, we assumed that geother-
mal energy would be évailable " first to Hawaii to meet its projected
baseload demand. The remaining energy was allocated to Maui and Oahu in

proportion to their baseload demands.

It 1is characteristic of linear programs that they find extreme solu-
tions. 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 limitations were overcome by setting an upper limit on the

development of each technology.

The input-output model used for estimating indirect economic impacts
presented a static picture of the Hawaiian economy. It could not take
into account structural changes in the economy such as new industries

moving into the state or existing industries changing their process or
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product mix. This effect could be significant during the next 25 years
if new industries are attracted by the lower prices of electricity gen-
erated from renewable resources. The change would then take the direc-

tion of greater income and employment than was estimated.
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ANALYSIS OF AN ENERGY FUTURE

We used the mo&eis described in the previous section to examine
thrée energy futures for Hawaii. O0il price increased at-a_raﬁe of three
percent per year in Future 1 and Future 2, the base and savings cases,
and at a rate of ten percent per year in Future 3'tﬁe high oil price
case.  The second future incorporates energy conéervation above and
beygnd the levels assumed in the base case. Demand for energy in both
the high o0il price and savings case was, consequently, lower than in the
base case. In this paper we will.discuss primarily Future 1. At the
end of this section there is a brief comparison of the supply mixes for

the three futures.

The energy demand and supply alternatives .which form the basic
description of each future were derived from a largevnumber of factors
in addition to the oil price. These describe the charécteristics of the
Islands and of the technologies which would supply energy in its various
end-use forms. Some of these factors, shown in Table 5, were assumed to
be the same in.all three futures. Others, such as population, income
and visitor arrivals, that have a strong influence on energy demand pro-
jections were held constant. The capital costs, operation and mainte-
nance costs, and limits on éapacity expansion were also ths same in all

three futures.

The capital costs of all techhologies would probably be affected by
changes in o0il prices. Directly and indirectly, oil forms between five
and ten percent of the total inputs in constructing a facility. The
costs of construction would increase, albeit at a slower rate than the ‘
price of oil. Unfortunately, there was no easy way to estimate this
increase since substitution for oil would. play a role in keeping the
costs down. A reasonable assumption would be that capital costs of all
technologies would change in the same prdportion, so that the relative
advantage enjoyed by any given technology does not change. It was
assumed that capital costs dobnot change because in ;his analysis the
marginal increase in absolute costs was less important than the compara-

tive costs.



The technologies included in our analysis and their capital cbsts
are shown in Table 5. Capital costs of conventional technologies were
assumed to remain constant over the next twenty-five years, while those
of wunconventional technologies were assumed to decline for reasons dis-.

cussed previously.

The costs shown for 1980 reflect the cost of old power plants -
already on line, or they rgflect the capital cost after depreciation for
existing plants. A cost of $65/KW was used for old oil plants based on
data in HECO”s annual report [l6]. An analysis of utility finances would
be necessary'for a better estimate of avérage plant costs. The costs of
geothermal plants included the cost of a cable from Hawaii to Oahu and

Maui, hence they were lower by $800/KW on the Big Island.

i

The costs assumed for renewables are generally on the conservative
side. Photovoltaic costs, for example, are twice as high as the goals
set by DOE [17].

For fossil fuel plants, dperating and maintenance costs ranged from
9 mills/KWh.for oil-fired steam plants fo 15 mills/KWh for diesel peak-
ing units. For renewabies, they ranged from 5 mills/KWh for OTEC to 2
mills/KWh for other technologies. Costs for diesel fuel were assumed to
be 15 percent higher than for residual oil. Coal was assumed to cost 38
percent more than o0il per Btu, based on a comparison of the estimated

prices of delivered fuel to Hawaii [18].

Under the Public Utility Regulatory Policies Act of 1978 (PURPA),
Public Law - 95-617, small power producers (less than 80 MW) may sell
electricity to a public utility at the avoided cost to the wutility.
Titie II of this act provides small producers certain incentives to gen-.
erate electricity from biomass, waste and other renewable resoufées.
" The utility in turn benefits by not having to bear the risk of develop-
ing an unproven technology. Because the utility must pay the avoided
costs rather than the production costs, the price of electricity to the

consumer may be higher than estimated in out analysis.
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TABLE 5. —— Significant Assumptions Common to All Futures

19802 1985 1990 1995 2000 2005

Population Projections
(1000s of Persoms)

- Honolulu ' 805 866 917 965 996 1031

Maui 81 101 121 - 143 163 184
Hawaii ' 101 116 132 147 158 170
.Kauai : 43 49 58 68 77 87
State Total 1031 1033 1229 1325 1395 1474
Per capita persomal income
(1967 $)

Honolulu _ 4842 5469 6032 6698 7384 8149
Maui 5276 6108 6680 7131 7460 7755
Hawaii 3940 4334 4673 5061 . 5445 5848
Kauai _ 4301 4785 4979 5168 5284 5383

State Total - 4769 5385 5910 6503 7087 7715

State Visitor Arrivals
(1000s of Persons) 4133 5275 6418 7440 7820 8219

Capital costs
(1980 $/KW)

Wind 2500 1500 1000 700 700 700
OTEC _ 8000 8000 8000 4000 2600 2600
GeothermalP ‘ 3000 2800 2000 2000 2000 2000
Solar Thermal : 3000 3000 2500 . 2500 2000 2000
Photovoltaic 18000 8000 3000 2500 2000 2000
MSW ‘ : _ 2222 2222 - 2222 2222 2222 2222
0il 65 800 800 800 800 800 .
0Oil-Bagasse o o 800 800 800 . 800 800 800
Diesel Base 400 650 650 650 650 650
Diesel Peak 300 500 500 500 500 500
Gas Turbine 200 400 400 400 400 400
Hydropower : 50 800 800 800 800 800
Coal 2000 2000 2000 2000 2000 2000

‘aThe figures. for 1980 are estimates, not actual data

bon the Big Island, geothermal plants will cost $800 less per KW. This
is the cost assumed for the interisland cable
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Our analysis shows that indigenous technologies would not begin to
penetfate the state”s electricity supply system until the 1990s, by
which time they would be considered proven. The increased costs to the
utility would primarily affect electricity prices and bnly secondarily
the type of technology used. Higher electricity prices imply Ilower
demand, and therefore slightly less new generating capacity would be

required.

The limits to which each resource may be exploited in each year were
based on general knowledge of the resource, availaﬁility of potential
sites, the rate at which each technology may be developed, and general
social and political considerations. The limics on geothermal energy
were based on a USGS report [19] which estimates the potential resource
around the Puna Well at about 250 MW. It was estimaﬁed that the area of
geothermal activity along the Kilauea Lower East Rift is four times as
large and._thué could yield up to 900 MW. This figure is smaller than
another estimate of 1600 MW made by HDPED [20].

Wind generation was limited to twenty percent of total installed
capacity or to the resource 1limit of 432 MW on Oahu, whichever is
smaller. - The ﬁwenty percent figure was based on studies which 1limit the
maximum generation because of load matching consideratioms [12]. The
432 MW limit was based on choice sites in Oahu [21].

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

system load configuration.

Energy Supply and Demand in Future 1

This future presents the energy demand and supply forecasts for each
county and the state as a whole based on a three percenmt per year growth
in world oil price. This future was regarded as a "baseline” future of
which the other energy futures may be comnsidered variants. The discus-

sion of the salient points of this future includes an amnalysis of the
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energy demands and their dependence on world oil price and on electri- '
city prices, the least-cost mix of supply alternatives, and the capital

and labor constraints on the development of remewable resources to the

~required levels. The demands for Future 1 are shown in Table 6.

Energy Demand

In Future i, the demand for electricity in the state and in Homolulu
County would almost triple during the next twenty-five yeafs. Electri-
city demands in the other counties would increase even more rapidly,
reaching four to five times their current values by 2005. In all coun-
ties, the demand in this future grows most rapidly during the 1995 to
2005 ‘decade. Demand is influenced by electricity prices, which reach a
plateau in 1995 as the fraction of electricity supplied by renewables
becomes significant. Since electricity-priées would no longer depend on
ever increasing oil prices, the demand for electricity would increase as

prices decline or increase marginally.

The demand for imported petroleum would also reach a peak in 1995,
then would decline slightly in 2000 before increasing again in 2005.
The non-electric portion of this demand would increase éteadily;bby 2005
it would be 40 percent higher tﬁan its present level. Oil'required for
electricity generation, however, would peak in 1990 and then decline to
its 1lowest level by 2000. This decline is due to the rapid behetration
of the renewables into the electricity supply mix after 1990. Although
renewables would continue to increase their share after 2000, the use of
0il would also increase because the maximum peﬁetration by renewables is
limited to a level insufficient to meet the ihcteasing demand. Over the
next twenty-five years, the use of indigenous resources would save the

state $8.5 billion that would otherwise be spent on imported petroleum.
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TABLE 6. —— Statewide Energy Demand Projections, Future 1
Baseline Case with Interisland Cable
(Trillions of Btus)

data.

1980% 1985 1990 1995 2000 2005

Electricity .

Residual 64.1 71.4 74.0 63.1 25.5 39.9

Diesel 2.4 4.9 6.9 4.6 0.7 1.3

0il total 66.5 76.3 80.9 67.7 . 26.2 41.2

Renewables at

0il equivalent 9.1 12.2 25.1 63.1 133.2 155.4
"Generation
(Millions of KWh) 6,780 7,941 9,503 11,728 14,298 17,631
Liquid Fue%s

Gasoline™ 35.5 25.3 20.5 19.7 19.2 19.3

Residual and Diesel 28.4 32.3 36.9 42.0 46.7 51.9

LPG and Utility Gas 5.8 6.1 6.4 6.9 6.9 7.2

Subtotal 69.7 63.7 63.8 68.4 72.8 78.4

Aviation fuel 69.2 85.2 99.8 112.5 114.3 116 .4

Total 138.9  148.9 163.6 180.9 187.1 194.8
Total oil demand 205.4 225.2 244.5 248.6 213.3 236.0
0il demand without -

Renewables 205.4 . 226.7 258.3 294.7 319.6 350.0
World oil price

(1980 dollars/barrel) 30 35 40 47 54 63
4The figures for 1980 ‘are estimates of demands wnot actual consumption

bAlcohol could substitute for at least ten percent of gasoline consump-

tion beyond 1990.
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Gasoline consumption declines due to the combined effects of higher
prices and mileage standards. Aviation fuel becomes increasingly dom-
inant, its use rising by 68 percent over the next twenty-five years. If
the state”s projection of annually increasing visitor arrivals prove
correct, there is little hope for entirely eliminating petroleum imports
-since it is unlikely that there will be any substitute for aviation fuel
during this time period.

Among the counties, Hawail County would experience the largest pene-
tration 6f renewables vis—a-vis oil for electricity generation, followed
by Kauai, Mauai and Honolulu in that order. On Kauai and Maui, oil use
would be seven percent to nine percent of remewables, while for Homolulu
County, o0il use would drop to 37 percent of renewables. In absolute
terms, the largest use of renewables would be on Oéhu, followed by Maui,
Hawaii and Kauai. The percentage of renewables that could be used for
 generating electricity depends on the availability of 1indigenous
resodrces and the demand on thém. Since the Neighbor Islands have a
much larger proportion of resources compared to demand, a larger frac—

tion of their electricity would come from renewables.

Figures 4 and 5 shdw the statewide forecast of generating capacity
~and electficity . generated by each type of power plant for the next
twenty—-five years. The peak loads and reserve margins are indicated on

the bgrs in Figure 4.

Supply Mix

The capacity demand includes a twenty percent reserve margin. It
was assumed that all the oil generating capacity existing in 1980 would
remain on-line through 2005 to serve as a backup. The proposed 45 MW
MSW and 40 MW OTEC plants were included, starting in 1985 and 1990,
respectively. Additional gemeration frpm OTEC was included when it

could compete favorably with the other techmologies.
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FIGURE 4. -- Hawaii Generating Capacity, 1980-2005: Future 1
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Oahu would continue to use its oii—fired power plants for baseload
generation until about 1995. As OTEC and geothermal plants come on line
via cable for baseload, oil generation would be used mainly for inter-
mediate- and peaking loads. At the same time, wind and solar would make
ma jor contributions. About 140 MW of gas turbines would be built by
1990 to meet peaking loads. The largest capacity increments would occur
between 1995 and 2000, when 830 MW of new wind, sqlar thermal, OTEC and

geothermal (on Hawaii) plants would be constructed.

Because of its rapidly growing electricity demand, Maui County in
this future would need additional oil-fired and gas turbine capacity
during the next decade. Geothermal andeTEC for baseload, and wind and
solar thermal for intermediate 1load would replace nearly all the oil

generation after 1990. By 2005, oil and gas turbines would supply only

peaking power; which accounts for less than five percent of the total

electricity supply. OTEC and geothermal would supply about 60 percent,

while wind and solar thermal would supply about 25 percent. Hydro-power

and bagasse would continue at their current levels.

Hawaii County would rely completely on geothermal for baseload elec-

tricity. 0il and bagasse would be phased out of base and intermediate-

load generation and would supply only a small amount of peaking power by

1990. At the same time, wind and solar would be used for intermediate
load. A total of 153 MW of geothermal capacity, 80 MW of wind, .and 40
MW of solar thermal would be needed by 2005. An additional 774 MW of
geothermal capacity would be required to supply the other counties.

Kauai”s energy future would be'somewhat different from the other
counties because the interisland cable would not reach Kauai. Geother-
mal would therefore not be available, so that OTEC, along with hydro~-
electric and bagasse, would supply baseload power after 2000. Since
Kauai presently has excess capacity, no new power plants would be
required before 1995. About 40 MW of OTEC and 30 MW of wind capacity

are expected to be constructed between 1995 and 2005.

kS
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Electricity Prices

" Electricity prices are related to the price of oil and to the cost
of generating capacity. As a résult, they could be expected to increase
rapidly until 1990. As lower cost renewables subsequently-become avail-
able; prices would decline or show only a slight increase. For Honolulu

County, over the next ten years the average electricity price would rise

. from 86 to 109 mills/KWh, a 27 percent increase. Duriﬁg the following

15 years, prices would increase by only five percent. The lower prices
result 1in a larger demand than originally forecast, assuming that elec-

tricity would be generated primarily from oil.

Electricity prices on the Big Island would rise to 91 mills/KWh in
1985, then decline to 77 mills/KWh in 1990, and remain essentially con~-

stant thereafter. Rates are lower on the Big Island because a substan-

.tial fraction of the electricity would be suppliéd by geothermal power

plants. Since Hawaii would not have to pay for the cost of the.interis-
land cable, electricity would be considerably cheaper there. Kauai and

Maui would pay about 25 percent more for electricity than Hawaii.

Economic Tmpacts

All three futures include remewables to the maximum extent believed
feasible, given the economic and technical constraints that are assumed
to exist in Hawaii. Because of this, there were no major qualitative
differences in the overall economic impacts of the transition to renew-

ables, rather, the differences lay in their timing and magnitude. 1In

‘terms of the Hawaiian economy as a whole, the direct and indirect income

and employment generated by the construction of new facilities would be

~a few percent of the state totals. The laigest impacts would occur on

the Big Island because of the anticipated level of geothermal develop~
ment. Energy development therefore would not be a major direct stimulus
to the economy. Howéver, if Hawaii does develop geothermal and renew-.
ables to the extent expected, the lower electricity prices could attract

new inddstry and population and thereby generate additional economic
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growth. The major obstacle to developing these alternative technologies
would be raising the capital needed to construct the required facili-
ties.

DirectIImpacts

The direct impacts discussed in this section include the capital and

labor required for constructing new power plants. The capacity of each

type of power plant in each county was determined by the Supply Optimi-

zation Model. The annual capital and labor requirements were estimated-

by county, using the capital costs of new plants, their construction
schedules, and the labor required to construct each type of power plant.
Aside from the costs of the interisland transmission cable, no transmis-
sion and distribution (T&D) costs were explicitly included. At times,
T&D costs can be a substantial fraction of total capital costs. The
uncertainty regarding the costs and locations of renewable technolbgies
is extremely large. The cost assumptions shown in Table 2 were on the

conservative side, and thus can be viewed as including the T&D costs.

In the first future, capitalﬁcosts.and labor requirements follow the
amount of renewables wused. They would be especially large during the
1994 to 1998 period; averaging about $550 million annually. O0f this,
about $400 million per year would be spent for Oahu. - HECO”s current
assets in 1979 were about $650 million [16]. It was estimated that an
additional $1800 million worth of capacity would be added by utilities
on Oahu, Maui and Héwaii by 1994. Not aécounting for depreciation, the
total assets by 1994 would amount to roughly $2500 million.

A rule of thumb figure holds that a utility”s borrowing is limited
to 15 percent of its assets. The results show that the utilities would
need to raise 22 percent of their non-depreciated assets and probably 35
percent of their depreciated assets. Obtaining such a large amount of
capital may be difficult unless the utility allows its bond rating to go
down or some subsidy or tax relief is forthcoming. Several avenues are
available for such relief. One would be to allow construction work in
progress (CWIP) to be included in the rate base. A second would be to
provide the utility a refund for its tax credit.

L5
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A third avenue would be to let private entrepreneurs invest in the
development of renewable technologies. The public utilities in such a
case would contract with the.entrepreneur to purchase power at appropri-
ate prices. The utility would not have to raise the capital itself,
thus reducing its financial risk. Over the long run, after the relia-
bility of the resource has been proven, the utility may wish to invest
in the technology. It wouldvbenefit by increasing its aséet base at a
relatively smaller risk. The 1ncreasedvassets would also help the util-

ity in raising capital for future investments in renewables. . A somewhat

- similar concept is being tried for financing a wind farm that would fur-

nish 80 MW of power to HECO on QOahu. If the concept is successful, it

may provide a basis for faster development of renewable resources.

Capital requirements will begin to decline after 2000 because renew—
ables reach their maximum imposed limits. As each technology reaches its
limit of development, the additional amount of renewables would decrease

thus reducing the need for capital.

Labor requirements would also peak during the 1994 to 1998 period,
with the average annual requirement being about 950 man-years, of which

Honolulu County would account for 700 man-years. The construction

'inddstry in Hawaii had 23,000 employees in 1979 [22], but‘employment in

construction has fluctuated between 20,000 and 28,000 workers during the

past ten years. Thus the peak impact of building.new energy facilities

would amount to three to five percent of the construction labor force.

Since we assumed that geothermal energy would be developed largely
on the Big Island, most of the comstruction labor would be used there.
As a result, a much larger fraction of the labor would be situated on
the Big Island, whereas the capital investment would be borne mainly by
utilities on Oahu and Maui. -

: Indirect-Impacts

The indireét employment associated with the three energy futures are
plottéd in Figure 6. The secondary impacts of Future 1 would be concen-
trated in the period from 1994 to 1998, during which, most of geother-
mal, OTEC and wind facilities would be built throughout the state. At
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its maximum, the secondary employment would be 9700 workers; while the
income generated would be $235 million. Over the twenty-five years,
secondary employment would total 88,600 man-years and income would total
$2.1 billion. The sectors that would show the greatest impacts are

manufacturing, professional serviées, and wholesale and retail trade.

Secondary impacts in the other two futures differ mainly in their
magnitude and timing. In the high price case, the peak in secondary
employment will occur five years earlier. 1In the savings  case, secon-

dary employment will be smaller because fewer new facilities are needed.

To evaluate the significance of these impacts, current and projected
levels of employment and income were examined. 1In 1979, the civilian
labor force in Hawaii averaged 399,000 workers, of which 374,000 were
employed [23]. Total personal income during 1979 was about $8.3 billion.
According to ;he-state’s "most likely" projections [3], employment and
personal income in 2005 would be nearly 600,000 and $20.5 billion,
respectively. Thus the estimates of the secondary impacts are at best a

few percent of the state”s economic activity.

It should be remembered that these estimates of secéndary employment
and income were based on the >assumption that the structure of the
Hawaiian economy would not change significantly. In particular, it was"
assumed that no new types 6f industry would move into the state and that
the fr&ction of imported goods would noﬁ decrease. Furthermore, there
were some respending effects that have beén-ignored because they are
difficult to quantify. As a result, it is likely that the estimates of

the indirect effects are too low.
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Figure 6. -- Hawaii Secondary Employment, 1980-2005: Futures 1, 2, and 3
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Comparison of the Three Futures

The total energy demands for the three futures are shown in Figure
7. Aviation fuel use is the same in all three. Gasoline consumption is
lower in Future 3 because of higher prices. Both Future 2 and Future 3
show lower electricity sales than Future 1, but the cause is different.
In Future 2 the reduction is due to improved appliance efficiencies and
conservation, whereas in Future 3 it is due'to higher prices. The net
effect is to decrease total énergy demand in 2005 in both futures by
approximately 50 trillion Btus.

" Petroleum will meet all but a small fraction of the energy demand
until the mid 1980s when indigenous resources begin to supply most of
the electricity. The most rapid introduction of remewables will occur
in Future 3 because higher oil prices will make them competitive sooner.
In all three futures, indigenous resources are used up to the 1limits
imposed by the constraints in the model. Even so, they could supply up
to 90 percent of the state”s electricity by the end of the century.

L]



Trillion Btu

400

300

100
Rl .,.". 1t Z--- . =TT
KL o S y y
PR Indigenous .- Indigenous ..+ Indigenous
0 cposssvretearseseses “"'.?"..,.. 8 'uel f 8 s et PessIeEe0INOORY -N'""'"... i 'ue‘ - o soscsaneversensenges ’-"_"'",.?.':‘V‘ 'uel "
¥ ¥ T T T T T Al Y T T T T ¥ T T T T ¥ T

;o

Trillion Btu
- 400

A%

\]
\9@ \gﬁ \§‘° DY Y

FUTURE 1

" Total energy

—~="" Total energy without aviation fuel

-
-

Electricity from all sources

-

FUTURE 2

' FUTURE3

S i N P S P O A B O '
S S it R A L g S Al i RO LR S RS RGN S

_Sv_



~46—

SUMMARY OF MAJOR CONCLUSIONS

In addition to performing the analysis of energy supply and demand
and their economic impacts discussed in this paper, the Hawaii
Integrated Energy Assessment characterized the sdpply technologies
appropriate to the state, investigated the role conservation could play

in'decréasing energy consumption, and examined the social and institué

tional barriers to changing the state’s 'energy supply system. The

detailed findings of our analysis of Hawaii”s twenty-five . year energy

future lead to the following major conclusions:

1. Electricity. By the year 2005, Hawéii could produce as much as 90
percent of its electricity with indigenous, renewable resources.
Economic analysis shows that these resources could compete favorably in
Hawaii ‘'under a wide range of oil prices and levels of energy conserva-
tion. The rate at which they éan be exploited depends more on the rate
of technologiéal development and the availability of capital than om oil
price. Indigenous resources are expected to make a significant contri-
bution to electricity supply by 1990. If oil prices continue to rise,
the use of renewable resources for electricity generation would help

stabilize electricity p:ices.

2. Liquid Fuels. The prospects are less bright for liquid fuels, which

represent about 60 percent of all the energy used in Hawaii. This is
largely because there is no indigenous substitute for the jet fuel which
represents 32 percent of Hawaii’s energy use and which is central to
Hawaii“s economy. At least ten percent of the gasoline consumed could

be replaced by 1liquid fuels produced from biomass, making it possible

for all vehicles in the state to run on a 10 percent alcohol/90 percent .

gasoline mixture. Little liquid fuel should be needed to generate elec—
tricity by 2005. Although oil imports may not be reduced by then, they

will make up a much smaller fraction of the state”s energy supply.

3. Undersea Cable. A submarine transmission cable is critical to

Hawaii“s energy future. Geothermal energy is the only large scale,
indigenous, baseload electricity source that is now commercially mature.
The only proven geothermal resources in the state are on the Island of

Hawaii. The resource is unlikely to be fully developed unless the

L3
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electricity it produces can be exported to Oahu, which consumes 82 per-

cent of the state's'electricity.

4. Economic Impacts. Replacing imported petroleum with indigenous

energy sources would have a beneficial effect on the Hawaiian economy.

Over the next 25 years, the use of renewables could save the state

between $7 and $22 billion, depending on the price of oil. Constructing
new energy facilities would not have a major"economic imﬁact -on the
state, but Hawaii”s utility companies would encounter financing diffi-
culties during the péak construction period unless present financing

rules and practices were modified.

5. Conservation. Energy conservation could lead to substantial reduc-

tions 1in electricity and gasoline consumption. Improved appliance and
building efficiencies and the use of heat puﬁps and solar water heaters
could cut electricity use by 25 percen;.f The federally-mandated automo-
bile mileage standard 1is expected to reduce gasoline consumption by 60

percent.

6. Coal. If the undersea cable and OTEC are long délayed or prove

 impractical, coal could substitute for oil or for indigenous resources.

If plans to use domestic coal were made . immediately, Hawaii could be
released from its dependence on imported foreign oil sooner than it
would if the state waited for remewables to reach maturity. Electricity
rates would be somewhat higher with coal than with geothermal power.
The use of coal would pose environmental problems, particularly with air

pollution and solid waste disposal.

7. Nuclear Energy. Nuclear power plants in the 200 MW range - appropri-

ate for Hawaii (Oahu only) are not available, nor is nuclear power
présently acceptable to Hawaii. If later developed and 1if écceptable,
such units probably could not be installed and operating in the next
twenty years. -They are not included in this 25—year projection of

Hawaii”s energy future.
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8. Electric Vehicles. No oil savings can be realized by replacing

internal combustion engine vehicles with electric vehicles until a sig—"'

nificant part of the electrical supply is generated from indigenous

resources or coal after the mid 1990°s. For other reasons it is antici-
-pated that not more than about one quarter of the vehicle fleet may be
powered by batteries by 2000. Their overall effect on o0il demand is

small.

9. Public Opinion. A large majority of Hawaiian residents consider

energy as serious a social issue as crime, inflation'or unemployment,
and public awareness of new energy technologies is high. Consumers know
less about energy end uses and will not necessarily place energy savings

above convenience in purchasing new cars and appliances. Increasing

energy costs seem to affect energy use patterns more than a desire to

conserve. State strategies for increased public support of self suffi-

ciency programs include strengthening public information programs, pro-

viding accurate and timely information on proposed projects, and making

energy use data more readily available to consumers.

&
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